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This paper presents a theory of the labor market matching process in terms of
incentive-based, two-sided search among heterogeneous agents. The matching process is
decomposed into its two component stages: the contact stage, in which job searchers make
contact with employers, and the selection stage, in which they decide whether to match.
We construct a theoretical model explaining two-sided selection through microeconomic
incentives. Firms face adjustment costs in responding to heterogeneous variations in the
characteristics of workers and jobs. Matches and separations are described through firms’
job offer and firing decisions and workers’ job acceptance and quit decisions. Our calibrated
model for the United States can account for important empirical regularities, such as the
large volatilities of labor market variables, that the conventional matching model cannot.
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1. INTRODUCTION

This paper aims to explain labor market matching explicitly in terms of the micro-
economic decisions of firms and job searchers. In particular, the matching process
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is decomposed into (a) firms’ incentives to make job offers and to fire and (b)
workers’ incentives to accept job offers and to quit. Thus we call this analysis an
“incentive theory of matching,” because the matching process is motivated by the
incentives of agents on both sides of the market.

In addition to providing a microfoundation for the matching process, this paper
contributes to the vibrant, ongoing debate on the driving sources of labor market
dynamics [see, for example, the new dynamic labor market models of Christiano
et al. (2010) and Gali (2011),1 which make interesting advances in fitting the U.S.
data]. These new models do not only help to better understand the transmission of
aggregate shocks; they also have far-reaching normative implications. This aspect
is highlighted in Faia (2008, 2009), showing that in contrast to a neoclassical labor
market, monetary policy may face severe trade-offs in a labor market with search
and matching.

The mainstream literature on labor market search and matching views the
number of unemployed job searchers and vacancies as inputs into a matching
process, whose outcome is the number of hired workers. The matching function,
meant as a summary description of this matching process, may represent all
kinds of heterogeneities and frictions.2 The matching function is also assumed
to be stable. This paper attempts to look into this black box and improve our
understanding of the matching process in terms of the choices made by firms and
job searchers. The paper also seeks to do the same for the breakup of employment
relationships. By decomposing the matching and separation processes into the
maximization problems of heterogeneous firms and heterogeneous workers, our
analysis makes it possible to examine how business cycle variations and labor
market policies influence the incentives of firms and workers to find one another
and separate from one another, and thereby may well affect the frequency of
matches per unit of time.

In our new framework, we distinguish between two component stages of the
matching process: (i) the contact stage, in which job searchers make contact with
employers who have vacancies, and (ii) the selection stage, in which both potential
employers and job searchers gain some information about one another and decide
whether to match. In the selection stage, we decompose hires into firms’ job offer
decisions and workers’ job acceptance decisions. Furthermore, we decompose
separations into firms’ firing decisions and workers’ quit decisions.

Although some contributions to the search and matching literature take these two
stages into account as separate decision-making processes, the full implications
of this distinction for labor market dynamics have thus far not been worked
out. An interesting exception is Silva and Toledo (2009), which has a contact and
selection margin. However, the role of ex post labor turnover costs is very different
in their model and ours. Whereas our model uses labor turnover costs to drive a
wedge between selection and firing rate, theirs uses these costs mainly to reduce
the surplus in a search and matching model and thereby amplify the reaction
to aggregate shocks (see Section 5.3 for a detailed discussion with analytical
derivations). To the best of our knowledge, this paper is the first to show that a
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pure selection model can generate amplification effects and the Beveridge curve
at the same time.

We address these issues through a theoretical model of two-sided selection
among heterogeneous firms and workers and calibraton of this model for the
U.S. economy. Our theoretical model has the following distinctive features: (a)
The matching process is decomposed into contact and selection stages, and the
selection stage is viewed as the outcome of two-sided search among heterogeneous
agents. (b) Selection and separation are viewed as analogous phenomena, viz.,
the making and the breaking of employment relationships. Whereas selection
is analyzed in terms of decision makers’ incentives to offer and accept jobs, the
separation process is analyzed in terms of incentives to fire and quit. (c) The match-
specific shocks that give rise to selection and deselection are not just productivity
perturbations, but shocks to both firms’ costs and workers’ disutility of work.3 (d)
The making and breaking of matches in our model are influenced by hiring and
firing costs,4 which drive a wedge between the job-finding and the retention rate,
so that the proportion of contacts that lead to new hires is less than the proportion
of incumbent workers that are retained.

