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Abstract

Should unemployment compensation be paid indefinitely at a fixed rate or should it decline (or
increase) over a worker’s unemployment spell? We examine these issues using an equilibrium
model of search unemployment. The model features worker-firm bargaining over wages, free
entry of new jobs, and endogenous search effort among the unemployed. The main result is
that an optimal insurance program implies a declining sequence of unemployment
compensation over the spell of unemployment. Numerical calibrations of the model suggest
that there are non-trivial welfare gains associated with switching from an optimal uniform
benefit structure to an optimally differentiated system.
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1. Introduction

The economics of unemployment insurance (Ul) has attracted considerable attention over the
past couple of decades. The research has primarily been concerned with positive analysis, such
as the effects of Ul benefits on the duration of unemployment. Much less interest has been
devoted to the normative issues; what does an optimal Ul system look like?* The ultimate
rationale for public Ul is, after all, to provide income insurance for risk averse workers. A
welfare analysis of Ul policies thus requires a unified trestment of the insurance benefits
provided by Ul as well as the adverse incentive effects induced by the usual moral hazard
problems. The purpose of this paper is to contribute to the normative analysis of Ul by means
of an equilibrium model of search unemployment.

The seminal papers on optimal Ul appeared in the late 1970s (Baily, 1978; Flemming, 1978;

Shavell and Weiss, 1979). These papers analyzed the problem of Ul design in an optimal

taxation framework. The moral hazard problem entered through the unemployed worker’s
search effort; more generous benefits caused lower search intensity and hence longer spells of
unemployment. Shavell and Weiss focused in particular on the optimal sequencing of benefits.
Their analysis, based on a partial equilibrium search modggested that benefits should
decline over the spell of unemployment, provided that the unemployed can influence their job-
finding probability. Baily's two-period analysis analogouslggested a case for a redundancy
payment, i.e., a lump-sum transfer to the worker at the start of the unemployment spell.

A recent paper by Davidson and Woodbury (1997) examines whether benefits should be
paid indefinitely or for a fixed number of weeks. The analysis is cast in a search and matching
framework, albeit with a fixed number of jobs and exogenous wages. Davidson and Woodbury
conclude that the optimal Ul program should offer risk-averse workekginite benefit

payments, a conclusion that seems to suggest that most existing Ul programs with finite benefit

! See Atkinson and Micklewright (1991) and Holmlund (1997) for two recent surveys and assessments of the
literature on Ul and unemployment.



periods are sub-optimal.> Cahuc and Lehmann (1997) also investigate the consequences of the
time sequence of Ul benefits. Their model ignores job search but alows for endogenous wage
determination through union-firm bargaining. They find that a constant time sequence is likely
to yield a lower unemployment rate than a program with a declining time profile — the reason
being that a decreasing benefit schedule increases the welfare of the short-term unemployed at
the expense of the long-term unemployed, which in turn causes an increase in wage pressure.

Our paper reexamines the question of the optimal sequencing of benefits using an
equilibrium model of search unemployment. The model, drawing on Pissarides (1990), features
worker-firm bargaining over wages and free entry of new jobs. We allow for endogenous
search effort, which in general will influence the rate at which unemployed workers escape to
employment. Search effort as well as the wage bargains are affected by the parameters of the
Ul program. For ease of exposition, and without loss of generality, we mainly focus on a two-
tiered Ul program, i.e., a program with two benefit levels. Workers who lose their jobs are
entitled to Ul benefits, so a spell of employment qualifies for insurance payments in the event
of subsequent unemployment. Ul benefits may not be paid indefinitely, however; some workers
lose their benefits and are thereatfter entitled to “social assistance”. Social assistance payments
have infinite duration but are lower than regular benefits. We ask whether a two-tiered system
dominates, in welfare terms, a program with indefinite payments of a constant wage
replacement rate. The answer to this question turns out to be an unambiguous yes. Thus, the
result of Shavell and Weiss (1979) extends to a generdibagm setting with endogenous
wages and unemployment. We also show that the result generalizes to the case with a multi-
tiered benefit structure; the level of unemployment compensation should decline monotonically
over the spell of unemployment.

Our analysis ignores the possibility of smoothing consumption through borrowing and
saving. The optimal replacement rate would presumably be lower if workers had access to the

capital market compared to a situation where consumption is forced to equal income in each

2 Davidson and Woodbury do not offer a formal proof of their conclusion, however. We conjecture that their
result is driven by the fact that they are assuming that compensation after benefit exhaustion is exogenous and
arbitrarily set to zero. Thus, they are comparing two extremes, i.e., indefinite payments of a fixed benefit level
vs. a program with fixed potential duration after which benefits drop to zero. It is to be expected that risk
aversion would preclude a system which forces consumption to drop to zero in some states (see Shavell, 1979).



period. A few recent papers have addressed the welfare implications of Ul using genera
equilibrium search models that alow for capital markets. For instance, Costain (1997)
develops a model with endogenous search effort and precautionary savings. The set up of the

wage bargain is greatly simplified by ignoring that the wage in general will depend on outside
opportunities; hence, the benefit level will not directly affect the outcome of the bargain.

Despite this simplification, the model is much too complicated to solve analytically, so the

results are based on numerical cdibrations. According to Costain: “Optimal (replacement)
ratios in the range of 30 % to 40 % seem to arise very easily”. Valdivia (1996) rapules s
results using a calibrated matching model with precautionary savings, but with a somewhat
different wage setting rule than the one adopted in Costain’s papers. Neither of these papers
consider the optimal sequencing of benefits over time, however.

The next section of the paper presents the basic model and some of its comparative statics
properties. Some of the results from this positive analysis are well known from the search
literature, whereas others are new. Section 3 turns to the normative analysis and shows that
search effort is too low in market equilibrium, the reason being that workers do not internalize
the tax burden they impose on others by reducing their search effort. We also derive the key
result that a two-tiered benefit structure dominates a system with indefinite payment of a
constant replacement rate. The result is driven by a feature known from parlibfiecpu
search models, which implies that the effect of higher benefits on the individual worker’s
search behavior depends on whether he is presently qualified for Ul or not. A rise in benefits
will in general increase search effort among those not insured, as this will bring them quicker to
employment which results in eligibility for future Ul payments. A two-tiered Ul system
exploits this “entitlement effect” by providing incentives for active search among workers not
currently entitled to benefits. Section 3 also offers a numerical calibration of the model with
some calculations of the optimal replacement rates. The numerical experiments suggest that the
optimal degree of differentiation should be substantial. The welfare gains of switching from a

uniform benefit structure to an optimal two-tired one are non-trivial.



2. The Model

2.1 Job Matching and Labor Market Flows

Consider an economy with a fixed labor force, without loss of generality normalized to unity.
Workers are either employed or unemployed; individuals have infinite horizons and time is
continuous. Employed workers are separated from their jobs and enter unemployment at the
exogenous rate @. A worker who enters unemployment is immediately eligible for Ul benefits;
the unemployed worker is insured as long as he receives Ul benefits. Benefits are time-limited,
however. We assume for simplicity that benefits expire at an exogenous rate A, so the expected
potential duration of benefit receipt is 1/A. An unemployed worker whose benefits have
expired is referred to as non-insured. The insured worker escapes from unemployment and
enters employment at the rate o, whereas the non-insured worker enters employment at the

rate o'’ . Figure 1illustrates the labor market flows.

