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Abstract

We develop an equilibrium search-matching model with risk-neutral

agents and two-sided ex-ante heterogeneity. Unemployment insurance

has the standard e�ect of reducing employment, but also helps workers

to get a suitable job. The predictions of our simple model are consistent

with the contrasting performance of the labor market in Europe and

US in terms of unemployment, productivity growth and wage inequal-

ity. To show this, we construct two �ctitious economies with calibrated

parameters which only di�er by the degree of unemployment insurance

and assume that they are hit by a common technological shock which

enhances the importance of mismatch. This shock reduces the propor-

tion of jobs which workers regards as acceptable in the economy with

unemployment insurance (Europe). As a result, unemployment doubles

in this economy. In the laissez-faire economy (US), unemployment re-

mains constant, but wage inequality increases more and productivity

grows less due to larger mismatch. The model can be used to address a

number of normative issues.
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1 Introduction

This paper develops a general equilibriummodel of the labor market. We show

how a simple model with search and productivity-matching frictions, and no

other rigidities, can capture unemployment, productivity and wage inequality

patterns associated with the contrasting evolution of labor markets in Europe

and US in the last twenty years. The main idea is that an episode of unex-

pected skilled-biased technological change can generate very di�erent responses

with permanent e�ects in two economies which have only one institutional dif-

ference: the degree of unemployment insurance coverage. We also analyze the

normative and distributional implications of introducing or changing a system

of unemployment insurance. In the rest of this introduction we informally

discuss these issues and relate them to the existing literature.

1.1 The contrast between Europe and US in the last

two decades.

The economic performance of Western Europe and the United States has been

characterized by three important contrasting elements. First, unemployment

has risen dramatically in Western Europe, whereas in the United States it

exhibits no trend. Second, productivity per worker has grown signi�cantly

faster in Europe than in the US. Third, wage inequality has increased in the

US but not in Europe, and has fallen in some European countries.

European unemployment increased, from average 4% in the early 70's, to

more than 11% in the mid 80's and remained persistent at very high levels

thereafter; in the US the unemployment rate was around 5% in 1975, and

around 6% in 1994. The rising level of unemployment in Europe has been

associated with longer duration of unemployment, and with growing shares of

long-term unemployed. Alogoskou�s et al. (1995) document that the ows

of people out of unemployment halved in the period 1979-1988, while the

ows into unemployment have changed relatively little during that period. In

the US, to the opposite, both the inows and outows are stationary. The

unemployment gap notwithstanding, total GDP growth in Europe has been

similar to that of the US in the last 25 years. In the period 1975-93 the

GDP growth rate of the US has been 2.6% per year, about the same as that

of Germany (2.5%), France (2.4%), Italy (2.8%) and Spain (2.5%), although
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some European countries have experienced lower growth rates; e.g. Sweden

(1.5%) { where the unemployment rate has been low until the beginning of the

90's { and the United Kingdom (1.9%). These two facts, di�erent employment

rates and similar growth rates, imply large di�erences in productivity growth:

in the period 1975-94 the average gap between the growth rate of output per

worker in the European Union and the United States has been above one per

cent per year.

While in Europe the main social concern has been increasing unemploy-

ment, in the US it has been increasing wage inequality, which has produced

the so-called `class of working-poor' (see, among others, Katz et al., 1995, and

Freeman, 1995 and 1996).1 Although part of this inequality has to do with

the increasing gap between the earnings of quali�ed (college graduates, experi-

enced workers) vs. non-quali�ed groups, it has been also noted that in the US

wage di�erences have grown not only across groups, i.e. between workers of

di�erent skill levels, but also within groups, i.e. among equally skilled workers

(Levy and Murnane, 1992). From a comparative perspective, Alogoskou�s et

al. (1995) observe that `while the average duration of unemployment is very

short in the United States, this does not imply that the lifetime labor market

experience of a typical American unemployed worker is necessarily any better

than his European counterpart.' (p. 13).

It is common to associate the di�erent performance of US and European

labor markets with large di�erences in market exibility. The �rst aim of

this paper is to show that a simple standard general equilibrium model, with

a minimal degree of institutional di�erences across economies { the level of

unemployment bene�ts { is consistent with the large di�erences documented

above. From a normative standpoint, the same common view has led to regard

the contrast between US and European employment record as an uncontro-

vertible prescription to reform the European welfare state in the direction of

the US more exible labor market. The `working poor problem' is sometimes

argued to be `the price to pay'. These are important and delicate social issues,

which cannot be properly addressed without an explicit theory. This is the

1Freeman (1996) writes that `in Western Europe, a male worker in the bottom of the

earnings distribution earns 68% of the median worker's income; in Japan, that male worker

earns 61% of the median. In the United States, he earns 38% of the median. And a com-

parison of purchasing power parity reveals that... low paid German workers earn 2.2 times

more than low-paid American workers.'
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second aim of this paper: to develop a model that will allow us to study these

normative issues in detail. In particular, our theory not only looks at whether

people are employed or unemployed, but also at how they are employed and,

in doing that, it reassesses the role of a widespread social contract: unemploy-

ment protection.

1.2 Unemployment insurance reconsidered.

A central aspect of our analysis is that unemployment bene�ts can provide

the necessary insurance to give time to the unemployed to search not just for

a job, but for the right job. Unemployment is an economic issue insofar as it

implies a waste of productive resources; but mismatch of talents and jobs is

also a misallocation of resources. This has been recognized, for example, by

Solow (1987), who suggests that we should count as (involuntarily) unemployed

all agents whose `marginal value of leisure is less than the going real wage in

occupations for which they are quali�ed', a de�nition which `covers both the

skilled mechanic who does not take work as a sweeper and the one who does'

(p. 33). In a labor market with search frictions, the existence of unemployment

bene�ts tends to reduce job mismatches. In particular, unemployed without a

`safety net' may accept unsuitable jobs and form what can be identi�ed with

a class of `working poor.' To the opposite when this `safety net' is too high,

workers become too selective, and reject matches which would increase (the

present discounted value of) total output.2

The extent of unemployment insurance has also important distributional

implications. Increasing insurance typically make the unemployed better o�,

while the employed workers may either gain or loose. Wright (1986) analyzes

the trade-o� faced by employed workers between the cost of paying taxes to

transfer income to the unemployed and the insurance value of receiving ben-

e�ts in case they loose the current employment. More recently, Hassler and

Rodriguez Mora (1997) consider political economy issues, and show that due

to insurance reasond the degree of unemployment insurance chosen by a so-

2The result that unemployment insurance reduces mismatch can also be found in partial

equilibrium search models in which workers face an exogenous wage o�er distribution. For

instance, Rendon, 1996, shows that the degree to which agents are choosy in the labor search

process depends on their accumulated wealth and on the level of insurance. However, while

our model allows to analyze how workers' decisions interact with the process of job creation,

this cannot be done in a partial equilibrium framework.
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ciety through a voting system depends on the turnover degree. In this paper

we show that even if a standard insurance motive is absent (agents are risk-

neutral) workers may support some degree of bene�ts provision because this

enhances the allocation of talents and increases the equilibrium wage rate of

all types of workers. Thus, bene�ts imply both some redistribution from em-

ployed to unemployed workers and some redistribution from �rms' pro�ts to

employed workers (through wage increase). The net e�ects on the welfare of

the employed workers is ambiguous, and the `working poor' always bene�t

more than the rich worker from the presence of insurance. Therefore, unem-

ployment bene�ts can receive the political support of all, or part of, workers,

in addition to the support of the unemployed.

1.3 The basic features of our theory.

The framework for our positive and normative analysis is a model which has

two basic features: search-matching frictions and skill-biased technical change.

The importance of costs associated with the matching process between

workers and �rms in the labor market has been recognized since the work

of Diamond (1982), Mortensen (1982) and Pissarides (1985, 1990). Using

the basic setup of these models, we add the feature that workers and �rms

are ex-ante heterogeneous. Di�erently from previous papers (e.g. Lockwood,

1986; Moscarini, 1995), this heterogeneity does not mean that some workers

have better skill endowments than others (either innate or acquired through

education, family environment, etc.), or that there is imperfect information

about the productivity of a worker-job assignment (as in Jovanovic, 1979),

but takes the form of each worker being more suitable to some jobs than to

others. These di�erences are observable. A worker who performs these { well

matched { tasks has a higher productivity, and this is reected by a higher wage

in equilibrium. The main implication of this heterogeneity is that it allows us

to model mismatch. Since to �nd a job is a time consuming process, workers

(and �rms) typically accept to take jobs which are not the best possible for

their individual characteristics.

A number of recent works have argued that the increase in wage inequality

in US and unemployment in Europe is the result of a process of technical

change that has been biased in favor of skilled workers, namely has increased
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the relative productivity of quali�ed vs. non-quali�ed jobs (see, for example,

Krugman, 1994, Wood, 1994 and Manacorda and Petrongolo, 1996). Similarly,

Krusell et al. (1995) postulate a relation of complementarity between capital

and skilled workers, and argue that during the last two decades the price of

capital has fallen relative to that of labor, inducing �rms to switch towards

techniques which are intensive in capital and skilled workers. We build on

this idea that skilled-biases technical change is a characteristic of the growth

experience of the OECD countries in the last twenty years to explain not

only increasing wage inequality in US, but also increasing unemployment and

productivity in Europe.3 In our theory, this takes the particular form of an

increase in the importance of mismatch. In other words, we postulate that

over the last decades the gap between the productivity of a given worker in

a job for which he is quali�ed, and a job for which the same worker is not

quali�ed has increased.

A driving force, for some of our results, is that workers may become more

selective in job search in response to a skilled-biased technological shock. How

selective they become, depends on the extent of unemployment insurance.

If they become more selective, this changes the equilibrium distribution of

talents that �rms face and, therefore, their strategies regarding the creation of

vacancies.

Our assumption that skilled-biased technological change, as an engine of

growth, is a characteristic of last two decades is consistent with Greenwood,

Hercowitz and Krusell (1997) �ndings for the US. They show that, starting in

the mid-seventies, there is an acceleration of investment-speci�c technological

change together with a `dramatic downturn in total factor productivity.' In

other words, the rapid growth of the Second Post-War years experienced by

US and, presumably, Western Europe is due, to a large extent, to total factor

productivity. This is consistent with a standard neoclassical growth model,

which predicts such a rapid growth in the transitional phase, when the capital

3Most existing theories which explain the di�erent behavior of European vs. US la-

bor markets as determined by skill-biased technical change plus a di�erent degree of labor

market inexibility have problematic predictions about the incidence of unemployment for

di�erent groups of workers. From the predicitions of these theories, we would expect that

the unskilled-to-skilled unemployment ratio should be larger in Europe than in the United

States, while there is no evidence of this in the data (see Alogoskou�s et al., 1995). Fur-

thermore, as observed by Acemoglu (1996c), skilled unemployment has also increased over

the past two decades. Our theory, as we will see, is not subject to this criticism.
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stock is low and highly productive. In the last quarter of century, however,

the nature of the growth process seems to have changed, generating new phe-

nomena such as increasing wage inequality in the US and unemployment in

Europe, as we described them above. Motivated by the evidence that the 70's

are a turning point in the experience of the industrialized country, in this paper

we restrict our attention to the events of the most recent years.