The paper is organized as follows. In Section 2 we present a dynamic model of
two-sided selection in terms of optimizing decisions of firms and workers. This
model is calibrated in Section 3. Section 4 presents the numerical results. We
show that the calibrated model can account for important empirical regularities.
First, our model generates labor market volatilities that are close to what can
be found in the empirical data, specifically for the unemployment rate, the job
finding rate, and the separation rate. This is remarkable, as we do not rely on any
form of real wage rigidity. The standard calibration of the conventional matching
model (with exogenous or endogenous separations) is unable to generate these
high volatilities of labor market variables [see Shimer (2005)]. The “standard”
calibration of the model excludes rigid wages and small surplus calibrations.
Although the rigid wage version of the search and matching model can also
generate higher volatilities [Hall (2005)], it implies the counterfactual prediction
that wages are acyclical. Thus we do not make this assumption here. We also do
not rely on Hagedorn and Manvoskii’s (2008) small-surplus calibration, in which
the average unemployed worker is basically indifferent between working and
not working. Second, our model generates a strong negative correlation between
vacancies and unemployment (i.e., the Beveridge curve correlation). The standard
calibrations of the matching model, with endogenous job destruction [see Krause
and Lubik (2007)], have trouble accounting for this stylized fact. The search and
matching model with exogenous job destruction actually has a strong Beveridge
curve [see Shimer (2005)]. However, there is an intensive debate in the literature
as to whether separations are exogenous or not [see, for example, Hall (2006) and
Fujita and Ramey (2009) for opposing views]. Separations are endogenous in our
analysis.

Section 5 examines a highly simplified analytical version of our model in order
to explore the intuition underlying our results. The intuitive reason that our model
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is more successful than the conventional matching model at replicating the pre-
ceding stylized facts is that macroeconomic shocks are propagated differently. In
the conventional matching models, the employment effect of a change in aggre-
gate productivity depends on the change in new hires generated by the matching
function, and this matching function exhibits diminishing returns (i.e., a declining
marginal product of matches with respect to unemployment and vacancies). In
our incentive model, the adjustments are made on a different margin. Because
both firms and workers in our model face heterogeneous match-specific shocks, a
change in aggregate productivity affects the range of match-specific shocks over
which firms are willing to make job offers and workers are willing to accept
these offers. Because aggregate productivity shocks are persistent, they can have
a substantial leverage effect on the expected present value of profit generated by
newly hired workers and incumbent workers, and thereby a strong effect on the
hiring and firing thresholds. The persistence of aggregate productivity shocks, via
its association with the persistence of wages, also affects the expected present
value of workers’ utility, thereby influencing the job acceptance and quitting
thresholds. In short, whereas an aggregate productivity shock affects employment
via the matching function in conventional matching models, it affects employment
in our model via the mass of the distribution of match-specific shocks at which
job-offer decisions and job-acceptance decisions, as well as firing and quitting
decisions, are made. This explains why our incentive model is more successful
than the conventional matching model in generating the observed high volatilities
of the unemployment rate and the job finding rate. The other stylized facts can be
understood intuitively along the same lines.

Section 6 summarizes extensions of our model and interesting future routes for
research. Section 7 concludes.

2. A DYNAMIC, TWO-SIDED INCENTIVE MODEL

To set the stage, we begin by presenting a dynamic incentive model containing two-
sided selection in the labor market. In the context of conventional calibrations, we
will show that the incentive model fares better than the standard matching model
in reproducing the volatilities of major labor market variables. The sequence of
decisions may be summarized as follows. First, vacancies are posted. Second,
unemployed workers make contact with firms. Third, the aggregate productivity
shock and the idiosyncratic shocks are revealed. Fourth, the firms make their hiring
and firing decisions and the households make their job acceptance and refusal
decisions, based on the realization of the aggregate and idiosyncratic shocks and
anticipating the bargaining results. Fifth, the wage is determined. The assumption
that employment decisions are made before wage decisions parallels what is
assumed in traditional search and matching models [for example, in Pissarides
(2000, Chap. 1), vacancies are posted first, some workers are matched, and then
wages are determined]. This assumption also permits us to distinguish between
quitting and firing decisions. In contrast, if wages are determined prior to the
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employment decisions and are the outcome of bargaining between each employee
and her employer, then wage formation takes place only when there is a positive
bargaining surplus to be shared, so that firing and quitting do not occur after wage
setting. We now proceed to consider these decisions in reverse order.