Figure 1. Labor market flows
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The assumption that benefits have a stochastic rather than a fixed duration is made for
tractability.® It is not restrictive, however, as the anaysis generalizes to the case with an
arbitrary number of insured unemployment states, each characterized by a given benefit level
(see Appendix A.4). Search effort varies by unemployment state, but is constant within a state.

The possihility of time-varying search within a given benefit period can safely be ignored as the

number of steps in the “benefit ladder” becomes sufficiently large. In addition, one might argue
that the practical implementation of the work test in existing Ul systems is bound to involve a
degree of randomness in benefit receipt from the job searcher’s perspective, since the
authorities cannot monitor the job acceptance behavior of all unemployed workers.

Unemployed individuals can affect the rate at which they enter employmens’ Lagnote
search intensity of a representative insured worker sandhe corresponding intensity for a
non-insured worker. The effective number of searchers in the economy is then given as
S=s'u’ +s"u”, whereu’ andu” denote the number of unemployed in the two categories.
The matching process is summarized by an aggregate matching function that relates the flow of

hirings ) to the number of effective searchers and the number of vacahadies, (

H=H(S,v). (1)

The probability per unit time that individual gets an acceptable offer is given by
a’/ =s/ H(S,v)/S=s/a(®), j=1,N, assuming constant returns to scalesv/S is a
measure labor market tightness am(B) = H(S,v)/S = H(1,0). Firms fill vacancies at the
rate ¢(8) = H(S,v)/v = H(1/8,1) . Clearly, a(0) = 8¢(8) . Differentiating a(8) with respect to

0 we havea'(8) =¢(0)(1—-n) >0, wheren is the elasticity of the expected duration of a
vacancy with respect t6; due to constant returns we hagel1(0,1). Also, ¢'(0) <0; thus,
the tighter the labor market, the more difficult it is to fill a vacancy.

The flow equilibrium conditions for this economy are as follows:

% If benefit duration is fixed and perfectly predictable one would in general have to deal with the issue of how
search effort changes over the spell of insured unemployment. Such time dependence is due to the fact that the
value of insured unemployment declines as the worker approaches the date of benefit exhaustion; see
Mortensen (1977).



ge=a'u’ +au" @)

au™ =’ (©)]

The first condition pertains to employment (e) and the second to non-insured unemployment.
Equations (2) and (3) imply a flow equilibrium condition for insured unemployment as well.

The solution for the employment rate takes the form:

_ M Q+al)
e+ (A +a’)’

(4)

where we define g’/ as the number of unemployed in state j relative to total unemployment:

w' =u' /(' +4™). In particular, the solution for ' isgiven by:

A+a ®)

2.2 Worker Behavior

Workers do not have access to a capital market, so individuals consume all of their income in

each instant. The employed worker’'s income is given by his wage, , and the insured
unemployed worker’s income by Ul benefits, Non-insured unemployed workers receive a
transfer,Z, from the government/ can be thought of as “social assistance”, available for
workers who have run out of benefits. We proceed under the assumptiof>#atn
objective of the normative analysis will be to determine whether this inequality is socially
optimal.

The utility of unemployed workers is decreasing in search effort, as search reduces available
leisure time. The utility functions caaccordingly be written a®(B,s’) and v(Z,s"). An
employed individual works a fixed amount of houts) @nd does not search; hence we write
his utility function asu(w,4) = v(w) . The utility functions are assumed to have the following

properties:
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v,>0,v,, <00V, >0V, <0 XO{BIfj=1,Zifj=N};, v,<0, 0, <O.

Let U7, UY and denote the expected present values of being in insured unemployment,
non-insured unemployment, and employment, respectively. The relevant value functions for

worker can be written as asset equations of the form:

rU! =u(B.s!)+al (E-U!) AU} -U") ©)
rUY =o(Z,s") +a (E-UY) )
rE, = v(w,) ~@(E, -U"), &)

where isthe subjective rate of time preference. These present values can be solved in terms of
the utilities pertaining to each state and the transition rates. For many purposes it is the
in present values between employment and unemployment that matter; these are

givenin Appendix A.1.
An unemployed worker in state chooses search intensity, s/, to maximize the value of
unemployment, /7 (0. Using da /ds/ = a(8) and the fact that all workersin state choose an

identical search intensity, the first-order conditions have the following structure:

N =vl +a@)(E-U')=0, j=1I,N, 9)

where v/ =9u(X,s’)/ds’ . Thus, in equilibrium, the marginal cost of increasing search effort
Is equated to the expected margina gain of doing so. Assuming that the second-order

condition holds (v, <0), we can state the following partial equilibrium results:

PROPOSITION 1: () an increase in Ul benefits () reduces s (if v/, =
02u(B,s’)/0Bas’ < 0) but increases 5" ; (i) an increase in the potential duration of Ul benefit
receipt (VA ), reduces s but increases s ; (iif) an increase in socia assistance (Z) reduces s

(if VY, <0)and s .



Proof: Differentiate (9) implicitly with respect to B, A, and Z, using (A.1): A, <0
(iful,<0), A%, >0; AL, >0, AY, <0; AL, <0, A, <0 (if ul, <0). Note that the “if-
statements” are ones of sufficiency.

The result that non-insured search may rise when the benefit level is increased is known in
the literature as an “entitlement effect” and it is due to Mortensen (1977). The entitlement
effect arises because higher benefits make employment more attractive relative to non-insured
unemployment as a spell of employment is a prerequisite for benefit eligibilityLi-el/" is
increasing is. For the exact same reason, non-insured search is increasing in benefit duration.

In the remainder of the paper we will assume that the utility function takes the following

specific form:

5\0 _
M, 0<1 0#0,00(0)
o ,

V=0 (10)
Hne+3In¢, 0=0, 30(0,1)
where ¢ denotes consumption arfdleisure. The absence of a capital market implies that
consumption equals income in each state. Consumption and leisure in the three states are given
by: c=w and ¢ =7 -h if employed; ¢c=bw and ¢ =7 -5’ if insured unemployed; and
finally c=zw and¢ =7 —s" if non-insured unemployed, whefedenotes the available tirfie.
and are thus proportional to thggregate wage, wheré andz are the wage replacement

rates in the two states.

2.3 Firm Behavior and Wage Determination

The model of firms and wage determination follows Pissarides (1990) closely. dret }

denote the expected present values of an occupied job and a vacant job respectively. Labor
productivity is constant and denotgfdthe cost of holding a vacancy open is denotgd

Wages are taxed at the proportional mat€he flow values of having an occupied and a vacant

job are then given by

“ If individuals choose their working time, taking wages as given, hours during employment will be
independent of the wage and given as 7 =7/(1+3). The specific utility function is commonly used in the
growth literature asit is consistent with a balanced growth rate assumption; see King et a/. (1988).
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rJ=y-w-@-V) (11)
1V =-ko+q(O)(J-1), (12)

where w=w(1+1) istherea labor cost, inclusive of the payroll tax. For smplicity we assume
that firms discount the future at the same rate as workers. There are no costs associated with

opening avacancy. Therefore, free entry ensuresthat}” = 0. From (11) and (12), then, we get:

€

g=7 _ ko (13)
r+@ q(8)

We will refer to (13) as a zero-profit condition. We take the cost of holding a vacancy to be
proportional to labor productivity, i.e., kg = ky, which is akin to the conventional idea that
vacancy costs are proportional to real wage costs (see Pissarides, 1990).° Under this

assumption wage costs are proportional to the marginal product of labor:

W =[1-(r + )k /q(0)ly = w(B), w'(6)<O0. (14)

According to equation (14), firms react by posting fewer vacancies @ falls) whenw increases.
Wages are set in decentralized Nash-bargains between individual workers and firms. Wages

can be renegotiated at any time, in which case the relevant fallback position for the worker is

the state of insured unemployment, irrespective of whether he entered employment from

insured or non-insured unemployment. TheNash-bargain thus solves the problem:

max Q(w,)=[£, (w) -0 [7.00) -], BOOY,
w.

where the definition of J; isanalogousto (11). The first-order condition for the maximization

of the Nash-product can be written as:

® To rationalize this assumption, think of a world where firms allocate its workforce between production and
recruitment activities. In such a set up the cost of recruiting — the vacancy cost — consists of the alternative cost,
i.e., the marginal product of labor.