We construct two �ctitious economies, equal in all except that one grants

and the other does not grant unemployment bene�ts, and choose parameters

such that the two economies have fairly similar (steady-state) unemployment

rates. Then, we simulate the response of these �ctitious economies as they

are hit by a common unexpected permanent shock, and contrast the results

with the observed patterns of the US and European economies between the

70's and the 90's. The nature of the shock is to increase labor productivity in

both economies so that the relative productivity of `quali�ed' vs. `unquali�ed'

jobs raises. In the new steady-states, the unemployment rate doubles in the

economy with the more generous unemployment insurance, whereas it remains

approximately constant in the other. Furthermore, the average duration of the

unemployment spells increases in the `welfare state' economy, whereas it does

not change in the `laissez-faire' economy. However, not all economic indicators

are favorable to the laissez-faire economy. First, the growth of productivity

per worker is much higher with than without unemployment bene�ts . In fact,

after the shock the simulated welfare state economy has a steady-state level

of total output which is slightly higher than that of the laissez-faire economy.

The former, on the other hand, experiences a sharp transitional drop in output,

following the skilled-biased productivity shock which the latter does not su�er.

Third, wage inequality increases in the economy without bene�ts, whereas it

changes only marginally in the one with bene�ts.

We also consider normative and distributional issues. In our model, there

are several sources of ine�ciency. First, like in standard models of job creation

and job destruction with homogeneous workers, there are trading externalities

which in generic economies are not internalized throughout the wage negotia-

tion between workers and �rms (see Pissarides, 1990). Second, the heterogene-

ity introduces the problem of assigning workers to jobs, which is not e�ciently

solved, in general, through a decentralized procedure. The �rst source of in-

e�ciency is well understood. In particular, as it has been shown by Hosios
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(1990), when workers' bargaining power (their share in the Nash bargaining

problem) is equal to `the elasticity' of matching respect to unemployment, then

the decentralized equilibrium is e�cient. With respect to the standard search

externality, our model shares the standard properties. The second form of

ine�ciency has been less studied, although, recently Mortensen (1996a) has

shown that in the Mortensen and Pissarides (1994) model with ex-post het-

erogeneity, the Hosios condition is also necessary and su�cient for an e�cient

assignment of workers to jobs in equilibrium. This paper shows that this gener-

alized welfare theorem of search equilibria is also satis�ed in a model of ex-ante

heterogeneity. We also show how previous results showing that equilibrium job

assignments were generically ine�cient (e.g., Diamond, 1981, and Sattinger,

1995) relied on other forms of market failure.

If there are no competitive forces relating {and equating{ workers' bargain-

ing power with `the elasticity' of matching respect to unemployment, then the

set of matches which agents regard as acceptable in a decentralized equilib-

rium does not {generically{ coincide with that which maximizes the present

discounted value of aggregate output. In particular, when workers have a high

bargaining power, they are too choosy, and reject jobs which would increase

the present discounted value of output. Viceversa, when workers have a low

bargaining power, they tend to accept too many jobs, and there is excess

mismatch.4

In addressing the distributional issues, we show that when unemployment

bene�ts are �nanced through uniform lump-sum taxes, workers can be ranked

according to their preferences regarding unemployment bene�ts. In particular,

either there is unanimous agreement on a reform of the level of unemployment

bene�ts, or unemployed, and possibly `the working poor,' will favor the reform

against the interests of the `rich workers' and �rm owners. We also show, that

for a large set of parameters { including the case in which the Hosios-Pissarides

e�ciency condition is satis�ed { a union acting on behalf of all the workers

4By `generic' ine�ciency, we mean that if we consider the parameters of the model (in

particular, workers' share of the surplus and the elasticities of the matching function), then

only for a speci�c values (i.e., a measure-zero event) is the search-matching equilibrium

e�cient. Recently, Moen (1994) and Shimer (1995) have shown that the `right bargaining

power' which guarantees e�ciency emerges endogenously as the unique equilibrium solution

in a model were workers face di�erent labor markets. Mortensen (1996a) shows that this

result also generalizes to the Mortensen and Pissarides (1994) model with job assignments

(see also Acemoglu and Shimer, 1997)
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(unemployed and all employed), will vote for a positive level of unemployment

bene�ts. Some of these welfare results are illustrated in our calibrations. For

example, with our parameters, 55% of the workforce would have chosen in the

70's an economy with positive unemployment bene�ts.

1.4 Some related literature.

Among the vast literature which has studied the empirical issues considered in

this paper, the three contributions which are methodologically closest to our

work are Mortensen and Pissarides (1994), Ljungqvist and Sargent (1996) and

Acemoglu (1997).

Mortensen and Pissarides (1994) introduce ex-post heterogeneity in the

standard equilibrium search model. In their model, how suitable a worker

is for a job is observed after the match has occurred and the vacancy �lled.

The scope of the analysis of the authors is very di�erent from ours (they

study job creation and destruction patterns through the business cycle and

ignore the range of positive and normative issues addressed here). But their

model shares some basic features with ours. The main di�erence is that we

assume the match-speci�c productivity shock is realized as the worker and

the �rm interview, before the hiring decision. Many of the implications of

our theory would in fact remain true if we assumed ex-post rather than ex-

ante heterogeneity (e.g. the economy with insurance would have less wage

inequality and higher unemployment). The main di�erence is that the model

of Mortensen and Pissarides with ex-post heterogeneity would predict that

unemployment is higher in the economy with larger insurance mainly because

of higher separation rates, while in our model this is entirely the e�ect of lower

hiring rates. In the data, both unemployment inow and outow rates are

larger in the US than in Europe, and the di�erence of larger magnitude is

in hiring rates. (see Alogoskou�s et al., 1995). Moreover, the main change

observed in Europe starting from the late 70's is a drop in the hiring rates,

while separation rates have remained fairly stable. The predictions yielded by

the model with ex-post heterogeneity would therefore be less consistent with

the empirical evidence.

Ljungqvist and Sargent (1996) is similar in scope and to some extent com-

plementary to our work. This paper treats the process of job creation as
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exogenous and stresses the distortive e�ects of bene�ts on the incentives to

search. A calibration of the model shows that although unemployment bene-

�ts have moderate e�ects on the aggregate unemployment rate in a situation

of `low economic turbulence' (the sixties) it can have larger e�ects as this tur-

bulence increases (the eighties). While this paper shows that wage rigidities

are not needed to explain di�erent labor market performances, it leaves open

a number of questions. First, the main result relies on a shock (increasing

variance of the loss of skill of workers upon separation) which is of di�cult

interpretation. Second, when the model is calibrated to obtain di�erential in

unemployment rates similar to those observed between the US and Europe, it

predicts hardly any di�erence between the average productivity per worker of

the two economies.

In Acemoglu (1997) there are homogeneous workers and two types of �rms:

good and bad. In the decentralized equilibrium the share of bad jobs which are

created is too high, and multiple equilibria are possible. An increase in mini-

mum wages or unemployment bene�t shifts the distribution towards good jobs

increases unemployment and decreases wage inequality. This paper, like ours

and in contrast with Ljungqvist and Sargent (1996), stresses the existence of

channels through which to give workers some social insurance can be welfare-

improving. Among the di�erences, while Acemoglu (1997) has interesting pre-

dictions about across-group wage inequality, our work has implications about

within-group wage inequality. In this respect, our work is closer to Acemoglu

(1996a) which is, however, di�erent in other respects.

Among papers which do not adopt a search approach, Bertola and Ichino

(1995) present a model in which workers have mobility costs and �rms are

subject to idiosyncratic temporary shocks. They argue that the volatility of

�rm-idiosyncratic shocks has increased in the last decades, originating asym-

metric responses in `rigid' and `exible' labor markets, consistent with the

evidence of increasing unemployment in Europe and increasing wage inequal-

ity in North America. In this paper, large institutional di�erences between

European and North American labor markets are at work. In particular, the

action of unions in Europe sets wages abovethe level consistent with market

clearing and arti�cially compresses the wage distribution. Moreover, �rms are

subject to prohibitive �ring restrictions. In contrast, our paper aims at show-

ing that the recent events can be obtained without relying on so many and
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important exogenous imperfections.5

Our paper can also be related to the growing literature which studies the

importance of sectoral reallocation on unemployment and productivity (Lil-

lien, 1982; Pheelan and Trejos, 1995). In a previous empirical work (Marimon

and Zilibotti, 1997), we found that the extent of sectoral shifts in employ-

ment is positively correlated with the aggregate unemployment rate in a set

of European countries. Although the model presented in this paper is highly

stylized, and neither sectors nor industries are explicitly de�ned, mismatch can

be regarded as the cost of shifting workers from one sector to another.

Finally, our paper is related to the existing literature that studies the ef-

�ciency properties of search-matching models (Diamond, 1981, Hosios, 1990,

Mortensen 1996a and 1996c, Pissarides, 1990, and Sattinger, 1995).

The plan of the paper is as follows. Section 2 presents the model. Section

3 characterizes the equilibrium. Section 4 discusses e�ciency issues. Section

5 presents the results of a calibration of the model, intended to reproduce the

recent experience of Europe and the US. Section 6 concludes. An appendix

contains the technical details.

2 The set-up of the model.

2.1 Ex-ante heterogeneity and search frictions.

Consider an economy populated by a continuum of �rms, workers and rentiers.

