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Abstract

We use three general equilibrium frameworks with jobs and uemployed workers
to study the e ects of government mandated unemployment insirance (Ul) and em-
ployment protection (EP). To illuminate the forces in these models, we study how Ul
and EP a ect outcomes when there is higher “turbulence' in the sense of worse skill
transition probabilities for workers who su er involuntar y layo s. Matching and search-
island models have labor market frictions and incomplete mekets. The representative
family model with employment lotteries has no labor market frictions and complete
markets. The adverse welfare state dynamics coming from hlg Ul indexed to past
earnings that were isolated by Ljungqvist and Sargent (1998 are so strong that they
determine outcomes in all three frameworks. Another force sessed by Ljunggvist and
Sargent (2005), through which higher layo taxes suppressfictional unemployment in
less turbulent times, prevails in the models with labor market frictions, but not in the
frictionless representative family model. In addition, the high aggregate labor supply
elasticity that emerges from employment lotteries and compete insurance markets in
the representative family model makes it impossible to inadide generous government-
supplied unemployment insurance in that model without getting the unrealistic result
that economic activity virtually shuts down.

Key words: Job, search, matching, lotteries, skills, turbulence, unemptment, unemploy-
ment insurance, employment protection, discouraged worker.

Ljungqvist: Stockholm School of Economics and CEPR (email: lars.ljunggwt@hhs.se); Sargent: New
York University and Hoover Institution (email: thomas.sargent@nyu.edu). We are thankful to Riccardo
Colacito, Constantino Hevia, Kevin Kallock, Sagiri Kitao, and Alejandro R odriguez for excellent research
assistance. For useful comments on earlier drafts, we thank David Backus, @G Barlevy, Marco Bassetto,
Je rey Campbell, Dirk Krueger, Mariacristina De Nardi, Wouter DenHaan, David Domeij, Jesus Fernandez-
Villaverde, Timothy Kehoe, Narayana Kocherlakota, Lisa Lynch, Edward C. Prescott, Richard Rogerson,
Frarcois Velde, and seminar participants at Georgetown University, New York University, the Federal Reserve
Banks of Chicago and New York, ITAM, the Stockholm School of Economics, the Uniersity of Helsinki,
the University of Oregon, and the European University Institute. Ljungqvist's research was supported by a
grant from the Jan Wallander and Tom Hedelius Foundation. Sargent's research wa supported by a grant
to the National Bureau of Economic Research from the National Science Foundation.



1 Introduction

Lucas (1987, p. 50) noted that real business cycle and other coatitive equilibrium models
have \: :: no sense in which anyone: : can be said to “have a job' or lose, seek or nd a jold."
For analyzing positive and normative questions about unempjment compensation, Lucas
wanted a theory that includes reasons "why people allocaterie to a particular activity {
like unemployment:::" (p. 54), and also why there are ‘jobs' in the sense of long term
employee-employer relationships between particular wonseand particular capitalists.

Macroeconomists disagree about the best models of jobs and therkers who do and
don't have them. But we have several promising models. This papeompares three stochas-
tic general equilibrium models containing jobs and uses theto study the e ects of gov-
ernment supplied unemployment insurance (Ul in the language dfortensen and Pissarides
(1999)) and employment protection provisions (EP in the langage of Mortensen and Pis-
sarides (1999)). To illuminate the economic forces stressed kit each model, we study how
increases in Ul and EP interact with an increase in the probabiyi of skill deterioration after
involuntary layo s, where following Ljunggvist and Sargent ((998), we refer to an enlarged
skill deterioration probability as an increase irturbulence

The models are (1) a suite of matching models inspired by Mortean and Pissarides
(1999) and DenHaan et al. (2001); (2) a variant of a search-isldmodel of Alvarez and
Veracierto (2001); and (3) an employment lotteries model Wi comprehensive economy-wide
insurance arrangements in the spirit of Hansen (1985), Rogersdi®88), and Prescott (2002).
The models share the same stochastic skill accumulation and deteation technologies, but
di er with respect to labor market frictions and arrangemens for allocating risks. Each
model has a theory of a job and of why unemployed workers chodsespend time in an
activity that can be called unemployment? In the matching models, workers without jobs
wait in a matching function. In the search-island model, depeling on their nancial assets,
human capital, and entitlement to bene ts, some people spend m®time unemployed than
others because they exert less e ort searching. In the represative family lotteries model,
unemployed workers have won a lottery telling them to speciak in leisure.

1. The matching models have risk neutral workers, no asset accuation decisions, an
attenuated allocative role for wages, and a signi cant allodeve role for the ratio of
vacancies to unemployed workers. They feature adverse congestion e ects that un-
employed workers impose on each other and that rms with vacares impose on each

ILabor economists often use models in which there are no jobs. A useful example iset Rosen schooling
model that is estimated by Ryoo and Rosen (2004).

2Because it has no theory of jobs, Lucas (1987, p. 53, footnote 4) indicated that heegarded the Hansen-
Rogerson model to be an inappropriate tool for analyzing policy questions conceing Ul. We extend the
Hansen-Rogerson model to contain jobs. We include it among our suite of models pdytbecause Prescott
(2002), Rogerson (2005a), and Rogerson (2005b, text for SED plenary lage) have forcefully advocated it
as a vehicle for explaining the most pertinent European labor market outcomes, r&d also because we want
to determine whether the interaction between turbulence and Ul that we featured in Ljungqvist and Sargent
(1998) also comes through in this environment.

3Hosios (1990) describes the matching framework as follows. \Though wag in the matching-bargaining
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other, a wage bargaining process, and waiting times as equiliting signals that rec-
oncile the decisions of rms and workers.

2. The search-island model has risk averse workers whose decisaimut how intensively
to search when unemployed depend on their skills and benet ethements as well
as their accumulations of a risk-free asset, the only savings wek available to them.
The model features incomplete risk sharing through self-insuree against both un-
employment and uncertain life spans in retirement. The wagete is determined in a
competitive labor market but is constrained to remain xed inthe face of idiosyncratic
productivity shocks: workers receive a xed wage per unit of dkifor the duration of
a job. As a result, there are socially wasteful separations.

3. In the lotteries model, risk averse agents have access to cdetg markets in history-
contingent consumption claims. Labor contracts are identi¢do those in the search-
island model. An indivisibility in the choice set of each workeraquires him either to
work a xed number of hours or not at all. That would confront the individual worker
with a nonconvexity in his opportunity set if he were isolatedrbm other workers. But
he is not. He is a member of an economy-wide representative fanhat uses lotteries
to convexify its production opportunity set by assigning fradbns of its members to
specialize in work and in leisure. The employment lottery yidk a highaggregatdabor
supply elasticity that makes the fraction of the national famly that works respond
sensitively to both tax wedges and Ul bene ts.

These alternative labor market arrangements create di eré¢ravenues through which Ul and
EP in uence outcomes, not just for unemployment, but for indivdual workers' consumption
and labor market experiences including the incidence of Igtierm unemployment.

Our frameworks share some common limitations. First, we ignorée intensive margin
of the labor supply decision by assuming that workers are eithemamployed or employed
full-time and working the same number of hours. Second, if it we not for the labor market
frictions in the matching and search-island models and the lap indivisibility in the rep-
resentative family employment lotteries model, under laissdaire everyone of working-age
would be employed. Hence, we are ignoring such non-market adies as education, child
rearing, and other types of homework that explain why some pple of working-age do not
participate in the labor market.

models are completely exible, these wages have nonetheless been denuded of any allocatingsignaling
function: this is because matching takes place before bargaining and so search e ealy precedes wage-
setting. ::: In conventional market situations, by contrast, rms design their wage o ers in competition with
other rms to pro tably attract employees; that is, wage-setting occurs prior to search so that rms' o ers
can in uence workers' search behavior and, in this way, rms' o ers can in uence the allocation of resources
in the market."

4This means that we calibrate the representative family employment lotteries nodel under laissez faire
to explain an unemployment rate rather than the employment/population ratio t hat is more often taken as
the target by researchers using that model. See section 1.3.1 for elaboratiorf this point.



1.1 Why should macroeconomists care about unemployment?

Recent contributions by Prescott (2002, 2004), and Rogerso2(d05a) compel us to face
a modeling issue that Lucas (1987, pp. 67-68) posed sharply when dsked \:: whether
modeling aggregativeemployment in a competitive way as in the Kydland and Prescott
model (and, hence, lumping unemployment together with “leire’ and all other non-work
activities) is a serious strategic error in trying to account fobusiness cycles. | see no reason
to believe that it is. If the hours people work {chooseto work { are uctuating, it is
because they are substituting into some other activity. For someupposes, { designing an
unemployment compensation scheme, for example { it will cldgirbe essential to break non-
work hours into ner categories, including as one "activityunemployment. But such a ner
breakdown need not substantially alter the problem Kydland ath Prescott have tried to face
of nding a parameterization of preferences over goods andirs that is consistent with
observed employment movements."

Prescott (2002, 2004), and Rogerson (2005a) have extrapothteucas's reasoning by
using a model that contains neither jobs nor a separate actiyitcalled unemployment to
explain observed di erences in per capita hours in terms of érences in measures of the
pertinent at-rate tax wedge across time and countrie$. Although Ul is substantial in many
of the countries in their sample, Prescott's and Rogerson's calations set Ul to zero. Was
that a good idea? We think not because the big labor supply elastiies that in their models
make tax wedges so important also imply that Ul will have big e ets, making calculations
that ignore Ul misleading®

Prescott and Rogerson abstract fronfrictional unemployment. In their frictionless
economies, the idleness of some workers emerges from the coetbiworkings of employ-
ment lotteries and complete markets for contingent claims. Ae random process that as-
signs people to work or to leisure and the complete sharing of @bincome risk achieve
an economy-wide coordination of decisions absent from the ethtwo labor market models.
Perhaps assuming such complete social cohesion is a good way to ehethployment uc-
tuations over the business cycle because, for example, U.S. camips resort to temporary

5They also postulate that tax revenues are handed back to households either as transfers as goods and
services, i.e., they isolate the substitution e ect of taxation by arresting the wealth e ect that would follow
if the revenues of those taxes were not to be rebated lump sum.

SHansen (1985) shows that the allocation in the employment lottery framewok can be interpreted as the
outcome of a competitive equilibrium in which households can purchase arbitrary mmounts of Ul. Hansen's
argument pertains to private insurance, where the representative household properly internalizes the costs
and bene ts of the insurance arrangement. In contrast, when the household collects govement supplied
Ul, it does not internalize the costs, and this makes a big di erence in outcomes. In pticular, since the
representative household takes tax rates as given and independent of its own use awgrnment supplied Ul,
the household will \abuse" the Ul system by choosing a socially ine ciently high pr obability of not working:
because the government subsidizes unemployment (leisure), households spend too much time umpoyed.
As we show below, the e ect is large because the labor supply elasticity is so Higin the representative
family employment lotteries model. Hence, it is a mistake to think that government supplied Ul facilitates
implementing an optimal allocation either by completing markets or by substituting for private insurance in
the employment lottery framework.



layo s in downturns and because the experience rating in the 8. Ul system means that
the private sector at least partially facilitates consumptionsharing between those who are
employed and unemployed. But we doubt that the abstraction of complete social cohesion
is also appropriate for understanding di erences in employnmé observed on di erent sides
of the Atlantic. It is dicult for us to believe that private ¢ ontractual arrangements are
what has required furloughing large numbers of European wars into extended periods of
idleness, sometimes even into absorbing states of life-time ikss. The widespread sharing
across all individuals in society that is achieved by the smootfunctioning of employment
lotteries and the elaborate private transfers between housals in the representative family
model contrast markedly with the friction-laded, individudistic worlds of the matching and
search-island models. We will argue that European householdsday are more likely to
empathize with the choices faced by workers in those latter twmodels, where households
must fend for themselves and seek their own fortunes in labor nkats (or in government
welfare programs) while trading a limited array of nancial asets that cannot replicate the
outcomes of transactions in employment lotteries and consurtign claims contingent on the
outcomes of those household speci ¢ lotteriés.

To elaborate further about why macroeconomists should want tmodel unemployment,
consider the following two issues. First, the nature of the actities that we call unemploy-
ment and the details of the process through which jobs and waks nd each other can
matter for aggregative labor market analysis. Analyzing the agegate e ects of layo taxes
provides one good example. Lucas and Prescott (1974) con@ddhat a layo tax reduces
unemployment in the search-island model, while Hopenhayn andoBerson (1993) reached
the opposite conclusion in the representative family model witemployment lotteries. We
shall investigate why the frictionless model in the latter studyyields an opposite outcome
from models that embody frictional unemployment. Second,saalready mentioned, desig-
nating a worker as unemployed can entitle him or her to govemment-provided Ul that is
quite substantial in some countries. Without explicitly modeling these entitlements and
the associated labor market dynamics, we cannot properly addie some puzzling observa-
tions. For example, OECD (1994, chap. 8) reports that there vgaa negative cross-country
correlation between Ul benet levels and unemployment in thdd960s and early 1970s. In
the early 1960s, the lower unemployment in Europe, notwithstaling Ul bene ts that were
more generous than in the US, attracted the attention of the Kenedy administration. The
President's Committee to Appraise Employment and Unemploymentatistics (1962) con-
cluded that di erences in statistical methods and de nitionsdid not explain the observed
di erences and, hence, European unemployment rates weredeed lower than that of the
U.S?® But as we know, the picture changed in the late 1970s. The deteration of European

"See footnote 6.

8For another critical evaluation of the aggregation theory in the representative family lotteries model, see
Ljungqvist and Sargent (2004b).

9The Committee's veri cation of lower unemployment in Europe prompted Deputy Commissioner Myers
(1964, pp. 172{173) at the Bureau of Labor Statistics to write: \From 1958 to 1962, when joblessness in
[France, former West Germany, Great Britain, Italy and Sweden] was hovering arond 1, 2, or 3 per cent,
[the U.S.] rate never fell below 5 per cent and averaged 6 per cent.:: The di erence between [the U.S.]
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labor market outcomes is probably worse than indicated by thenemployment statistics be-
cause many unemployed Europeans have left unemployment bytenng other government
programs such as disability insurance and early retiremef.

The Prescott and Rogerson versions of the representative familsamework lacks fric-
tional unemployment and government-provided Ul bene ts, twofeatures that we think are
crucial for understanding the European employment experien. Instead, Prescott and
Rogerson stress employment lotteries and trading of a completet of consumption claims
contingent on the outcomes of those lotteries, features thatevnd virtually impossible to
combine with realistically calibrated government-providd Ul bene ts in Europe: when faced
with generous government supplied Ul bene ts, the representae family with its high labor
supply elasticity would simply furlough far too many workers ito leisure*

1.2 An excuse for using turbulence as a laboratory

We use turbulence as our laboratory because we believe that @long with government
supplied Ul and EP, truly is an important ingredient in understanding labor market outcomes
in Europe and the U.S'? During the 1950s and 1960s, unemployment rates were lower in
Europe than in the United States, but during the 1980s and 1990&ey became persistently
higher. In Ljunggvist and Sargent (2005), we reproduced thoseitcomes within models of an
arti cial "Europe' and an arti cial "U.S.' that contain iden tical peoples and technologies but
di erent labor market institutions. In Europe, as an employment protection device, there is

a tax on job destruction that is absent in the U.S., and in Europe memployment insurance
bene ts are longer and more generous than in the U.S. Our modehputes both the lower

unemployment rate and the average for these European countries was only a ligtl more than 3 percentage
points. But, if we could wipe out that di erence, it would mean 2 million more jobs, and perhaps $40 to $50
billion in Gross National Product. We can surely be excused for looking enviosly at our European friends
to see how they do it. We have pro ted much in the past from exchange of ideas with Euope. It would be
short-sighted indeed to ignore Europe's recent success in holding down unemployment.”

0For example, Edling (2005) reported that in 2004 early retirees comprised 10%f the working age
population in Sweden and in 2003 2.4% had been sick for more than a year. Edlingsked rhetorically
whether \unemployment is hidden in accounts other than those originally intended for the unenployed?"
The incendiary nature of his question became clear when Edling's employer refused to publisthe report,
prompting Edling to resign after having served 18 years as an investigator tathe largest trade union in
Sweden.

1The impossibility of incorporating European sized social insurance in the emmyment lottery framework
causes us to question the appropriateness of that abstraction for understanding the Eupean employment
experience. Prescott (2004, p. 8) voices no such concerns but instead lauds an apparent moihgjlsuccess:
\I am surprised that virtually all the large di erences between the U.S. labor supply and those of Germany
and France are due to di erences in tax systems. | expected institutional constrains on the operation of
labor markets and the nature of the unemployment bene t system to be of major importance.”

12For other models of labor market institutions and turbulence, see Bertola and Ichino(1995) and Marimon
and Zilibotti (1999). Bertola and Ichino show that high EP and a rigid wa ge can explain why unemployment
increases in response to more volatile local demand shocks. Marimon andliotti explore how high Ul can
cause unemployment to rise when there is an increase in the value of forming the “¢ect matches' between
heterogeneous workers and rms.



European unemployment of the 50s and 6@d the higher European unemployment of the
80s and 90s to these labor market institutions and how workeri@se to respond to more
“turbulent’ labor market prospects in the later period. We mdelled turbulence by increasing
a parameter that determines an instantaneous loss of human dt@b by workers who su er
an “involuntary' job dissolution.*®* That representation of more turbulence also generates the
increased volatilities of permanent and transitory componés of earnings that have been
documented by Gottschalk and Mo tt (1994), among others#1°

We designed our model to focus on adverse incentives and to ighthe bene ts in terms
of consumption smoothing provided by social insurance: our risleutral workers care only
about present values of after-tax earnings and bene t$. In the spirit of McCall (1970), our
model takes a xed distribution of wages as exogenous: thereeano rms, no bargaining
over wages, and no theory of endogenous wage determinatione Wlded dynamics for skills
to McCall's model and took earnings to be a wage draw times a BWKevel. Skills accrue
during episodes of employment and deteriorate during perisf unemployment.

