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Abstract

This paper analyzes the design of an optimal unemployment compensation scheme.
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neutral planner (the principal) and risk averse workers (the agents), where the plan-
ner’s inability to observe workers’ job-search efforts creates a moral hazard problem.
To design an implementable scheme, we require that each agent is guaranteed a min-
imum level of expected discounted utility, regardless of his past history. In contrast
with previous studies, we find that the optimal contract is quite close to actual
unemployment compensation schemes, both qualitatively and quantitatively.
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1 Introduction
Unemployment compensation programs are an important ingredient of social welfare poli-
cies in developed economies. These programs have been widely criticized because of the
adverse effects they can have on worker’s incentives to search for a new job. This criticism
has stimulated extensive research into optimal insurance schemes that take these perverse
effects into account.
A series of papers use the dynamic moral hazard model to analyze the trade-off be-

tween (unemployment) insurance and (search) incentives. The key feature of the envi-
ronment is that the probability of finding a new job (or a wage offer above the agent’s
reservation value) depends on the search effort made by the agent, which is not observed
by the planner. In their seminal work on unemployment insurance, Shavell and Weiss
(1979) establish that, because of moral hazard, benefits must decrease throughout the
unemployment spell, approaching zero in the limit. Usami (1983) considers a dynamic
model with moral hazard, where the probability of reemployment conditional on search
may depend on the employment history. In an influential paper, Hopenhayn and Nicolini
(1997a) (HN hereafter), extend the analysis of Shavell and Weiss, increasing the number
of policy instruments available to the government. Together with the sequence of benefits
paid to the unemployed workers, they introduce the possibility of contingent wage taxes
after reemployment.
All these models confirm the decreasing benefits result of Shavell and Weiss, a charac-

teristic that seems to be shared by most existing schemes. However, the optimal unem-
ployment insurance programs derived from the standard dynamic moral hazard model,
such as the one proposed by Hopenhayn and Nicolini, also have certain features that
contrast with what we observe in the real world. First, the optimal contract implies
that benefit payments decrease slowly with time and never stop decreasing. Second, the
optimal program imposes a tax on the wage the worker receives when he finds a job,
which is increasing in the length of worker’s previous unemployment spell. In contrast,
as reported in Figure 1 and Table 1, most OECD countries’ unemployment compensa-
tion schemes pay a decreasing level of benefits for a fixed period of time and a constant
minimum level thereafter.1 Moreover, none of the observed schemes presents duration-
dependent wage taxes. Third (partially given by the combination of the first two points),
the difference between the after-tax wage and the unemployment-benefit in HN is rather
small compared with existing unemployment compensation schemes.2

[Figure 1 here]
1Most OECD countries have two types of unemployment benefits. The unemployment insurance

system and the assistance system. The unemployment assistance system grants supplementary income
to workers who have exhausted the insurance system benefits or who do not qualify for receiving them.
Unemployment insurance systems in EFTA countries have shorter duration periods than other countries.
For EFTA countries, the average duration is around 0.5/1 year, whereas, in many other OECD countries
the transfers may continue for an indefinite number of periods. The behavior of the unemployment benefit
payments always presents a downward jump after a short period of time (from 6 months to 3 years) and
an almost fixed level of transfers thereafter (see Reissert et al. (1994), Kalish et al. (1998), OECD (1994),
Chapter 1 in Layard et al. (1994) and Blöndal et al. (1995)).

2An example of the optimal scheme proposed by Hopenhayn and Nicolini is reproduced in Figure 6
(dotted lines), which will be briefly commented below in this section.
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The discrepancy between optimal and actual programs has obvious implications for
government policies. For example, HN argue that by switching from the existing policy
to the their optimal transfer scheme, the US government could save approximately be-
tween 15 to 30% of the overall spending on unemployment compensations. Hopenhayn
and Nicolini (1997b) find costs reduction of the same magnitude for Spain. In this paper
we show that most of the discrepancies between the optimal schemes such as the one pro-
posed by Hopenhayn and Nicolini and the ones implemented throughout most developed
countries arise from the assumption in the latter that the planner can, and will, inflict
infinite punishments on workers. In particular, we first show that the optimal contract
derived from the standard dynamic moral hazard model implies a weaker form of what
is known as the “immiserization result”:3 if the worker’s utility function is unbounded
below then efficiency requires that worker’s expected discounted utility falls, with posi-
tive probability, below any arbitrary negative level. We will then argue that relaxing this
assumption leads to an optimal contract which is quite close to existing unemployment
compensation schemes.
The infinite punishments assumption is questionable in some circumstances for at

least two main reasons. First, it may be impossible for the planner to enforce, ex-post,
such punitive plans, for example because these would imply excessive social conflict costs.
Second, workers may have ways of opting out of the insurance scheme. This could be
the case if long-term unemployed workers could find a job in the informal economy, if
there are migration possibilities, or if the worker can simply leave the program opting for
self-sufficiency or relying on family support.4

In this paper, we consider the possibility that, when designing the optimal program,
the planner must respect a lower bound on the expected discounted utility that the agent
can have ex-post regardless of the previous history, and we characterize the optimal trans-
fer scheme.
The main qualitative features can be summarized as follows. First, at the beginning

of the unemployment duration, benefit payments decrease much more steeply with time
compared with the benefits implied by the unrestricted model without minimum utility
bound, and involve a “last jump” to a minimum. We refer to this minimum benefits
level as the “long-term unemployment” or “subsistence” level. When the unemployment
benefits reach this level, the transfers stay constant during the remaining unemployment
spell and the level of payments depends only on the lower bound on the agent’s expected
discounted utility. Second, once a long-term unemployed worker finds a job, he pays
a fixed tax (which can be equal to zero) which does not depend on the length of the
long-term unemployment period.
Looking at Figure 6 it is possible to have an intuition our results. Figure 6 displays

a parametrized comparison between the optimal unemployment compensation scheme
implied by the unrestricted model of HN (dotted lines), and the restricted one - with
utility bounds - that we propose in this paper (in solid lines). In both cases, the upper

3See Thomas and Worral (1990).
4An additional reason why the infinite punishment assumption is questionable comes from Atkeson and

Lucas (1995). They use a dynastic interpretation of the infinite horizon model. Under this interpretation,
an arbitrarily low utility level after some date means that a huge burden is imposed on future generations
since ancestors could, and would, sell the consumption of their heirs without limit.
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lines represent the net wage wt - i.e. the after-tax wage a worker should receive once he
finds a job - as a function of the unemployment period, in percentage terms of the gross
wage. The lower lines represent the replacement ratios for benefits bt. In the unrestricted
case, the two lines are very close to each other, since the use of dynamic incentives
allows the planner to reduce the within-period difference between unemployment benefits
and after-tax wage, by back-loading punishments. In the restricted case, when the lower
bound constraint on worker’s expected discounted utility is binding, the scope for dynamic
incentives vanishes (since bt cannot be lowered anymore), and the difference between the
unemployment benefits and the net wage has to be big, and equal to the difference arising
in the static problem. Thus, on optimal contract implies that the difference between
after-tax wage and unemployment benefits increases during unemployment spell, and
approaches the “static difference” after finitely many periods. The optimal way to increase
the difference between wt and bt, is to design a flat net wage schedule (implying a constant
wage tax) together with a steeply decreasing unemployment benefits path. Finally, when
the unemployment benefits reach their minimum level, the transfers stay constant forever,
due to the presence of the minimum utility bound.
A quantitative analysis is also performed, using data for the Spanish economy. We