Both �rms and workers are heterogeneous. In particular, each worker has a

di�erent productivity depending on which �rms he works with. Workers are

uniformly distributed along a circle of unit length and the total mass of workers

is one. At each moment of time a worker can be either employed with a certain

�rm or unemployed. All unemployed workers search for a job, and search e�ort

is costless. Employed workers cannot switch from a job to another without

becoming unemployed �rst (no on-the-job search). Firms are also uniformly

distributed along the same circle of unit length, and the total mass of �rms is

M > 1. At each moment of time a �rm can have either a �lled position, or

5Other related work on a variety of labor market institutions includes Bertola (1996),

Bertola and Rogerson (1996) and and Saint Paul (1997).
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an open vacancy, or be idle. An active �rm with a �lled position employs one

worker, and obtains a revenue from selling the output which it produces. An

active �rm with an open vacancy pays a cost to keep the vacancy posted, and

is not productive. Idle �rms pay no cost and earn no revenue. We assume that

M is su�ciently large so that in any equilibrium which we will consider some

�rms of each type remain idle. The rentiers do not work, and each of them hold

a balanced portfolio of shares of all M �rm. The income of a rentiers consists

of dividends (possibly negative, in which case he is liable for the losses) plus an

endowment ow. This endowment is su�ciently large to avoid limited liability

issues. In the economy there is no physical capital, or other �nancial assets,

and agents consume entirely the income which they receive period by period.

The productivity of an employed worker depends on the location of the

�rm where he takes employment, and decreases with the distance between

the worker and the �rm. Let x : [0; 1]
2
!

h
0; 1

2

i
denote the function mapping

locations of �rm-worker pairs into distances. Thus, x(jf ; jw) is the length of the

arc between the worker's location (jw) and the �rm's location (jf). Next, we

denote by � :
h
0; 1

2

i
! [�l; �u] � R+ the function mapping distances between

worker-�rm pairs into productivities, where 0 < �l < �u < 1, and assume

that �
�
1
2

�
= �l, � (0) = �u, and �(x) is continuous and non-increasing with x.

Thus, we will interpret x as a measure of mismatch between workers and �rms,

and label �(x) as the mismatch function. An example of mismatch function

which will be used in section 5 is:

�(x) = maxf�l; �l + a � (1� x)g ; (1)

where a > 0 and  � 2. In this case, a worker's productivity is linearly de-

creasing with distance, for all jobs located in an arc of length 2

centered about

his location. If he takes any work outside that arc, the worker's productivity

will be the lower bound, �l.
6

6An alternative way of modeling mismatch which would give almost identical results is

to assume that all worker are equally productive upon hiring, and that there is a stochastic

learning process which turns at each moment some employed worker into high productivity

`quali�ed' workers. The learning event is modeled as a Poisson process whose arrival rate is

a decreasing function of the distance between each worker-�rm pair. Note that an increase

in relative productivity of `quali�ed' vs. `unquali�ed' workers in that version of the model

is isomorphic to an increase in the parameter a in equation (1). This will motivate our

interpretation of changes in the mismatch function as episodes of `skilled-biased' technical

change. Details about the version of the model with stochastic learning are contained in a
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Next, we describe the matching technology. We assume that workers and

�rms are randomly matched, i.e. any unemployed worker can meet and in-

terview with any �rm located at any point along the circle with the same

probability. This means that �rms do not sort workers ex-ante by specify-

ing personal requirements when posting vacancies. The matching technology,

m = m(u; v), is assumed to have constant returns to scale to the total mass of

unemployed (u) and vacancies posted by �rms (v). All structural parameters

of �rms are identical, thus location is the only source of heterogeneity. By

de�ning q � m

v
and � � v

u
we can write the matching function, q = q(�), with

the following standard assumptions:

q = q(�); q0(�) < 0; �� �

�����dqd�
�

q

����� < 1 (2)

where q represents, as usual, the probability for a �rm posting a vacancy to

meet a searching worker, and �q(�) = m

u
is the probability for a searching

worker to meet a �rm. Note that, due to ex-ante heterogeneity, only a fraction

of the matches (interviews) which occur will be regarded as acceptable by

workers and �rms. The determination of this fraction will be part of the

characterization of the equilibrium.

We restrict attention to symmetric (stationary) equilibrium distributions.

In particular, we will assume initial distributions such that, at t = 0:

(i) the same proportion of workers are unemployed at all locations. This

will imply that in equilibrium there is the same number of vacancies at

all locations;

(ii) the set of existing jobs, each of them involving a working-�rm pair, are

uniformly distributed on an interval of distances [0; x̂], with x̂ � 1
2
, and

are independent and identically distributed with respect to the locations

of workers and �rms.

This will allow us to simply characterize initial distributions of workers by

a real number, u0 2 (0; 1), denoting the total mass of unemployed, where it

will be implicit that this is uniformly distributed over the circle.

Finally, we introduce the following notation:

previous version of this paper available from the authors.
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�x denotes the cut-o� distance such that no match with productivity �(x) will

give rise to a job if x > �x;

d is the exogenous arrival rate of job separation, which is assumed to be the

same for all matches. Once a job is terminated, the worker goes back to

the pool of unemployed (at his original location), and the productivity

which he had in the previous job is irrelevant to the e�ects of his future

employment. The �rm, in turns, becomes idle, and can decide whether

or not to open a new vacancy;

r is the interest rate;

c is the hiring expenditure ow paid by �rms while holding an open vacancy;

b is the unemployment bene�t plus the value of leisure.

2.2 Asset price equations

We will assume that there are no informational imperfections, namely both

workers' and �rms' locations are perfectly observed by both parties when they

interview. All Bellman equations will be written as conditional only on the

distance between the worker and the �rm. We will conventionally refer to a job

match between a worker and a �rm located at a distance x one from another

as a type x job.

We �rst write the equations describing the value of a �rm holding an open

vacancy:7

rV =
:

V �c+ q(�)

�
2

Z �x

0
(J(x)� V ) dx

�
: (3)

where V is the value of a vacancy, J(x) is the asset value of a �lled vacancy

with a type x job. Observe that V does not depend on x, since �rms cannot

sort agents by locations. q(�) represents the probability for a �rm with an

open vacancy to be matched with a randomly drawn worker. The match will

be acceptable only if the worker interviewed turns out to be located on a point

along the arc of length 2 x centered on the �rm's location, otherwise it will be

rejected. Therefore, the last term on the right hand-side of (3) represents the

7We drop time indices for convenience when this causes no confusion.

13



expected capital gain to a �rm which posts a vacancy from �lling the position.

We assume that entry in vacancy creation is free. Since the value of idle �rms

is zero, entry will drive the value of all vacancies down to zero. Thus, in

equilibrium:

V = 0: (4)

We then de�ne the value of a �rm which has a �lled job of type x:

(r + d)J(x) =
:

J (x) + �(x)� w(x) + dV; (5)

where w(x) is the wage received by the worker.

Next, consider the workers' decisions. First, let W (x) be the asset value of

a type x job. This is determined by the following equation.

(r + d)W (x) = w(x) + _W (x) + dU; (6)

where U denotes the value of being unemployed. The value of unemployment

depends, among other things, on the proportion of interviews which give rise

to jobs. When a worker interviews with a �rm, he will get the job only if the

�rm is located in an arc of length 2 x centered on his location. Hence:

rU =
:

U +b+ �q(�)

"
2

Z x

0
(W (x)� U) dx

#
(7)

A successful acceptable job match generates a rent. We assume that if

this rent is positive it is shared between the �rm and the worker, accord-

ing to the Nash bargaining solution. The total surplus is given by S(x) =

(J(x)� V +W (x)� U), and the Nash solution implies that:

W (x)� U =
�

1� �
(J(x)� V ) if x �x (8)

where � is a parameter representing the bargaining power of the workers, and

we remind that V = 0 due to free entry. Note that (8) ensures that if a

worker �nds it acceptable a particular match acceptable, so will do the �rm

and viceversa (i.e. J(x) � V , W (x) � U).

Using the set of equations from (3) to (8), we can obtain an expression for

the wage rate paid to a worker holding a job of type x as a function of his

productivity, tightness of the labor market, �, and parameters:

w(x) = � (�(x) + c�) + (1 � �)b if x �x (9)
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Since matches which do not generate a positive surplus (x >x) will not be

acceptable, equations (3)-(9) provide a su�cient characterization for a station-

ary environment. However, we will want to analyze the response of the econ-

omy to unexpected parameter changes. In this case, it is possible that rents

generated by some pre-existing jobs (which were positive before the shock)

turn negative after the shock. When this is the case, it is not plausible to

maintain that all wages of existing jobs are determined by (9), namely that

workers and �rms share both rents and losses according to the Nash rule. This

would have the unrealistic implication that some workers earn a wage which

yields them lower utility than if they were unemployed. These workers would

rather quit their job, unless one assumes that this is prevented by some `slav-

ery' contract. To avoid this unappealing implication, we could assume that

separation is partially endogenous, i.e. as soon as a job ceases to be pro�table

it can be destroyed at no cost. The shortcoming of this assumption would

be that aggregate shocks could generate discontinuous jumps in the mass of

unemployed in the economy. Apart from originating some technical complica-

tions, this does not seem a realistic feature, either. We will instead assume,

therefore, that if the surplus generated by a job turns negative, the �rm must

bear the entire loss, and pay the worker a salary granting him the same utility

which he would perceive if he were unemployed. Formally:

w(x) = max [rU; � (�(x) + c�) + (1� �)b] (10)

Note that (10) is consistent with (9). In particular, the worker receives the

reservation wage when x >x, namely in the range in which J(x) < 0. This

assumption will not a�ect any of the main results of the paper, which would

remain unchanged if we assumed free disposal of unproductive jobs. The only

important di�erence would concern the characterization of transitional dynam-

ics.

3 Equilibrium.

In this section we will characterize the equilibrium of the model. First, we will

derive the unique stationary equilibrium pair (�xe; �e) from the set of equations

(3)-(9), by setting
:

V =
:

J=
:

W=
:

U= 0 (subsection 3.1). Then, we will study

the comparative statics of a change in the unemployment bene�t (subsection
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3.2). Finally, we will characterize the equilibrium dynamics of output and

unemployment (subsection 3.3).

3.1 Allocation of talents and vacancy creation .

We will proceed in two steps. We will �rst �nd the locus of pairs (�x; �) which

are consistent with the optimal `allocation of talents' (comparative advantage)

choice of workers and �rms. Then, we will �nd the locus of pairs of pairs

(�x; �) which are consistent with free-entry in vacancy creation. These two

condition will jointly determine the equilibrium pair (�xe; �e), whose existence

and uniqueness will be proved.

We recall that by the Nash rule a �rm and a worker always agree, upon

interview, at whether the match between them is pro�table. Formally, a job

is formed whenever J(x) > 0, which implies, by (8), that W (x) > U . Two

alternative cases are possible. In the �rst, J (x) > 0 for all x; and all matches

are regarded as acceptable. In the second, there exists a threshold job type,

�x, such that J(�x) = 0 (hence, W (�x) = U). Before stating the result formally

(Lemma 1), we de�ne � (x) �

R
x

0
�(x)dx

x
, i.e. � is the average productivity of

acceptable matches.