Because it omits many conceivable general equilibrium e ext our extended McCall
model is fair game for criticism. How would outcomes di er in geeral equilibrium mod-
els that incorporate some of the features missing from our mogdelg., a matching function
that captures adverse congestion e ects, rms that post vacanes, equilibrium wages that
emerge from bargaining, and a Beveridge curve; or risk-avenserkers who engage in pre-
cautionary saving because of incomplete markets, rms that ist in physical capital, and a

3pavoni (2003) reviews a substantial body of evidence bearing witness to such huan capital loss. Heck-
man (2003) provides a broad ranging portrayal of the European labor maket institutions and outcomes that
is consistent with the idea that what we call turbulence has increased in recent decades and thdhat has
had adverse e ects on outcomes emerging from European labor markets.

4For a survey of the empirical evidence on increased earnings volatility, see Katz andutor (1999).
For the United States, there is evidence that between the 1980s to the 1990s, jobdses were more likely
to be associated with permanent separations rather than temporary layo s to cause displaced workers to
switch industries, and prompt workers to move to smaller rms which meant on average incurring permanent
losses in their wage levels. All of these indicate losses of job-speci ¢ human céi Also, the incidence of
permanent job loss among high wage workers became larger. See Farber (192005).

5Friedman (2005) is full of anecdotes about how reductions in communication costs antbwer political
barriers, a process that can be called globalization, can lead to rapid depreciatioof recently valued human
capital. For example, on page 20, Friedman quotes David Schlesinger, head of ReuteAmerica, as saying
about New London, Connecticut: \ ::: Jobs went; jobs were created. Skills went out of use; new skills
were required. The region changed; people changed.” On page 294, Friedman remarks thabrkers are
paid for \general skills and speci ¢ skills" and \when you switch jobs you quickly discover which is which."
See Jovanovic and Nyarko (1996) for an information theoretic model of huran capital in which experience-
acquired knowledge about parameters that calibrate a "task' forms an impdant component of human capital
that can be destroyed when technology changes.

18\We justi ed the linear utility speci cation by referring to the very high levels of government provided
insurance in Europe. Bene ts with high replacement rates and inde nite duration drastically reduce the
consumption risk faced by individual workers. Hence, our decision to abstract from isk aversion did not
seem to be too con ning in the European context. The focus of our risk-neutral workerson the present
values of bene ts can also be compared to a nding by Cole and Kocherlakota (2001) o describe a setting
in which their access to a private storage technology makes risk-averse agerevaluate alternative social
insurance contracts in terms of the present values of income that they vyield.



competitively determined labor market? And what about the ckulations by Prescott (2002,
2004) and Rogerson (2005a) that show that one can ignore the diences across countries
in Ul and EP and use a model in which willing workers immediatelget work with rms to
explain the important di erences between labor market outemes in Europe and the United
States?

The quantitative models in this paper answer these questions liycluding these general
equilibrium e ects. Common features in their physical enviraments allow us to represent the
interactions between the transition dynamics for skills and &th the unemployment bene t
levels and the job destruction taxes that Ljungqvist and Sarge (2005) focussed on, and
to assess the sensitivity of outcomes to the models' distinct feaks, such as the presence
or absence of congestion e ects, wage bargaining, risk aversiand complete or incomplete
markets.

1.3 Calibrations
1.3.1 Unemployment versus an employment-population ratio

The issues about Ul that preoccupy us prompt us to calibrate theabor-leisure tradeo in
the representative family employment lotteries model to mah an unemployment rate rather
than the employment to population ratio that is more often tre target in the real business
cycle literature. In the laissez-faire version of the model, #se di erent calibration targets
would have no substantial consequences other than to scale up aweh the fraction of the
population of working age that is employed. However, these dirences do matter in the
welfare-state versions of the model because we assume that those ate not employed are
entitled to government supplied Ul. The distortionary tax rate needed to nance the Ul
system is increasing in the number of people counted as unemm@dy For that reason, our
decision to take the unemployment rate as the calibration tget seems to be appropriate for
studying the issues about Ul addressed in this paper.

1.3.2 Microfoundations

It is appropriate to issue a couple of warnings about the micreaenomic foundations of the
guantitative results presented in this paper. To set out our rstwarning, recall how Lucas
(1987, pp. 46{47) praised Kydland and Prescott (1982) for spéging their model in terms
of parameters of preferences and technology because thatlded them to use extraneous
microeconomic evidence to calibrate its parameters. \Thisithe point of ‘microeconomic
foundations' of macroeconomic models: to discover parametstions that have interpreta-
tions in terms of speci ¢ aspects of preferences or of techngyp so that the broadest range
of evidence can be brought to bear on their magnitudes and thestability under various
possible conditions.::: here is a macroeconomic model that actually makes contactttvi
microeconomic studies in labor economicsg™

17Browning et al. (1999) question calibrations of the real business cycle model f@ometimes not faithfully
importing micro estimates. They also describe aggregate implications of@neral equilibrium theory that raise



However, \making contact with microeconomic studies in laboeconomics”, in the sense
of endowing their representative agents with the labor supplyehavior of a typical individual
detected in the micro studies, was certainlyot the purpose of Hansen (1985) and Rogerson
(1988) when they proposed their employment lotteries modedinstead, they showed that non-
convexities at the household level in combination with weldnctioning private insurance
markets that smooth out the impact of those non-convexities othe households' budget
constraints give rise to a higheconomy-widelabor supply elasticity even when the labor
supply elasticity of each of the households being aggregatedsimall. That makes the labor
supply elasticities that micro labor economists have estimatadelevant for aggregative labor
market analysis.

Now for our second warning. Parts of our three models are so higldtylized that they
cannot readily be connected to micro evidence. For examplee arbitrarily specify truncated
normal distributions of productivity levels rather than calibrate them to data. However, we
can and do calibrate other parameters to match some micro obsgations. For example, the
earnings potential of a high skill worker is twice that of a lowskill one, and it takes 10 years
on average to work your way from low skill to high skill. Note thatour parameterization
for the time it takes to accumulate skills pertains both to newnexperienced workers and to
workers who have su ered skill loss and want to regain their eaimgs potential (see footnote
29).

1.3.3 Common parameterizations

We reiterate parameter values from previous studies but als@s far as possible, retain
common parameterizations across models. Our practice of keepparameters xed across
di erent frameworks can be criticized because the same value$ these parameters imply
di erent outcomes in the di erent frameworks. This is easy to se for the discount factor,
which implies di erent outcomes for the risk-free interest ree in the search-island model,
where precautionary savings motives are in play, and in the peesentative family model,
where there are complete insurance markets.

Our justi cation for keeping common parameters, including tle discount factor and the
variance of the productivity distribution, is that it best serves our goal of focusing atten-
tion on the economic forces at work in the alternative frameorks. And despite the single
parameterization in our study, we will argue that those econoim forces are robust within a
framework either by appealing to evidence accumulated frogarlier studies in the literature
or by noting that the pertinent quantitative e ects are so large that no reasonable change in
parameter values can make a substantial di erence. An examplé ihne latter is our nding
that the representative family employment lotteries model dlivers quantitatively unrealistic
responses to government supplied Ul. This nding stems from the ¢jih aggregate labor sup-
ply elasticity that characterizes the employment lotteriesmodel and is relatively insensitive
to the choice of parameter values.

doubts about whether the cross section and other micro empirical studies are pertinent fothe parameters
of aggregative models, thereby updating arguments made by Kuh and Meyer (1957).



1.4 Conversations

Concerning the study of unemployment, Lucas (1987) reservedshhighest praise for the
McCall search model. \Indeed, the model's explicitness inas hard questioning.” (p. 56).
\Questioning a McCall worker is like having a conversation wit an out-of-work friend:
"Maybe you are setting your sights too high', or "Why did you quiyour old job before you
had a new one lined up?' This is real social science: an attempt imodel, to understand
human behavior by visualizing the situation people nd themsets in, the options they face
and the pros and cons as they themselves see them." We too listenthe workers and rms
in our models, especially in section 10, where we use these cont@sa as a way to make
up our own minds about which models ring truest in terms of thehmice problems faced by
unemployed workerg?

1.5 Organization

Section 2 describes features that transcend the environmerds$ all of our models. These
include: (1) two transition matrices for workers' skill levels,one for workers whose jobs
continue or end voluntarily, another for workers whose jobsetminate involuntarily; (2) a
probability distribution for drawing productivity levels of new workers and transition ma-
trices for the productivity levels of workers whose jobs coimue; and (3) parameters that
de ne a replacement ratio for Ul and a layo tax for EP. Section3 describes the additional
features that complete the matching models: a risk-neutral uity functional of consump-
tion; and four sets of matching functions that de ne alternaive market structures for sorting
workers and rms into pools where workers wait for jobs and ms post vacancies. Beyond
the common features reported in section 2, section 4 describ&s additional features in the
search-island model: a discounted risk-averse functional that separable across consump-
tion, search e ort, time, and states and that imparts a precaubnary savings motive; and
rm-owned technologies for creating jobs and for convertim labor and capital into output.
Section 5 describes the special features of the representatisenily model. Firms face the
same problem that they do in the search-island model. But thererea complete markets to
smooth consumption across states and time. An in nitely lived regsentative family con-
sists of a continuum of lineages composed of workers who valusue2, consumption, and
their o springs' welfare. Section 6 describes calibrations d@he three models. Sections 7, 8,
and 9 describe calibrated outcomes in the matching, searchaistl, and representative family
models, respectively. Section 10 critically evaluates the wlgnisms at work in the three
types of models, comments on the transcendence of the forceessed by Ljungqvist and
Sargent (1998, 2005), and critically evaluates the repregative family model and its high
labor aggregate supply elasticity as a vehicle for understamdj cross-country di erences in
labor market outcomes. Three appendixes, one for each modedsdribe Bellman equations
and equilibrium conditions.

18| jungqvist and Sargent (2003) reported imaginary conversations with a Eiropean and American worker
who had experienced identical sequences of labor market shocks, but who behaved di erently the ends of
their lives.
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2 Common features of our environments

Figures 1 and 2 show the within-period timing of our models. Théop halves of these
gures are identical. In all models, each of a continuum of pential workers faces a constant
probability  of exiting the labor force. In the matching model, a worker imediately exits
the model upon leaving the labor force while, in the other twrameworks, is the probability
that a worker will retire and become unable to work, and is the probability that a retired
worker dies. To keep the total population and the shares of wagks and retirees constant
over time, people who exit a model are replaced by newborn Wers.

There are three other exogenous sources of uncertainty. Firsin employed worker faces
a probability °© that his job terminates. Second, workers experience stochaséiccumulation
or deterioration of skills, conditional on employment status ad instances of exogenous job
terminations. Third, idiosyncratic shocks impinge on employkworkers' productivity. 1°

2.1 Skill dynamics

There are two possible skill levels, indexed by 2 f 0;Hg. All newborn workers enter the
labor force with the low skill index, h = 0. An employed worker with skill index h faces a
probability p"(h; h9 that his skill at the beginning of next period ish® conditional on no
exogenous job termination. In the event of an exogenous jobrmination, a laid o worker

with last period's skill h faces a probability p°(h; h9 that his skill becomesh® A worker's

skill remains unchanged during an unemployment spell. The skitansition matrices are:

pt o= o 1 (1)
p- = d 1 d - (2)

2.2 Firm formation and productivity

The process of uniting rms and workers di ers across the threfameworks but has several
common features. Firms incur a cost when posting a vacancy in the matching model or
when creating a job in the other two frameworks. We model a nevolj opportunity as a
draw of productivity z from a distribution Qp(z). The productivity of an ongoing job is
governed by a Markov processQ(z; Z9 is the probability that next period's productivity is
z° given current productivity z. For any two productivity levels z and 2 < z, the conditional
probability distribution Qp(z;Zz% rst-order stochastically dominatesQp(2; 2%, meaning that
X X
Qn(z; 29 < Qn(2:29; for all z: (3)

20 z 20 z

9Endogenous job separations will impose additional risks on individual workes. Whether the workers
can fully insure against such risks varies across our models.
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The probability distributions, Q?°(z) and Qn(z;z%, depend on the worker's skillh in the
matching model, but not in the other two frameworks.

2.3 Government mandated Ul and EP

The government levies layo taxes on job destruction and prades bene ts to the unem-
ployed. Itimposes a layo tax on every endogenous job separain and on every exogenous
job termination except retirement. The government pays umaployment bene ts equal to
a replacement rate times a measure of past income. In all three models, it will su ced
keep track of a worker's skill in his last employment, to deterine his bene t entitlement.
Newborn workers are entitled to the lowest bene t level in the @nomy. The government
nances unemployment bene ts with revenues from the layo &x and other model-speci c
taxes.

3 Matching models

Like DenHaan et al. (2001), we include skill dynamics in a matatg framework?® The prob-
ability distributions of the productivity levels for high-skilled (h = H) workers stochastically
dominate corresponding probability distributions of low-skled (h = 0) workers , i.e.,

X X X X
Q)< QR and Qu(z;) < Qu(z;2); (4)

20 z 20 z 20 z 20 z

for all z, given that z is a permissible productivity level for both low-skilled and lgh-skilled
workers. We follow DenHaan et al. (2001) and assume that bene tgseadetermined by a
replacement rate on the average after-tax labor income in the worker's skill ¢agory when
last employed?! Hence, we can index a worker's bene t entitlement by his skillni his last
employment spell,b 2 f 0;Hg, so that his bene t entittement is some functionfyb). Let
u(h; b) be the number of unemployed workers with skill leveh and skill during his previous
employment spell ofb. The total number of unemployed workers is then

X
u= u(h; b): (5)
h;b

20We thank Wouter DenHaan, Christian Haefke, and Garey Ramey for generously donatingheir computer
code, which we have adapted. The matching framework originated in works of Dimond (1982), Mortensen
(1982), and Pissarides (2000).

21We make two simpli cations to DenHaan, Haefke, and Ramey's speci cation of thebene t system. First,
newborn workers are entitled to the lowest bene t level without rst having to wor k one period. Second,
workers who experience an upgrade in skills are immediately entitled to the highebenet level, even if
the match breaks up immediately. These assumptions simplify solving the model.The second assumption
enables us also to discard DenHaan, Haefke and Ramey's simplifying, but questionahl assumption that
a skill upgrade is accompanied with a new productivity draw where the lower bound on pssible draws
is the reservation productivity of an ongoing match with a high-skilled worker. In our model, exogenous
distributions from which productivities are drawn do not change with endogenous researation productivities.
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We drop the assumption of DenHaan et al. (2001) that there is an egenous number of
rms and instead impose a zero-prot condition that expresses # outcome of free entry.
Let v be the endogenous number of vacancies and Mt(v;u) be an increasing, concave, and
linearly homogeneous matching function:

M (V;u) = uM 5;1 um( ); (6)

where the ratio v=u is the endogenously determined degree of \market tightness."h&
probability of nding a job, M=u = m( ), is an increasing function of market tightness,
and the probability of lling a vacancy, M=v = m( )=, is a decreasing function of market
tightness. We rst assume a single matching function for all vacames and all unemployed
workers, but later consider multiple matching functiong? For various technical details, see
appendix A.

We form three models with separate matching functions (1) founemployed workers
with di erent skill levels, yielding equilibrium vacanciesv(h) for eachh 2 f O;Hg; (2) for
unemployed workers having di erent bene t entitlements, yelding equilibrium vacancies/(b)
for eachb 2 f O;Hg; and (3) for unemployed workers indexed by both their currarskill h
and their skill bin their last employment, yielding equilibrium vacancies(h; b) for each pair
of values f;b) 2f O;Hg f 0;Hg. The last setup has only three matching functions because,
given our speci cation of the bene t system, there are no high-gked unemployed workers
with low bene ts.

We keep DenHaan, Haefke, and Ramey's speci cation that workeewe risk neutral.
Workers' preferences are ordered by

Eo ‘@ e (7)

where the worker discounts future utilities by the subjectivediscount factor 2 (0;1) and
the survival probability (1 ). The government nances the unemployment compensation
scheme with the revenues that it receives from the layo tax asha at-rate tax on rms’
output.

Figure 1 shows the within-period timing of events in our matdng model.

3.1 Conversation with a worker and a rm

In the spirit of the conversations with McCall workers in Lucag1987) and Ljungqvist and
Sargent (2003), it is informative to discuss the choices thabafront our Diamond-Mortensen-
Pissarides worker. He likes to consume, but is indi erent to whebecause his utility is linear
in consumption and the inverse of the equilibrium gross interesate equals his subjective

22Hornstein et al. (2003) use a matching model with one matching function, workes with one skill level,
but physical capital of di erent vintages, as a tool for studying how di erent ra tes of embodied technical
change impinge on equilibrium outcomes, including wage distributions.
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End of period t-1 Period t

1. Exogenous job destruction
retirement shock
exogenous job termination  °

2. Skill evolution
exogenously laid off fth, h")
not exogenously laid off eh, h")

3. Endogenous job formation and destruction

Labor market, M(v, u)
* bilateral meetings

Firms invest in old firms, (@ z')

vacancies
« firm-worker pair, Q°(z)

Unemployed wait in o
* Nash bargaining

matching function

(h, z, b) Surplus functions  S(h', z)

Y a

agree disagree continue lay off
(no layoff tax) match (tay

Figure 1: Matching model

discount factor times his constant survival probability. Wheremployed, he works e ortlessly.
When unemployed, he waits and collects unemployment bens without e ort. When there
are more unemployed workers, he waits longer, given the nunbx vacancies. After being
newly matched, a rm and worker bargain about a wage. An acceable initial bargain
commences a worker- rm relationship that lasts until one of thee events occur. First, a
worker might retire. Second, nature might dissolve the matchThird, a worker and a rm
might agree to dissolve a match in response to an idiosyncratic phactivity shock. In each
period that a worker and a rm remain matched, they bargain oer how to split the match
surplus. Ul and EP in uence the surpluses for both new and continog matches, albeit
in somewhat di erent ways because rms pay layo taxes only if hey had previously hired
a worker. By increasing a worker's threat point, unemploymeérbene ts also have a direct
impact on bargaining.