= R (15)

where the free entry condition and symmetry across bargaining units has been imposed. Note
that £ —U" depends on labor market tightness, the various transition rates and compensation

in the three states (see Appendix A.1).

2.4 Equilibrium

The equilibrium of this model may in principle be very complex. However, the model has a

convenient recursive structure which simplifies the analysis considerably:

LEMMA 1: The zero-profit condition (13) and the wage setting equation (15) determine w
and 0, independently of the remaining endogenous variables. With 8 determined, we get search
behavior from (9). Having determined 8 and s , we get e and p’ from (4) and (5). Findly, the

tax rate is given by a balanced budget requirement and the wage byw = w/(1+1).

Proof: According to (13) and (15) the crucial question is whether the left-hand side of (15)
depends on the remaining endogenous variables. We first show that - Is independent of

7. From (8) we have that £ and U’ are linearly related; consequently, ot/ /ds’ =
0£/ds’ =0 by the Envelope theorem. According to (6) and (8) we have U’ = #(U"), where
the function £ (0} is independent of s" . Differentiate with respect to sV: aU’/ds" =
F(JaUY /as” . Hence, aU /as” = ak/as" = 0. Next, note that the left-hand side of (15)
does not depend on w given our utility function, B =5hw and Z = zw . These assumptions also
imply that s  isindependent of w.

The assumption of constant wage replacement rates and the spéityfiéunttion thus

render search and unemployment independent of the payroll tax. Togethéy, willy , these
assumptions also imply that changes in labor productivity have no effect on search and

unemployment.
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We arrive a a single equation determining 6 by combining the free-entry condition

(J = ky/q(8)) with the solution to the wage bargain:

_1-3,mp’ B klg®)  _
w(e,A,b,z)_T (r+o+y ma’ )1 B1-0 + 0)k/a() =0, (16)

where m’ = (r +a”)/(r+a” +7), m" =1-m' and

p/ =x° E'T;ﬁ% , xO{pifj=1,zifj=N}.

Equation (16) defines 6 = 8(A,5,z) . The properties of this relationship are as follows:

PROPOSITION 2: Equilibrium labor market tightness increases if benefit duration, the benefit

level or socia assistanceis reduced.

Proof: By implicit differentiation:0, >0, 8, <0, 6, <O.
The intuition for Proposition 2 is straightforward: every change that reduces workers’ threat
point in the wage bargain, produces more moderate wage setting behavior on the part of
workers and, consequently, increases equilibrium market tightness.

To derive the equations for equilibrium search intensity, we substitute the Nash-bargaining

solution and the free-entry condition into the first-order conditions for optimal §earch:

; 0 _Op O 0k

r-s"  H-BH-(+0)k/q(0)
v 8 _ a@® p'-p" EV+)\+0([EID[3 d Ok
I=s" rirta’ o Barta H-BH- ¢+ 9)k/q0)

p (17a)

p =0. (17b)

® Equation (17b) is derived as follows: first decompose (E-U*) into E-U* =(E-U*)+(U* -U*); then use
U'-U"=(F+A+a")™{v' —u* +(a* —a*)(E-U")} and eliminate (£ -U") using (15) and (13).
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Equations (17) define the following “semi-reduced formss’ =s'(8,6) and

s =sY(8,),b,2) . Lemma 2 summarizes the properties of equilibrium search:

LEMMA 2: Equilibrium search effort has the following propertiag:>0, sy >0, s, >0,

andsy <0 Oo; s; <0 ands, <0if 0=20; s, >0 ands” 20 if 6<0.

Proof: Implicit differentiation of (17), recognizing that the right-hand side of (17b) is
independent of’ by the Envelope theorem.

There are three things to note about Lemma 2. First and foremost, thereyig/dmium
entitlement effect. Second, it illustrates the importance of treating wages as endogenous. In
equilibrium, the only remaining direct effect of the benefit system’ostems from the fact
that utility may be non-separable in consumption and leisucesiD we haves’ =s’(8) and
the Ul parameters have an effect only insofar as they affect market tightness. Third, we noted
in Proposition 1 that the effect on, e.g., insured search of increasing Ul benefits depended on
whether consumption and leisure are substitutes or complements in the production sense. With
our specific utility function, this provision is translated into a condition on the degree of
relative risk aversion; ib <0, insured search increases withmoreover, it is not possible to
sign the effects on non-insured search in response to an increa3dis being said, we will
mostly discuss thpositive results in terms oty >0 from here or. The sign ofo will not
matter for oumormative results, however.

To find the general equilibrium effects of changingor A, we invoke® = 6(A,b,z):

" The crucial importance of the cross-derivative of utility with respect to leisure and consumption for search

behavior is common in the literature; see, e.g., Mortensen (1977). Risk aversion will influence whether two

goods are complements or subgtitutes, as Samuelson (1974, p. 1277) notes: “...(risk aversion) pushes all
complementarity coefficients towards substitutability”. Empirical work on search intensity is scarce, but Jones
(1989) finds some support for the hypothesis that higher benefits reduce the search effort among benefit
recipients. On the other hand, Blau and Robins (1990) and Wadsworth (1991) find that unemployed workers
eligible for unemployment compensation search more actively than those not eligible. As suggested by
Wadsworth (1992), the latter results may reflect that benefit claimants enter into an environment favorable to
search, involving regular contacts with officials at employment exchange offices, for example. Our analysis
ignores these aspects of the search process.
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PROPOSITION 3: Equilibrium search intensity among insured workers increases when the Ul

benefit level (if 0 = 0), potential benefit duration, or social assistance is reduced.

Proof: The general equilibrium effects on insured search are given by:

ds’ ds’ ds’
%=s59b+s£ <0 %25‘59)\ >0 di:sgez<o.
4

The signs of these total effects follow from Proposition 2 and Lemma 2.