Lemma 1 (Allocation of talents.) A necessary condition for an equilibrium

is:

(�(x)� b)�
2� x �q(�)

r + d + 2� x �q(�)

�
� (x)� b

�
� 0 (11)

or, equivalently:

(1� �)(�(x)� b)� �c� � 0 (12)

Both (11) and (12) hold with equality if �x < 1
2
.

The proofs of all Lemmas are in the Appendix. Equation (11) has the

intuitive economic interpretation of a comparative advantage condition. The

search cut-o� is such that the value of forming a type x job is equal to the

value of waiting, i.e. the present discounted expected value of a future match

(except for the case in which �x = 1
2
, in whose case waiting is always a dominated

option). Di�erently from (11), (12) is obtained by also using the equilibrium

condition for vacancy creation, (3) { see appendix {, and its interpretation

is therefore less transparent. However, (12) is more tractable and will be
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useful to characterize the general equilibrium solution of the model through a

geometrical argument.

The other condition which is used to �nd the equilibrium yields the set

of pairs (�; �x) which are consistent with the free entry condition in vacancy

creation (V = 0).

Lemma 2 (Vacancy creation.) A necessary condition for an equilibrium

is:

�c+
(1 � �)2 x q(�)

r + d+ �2 x �q(�)

�
� (x)� b

�
= 0: (13)

The equilibrium condition (13) states that the cost of keeping an open

vacancy to a �rm has to be equal to the expected pro�t from �lling the position.

It will be convenient to de�ne the two following functions:

`p(�; �x) � (1� �)(�(x)� b)� �c�;

`v(�; x) � �c (r + d+ �2 x �q(�)) + (1� �)2 x q(�)
�
� (x)� b

�
;

and rewrite equations (12) and (13) { when they hold both with equality { as

`p(�; �x) = 0 and `v(�; �x) = 0, respectively. These two equations are represented

geometrically by the skill allocation and vacancy creation schedule in �gure 1,

respectively.

Consider, �rst, the skill allocation schedule. The more frequently matches

occur (high �), the more easily unemployed workers expect to face better job

opportunities in the future, and the less eager they are to accept low produc-

tivity jobs which pay low wages (small x). Thus, in tight labor markets, people

seeking employment tend to be highly choosy, and only accept very `suitable'

jobs. Since �(x) is a continuous and bounded function, the range of values of

� which is consistent with (12) is bounded, too. Provided that �l > b; there

exists �� > 0 such that `p
�
��; 1

2

�
= 0; namely there exists a su�ciently low

matching rate, such that all jobs, even those implying the largest mismatch,

are regarded as acceptable. In particular, from (12), it follows that �� = 1��

�c
�l:

The particular skill allocation schedule drawn in �gure 1 corresponds to the

piece-wise linear productivity function of equation (1). In this case the sched-

ule becomes vertical at �� in correspondence of values of x exceeding 1

, since

all `bad' jobs located at a distance larger than 1

have the same low produc-

tivity. Thus, workers accept jobs along the whole circle (i.e. choose x= 1
2
) if

� < ��, and set the cut-o� distance below 1

if � > ��:
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Figure 1. Interior solution.
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Consider, next, the vacancy creation schedule. Determining the slope of

this schedule is less immediate; although it is easy to see that `v1(�; �x) < 0, the

partial derivative `v2(�; �x) has in fact an ambiguous sign. We will prove below

(proof of Proposition 1) that this schedule is either `backward bending' as in

�gure 1, or monotonously increasing as in �gure 2. The intuitive reason for

the ambiguous slope of the schedule is that an increase of �x has two opposite

e�ects on the expected return of a vacancy. On the one hand, it reduces the

waiting time of �rms holding a vacancy before they can �ll the position. On

the other hand, it deteriorates the expected quality of the worker which will

be hired. Parallel to the de�nition of �� provided above, we can de�ne ��� as

the matching rate such that `v
�
���; 1

2

�
= 0; namely ��� is the matching rate

which is consistent with equilibrium in vacancy creation when all interviews

give rise to a job.

The following proposition establishes the properties of the steady-state

equilibrium of the model.

Proposition 1 Assume �u > b. Then:

a) There exists a (generically) unique stationary equilibrium pair (xe; �e):

b) (i) If �� < ���, then 0 < �xe < 1
2
, and the equilibrium pair (xe; �e) is as

determined by (12) and (13); (ii) if �� � ���, then �xe = 1
2
and �e = ���.
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Figure 2. Corner solution.
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Proof. We prove the Proposition through simple geometrical arguments.

To prove existence, we will �rst establish that either the Vacancy creation

schedule (V C) lies entirely to the left of the Skill allocation schedule (SA), or

the two schedules cross; we then establish that in both cases an equilbrium

exists. To rule out that V C is entirely to the right of SA, observe that from

(12) it follows that V C intersects the horizontal axis in correspondence of

� = (1��)

�c
(�u � b) > 0, while from (13) SA intersects the horizontal axis in

correspondence of the origin. Hence, at x= 0 V C is always to the left of

SA. Assume that V C is entirely to the left of SA. Then, it can be checked

that the solution
�
�e = ���; x

e
= 1

2

�
satis�es the conditions of Lemmas 1 and 2

(with (11)-(12) holding with strict inequality) and is, therefore, an equilibrium.

Assume, instead, that V C and SA intersect. Then, it is immediate to show

that any intersection point identi�es an equilibrium.

To prove uniqueness, we show that the two schedules can cross at most once.

We start from recalling that `v1(�; �x) < 0: Then, standard di�erentiation shows

that V C is positively (negatively) sloped if and only if `v2(�; �x) > (<)0. Next,

observe that `v2(�; �x) = (1��)(�(x)�b)��c� (to obtain this result, we use the

fact that from the de�nition of � (x) it follows that �
0

(x) x= �(x)� � (x)).

Hence, sign [`v2(�; �x)] = sign [(1� �)(�(x)� b)� �c�] = sign [`p(�; �x)] . This

implies that V C is positively sloped when it lies to the left of SA (since in this
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Figure 3. E�ect of an increase of b.
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region `p(�; �x) > 0), negatively sloped when it lies to the right of SA (since in

this region `p(�; �x) < 0) and vertical when the two schedules intersect (since

`p(�; �x) = 0 along SA). Since SA is everywhere (weakly) negatively sloped,

the two schedules can cross at most once. It is also straightforward to check

that when the two schedule cross, no corner solution is an equilibrium. Hence,

the equilibrium is unique.

Finally, the inspection of �gures 1 and 2 immediately reveals that the

equilibrium is interior if and only if �� < ��� and is a corner solution if and

only if �� � ���. Hence, part b of the Proposition. QED.

Proposition 1 rules out the possibility of multiple equilibria. If the two

schedules cross, then we have the unique interior equilibrium described by

�gure 1. If they do not cross, then the vacancy creation schedule is everywhere

positively sloped, and we have a corner solution, like in �gure 2. The solution

collapses in this case to that of a standard model without heterogeneity where

all interviews give rise to a job. Corner solutions occur when the productivity

gap between good and bad matches is very small, or when search frictions are

very pronounced, and the frequency of interviews is very low.
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3.2 Comparative statics: changing the level of unem-

ployment bene�ts.

We can now discuss an important result of comparative statics: the e�ect of an

increase of unemployment bene�ts. When b increases, both curves in �gures

1 and 2 would shift to the left, and the geometrical analysis followed so far is

inconclusive. It can be shown, however, that when b goes up both the search

cut-o� level and the tightness of the labor market fall. To this aim, we �rst

rearrange (11) as follows:

�
� (x)� b

�
=

(r + d+ 2� x �q(�))
�
� (x)� �(x)

�
(r + d)

: (14)

Next, replacing the left hand-side of (14) into (13), we obtain:

1

q(�)
�

2
4(1� �)2 x

�
� (x)� �(x)

�
(r + d)c

3
5 = 0 (15)

Equations (12) and (15) provide an alternative characterization of the equilib-

rium, when this is interior. The advantage of this formulation is that only (12)

depends on b, and this facilitates the geometrical analysis of the comparative

statics. Equation (15) de�nes a positively sloped locus { labeled in �gure 3

as VCbis { in the plane (�; �x). This can be shown by observing that 1
q(�)

is

an increasing function of �, while d

dx

h�
� (x)� �(x)

�
�x
i
= � x �0(x) > 0 and

using standard di�erentiation. When b grows, the skill allocation schedule

shifts to the left, and the equilibrium has a lower search cut-o� as well as a

less tight a labor market. The more generous insurance, the lower mismatch

and the higher productivity per worker in equilibrium. But, at the same time,

unemployment insurance depresses job creation and employment.

3.3 Dynamics of production and unemployment.

We have characterized so far the steady-state equilibrium search cut-o�, �xe,

and the vacancy to unemployment ratio, �e: Since all Bellman equations of

section 2.2 are independent of any state variable (unemployment and output,

in particular), �xe and �e exhibit no transitional dynamics. In particular, if

the value of some parameter changes unexpectedly, both the number of vacan-

cies at any location and the search cut-o� level jump to their new stationary

equilibrium level.
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Unemployment and (gross) production are instead predetermined and ex-

hibit non-trivial transitional dynamics. In this section, we fully characterize

these dynamics. De�ne gross production at time t as yt.
8 The equations

describing the dynamics of these two variables are, respectively:

_ut = d(1 � ut)� 2 x
e
�eq(�e)ut (16)

and:
:
yt=� (x

e
)2 x

e
�eq(�e)ut � dyt; (17)

given initial conditions u0, y0. Equation (16) has a standard interpretation: the

ow into unemployment is given by the exogenous separations, d(1�ut), while

the ow out of unemployment is given by the probability that an unemployed

worker �nds an acceptable match, 2 x
e
�eq(�e), times the mass of unemployed

at time t: To understand (17), observe that the average productivity of new

jobs generally di�ers from that of the ow of jobs which are terminated. In

particular, the average productivity of the workers which are employed at

time t is a predetermined variable which depends on past decisions of �rms

and workers. Let us denote this predetermined variable by �t. Thus the ow of

output which is lost at time t due to job termination is d �t(1�ut) = d yt (note

that gross production, also predetermined, is equal to �t(1�ut)). The average

productivity of newly hired workers is not predetermined, though. New jobs

are uniformly distributed on the interval [0; x
e
] and the average product which

they generate is � (x
e
). The output ow which originates from new jobs is then

equal to the average productivity of new jobs, � (x), times the new successful

matches, 2 x
e
�eq(�e)ut). Hence, equation (17) follows.