Firms choose a number of vacancies to post at a constant per-vacg resource cost. The
matching function imposes congestion e ects on both rms and @rkers. An increase in
vacancies decreases the waiting time between matches forreanemployed worker and in-
creases the waiting time between matches for each vacancyegi the number of unemployed
workers. Free entry implies that rms that post vacancies canxpect to earn zero pro ts.
Therefore, the expected discounted cost of lling a vacancy egls the expected discounted
value of a rm's share of future match surpluses.
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4 Search-island model

Our search-island model with incomplete markets features riskverse workers who engage
in precautionary saving; a non trivial choice of search e ort ¥ unemployed workers; and a
competitive labor market for workers whose job searches are sassful. The only vehicle
for savings is a single risk-free one-period security. Labor ¢@cts cannot depend on the
history of a rm's productivity. We consign various technical details to appendix B.

We create our model by altering the model of Alvarez and Veraaito (2001)2% We adopt
their speci cation of a worker's preferences:

b3
E,. ‘1 o) logc)+ AL S 1. with A> 0, > 1 (8)
t=0
where (1 @) is the survival probability with o = if the worker is of working age and
o, = if the worker is retired; ands; 2 [0;1) is the worker's choice of search intensity

if he is unemployed and of working age. A search intensity determines an unemployed
worker's probability s, of nding a centralized labor market in the next period, whee 0

1. Workers who nd the labor market get a job paying a market-learing wage rate. To
accommodate the feature, not present in Alvarez and Veracier2001), that workers di er
in their skills, we let w denote the wage rate per unit of skill, where the skill level of a
low-skilled worker is normalized to one and the skill level of high-skilled worker is 1 +H.
Hence, a low-skilled worker earngs and a high-skilled worker earns (1 +H)w .

4.1 Firms

We suppress Alvarez and Veracierto's rm size dynamics and, in ¢hspirit of our matching
model, let each rm employ only one worker. Each rm also rentphysical capital. The
rm's production function is

zik, (1+ ho)t with 2 (0;1); 9)

wherez is the current productivity level, hy 2 f O; H g is the skill index of the rm's worker,
and k; is physical capital that depreciates at the rate . Output can be devoted to consump-
tion, investment in physical capital, and startup costs. The rest bAlvarez and Veracierto's
model of rms enters our framework as follows. Incurring a stéup cost at time t allows a
rm to create a job opportunity at t+1 by drawing a productivity level z from the distribu-
tion Q°(z). After seeingz, a rm decides whether to hire a worker from the centralizedabor

23The antecedent of this search-island framework is a model of Lucas and Prescott (18) in which risk-
neutral workers engage in e ortless but time-consuming search across a large nurab of spatially distinct
islands with idiosyncratic productivity shocks. The only search cost in that model is the opportunity cost of
labor income foregone when moving between islands. Alonso-Borrego et al. (200use a two-market version
of the Alvarez and Veracierto (2001) model to study how legal regulations that eempt xed term labor
contracts from layo taxes a ect equilibrium outcomes.
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market. We retain Alvarez and Veracierto's key assumption thatrms and workers rst meet

under a veil of ignorance about their partner's state vectorthe rm hires a worker drawn
randomly from a single pool of unemployed workers with a mix ddw-skilled and high-skilled
workers. Once hired, a rm observes a worker's skill, hires theppropriate physical capital,
and pays the worker the market wage ofv per unit of skill. A rm must retain a worker

for at least one period.

Notice that the wage cannot be indexed by the history of shocks. Under a veil of
ignorance, all unemployed workers who have been successfulheit job search e orts are
randomly matched with rms that have decided to create new jbs. The assumption that
the market-determined wage rate per unit of skill is unchangethroughout an employment
spell is restrictive. To avoid layo s, workers would be willingto accept wage cuts in response
to some adverse productivity shock&*

4.2 Other features

Besides markets for goods and for renting labor and capitalprkers can acquire non-negative
holdings of risk-free assets that earn a net interest raie Following Alvarez and Veracierto
(2001), we postulate a competitive banking sector that acceptdeposits that it invests in
physical capital and claims on rms. The banking sector rents pfsical capital to rms at
the competitive rental ratei + . Banks hold a diversi ed portfolio of all rms and so bear
no risk.

In the spirit of Alvarez and Veracierto, we assume that a worker wddies is replaced by
a newborn unemployed worker, to whom he is indi erent, but wh nevertheless inherits his
assets. Newborn workers have the low skill indek,= 0.

The government pays unemployment compensation equal to a teapement rate times
an unemployed worker's last labor earnings net of taxes. Newlmoworkers are entitled to
the lowest bene t level in the economy. The government recesg revenues from layo taxes
and other revenues from an income tax whose rate we representténms of the di erence
between before-tax and after-tax wage rateswy{ w). The government balances its budget.

Figure 2 shows the within-period timing of events in our seareisland model.

4.3 Conversations with a worker and a rm

Di erentiated by their skill, bene t entitlements, assets, and enployment-unemployment-
retirement status, workers save or dissave. Employed workers slypfabor e ortlessly. Un-
employed workers su er more disutility when they search more tensively. After a successful
search, a worker receives a job that pays a competitively deteined wage. Although the
wage rate per unit of skill is the same across all rms, a worker cas about the productivity

24A main purpose of Alvarez and Veracierto (2001) is to quantify the potenial welfare gains of a tax on
job destruction that reduces socially wasteful separations. They acknowledge thathe rigidity they impose
on labor contracts and their assumption of no disutility from work cause themto overestimate those welfare
gains.
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End of period t-1 Period t

1. Exogenous job destruction
retirement shock
exogenous job termination  ©
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exogenously laid off fth, h)
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search intensities Wage w* lay off
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life-cycle savings; 4. Capital rental
risk-free asset

v

Cap|tal market
(Intermediary holds
all equity and capita

Figure 2: Search-island model

of the rm employing him. A rm's idiosyncratic productivity shock determines when a
worker is cast into unemployment. An unemployed worker incurthe disutility from search-
ing for a new job and consumes from his savings and whatever un@ayment insurance he
is entitled to.

At a constant per-job resource cost, rms create new jobs. Free tey ensures that all
job creating rms can expect to earn zero pro ts. After observig the productivity of a new
job, a rm decides whether to hire a worker at the market-cleang wage rate per unit of
skill. There are no congestion e ects. An unemployed worker incts no injury on other job
seekers beyond what a seller of a good ordinarily imposes on hospetitors.

5 Representative family model with lotteries

This section describes our representative family model withtteries, with technical details
consigned to appendix C. We make these changes to our searchAgdlenodel: (1) agents care
about their o spring, so that each lineage of agents has an inite-horizon utility function
where the survival probability is equal to one; (2) a disutiliy of working replaces a disutility
of search; (3) no search, or other kinds of frictions impede vkars from immediately nding
the competitive labor market; and (4) agents have access tormplete markets in all possible
history-contingent consumption claims. We retain the assumptio of the search-island and
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matching models that there is no “intensive' margin for an agés choice of work, i.e., each
working-age agent faces &0; 1g choice of working or not working an exogenously amount
of time in any given period. This indivisibility in agents' labor supply in combination with
complete contingent claims markets can give rise to equiliom outcomes with employment
lotteries and following Hansen (1985), and Rogerson (1988), wedel the economy as a
representative family. Otherwise, from rms' viewpoint, the Bbor market is identical to that
of the search-island model.

The representative family consists of a continuum of lineagasdexed on the unit interval.
Each lineage consists of an in nite sequence of workers, only ooewhom is alive at any
time. Each worker retires with probability , then dies with probability . In each lineage,
a newborn worker immediately replaces a deceased worker. Tiepresentative family has a
utility function over consumption and the work of all of its lineage member$

Zixw h i Zixw h
“log(@) v(n) d = “log(@) mB d; (10)

0 =0 0 =0

where ¢ is lineagej's consumption at timet and n} equals one if the current member of
lineagej is working and equals zero otherwise. We assume thgi) increases with increases
in n. The indivisibility of the individual worker's labor supply makesv(0) and v(1) the only
pertinent values. We letv(0) = 0 and v(1) = B, so the parameterB > 0 captures the
disutility of working.

The technology and choices of a typical rm are identical wh those in the search-island
model described in section 4.1. So while there are no search otehang frictions for workers,
a friction in the form of the job-creation cost still confronts rms. In each period, the arrival
order of shocks is 1) exogenous job destruction due to retiremieshock with probability
and exogenous job termination with probability °, and 2) skill evolution. Then rms and
families take actions, and job seekers are matched with vaca@s immediately and without
friction. A rm hires a worker under a veil of ignorance abouthis skill and rents physical
capital after seeing the worker's skill.

5.1 Conversations with a worker and a rm

Each family member does what he is tol& A collective entity called “the family' determines
fractions Ry, Ug, Us ¢, Unt, Not, N of workers who are retired, unemployed with low skills
and low bene ts, unemployed with low skills and high bene ts, uemployed with high skills
and high bene ts, employed with low skills, and employed with Igh skills, respectively;
Ri+ U + Ug ¢+ Uyt + Nge + Nye = 1. The family adjusts these fractions in response to wage

25t is rewarding to compare the representative family model of Hansen (1985) ad Rogerson (1988) with
the household labor supply model of Chiappori (1992, 1997), and Browning and Chppori (1998), and how
di erently they draw the line that separates families. In the representative family model, a family is an
aggregate (national) economy. In applications of the household labor supply modgla family consists of
what we usually think of as a nuclear family.

26 Alternatively, the family member responds to equilibrium prices. See Hansen (1985
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rates, unemployment bene ts and taxes. Each worker particigas in an employment lottery
that determines whether he works as his personal history of dkdnd bene t entitlement
unfolds. Winners of the lottery do not work. As in the models of Hasen (1985) and Rogerson
(1988), the employment lotteries enlarge thaggregatdabor supply elasticity relative to what
would be chosen by an individual worker with preferences undthe integral sign on the left
side of (10) who didnot face thef 0; 1g restriction on his choice ofn! .2’

Because (10) is additively separable, the family assigns the saomsumptionc to every
family member. The family assigns an unretired person to work thi a probability that
depends on his or her skill and bene t entittement® The unconditional expected utility of
a lineage in the representative family is

h [
“log(c) niB ; (12)

t=0

where n; is the unconditional probability that a member of the lineag works in period
t, which equals the fraction of all family members of both skillevels sent to work,n; =
Not + Np¢. Reformulation (11) of the family's utility function (10) embeds the outcomes
of both the work-sharing lottery and trades in a comprehensiveet of markets in history
contingent claims to consumption.

The technologies and choices confronting rms are the sameiaghe search-island model.
Atacost , anew one-job rm can be formed. After observing the productity of new jobs,
rms can choose to hire workers under a veil of ignorance and ya market-clearing wage
rate per unit of skill. Upon a non-retirement separation from a wrker, a rm pays the layo
tax.

6 Calibrations

An employed worker keeps his productivity from last period wk probability (1 ) and
draws a new productivity with probability ~ from the distribution Q2(z9, so that new
productivities on existing jobs are drawn from the same distrilition as the productivities at
the time of job creation; Q2 (z% depends on the worker's current skill indes in the matching
model, but not in the other two frameworks.

2TThe aggregate labor supply elasticity will be altered if we expand the number bpoints in the set of hours
that an individual worker is allowed to work, thereby somewhat relaxing the seere indivisibility imposed in
the original models of Hansen (1985) and Rogerson (1988). See the extensiam handle straight-time and
overtime work by Hansen and Sargent (1988).

28Relative to Hansen (1985) and Rogerson (1988), we extend the objects thathe employment lottery
randomizes across to include entire histories (actually, it is better to call themfutures') of skills and bene t
entittements that a worker might experience. For example, a worker who experiences &l upgrade will
never again be assigned to enjoy leisure, at least as long as he does not su er andhwntary layo with skill
loss. In the spirit of Lucas (1987, p. 67, footnote 13) when he remarked thatin the Hansen and Rogerson
papers, [unemployed] workers are happier than those who draw employment!,” we cans#hat the real losers
of our lotteries are the workers who have had successful careers with skill accumtilan because they enjoy
the same consumption as everyone else but none of the leisure. (For details, see appen@ix.)
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We turn rst to a set of parameter values that are common to all mdels. Thereafter,
we report calibrations of features that are unique to each dmework. As far as possible,
we reiterate parameter values from previous studies. For datating labor market frictions
and disutilities of searching and working, we target a laisseaife unemployment rate in the
range of 4 to 5%.

6.1 Parameter values common to all models

Following Alvarez and Veracierto (2001), we set the model ped equal to half a quarter,
and specify a discount factor = 0:99425 and a probability of retiring = 0:0031 that
are the same in all three frameworks. People of working age haue annualized subjective
discount rate of 4.7%. On average, they spend 40 years in the dalforce.

Table 1 shows that the skill accumulation process is the same assomodels. We set
transition probabilities to make the average durations of skiacquisition and skill deteriora-
tion agree with those in Ljungqvist and Sargent (1998, 2005),he let it take a long time to
acquire the highest skill level in order to match realistic shajgeof wage-experience pro le¥
We set a semiquarterly probability of upgrading skills Y = 0:0125, so that it takes on av-
erage 10 years to move from low to high skill, conditional on rjob loss. Exogenous layo s
occur with probability °=0:005, i.e., on average once every 25 years. The probability of a
productivity switch on the job equals = 0:05, so that a worker expects to retain a given
productivity level for 2.5 years.

Another common assumption is that productivities are drawn fro a truncated normal
distribution with mean 1:0 and standard deviation 10. Model-speci ¢ assumptions dictate
how these productivity draws enter the production technolog

6.2 Matching models

Here we adopt most of the parameter values of Ljungqgvist and Sang (2004a), who modify
the matching framework of DenHaan et al. (2001). The calibran is reported in Table 1.
The main substantial departures from Ljungqvist and Sargent (04a) are that (1) we replace
the earlier uniform productivity distributions by truncate d normal distributions; (2) instead
of a xed number of rms, we assume free entry; and (3) we introdue a Cobb-Douglas
matching function and a vacancy cost .3°

High-skilled workers' productivity distribution is a truncated N (2;1) and low-skilled
workers' productivity distribution is a truncated N (1; 1), both of which are rescaled to inte-

29We thank Dan Hamermesh for conversations about his data explorations of wagrexperience pro les.
Our assumption that work experience alone can double a worker's earnings seems to ling well with data
for full-time male workers in the U.S. manufacturing industry. But the time r equired to attain such earnings
gains are longer than what we assume. Note that the speed of skill accumulatiom our model pertains to
both new inexperienced workers and workers who have su ered skill loss and want teegain their earnings
potential.

30To ensure that the Cobb-Douglas matching technology generates permissible matchingrobabilities
inside the unit interval, we assume that the number of matches equals mifiM (v; u); v; ug.
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Parameters common to all models

Discount factor 0.99425
Retirement probability 0.0031
Probability of upgrading skills, “ 0.0125
Probability of exogenous breakup, © 0.005
Probability of productivity change, 0.05

Productivity distribution truncated N (1;1)
Additional parameters in matching models

Matching function, M (v; u) 0:45v05(05
Vacancy cost, 0.5

Worker's bargaining weight, 0.5

Low-skilled workers' productivity: truncated N (1; 1)

High-skilled workers' productivity: truncated N (2;1)

Parameters common to search-island and representative fdaynmodel

Probability of dying, 0.0083
Capital share parameter, 0.333
Depreciation rate, 0.011
Job creation cost, 5.0
Low skill level 1.0
High skill level, (1 + H) 2.0
Additional parameters in search-island model
Disutility of search, A 5.0
0.98
Search technology, 0.98

Additional parameter in representative family model
Disutility of working, B 1.01

Table 1: Parameter values (one period is half a quarter)
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grate to one. Both distributions are truncated to a range of 4 nits where the midpoint of
the range is the mean of the corresponding untruncated disttitions. Thus, the range for
high-skilled workers' productivities is [0,4] and the rangeof low-skilled workers' productiv-
ities is [-1,3]. The high-skilled workers' distribution is thelow-skilled workers' distribution
shifted to the right.

Table 1 shows that our parameterization of the matching tectology and the Nash bar-
gaining between workers and rms is fairly standard. Workersbargaining weight equals
= 0:5, which also equals the matching elasticity of the Cobb-Douag matching function.

By computing the expected cost =m ( ) of lling a vacancy, we can interpret the semi-
guarterly vacancy cost = 0:5. In the laissez-faire economy, this average recruitment cost

equals 34, which can be compared to the average semiquarterly output 2:3 goods per all
workers. Our calibration of the matching model yields a laiss€aire unemployment rate of
5.0%.

6.3 Search-island model

In addition to the discount factor and the probability of retiring, we take several other
parameter values from Alvarez and Veracierto (2001): see ouafle 1. We take the following
survival, technology, and preference parameters from thenf.; ; ; g. Since the model
period equals half a quarter and the survival probability in etirement equals = 0:0083, the
average duration of retirement is 15 years. The semiquartertiepreciation rate is = 0:011.
Our settings of exponents on the search technology € 0:98) and on the disutility of search
( =0:98), respectively, make these close to linear.

One-worker rms operate a constant-returns-to-scale Cobb-iglas production technol-
ogy with a capital share parameter = 0:333. Each rm has an idiosyncratic multiplicative
productivity shock that is drawn from a distribution that is generated by truncating N (1; 1)
to the interval [0,2] and then rescaling it to integrate to one Low-skilled workers have one
unit of human capital while high-skilled workers have twicehat amount, (1 + H) = 2.

The cost of starting a rm, i.e., of drawing anew from the distritution of productivities,
equals 5. This can be measured against the laissez-faire outcdheg only about 20% of all
such draws exceed the optimally chosen reservation productiwvivhen the rm hires a worker
at a semiquarterly equilibrium wage rate equal to @ for low-skilled workers. Hence, the
average cost of recruiting a worker is approximately 6 monthsf the wage paid a low-skilled
worker.

The disutility parameter A for job search equals 5, which generates a laissez-faire unem-
ployment rate of 4.4%.

6.4 Representative family model with lotteries

Table 1 shows that the representative family model and the se#rtsland model are calibrated
alike, except for parameters pertaining to job search. Thers neither a search technology
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nor a disutility of searching Instead, the new parameteB represents disutility of working.
Setting B = 1:01 makes the laissez-faire unemployment rate be 4.7%.