find that the actual scheme is not too far from the optimal one. However, according
to our model, the Spanish unemployment compensation system is too generous during
intermediate periods of unemployment, and it provides benefits payments which are too
low for both very-short-term and long-term unemployed workers, compared to the optimal
ones.
A minimum bound on expected discounted utility has already been introduced by

other authors. Atkeson and Lucas (1995) characterize the optimal contract in a pure
adverse-selection setup with temporary (one-period) job offers. They are mainly inter-
ested in income distribution, and their approach is closely related to that in Hansen and
Imrohoroglu (1992), where the goal is to quantify the welfare effects on unemployment
insurance in general equilibrium. Phelan (1995) modifies the repeated insurance prob-
lem with adverse-selection of Green (1987) and Thomas and Worral (1990) and shows
the existence of a non degenerate long-run distribution of consumption. Phelan (1993)
analyzes a repeated moral hazard problem between firms and workers and shows that
(efficiency) wages should increase with tenure. Finally, Wang and Williamson (1996) pro-
vide calibrated dynamic OLG models with moral hazard associated with search effort and
job retention. Following Phelan (1994), they assume that each new labor-force entrant
obtains a prespecified level of ex ante utility.
The literature on optimal unemployment insurance is relatively new, yet quite ex-

tended. However, most of the remaining papers address questions and use approaches
that cannot be directly related to our own. The interested reader can refer to the recent
summary of Karni (1999).
The methodology we use is sometimes called recursive contracts and some references

related to our approach are: Abreu, Pearce and Stacchetti (1990), Fudenberg et al. (1990),
Spear and Srivastava (1988), Phelan and Townsend (1991).
The paper is organized as follows. In Section 2 we introduce the recursive formulation

for the dynamic moral-hazard model. In Section 3 we present the basic unrestricted
version of the model and derive the closed form solution. In Section 4 we present the
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restricted model with utility bounds, we characterize the optimal contract in detail and
we compare it both with the unrestricted model of HN and with the existing programs.
Section 5 concludes.

2 Model
We consider a search model with informational problems and our starting point is HN.
Suppose that a risk-neutral planner must design an optimal unemployment compensation
scheme for a risk-averse worker. In any given period, the worker can be either employed
or unemployed. Jobs are permanent.5 If he is employed, then he earns a gross wage S
forever. If the worker is unemployed, he can engage in costly job-search, and the higher
the search-effort a, the higher his probability P (a) of being employed in the next period.
The timing of the model, in the unemployment state, is reported in Figure 2.

[Figure 2 here]

The optimal unemployment compensation would be straightforward if the planner
could observe the search effort. In this case, the worker would be fully insured against
employment risk, would enjoy constant consumption and it would be possible to imple-
ment the action that maximizes total welfare, i.e. the first best action.
Suppose however that the planner cannot observe a. In this case, unemployment ben-

efits are not paid only as insurance, but must also play the role of giving incentives for
search.
The problem can be formalized using the following contractual terminology. At time

zero, the principal-planner offers a contract W to the agent. This contract is optimal
in the sense that it guarantees an initial utility level U0 to the worker, minimizing the
expected discounted value of the net transfers to the agent. In particular, for each date t
the contractW specifies net transfers ct and a recommended action at as a function of the
realized history ht = (h(0), ....., h(t)). The history ht is a vector of zeros and ones, where
we denote h(t) = 1 if the worker is employed at the beginning of period t and h(t) = 0 if he
is unemployed. Thus, the principal-planner designs the unemployment insurance scheme
W choosing optimally a pair of functions {ct(ht), at(ht)}∞t=0 taking into account the moral
hazard problem in the unemployment state. The planner knows that the worker orders
the implied stochastic processes of consumption and search efforts {ct, at} according to

E
∞[
t=0

βt [u(ct)− C(at)] , (1)

where the probability distribution, with respect to which the expectation in (1) is taken,
depends on the implied sequences of actions. We assume that the utility function u(·) is
strictly increasing and strictly concave while the effort cost function C(·) is assumed to
be strictly increasing and convex. We denote by β ∈ (0, 1) the intertemporal discount

5In the previous version of the paper we allow for a positive firing probability. The assumption of
permanent jobs does not changes any of our qualitative results. Moreover, also HN assume permanent
jobs.
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factor. We use the symbol bt to denote the unemployment transfer, i.e. ct ≡ bt if h(t) = 0
and we use wt to denote the net wage (if the worker is employed), i.e. ct ≡ wt if h(t) = 1.
Following the recursive contracts literature, the contract can be formulated recursively

using current employment situation h(t) and worker’s expected discounted utility Ut as
state variables.6 Consider first the unemployment state case (h(t) = 0), and let U be the
discounted utility promised to the agent at the beginning of the period. Given a utility
level U and present state h = 0, recursivity means that the problem can be stated in terms
of three functions [a(U), b(U), U �(0, U, h�)] determining the current action at = a(Ut), the
current net transfer bt = b(Ut), and a promised future utility Ut+1 = U �(0, Ut, h(t + 1)),
h(t+ 1) ∈ {0, 1} , which is contingent on the search process outcome.
If we define Uu(0, U) ≡ U �(0, U, 0) and Ue(0, U) ≡ U �(0, U, 1), then the choice of

the functions [a(U), b(U), U e(0, U), Uu(0, U)] must satisfy the following two sets of
constraints:

U ≥ u (b(U))− C(â) + β [(1− P (â))Uu(0, U) + P (â)Ue(0, U)] ∀â. (IC0)

U = u (b(U))− C (a(U)) + β [(1− P (a(U)))Uu(0, U) + P (a(U))U e(0, U)] (PK0)

Constraint (IC0) is the incentive compatibility constraint ensuring the agent is willing
to deliver the amount of effort called for in the contract. Equation (PK0) requires the
contract to deliver the promised level of discounted utility to the worker, and is called the
promise keeping constraint and plays the role of law of motion for the state variable U.
The equivalent promise keeping equation in the employment state is

U = u (w(U))− l + βU e(1, U) (PK1)

where w(U) is the net wage the worker receives after tax (τ = S − w) is paid, and we
assume a fixed effort cost of working equal to l ≥ 0. The starting value U0 will be given
by the time-zero participation constraint of the contract W.7
Recursivity uses the fact that, under some conditions, second-best contracts have the

property that any continuation of the contract is still on the constrained utility possibility
frontier. Our unemployment compensation problem has two different Pareto frontiers
which are precisely the planner’s value functions in the two states. The planner’s value
function in the unemployment state Vu is defined as follows:

Vu(U) = sup
a,b,Uu,Ue

−b+ β [P (a)Ve(U
e) + (1− P (a))Vu(Uu)]

s.t. (IC0) and (PK0).

6Pavoni (1999) contains a formal proof of this recursivity result.
7To clarify further the law of motion interpretation of the promise keeping constraints, let us be

some-what redundant in notation and rewrite (PK0) and (PK1) as follows

Uut = u(bt)−C(at) + β
�
(1− P (at))Uut+1 + P (at)Uet+1

�
Uet = u(wt)− l + βUet+1.