The pair of equations (16)-(17) de�ne a system of linear di�erential equa-

tions. Standard methods establish that the solutions is:

ut = u� + (u0 � u�)e�(2x
e
�eq(�e)+d)t; (18)

yt = y� +
h
(y0 � y�)+ � (x

e
)(u0 � u�)

i
e�dt� � (x

e
)(u0 � u�)e�(2x

e
�eq(�e)+d)t;

(19)

where

u� =
d

d + 2�xe�eq(�e)
(20)

8We de�ne as net production the production ow generated by �rms holding a �lled

position minus the hiring expenditure ow su�ered by �rms holding a vacant position.

Gross production is equal to net production plus hiring expenditure.
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and

y� =� (x
e
)

2�xe�eq(�e)

d + 2�xe�eq(�e)
(21)

are the steady-state equilibrium unemployment and gross production levels.

It is easy to check that this system of di�erential equations is globally stable,

thus the economy converges to y�; u� starting from any pair of initial conditions

u0; y0:

To determine net production, �nally, observe that the aggregate hiring ex-

penditure in the economy is given by cvt = c�ut. Thus, denoting net production

as z = yt � c�ut, we have:

zt = z�+
h
(y0 � y�)� � (x

e
)(u0 � u�)

i
e�dt�

�
� (x

e
) + c�e

�
(u0�u

�)e�(2x
e
�eq(�e)+d)t

(22)

where z� = y��c�eu�: Equations (18), (19) and (22) together with Proposition

1 provide a complete characterization of the decentralized equilibrium, given

initial conditions u0 and y0:

4 Welfare analysis.

In this section, we will �rst contrast the decentralized equilibriumwith the allo-

cation chosen by a social planner subject to the same matching frictions as the

market economy, and then analyze how gains and losses from policy changes

are distributed among the di�erent social groups. For simplicity, throughout

the rest of the paper we will parameterize the matching technology by the

standard isoelastic function, q(�) = ���:

4.1 E�cient allocation of workers to jobs.

Consider the following planning problem. We assume that the planner is only

subject to the search frictions and can costlessly redistribute income among

agents (or, alternatively, the planner has no egalitarian concern). Since non-

distortionary redistribution is feasible, we will assume without any loss of

generality that the unemployed receive no bene�ts, and only perceive the value

of pure leisure which will be denoted by bl. The planner maximizes the present

discounted value of the output stream plus leisure, given initial conditions. The

state variables are the unemployment (ut) and gross production (yt) level. The
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optimal allocation is given by the solution of the following program:

max
fut;xt;�tg

Z
1

0
e�rt (zt + blut) dt =

Z
1

0
e�rt (yt + blut � c�tut) dt (23)

subject to:
:
ut= d(1� ut)� 2�xt�

1��
t ut; (24)

:
yt=� (xt)2 xt �

1��
t ut � dyt; (25)

the feasibility constraints that ut 2 [0; 1] and �xt 2 [0; 1
2
] and a pair of initial

condition u0; y0. The corresponding present value Hamiltonian is:

H(ut; yt; xt; �t; �t; t) = yt + blut � c�tut�

�t
h
d(1 � ut) � 2�xt�

1��
t ut

i
+ t

�
� (xt)2 xt �

1��
t ut � dyt

� (26)

where �� and  are a pair of costate variables. The �rst order conditions for

an interior solution are:

�t + t
�
�0 (xt) xt + � (xt)

�
= 0 (27)

�c+ 2�t(1� �)�x���t + 2t(1� �) � (xt)�xt�
��
t = 0 (28)

bl � c�t + �t
h
d+ 2�x�1��

i
+ 2t � (xt)�xt�

1��
t = �r�t+

:
�t (29)

1 � dt = rt�
:
t (30)

and the transversality conditions are given by limt!1 e�rt�tut = 0 and limt!1 e�rttyt =

0: Observe that the F.O.C.'s (27) to (30) are independent of the state variables

ut; yt. Hence, the four equations determine a stationary solution (x
p
; �p; �p; p)

which satis�es the transversality conditions. In particular, using (27) and (30),

we obtain: p = 1
r+d

and �p = �
�

0

(xt)xt+�(xt)

r+d
: Substituting p and �p into (28)

and (29), and rearranging terms, yields :

(�(x
p
)� bl) �

2� xp �
p(1��)

r + d+ 2� xp �
p(1��)

�
� (x

p
)� b

�
= 0 (31)

�c+
(1� �)2 x

p
�
p(��)

r + d+ �2 x
p
�
p(1��)

�
� (x

p
)� bl

�
= 0 (32)

Equations (31) and (32) determine the optimal pair (x
p
; �p). This solution

can be contrasted with the equilibriumconditions of the decentralized economy,
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given by (11) and (13), recalling that q(�) = ���. First, compare (32) with

(13), namely the equilibrium and optimality condition for vacancy creation.

The two equations are identical if and only if � = �. This is consistent with the

well-known result that the equilibrium rate of job creation is ine�cient when

there are search frictions in the labor market except for the non-generic case

when the elasticity of the matching function is equal to the bargaining power

of workers (Hosios, 1989; Pissarides, 1990). Next, compare (31) with (11),

namely the equilibrium and optimality condition which determine the search

cut-o� level chosen by workers (and �rms). These two equations, too, are

identical if and only if � = �. In summary, we generalize the Hosios-Pissarides

welfare theorem to encompass skill-mismatch.

Proposition 2 The competitive search-matching equilibrium is e�cient {in

terms of both job creation and assignments{ if and only if � = �.

Proposition 2 (proof in the text) establishes that in a decentralized equi-

librium mismatch is generically suboptimal { either too large or too small {

but when the Hosios-Pissarides condition is satis�ed workers are assigned to

jobs e�ciently. The following corollary, whose proof follows immediately from

the analysis above, states the direction of the bias.

Corollary 1 Given �, if � > � [� < �] there is an ine�cient underassignment

[overassignment] of workers to jobs.

Conditional on a given rate of vacancy creation (i.e. for �xed �), when

workers' bargaining power is relatively large (� > �), agents are too picky, and

turn down jobs which would increase the present discounted value of output.

Viceversa, when � < � then too many interviews give rise to new jobs and there

is excess mismatch. In this case, a positive level of unemployment bene�ts will

make workers more selective and improve e�ciency.

4.2 Related e�ciency results in mismatch models.

The �ndings of Proposition 2 and its Corollary, parallel and generalize the

recent e�ciency results of Mortensen (1996a), who analyzes the Mortensen

and Pissarides (1994) model of ex-post heterogeneity. He shows that the e�-

cient outcome, in terms of both employment creation and ex-post assignment
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of workers to jobs, is e�cient if and only if the Hosios-Pissarides elasticity con-

dition is satis�ed. Our results show that our model with ex-ante heterogeneity

shares the same e�ciency properties.

This result contrasts with some earlier �ndings in the literature on mis-

match showing the ine�cieny in the allocation of workers to jobs in models of

exogeneous job creation. For example, Diamond (1981) shows that the match-

ing between heterogeneous workers and �rms is in general ine�cient, but his

result relies on the assumption of increasing returns to scale to the matching

technology, while here we assume a standard constant returns to scale match-

ing technology.

Sattinger (1995), instead, constructs a model with a �nite number of types

of job and workers and an equal number of jobs and �rms and shows that in

the presence of ex-ante heterogeneity of workers and �rms the decentralized

mechanism of assignment of workers to jobs tend to be ine�cient. In partic-

ular, the set of matches which are formed according to the reservation wages

and pro�ts set by workers and �rms is generically di�erent from that which

a planner would choose, and multiple equilibria are possible. Two important

features explain the di�erence in the results. First, in Sattinger's model, by

construction, there are as many unemployed as there are vacancies, whereas in

ours the `tightness' of the market is endogenously determined. Second, in our

symmetric model workers, although heterogeneous, are not `ranked', namely

given two workers, it is never the case that one of them is uniformly more

productive for all �rms or, at least, for a majority of �rms. On the one hand,

symmetry is crucial to rule out multiple equilibria and generic ine�ciencies

of the type identi�ed by Sattinger. On the other hand, while this symmetry

would be su�cient to get e�ciency in Sattinger's model, in our model { due to

the endogeneity of job creation { the elasticity condition is also necessary. In

the Appendix, we consider a symmetric version of Sattinger's model which is

equivalent to a particular case of our model with costless job creation (c = 0)

and show that in this case the decentralized equilibrium is always e�cient.

However, when job creation is costly (c > 0), the assignment becomes ine�-

cient unless the `elasticity condition' is satis�ed.

In summary, this section generalizes the standard welfare theorem of search

equilibria to economies with endogenous job mismatches, provided that job

mismatch is not associated with other forms of market failure.
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4.3 Unemployment bene�ts and income distribution.

The analysis carried on so far has ignored distributional issues by assuming

that either the planner has access to lump sum taxation or does not care about

equality. When these assumptions are relaxed, the presence of heterogeneity

has important normative implications. The rest of this section will deal with

distributional issues, and will analyze who loose and who gains from changing

the system of unemployment bene�ts.

The analysis of section 4.1 shows that unemployment bene�ts have ambigu-

ous e�ects on global e�ciency. However, changing the degree of insurance has

also distributional implications, and will in general bene�t some social groups

and harm others. With respect to this point, it is important to recall that we

have assumed that �rms are owned by a class of pure rentiers (`capitalist') who

do not work. This is a stylized and extreme form of heterogeneity in the com-

position of wealth across social groups: some agents hold only human wealth,

while other agents hold only non-human assets. Although per se not realistic,

this is a stylized approximation of a situation in which portfolio composition

is to some extent socially polarized, and workers' wealth consists mainly of

human assets. A further simplifying assumption which we will introduce is

that only the workers have to pay for the unemployment insurance system. As

it will be easily seen, if �rms were also required to pay for the provision (e.g.

through a corporate tax), all our results would be strengthened.

Consider an economy in which the unemployed receive a provision equal to

b0. Unemployment and output are at the corresponding steady-state, u0(b0); y0(b0).

Given steady state, �lled jobs are uniformly distributed over the interval

[0; x
e

0 (b0)]. We want to assess the distribution of costs and bene�ts from

changing the level of unemployment bene�ts to b. To begin with, we will

ignore the cost of �nancing the provision (as if unemployment bene�ts were

granted �nancial aid). For simplicity, we will obtain the results for the case in

which �0(x) < 0 for all x. The extension to the case in which �(x) is weakly

monotonous is trivial.