7 Quantitative ndings in matching models

This section reports the e ects of increases in turbulence orgeilibrium outcomes in four

matching models that di er in how they sort workers before assigng them to a matching

function. How outcomes in these four models respond to increagadoulence illuminates the

economic forces that equilibrate labor markets within mating models. Matching models
feature adverse congestion e ects that job-seeking workers pwse on each other and that
worker-seeking rms impose on each other. Unmatched workersdarrms are concerned
about both matching probabilities that are a ected by the taal stocks of unemployment
and vacancies, and the bargaining situation that they will fag in future matches. Within

a labor pool de ned by a matching function, market tightnessy=u , IS an important

equilibrating variable that the invisible hand uses to recorile the decisions of rms and
workers.

7.1 Single matching function

In the model with a single matching function, gure 3 shows thatthe unemployment rate
is positively related to the replacement rate in the unemployent insurance system. This
result emerges in almost any model of unemployment, but it is usg to recall the forces
that produce this outcome in the matching model. Unemploymérbene ts raise the value
of a workers' outside option in the wage bargaining with emplays. If nothing else changed,
a higher threat point for workers would cause wages and the rega&tion productivity to
rise. That would deteriorate rms' bargaining positions, leaung them unable to recover the
expected cost of lling vacancies if their probability of enountering unemployed workers
were to remain unchanged. Therefore, the invisible hand res&s the pro tability of rms
by lowering the number of vacancies relative to the number afnemployed workers, i.e.,
the equilibrium measure of market tightness falls, which in turs implies a longer average
duration of unemployment spells. Hence, unemployment rises laese the duration and
incidence of unemployment both increase.

Although Ul bene ts necessarily increase unemployment in the meling model, layo
taxes have countervailing e ects on unemployment. Mortenseand Pissarides (1999) pointed
out that layo taxes reduce incentives both to create jobs ad to destroy them. They show
that the net e ect of these forces on market tightness, and conseently on unemployment
duration, is ambiguous, but that the reservation productiviy for existing jobs decreases and
therefore so does the incidence of unemploymett.Figure 4 shows that in our calibrated

31The ambiguous e ect of layo taxes upon unemployment is compounded further in our framework
because we model a new job opportunity as a draw from a productivity distribution, © that there is an
endogenous reservation productivity in job creation. In contrast, Mortensen and Rssarides (1999) assume
that all new jobs begin with the same productivity level.

23



Unemployment rate (per cent)

L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Replacement rate h

Figure 3. (Matching model) Unemployment rates for di erent eplacement rates , given
tranquil economic times and no layo taxes.

matching model with one matching function there is a strong rgative relationship between
layo taxes and unemployment. This is also true for the calibation of Mortensen and
Pissarides (1999). Unemployment falls because layo taxes remilabor reallocation and
lock workers into their jobs, so that frictional unemploymentfalls. Although this negative
relationship between layo taxes and unemployment is the paominant outcome in the
matching literature, there are exceptions, most notably Milird and Mortensen (1997). As
explained by Ljungqvist (2002), such contradictory quantitive ndings in the matching

literature come not from di erences in parameter values bufrom di erent assumptions

about bargaining strengths. Millard and Mortensen (1997) assumthat rms must also

pay layo taxes after encounters with job seekers who are notided. That dramatically

increases workers' bargaining strengths, making equilibrium arket tightness plummet in

order to level the playing eld for rms. Under the more typical assumption that rms pay

layo taxes only for the workers they had chosen to hire and the had subsequently laid
0, Ljunggvist (2002) concludes on the basis of a wide range ofnsillations that there is a
presumption that layo taxes reduce unemployment in the mathing model3?

7.1.1 High layo taxes and high benets

As noted by Mortensen and Pissarides (1999), the countervailifigrces of unemployment
bene ts and layo taxes in the matching model can explain whythe unemployment rate in
a welfare state need not be high. For low values of the turbulea parameter 9, a more

32Unlike Millard and Mortensen (1997), our models obey the dictum, \If a rm does not hire, it does not
have to re ."
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Figure 4. (Matching model) Unemployment rates for di erent Ayo taxes , given tranquil
economic times and no benets. The magnitude of the layo tax &n be compared to an
average semiquarterly output of B3 goods per worker in the laissez-faire economy, i.e., a
layo tax equal to 19 corresponds to approximately one year'sf a worker's output.

generous unemployment insurance system can accompany higteol taxes, leaving the
equilibrium unemployment rate unchanged or even lower thathe laissez-faire outcome. To
illustrate this outcome, we pick a replacement rate of 70%, wdh on its own would have
raised the unemployment rate from the laissez-faire level 0086 to 12.3% in gure 3, and we
choose a layo tax equal to 24, which corresponds to approximaly 5 quarters of a worker's
average output in laissez faire, which on its own would have lened the unemployment rate
from 5.0% to 1.9% in gure 4. The combination of these two polies yields an unemployment
rate of 4.4%, which falls below the laissez-faire unemployniaate of 5.0%, as depicted in
gure 5 at zero turbulence, 9 =0. This is qualitatively the same outcome as in the analysis
of the European unemployment experience in the 1950s and @86n Ljungqvist and Sargent
(2005).

7.1.2 Turbulence and unemployment

In addition, the matching model con rms the nding of Ljungqvist and Sargent (1998, 2005)
that increased turbulence causes unemployment to increase imetwelfare state while it re-
mains virtually unchanged in the laissez-faire economy, as sfio in gure 5. The gure
attributes the unemployment increase in the welfare state tohe generous Ul system, be-
cause government mandated EP on its own would not have causedeumployment to rise.
Furthermore, the positive relationship between turbulencerad unemployment is explained
by the choices made by laid o workers who have su ered skill losgs detailed in the left
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Figure 5: (Matching model) Unemployment rates for di erent gvernment policies as indexed
by ( , ) where s the replacement rate and is the layo tax. The solid line indexed by
(O; 0) refers to the laissez-faire economy.

panel of gure 6.

The left panel of gure 7 shows that in the welfare state an incigse in turbulence increases
the average duration of unemployment spells but leaves the @ rate almost unchanged.
The higher average duration of unemployment is not shared eglly among unemployed
workers. Although all unemployed workers face the same probatyi of encountering a
vacancy because they enter a common matching function, jobcaptance rates di er among
workers who are heterogenous with respect to their skill legelnd benet entitlements.
Thus, consider unemployed workers who have been laid o and swed skill loss. Because
unemployment bene ts are indexed to past earnings, such worleereceive bene ts that are
high compared to their current earnings potential. To give p their generous bene ts, these
workers must encounter vacancies with idiosyncratic produeities that are high enough to
induce rms to o er more generous wages. Hence, low-skilled unployed workers with high
bene ts encounter fewer acceptable matches than do low-d&dl unemployed workers with
low benets. The unchanging in ow rate into unemployment is &plained by the nearly
constant reservation productivities that determine job destiction.Turning to the laissez-
faire economy in the right panel of gure 7, both the in ow rate and the average duration of
unemployment are virtually una ected by turbulence. In thelaissez-faire economy, rms and
workers respond to turbulence in ways that leave both the optial rate of job destruction
and the optimal length of time to search for a job unchanged.

Since turbulence sharply increases the average duration ofamployment spells in the
welfare state, after allowing for the equilibrium response irhe reservation productivity for
new jobs, one would expect a precipitous fall in market tightess = . Thus, the dotted
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Figure 6: (Matching model) Unemployment rates in the welfarestate (panel a) and the
laissez-faire economy (panel b). The solid line is total unengyiment. The dashed line
shows the unemployed who have su ered skill loss. The policy of tinelfare state is (; ) =
(0:7; 24).
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Figure 7: (Matching model) In ow rate and average duration bunemployment in the welfare
state (panel a) and the laissez-faire economy (panel b). The da&shline is the average
duration of unemployment in quarters. The solid line depictsite quarterly in ow rate into
unemployment as a per cent of the labor force. The policy of ¢hwelfare state is given by
(; )=(0 :7;24).
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Figure 8: (Matching model) Market tightness when there are separate matching functions
for unemployed based upon their current skills; low skills (solitine) and high skills (dashed

line). As a benchmark, the dotted line labelled #1 depicts mdeet tightness in the economy

with a single matching function. The government's policy isigen by (; )= (0 :7;24).

line in gure 8 depicts how market tightness plummets in respae to higher turbulence. To
ensure that rms break even when posting vacancies in a more twlent environment, the
invisible hand increases the probability that a vacancy encoters an unemployed worker,
and thereby weakens the e ective bargaining strength of woeks: the lower probability that
an unemployed worker encounters a vacancy causes workers'sidgt value to fall. Decreased
waiting times between matches for vacancies and the assoctht@ll in a worker's outside
value are how the invisible hand improves rms' prospects in regmse to two adverse forces on
rms' pro ts. First and foremost, increased turbulence ignites averse welfare-state dynamics
because with a given replacement rate Ul becomes more valuabtenpared to what can be
earned working. This is most apparent in the case of laid o wogs who have su ered
skill loss and become low-skilled unemployed workers who ardiged to bene ts that are
generous relative to their reduced earnings potential. Thiavisible hand must compensate
rms for meeting such workers, because these encounters are ldgay to result in agreeable
matches; and when such matches are formed, wage payments to-&kiled workers who are
entitled to high bene ts are higher than those to low-skilled wrkers who are entitled to
low bene ts. Second, our representation of turbulence impkea worse technology for skill
accumulation and, therefore, higher turbulence has detriemtal e ects on match surpluses
in both the welfare state and the laissez-faire economies. Thevigible hand must improve
rms' situations because they have to break even while nancinghe average cost for lling
a vacancy out of a xed fraction of the diminished match surpluse

Of these two forces that make market tightness fall in response tocreased turbulence,
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that driven by adverse welfare-state dynamics is more imponi& This assertion emerges
from the outcome that laissez-faire unemployment in the righpanel of gure 6 increases
only slightly in response to increased turbulence: under laisstzre, the second adverse
force from increased turbulence operates, but not the rst.

7.2 Multiple matching functions
7.2.1 Separate matching functions for di erent skills

Figure 8 also reports outcomes of an economy with two separateatthing functions for
unemployed workers sorted only according to their current dig. It is instructive to compare
the market tightness across the two labor markets in such an eamy. When 9 = 0,
the zero-prot condition for job creation calls for more vaancies per unemployed worker
assigned to the low-skill market. Workers with low skills enjoy éigher probability of
encountering a vacancy because there is a larger match surplosbe shared in the case
of a match and therefore more incentive for rms to post vacames. The larger match
surplus associated with a low-skilled worker arises from the possiy that employment
might result in a skill upgrade that leads to a future capital gan for the match. However,
the relative advantage for low-skilled unemployed in termsfanarket tightness erodes quickly
as turbulence increases. When there is turbulence, the lowdsknarket includes not only
low-skilled workers with low bene ts but also laid o workers vho have su ered skill loss
and are now low-skilled but entitled to high bene ts. As discussedbmve, rms think that
low-skilled workers who are entitled to high bene ts are poojob candidates and, therefore,
the invisible hand must compensate rms that post vacancies in # low-skill market by
assigning shorter times to encounter an unemployed worker. Téuthere has to be lower
market tightness and an associated weakening of workers' e egti bargaining strength. In
terms of aggregate unemployment, gure 11 shows that the oudme in this economy with
two matching functions is not much di erent from the model wth a single matching function.

7.2.2 Separate matching functions for di erent unemployme nt bene ts

In gure 9, we turn to an economy with separate matching funcbns for unemployed workers
sorted only according to their bene ts. The least desirable jobandidates, the low-skilled
workers entitled to high bene ts, are now pooled with the higkskilled unemployed. When
turbulence ¢ increases, the high-bene t market experiences a precipitodall in market

tightness, while the decline in the low-bene t market is smalle at least until turbulence

reaches a critical level. When turbulence reaches60, marked by a star in Figure 9, the
market tightness =  in the high-bene t market has fallen so much that the probabity

that a vacancy meets an unemployed worker is equal to one. Heghlevels of turbulence
further depress market tightness and reduce the probabilityhiat an unemployed worker
meets a vacancy, but the probability that a vacancy meets annemployed worker remains
one. The short end of the market, the number of vacancies, deteines the total number
of encounters. When turbulence reaches another critical kelvat 0:96 marked by a circle
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Figure 9: (Matching model) Market tightness when there are separate matching functions
for unemployed workers sorted according to their bene ts; lowene ts (solid line) and high
bene ts (dashed line). As a benchmark, the dotted line labelte#1 depicts market tightness
in the economy with a single matching function. The governmés policyis(; ) =(0 :7;24).
For 9 above:6 denoted by the , the probability that a vacancy meets a worker equals 1.
For 9 above:96 (the circle), the high bene t market closes.

in gure 9, market tightness in the high-bene t market has falen to zero and the market
closes. At levels of turbulence above this critical point, a m in the high-bene t market
cannot expect to break even by posting a vacancy and meeting anker with certainty in the
next period, even though the worker's threat point is merelyhe outside value of remaining
unemployed forever. Vacancies in the high-bene t market va@ become unpro table because
the odds of encountering a low-skilled worker rather than a gh-skilled worker are too high.
The point at which the high-bene t market breaks down obviosgly depends on the length
of a model period. While a shortening of our semiquarterly pen would delay and maybe
eliminate the market breakdown, unemployment would still egglode when higher turbulence
drives market tightness closer to zero, as further discussed in sac 7.2.5.

7.2.3 Comparisons across di erent pooling arrangements

Figure 11 depicts how aggregate unemployment increases mareresponse to turbulence
in the economy with separate matching functions indexed by @mployed workers' bene ts
than it does in the economy with a single matching function omi the economy with sep-
arate matching functions for unemployed workers sorted aachng to their current skills.

In all three economies, low-skilled unemployed workers enét to high bene ts harm the
prospects of other workers with whom they are pooled within a atching function. However,
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the impact of these unwanted job candidates is diluted when é&re is a single matching func-
tion in the economy or, in the case of multiple matching functins, when these workers are
pooled with a group of unemployed workers who can better wistand such a mixing. The
low-skilled workers entitled to low bene ts are the more resgnt group of unemployed be-
cause their match surpluses include the prospects of capital gaiassociated with becoming
high-skilled: if it is worthwhile to assignany workers to operate the economy's technology,
it must show up in the match surplus of newborn workers. Thus, low-8led unemployed
workers entitled to low bene ts are the most resilient group ofinemployed in terms of bear-
ing the burden of being pooled with low-skilled unemployed &tied to high benets. If
these unwanted job candidates are instead pooled with the lesssilient group, namely, the
high-skilled unemployed workers who are entitled to high berts, as when the matching
functions are indexed by bene tsb but not skills h, aggregate unemployment increases more
with turbulence and increases further at the level of turbulece where the probability of that
a vacancy meets an unemployed worker in the high-bene t magk has increased to its max-
imum of one, indicated by a star in gure 11. At higher levels ofurbulence, the ever lower
measures of market tightness in gure 9 cause aggregate unenyphent virtually to explode
in gure 11.33 At the critical level of turbulence indicated by a circle, the high-bene t market
shuts down and unemployment becomes an absorbing state &t skilled workers who su er
exogenous layo s. It follows that the solutions to workers' andrms' optimization problems
are no longer a ected by the incidence of skill loss among the @yenously laid o. Hence,
unemployment in gure 11 and measures of market tightness in we 9 become constant
for any turbulence above this critical level. A consequencd the adverse outcomes in the
high-bene t market is that market tightness in the low-benet market su ers a dramatic
decline. The breakdown of the high-bene t market is tantamont to a drastic deterioration
in the skill accumulation technology. The argument in sectior.1.2 explains why the invis-
ible hand must lower market tightness in the low-bene t marketto uphold the zero-pro t
condition for job creation in the face of what is analogous ta deterioration in the economy's
technology.

7.2.4 Three matching functions: sorting according to both skills and bene ts

Insights gleaned from the models with two matching functionkelp to understand the out-
comes for the model in which three matching functions sort ungployed workers perfectly
along all of their attributes. Under our calibration, the laba market for low-skilled workers
who are entitled to high bene ts operates only at very low lesls of turbulence, and its mar-
ket tightness in gure 10 is so low that the probability that a vacancy meets an unemployed
worker always equals one. At the critical level of 9 = 0:09 indicated by a circle in gure
10, the market for low-skilled unemployed workers entitleda high bene ts shuts down, just

33The unmarked point of in ection at turbulence 0 :66 on aggregate unemployment in the economy with
separate matching functions for unemployed workers based upon their bene ts in gure 11 dacides with the
endogenous job destruction involving high-skilled workers coming to an end. At higherdvels of turbulence,
high-skilled workers separate from their jobs only because of exogenous job destrimb. This equilibrium
outcome somewhat arrests the explosion in unemployment.
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Figure 10: (Matching model) Market tightness when there are separate matching functions
for unemployed based upon both their current skills and benest low skills/bene ts (upper
solid line), high skills/bene ts (dashed line) and low skills buthigh bene ts (lower solid
line). As a benchmark, the dotted line depicts market tightnss in the economy with a single
matching function. The government's policy is ( ) = (0 :7;24).

as the high-bene t market did in the economy of subsection 72. The two active labor
markets are characterized by smoothly falling measures of nkat tightness throughout the
range of turbulence in gure 10. This particular outcome resables the outcome of the
single matching function model of section 7.1, but here the silarities end. The unem-
ployment rate of the model with three matching functions exijpdes in response to increased
turbulence in gure 11, both before and after the breakdown fathe market for low-skilled
unemployed entitled to high bene ts. This is hardly surprisingafter the market breakdown
because unemployment has then become an absorbing state fomaltkers experiencing skill
loss. Hence, the ranks of the unemployed must then inevitably sWwei response to higher
incidence of skill loss.