It should now be easier to see that each equation implicitly maps values of the state variable in period t
into values of the state variable in period t+ 1.
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The problem in the employment state is much simpler since there are no incentive prob-
lems. The associated planner’s value function Ve is

Ve(U) = sup
w,Ue

S − w + βVe(U
e)

s.t. (PK1)

3 Unrestricted Case: The Immiserization Result
In what follows we will solve the problem when there are only two actions. We assume
a ∈ {0, 1} , i.e. the worker can either “search” (a = 1) or “not search” (a = 0). We
define P (1) = p ∈ (0, 1) and P (0) = 0; moreover, we normalize the search costs by setting
C(1) = c > 0 and C(0) = 0. Finally, to make the problem interesting, we assume it is
always optimal to induce the agent to supply a = 1 while unemployed.8

Analogously to the general case, the value functions Vu and Ve for a planner facing
respectively an unemployed and an employed worker to whom a level U of utility is
promised are defined by

Vu(U) = sup
b,Uu,Ue

−b+ β [pVe(U
e) + (1− p)Vu(Uu)] (2)

s.t. : U e ≥ Uu + c

βp
(3)

U = u(b)− c+ β [(1− p)Uu + pU e] . (4)

and

Ve(U) = sup
w,Ue

S − w + βVe(U
e) (5)

s.t. : U = u(w)− l + βU e (6)

where (3) and (4) are the incentive compatibility and promise keeping constraints respec-
tively.
It can be verified directly that when the utility of the agent takes the logarithmic form,

i.e. u(x) = ln(x), l = c, a solution to the functional equation (2)-(5) is

Vu(U) =
SK

1− β
− B exp {(1− β)U}

1− β
(7)

Ve(U) =
S

1− β
− exp {c} exp {(1− β)U}

1− β
(8)

where K ∈ (0, 1) and B ∈
�
exp {c} , exp

q
c
p

r�
are constants.9 An added bonus is that

the implied policy functions are linear in the space of utilities. In particular, for the
8Intuitively, this assumption will always be met for a sufficiently high gross wage level S. Equivalently,

as we will see below, the exact condition specifies a range of utilities as a function of the whole space of
parameters.

9In particular K = βp
1−(1−p)β and B solves

ln
k
B

1
β − (1− p)B

l
= ln (p) +

1− β

β

c

p
+ c.
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unemployment state, the policy functions are

u (b(U)) = (1− β)U + lnB (9)

Uu(0, U) = U − lnB
β

(10)

U e(0, U) = U +
c
p
− lnB
β

. (11)

The employment state policy is simply a constant utility U e(1, U) = U for each period,
guaranteed by a within-period net wage equal to

u (w(U)) = (1− β)U + c. (12)

In Figure 3 we have drawn the unemployment state policy functions. They are straight
lines in the space of utilities. Figure 3(b) describes the dynamics of the system (equa-
tions (10) and (11)). Incentive compatibility implies that the expected discounted utility
decreases if the worker remains unemployed while it increases if the worker finds a job.

[Figure 3 here]

The formal counterpart of the previous discussion is the following proposition.

Proposition 1 Assume u(x) = ln(x), l = c, and let L =
ln( KSB−1)
1−β , with K and B defined

above. Then (i) the value function for the planner’s problem in the unemployment state
is given by (7) if U ≤ L, and Vu(U) = − exp{(1−β)U}

1−β otherwise and (ii) the planner’s
employment state value function is given by (8) for any range of utilities.

In Pavoni (2002a) I prove the equivalent of this proposition for a more general problem.
From Figure 3(b) we can see that if the worker stays unemployed for a sufficiently long

period, then his utility reaches an arbitrarily low level. This is the graphical intuition for
the next proposition.

Proposition 2 Fix an arbitrary negative level of utility U. Then given any initial level of
utility U0 there is a positive probability that the worker’s expected discounted utility falls
below U .

Proof. Let ∆ = U0 − U, and δ = U − Uu(0, U). From (10) we have δ = ln(B)
β

which is
independent of the level of the state variable U. So, given U and U0, there will be a natural
number N such that ∆ ≤ Nδ. Then, if the worker cannot find a job for N subsequent
periods, the utility will fall below U, and this happens with probability (1− p)N > 0.
Thomas and Worral (1990), in a model with adverse selection and i.i.d. shocks, prove

a much stronger result. Namely, they show that if the utility is bounded only above and
displays non-increasing absolute risk aversion, then any arbitrary low U is reached with
probability one. This result is know in the literature as the immiserization result.
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Remark 1 HN, in their Proposition 1, show that as long as Vu is concave then U >
Uu(0, U). From the Theorem of the Maximum we expect the policy Uu(0, U) to be con-
tinuous in U. This would imply that the result of Proposition 2 still holds for any un-
bounded below agent’s utility functions, with an arbitrary number of actions. Indeed,
for any two fixed levels U0 > U, the closed interval I = [U,U0, ] is a compact set and
f(U) = U−Uu(0, U) would be a continuous function of U. Thus, we could use the positive
number δ = minU∈I f(U) as we did in Proposition 2 to obtain the desired result.

4 Restricted Case: Imposing Utility Bounds
A key feature of the present paper is to impose a lower bound Umin on the expected
discounted utility that can be assigned to the agent from any date onward. From the
simplicity of the constraint, it should be easy to see that the problem remains recursive
in a very natural way. The Bellman equation for a planner facing an unemployed worker
to whom a level U of utility is promised is now given by

V̂u(U) = sup
b,Uu,Ue

−b+ β
k
pV̂e(U

e) + (1− p)V̂u(Uu)
l

(13)

s.t. (3), (4) and

Ue, Uu ≥ Umin. (14)

The problem in the employment state is analogously defined as follows

V̂e(U) = sup
w,Ue

S − w + βV̂e(U
e) (15)

s.t. (6) and

U e ≥ Umin. (16)

Notice that we have simply added the minimum bound constraint to problem (2)-(6).

4.1 Characterization of the Optimal Compensation Scheme

In this section, we study the qualitative characteristics of the optimal contract. We will
show that the newly-defined value functions are very well shaped: the value functions
are strictly decreasing, strictly concave and continuously differentiable. We will then
take advantage of these properties to characterize the optimal contract using first order
conditions.

Proposition 3 The value function V̂u is strictly decreasing, strictly concave and the policy
rules are continuous functions in U .

The proofs of this section can be found in the Appendix.
The whole idea of the proof is to show that the Bellman Equation (13) define a

contraction in the space of bounded, continuous and concave functions.
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Proposition 4 Let V̂u(U0) = −b0 + β
k
pV̂e (U

e
0 ) + (1− p)V̂u (Uu0 )

l
with U0 in the inte-

rior of the effective domain of V̂u with b0 in the interior of the domain of the agent’s
utility function u(.). If u(.) is differentiable then the value function V̂u is continuously
differentiable at any such U0 and

V̂ �u(U0) = −
1

u�(b0)
.

Under the same conditions we also have

V̂ �e (U0) = −
1

u�(w0)
.

The idea of the proof is quite simple. As in many concave dynamic models, we show
differentiability by adapting the Benveniste and Scheinkman (1979) Lemma to our case.10

The first order conditions in the unemployment state are:

V̂ �u(U) = − 1

u�(b(U))
(17)

V̂ �e (U
e(0, U)) = − 1

u�(b(U))
− µ µ ≥ 0 (18)

V̂ �u (U
u(0, U)) ≤ − 1

u�(b(U))
+

p

1− pµ (19)

V̂ �u(U) ≥
k
pV̂ �e (U

e(0, U)) + (1− p)V̂ �u (Uu(0, U))
l
; (20)

if Uu(0, U) > Umin then both (19) and (20) are satisfied with equality;

together with (3), (4), (14). Condition (18) is an equality because from (3) it is easy to
see that the lower bound constraint can be binding only for Uu. In (17) we report the
envelope condition. Moreover, note that if (4) is a strict inequality then µ = 0. Finally,
note that we derived condition (20) from (18) and (19). The optimality conditions for the
employment state are:

V̂ �e (U) = − 1

u�(w(U))
(21)

V̂ �e (U) ≥ V̂ �e (U
e(1, U)) ; (22)

if U e(1, U) > Uminthen (22) is satisfied with equality.