The comparative static effects on the search behavior of the non-insured are dlightly more
complicated. Consider an increase in insured income (b). With 8 constant, such a change
increases non-insured search because of the entitlement effect; however, arise in b improves
workers’ position in the wage bargain, increasingnd reducind. A reduction off in turn
lowers the expected gain from search so this effect decreases search effort; in sum, the total

effect is ambiguous. Performing the required calculations we have:

ds” _JN L Na — 0,9(6) O N m ;g

db _Sb +SG eb - (I’+CXN)U§\§ g(l n)(E U ) 1_ (r_l_(p)k/q(e) (E U )E
For analogous reasons we get:

ds" _ v oy __ 8a®) O N @ s

ar)\ _S)\ +SG e)\ - (I’+CXN)U§\§ g(l n)(E U ) 1_ (r_l_(p)k/q(e) (E U )E

Although the signs of these equilibrium effects are ambiguous in general, we can sign the

expressions provided that the discount rate is small enough:

PROPOSITION 4: Equilibrium search intensity among non-insured workers increases in the
Ul benefit level and in benefit duration as the discount rate approaches zero. Moreover,

equilibrium search intensity among the non-insured is decreasing in social assistar@g (if
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Proof: By inspection: lim, _o{ds" b} >0 and lim, _o{ds" /ar} <0. Also, from Proposition
2 and Lemma 2:
di::sﬁl +sé\792 <0.

The reason for the importance of the discount rate is the following. In order to enjoy the direct
utility gain from an increase in b, a presently non-insured unemployed worker has to pass
through employment. By contrast, the indirect costs (i.e., the reduction in 0) accrues
immediately since the outflow rate from non-insured unemployment is reduced. The smaller the
discount rate, the greater the weight assigned to events that happen later on in life.

The effects of changes in » or A on employment and unemployment are in genera
ambiguous; the reason is that these parameters of the Ul system may have opposite effects on
the search behavior of the insured and non-insured. The equilibrium employment effects of
changes in 5 or A will depend on the number of unemployed individuals who are covered by
Ul. In fact, it is possible to sign the employment effects only in the extremes, i.e., when we
start from a situation where all of the unemployed are either insured (p’ =1) or non-insured.
When p’ =1, we obtain the conventional result: employment increases with reductions of the
generosity of the Ul system, i.e., when 4 is lowered or the duration of Ul is reduced.
Generally, however, it is true that raisingz reduces equilibrium employment.

It may also be of interest to look at budget neutral reforms of the benefit system. A special
case of our model implies the key result in Cahuc and Lehmann (1997). Suppose — as Cahuc
and Lehmann — that search effort is exogenous and equal across the two unemployment states.
Using (16), it is easy to show that an increase in b offset by a decline of z, so as to hold (pre-
reform) unemployment expenditures constant, will reduce labor market tightness provided that
r >0. “Front-loading” of the benefit system has this effect since the welfare of the insured
increases at the expense of the non-insured; wage claims rise as it is the welfare of the insured

that is of direct relevance for wage setting.
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3. Optimal Unemployment Insurance

3.1 The Optimal Policy

We are now ready to address the welfare economics of unemployment insurance. What does a
socially optimal Ul system look like? Determining the welfare optimizing policy involves an
optimum choice of the policy variables {5, z, A}. We take the welfare objective to be

utilitarian, i.e.?

W=erE+u'rU" +u"rUY +erJ + vV (18)

Substituting the explicit expression for the value functions into (18), invoking the flow
equilibrium conditions, and taking the limit of the resulting expression as -0, yields the

following simple expression:

W =eu(w)+u'v(bw,s") +u" v(zw,s"). (29

Thus, the flow of steady state welfare simplifies to a weighted average of instantaneous
utilities. We ignore discounting in order to be able to compare alternative steady states without
considering the adjustment process. The general case of a positive rate of discount is more
complicated and we are restricted to numerical analysis on this account; as we show in the next
section, allowing for >0 has no implication for our key result.

The tax rate is determined through the budget constraint, which simply states that taxes on
the total wage bill are used to finance Ul benefits and social assistance transfers. Since Z = zw

and B = bw , the budget restriction can be written as:

te=bu’ +zu" . (20

8 Here, we implicitly assume that firms are owned by a group of pure “rentiers” who do not work.
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Before we characterize the optimal policy, let us consider the derivative changes of (19)

with respect to s/ . Thisyields the following result:
PROPOSITION 5: Search intensity is too low in market equilibrium.

Proof: Differentiate (19) with respect to s/, while recognizing that w =w(0)/(1+1),
e+ul +u” =1, e :e(e,)\,s[,sN), u® :uN(G,)\,s],SN) ,and T = T(b,z,e,uN):
ow

o uf[u;' +a(8)(E-U’ )] - wa[e +y, ufpf]%(l+ 0.
A AY

According to the first-order conditions for optimal search, (9), we get:

ow _ 1 dr a L
ﬁ_ wa[e+z]-u]p]]g(l+'[) >O, _]—[,N, (21)

as dt/ds' = (91/0e)(0e/0s’) + (o1/au™ )(ou" /os') < 0.

Increases in search reduce equilibrium unemployment and, hence, required unemployment
expenditures. Since these gains are external to the unemployed, search intensity is too low in
market equilibrium.

Now, let us proceed to the optimal choice of the parameters of the benefit system: 4, z, and
A. Maximizing (19) taking into account that 8 = 8(b,z,A\), s’ =s'(8,6), s” =5"(8,b,z,\)

and the rest of the constraints listed above we have:

aw AW _ oW . dw
b = on "oy % O g O (229)
AW oW oW ,  dW

e (220)
AW oW oW W

Ao T D T g =0 (22¢)
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where di/d6 = 0 /00 + 5 ,(9W/ds’ )s§ . We can establish the following result:

PROPOSITION 6: The optimal benefit system involves 4 >z, provided that an interior

solution to (22b) exists.

Proof (sketch; see Appendix A.2 for details): Pick an arbitrary A\° 0(0, ) and consider the
trial solution & =z . A uniform benefit structure cannot be optimal if diW/db>0 a b=z.
Making use of (16), (22a) and (22b) it is possible to derive

dW: 1 GWSN
b pVoasV "

According to Lemma 2, we have s,” >0 (Jo ). So,a = , dW/db > 0.

COROLLARY:: The potential duration of Ul benefit receipt is finite and positive:A [J(0, ).

Proof: By construction the policies { \°,5° =z°}, zero potentia duration { A — ,z°}, and
infinite potential duration of Ul benefit receipt { A = 0,5°} all yield identical welfare, since
they effectively pay the same uniform wage replacement rate. According to Proposition 6,
however, W(A\°,b > z%) > W(\°, 5° = z°); therefore, an interior A is optimal.

The result that a two-tiered benefit structure dominates a uniform one is driven by the
entitlement effect, ) >0, in conjunction with fact the search effort is too low in equilibrium,
oW 1 9s™ >0. Ariseb has less adverse effects on aggregate search effort than a réseiin
induces increased search among the non-insured. To illustrate the mechanisms at work further,

we take a look at the case where utility is logaritfimic.

® The provision of the proposition transates into a restriction on o. Provided that agents are sufficiently risk
averse, they will demand some insurance and, if such demand exists, it will always be optimal to differentiate
the benefit system. An alternative interpretation of Proposition 6 might be useful. By invoking (22b) on (22a),
we evaluate (22a) at the optimal uniform insurance under moral hazard. Hence, the costs associated with an
unequal flow of income are of the second order for marginal differences between » and z. The gains associated
with restoring search incentivesis of the first order, however.
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AnExample: TheCaseoflogarithmicUtility

A logarithmic utility function introduces additive separability between consumption and leisure,
which simplifies the expressions somewhat; it is noteworthy, however, that the basic properties
of the problem remain the same. With log-utility: s’ = s”(8) and s" =" (8,5/z,A); thus, the
relative compensation in the two unemployment states determines non-insured search.