7.2.5 A semimonthly model period

To illustrate how the breakdown of markets depends on the letlgof a model period, we
temporarily adopt the assumption of a semimonthly rather than asemiquarterly model
period3* The shorter model period makes the invisible hand less disposeddiout down

34We convert our semiquarterly calibration into a semimonthly one by rescalng the discount factor, all
exogenous transition probabilities, and the multiplicative coe cient in the mat ching function. After doing so,
the laissez-faire outcome is virtually unchanged, with the quali cation that the similar numerical outcomes
for output and wages now refer to a semimonthly frequency. Hence, to keep any layo taxn the welfare
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markets. The condition for a market breakdown now becomes thi is unpro table to post
a vacancy even if an unemployed worker is encountered withrznty after merely half a
month rather than half a quarter as under our semiquarterly déaration.

Figure 12 depicts aggregate unemployment outcomes for batie semimonthly and the
semiquarterly calibrations of the two models that exhibitednarket breakdowns under the
semiquarterly calibrations. Starting with the economy with sparate matching functions for
unemployed workers sorted according to their bene ts, we seewnthe shorter model period
delays the market breakdown until a higher level of turbulece. Given the semimonthly cal-
ibration, the invisible hand nds it relatively easier to compensate rms that post vacancies
in the market for unemployed workers entitled to high bene $ by pulling the measure of
market tightness ever closer to zero. This manifests itself by khiag unemployment rise at an
ever increasing rate until the market nally shuts down. In theeconomy with three matching
functions, the shorter model period results in an interior outmme for the probability that a
vacancy meets an unemployed worker in the market for low-slatl workers who are entitled
to high bene ts until turbulence reaches the critical levelof 0:23 that is indicated by a star
in gure 12. At higher levels of turbulence, the invisible had can improve rms' situation
in that market only by lowering the probability that an unemployed worker meets a vacancy
while keeping the probability that a vacancy meets an unemgpyed worker equal to one. Un-
der those circumstances, we see that the market quickly shuts dowhthe point indicated
by a circle in gure 12, without any perceptible range of turlulence between the star and
the circle. (This contrasts with the outcome in the economy wh two matching functions
where the unemployed workers were sorted according to theiete ts.) At this point, the
aggregate unemployment rate immediately reaches the trajery of our earlier semiquar-
terly calibration. Recall that the market for low-skilled wakers entitled to high bene ts in
e ect isolates the workers whom rms regard as poor job candales. Not surprisingly, the
invisible hand sets a low market tightness in this market, implyg a high probability that a
vacancy encounters an unemployed worker and a low probatyilthat an unemployed worker
encounters a vacancy. This market is truly characterized bipng-term unemployment and
its average duration of unemployment spells spirals ever highas turbulence increases, until
the market eventually breaks down.

7.2.6 Heterogeneity not duration dependence as source of fa lling hazard rate

For the semiquarterly calibration, gure 13 depicts the hazel rate of gaining employment
in the most turbulent times ( ¢ = 1:0). The hazard rate is practically at in the laissez-
faire economy but declines sharply in the welfare state. Thedh incidence of long-term
unemployment in the welfare state is conveyed graphically bg hazard rate that is low
even at the start of unemployment spells. Compare this to the mhchigher and constant
hazard rate in the laissez-faire economy. The hazard rate indhwelfare state falls with the
duration of spells entirely because ofieterogeneity not duration dependence Our model

state comparable across calibrations, the tax in the semimonthly calibraion has to be set thrice as large as
the tax in the semiquarterly calibration.
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Figure 11: (Matching model) Aggregate unemployment rates ffai erent number of match-
ing functions. The lower solid line depicts the benchmark modeith one matching function.
The dash-dotted and the upper solid lines refer to the two modelwith two matching func-
tions where the unemployed are sorted by their current skillsna their bene ts, respectively.
The dashed line depicts the model with three matching functits, i.e., the unemployed are
perfectly sorted along all of their attributes. The governmet's policy is (; ) = (0 :7;24).
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Figure 13: (Matching model) Semiquarterly hazard rates ofagning employment in turbulent
economic times, 9 = 1:0. The two dashed lines indexed by #1 and #3 depict the welfare
state with one and three matching functions, respectively. Theolid line represents the
laissez-faire economy with an almost perfect overlap of the @ames associated with one and
three matching functions, respectively. The policy of the wkdre state is (; ) = (0 :7;24).

allows for no duration dependence in a sense that would allowZzad rates to fall during an

unemployment spell for agiven unemployed worker. In contrast to Ljungqgvist and Sargent
(2005), who assume additional probabilistic skill losses while vkers are unemployed and
also probabilistic transitions between age classes, the state \@cbf an unemployed worker
in our matching models is unchanged over the unemployment gperhat implies a constant

hazard rate for agiven unemployed worker. So the economy-wide hazard rate in gure3

falls with the duration of spells in the welfare state because ¢hleast employable workers,
those with low but constant hazard rates, constitute an ever lagy share of the remaining
unemployed at longer spells. These least employable workers tre low-skilled unemployed
entitled to high bene ts who have a low but positive hazard rag¢ in the model with one
matching function, and a zero hazard rate in the model with ttee matching functions.

7.3 Synthetic Beveridge curves

A time series scatter plot ofu and v is called a Beveridge curve. Because we have analyzed
only stationary equilibria of matching models with time-imariant fundamentals, we cannot
deduce true Beveridge curves from our calculations. Howeveve can compute something
akin to a Beveridge curve by varying the turbulence paramete ¢, while holding other
parameters constant, thereby tracing out equilibrium (; v) pairs . Figures 14 and 15 show
the combinations of stationary equilibrium (i;v) pairs traced out as we vary ¢ for models
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with one, two, and three matching functions. It is important to note that the same variation
in 9 leads to di erent amounts of variation in (u; V), so that the variation in ¢ associated
with given movements along these curves di ers across the mdsle For example, we move

d over the entire range [01] to trace out the curve for the model with one matching model
in gure 14; but variations of 9 over a smaller interval [0 9 < 1] are used to trace out that
for the multiple-matching function models. To make this poihin a another way, in gure
15 we show the outcomes of varying® over the entire range [01] for all of the matching
models.

Quialitatively, our synthetic Beveridge curves resemble reanes, sloping downward.

8 Quantitative ndings in the search-island model

This section shows that laissez faire and welfare state versionsaafr search-island model
exhibit the same responses of labor market outcomes as corresting laissez faire and wel-
fare state economies for the McCall search environment anagygrby Ljunggvist and Sargent
(1998, 2005). Thus, forces neglected by the McCall model butgsent in the search-island
model (i.e., risk-aversion, precautionary savings, rms that ine capital, and wages deter-
mined in competitive markets) fail to blunt the main force capured by the McCall model:
how the incentives for unemployed workers to search changdlwincreasing turbulence. By
worsening the e ective skill accumulation technology confrding workers, increased turbu-
lence a ects the relative returns to searching and collectjqunemployment bene ts. Though
workers' choices of search intensity now also depend on their naal assets and the cur-
vature of their utility function, considerations that are absent from the search model, these
considerations fail to alter the pattern of outcomes.

Figures 16{20 show outcomes in our calibrated search-island d®. For zero turbulence,
gures 16 and 17, respectively show that equilibrium unemplaogent increases with increases
in the Ul replacement rate and that it decreases with increases in the layo tax , ceteris
paribus. The outcome that layo taxes suppress unemployment also preNsi in the quanti-
tative analysis of Alvarez and Veracierto (2001), who reportiat equilibrium unemployment
falls by 1:8 percentage points in response to a layo tax equal to 12 montted wages. In our
search-island model, where workers's skill levels contribute additional source of hetero-
geneity relative to Alvarez and Veracierto's model, gure 1&hows that unemployment falls
by 0:9 percentage points in response to a layo tax of 50 which correspds to roughly 12
months of wages for a low-skilled worker. Alvarez and Veracterdo not study Ul replace-
ment rates but instead compute the e ects of one-time paymestfrom the government to
laid o workers. Not surprisingly, since they are invariant to thelength of unemployment
spells, such severance payments have only a muted (positive) & @n equilibrium unem-
ployment. However, it is interesting to note that Alvarez and Veacierto report that they
assumed a 66% Ul replacement rate when initially calibrating &#ir model to U.S. policies
and data, and they found the unemployment rate of that calibtated model to be not much
higher than in the laissez-faire version of their model. This ses puzzling given our gure
16 where the unemployment rate increases dramatically at riggement rates in excess of
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Figure 16: (Search model) Unemployment rates for di erent macement rates , given
tranquil economic times and no layo taxes.

55{60%, but we conjecture that the explanation is that Alvare and Veracierto assume that
unemployed workers lose their eligibility for unemploymenbene ts with a constant prob-
ability in every period while our unemployed workers keep #ir bene ts throughout their
entire unemployment spells.

As a benchmark parameterization of the welfare state, we set tleplacement rate equal
to 0:55 and the layo tax equal to the above mentioned 12 months ofages for a low-skilled
worker, (; ) = ( :5550). That yields an equilibrium unemployment rate of 4.1%, tich
is lower than the laissez-faire unemployment rate of 4.4%. Thuboth the search-island
model and the matching model can rationalize why unemploymeneed not be high in the
welfare state in tranquil times. (But as we will soon see, the repsentative family model
with lotteries cannot rationalize this outcome.) Next, we stdy how turbulence gives rise to
gualitatively the same e ects in the search-island model as irhe matching model.

The two panels of gure 18 show the disparate e ects of an increa in turbulence on
unemployment rates in the welfare state ( ) = ( :55;50) and laissez-faire ( ) = (0 ;0)
economies. The gures show both the total unemployment rate (Bd lines) and the per-
centage of the workers who are unemployed and also had su eredlall loss after a lay o
in their last job (dashed lines). The dashed lines reveal that thexplosion of unemployment
in the welfare state economy when turbulence? increases is attributable to greater unem-
ployment of previously high-skilled workers who have su ered 8kloss upon termination.
In the laissez faire economy, unemployment involving that gup increases only mildly with
an increase in turbulence, an outcome that explains why the erall unemployment rate in
the laissez-faire economy is not much a ected by increases inrtwlence.

The two panels of gure 19 display how the in ow into unemploynent and the average
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Figure 19: (Search model) In ow rate and average duration afnemployment in the welfare
state (panel a) and the laissez-faire economy (panel b). The da&shline is the average
duration of unemployment in quarters. The solid line depicts He quarterly in ow rate
into unemployment as a per cent of the labor force. The policgf the welfare state is
(; )=(0 :5550).

duration of unemployment respond to increases in turbulence” in the welfare state and

laissez-faire economies. In the laissez-faire economy, the in tate and the duration are both

impervious to increases in turbulence, while in the welfareate economy the average duration
grows markedly with increases in turbulence; especially atdher levels of turbulence, the
in ow rate into unemployment actually falls modestly with increases in turbulence.

Figure 20 shows how in very turbulent times (¢ = 1), hazard rates of gaining employment
behave very di erently in the laissez faire and welfare state enomies, being at in the former
and rapidly declining with the length of the unemployment spkin the latter economy.

All of these ndings are strikingly similar to the analysis by Ljungqvist and Sargent
(2005), even though that earlier analysis was based on the MdCsearch environment with-
out many of the features of the search-island model such as riskeesion, precautionary
saving, and competitive rms that hire capital and labor. In turbulent times, the common
feature in these seemingly very di erent frameworks is the psence of unemployed workers
who have su ered skill loss but are entitled to relatively gene@us unemployment bene ts
based on past earnings. In Ljunggvist and Sargent (2005), these nkers were more likely
to become long-term unemployed because they chose relativieigh reservation earnings as
compared to their current earnings potential; and given théow likelihood of drawing such
earnings from the wage o er distribution and the mere fact thathe generous bene ts made
it less costly to stay unemployed, these workers also chose low skargensities. We can
legitimately describe them as \discouraged workers" becauseeth have low probabilities of
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Figure 20: (Search model) Semiquarterly hazard rates of gaig employment in turbulent
economic times, ¢ = 1:0, in the welfare state (dashed line) and in the laissez-faire exomy
(solid line). The policy of the welfare state is ( ) = (0 :55;50).

returning to gainful employment. In our search-island modelsuch workers' choice of low
search intensities is the only avenue that operates because thiestraction of Alvarez and
Veracierto (2001) has the equilibrium outcome that all workrs are paid the same wage rate
per unit of skill. Evidently, this channel by itself is su cient to explain how unemployment
explodes in the welfare state in response to turbulence whilegtaissez-faire unemployment
rate remains virtually unchanged.

8.1 Comparing the mechanics of the matching and search-islan d
models

Even though the search-island and matching models have similbor market outcomes,
the mechanisms producing those outcomes di er between the tweameworks. As an il-
lustration, consider gures 3 and 16 that show how the unemployent rate is positively
related to the Ul replacement rate. The curve for the matchingnodel in gure 3 displays
a more gradual increase, while the corresponding curve for teearch-island model in gure
16 is nearly at for a range of replacement rates below 40{50%n the matching model,
higher bene ts a ect the unemployment rate by increasing wdters' threat points for wage
bargaining. As described above, the invisible hand restores dduium after an increase in
the replacement rate by lowering market tightness, thereby caing the probability that a
worker encounters a vacancy to fall in order to compensate rsfor the lower expected re-
turns from posting vacancies that would occur if market tighhess were not lowered. Hence,
all unemployed workers su er from increased congestion in thador market. This mecha-
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nism by which higher bene ts lead to higher unemployment is ekrly continuous in the level
of bene ts. In contrast, the search-island model features a congpely di erent mechanism
through which higher bene ts raise equilibrium unemploymenbecause of the response in
individual workers' search behavior. Higher bene ts make it ks costly to remain unem-
ployed, and in response unemployed workers nd it optimal to dce their search intensities
and so lessen the disutility of searching for new employment. Busaeen in gure 16, this
e ect rst becomes signi cant at relatively high replacementrates. The reason is that the
unemployed workers must fend for themselves. Low replacemeates are of little comfort to
the unemployed who must then nance their consumption with thee low bene ts and their
savings, so their search intensities are not much a ected and thenemployed concentrate
instead on restoring their relatively higher labor market earings. But at higher replacement
rates, this mechanism for generating unemployment in the se&risland model becomes very
potent and workers in e ect choose to furlough themselves intdrawn out unemployment
spells by setting low search intensities.

9 Quantitative ndings in the representative family
model with lotteries

This section shows that the representative family model with eployment lotteries repro-
duces the responses to high Ul and high turbulence found by Ljuggst and Sargent (1998),
but not the response to higher layo taxes featured in Ljungq\st and Sargent (2005). Figure
21 shows that in tranquil times and with no layo taxes, increasig the Ul replacement rate

has a powerful e ect of increasing the unemployment rate. Thioutcome agrees with those
from the matching models and the search-island model, but theaohanism is di erent. Here
there are neither the matching models' congestion e ects nohé search-island model's search
costs. Therefore, the change in unemployment is not an adjustnteof the level of frictional
unemployment that serves to alter rms' waiting times, therebycompensating them for their
costs of posting vacancies, as in the matching models. Nor doesatect a longer duration
of unemployment coming from workers' diminished search acttyj as in the search-island
model. Instead, a higher Ul replacement rate just makes leisurengore attractive use of the
family's time.

Figure 22 rea rms the ndings of Hopenhayn and Rogerson (1993nd Ljungqgvist (2002)
that with zero turbulence in a representative family model wh lotteries, an increase in the
layo tax causes the unemployment rate torise, reversing the outcomes in Ljungqvist and
Sargent (2005) and in the matching and search-island modelstbis paper. In the representa-
tive family lotteries model, anyone the family wants to put b work gets a job instantaneously,
so the layo tax does not have the e ect of suppressing frictionalnemployment that it does
in our other models. Instead, an increase in the layo tax decrsas the equilibrium wage,
prompting the household to substitute toward leisure.

The model's sensitivity to Ul prompts us to choose a relatively l@ replacement rate,

= 0:2, in the benchmark parameterization of the welfare state. Weo this to avoid
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Figure 21: (Representative family) Unemployment rates for dérent replacement rates
given tranquil economic times and no layo taxes.
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Figure 22: (Representative family) Unemployment rates for dérent layo taxes , given
tranquil times and no benets. The magnitude of the layo tax can be compared to a
semiquarterly equilibrium wage of 6 per unit of skill in the lassez-faire economy, i.e., a layo
tax equal to 48 corresponds to one year of wage income for a Iskiled worker.
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Figure 23: (Representative family) Unemployment rates in thevelfare state (panel a) and
the laissez-faire economy (panel b). The solid line is total umgployment. In the welfare
state, the policy is (; ) = (0 :2;0) and the dashed line shows the unemployed who have
su ered skill loss (which is not a uniquely determined quantityin the laissez-faire economy
and is therefore left out from panel b).

outrageously high unemployment in tranquil times. For the sameeason, we set the layo
tax = 0, since it does not have the e ect of suppressing unemployrant that it does
in the matching and search-island models. We thus admit defeat iour e ort to use the
representative family model in an explanation for how welfar states can sustain relatively
low unemployment rates when ¢ = 0, and proceed to ask whether the model predicts
that unemployment erupts in the welfare state but not in the lassez-faire economy when
turbulence ¢ increases. Figure 23 provides an armative answer to this questh: the
two panels show how an increase in turbulence has very dieremtects in the welfare
state (; ) = ( :2,0) and the laissez faire { ) = ( :0;0) versions of this model. In the
welfare state, unemployment increases with turbulence untturbulence reaches about .5,
then unemployment falls slightly with further increases, whé under laissez faire, increases
in turbulence push unemployment down to zero.

To shed light on why the laissez-faire unemployment rate fallsotzero as turbulence
increases in the right panel of gure 23, it is useful to considea simpli ed version of our
representative family model that abstracts from retirementstartup costs for new rms, and
shocks to rms' productivity. Let z denote a deterministic productivity level of all rms,
which we assume takes a value that induces the family to choose iaterior solution for
employment. Given Y > 0 and 9 > 0, the family chooses strictly positive steady-state
fractions U, No, Ny of family members who are unemployed (with low skills), empley
with low skills, and employed with high skills, respectively. Theepresentative family's Euler
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equations and the equilibrium conditions that state that thefamily supplies the economy's
labor and holds the aggregate capital stock imply the followg steady-state values fok and
n:

1

k = i; T No+ L+ H)NG];
; d u u d
N = Ng+ Ny = L )i+ )"+ %1+ "(1+H) (1 )

i+ @ N Sra+m 1+ @ 9B

wherei = (! 1) is the stationary net interest rate. Note that employmentn does not
depend on the productivity levelz, as in real business cycle speci cations with logarithmic
preferences. But the employment e ect of an increase in turbahce is strictly positive and
given by

@ _ @ )i+ )'a@ )1 +2 (“"+ 9+ “H

@' i+ (1 ) ‘+@+H)* 1+ ¢ @ 9°B

H > 0:

Changes in the parameter ¢ give rise to an equilibrium response in the representative
family's behavior that can be understood in terms of substitubn and wealth e ects. An
increase in ¢ means that the return to working falls, which should reduce thé&amily's labor
supply because of the substitution e ect, on one hand, and increa the family's labor supply
due to the wealth e ect from lower labor income, on the other &nd. Evidently, the latter

e ect is stronger, since unemployment falls in response to in@ges in turbulence.