Lemma 1 The incentive compatibility constraint (3) is always binding at the optimum.

The idea is the following. As long as U e > Uu implies a net wage payment higher then
the benefits (and this is true as long as l ≥ 0), then this is costly for the planner, who
thus tends to minimize this difference.11

10For a more general characterization of the dynamic moral hazard problem’s value function, see Pavoni
(2002b). Another important reference is Phelan and Townsend (1991). They allow for random payments
and prove (weak) concavity under quite general conditions.
11In the Appendix, we derived the minimal conditions on l for Lemma 1 to hold. The condition l ≥ 0

is indeed a sufficient one. A necessary and sufficient condition is l ≥ −1−ββp c. When this condition is not
satisfied, the problem becomes less interesting. If l is negative the worker receives a utility “bonus” in
case of employment. When this bonus is sufficiently high the search incentives are no longer a problem,
and the planner can design an optimal contract which fully insures the agent.
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We are now ready to characterize the compensation scheme. In the next proposition
we consider first the interior case.

Proposition 5 For each U ≥ Umin such that Uu(0, U) > Umin the policy functions satisfy:
(i) for i = u, e and h ∈ {0, 1} , U i(h,U) is increasing in U ; (ii) b(U) and w(U) are strictly
increasing; (iii) Ue(1, U) = U ; (iv) U > Uu(0, U) and U e(0, U) > Uu(0, U).

The monotonicity results in (i) and (ii) are intuitive. (iii) implies that the worker
is fully insured when employment. This is intuitive since there are no informational
restrictions in this state. Finally, for later use note that (ii) together with U > Uu(0, U)
in (iv) imply that both b and w are (weakly) decreasing in the unemployment spell.
Below we will also describe graphically the result of Proposition 5. However, let us first
characterize the optimal transfer scheme when Uu(0, U) = Umin.

Proposition 6 (i) There exists a U∗ > Umin such that Uu(0, U) = Umin for every U that
belongs to the closed interval [Umin, U∗] . (ii) Moreover, if U ∈ [Umin, U∗] then the within
period utility u(b (U)) varies one-to-one with U and the promised expected discounted
utility U e (0, U) is constant and equal to Umin + c

βp
for the whole set.

Result (i) it is important since it implies that Umin will always be reached in finitely
many periods of unemployment. The idea of the result (ii) above is that when Uu (0, U) =
Umin, then u(b (U)) is used to keep the promise and U e (0, U) is used to satisfy the incentive
compatibility constraint.

Description of the Optimal Contract We now use graphs to summarize the results
obtained in Propositions 5 and 6, and to describe the main features of our optimal contract.
To draw Figures 4 and 5 we use the qualitative features of our scheme and we choose thin
lines to draw the unrestricted policies (from the closed form solution) and thick lines for
the restricted case. As Proposition 5 (i)-(ii)-(iii) shows, policies are monotone in U but
of course they do not have to be linear. Moreover, restricted policies would typically not
overlap the unrestricted case policies. Finally, it might be the case that Ue (0, U) crosses
the 45 degree line. However, from Proposition 6 this can only be for sufficiently large
utility values: U > U∗. None of these features would affect our discussion below.
Figure 4 reports the results of this section about the unemployment state policy func-

tions. As derived in Proposition 6, Figure 4(a) shows that the policies for future utilities
are flat near Umin. Figure 4(b) depicts the policy u (b(U)) , which starts at the point
U = Umin where the unemployment benefit is equal to

b(Umin) = u
−1 ((1− β)Umin) ;

hence its slope must locally be equal to one.
The problem in the employment state is very easy. The net wage starts at a level

equal to
w(Umin) = u

−1 ((1− β)Umin + l) ,

and w(U) increases with U at a slope equal to (1− β).

10



[Figure 4 here]

To summarize our results, consider Figure 5. In Figure 5(a) we consider a worker
who starts unemployed in A. If he remains unemployed, his utility decreases to B and,
eventually, reaches the minimum level Umin in C. When Umin is reached, the utility is
constant for the whole remaining unemployment spell. Moreover, regardless of the length
of the further unemployment duration, once a job is found, the expected discounted utility
jumps to D. Figure 5(b) describes the policy functions for the within period utilities u(b)
and u(w). From the direct relationship between utility level U and unemployment benefit
payment b, the feature described by the unemployment utility Uu applies also to the
benefits payment b. That is, u(b) is decreasing until the minimum level is reached (in C).
After that point, the scheme pays a constant transfer and, again, once the worker finds a
job there will be a jump to D (on the u(w) line since the state has changed) regardless of
the number of periods the worker has remained in C.

[Figure 5 here]

What happens if a worker finds a job soon ? From Figure 5 we can see that actually
for very-short-term unemployed workers, the wage tax after reemployment is slightly
increasing in the length of the previous unemployment spell. Indeed, suppose a worker
finds a job in the first period of his unemployment (while he is in A in Figure 5(a)),
then his utility will jump to a point that is above D and, from Figure 5(b) we can see
that this implies a higher wage (i.e. a lower wage tax), than the one received by a long
term unemployed worker (which, as we have just seen, will jump to D when a job is
found). However, now the results have changed both quantitatively and qualitatively
with respect to the unrestricted case. The qualitative change is that now the wage tax
increases slightly only for a finite number of periods. Moreover, Figure 6 shows that the
quantitative aspects are also important.
Figure 6 shows and compares the results of a simulation of both our restricted model

and the unrestricted one.12 The base period is one month and the unrestricted replacement
ratios are computed according to our closed form solution of the HN model of Section
3. Dotted lines represent the unrestricted case and solid lines the restricted one. In
both cases, the upper lines describe the net wage wt - i.e. the wage (net of taxes) a
worker should receive once he finds a job - as a function of the unemployment period, in
percentage terms of the gross wage S; whereas the lower lines represent the replacement
ratios for benefits. It is easy to see how both the net wage and the benefit payment in
the unrestricted case vary smoothly during the unemployment spell; after 4 years, the
wage tax is around 20 per cent. In contrast, our restricted contract gives a net wage that
decreases for a while and remains constant afterwards; the implied wage tax (S − wt)
never exceeds 5 per cent.
To understand better why (in Figure 6) the benefit payments behavior for the restricted

case (lower solid line) is so different from the unrestricted case (lower dotted line), we
now give an intuitive explanation. The use of dynamic incentives allows the planner

12For expositional purposes we anticipate here some quantitative results. The calibration exercise is
discussed in detail in (the next) Section 4.2.
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to reduce the within period difference between unemployment benefit and net wage the
worker receives after reemployment. However, when the lower bound constraint is binding
the scope for dynamic incentive possibilities vanishes, and the difference between the
unemployment benefits and the net wage has to be big, and equal to the difference arising
in the static problem. Now, if we start from a level of utility for which the lower bound
constraint is not binding, then during the unemployment spell the difference between
unemployment benefits and net wage has to increase, approaching the “static difference”.
There are only two ways of increasing the difference between the two payments: increasing
the net wage and decreasing the benefits. Because of consumption smoothing, the net
wage cannot increase during the unemployment spell. Thus, the wage can only decrease
more slowly (compared with the unrestricted model) for a while, and remain constant
thereafter. On the other hand, the benefits have to decrease much more rapidly: one
reason is the usual incentive provision, as in HN, the second reason is the mentioned need
of increasing the difference between the unemployment benefits and the net wage during
the unemployment period. Thus, benefits decrease steeply for a finite number of periods
and then become completely flat. In contrast, in the unrestricted case, dynamic incentives
are always feasible. As a consequence, both the net wage and the benefit transfer decrease
regularly with a much lower slope. During unemployment, benefit payments never stop
decreasing, implying, eventually, arbitrarily low levels of utility, as we have shown in
Proposition 2.