Combining (22a) and (22b) we get an equation for the relative size of» and z:

b O s)'b
-1="27>0. 23
p’ g E SN ( )

Because of the entitlement effect there is a relative tax saving of increasing b rather than z,
which implies that 4 >z is optimal. Again, it worth noting that if we would ignore search
effort, auniform benefit structure would be optimal.

Introducing the explicit expression for the derivative of non-insured search we have:

. (23)

o

-1= E’T

b EJT—Sfo
- Ul
z s 0

O

Although neat looking, (23') is only an implicit functionin (b/z) since ¥ = ¥ (8,5/z,A) and

0 =0(z,b/z,\). Nevertheless, it illustrates the claim of Proposition 6.

3.2 Numerica Results

To provide some rough indications of the numbers involved we have calibrated the model
numerically. The matching function is taken to be Cobb-Douglas, i.e., H =aS"V*", where
S =s"u" +s"u" . The utility function exhibits constant relative risk aversion and is specified in
(10). The day istaken as the basic time unit.

We impose the “Hosios-condition”, 3 =, implying that equilibrium labor market tightness
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is efficient absent policy interventions.'® The rationale for doing so is that we do not want our
results to be influenced by particular assumptions about whether market tightness is efficient or
not; moreover, Moen (1997) finds that the efficient outcome arises endogenously in a
framework where employers can announce the pay associated with vacant jobs. We set
n =05, which isin the upper range of the estimates in Blanchard and Diamond (1989). Other
parameters imposed are @ = 0023 and y =1. Hours of work are set to # = 7/(1+ &), which
Is the optimal working time if workers were free to choose.

For the remaining parameters, 7, o, @ and %, we calibrated the model assuming that utility is
logarithmic, the benefit structure uniform, and z =5 =03. A wage replacement rate of 30
percent approximately corresponds to a uniform characterization of the present generosity of
Ul and welfare benefits in the US;"* aso, it is reasonably close to the OECD average
replacement ratio in 1995 (see Martin, 1996). 7, d and k& were then chosen such that we got an
unemployment duration of 12 weeks, s’ =s" =s=1, and a partia equilibrium elasticity of
unemployment duration with respect to benefits of 0.5 — which is in the middle range of the
available estimates (see Layard ., 1991). This procedure resulted in values of 7' =160,
0=072, and £ =413. The value of & implies that the expected vacancy cost (k/q(6))
amounts to around 14 weeks of employers’ labor aoist’(The separation rate, finally, was
set at @=0.000828, which implies an annual separation rate of around 30 percent and an

unemployment rate of 6.5 percent (given the above value of unemployment dtiration).

19 Asin al modes of search and matching equilibrium, there are externalities associated with firm and worker

entry into the market; hence, market tightness (0) is not necessarily efficient. Provided that the matching

function is constant returns to scale, however, there exists a rule for sharing the total surplus of a match which

yidds the efficient 0; see Hosios (1990). The efficient outcome occurs if workers’ share of the total sugplus (
equals the elasticity of the expected vacancy duration with respect to tightheg¢hén there are no policy
interventions, we also arrive at the conclusion thé efficient if and only if3=n.

A uniform characterization of the US benefit system is given ybyL—exp(—sa/A))+(1-y)z, wherey

denotes the fraction of unemployed workers eligible for Ul (according to Blank and Card,y1i99bughly

equal to 0.5). The value of Ul (the first term) is corrected to take its finite nature into account. Setting the
expected duration of unemployment to 12 weeks, the potential duration of Ul to 26 weeks,, » =05,

and z = 017 (as suggested by Wang and Williamson, 1996), yields a replacement rate of around 0.3.

12 Admittedly, expected vacancy costs are on the high side compared to the few estimates available. A
benevolent interpretation is that vacancy costs also reflect training costs, but these two types of costs are distinct
and should probably not be treated as synonymous. Note, however, that studies similar in spirit to ours (e.g.,
Costain, 1997 and Valdivia, 1996) encounter the same problem: recruitment costs are much too high to be
consistent with the data. An extreme example is Valdivia (1996) where expected vacancy costs equal 4.5 times
the quarterly producer wage.

3 The average rate of unemployment in the US 1983-96 was 6.5 %; see OECD (1997). The inflow rate into
unemployment averaged 30.8 % per year and the average duration of completed unemployment spells was 11.4
weeks during 1984-89; see Layaada/. (1991). Our calibration corresponds to the one in Mortensen (1994).
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T 1 presents the outcome in terms of some key variables. We measure the welfare gain
associated with a particular policy in the following way. Let the welfare associated with two
kinds of policies be denoted by #* and W°. A measure of the welfare gain of policy 1 relative

to policy 0is, then, given by the value of & that solves

wH@A-&)el®, Q=WO. (24)

¢ has the interpretation of the consumption tax that would make a representative individual
indifferent between living in policy regime 1 and O respectively. &, .. denotes the welfare gain
relative to the base run, which has a replacement rate of 30 percent. We have conducted two
types of experiments: first, choosing the optimal uniform benefit system; and second, choosing
the optimally differentiated benefit system. The welfare gain of moving from an optimal
uniform to an optimally differentiated system is approximately given by the difference between
the two entriesfor &, .

The smulations reveal, unsurprisingly, that optimal benefit generosity increases in the
degree of relative risk aversion (1-o).* With a uniform benefit structure, the optimal wage
replacement rate varies between 27 percent (o = 05) and 42 percent (o = —1). These numbers
are of the same order of magnitude as results obtained by others using related models (e.g.,
Vadivia, 1996). Although the computed replacement rates may seem low compared to most
real-world Ul systems, it is important to remember that effective replacement rates typically
are much lower than the statutory ones because of various restrictions on eligibility (Martin,

1996). We also note that the implied employment rates decline from 94 to 89.5 percent as risk

We have also conducted simulations for low values of ¢ (an annual separation rate of around 10 %) and for

high values (an annual rate of 50 %); the results are only marginally changed.

“Note that we apply a broad definition of “consumption”, since it refers to goods as well as leisure; hence, risk
aversion implies that individuals would like to smooth the flow of the consumption irdexsee Hansen and
Imrohoroglu (1992) for a similar procedure.



Table 1: Optimal Ul for various values of risk aversion

o=05 0=0 o=-05 o=-1
b=2z=0.3 b=z {b,z,A} b=2z=0.3 b=z {b,z,A} b=2z=0.3 b=z {b,z,A} b=2z=0.3 b=z {b,z,A}
(base run) optimal optimal (base run) optimal optimal (base run) optimal optimal (base run) optimal optimal
Welfare
and spread
& b use - 0.02 0.03 - 0.43 0.65 - 1.47 2.10 - 291 4,08
(%)
&g - - 0.36 - - 0.38 - - 154 - - 3.55
(%)
cv 0.560 0.591 0.659 0.503 0.402 0.415 0.465 0.325 0.338 0.439 0.279 0.304
Policy
variables
z 30 26.67 24.06 30 37.91 33.84 30 40.49 35.59 30 41.81 36.16
(%)
b/z 1 1 1.45 1 1 1.69 1 1 1.88 1 1 2.04
A - - 5.6 - - 8.4 - - 12.2 - - 174
(weeks)
Market
variables
0 0.192 0.200 0.198 0.268 0.216 0.199 0.364 0.239 0.202 0.489 0.263 0.203
e 93.71 94.09 94.04 93.50 91.64 91.61 93.38 89.98 90.31 93.35 88.61 89.54
(%)
U - - 34.55 - - 36.27 - - 40.45 - - 45.37
(%)
st T 76 80 82 63 53 59 53 41 48 45 34 41
(%)
st T s /T s /T 75 s /T s /T 49 s /T s /T 45 s /T s /T 45
(%)

Notes: CV =std(c£?)/E(c£”) denotes the coefficient of variation of ct® . Parameters. a =0.023, B=n=05, ¢= 0000827604, 7 =15998, & =0.719514, y =1, and

k =413297.
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aversion increases, an implication of the fact that higher risk aversion calls for a more generous
unemployment compensation.