To understand the unemployment e ects of increased turbulemcin the welfare state,
we divide the range of turbulence in the left panel of gure 23to three regions; (a) the
positive but relatively at segment in region 9 2 [0;:2], (b) the dramatic surge in region

42 [:2;:5], and (c) the mildly downward-sloping segment in region® 2 [:5; 1]. Recall that
our speci cation of the skill deterioration technology (2) inplies that at zero turbulence,
there are no low-skilled workers entitled to high bene ts. Theonly low-skilled workers are
the newly born or workers who have not yet experienced a skilpgrade. At zero turbulence,
the family decides to furlough enough of these workers intoisere that nearly 19% of the
working-age population is unemploye&®

For low levels of turbulence, workers who su er skill loss aftelayo s constitute intra-
marginal workers in the family's leisure decision. It is trivally optimal to let these workers
be the rst to specialize in leisure because of their higher bernts while they share the same
potential for future skill accumulation as the low-skilled wokers who are entitled to low
bene ts; they remain intramarginal workers in that leisure deision so long as the family
chooses unemployment for some of the latter workers. Hence, tlanily's marginal con-
dition for assigning an additional worker to specialize in leiga at low levels of turbulence

35As discussed in appendix C.1, we have restricted parameters to guarantee that bene tgicies are not
S0 generous that they would induce families to accumulate skills simply to furloughigh-skilled workers into
unemployment and then forgo earning wages in order to collect Ul. Hence, there is no steadyase with
unemployment among high-skilled workers.
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pertains to a low-skilled worker who is entitled tolow bene ts: all low-skilled workers with
high bene ts have already been furloughed into unemployment. Ti& marginal condition,
which pertains to the entire region (a), yields an almost conant unemployment rate of
approximately 19%. Thus, as turbulence ¢ rises until it approaches .2, the family leaves
the total amount leisure roughly constant and just changes the m of types of workers who
enjoy leisure. Low-skilled workers with low bene ts are reptzed by low-skilled workers with
high bene ts whom the family furloughs into permanent leisue for the rest of their lives.
The slightly positive relationship between turbulence and umaployment in region (a) can
be attributed to an increasing tax wedge on labor supply in respse to the government's
need to balance a budget with higher bene t expenditures (st@ the number of unemployed
people who collect high bene ts increases with turbulence)The higher tax rate on labor
has only a substitution e ect because the wealth e ect is neutd&ed when the government
pays out the tax proceeds as unemployment bene ts to the repsentative family.

At a critical level of turbulence of approximately ¢ = 0:2, the marginal condition for
assigning a low-skilled worker who is entitled to low bene ts tspecialize in leisure holds
with equality when actually no one of that category is order by the family to enjoy leisure.
By then, turbulence has reached the critical level at whichhie last available unemployed low-
skilled worker with low bene ts has been replaced by a low-slaéld worker entitled to high
bene ts { turbulence has entered region (b). Since the mangal condition holds with equality
at that critical level of turbulence, it follows that the family's rst-order condition for letting
an additional low-skilled worker with high bene ts specialie in leisure is a strict inequality
when a further increase in turbulence causes that additionalosker to "materialize’. Thus,
for levels of turbulence in region (b), the family strictly pefers to furlough into leisure
all low-skilled workers who are entitled to high bene ts but to fulough none of the low-
skilled workers who are entitled to low bene ts. As a result, the memployment rate surges
dramatically with increases in turbulence in region (b) beasse unemployment increases then
one-for-one with the growing number of skill losers whom the faly furloughs into leisure
for the rest of their lives.

When turbulence reaches another critical level of approxiately ¢ = 0:5, the family's
marginal condition for assigning a low-skilled worker who is &tled to high benets to
specialize in leisure starts to hold with equality { turbulencehas entered region (c). The
representative family sends now some of the skill losers back torwoand it forgoes their
high bene ts in exchange for their after-tax wages and theipotential for renewed skill
accumulation. In region (c), unemployment falls mildly wih increases in turbulence because
of the wealth e ect from turbulence, an e ect that was descriled in the case of the laissez-
faire economy above. But one might then ask why the equilibnm response to the wealth
e ect is so meager in the welfare state as compared to the laisdare economy in the right
panel of gure 23, where unemployment plummets in response tarbulence. The reason is
that the representative family of the welfare state faces a werdi erent opportunity set in
which the labor income tax needed to nance the Ul system is about1.4% in region (c),
and the unemployed workers collect ag ective replacement rate of 40% on current earnings
potential rather than the stipulated rate of 20%. (Recall thathe stipulated replacement rate
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= 0:2 is applied to their past earnings, which are twice as high asdlr current earnings
potential.) It follows that unemployment remains a relati\ely attractive option for the family
in the welfare state as compared to the family in the laissez-faieconomy in which neither
taxes nor bene ts distort its labor supply.

9.1 No frictional unemployment and high labor supply elasticit y

The employment e ects of turbulence in the laissez-faire ecomy in the right panel of gure
23 are reminders of the fact that the representative family nael with employment lotteries
does not embody frictional unemployment. While both the mathing and search-island
models generate unemployment because of labor market fraois, there is idleness in the
frictionless representative family model only if the family nds it optimal to let some of its
members specialize in leisure. Even though our preference spation is the same as that
in many real business cycle analyses such as Hansen (1985), we haparantly lost the
standard result that changes in productivity do not a ect the sieady-state employment to
population ratio. The reason is that we have expanded the nain of productivity beyond
the standard multiplicative productivity level in the aggregate production function to entail
a skill technology in which work experience can enlarge inddual workers' productivities.
This technology introduces new intertemporal consideratis into the representative family's
labor supply decision that prevent substitution and wealth e ets in response to steady-
state changes in the productivity of that technology from cacelling each other. This makes
possible the outcome that unemployment vanishes in our represative family model when
turbulence increases { an outcome that is not possible in our nating and search-island
models because these models embody frictional unemploymesseciated with the entry of
new workers into the labor market and the churning of old woskes between jobs.

The response of the representative family model to Ul stems fromethigh labor supply
elasticity of that framework, a feature that Hansen (1985) and Bgerson (1988) invoked to
allow the model to explain business cycle uctuations. That hig labor supply elasticity that
apparently works so well in the business cycle context yields iaalistically large equilibrium
responses to the replacement rate in the Ul system, a nding that pleaps explains why
earlier researchers have refrained from incorporating Eyrean-style generous Ul bene ts
into the representative family employment lotteries model.

10 Concluding remarks

Our three frameworks for labor market analysis di er: two inomplete markets models {
the matching and search-island models { incorporatdi erent labor market frictions, and
the representative family employment lotteries model hasone Yet except for the positive
response to more EP in the representative family model, the respses to more EP, increased
Ul, and increased turbulence are similar in the three framewask Though the detailed
mechanisms through which Ul and EP a ect equilibrium unemplognent di er, some common
forces pull all three frameworks. In particular, adverse e d@s of high Ul that are ignited
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by high turbulence predominate in all three. In subsection 10, we highlight the di erent
mechanisms at work in the three models. In subsection 10.2, we coent on why the
hypothesis advocated by Ljungqvist and Sargent (1998) is so nadt that it comes through
in three such di erent frameworks. In subsection 10.3, we summasg the ways the three
frameworks teach us to think about unemployed European wogks and o er our own views
in subsection 10.4 about which description of the situation of thee workers is most realistic.

10.1 Comparison of mechanisms

The three models use very di erent arrangements to match woeks with jobs. This leads
them to promote di erent ways of thinking about how unemploynent is determined and
what “activity' it is that unemployed workers do.

1. In the matching models, postulated matching functions impse frictions and external-
ities on labor markets. By increasing the value of a newly mateld worker's outside
option, increases in Ul diminish the surplus value of a match at aivgn initial draw
of match productivity. To sustain rms' zero-prot condition f or creating jobs, the
invisible hand decreases "market tightness', expressed as a ratioracancies to unem-
ployment, thereby decreasing the time rms expect to wait unt a vacancy is lled.
That increases the time that an unemployed worker waits to laha job. The matching
models thus focus on how the pools of unemployed workers arata&ncies adjust to
sustain rms' zero-pro t condition for posting vacancies. Unempbyed workers impose
congestion costs on other unemployed workers, and rms that posacancies impose
congestion costs on other rms that post vacancies.

2. In the search-island model, the important friction is a cosyl technology that workers
must use to nd jobs.Unemployed workers personally bear search casfThey impose
no congestion costs on other unemployed workers. Alterations Wl a ect the un-
employment rate by altering an unemployed worker's choice search intensity, which
determines the statistical distribution of time that a worker s unemployed and through
it the equilibrium unemployment rate. Thus, the search-islandnodel puts the spotlight
on the individual worker's incentives to nd a job.

3. In the representative family lotteries model, persons wha@randomly selected to work
face none of the matching or search frictions present in the nghiing and search-island
models. Everyone selected to work is immediately hired. Thepeesentative family
model focuses on how society chooses to allocate leisure amongkeve in di erent
skill and bene t entitlement categories. The representativedamily allocates work and
leisure in a way that is privately e cient by instructing those workers who are entitled
to the best deals from the Ul bene t agency to specialize in leiser In the matching
and search-island models, match and search frictions generaietional unemployment.
In the representative family model, there is no frictional uemployment, a di erence
that accounts for the models' di ering responses to increases EP.
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4. In the matching and search-island models, market incompletess separates individ-
ual workers and makes them bear the consequences of their ovetians as well as of
the good or bad luck that comes their way in the form of shocks ttheir skills and
their employers' productivities. In the representative famy lotteries model, a compre-
hensive family-wide consumption insurance arrangement prats individual workers
from adverse consequences of those shocks. That protection, thgpyment lottery,
and the associated high aggregate labor supply elasticity havaportant quantitative
implications about the response to Ul.

10.2 Robustness of the turbulence story

We have used our three models to reexamine the nding of Ljunggst and Sargent (1998)
that the persistent increase in European unemployment since tH®80s can be explained by
how workers choose to respond to increased turbulence, modelées a particular deteriora-
tion of a stochastic skill transition technology, when the govement o ers unemployment
bene ts. The economic force behind our nding is so strong thatticomes through in three
other types of general equilibrium model. In each of the matng models, the search-island
model, and the representative family model, high unemployme erupts in a welfare state
with generous bene ts when laid o workers are exposed to motarbulence in their prospec-
tive earnings, while the unemployment rate in a laissez-fairccenomy remains unchanged
(or actually decreases in the representative family model). hE higher unemployment pool
in a welfare state consists mainly of workers who have su ered sugltd losses of immediate
earnings prospects when laid o . The fact that welfare bened are based on past earnings
marginalizes these workers by leaving them unemployed fomtp periods of time. In the
matching models, these unemployed workers with Ul bene ts thatre high relative to their
current earnings prospects encounter fewer acceptable mads because a vacancy's idiosyn-
cratic productivity must be so much higher to yield a wage ratehtat can compete with the
high Ul benets. If there are multiple matching functions, theseworkers have to contend
with low market tightness and the associated relative scarcityfwacancies implies long wait-
ing times before an unemployed worker succeeds in matchingwa job. In the search-island
model, workers with generous bene ts but poor immediate laly market prospects choose
low search intensities (they become “discouraged workers'). inhe representative family
model, the family optimally allocates its labor resources bgssigning laid o workers who
have high bene ts and low immediate earnings potential to spalize in leisure.

Ljungqgvist and Sargent (2005) showed that within their McCallmodel with human cap-
ital, high layo taxes can explain why, until the 1970s broudpt higher turbulence, unem-
ployment rates were actually muchlower in Europe than in the United States. Here, we
have shown that their mechanism operates in two of our three altnative frameworks. In
the matching model and the search-island model, layo taxes @ the reallocation of la-
bor, lock workers into their current employment, and lowerrictional unemployment3¢ In

36Myers (1964, p. 180{181), whom we quoted in footnote 9, also conjectured thastringent EP might
explain the low European unemployment rates in the 1950s and 1960s: \One of the @irences [between the
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contrast, in the representative family model, a layo tax inceases the equilibrium unem-
ployment rate. Layo taxes diminish labor turnover in the representative family model, but
because there are no frictions in the labor market, there is rfactional unemployment to
suppress. Unemploymentises with increases in layo taxes because those increases reduce
the equilibrium real wage rate. In response to a lower privateeturn to work, the representa-
tive family substitutes away from consumption towards leisureypsending a smaller fraction

of its members to work®’

In the matching and search-island models, government supplied dihd EP interact with
turbulence in ways that can explain the European unemploynmé experience across the
decades. Despite having levels of Ul that were already generdaosthe 1950s and 1960s,
Europe enjoyed low unemployment because high EP suppressedtiital unemployment by
reducing turnover in the labor market. In ow rates into unenployment were substantially
lower in Europe than in the U.S., but durations of unemploymetrspells were approximately
the same. The inow rates into unemployment remained unchamgl with the advent of
turbulence in late 70s, but the length of unemployment spellsxploded in Europe.

However, we have been unable to tell this story within the repsentative family lotter-
ies model, rst, because EP does not reduce unemployment in trquil times, and, second,
because generous Ul generates too much unemployment in tharfrework at all levels of tur-
bulence. We have also been frustrated in our attempt to use thetleries to understand the
European unemployment experience in terms of observations the duration of unemploy-
ment spells. The reason is that there are multiple ways to desighé employment lotteries
that leave the aggregate allocation unaltered but that impf very di erent life histories for
workers (see appendix C.7). Only for the middle region of theft panel of gure 23 is the
duration of unemployment spells uniquely de ned: in this reign, the representative family
furloughs all skill losers into unemployment for the rest of the lives, while no one else is
unemployed. But absorbing states of unemployment could also leguilibrium outcomes in
both the left and the right regions. In the left region, the unenployed people with low skills
and low bene ts could be newborn workers who have been furlgiied into life-time unem-
ployment. In the right region, all unemployed workers haveolw skills and high bene ts, but
since there also exist some workers with those same characteristioovare employed in that
region, there exist multiple lottery designs that support the ggregate allocation, including

U.S. and Europe] lies in our attitude toward layo s. The typical American empl oyer is not indi erent to the
welfare of his work force, but his relationship to his workers is often rather mpersonal. The interests of his
own employers, the stockholders, tend to make him extremely sensitive to pro tsand to costs. When business
falls o, he soon begins to think of reduction in force ::: In many other industrial countries, speci c laws,
collective agreements, or vigorous public opinion protect the workers againstayo s except under the most
critical circumstances. Despite falling demand, the employer counts on retraining his prmanent employees.
He is obliged to nd work for them to do. ::: These arrangements are certainly e ective in holding down
unemployment. But they involve a very heavy cost. They partly explain the traditio nally lower productivity
and lower income levels in other countries. Here is something we can learn from oureighbors, therefore,
but are we quite sure we want to learn it? Are there not better ways to reduce unemplgment?"

3"For a detailed comparison of the employment implications of layo taxes in dierent frameworks, see
Ljunggvist (2002).
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one where a fraction of workers with these characteristics afierloughed into unemployment
for the rest of their lives, while other skill losers are sent baclotemployment immediately
after they are laid o . In the laissez-faire economy depictechithe right panel of gure 23,
the only equilibrium restriction is that no high-skilled workers are ever unemployed, so there
is a multiplicity of lottery designs for all levels of turbulence.

10.3 Dierent views of the European unemployment experience

It is time to think about whether our conversations with the uremployed European workers
in our three models remind us, in Lucas's words, of “talking to annemployed [European]
friend'.%® Although an adverse interaction between high Ul and high turb@nce transcends
all three models, the unemployed workers in these models havestent alibis for why they
aren't working.

10.3.1 Unemployed Europeans as winners of a lottery

In response to the question "why aren't you working?', an unermmled worker in the rep-
resentative family lotteries model would tell us that he has &d the good luck to win a
lottery prize that entitles him to specialize in enjoying lesure2® In response to “but how will
you eat?', the unemployed worker would tell us that the Europ he lives in functions like
one big happy European-wide family that awards everyone theame consumption stream
independently of his luck in the employment lottery. If he wee well read, the unemployed
European worker might detect an Anglo-Saxon drift to our quegins and tell us that we
are thinking incorrectly about unemployed European worker He would remind us that
in his Europe, individual workers are not isolated decision nkars who are left to protect
themselves as best they can against the random shocks that ecoimlife throws at them.*°
Perhaps, to our surprise, he would credit this outcome tprivate nancial markets { the
complete contingent claims markets that enable sharing thealbor income risk associated
with the employment lotteries { not to the activities of his government. Seen from a private
perspective, government-provided Ul enriches the collecéwof workers engaging in the em-
ployment lotteries, but seen from a social perspective the assdeid adverse incentive e ects
impoverish the economy. Even modest amounts of governmenteprded Ul threaten to send
the economy down into an abyss.

The private insurance markets in the representative family nael make government-
provided unemployment insurance not only unnecessary but a ipe for disaster. Employ-
ment lotteries and contingent claims markets yield a high agegative labor supply elasticity.
Prescott (2004) vividly demonstrated the potency of that highHabor supply elasticity in his

38\We have added "European' to Lucas's phrase.

391f we were to ask him when he had last worked, he might tell us about a job lossral skill transition
event that, according to the lottery ticket he had drawn, declared him a leisure-specialzing winner of the
lottery contingent on the history of shocks corresponding to that event. Recallthe discussion of gure 23.