Lemma 3 Let b > b0 and 0:5 �x
e
(b0) >x

e
(b). Then:

1. For all x �x
e
(b0); we have J(x; b) < J(x; b0);W (x; b) > W (x; b0);

U(b) > U(b0):
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2. For all x �x
e

0 (b0), U(b)� U(b0) �W (x; b)�W (x; b0).

3. Let x > x0. Then: W (x; b)�W (x; b0) � W (x0; b)�W (x0; b0). In partic-

ular:

a) If both x; x0 2 [0; x
e
(b)], then W (x; b) � W (x; b0) = W (x0; b) �

W (x0; b0);

b) If x 2 [x
e
(b); x

e
0 (b0)] and x

0 2 [0; x
e
0 (b0)] ; then W (x; b)�W (x; b0) >

W (x0; b)�W (x0; b0):

The Lemma establishes the redistributive e�ects of a change in bene�t

provision. A raise of b increases the reservation wage of workers and the value of

human assets of all workers (both employed and unemployed), while decreases

the value of �rms (part 1). However, the e�ects are not symmetric. The

unemployed workers perceive the largest gains (part 2). Furthermore, some

richer employed workers bene�t less than some poorer co-workers (part 3). To

understand why, observe that a group of relatively poor workers, namely those

whose mismatch level ranges in the interval x 2 [x
e
(b); x

e
0 (b0)] ; are employed

in jobs which turn non-pro�table when the bene�ts go up to b: By assumption,

these workers are entitled to earn more than what the Nash rule would grant to

them, and cannot be worse o� than the unemployed who perceive the bene�t

b (see equation (10)). These poor workers receive a premium over the wage

increase which accrues to their richer, better-matched colleagues (part 3b).

The welfare gains of all workers belonging to this richer group are instead the

same, irrespective of x (part 3a). We should stress here that part 3b of the

Proposition does not descend from the assumption that �rms cannot dismiss

workers when the match is no longer productive. If we assumed that in all

circumstances workers receive the wage corresponding to the Nash solution,

but bad paid workers can quit their job, this Lemma would be unchanged.

Instead, it is crucial to rule out `slavery', i.e. workers cannot be forced to work

for less than the reservation utility of getting unemployed.

Next, we consider the cost of �nancing the system. Assume that the system

is �nanced through lump sum taxes levied on all workers (both employed and

unemployed), and that at each t all workers (both employed and unemployed)

have to pay a tax equal to � = but. Let T denote the asset value of `being a
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tax-payer' of a country in which the unemployed receive the gross bene�t b:

Then:

T (b; u0) = �b
Z
1

0
e�rtut(b; u0)dt: (33)

T (b; u0) is a decreasing functions of b; since the higher b the larger the �scal

burden to �nance the provision.

We will now compute the net welfare change of each type of worker. The net

gain for a worker of a give type is given by the di�erence between the change

in the labor income and the change in the tax burden. Denote, then, by NW

and NU the net wealth of employed and unemployed workers, respectively.

Formally, we have NW (x; b; u0) �W (x; b)� T (b; u0) and NU(b; u0) � U(b)�

T (b; u0). Recall here that T (b; u0) is the same for all workers, while the labor

income gain depends on the initial income (type) of the worker (Lemma 3).

This observation immediately leads to the following Proposition.

Proposition 3 Let b > b0. Assume that, at t = 0; u0 = u�(b0) and y0 =

y�(b0) (where starred letters denote steady-states). Then, we have one of the

following:

1. NU(b; u0) > NU(b0; u0) and, for all x, NW (x; b; u0) � NW (x; b0; u0)

(all workers unanimously prefer b to b0).

2. NU(b; u0) � NU(b0; u0) and, for all x, NW (x; b; u0) < NW (x; b0; u0)

(all workers unanimously prefer b0 to b).

3. NU(b; u0) > NU(b0; u0) and 9
^

x2 [x
e
(b); x

e

0 (b0)] such that NW (x; b; u0) >

NW (x; b0; u0) if x >
^

x and NW (x; b; u0) � NW (x; b0; u0) if x �
^

x.

Proposition 3 establishes that unless workers are unanimously in favor or

against increasing bene�ts (parts 1 and 2, respectively), there is a conict of

interests whereby increasing bene�ts receives the support of the unemployed

and the `poorer' employed workers, and the opposition of the `richer' employed

workers (part 3). This case, which is the most interesting, is represented by

�gure 4. At the initial unemployment bene�ts b0, the employed workers are

homogeneously distributed over the interval of distances (job types) [0; �xe0].

Although harm well-matched workers (the NW schedule shifts to the left),

29



- x

Figure 4. Proposition 3, part 3.
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the increase of the unemployment bene�ts from b0 to b makes better o� all

\poor" workers holding a job in the range [x̂; �xe0], as well as the unemployed.

Remark 1. In both Lemma 3 and Proposition 3 we have considered the gains/losses

from increasing b from an initial level b0. Although similar, the e�ects of reducing

bene�ts are not perfectly symmetric. In this case, in fact, unless workers are unan-

imously in favor or against, all the employed workers will support the proposed

reduction of insurance, while all the unemployed workers will be against it.

Remark 2. A more realistic analysis of the distributional issues should consider the

e�ects of linear (or progressive) income taxation. If the insurance system is �nanced

by income taxes, it is more likely that working poor and unemployed workers have

common interests, even in blocking proposals of reducing b: The reason is that

richer a worker the larger the cost of taxation. The formal analysis of the case of

income taxation would be more involved, since throughout transitions the level of

unemployment changes over time, thus the tax sequence which satis�es the budget

constraint of the government is non-stationary.

In Proposition 2 we have established that when � = �, the decentral-

ized allocation with no bene�ts is Constrained Pareto optimum. The next

Proposition establishes (proof in the Appendix) that in many economies, in-

cluding those with � = �, a union acting on behalf of both employed and
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unemployed workers would support the introduction of a positive degree of

insurance. More in general, provided that the bargaining power of workers

is not too large, the union would support the introduction of a positive level

of unemployment bene�ts, even in cases where this reduces productive e�-

ciency. To state this result formally, we will de�ne by TUW (b; u0) the total

welfare of the employed worker, obtained by adding up the net wealth of all

working agents equally weighted. Similarly, we de�ne TUU ; TUJ for the unem-

ployed and �rm owners, respectively. By evaluating all terms at a steady-state,

we have: TUW (b; u0) = (1 � u0)
R xe

0

0 NW (x; b; u0)dx, TUU(b; u0)=u0U(b; u0),

TUJ(b; u0)=(1� u0)
R xe

0

0 J(x; b; u0)dx.

Proposition 4 Assume b0 = 0. Then, 9 �> � such that, 8� <�;
dTUU(x;b;u0)

db
+

dTUW (x;b;u0)

db
> 0 (the `union' supports positive bene�ts).

5 Calibration: US vs. Europe.

5.1 Unemployment, output growth and inequality: the

70's vs. the 90's.

In this section we present the result of a numerical solution of the model with

calibrated parameters, which illustrates how the model can successfully mimic

some features of the contrasting behavior of the labor markets in Western

Europe and the United States in the last two decades.

To begin with, we note that the steady-state equilibrium given by (11)

and (13) remains unchanged when neutral exogenous technical change is in-

troduced. More precisely, if we let b; c and �(x) grow at the exogenous rate

g, the solution characterized by Proposition 1 holds true unchanged. In par-

ticular, �e and �xe are independent of g; while wages and gross pro�ts growing

at a constant rate. For technical progress to be neutral the productivity of

all matches has to grow at the same rate, i.e. �t+k(x) = egk�t(x) for all x:

If technical progress is non-neutral, the importance of mismatch changes over

time, and a�ects the determination of the equilibrium.

We will consider two hypothetical economies which only di�er by the ex-

tent of the unemployment insurance, parameterized by b. One economy, which

will be denoted as C1; will be assumed to have no unemployment insurance
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(b1 = 0). C1 will be interpreted as a US-type laissez faire economy. Al-

though unemployed workers receive in fact some bene�ts on both sides of the

ocean, it has been argued (Mortensen, 1996) that the particular features of

the American insurance program, like the very short duration and, especially,

the requirement that the unemployed quali�es to receive bene�ts only if he

has been working for some period in the previous year, imply that bene�ts in

the US can have a negative rather than a positive e�ect on reservation wages.

Motivated by this argument, we will regard zero bene�ts as a crude approx-

imation to the US case. The other economy (C2){ which can be thought as

a typical welfare state European country { has instead a standard system of

bene�t provision with an unlimited duration (b2 > 0). The two economies

will be identical in all other parameters. The provision of unemployment ben-

e�t is �nanced by lump sum taxes paid by all workers, both employed and

unemployed.

We assume that the two countries are initially at their respective steady-

states, which we interpret as the situation in the early 70's. Then, both

economies are hit by a common unanticipated shock which increases the im-

portance of mismatch, by widening the productivity gap between the best

(x = 0) and the worst (x = 1
2
) job that a worker can perform. This shock can

be interpreted as an episode of skill-biased technical change, as the following

argument shows. Imagine that each agent has some speci�c skill which can be

used in some occupations but not in others, hence each agent can be employed

as a skilled worker by some �rms but only as an unskilled worker by others.

If skilled-biased technical change increases the relative productivity of skilled

vs. unskilled workers, this can be captured in our model by an increase of the

importance of mismatch. We will �rst report the statistics for the initial and

the �nal period, which we interpret as the situation in the nineties. At the

end of the section, we will also show the picture of the transitional dynamics

of output and unemployment rates. As that picture shows, after twenty years

from the occurrence of the shock the remaining e�ects of transitional dynamics

are negligible.

We calibrate parameters as follows. We interpret a time period of unit

length to be one quarter, and set the interest rate equal to 0:015, implying

an annual interest rate of 6%. The separation rate is �xed at d = 0:04,

implying an average duration of a match of about six years. Although this job
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duration can appear as rather long { especially for the US { the assumption

becomes more plausible once one realizes that we are only considering ows

out of employment into unemployment and not job-to-job movements. We

parameterize the mismatch function according to the linear speci�cation given

by equation (1), and we set the initial minimum productivity (�l;0) equal to

2, a normalization without any particular importance. Also, we set a0 = 0:5

implying that each agent is 25% more productive in his best than in his worst

occupation, and let  = 4, implying that each worker is to some extent skilled

in one half of the possible employments. The bargaining power of each parties

is one half, so � = 0:5; corresponding to the symmetric Nash solution, and the

elasticity of the matching function is constant with � = 0:5. Recall that when

� = � the equilibrium path of the economy with no bene�ts maximizes the

utility of a planner which is not concerned about equality. The hiring cost is

assumed to be equal to foregoing the production ow of one low-productivity

worker, i.e. c0 = 2. Leisure is assumed to be worthless. In C2, the welfare state

economy, unemployed workers receive a subsidy equal to 50% of the wage paid

to the worst paid workers (in both the initial and �nal period). Although this

is probably less than what the unemployed typically receive in most European

countries, it should be noted that in some economies (e.g. Spain) bene�ts

have a limited duration. Additionally, accepting a job has normally a positive

inuence on the level of future bene�ts, hence we regard this �gure as a realistic

approximation of the impact of the bene�ts on the reservation wages.