4.2 Quantitative Analysis

We calibrate our model using data on the Spanish economy. I normalize the gross wage
S = 100 and the effort costs c = l = 1.
We interpret each period as a month so we set the discount factor β = 0.996 which

implies an annual discount rate of 5%. The main departures from HN are the choice of
the risk aversion parameter and the estimation of the minimum level of promised utility
Umin. HN use CRRA-preferences of the form

u(x) =
x1−σ

1− σ

and choose σ = 0.5. In our quantitative exercise, we set σ = 1, i.e. we use the logarithmic
utility function. This is mainly done in order to use our closed form solution.13 Finally,
to estimate the parameter Umin we first set

Umin =
u(qS)− c+ βpUwork

1− β(1− p) (23)

where q expresses the “social salary” as a function of gross wage S. Thus, Umin corresponds
to the expected discounted utility of receiving the social salary forever and always having

13However, Attanasio and Weber (1993) use UK cohort data to estimate the intertemporal elasticity
of substitution. In our specification - given we assume CRRA preferences - the results of Attanasio and
Weber imply a σ between 1.3 and 1.5. Moreover, Baily (1977), who studies issues similar to those in this
paper, argues for setting σ = 1, as we do.
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the chance of getting a job, and paying no taxes. The parameter Uwork is defined

Uwork =
u(S)− l
(1− β)

,

and represents the utility of working forever receiving the gross wage S. Thus, Umin is
calibrated by setting q = 0.20.14 Moreover, note that u(S) = ln(100) = 4.6 so the cost
c = l = 1 is between one fourth and one fifth of the wage utility, and Uwork = 900.
In Figure 6, we report the simulated replacement ratios for the our restricted model,

and we compare them with the ones obtained using the closed form solution of the un-
restricted model of HN. We use p = 0.15 and the starting value U0 ∈ (Umin, Uwork) is
computed - partially following HN - according to the existing Spanish scheme.15 We have
just commented on Figure 6 in Section 4.1.

[Figure 6 here]

The benchmark level used for p is an intermediate one. Bover et al. (1997) emphasize
the high degree of (both observable and unobservable) heterogeneity between workers’
hazard rates in the Spanish labor market.16 Thus, in Figure 7, we investigate how the
optimal transfer scheme changes with p. We consider four possible values for p − 0.08,
14The amount of the non-contributive assistance level of transfers, is means-tested, varies across dif-

ferent Autonomous Communities between 30, 000 to 45, 000 pesetas ($150/180), and there is no fixed
duration (See Lopez (1996)). For example, in Catalonia, the transfer is called PIRMI (Programa in-
terdepartamental de la renta mínima d’inserció) and, in 1998, the monthly payment was approximately
40, 000 pesetas ($160). The Bulletin of Labor Statistics (1999) reports as 300, 000 pesetas ($1, 200) per
month the 1998 average wage in non-agricultural activities. We estimated the parameter q following the
common assumption that workers subject to severe unemployment risk face a wage that is two thirds of
the average national wage.
15Given we normalized the gross wage S to 100, the current insurance system can be represented by a

contract that has not taxes or transfers when unemployed (w = S), and pays a first benefit level b1 of 70
for the first six months of unemployment, from the 7th to the 24th month the benefit level b2 is set equal
to 60, and from the 25th onward we assume the worker receives an assistance level of benefits b3 = 20.
The corresponding expected discounted utility value U0 for an unemployed worker, can be calculated
backward as follows. From period T = 25 onward the worker’s problem is stationary. The unemployment
benefits are at their minimum level, the worker will be searching for a job, which will be found with
probability p. Given that jobs are permanent, when a worker finds a job his lifetime utility is Uwork.
Thus, the value of his expected discounted utility UT can be computed as follows

UT =
u(b3)− c+ βpUwork

1− β(1− p) = Umin,

where b3 = qS = 20 is the non-contributive assistance level of unemployment benefits. For any 0 ≤ t ≤
T = 25 we can now define the value UT−t recursively by

UT−t = u(bt)− c+ β
�
pUwork + (1− p)UT−(t−1)

�
,

where the period t benefit level bt ∈
�
b1, b2, b3

�
is computed according to the three steps scheme described

above.
16Bover et al. find that the average monthly probabilities of exit from unemployment vary across Sector

(between 0.11 and 0.17), Age (between 0.08 and 0.15) and the Business Cycle (between 0.12 and 0.18).
They also estimate the hazard rate function controlling for unobservable heterogeneity.
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0.10, 0.15 and 0.20 −. Figure 7 shows that the first order effect of a change in p is
mainly on the steepness of the payments across time. For higher levels of p, the benefits
payments decrease more rapidly toward a common minimum replacement ratio level of
approximately 35%. This simulation exercise has an immediate policy implication. The
optimal unemployment compensation scheme should be a function of each observable
variable (such as age, labor market tightness, geographical region or industrial sector)
that implies a different probability of re-employment. In contrast, the net wage payments
are not very sensitive with respect to changes in this parameter.
In Figures 8 and 9 we summarize the results of our sensitivity analysis for different

minimum bounds Umin and different starting utilities U0, respectively. The results present
the same degree of robustness of the results in Figure 7. It may seem surprising that
changes in Umin do not too much affect the long-term replacement ratio (which remains
approximately 35%). However, if we look carefully at Figure 8, we can see that the
optimal contract guarantees higher minimum utility levels, mainly by reducing the wage
tax imposed on long-term unemployed workers. Since jobs are permanent this effect is
quantitatively important. Moreover, the wealth effect caused by a higher Umin tightens
the incentive constraint and induces lower benefit payments, partially offsetting the initial
(increasing) one.

[Figures 8 and 9 here]

In Figures 10 and 11, we compare our simulations with the Spanish compensation
scheme (the solid step-shaped line).17 The model seems to reproduce most of the qual-
itative features of the Spanish compensation system, and this confirms the analysis of
Section 4.1. From a quantitative point of view the Spanish unemployment compensation
scheme seems to be too generous during intermediate periods of unemployment, whereas
it provides payments which are too low for both the very short-term and the long-term
unemployed people with respect to the optimal transfer scheme. It seems clear that part
of this discrepancy can be accounted for by introducing positive administrative costs in
our model.18 However, we think that a deeper analysis of these quantitative aspects not
only requires more accurate measurements but, more importantly, probably also requires
a bigger set of parameters.19 This is beyond the scope of the present paper and remains
for future research.