40And he might tell us that Chiappori (1992, 1997), and Browning and Chiappori (1998) mistakenly drew
the boundary of their family around a nuclear instead of a national family.
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time series analysis of the American-European labor market dike. After observing similar
numbers in the early 1970s, Prescott attributes the dramaticetline of 20 to 30 percent in
hours worked per person of working age in Germany and Francetirte 1990s to tax increases
of 7 and 10 percent, respective§t Prescott incorporates neither government-provided Ul
nor any other welfare bene ts (see footnote 11). In light of th large equilibrium responses
to the tax increases studied by Prescott, think about what wouldhappen if we were to
introduce European-style social insurance into Prescott's freework: gure 21 shows how
economic activity in the representative agent lotteries moal shuts down with generous gov-
ernment supplied Ul. Evidently, the high labor supply elasticiy in the representative family
lotteries model implies that generous government welfareqggrams would lead to the ulti-
mate "abuse' of such social insurance. Hence, a seemingly fatal gtwming of that model
for explaining the European employment experience is thaheé model predicts far too low
a labor supply for realistically calibrated levels of governent-provided Ul. With realistic
levels of government-provided Ul, the puzzle for that modeldromes, why do Europeans
work at all?

10.3.2 Unemployed Europeans as victims of congestion and th eir own bargain-
ing power

In the matching models, individual unemployed workers are itaied decision makers, not
members of a national representative family. Because they ap@oled with other workers
who also wait in the same matching function, their employment qospects and anticipated
durations of unemployment depend on the characteristics ohdse other workers and how
costly it is for rms to create vacancies. The mixture of skills ad Ul bene t entitlements of
the workers in a pool determine how pro table it is for rms to post vacancies there. In a
matching function that includes low-skilled workers with dierent bene ts, it is more costly
for rms to match with workers with low skills who are entitled to high Ul than to match with
workers with low skills who are entitled to low Ul. It requires ahigher productivity draw to
form successful matches with the former workers as compared teetlatter workers and for a
given productivity draw, bargaining with the former workess leads to higher wage payments
as compared to bargaining with the latter workers. To induce rms to post vacancies in a
pool with many low skill, high Ul entittement workers, the invisble hand must set market
tightness = v=uto be low enough that rms can expect to match with workers frquently
enough. But this means that workers can expect to match infggiently with rms, so that
their expected durations of unemployment are high. Thus, if &were to ask an unemployed
worker waiting in one of the matching models why he had been employed for so long,
he could blame the other workers in his matching function wise bad characteristics are
responsible for making market tightness low.

If pressed further about the reasons for his long unemploymentedf a low-skilled unem-

41 jungqvist (2005) o ers a quali cation to this statement by showing that t wo thirds of the predicted
employment e ects in Prescott's analysis is due to the tax increases while one thi is caused by movements
in Prescott's estimate of a consumption to output ratio that determines the wealth e ect of taxation.
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ployed worker with high bene ts would perhaps concede thatit tough bargaining posture
during “job interviews' might contribute to his current predcament. Given his high bene ts
relative to his current skills, he will confront each prospecte employer with a sizable threat
point during the Nash bargaining process. If we were to ask the waikhow he expects to
get away with such outrageous wage demands when there are so ynather unemployed
workers also waiting in the same matching function, he could pt to the fact that the rm
would face him as the sole job candidate. If the rm would like @ meet other candidates,
it would have to expend additional resources on posting a vacanand incur a delay of at
least one more period before meeting someone else. Besides, atydiencounters would
also be on a bilateral basis. A rm could never expect to meet motban one job seeker at
the negotiation table.

If the economy consigns low skill, high Ul entittement workersat their own matching
function, it is true that unemployment rates for workersnot in that “skill-losers market' will
be lower. But when Ul bene ts are high and turbulence is high,he existence of such an
isolated market for losers of skills becomes a misfortune for teeady state of the economy,
because high turbulence destines so many workers to pass throtlgé skill-losers market in
which rms choose optimally to post very few vacancies. Hence, ehunemployment rate in
such an economy literally explodes when turbulence increasescause losers of skills become
victims of long-term unemployment in their overly congestednatching function. Having a
single matching function in the economy dilutes the adverse meequences for unemployment
of high turbulence, but even then, by creating more skill loserin the pool of prospective
workers, high turbulence in conjunction with high Ul causes edibrium unemployment to
grow in order to induce rms to post vacancies?

10.3.3 Unemployed Europeans as discouraged workers

Because it emphasizes the factors that in uence an unemploya&erker's choice of search
intensity, talking with an unemployed worker in the search-igind model most closely re-
sembles the conversation that Lucas imagined with an unempley worker in the McCall
model. An individual's search intensity is the only factor thatdetermines his duration of
unemployment. A worker's search intensity depends on his asseweél, his skill level, his
bene t entittement, and, as a determinant of the skill accumlation technology, the level
of the turbulence parameter 9. For a given level of turbulence, workers with low skills,
high accumulated nancial assets, and high benet entittemerg choose the lowest search
intensities. The weak incentives to search provided by their gin Ul entitlements and their

42Mortensen and Pissarides (1999) study a matching model with heterogeneous workeesxdowed with
di erent skill levels who match with rms in separate skill-speci ¢ matching functions. They show that a
mean-preserving spread in the distribution of the labor force over skill types ca explain the divergent labor
market performance in the U.S. and Europe, given di erences in Ul and EP. Pissades (1992) analyzes skill
accumulation in a two-period overlapping generations model where all workers mah with rms in a single
matching function. His focus is on how the externality in the matching process givesise to a propagation
mechanism where a temporary shock to employment can persist for a long time.
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current low skills are what discourages these “discouraged wen&

The search-island model and the representative family lottexs model have the common
feature that there are no externalities in the labor market A worker selling his labor services
or a rm buying those services does not in ict injuries on othes in the labor market beyond
what a seller or a buyer of a good ordinarily imposes on competis. Furthermore, since the
wage rate is determined competitively in these two models, theoldup problem present in
the bargaining setting in the matching model is absent. Thus, wmployment in the search-
island model and the representative family lotteries model blo directly re ect workers'
decisions. After allowing for the time lag imposed by the time-ta@reate-jobs assumption,
rms will create a number of new jobs that is adequate for all wrkers who are willing to
work at the competitive wage, and who have “found the labor mieet' in the search-island
model.

However, the search-island model shares two crucial featureghwihe matching models:
labor market frictions and incomplete markets. Those featuseenable these frameworks to
explain why unemployment rates were lower in Europe than irhe U.S. until the late 1970s,
in spite of higher Ul and more stringent EP in Europe { outcomes tht remain a mystery
for the representative family lotteries model.

10.4 Our opinion

We have let the models, and the unemployed workers living ingdhem, speak for themselves.
It is wiser for the reader to listen to those workers than to us. Bufor what they are worth,
we state our reactions to what these imaginary workers have tbus. While all three models
bear important insights, our conversation with the discourageevorker in the search-island
model of section 10.3.3 rings truest to us. That is why we contieuo advocate the extended
McCall framework of Ljungqvist and Sargent (1998, 2005) as agd way to think about the
choices confronting European workers and policy makers. Thery low employment rates
reported for the European economy with employment lottergein section 9 do not capture
the fact that the welfare states of Europe actually provideddw unemployment rates before
the 1970s. Viewing outcomes in Europe in the 1950s and 1960srfrie point of view of the
guantities that emerge from the search-island and matching rdels, on the one hand, and
the representative family lotteries model, on the other, wdd make us think that those good
European outcomes occurred until the 1970secausethere were incomplete markets and no
employment lotteries, forcing each household to seek its owrrtime either in labor markets
or in government welfare programs. We might say, \thank goodsse that Europe has actually
not had the nation-wide private consumption insurance and emplayent lotteries that in
the presence of realistically calibrated Ul bene ts would haveérought economic activity to
a standstill!"

43If one could account for the discouraged workers who have taken advantage of egrtetirement and
disability programs available in Europe, we suspect that, building on the ideasof Edling (2005), one would
nd even more discouraged workers than are recorded in the unemployment statisticsSee the remarks in
footnote 10.
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Appendices

Three appendices describe the models in enough detail to pae@ computer programs to
compute their equilibria.

A Matching models

A.1 Single matching function

When there is a single matching function, the probability th&a rm meets a worker with
skill h and bene t entitlement bis

M (v;u) u(h;b) = m( )u(h;b)

f (- —
(hp=— ; v

(12)

and the probability that a worker with skill h and bene t entittement b is matched with a

vacancy is

w(hiy = AW

m( ); (13)

which is independent of ; b). When we introduce multiple matching functions in subsectio
A.5, the probability that a worker with skill h and bene t entittement b is matched with a
vacancy will depend on [; b).

A.2 Match surplus

When an unemployed worker with skillh and benet entittement b meets a rm with a
vacancy, the rm-worker pair draws productivity z from a distribution Qp(z). The rm and
the worker will stay together and produce if the match surplus®(h;z; b is positive:

n
S(hizzh = max (1 )z [1 (1 )W(hb

f stay; departg
0

X
+ @1 ) °+Q 9 p"(h;h)Qne(z;2)S(h%2%) ; 0 ; (14)

h0,z0

where W (h; b) is the worker's outside value, andS(h; z) is the surplus associated with a
continuing match. A worker with skill h and benet entittement b has an outside option
with value

X
W(h:b) = B+ (1 ) Wb+ “(h;b  S°h;z;HQ(2) : (15)

z

Free entry makes the rm's outside value zero. The rm and workr split the match surplus
S°(h; z; b through Nash bargaining, with outside values as threat points.L,et 2 (0;1)
denote the worker's share of the match surplus. Because both pad want a positive match
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surplus, there is mutual agreement on whether to form a match. He reservation productivity
z°(h; b) satis es

S°(h; z°(h; b);b) = 0: (16)
The surplus of a continuing match is
n
S(h;z) = “max @ )z [1 @ )HW(h;h)
f continue ; break upg
X o]
+ @ ) °+@ 9 P (h)Qn(z;)S(h ) :(17)
h0:z0

The government's policy of imposing a layo tax on matches that break makes (17) di er
from expression (14}* A reservation productivity z(h) satisfying

S(h;z(h)) = (18)

characterizes whether a match is dissolved.

A.3 Equilibrium condition

In equilibrium, rms expect to break even when posting a vacasy:

X
= @ )  (hbS(hiz;HQR(2): (19)

h;z;b

This condition will pin down the equilibrium value of markettightness .

A.4 Wage determination

Alternative wage structures support the same equilibrium allation. We follow Mortensen
and Pissarides (1999) and assume a two-tier wage systéirin particular, when a rm with

a vacancy meets an unemployed worker with skii and bene t entittement b, they bargain.
The worker's outside value isW (h; b) and the rm's outside value is zero. Because they do
not incur the layo tax if they do not reach an agreement, the &yo tax does not directly

a ect the bargaining between a newly matched worker and rm. But if they succeed in
forming a match, the rm must pay the layo tax after any future breakup. We capture this
by setting the rm's threat point equal to in future Nash bargaining.

44Another di erence between expressions (14) and (17) is that an employed worker's bene t eitlement
is encoded in his skill levelh, so there is one less state variable in surplus expression (17).

45The risk neutral rm and worker would be indi erent between adhering to this two-tier w age system or
one in which workers receive a fraction of the match surplus S(h; z) in every period (which would have
the worker paying a share of any future layo tax). As emphasized by Ljungqvist (2002), the wage prole,
not the allocation, is a ected by the two-tier wage system. Optimal reservation productivities remain the
same. Under the two-tier wage system, a newly hired worker in e ect posts a bond thiaequals his share of
the future layo tax.
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These assumptions give rise to a two-tier wage system. There is onag® function
w°(h; z; b for the initial round of negotiations between a newly matchd rm and worker,
and another wage functiorwfh; z) associated with renegotiations in an ongoing match. These
wage functions satisfy

X
W(h;b+ s°hiz;h (@ ) °  p(hhIW(hSh)

ho
X
+1 % p"(hh9Y0Qne(z;2)  S(h%zZ%+  +w(h%h) ; (20)
h0:z0
X
W(h;h)+ S(h;z)+ @ ) ° p°h;hYW(h%h)

ho

X
+1 %) pP'(hh)Qn(z;2)  S(h52)+  + W(hGh) o (21)

h0,z0

w°(h; z; b

w(h; z)

A.5 Multiple matching functions

We entertain some alternative speci cations that proliferaé matching functions in the spirit
of Mortensen and Pissarides (1999), who postulated that workewvgth di erent skill levels

get matched with vacancies in separate but identical matchghfunctions with market-speci ¢
inputs of unemployment and vacancies. We must modify their specation because they
assumed that workers are permanently endowed with a particulakill level, and we don't.
We consider three alternative speci cations:

1. Separate matching functions for unemployed workers withi erent skill levels, yielding
di erent equilibrium vacanciesv(h) for h 2 f O;Hg.

2. Separate matching functions for unemployed workers hag di erent bene t entitle-
ments, yielding di erent equilibrium vacanciesv(b) for eachb2 f O;H g.

3. Separate matching functions for unemployed workers inded by both their current
skill h and their skill bin their last employment, yielding equilibrium vacancies/(h; b)
for each pair of valueslti;b) 2f O;Hg f O;Hg.

Case 1:When workers are sorted according to their current skillg, tightness in marketh is

_p Vv .

(= Py (22)
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The probabilities that an unemployed worker nds a vacancy ad that a rm with a vacancy
nds a worker, respectively, equal

P
M v(g); ,u(h; b

P
Lo M) puthid) iy u(h;b)
b = W W w9

The zero-pro t condition for posting a vacancy in the market 6r unemployed workers with
skill h is

X
= @ ) "(h;p)s°(h; z; HQR(2); (25)
z;b

where is the cost of posting a vacancy.

Case 2:When workers are sorted according to their skillbwhen last employed, the tightness

in market bis 5
_p Vv .

b) = ;

) p u(h; b
The probabilities that an unemployed worker nds a vacancy ad that a rm with a vacancy
nds a worker, respectively, equal

(26)

Mv; b

(b = = O O); @)
P
Lo Mo utiD gy u(h; b
b = o umy . MO g 9

The zero-pro t condition for posting a vacancy in the market ér unemployed workers whose
skills wereb in their last employment becomes

X
= @ ) "(h;b)S°(h; z; HQY(2): (29)
h;z
Case 3:When workers are sorted both according to their present skills and their skills b
when last employed, the tightness in each separate market, inasl by (h;b), is given by
v(h;b)
u(h; b’

(h;b) = (30)
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The probabilities that an unemployed worker nds a vacancy ad that a rm with a vacancy
nds a worker, respectively, equal

M v(h;b); u(h;b)

Y(h;b) = a(hi b = m( (h;b); (31)
f M v(h;b); u(h;b) 1
(h;b) = VD = m( (h;b) D (32)

The zero-pro t condition for posting a vacancy for unemploye workers with current skill h
and skill b when last employed is

X
= (@ ) (b S(hiz;HQR(): (33)

B Search-island model

B.1 Firm's problem

The Bellman equations of an existing rm are

n 0
Vi(h:z) = max V'(h;2); ; (34)
vi(h:z) = mz&x zk (1+ h)? w @+h) (+ )k
X
t2_ es@ 9 PHMOV(EAQED : (39)

1+

h0,z0
The rst-order condition for capital in problem (35) is
zk *@+h?t =(i+ ); (36)

which can be solved fok to obtain the rm's policy function for choosing capital,

1

k= Z— " @h): 37)

Associated with the solution to an existing rm's optimization problem is a reservation
productivity z(h) that satis es

' (h;z(h)) = : (38)
De ne the following indicator function
. L if z  z(h);
(hiz)= 0; otherwise. (39)
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The break-even condition for starting a new rm is

X n o]
=137 Mmax (1 V' (0;2)+ VI(H;2);0 Q°2); (40)
z
where is the start-up cost and is the fraction of high-skilled workers among all new hires.
The maximization in (40) implies a reservation productivityz® that determines whether a
new rm hires a worker after it observes its productivity levé The reservation productivity
satis es

@ WV z)+ V'(H;z%=0: (41)

De ne the following indicator function

0fon 1; if z z%
(2)= 0; otherwise. (42)
The productivity distribution of new rms that hire workers i s
[0} (o]
(7)= P (2) Q°(2) (43)

o DLy
B.2 Household's problem

We de ne three value functionsV"(a; h; z), VY(a; h; b, and V' (a) for an employed worker, an
unemployed worker, and a retired worker, respectively. The ate variables are last period's
assets @), skill index (h), the rm's current productivity level if employed (z), and the

worker's bene t entitlement if unemployed (). The bene t entitlement is determined by the

worker's last earnings, which we index by 2 f O;H g, his skill index when he last worked.
Both newborn unemployed workers and laid o unskilled workex have a bene t entitlement

indicated by indexb= 0.

The Bellman equation of an employed worker is

X

V'(a;h;z) = max logec+ V "(@)+ (1 ) ° p°’(hh)VvH(@h%h)
, y i ho

+1 9 p'(hh) v"(@hSZ9 (h%29)

h0:z0

0
+Ve@ShSh) [ (h%2)] Q(z:2) (44)
subject to
c+ a (L+i)a+(1+ h)w;
c; & 0:
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Policy functions c"(a; h; z) and a"(a; h; z) give the employed worker's optimal levels of con-
sumption and savings, respectively.
The Bellman equation of an unemployed worker is

@a s 1

VY (a;h;bh = max logc+ A + VvV "@+ @ )

X
1 s VY@@hb+s VvV"(@h;z% (29 (45)
70
subject to
c+ al 1+i)a+ (1+Dbw;
c; & 0; s2[0;1):
Policy functions c'(a; h; b, a“(a; h; b, and s(a; h; b give the unemployed worker's optimal

levels of consumption, savings, and search e ort, respectively.
The Bellman equation of a retired worker is

h i
Vi(@ = max logc+ (1 )V'(a) (46)
c,a
subject to
c+ a (1+i)a;
c; & 0:

Policy functions, ¢’ (a) and a' (a), give optimal consumption and savings, respectively.