We assume that there is an underlying trend of technical progress such

that �nal period productivities, hiring costs and bene�ts are 20% larger than

in the initial period (�1 = c1 = 2:4). The motivation for this trend is simply

expositional, since it allows us to compare the results of the simulation with

the real world �gures. In particular, we calibrate parameters such that pro-

ductivity growth in the US-type economy, C1, is similar to the corresponding

real US �gure. With these parameters, in fact, productivity grows from one

steady-state to another by about 20% in C1; if we interpret the time span be-

tween the initial and the �nal point of observation as twenty years, we have a

simulated yearly growth rate of productivity about one percent, which is close

to the real �gure. The shock takes the form of an increase of the parameter

a above its trend in both countries. In particular, a is assumed to double,

i.e. a1 = 1. As a result, in the �nal steady-state the best matched worker's
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productivity exceed the worst matched worker's productivity by about 45%:

Table 1 summarizes the results. In the initial period all workers search

along the whole circle in both economies, i.e. x= 1
2
. The resulting unem-

ployment rates do not di�er much, although, not surprisingly, unemployment

is higher in C2 (5.4%) than in C1 (3.9.%). The average duration of unem-

ployment is about four months in country 1, and 5.7 months in country 2.

The wage distribution is very similar in the two countries, and so are output

and productivity. Note that total output is initially slightly larger in country

1 than in country 2. In the �nal steady-state, the situation looks dramati-

cally di�erent. The unemployment rate remains almost the same in country

1 (3.8%%) but increases substantially in country 2 (11%). The reason is that

the in C2, where the cost of unemployment is lower due to insurance, agents

�nd it optimal now to change their job search strategy. In particular, given

the increased productivity gap, they become more selective in accepting jobs,

and set the cut-o� distance for the `worst' acceptable job down to �x = 0:219.

In C1, instead, where unemployment is a harder experience, agents still �nd

it optimal to rush into any employment. As a result, although the vacancy-

to-unemployment ratio does not change signi�cantly in either countries, the

average duration of unemployment { stable in country 1 { becomes twice as

much as large in country 2, going up to about one year. For the same reason,

the percentage of long-term unemployed grows substantially in country 2, and

about half of the unemployed workers has to wait for more than six months

before �nding an acceptable job, while 23% has to wait for more than a year.9

Although workers experience longer unemployment spells in the welfare state

economy, they are assigned more e�ciently to jobs.

9The qualitative predictions of the model as to the change in the share of long-term

unemployment are in accordance with the empirical evidence that this share has increased

substantially in Europe, whereas it has exhibited hardly any change in the United States

(see Ljungqvist and Sargent, 1996, for more details). On the other hand, the model is not

very successful in predicting quantitatively the share of long term unemployment in Europe

(while it �ts better the evidence for the US). First, long-term unemployment was much

higher in Europe than in the US already in the 70's, when our model predicts moderate

di�erences. Second, the observed long-term unemployment in the nineties is larger than

what is predicted by our model. In 1989, about 70% of the unemployed in Europe had to

wait for more than six months before �nding a job (vs. 48.2% in our model), and about

50% had to wait for more than one year. Note, among the simpli�cations of the model, that

here we ignore workers whose skills become obsolete and experience for this reason very long

unemployment spells.
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Table 1. Comparison between steady-states.

steady-state 1 steady-state 2 % change

Cut-o�, �x C1 0.5 0.5

C2 0.5 0.219

Unemployment rate C1 3.9 3.8

C2 5.4 11.0

Average duration of C1 4.1 4.0

unemployment (months) C2 5.7 12.4

Average productivity C1 2.05 2.56 22.3

per employed C2 2.07 2.81 30.6

Total output C1 1.97 2.46 22.4

C2 1.96 2.51 24.6

Percentage of unemployed C1 13.1 12.5

with spell � 6 months C2 22.9 48.2

Percentage of unemployed C1 1.7 1.6

with spell � 12 months C2 5.3 23.2

Percentage di�. C1 12.0 19.3 7.3

highest-lowest wage C2 14.8 16.3 1.5

Percentage di�. C1 9.7 15.8 6.1

90th-10th wage percentile C2 9.6 13 3.4

As far as productivity growth is concerned, this is about 22% in country

1 and about 30% in country 2. If we interpret the period length as of twenty

years, this translates into average yearly growth rates of 1.1% and 1.5%, re-

spectively. The productivity gap is little less than half point percentage per

year. The observed di�erential of productivity growth between the US and Eu-

rope is about 1.1% per year, so this speci�cation of the model predicts almost

half of the observed di�erence. Note, additionally, that total output growth

is larger in country 2 than in country 1. Remarkably, the model predicts that

with standard parameters an economy with 11% unemployment rate can be

more productive than an economy with 3.8% unemployment rate, since very

high employment is obtained in C1 at the cost of larger mismatch.

We have also obtained the transitional dynamics of output and unemploy-

ment for the two economies starting at their respective initial conditions. Fig-

ure 5 gives the dynamics of unemployment. In the economy without insurance,

unemployment is almost constant, whereas in the economy with insurance the

unemployment rate rapidly grows and settles down at the new steady-state
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Figure 5: Dynamics of unemployment.
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Figure 6: Dynamics of output.

level. Figure 6 gives the dynamics of (net) total output. In this case, the

simulated paths of both countries have been detrended, hence only the e�ect

of the unexpected biased technological shock is visualized. The two economies

start with very similar levels of total output, and the economy with welfare

state reaches some higher output level at the new steady-state. However, the

cost of this better performance in the long run is a sharp initial recession. The

output in the economy with welfare state remains below that of the economy

without insurance for about ten years. Twenty years after the shock, all vari-

ables in both economies are very close to their respective steady-state. This,

incidentally, justi�es our interpretation of Table 1 (i.e., that both economies
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are at their steady states twenty years after the shock).10

Table 1 also shows that the model correctly predicts the qualitative changes

in wage inequality, although the quantitative e�ects are fairly small. Note that

given the nature of agents' heterogeneity in our economies, where there are no

workers which are intrinsically more productive than others, the model has

predictions about within group rather than across group wage inequality. As

we said, there is sound evidence that this wage inequality has grown more in

the US than in Europe, and most existing theories { an exception is Acemoglu

(1996a) { fail to predict this pattern. As shown by table 1, the model predicts

a signi�cantly larger increase in wage inequality in the economy without un-

employment insurance than in the one with insurance, and this is true for both

the ratio between the highest and lowest wage and the ratio between the 90th

and the 10th percentile. The explanation of this di�erence is that while in

country 2 many workers accept jobs which are completely unsuitable to their

characteristics, and therefore receive a low wage, in country 1 poor matches

are rejected. This shrinks the wage distribution. Thus, although the nature of

technical change is intrinsically inequalizing, this is almost entirely o�set by

the changing attitude of job seekers in the welfare state economy. To the op-

posite, in the country with no insurance, the wider productivity gap is entirely

passed through to increasing wage inequality between the lucky agents who

have found good matches and the unlucky ones who have found bad matches.

Although the very stylized nature of the model forces us to treat with

caution these quantitative results, it is encouraging to see that under a set of

reasonable parameters the model predicts that \small" institutional di�erences

can originate \large" observed di�erences. This result depends in the example

presented on the fact that one of the two economies remains at a corner solution

(like in �gure 2), while the other \jumps" to an interior solution (like in �gure

1). This is not strictly necessary. More in general, for obtaining e�ects of large

size, it is necessary that the mismatch function be su�ciently \convex" so as

to generate a larger response in the economy with than in the one without

bene�ts.

10The assumption that unproductive jobs cannot be destroyed is crucial in determining

the slow adjustment shown by �gures 4 and 5. If we assumed that �rms can exit at no cost,

both unemployment and output would adjust substantiallymore rapid.
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5.2 The welfare state dilemma: winners and loosers.

The calibrated version of the model presented above can also be used to assess

some of the distributional e�ects discussed in section 4.3. In particular, we will

analyze how the gains and losses from the episode of skilled-biased technical

change are distributed in the presence and in the absence of unemployment

bene�ts. To this purpose, we consider the case of country C2, and evaluate

the welfare (i.e. wealth) of all agents at the initial steady-state (u0 = 0:054;

z0 = 1:96; x
e
0= 0:5) immediately after the skill-biased technological shock. We

compare the welfare of all agents under the bene�t system of C2 (b = b2) and

under the alternative case in which b = b1 = 0. Since using the initial steady-

state of C1 gives almost identical results, we do not repeat the analysis for this

case.

We �rst compute the di�erence in the after shock asset value of the labor

income of employed and unemployed workers with and without bene�ts. This

givesW (x; b2)�W (x; 0) = 7:71 for all employedworkers such that x 2 [0; 0:219]

(recall that the after shock equilibriumcut-o� is x (b2) = 0:219); U(b2)�U(0) =

8:92; W (x; b2)�W (x; 0) 2 [7:71; 8:92] for all `poor' employed workers such that

x 2 [0:219; 0:5]. The present discounted cost of paying for funding the system

borne by each worker is T (b2; 0:054) = 8:57. Clearly, T = 0 if b = 0.

As an inspection of the �gures above immediately shows, the unemployed

are better o� with than without bene�ts (since 8:92 > 8:52), while well-

matched workers would prefer a no insurance system (7:71 < 8:52). A large

share of the working poor, however will also gain from the provision of bene-

�ts. In particular, it turns out that all employed workers with x > 0:242 will

be better o� with than without insurance, whereas all `richer' workers with

x < 0:242 will be worse o�. Since employed workers are initially homoge-

neously distributed in the interval x 2 [0; 0:5] this means that about 54% of

the employed workers, together with all the unemployed (5.4% of the work-

ing population), are better o� in the welfare state system.11 Remarkably, in

this simple experiment 55% of the workforce would have chosen in the `70's' a

11However, it can also been show that if one starts at the �nal steady-state of C2 in table

1 (i.e. with 11% unemployment rate), only the unemployed would like to keep the system

of bene�t provision, while all employed workers would rather �nish with it. In this case,

the tax reduction from stopping �nancing the welfare state would more than compensate all

employed workers for the wage reduction which this would imply.
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welfare state rather than a perfectly laissez-faire economy.