[Figures 10 and 11 here]

17In Spain, the replacement ratio is equal to 70% during the first six months of unemployment and
60% thereafter, subject to a floor of 75% of the minimum wage. Benefit duration is one-third of the last
job’s tenure, with a maximum of two years. The assistance system pays, for up to two years, 75% of
the minimum wage to (unemployed) workers with dependants, whose average family income is precisely
below that amount. In 1998, the minimum wage was around 70, 000 pesetas ($280) (Guia Laboral 1998
y de Asuntos Sociales (1998)).
18I am grateful to Gianluca Violante for drawing our attention to this point.
19In particular, note that we assume permanent jobs and we use a naive hazard function. We always

allow only for two actions assuming that P (0) = 0, and we require time invariance of P (a). See Pavoni
(2002b) for a more general case.
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5 Conclusions
In this paper, we studied the design of an implementable optimal unemployment com-
pensation scheme. To analyze the trade-off between unemployment insurance and search
incentives, we used a dynamic principal-agent relationship between a risk neutral plan-
ner and risk averse workers, where the planner’s inability to observe workers’ job-search
efforts induces moral hazard.
Our analysis can be summarized as follows. In the first part of the paper, we compute a

closed form solution for the unrestricted dynamic moral hazard model with two actions and
logarithmic utility agent. We use this specification to show that if no bound is imposed
on the expected discounted utility promised to the agent, the optimal unemployment
compensation schemes such as the one proposed by Hopenhayn and Nicolini imply that
the worker’s utility falls with positive probability below any arbitrarily low level. This is
a weaker form of what is known in the recursive contracts literature as the immiserization
result. We thus argue for the importance of restricting the planner’s contract space.
In particular, we require that, when designing the optimal program, the planner must
respect a lower bound on the expected discounted utility that the agent can have ex-post
regardless of the previous history. We found that the introduction of utility bounds in the
optimal unemployment compensation designing problem has important normative and
policy implications.
First, the optimal restricted compensation scheme is qualitatively consistent with the

existing ones, meaning that governments are not making such big mistakes as the one
highlighted, for example, by Hopenhayn and Nicolini (1997a,b). We also calibrate and
simulate our model for the Spanish economy, and we find only minor quantitative differ-
ences between optimal and existing ones. We think, however, that, in order to carefully
evaluate the (sub)optimality of government policies (and to give meaningful policy sug-
gestions), a larger set of parameters is probably required. Pavoni (2002) focuses, for
example, on the possibility that the probability of reemployment depends on the duration
of previous period of unemployment, and shows that lower bounds on an agent’s utility
can arise endogenously in the optimal scheme.
Second, we recall that one of the main policy implications of the optimal program

proposed by HN is that an optimizing government should impose a tax on the wage the
worker receives when he finds a job, which is increasing in the length of the worker’s previ-
ous unemployment spell. We show that the introduction of utility bounds eliminates this
counterfactual characteristic of the optimal unemployment compensation scheme. In the
stationary model studied in this paper, a simple consumption smoothing argument im-
plies that wage tax cannot (strictly) decrease during unemployment. However, in Pavoni
(2002b) I show that the policy implication for an extended model which accounts for
human capital depreciation during the unemployment spell is a wage subsidy, even in an
unrestricted model without utility bounds.
An important extension of the model would be to allow the agent to secretly save

(and borrow). In Abraham and Pavoni (2002) we study the welfare implications of such
possibility, and show how the problem can again be written in recursive form. Unfortu-
nately, we also find that when the agent is allowed to save, the optimal contract does not
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uniquely pin down the government transfer scheme.20 In fact, associated to each second-
best allocation for consumption (and search effort) there is a continuum of unemployment
compensations schemes implementing such allocation. For example, Werning (2002) ob-
tain different UI transfer schemes depending on the “normalizations” he considers to get
rid of the mentioned indeterminacy.
Finally, in the extended version of this paper I also consider self-financing schemes

with a continuum of agents and steady state equilibria.

6 Appendix
Proof of Proposition 3 The first technical difficulty is to show that the value functions
V̂i are bounded. To this extent we assume there is also an upper bound Umax on the expected
discounted utility promised to the agent. We will then show that Umax can always be chosen
sufficiently large so that it will never be binding. As a consequence, the contract we derive is
actually the solution to the (relaxed) problem where only the lower bound Umin is imposed. It
is easy to show that V̂e is concave. We now prove that also V̂u is concave. We follow Grossman
and Hart (1983) and change variable defining z ≡ u(b). The problem then becomes

V̂u(U) = sup
z,Uu,Ue

−u−1(z) + β
k
pV̂e(U

e) + (1− p)V̂u(Uu)
l

(24)

s.t. : z − c+ β [(1− p)Uu + pU e] ≥ z + βUu

U = z − c+ β [(1− p)Uu + pU e]
Umax ≥ Uu, U e ≥ Umin.

Notice that (since u−1(.) is convex) the objective function is concave and that the constraints
set is convex (linear). Moreover, the problem satisfies all the conditions of Theorems 4.6-
4.8 of SLP. In particular, the functional equation (24) is a contraction since it satisfies the
Blackwell’s sufficient conditions, and, using the promise keeping constraint, we have z =
U−β [(1− p)Uu + pU e]−c so that−u−1 (U − β [(1− p)Uu + pU e]− c) is strictly decreasing
and strictly concave in U (since u is strictly increasing and strictly concave). We need now to
show that Umax is never binding. However, since this last part of the proof is derived from the
characteristics of the optimal contract we postpone it after Proposition 5.

Proof of Proposition 4 Again, we should concentrate on the differentiability of V̂u. Given
the value function is concave we can use Lemma 2 in Benveniste and Scheinkman (1979). For a
fixed level of promised utility U0 we are looking for a differentiable concave function W (U)
such that it is well defined in an interval I around U0 and such that for any U ∈ I we
have W (U) ≤ V̂u(U) and W (U0) = V̂u(U0). We claim that W (U) = −u−1 (U − βUu0 ) +

β
k
pV̂e (U

e
0 ) + (1− p)V̂u (Uu0 )

l
is the function we are looking for. Indeed, the optimal values

U e0 and U
u
0 satisfy both the incentive compatibility and (14). The constraint (4) can always

be satisfied by varying the benefit transfer b, so the function W is well defined and we have
W (U) ≤ V̂u(U) ∀ U ∈ I as required. From the concavity and differentiability of u, W is

20This unpleasant result is unfortunately true also when savings are observable. See Abraham and
Pavoni (2002) Proposition 4.
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also concave and differentiable, so V̂u is differentiable in U0 and V̂ �u(U0) = − 1
u�(b0) . Since V̂u is

concave then it is continuously differentiable. To show the continuous differentiability of V̂e is
immediate.

Proof of Lemma 1 The proof is given by contradiction. First, consider the case Uu(0, U) >
Umin. Assume (3) is not binding at the optimum for some level of utility U . Then, µ = 0 and
from (17), (18) and (19) we have

V̂ �e (U
e(0, U)) = V̂ �u (U

u(0, U)) = V̂ �u (U) . (25)

From the strict concavity of V̂u we have Uu(0, U) = U. Now consider the employment state
problem for the utility level Ue(0, U). The envelope conditions (17), (21) we have b(U) =
w(U e(0, U)). Use this facts to rewrite the promise keeping constraints in the two states, take
the difference, and rearranging terms we obtain

1− β(1− p) [U e(0, U)− Uu(0, U)] = c− l ≥ 1− β(1− p)
βp

c (26)

where the last inequality is obtained using the fact that from the incentive compatibility con-
straint we have that U e(0, U)−Uu(0, U) ≥ c

βp
. So using the inequality in (26) and rearranging

terms we get

l ≤ −1− β

βp
c,

which is a contradiction since l ≥ 0 and the right hand side is strictly negative.
When Uu = Umin we can use the same argument as before, if we show that cannot be that

both the incentive compatibility constraint is not binding and that (19) is a strict inequality.
But if it were true then V̂ �u (Umin) < V̂

�
u (U) which from strict concavity implies Umin > U and

it is not possible.