B.3 Steady state

In a steady state, a time-invariant measuréN (h; z) describes the number of rms operating
with workers of skill index h 2 f O;Hg and productivity level z. This measure must be
consistent with the stochastic process for idiosyncratic shocksathe employment decisions
of rms. If v is the number of newly created rms, thenN ( ; ) must satisfy

NG = Q) I )+ ) 9O
p"(h; O)N (h; 2)Q(z; 29); (47)
h;z
N(Hiz9 = vQ1) @)+ ), 9(Hz9
p"(h; H)N (h; 2)Q(z; 29: (48)

h;z

Time-invariant measuresy"(a; h; z), y¥(a; h; b, and y" (a), respectively, describe the num-
bers of employed, unemployed, and retired households withri@us individual characteristics.
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These measures are implied by the optimal decision rules by rnad households:

X
y"@hiz) = @ ) @ °(h%2) p"(h;h9y"(a;h;2) Q(z; 2)
a;h;z:a"(a;h;z)= a0
X
+( 29 s(ah%h y'(a;h®b ; (49
a;b:au(a;h%b)= ao
( X
y'@hb = @ ) ° p°(b; ) y"(a; b; 29
a;z:a"(a;b;z)= ao h i
+1 9 pP"(b;y"(a;b;2 1 (h;2) Q(z:2)
a;z;z%an(a;b;z)= a°
X h i)
+ y'(a;h;b 1 s(a;h;b
a:a¥(a;h;b)= a®
+1(h; b) y'(@) ; (50)
a:a’(a)= ao
X
y@ =@ ) y' (@)
a:a'(a)= a
X X
+ y'(ah;2) + y'(ashi (51)
ash;z:a"(a;h;z)= ad a;h;b:a!(a;h;b)= al

wherel (h; b) is an indicator function that equals one ifh = b= 0 and zero otherwise.
Following Alvarez and Veracierto (2001),we consider steadyagé equilibria without pub-
lic debt. The government bs(lances its budget every peri(g(dnplying

0 =(w w @Q+hN(hz)+ D w (1+by(ahb; (52)
h;z a:h:b
where the amount of job destructionD is
X X h i
D=1 ) ° N(®h2+@ ° p"(h;h 1 (h52) N(h;2)Q(z;2) : (53)
h;z h;h0z;z0
The market-clearing condition in)t(he goods market is
c+ k+ v = N(h;z)zk(h;z) (L+ h)! ; (54)
h;z

where aggrega)t(e consumption and the a)ggregate capital stookspgz(ctively, are
c(ash;g)y"(ahig)+  c'(ahby'(ashih+  c(ay'(a);  (55)

h;z a;h;b a

N (h; z) k(h; 2): (56)

c

=~
1

h;z
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There are two equilibriym conditions in the labor market. Fist, the measure of new
rms that hire workers, v, 9z)Q9Yz), must equal the measure of unemployed workers
who accept employment. Second, the skill ratio among new hires that the rm takes as
exogenous must equal the equilibrium skill ratio among new kes. We can use the time-
invariant population measures to express these equilibrium rditions as:

X
X ) s(a;h;b y“(a;h;b
v = X : (57)
°(2) Q°(2)
4
X
s(a;H;b) y“(a;H;b)
= 7\ ' (58)
s(a;h;b y“(a;h;b
a;h;b
Households' aggregate demand for assets
X X X
a= ay'(a;h;2+ ay'(a;h;h+ ay(a); (59)
ah;z ah;b a

should equal the supply of assets, which consists of the aggregatpiteh stock k and the
value of claims to the economy's rms:
h [
P
he ZK(h;z) (1+ h)? w(@+h) (i+ )k(h;z) N(h;z) v D

a=k+

. (60)

C Representative family model with lotteries

C.1 Permissible benet policies

We assume benet policies that are not so generous that they waliinduce families to
accumulate skills simply to furlough high-skilled workers i@ unemployment and then forgo
earning wages in order to acquire bene ts from the public semt This assumption implicitly
generates a restriction on bene t policies that can be derideby taking a steady state in which
the family initially enjoys leisure by keeping some of its lovgkilled workers unemployed,
then asking how the family's wealth would change were it to serah unemployed low-skilled
family member to work with the intention of furloughing him into unemployment after he
has attained the higher skill level. We impose that during the sk accumulation phase for
that worker, the family keeps its leisure unchanged by temparily furloughing an already
high-skilled worker into unemployment. This strategy givesise to stochastic streams of
costs during the worker's skill accumulation phase and payo sfi@r the worker has attained
the higher skill level. These can be exchanged for their expedtpresent values evaluated at
a stationary interest rate equal to (1 +i) = L.
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During the accumulation phase, when the low-skilled worker péaces the high-skilled
worker in the labor market, the family gains an amount (1 )w per period from sending
the low-skilled worker to work but loses an amount (1 )(1+ H)w from furloughing the
high-skilled worker into unemployment. Thus, the impact on tle family's disposable income
during the accumulation phase is (1 = )Hw per period. This loss continues for another
period with probability (1 '), i.e., so long as the low-skilled worker does not experienae a
upgrade in skills#*¢ But with probability Y, the low-skilled worker attains the higher skill
level. When that happens, the family sends the originally higkkilled worker back to work
and furloughs the originally low-skilled but newly high-skied worker into unemployment.
That originally low-skilled worker is now entitled to bene ts that exceed his earlier bene t
level by Hw . The family keeps this stream of a higher disposable income urhe worker
with the newly upgraded skill level retires.

Let ! be the capitalized value of this whole strategy on its incepth, and let I be the
capitalized value of the higher bene t stream at the time wherthe low-skilled worker gains

the higher skill level and is furloughed into unemployment. fiese capitalized values satisfy
[
= (1 HHw+ " H+@ g (61)

Hw + (1 ) H: (62)

IT ©T

After solving for o from equation (62) and substituting into equation (61), we carsolve
for the capitalized value associated with this strategy,

u

1 @

@a )+ )
T a9 Hw: (63)

H —
0 =

We require that a permissible bene t policy make this strategy mpro table, sothat | 0.
This implies that

@ e ) (64)
This condition implies an upper bound on the generosity of theeplacement rate . Alter-
natively, for a given replacement rate , expression (64) states that the probability “ of
experiencing an upgrade and the subjective discount factor together must be su ciently
low that it is not worthwhile to accumulate skills just in order to collect bene ts at the higher
skill level. Thus, we set bene t levels so that it is in the represeative family's interest to
reap the returns from any skill accumulation that come from wding.

C.2 Steady-state employment and population dynamics

We study an economy in a stochastic steady state. A representativaily runs the household
sector. In a steady state, the family's optimal policy is charderized by two ow rates into

46The retirement probability — does not enter these calculations, because if either the low-skilled or the
high-skilled worker retires while the strategy is being executed, the family willjust replace that worker with
another person from his skill category.
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unemployment: a fractione, of newborns that enter life-time unemployment, and a fractin
e, of all laid o workers with skill losses who enter unemploymentdr the rest of their
lives*” When the bene t policy satis es restriction (64), there is no ummployment among
high-skilled workers.

At time t, let R; be the fraction of a family's members who are retired. The reaming
working-age members are divided into four categories. L&y, Us¢, Ngt, and Ny, be the
fractions of a family's members who are unemployed from birf unemployed after su er-
ing skill loss, employed with low skills, and employed with high sks, respectively. These
fractions satisfy

Ry + Ugt + Usg¢ + Nt + Ny = 10 (65)
For given ow rates (&; & ), the laws of motion are
h [
Re = (1 JRt 1+ Up 1+ Use 1+ Not 14+ Ny 1 ; (66)
Ur = (1 )HOt 1+ &Ry g i (67)
Use = (L ) Usgp 1+ ° % Npt 13 (68)
nh [ 0
Noe = (1 ) hl (I % “Nga1+ % e)Npw 1 +1 e)R¢ 1 (69)
n | 0
Nye = 1 ) 1 °9Ny 1+(2 °) “Ngt 1 : (70)

We can use equations (65) and (66) to solve for the stationary frtion of retired members

R = . (71)

which can be substituted into equation (67) to obtain the statioary fraction of family
members who have been unemployed since birth

U = . (72)

To compute the stationary labor allocation, we start with equéion (70) and expressNy in
terms of Ny,
@ Ha 9°
No; 73
L@ oa °9v 79

which can be substituted together with equation (71) into equ#on (69) and then solved for
h :

NH=

|
1@ e 09 e)
NO_ e( + ) ’ (74)

4"These ow rates into unemployment correspond to one particular design of the employrant lottery, but
there are many other designs that implement the same steady-state aggregateldar allocation and yield the
same expected utility to workers. See section C.7.
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where
n h i o]
1 @1 )1+ 1 °T @ o9 @ )°%@ °Y >0 (75

€ is strictly positive since
n h i0
e 1 @1 )1+ 1 °d9 @ o 1 @ )1+ )= ?>0:

By using equations (73) and (74), we can solve fdf, from equation (68),

1 )Y °% @ ° "1 e) .
°( + ) '
It is interesting to note that the skill composition of employedworkers is a function

only of exogenous parameters and does not depend on the ca@€ ow rates (e; e, ). Use
equation (73) to compute

U4 = (76)

_ Ny _ e Hxr -
No + Ny +(1 ) °od+(@ @ 9

N y 2 (0;1): (77)

C.3 A perturbation of employment

Before turning to equilibrium labor dynamics in a steady statewe examine two perturbations
from a steady-state labor allocation. We will use these perturltians to compute a steady
state.

Suppose that the steady state is such that the representative fayihas a positive mea-
sure of unemployed workers who have su ered a skill loss. We can thask: how would
the family's wealth change if the set of unemployed workers whhave su ered skill loss is
permanently reduced by one worker? That is, the family considesending one such worker
to the labor market and, when he retires, replacing him with amther unemployed worker
who has su ered skill loss. Such a succession of workers will give ise stochastic stream
of labor income that the family can immediately exchange fahe expected present value of
the stream discounted at the stationary interest rate (1 +4) = 1.

Let g be the capitalized value of the labor income associated with ithstrategy of
reducing unemployment among workers who have su ered skillds. Let | be the capitalized
value of the stream of labor income at a future time when this wker (or one of his successors)
has attained high skills. These capitalized values satisfy

nh [ o]
ws (1) 1 @ 9 g+ U E o+ o (78)

o b

n
L= @+Hw+ @ )@ °9 P+ o9 o+ g (79)

wherew is the market-clearing after-tax wage rate.
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We can use equation (79) to solve forﬁ ,

h [
, @+rHw+ @ )+ o .
T o@ e 09 (59)
which can be substituted into equation (78),
g2l @)@ °hr @ )a 9 arH), (61)
where
h in h [ o]
° 1 @ Hxr °9 1h @ H)yr @ °°
[
@ Hax 95U @ )y°ed+
n h io
=1 )1 @ )1 @ ©°ov °od >pq (82)

C.4 A second perturbation of employment

Suppose that in the steady state that the representative family &s a positive measure of
unemployed workers who have never been employed. We ask: havubd the family's wealth
change if the set of unemployed workers who have never workedoermanently reduced by
one worker? That is, the family considers sending one such workerthe labor market and,
when he retires, replacing him with an unemployed worker whaals never worked. This gives
rise to a stochastic stream of labor income that the family can imediately exchange for
the present value of the stream'’s expected value discounted dtet stationary interest rate
1+i)= L

We add a twist to this strategy. Whenever the worker (or one of Bi successors) has
become high-skilled and then loses those skills after an exogesdayo , the strategy fur-
loughs the worker into unemployment inde nitely and replaes him in the work force with
another unemployed family member who has never worked. Thssvitch of workers yields
a gain to the family because a stream of low unemployment bens tboecomes a stream of
high unemployment bene ts. The uncertainty associated with rirement makes the gain of
bene ts stochastic, but the associated stochastic stream of gainarcbe sold immediately
for its expected present value, as given by! in expression (62), so that | = I H(‘iv ).48

Let 9 be the capitalized value of the labor income associated with ith strategy of
reducing unemployment among the workers who have never beemployed. Moreover, let

9 be the capitalized value of the stream of labor income at a fute point in time when this

worker (or one of his successors) has attained the high skill lev8lhese capitalized values

48Recall that newborn workers are also entitled to the lower bene t level w .
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satisfy

nh i o]
f=wr @ )1 @ ¢ g+ 9L+ G (83)
n o]
Bo= @+ Hw+ @ )@ R+ g+ B o+ & (84)
Equation (84) implies that
h [
Q+Hw+ (1 )°9f+ @ )°+ 3
b= ; (85)
1 @ Ha °9
which can be substituted into equation (83),
h [ h [
. 1 @ ) 9w+ 1 @ O @A+HwW+ 2 ) °9f
0o~ 0
2 2 oy o u d
= s @ 957 THW (86)
1 @@ ) °

where 3 and © are given by equation (81) and (82), respectively.

C.5 Steady-state consumption

The representative family takes wages and interest rates avgn. Since the utility function
is additively separable in consumption and leisure, it is optial for the family to assign
equal consumption to each of its members. In a steady state with resiant consumption,
the stationary interest rate must equal 1+ = ! and the family must be content to hold
a constant level of wealth in the form of physical capital and aims to rms.

Given the family's optimal labor decisions encoded in ow ras into unemployment
(eo; &4 ), the representative family has fractiondNy and Ny of its members employed with
low skills and high skills, respectively, as determined by equabs (73) and (74). The
stationary production of consumption goods per worket implies per-capita consumption

C = nc (87)
wheren is the fraction of em|%|oyed Workehrs among all members i(())f thanhily,
1@ )@ °9 @ 9" (1 e
n = Ng+ Ny= 7)) X (88)
The representative family's utility in a steady state is
201)4 tu(d: g = Iog(lc) nB: (89)
t=0
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C.6 Steady-state labor dynamics

It remains to describe optimal labor decisions in a steady stateWhen the benet policy
satis es restriction (64), all high-skilled workers will be emjpyed in a steady state. Unem-
ployment will be con ned to workers who currently have low skis. There are two possibilities
concerning steady-state outcomes:

1. eg=0and e 2 [0;1];
2.2 (0;1] ande, =1.

If there is any unemployment among low-skilled workers witholv bene ts, all high-skilled
workers who su er skill losses must ow into unemployment, i.e.e; = 1. If that were not
true, the family would be better o working a low-skilled worker with low bene ts instead
of a laid o high-skilled worker who has just su ered a skill loss. Bth workers are equally
productive, but the latter is entitled to higher unemploymeit compensation. Hence, the
steady-state labor dynamics must fall into either class 1 or 2.

What is the optimal setting of the two ow rates into unemployment, (ey; €4 )? To check
whether a candidate pair of ow rates constitutes a steady statewe consider the welfare
e ects of the perturbations to employment that we describedlaove. If the candidate €; e, )
falls into class 1, we examine the rst type of perturbation in vkich the set of unemployed
workers who have su ered skill loss is permanently reduced by @worker. That increases the
family's labor income by a capitalized value equal tog . In a steady state with equilibrium
gross interest rate !, it would be optimal for the family to convert this capitalized value
into an annuity ow of (1 ) g and permanently to increase consumption by that amount.
The utility derived from this extra ow of consumption should be compared to the loss of

benets (1+ H)w and the Ir(])ss of leisure. The condition for an interior optimumsi
[

ugfe;n) I ) g @A+ H)W +uy(c;n)=0; (90)

where the marginal utilities of consumption and leisure are aluated at the candidate steady-
state allocation. Given our particular utility function, which is additively separable in the
logarithm of consumption and a linear disutility term for laba, the condition for an interior
optimum in class 1 becomes
h i
1
-a ) ¢ (1+H)w =B: (91)

If the candidate (ep; €4 ) falls into class 2, we consider the second type of perturbation
which the set of unemployed workers who have never worked isp@nently reduced by one

worker. Analyzing this perturbatiﬁn leads to the following ondition for an interior optimum:
[

Uc;n) (I ) 5 W +Un(c;n)=0; (92)
which with our preference speci cation implies
h [
(—1: @ )3 w =B: (93)
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C.7 Employment lotteries

Although the aggregate allocation of labor is unique in an enhgyment lotteries model,
many possible lottery designs that randomly assign di erent task& individual workers can
implement that allocation and yield the same expected utilit to workers. In real business
cycle models like the one of Hansen (1985), the identical workecould be randomizing over
an arbitrary number of periods of working and leisure, possiblgontingent on the phase of
the business cycle. Alternatively, at the beginning of each ped, there could just be an
employment lottery for that period's labor supply. In our mocl with ex postheterogeneous
workers, there are two kinds of multiplicity in the design of ltteries. First, the optimal lottery
design is not unique with respect to the identity of low-skilledunemployed workers who are
entitled to low bene ts. For example, the workers would be inderent between the device
proposed above of randomly furloughing newborn workers intide-time unemployment and
other devices that repeatedly randomize employment statusreong low-skilled workers who
are entitled to low bene ts. So long as the devices result in idécal aggregate employment
outcomes, workers would derive the sanmex anteexpected life-time utility. Second, there is
nonuniqueness with respect to the identity of unemployed woeks with skill losses whenever
the optimal allocation requires some of these people to workoiFexample, workers would be
indi erent between the above device of randomly furloughig a fraction of laid o workers
with skill losses into unemployment for the rest of their lives ash alternative devices with
higher in ow rates but correspondingly shorter unemploymenspells among laid o workers
who experience skill losses.

The equilibrium conditions do restrict the multiplicity of | ottery designs in one important
respect. Since the representative family faces no frictions the labor market and there is a
single wage rate per unit of skill, theamily is indi erent between, on the one hand, lotteries
that include only the newly born and laid o old workers and, m the other hand, lotteries
that include all working-age members and that entail furloghing some lottery winners who
are employed into leisure. Butrms are not indi erent to these alternative lottery designs
because the latter would result in extra layo taxes and the lossf rms' prior investments
in job creation, at least if we assume that productivity processeme lost whenever there are
worker separations, as we have assumed in the case of retirementsfollows that steady-
state lottery designs cannot include employed workers becawugberwise rms would have the
incentive to o er "back-loaded' wage payments { making theapresentative family strictly
prefer to assign leisure to the new born and laid o old workers, ther than to furlough
employed workers into leisure.
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