In summary, this section has shown that a model with search frictions

and ex-ante heterogeneity is consistent with large persistent di�erences in un-

employment rates, and small di�erences in output growth. In the calibrated

economies analyzed the di�erent externalities which operate in presence of

search frictions and ex-ante heterogeneity do not cause distortions (� = �).

We have studied how the two economies { with and without welfare state

{ react to a skill-biased productivity shock. The economy with a system of

unemployment insurance enjoys higher output at steady-state, faster produc-

tivity growth and a more equal distribution of wages and income. However, it

pays this better long-run performance with a sharp recession in the short-run,

and with persistent unemployment. In the welfare state economy, the reserva-

tion wage raises substantially in response to the productivity shock, and the

observed rate of job creation drops since the proportion of matches which are

regarded as pro�table by workers and �rms also decreases. Finally, we have

shown that the degree of unemployment insurance can originate signi�cant

di�erences in the distribution of gains and losses arising from unexpected tech-

nological shocks. For example, reducing the bene�ts has inequalizing e�ects

on both income and wage distribution. These distributional e�ects, in turn,

can help explain the di�erent political support for introducing, or reforming,

unemployment bene�ts policies.

6 Conclusions

Our search equilibrium model, where agents are di�erently skillful to perform

di�erent tasks, captures the main facts regarding the contrasting performance

of US and European labor markets regarding increase wage inequality in US,

increase unemployment in Europe and a similar growth rate in the last twenty

years (i.e., a much higher productivity growth in Europe). There is a common

driving force to this process, skilled-biased technological change, and just one

institutional di�erence across these economies, the di�erent level of unemploy-

ment insurance. This minimalist explanation contrasts with many arguments

in the press, and in current research, regarding the `main social problems af-

fecting US and Europe at the end of the XX century.'

Our model can be viewed as a generalization {incorporating the mismatch
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dimension{ of existing search equilibrium models (similar to Mortensen and

Pissarides 1994), and our welfare results show that the Hosios-Pissarides `elas-

ticity condition' is also necessary and su�cient to guarantee an e�cient as-

signment of workers to skill-speci�c jobs.

By postulating a perfect information model with risk-neutral agents and

lump-sum taxation, we have abstracted from many features concerning the

optimal design of unemployment bene�t policies. For instance, we did not

consider human capital depreciation due to persistent mismatch or unemploy-

ment, nor we considered the standard insurance component of unemployment

bene�ts when agents are risk averse and cannot fully insure {possibly, for moral

hazard and/or adverse selection reasons{ against unemployment spells12. Nei-

ther we consider the e�ects on employment of an increase of �xed term un-

employment bene�ts, by inducing long-term unemployed to accept {possibly,

bad{ jobs (as in Burdett 1979). Most of these e�ects will reinforce the positive

role of some unemployment insurance policy and, therefore, strengthen some

of our results.

Finally, our model could be extended to analyze other institutional fea-

tures { for example, job �ring costs. In this paper, job destruction is an

exogenous process. Although, European and US labor markets mainly di�er

in job creation rates, there are some di�erences in job destruction rates, too.

In particular, during recessions job destruction is signi�cantly higher in the

US than in most (though not all) European countries. Assuming that the

welfare state economy (C2) is also subject to �ring restrictions could a�ect

some results. In particular, if already formed matches are subject, ex-post, to

productivity shocks, the existence of �ring costs would increase mismatch in

the welfare state economy, by forcing some unproductive matches not to be

terminated. However, in our model �ring costs would also induce �rms (and

workers) to reject some low productivity `marginal' matches which would have

been formed without these costs. The net e�ect on mismatch of introducing

�ring costs in our model is therefore ambiguous. We leave to future research

this and other extensions.

12See, for example, Hansen and Imrohoroglu (1992), Hopenhayn and Nicolini (1995),

Andolfatto and Gomme (1996) and Wang and Williamson (1996).
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Appendix.

Proof of Lemma 1.We will derive �rst (11), and then (12).

Using equations (6), (7) and (8), and eliminatingW (x) and U , we obtain:

(r + d)
�

1 � �
J(x) = w(x)� b�

�

1� �
2�q(�)

Z x

0
J(x)dx; (34)

Then, we use (5) to replace the left hand-side expression. This gives the

following expression for the wage schedules:

w(x) = (1� �)b+ ��(x) + 2��q(�)
Z x

0
J(x)dx for x �x : (35)

Next, we integrate both sides of (34) and then substitute the expression ob-

tained for
R x
0 J(x)dx into the right hand-side of (35). This gives:

w(x) = (1��)b+��(x)+(1��)
2� x �q(�)

r+ d+ 2� x �q(�)

�
� (x)� b

�
for x �x :

(36)

where � is de�ned in the text. By substituting (36) into (5), so as to eliminate

the wage, we obtain:

(r+d)J(x) = (1��)

2
4(r + d) (�(x)� b) + 2� x �q(�)

�
�(x)� � (x)

�
r + d+ 2� x �q(�)

3
5 for x �x :

(37)

Then, by imposing the condition that J(x) � 0, we obtain (11) { where, clearly,

either J(x) = 0 or x= 1
2
and J(x) > 0 for all x 2

h
0; 1

2

i
:

To derive (12), observe that equations (5) and (9) imply (setting
:

J= 0)

that (r + d)J(x) = (1 � �)�(x) � �c� � 0, and this establishes the result.

QED.

Proof of Lemma 2. Equation (13) follows from straightforward algebra using

(3), (4), (8) and (37), setting all time derivatives equal to zero. QED.

Comparison with Sattinger (1995). Consider a version of our model where

c = 0 (no cost of job creation) and the mass of �rms is the same as that of

workers (M = 1). Also, let bl = 0 for simplicity. Both workers and �rms are

uniformly distributed along the circle. Since posting a vacancy is costless, in

equilibrium no �rm remains idle and in the economy there are exactly as many
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vacancies as many unemployed workers at each moment of time. Formally,

we have that � = q(�) = 1. This is a version of Sattinger's model, with a

continuum of perfectly symmetric types of workers and �rms. The Bellman

equations of this model are identical to those of section 2, except that (4) does

no longer hold true { the value of �rms with an open vacancy is positive {

and, thus, the outside option of �rms is not zero in the bargaining process

(equation (8)). It can be veri�ed through the procedure of section 3.1 that the

equilibrium search cut-o� satis�es the following condition:13

(r + d)�(x
e
)� 2 x

e
�
� (x

e
)� �(x

e
)
�
= 0 (38)

Equation (38) is also the solution of the planning problem (23) subject to (24)

and (25) when we set c = 0 and � = 1: Thus, this version of Sattinger's model

produces an e�cient allocation of workers to job. However, our analysis shows

that the same result does not hold true when job creation is costly and entry

drive the value of �rms with open vacancies to zero, except for the case in

which the Hosios-Pissarides `elasticity condition' (� = �) is satis�ed.

Proof of Lemma 3. Part 1.From (5) and (9) we have, for all x 2 [0; x
e
(b)],

J(x; b)� J(x; b0) = w(x; b0)� w(x; b) = (1� �)(b0 � b) + �c(�(b0)� �(b)) =

(1 � �)[�(x (b0)) � �(x (b))] < 0: (Note that this expression is independent of

x; this observation will be useful in the proof of part 3). This inequality holds

true, a fortiori, for x >x
e
(b). Also, from (3), (4), (7), (8) and (9) we have

U(b)�U(b0) = (1� �)(b� b0)�
�

1��
[J(x; b)� J(x; b0)] < 0. Finally, from (6)

we have that W (x; b)�W (x; b0) = w(x; b)� w(x; b0) + d [U(b)� U(b0)] > 0.

Part 2. From (8), we have that, for all x 2 [0; x
e
(b)] W (x; b)�W (x; b0) =

U(b)�U(b0) +
�

1��
[J(x; b)� J(x; b0)]. Since, from part 1, J(x; b)�J(x; b0) <

0, then W (x; b) � W (x; b0) < U(b) � U(b0). Next, consider the range x 2

[x
e
(b0); x

e
(b)] : In this range, (6) and (10), imply that W (x; b) = U(b). But,

since W (x; b0) > U(b0), then W (x; b) �W (x; b0) < U(b) � U(b0) also in this

range of x's.

Part 3. The proof of part 1 shows that in the range x 2 [0; x
e
(b)], J(x; b)�

J(x; b0) is independent of x. But, then, from (8),W (x; b)�W (x; b0) is also inde-

13The same condition can be obtained using Sattinger's procedure (see Sattinger, 1995,

eq. 19, p. 294). Note that in this model the reservation wage of all workers is equal to

��(x), the reservation pro�t of all �rms is ��(x), and the probability of a successful match

is 2 x).
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pendent of x, and this proves part (a). To prove part (b) we consider �rst the

case in which x0 2 [0; x
e
(b)], and then the case in which x0 2 [x

e
(b); x

e
(b0)].

In the former case: W (x; b) �W (x; b0) = U(b) �W (x; b0) > U(b) � U(b0) +
�

1��
[J(x; b)� J(x; b0)] = U(b)� U(b0) +

�

1��
[J(x0; b)� J(x0; b0)] = W (x0; b)�

W (x0; b0) . In the latter case: W (x; b) � W (x; b0) = U(b) � W (x; b0) >

U(b)�W (x0; b0) = W (x0; b)�W (x0; b0). QED.

Proof of Proposition 3. Assume for simplicity that leisure is worthless

(bl = 0). Let TW (b; u0) = TUW (b; u0) +TUU(b; u0) +TUJ(b; u0). Since agents

are risk-neutral, then TW (b; u0) =
R
1

0 e�rt (yt � c�tut) dt: Consider the case in

which � = �. Then, we know that dTW (0;u0)

db
= 0, by the Envelope Theorem.

But, then, since dTUJ(b;u0)

db
< 0 for all b, it follows that dTUU(0;u0)

db
+ dTUW (0;u0)

db
> 0.

A fortiori, this will be true when � < �, since in that case we have that
dTW (0;u0)

db
> 0. Finally, continuity ensures that dTUU(0;u0)

db
+ dTUW (0;u0)

db
< 0 for

some � > �. QED.
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