The potential duration of unemployment benefits is increasing in risk aversion as insurance
arguments would suggest. More surprising, perhaps, is another result. It turns out that the
optimal degree of benefit differentiation increases in risk aversion. With “low” risk aversion
we haveb/z =145, and with “high” risk aversiorb/z = 204, numbers that suggest that the
degree of differentiation should be substantial. The key to understanding this result is to note
that the time devoted to search declines with risk aversion, partly because of risk awersion
se,” but also because of the adjustments of the benefit system induced by risk aversion. When
risk aversion is high, the optimal uniform system calls for increasing benefit generosity which
has adverse effects on search incentives. When the unemployed devote a small fraction of their
time to search there is great scope for increasing non-insured search via the entitlement effect
(c.f. equation 23. Thus, increasing the wedge between regular benefits and social assistance is
an efficient way of restoring search incentives when risk aversion is high; agents are willing to
pay the price of increased dispersion in order to increase search and reduce taxes.

The welfare gains implied by moving from an optimal uniform benefit system to an optimal
two-tiered system appear to be fairly substantial for realistic degrees of risk aversion: agents
would be willing to pay between 0.2 (=0) to 1.2 (0 = —1) percent of consumption to live in
the optimal two-tiered system as opposed to the optimal uniforn? @it gains of designing
the benefit system optimalper se are of course even greater. The effects on employment of
moving from the optimal uniform to the differentiated system, on the other hand, seem to be
negligible and can go in either direction.

We have also asked the following question: What are the welfare effects of moving from the
current US benefit system to the optimal two-tiered one? The US unemployment insurance is
crudely characterized byr =05 and a potential duration of 26 weeks; finally, we set017,

as average social assistance payments per recipient amounted 17 percent of average earnings in

15 To see this, hold 8 constant and differentiate (17) with respect to o.

16 Empirical studies based union wage setting models usually find a coefficient of relative risk aversion (1-o)
that ranges between 1 and 4; see, for example, Carruth and Oswald (1985) and Farber (1978). It should be
noticed, though, that risk aversion refers to income only in these studies.
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1991 (see Wang and Williamson, 1996). The welfare gains (&, s ) range from 0.4 to 3.6 percent
for redlistic degrees of risk aversion. In general, these gains are obtained through more

generous levels of compensation combined with shorter potential duration of regular benefits.

Discounting and the Political F.conomy of Ul
We conclude this section by analyzing the case with discounting. We do this for two reasons.
First, we want to examine whether our results depend on the absence of discounting; as shown
in Section 2.4, front-loading the benefit system may have adverse employment effects when
r >0 and search effort is exogenous (Cahuc and Lehmann, 1997). Second, when » >0
distributional issues are relevant; thus, we can ask whether a proposa to move to a
differentiated benefit system is politicaly viable, in the sense that it pleases the (presumably)
employed majority.

Table 2 presents the results of varying the annual discount rate from O to 20 percent. We
look only at the case of log-utility and use the same parameter values asin 7able 1. The formal

basis for the conducted experimentsis briefly outlined in Appendix A.3.

Table 2: Optimal Ul and discounting (g = 0)

Annual discount rate

0 0.05 0.10 0.20

b/z 1.69 1.70 171 1.74

z (%) 33.84 33.74 33.65 33.49
/N (weeks) 8.45 8.27 8.09 7.79
& (%) 0.22 0.27 0.32 0.44
& (%) 0.22 0.15 0.08 -0.06

Notes: See Table 1 for parameter values. &%, k =e¢,u are measures of the welfare gain associated with a move
from the optimal uniform to the optimal two-tiered benefit system. The definition of &% is analogous to
equation (24); explicit formulas are given in Appendix A.3. &¢ refers to the employed and &* to the
unemployed.
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As individuals become more myopic, the value of unemployment relative to employment
increases. Therefore, workers opt for higher wages in the wage bargain; moreover, the present
value of an occupied job decreases, given the wage cost. For these two reasons, labor market
tightness declines, given the benefit system. Aggregate search effort falls with the discount rate
— directly (since £ - U isdecreasing in r) as well as indirectly (since 8 falls). The decrease in
search suggests that the case for exploiting the entitlement effect is strengthened. As shown in
Table 2, the benefit system becomes more differentiated when the discount rate increases. It
seems that the adverse effects on tightness of front-loading the benefit system is compensated
by reducing the period of Ul benefit receipt.

We have also calculated the consumption taxes that would make different categories of
individuals indifferent between the optimal uniform system to the optimal two-tiered one. &°
shows the implied welfare gain for the employed and &“ gives the welfare change for the
unemployed. &" is the consumption tax that would make an unemployed individual indifferent
between, on the one hand, a weighted average of the value of insured and non-insured
unemployment in the two-tiered system and, on the other hand, the value of unemployment in
the uniform system. These welfare measures are evaluated at the policy that maximizes welfare
for society as awhole. The move to a differentiated benefit system always represents a gain for
the employed. Thus, a proposal to introduce an optimal two-tiered (or multi-tiered) benefit
system is a politically viable one. The political support received from the unemployed, on the
other hand, varies with the discount rate: with low rates of time preference they are in favor of
the policy, but when they discount the future heavily (20 percent annually) they actualy
oppose the proposal.

4. Concluding Remarks

The main result of this paper is that the socialy optimal Ul program is characterized by a
declining time profile of benefit payments over the job searcher’s spell of unemployment. A
two-tiered benefit structure is optimal because it exploits the differential impact of higher
benefits on search incentives among insured and non-insured unemployed workers: raising the

compensation offered to the insured induces additional search effort among the non-insured
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(the so called entitlement effect). The numerical calibration of the model suggests that the
welfare gains obtained from optimal differentiation may well be substantial if individuals are
sufficiently risk averse. The numerical results also indicate that a proposal to move from a
uniform to a differentiated benefit structure has the virtue of being politically viable, assuming
that the employed comprise the mgjority of the electorate.

Our main result is in sharp contrast to the claim of Davidson and Woodbury (1997), who

argue that the potential duration of Ul benefits should be unlimited. Their model differs from
ours in certain respects, one being the treatment of wages and the number of jobs. Davidson
and Woodbury have a model where wages and the number of jobs are exogenously fixed,
whereas our analysis treats wages as well as the number of jobs as endogenously determined.
More importantly, their policy analysis runs contrary to ours. In fact, their main argument
seems to be driven by a comparison between two extremes, i.e., indefinite payments of a fixed
compensation level vs. a program with fixed potential duration after which compensation drops
to zero. We would argue that our analysis is less restrictive than the one presented by
Davidson and Woodbury. Although many real-world Ul systems involve fixed potential
duration of benefits, this does not imply that there is no income available when regular benefits
have been exhausted.