Proof of Proposition 5 Since Uu(h, U) > Umin we have that (20) and (22) are satisfied
with equality. From strict concavity of the value function and Lemma 1 we have (i). The strict
concavity of V̂i and u(.) - using envelope conditions (17) and (21) - implies (ii).

To prove (iii) recall the first order condition in the employment state, allowing for U e(1, U) =
Umin is (22), thus U e(1, U) ≥ U for any U. Moreover assume that U e(1, U) > U, then - since
U ≥ Umin - the condition (22) has to be satisfied with equality. Strict concavity of V̂e implies
U e(1, U) = U and we are done.

Result (iv). Since µ ≥ 0 (19) implies that U ≥ Uu(0, U) moreover U = Uu(0, U) can
only be if µ = 0 and we are in the case of equation (25) in the proof of Lemma 1, and this
contradict incentive compatibility. That Ue(0, U) > Uu(0, U) follows trivially form incentive
compatibility.

Final part of the proof of Proposition 3 Consider a starting value U0 <∞, U0 ≥ Umin
for the unemployed agent’s lifetime utility. From Proposition 5 we have monotonicity of the
policy functions (result (i),(ii) and (iii) above). Moreover from result (iv) we have that Uu ≤ U.
As a consequence, setting Umax ≥ U0 + c

βp
> Umin would give a never binding constraint.
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Proof of Proposition 6 (i) First, we argue that Uu(0, Umin) = Umin. From (19) together
with the envelope condition (17) we obtain

V̂ �u (U
u(0, Umin)) ≤ V̂ �u (Umin) +

p

1− pµ. (27)

Then either the inequality is strict (and this implies Uu(0, Umin) = Umin so we are done) or it is
an equality. In the latter case, from µ ≥ 0 we have V̂ �u (Uu(0, Umin)) ≥ V̂ �u (Umin), which from
the strict concavity of V̂u in turn implies Uu(0, Umin) ≤ Umin and again we are done.

Second, we show by contradiction that, when U = Umin condition (27) is a strict inequality.
So assume (27) is satisfied with equality, then since Uu(0, Umin) = Umin from strict concavity
of V̂u must be that µ = 0 and this, together with (17) implies

− 1

u�(b)
= V̂ �u (Umin) = V̂

�
e

#
Umin +

c

βp

$
. (28)

From Lemma 1, using the promise keeping constraint (4) we have

Umin = u(b) + β

%
(1− p)Umin + p

#
Umin +

c

βp

$&
− c = u(b) + βUmin,

so
u(b) = (1− β)Umin. (29)

Now consider the employment state when U = Umin +
c
βp
.

The envelope conditions is V̂ �e
�
Umin +

c
βp

�
= − 1

u�(w) , which, from strict concavity of u

and (28) gives w = b. Moreover, from the first order condition (22) we have V̂ �e
�
Umin +

c
βp

�
=

V̂ �e (U
e) so the policy should be U e

�
1, Umin +

c
βp
)
�
= Umin+

c
βp
. The promise keeping constraint

implies Umin +
c
βp
= u(w) + β

�
Umin +

c
βp

�
− c. From w = b and (29) this we then have

Umin +
c
βp
= (1− β)Umin + β

�
Umin +

c
βp

�
− c = Umin + β(1−p)c

βp
which gives a contradiction

since β < 1 and p ≥ 0.
By the monotonicity shown in Proposition 5 the set at which Uu(0, U) = Umin is an interval,

by the maximum theorem the point U∗ is given by

V̂ �u(U
∗) =

k
pV̂ �e (U

e(0, U∗)) + (1− p)V̂ �u (Umin)
l
,

where (20) is satisfied with equality.
(ii) If we use Lemma 1 and rearrange constraints (3) and (4) then we find that the policy

functions must satisfy the following two equations:

u(b (U)) = U − βUu (0, U)

U e (0, U) = Uu (0, U) +
c

βp
.

Moreover, for sufficiently low levels of U, the lower bound constraint for Uu is binding and the
policy functions satisfy

u(b (U)) = U − βUmin (30)

U e (0, U) = Umin +
c

βp
(31)

and we are done.

18



References
[1] Abraham, A. and N. Pavoni (2002), ”Efficient Allocations with Moral Hazard and

Hidden Borrowing and Lending,” mimeo, University College London and Duke Uni-
versity.

[2] Abreu, D., D. Pearce and E. Stacchetti (1990), “Towards a Theory of Discounted
Repeated Games with Imperfect Monitoring,” Econometrica, 58, 5, September: 1041-
1064.

[3] Atkeson, A. and R.E. Lucas (1995), “Efficiency and Equity in a Simple Model of
Efficient Unemployment Insurance,” Journal of Economic Theory, 66: 64-88.

[4] Attanasio, O.P. and G. Weber, (1993), “Consumption Growth, the Interest rate and
Aggregation,” Review of Economic Studies, 60: 631-649.

[5] Baily, M. N. (1977), “Unemployment Insurance as Insurance for Workers,” Sympo-
sium on the Economics of Unemployment Insurance, Indus. Labor Relations Rev. 3,
no. 4, July: 495-504.

[6] Benveniste and Scheinkman (1979), “On the Differentiability of the Value Function
in Dynamic Models of Economics,” Econometrica, 47: 727-732.

[7] Blöndal, S. and M. Pearson (1995), “Unemployment and Other Non-employment
Benefits,” Oxford Review of Economic Policy, Spring, 11(1): 136-169.

[8] Bover, O., M. Arellano and S. Bentolila (1997), “Unemployment Duration, Benefit
Duration and the Business Cycle,” Working Paper 9717 October, CEMFI, Madrid,
Spain.

[9] Fudenberg, D., O. Holmström and P. Milgrom (1990), “Short-Term Contracts and
Long-Term Agency Relationships,” Journal of Economic Theory, 51(1): 1-31.

[10] Green, E. J. (1987), “Lending and the Smoothing of Uninsurable Income.” in Con-
tractual Arrangements for Intertemporal Trade, edited by E. C. Prescott and Neil
Wallace. Minneapolis: University of. Minnesota Press.

[11] Grossman, S.J. and O.D. Hart (1983), “An Analysis of the Principal-Agent Problem,”
Econometrica, 51: 7-45.

[12] Hansen, G.D. and A. Imrohoroglu (1992) “The Role of Unemployment Insurance
in an Economy with Liquidity Constraints and Moral Hazard,” Journal of Political
Economy, 100, February: 118-142.

[13] Hopenhayn, H. and J.P. Nicolini (1997a), “Optimal Unemployment Insurance,” Jour-
nal of Political Economy, 105(2): 412-438.

[14] Hopenhayn, H. and J.P. Nicolini (1997b), “La Reforma de Seguro de Desempleo en
España: ¿ Hay Algo que Aprender de la Teoría ?” Moneda y Credito, 204: 263-303.

19



[15] Kalisch, D. W., T. Aman and L. A. Buchele (1998), “Social and Health Policies
in OECD Countries: A Survey of Current Programmes and Recent Developments,”
Labour Market and Social Policy - Occasional Papers no. 33, 67299 and 67364. Paris:
OECD.