The absence of savings is an unredlistic feature of our analysis, although it should be kept in
mind that an analytical treatment of equilibrium search models with endogenous savings has
proven to be extremely difficult. Would the optimality of the two-tiered benefit structure carry
over to a model where workers were allowed to save? It is not obvious why it shouldn't. The
driving forces, in particular the entitlement effect, would still be present and motivate some
differentiation of benefits.

A complete welfare analysis of Ul policies would also have to consider the eligibility rules
and how these affect behavior on both sides of the labor market. Existing systems require that
workers have demonstrated some attachment to the labor force, e.g., in the form of a minimum
number of weeks in employment over the past year. A normative analysis of these issues in an

equilibrium framework remains a topic for future research.
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Appendix

A.1 Present value differences

In a symmetric equilibrium, the differences between the expected present values are:

E-U" = 4™ +a")(u(w) - ") + Au(w) - v}
E-U" = a™{(r + A +a”)(0(w) - v") + gv” - ™)} (A.1)

Ul -U" = 4+ pral )’ - 0¥+ (@ —a¥)(u(w) v},

where A= (r+A+a”)(r+e+m'a’ +m"a).

A.2 Proof of Proposition 6

The proof is by contradiction. A uniform benefit structure cannot be optimal if diW/db >0 at
b =z . Pick an arbitrary A° (0, 0) and consider the trial solution =z (At b =z, (22¢) is
irrelevant since there is no real difference between insured and non-insured unemployment. For
the trial solution to be well-defined, the value of A must be interior, however; otherwise either

or isnot determined.). First, we want to eliminate the term 6, di¥/d0 in (22a). From (16):
0, = (u'p')/(b¥,) and 8, = (u"p")/(z¥,) asr -0, where W, = 3W/08 < 0. Consequently,
0, dW/de = [(u[p[z)/(prNb)]ez dW/de . Next, suppose that (22b) holds at 4 =z . Solving
(22b) for 6, dW/dB and substituting into the expression for diW/db we get:

aw _ow ! oW, ow ;pow N O

db  0b p_N 0z 0s’ % uY osV > os" o

where we have used p’/p" =1 at b=z. Also, aW/ab:[pf/pN]aW/az and oW /as’ =
[u]/uN]aW/asN . We then have
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To determine the sign of (s, —s) we make use of (17). Implicit differentiation yields:

since s;” >0 (o), accordingto Lemma 2. Hence, at b = , dW/db >0.

A.3 Allowing for Discounting

When » >0 proper policy analysis requires that we consider the comparative statics on the
actual path of the economy. In this section, we briefly outline the basis for the simulation
resultsin 7able 2.

Starting from equation (18), we can derive the steady state flow of per capita utility:

W =ev(w)+u'v(bw,s’) +uVu(zw,s" ) + eri . (A.2)
q(6)

If » - 0, this expression simplifies to (19). Equation (A.2) depends on time (f) because of the
matching technology. In particular, the economy is governed by the following equations of

motion:

e=a’u’ (1) +au" (1) — qe(r) (A.3)
i =Nl (1) - aVu (7). (A.4)

In order to find the welfare effects of the benefit scheme we calculate the effects of permanent
differential changes in b, z, and A on the flow value of welfare, starting from a steady state

equilibrium given by (2) and (3). We do this using the methodology in Diamond (1980).
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When r >0, the timing of gains and losses are relevant. Therefore, the proper objective is.

W(t) = rfy exp(=rt)¥ (¢) dt. Substituting from (A.2) we get:

W(t) = r}oexp(—rt) Ee(t)u(w(t)) +(1L—e(t)—u” (£))u(bw(t),s") +u” (H)u(zw(),s" ) + e(t)rﬂ%n :
0 O 9(8) 0

where e(?) and «" (1) satisfy (A.3) and (A.4) with initial conditions given by (2) and (3).
Notice that we take the policy change to be unanticipated and permanent. Under these
assumptions, we have 8 =0 and (16) holds at al times; the reason why the model has this
property is that it is free to open and close vacancies (Pissarides, 1990). Unemployment
expenditure, however, is determined by the evolution of (A.3) and (A.4); hence, the wage is
time-dependent as it is afunction of the tax rate. We derive the policy that would be optimal in
steady state by setting the derivatives of W with respect to b, z, and A equal to zero. Budget
balance is assumed to hold in every period.

To illustrate the calculation of the consumption taxes (§¢, k = e,u) in Table 2, let us define
We = riS exp(-r)rE(r) dt and W = r [ exp(—rz)[pf(z)rUf(z) +pV (t)rUN(t)] dt. W isthe
flow of welfare accruing to an employed. W is a weighted average of the flow of welfare
accruing to individuals in insured and non-insured unemployment respectively; since we use

~
u

W (j=1,N) as weights, Is a welfare measure for a representative unemployed
individual. Now, consider the consumption taxes that would make the two categories
indifferent between the optimally differentiated system and the optima uniform system.
Clearly, &¢ must satisfy W*(£°)=rE and &, W*(£*)=rU, where the left-hand side is
evaluated at the optimal two-tiered system and the right-hand side at the optimal uniform

system. Assuming logarithmic utility functions we haved#* (£¥) = In(1- &) + W* and hence

&¢ :1—exp[rE—Vf/e]
& :1—exprU—W”].
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A.4 Several Unemployment States

Let us introduce the following notation: X, =xw, j=1...,J, denotes unemployment
compensation in state j, s; search effort, a; =s,a(0) the outflow rate from unemployment,
u; unemployment, and |, =u, /(1— e) the fraction of the unemployed in state .

The flow equilibrium conditions take the form:

(pe:a(e)zjsjuj
1y jJ=2,...,J-1 (A.5)

(A+a;)u; =M,

O u; =Au;_;.

The flow values of being in each of the possible |abor market states are given by:

rkE=uv(w)-@eE-U,)
rU; =u(X,,s;)+a,(O)(E-U,)-NU, -U,4), j=1...,J -1

Jr

rU; =u(X,,s;)+a;0)E-U;).

Thus, we restrict attention to the case where the potential duration of benefit receipt is
identical across unemployment states and given byl/A .
The equilibrium conditions are straightforward generalizations of the case of two

unemployment states. Equilibrium labor market tightness is determined by

0B 0 ka® _o  (ag

_1r_ -
w(e,xl,---,xJ,A)=g[1 S0, (<P+Xj.ujaj)a_s%l_(pk/q(e)_

where p, = x7 [(T— s)/(T = E)]éo and 7 = 0 for simplicity. From (A.6) we have that market

tightnessis decreasing inx; :

ﬁZHij<O(aS W, <0). (A.7)
Ox Wyx .

J J
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In equilibrium, search is given by

5 OB O 6k

- B-BH-kq(®)
(A.8)
o) 0k J 0
. =71 A
oy e g cpk/q(e)zz“lg j=2.
D, iy P —p U
+u—ja<e)ﬂgluk L

where D, denotesthe duration of state j: D, =1/(A +a ), j =1,...,J -1; D; =1/a, .

LEMMA A1: Equilibrium search intensity in state j > 2 isincreasing in x,_;, decreasing in x;
(sufficient condition: 0 > 0), and decreasing in x ;4

Proof: Implicit differentiation of (A.8), recognizing that the right-hand side of (A.8) is
independent of s, .