[16] Karni, E. (1999), “Optimal Unemployment Insurance: A Survey,” Southern Eco-
nomic Journal, 66(2): 442-465.

[17] Layard, R., S. Nickell and R. Jackman (1994), “Unemployment: Macroeconomic
Performance and the Labour Market,” Oxford University Press, USA.

[18] Lopez, Lopez, M. T. (1996), “La Proteccion Social a la Familia en España y en los
Demas Estados Miembros de la Union Europea,” Working Paper Fundacion BBV
Documenta, Centro de Estudios de Economia sobre el Sector Publico.

[19] OECD (1994), “The OECD Jobs Study: Evidence and Explanations. Part II: The
Adjustment Potential of the Labor Market,” Paris: OECD.

[20] Pavoni, N. (1999), Recursive Methods and Dynamic Contracts Under Complete Infor-
mation: Theory and Applications, Ph.D. dissertation, in Mathematics for Economic
Decisions, January, University of Trieste, Italy.

[21] Pavoni, N. (2002a), “The Dynamic Moral Hazard Problem: An Analytical Solution,”
mimeo, University College London.

[22] Pavoni, N. (2002b), “Optimal Unemployment Insurance, with Human Capital De-
preciation, and Duration Dependence” mimeo, University College London.

[23] Phelan, C. (1993), “Labor Markets with Repeated Agency and One-Sided Commit-
ment,” mimeo, University of Wisconsin.

[24] Phelan, C. (1994), “Incentives and Aggregate Shocks,” Review of Economic Studies,
61: 681-700.

[25] Phelan, C. (1995), “Repeated Moral Hazard and One-Sided Commitment,” Journal
of Economic Theory, 66(2): 488-506.

[26] Phelan, C. and R.M. Townsend (1991), “Computing Multi-Period, Information-
Constrained Optima,” Review of Economic Studies, 58: 853-881.

[27] Reissert, B. and G. Schmid (1994), “Unemployment Compensations and Active Labor
Market Policy: The Impact of Unemployment Benefits on Income Security, Work
Incentives and Public Policy,” in Labor Market Institutions in Europe, G. Schmid
Ed., Sharpe, US.

[28] Shavell, S. and L. Weiss (1979), “The Optimal Payment of Unemployment Insurance
Benefits Over Time,” Journal of Political Economy, 87, December: 1347-1362.

[29] Spear, S.E. and S. Srivastava (1987), “On Repeated Moral Hazard with Discounting,”
Review of Economic Studies, 53: 599-617.

20



[30] Stokey N.L., and R.E. Lucas, with E. C. Prescott (1989), Recursive Methods in
Economic Dynamics, Cambridge (MA), Harvard University Press.

[31] Thomas, J. and T. Worral (1990), “Income Fluctuations and Asymmetric Infor-
mation: An Example of Repeated Principal-Agent Problem,” Journal of Economic
Theory, 51: 367-390.

[32] Usami, Y. (1983) “Payroll-Tax Financed Unemployment Insurance with Human Cap-
ital,” Ph.D. dissertation, Massachusetts Institute of Technology.

[33] Wang, C. and S. Williamson (1996) “Unemployment Insurance with Moral Hazard
in a Dynamic Economy,” Carnegie-Rochester Conference Series on Public Policy, 44:
1-41.

[34] Werning, I. (2002), “Optimal Unemployment Insurance with Unobservable Savings,”
mimeo, University of Chicago and UTDT.

21



Figure 1: Some Existing European Unemployment Compensation Schemes.
Source Reissert, B. and G. Schmid (1994), “Unemployment Compensations and Active
Labor Market Policy: The Impact of Unemployment Benefits on Income Security, Work
Incentives and Public Policy,” in Labor Market Institutions in Europe, G. Schmid Ed.,
Sharpe, US.
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Figure 2: The timing of the model in the unemployment state. At the beginning
of period t the unemployed worker receives the unemployment benefit bt and is required to
supply the costly job-search effort at. This effort affects the probability of being employed
at the beginning of the next period P (at). If at the beginning of next period the worker
is employed he receives a net wage wt+1 = S − τ t+1 otherwise, if he still unemployed, the
worker receives the unemployment benefit bt+1, and so on.
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Figure 3: The policies for the unrestricted model with logarithmic agent’s util-
ity function: unemployment state. Panel(a) reports the policy implied by equation
(9). Panel(b) the policies implied by equations (10) and (11).
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Figure 4: The policy functions: unemployment state. In both panels (a) and (b)
the thick line reproduce the policies for the restricted scheme, while the thin lines refer
to the unrestricted case. Panel(a) shows that the policies for future utilities are flat near
Umin and tend to the (unrestricted) unitary slope as U increases. Panel(b) depicts the
policy u (b(U)) , which starts at the point U = Umin where the unemployment benefit is
equal to b(Umin) = u−1 ((1− β)Umin) and its slope is (locally) equal to one.
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Figure 5: The long term unemployment behavior. In panel(a) we consider a worker
who starts unemployed in A. If he remains unemployed his utility decreases to B and,
eventually, reaches the minimum level Umin in C. Once a long-term unemployed finds
a job the expected discounted utility jumps to D. Panel(b) reports the within period
utilities u(b) and u(w) implied by this utility path.
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Figure 6: Comparison between the Restricted and the Unrestricted model. The
dotted lines reproduce the simulation results for the benchmark unrestricted model of
HN. The solid lines reproduce our simulation results for the restricted model with utility
bound. Lower lines represent benefit payments while upper lines represent after-tax wage
payments, as a function of the unemployment duratio. The horizontal axis represents
unemployment duration (in months). The vertical axis represents replacement ratios.
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Figure 7: Sensitivity analysis: different hazard rates. In this figure we present the
simulation results of the optimal unemployment insurance scheme for different hazard
rate levels p = 0.08, 0.1, 0.15, 0.2. The horizontal axis represents unemployment duration
(in months). The vertical axis represents replacement ratios.
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Figure 8: Sensitivity analysis: different minimum utility bounds Umin. We vary
the minimum bound by changing the value of the parameter q in equation (23). The hor-
izontal axis represents unemployment duration (in months). The vertical axis represents
replacement ratios.
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Figure 9: Sensitivity analysis: different starting utilities U0. The horizontal axis
represents unemployment duration (in months). The vertical axis represents replacement
ratios.
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Figure 10: Different p and comparison with the Spanish compensation scheme.
The thick solid step-shaped line reproduces the actual unemployment compensation
scheme in Spain. The horizontal axis represents unemployment duration (in months).
The vertical axis represents replacement ratios.
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Figure 11: Different U0 and comparison with the Spanish compensation scheme.
The thick solid step-shaped line reproduces the actual unemployment compensation
scheme in Spain. The horizontal axis represents unemployment duration (in months).
The vertical axis represents replacement ratios.
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Figure 12: Table 1. Source Kalisch, D. W., T. Aman and L. A. Buchele (1998), ”Social
and Health Policies in OECD Countries: A Survey of Current Programmes and Recent
Developments,” Labour Market and Social Policy - Occasional Papers no. 33, 67299 and
67364. Paris: OECD.
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Figure 13: Table 1. Source Kalisch, D. W., T. Aman and L. A. Buchele (1998), ”Social
and Health Policies in OECD Countries: A Survey of Current Programmes and Recent
Developments,” Labour Market and Social Policy - Occasional Papers no. 33, 67299 and
67364. Paris: OECD.

34