The welfare objective and the budget constraint are giveWbyeu(w) + 5 ,u ,0(x,w,s;)
andte =y x,u; respectively. Consider the derivative ifwith respect to ,, taking (A.5)
and the budget constraint into account:

ow

dt
OT__U w[ LUJP]] ](1+T) >0, j=1....J. (A.9)

Thus search intensity is too low in market equilibriuracduse of the taxation externality
alluded in the main text.

Consider the fully optimal policy, i.e., a choice{af,...,x,,A} . To simplify the exposition
we consider only a logarithmic utility function. As argued in the main text, this does not
change any of the fundamental properties of the problem. Thus, maxiigihgubject to
(A.5), the budget constraint) =6(x,,...,x;,A), s =5(0), and s, =5,(x;,...,x;,A,0),

Jj =2 2, yields the optimality conditions:
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aw _ow L oW 0ds,  dW 08
dx, Ox, i=20s, Ox, dB Ox,

J J

=0, j=1...,.J (A.10)

AW _ oW I oW ds,  dW 98
O 2,35, O\ dB oN

=0, (A.12)

where dW/dB = 0W /08 + 5, (9W /s, )(s, /96).

PROPOSITION Al: Given A (0, ), the optimal benefit policy involves x; >x, >...>x,,
provided that x, > 0.

Proof: Suppose that the J—th condition in (A.10) holds with equality and let us consider the

(J =1 —th. Using (A.7) we can rewrite the latter condition as follows:

i Xy = ow Xy~ uJ_la_WxJ v 3 IR0 G X/ uj_laixj EZO-
dx; 4 0x;4 W, Ox, k= 2ask Eﬁxj -1 Wy, Ox; "0

Now, (0s,./0x;_1)x;4 — (K, /K, )(0s,/0x,)x, =0 for £=2,...,J —2. Equation (A.9) and
(OW/ox, )x, =u, [1— x, [(e(1+ r))] , j, yields:

dW 1L, J dt O 0s W, 0s, [
=(1+1) D— X, —X F" X, 4 ——LL "k x =0

Since dt/ds; <0, j, and s, is increasing in x,_; but decreasing in x,, we know that
du/ds, [(0s, /0x,4)x, 4 = (M, /U, )(0s, /0x,)x,]| <O. Thereis left to show that raising x,

has more adverse effectson s,_, thanraising ,_; . Differentiation of (A.8) gives:

0s;4 Kyog 08,4 (T_SJ—l)z
P =D, 0(0)——="u,_,>0.
ox, Xrq W, ox, Xy 740(0) 5 Hra
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Therefore, x,_, > x ;. Proceeding analogously one can establish that x,_, >x,_,; indeed for

any j=2,...,J,wehave x,_; >x,.

References

Atkinson A and J Micklewright (1991), Unemployment Compensation and Labor Market
Transitions: A Critical ReviewWpurnal of Economic Literature 29, 1679-1727.

Baily M N (1978), Some Aspects of Optimal Unemployment Insuraneenal of Public
Economics 10, 379-402.

Blanchard O J and P Diamond (1989), The Beveridge Caveefkings Papers on FEconomic
Activity 1:1989, 1-60.

Blank R and D Card (1991), Recent Trends in Insured and Uninsured Employment: Is There
an ExplanationQuarterly Journal of Fconomics 106, 1157-90.

Blau D and P Robins (1990), Job Search Outcomes for the Employed and Unemployed,
Journal of Political F.conomy 98, 637-55.

Cahuc P and E Lehmann (1997), Hgium Unemployment and the Time Sequence of
Unemployment Benefits, Working Paper 97.49, MAD,Université de Paris .

Carruth A and A Oswald (1985), Miners’ Wages in Post-War Britain: An Application of a
Model of Trade Union Behavioukconomic Journal 86, 1003-20.

Costain J (1997), Unemployment Insurance with Endogenous Search Intensity and
Precautionary Savings, manuscript, Department of Economics, University of Chicago.

Davidson C and S Woodbury (1997), Optimal Unemployment Insurdngenal of Public
Economics 64, 359-87.

Diamond, P A (1980), An Alternative to Steady State Comparigonspmics Letters 5, 7-9.

Farber H (1978), Individual Preferences and Union Wage Determination: The Case of the
United Mine Worker.Journal of Political Economy 86, 923-42.

Flemming J S1978), Aspects of Optimal Unemployment Insurance: Search, Leisure, Savings
and Capital Market Imperfection®urnal of Public Economics 10, 403-25.

Hansen G D and A Imrohoroglu (1992), The Role of Unemployment Insurance in an Economy
with Liquidity Constraints and Moral Hazayvdurnal of Political F.conomy 100, 118-42.

Holmlund, B (@997), Unemployment Insurance in Theory and Practice, Working Paper
1997:25, Department of Economics, Uppsala University, forthcomin§candinavian
Journal of Economics.

Hosios A E (1990), On the Efficiency of Matching and Related Models of Search and
UnemploymentReview of F.conomic Studies 57, 279-98.

Jones S (1989), Job Search Methods, Intensity and E#egtsd Bulletin of Economics and
Statistics 51, 277-96.

King R G, C | Plosser and S T Rebelo (1988), Production, Growth and Business Cycles |. The
Basic Neoclassical Modehurnal of Monetary Economics 21, 195-232.



33

Layard R, S Nickell and R Jackman (1991), Unemployment: Macroeconomic Performance
and the Labour Market, Oxford University Press.

Martin J (1996), Measures of Replacement Rates for the Purpose of International
Comparisons: A Note, OECD Economic Studies 26, 99-115.

Moen E R (1997), Competitive Search Equilibrium,Journal of Political Fconomy 105, 385-411.

Mortensen D (1977), Unemployment Insurance and Job Search Decisions, Industrial and
Labor Relations Review 30, 505-17.

Mortensen D (1994), Reducing Supply-Side Disincentives to Job Creation, in Reducing
Unemployment: Current Issues and Policy Issues, proceedings from a symposium
sponsored by the the Federal Reserve Bank of Kansas City.

OECD (1997), Employment Outlook, OECD.

Pissarides C (1990), Equilibrium Unemployment Theory, Basi| Blackwell.

Samuelson P (1974), Complementarity: An Essay on the 40" Anniversary of the Hicks-Allen
Revolution in Demand Theory,Journal of Economic Literature 12, 1255-89.

Shavell S (1979), On Moral Hazard and Insurance, Quarterly Journal of Economics 93, 541-62.

Shavell S and L Welss (1979), The Optima Payment of Unemployment Insurance Benefits
over Time, Journal of Political Economy 87, 1347-62.

ValdiviaV (1996), Evaluating the Welfare Benefits of Unemployment Insurance, manuscript,
Department of Economics, Northwestern University.

Wadsworth J (1989), Unemployment Benefits and Search Effort in the UK Labour Market,
Economica 43, 13-27.

Wadsworth J (1992), Unemployment Benefits and Labour Market Trangtions in Britain,
Discussion Paper No 73, Centre for Economic Performance, London School of Economics.

Wang C and SWilliamson (1996), Unemployment Insurance with Moral Hazard in a Dynamic
Economy, Carnegie Rochester Conference Series on Public Policy 44, 1-41.