2.1. Wage Determination

In endogenizing the real wage, our aim is to formulate a model that (i) is simple
and tractable, (ii) enables us to distinguish between job offer decisions and job
acceptance decisions in the hiring process, and between firing decisions and quit
decisions in the separation process, and (iii) contains a wage bargaining process
that is comparable to the one in the conventional matching models and is able
to reproduce the stylized fact that wages are as volatile as productivity. This
comparability allows us to infer that the predictions of our model differ from those
of the conventional matching models on account of the differences between our
two-sided selection process and the matching function, rather than on account of
differences in wage determination.

The distinction between quitting and firing is important. Employers and em-
ployees generally know whether a worker has been fired or left of her own accord.
Various aspects of labor law (such as firing “with cause”) depend on this distinc-
tion. It is well known that quitting is quantitatively at least similarly important for
separations as firing [e.g., Hall (2006)].

It is important to emphasize at the outset that our main quantitative results—
accounting for the observed labor market volatilities—are not driven by our par-
ticular timing assumptions and model of wage formation. If we allow wages to
be determined before employment, either as individualistic bargaining or as union
bargaining, we still obtain broadly similar results. This suggests that our results
depend primarily on our labor market selection mechanism rather than on our
particular specification of wage determination.5

Because the wage is set after the employment decisions, the hiring and firing
costs, as well as the match-specific random shocks, are already sunk.6 Thus, all
workers obtain the same wage, which, for simplicity, is assumed proportional to
productivity a:

wt = γ at , (1)

where γ (0 > γ > 1) is a constant. The average aggregate productivity of each
worker is a, a positive constant subject to random aggregate productivity shocks.
This wage equation may be interpreted as the outcome of Nash bargaining7 be-
tween each employer and employee. Given the timing of economic decisions,
wages are privately efficient because the idiosyncratic shock realizations are al-
ready sunk when the wage formation takes place.

Choosing this simple wage equation has three advantages. First, it ensures that
our results are not generated by any kind of wage rigidity (because the wage
moves proportionally with productivity). This is important because it is well
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known that rigid wages imply that labor market shocks have larger amplification
effects and thereby generate greater labor market volatilities [e.g. Hall (2005)].
Second, as noted, it enables us to separate the decisions of workers and firms,
thereby distinguishing especially firms’ firing from workers’ quitting decisions.
Third, our simple wage equation ensures analytical tractability and allows us to
compare the steady state elasticities of our model with the traditional search and
matching model (under the same wage formation) and explain how these models
differ in their amplification effects.

2.2. The Firm’s Behavior

We assume that the profit generated by a particular worker at a particular job
is subject to a match-specific random shock εt in period t , which is meant to
capture idiosyncratic variations in workers’ suitability for the available jobs.8 For
example, workers in a particular skill group and sector may exhibit heteroge-
neous profitabilities due to random variations in their state of health, levels of
concentration, and mobility costs, or to random variations in firms’ operating
costs, screening, training, and monitoring costs, and so on. The random shock εt is
i.i.d. across workers, with a stable probability density function Gε(εt ), known to
the firm. Let the corresponding cumulative distribution be Jε(εt ); specifically, the
cumulative distribution at the point ν is Jε(ν) = ∫ ν

−∞ Gε(εt )dεt . In each period of
analysis a new value of εt is realized for each worker. The unemployment benefits
b, the hiring cost h, and the firing cost f are all constant. The hiring cost includes
the administrative costs, screening costs, retraining costs, and relocation costs,
as well as the basic instruction, mentoring, and on-the-job training costs that are
required to integrate the worker into the firm’s workforce.

The firing decision. The firm maximizes the present value of its expected
profit, with a time discount factor δ. The expected present value of profit generated
by an incumbent employee, after the random cost term εt is observed, is9

π I
t (εt ) = (at − wt − εt ) + δEt

[
(1 − σt+1) π I

t+1 − φt+1f
]
, (2)

where δ is the time discount factor, at is the incumbent employee’s productivity,
wt is the real wage, the superscript “I” stands for the incumbent employee who has
been retained, σt+1 is the separation rate, f is the firing cost per worker, assumed
constant and paid with the firing probability φt+1, and E(π I

t+1) denotes the future
expected average profit of an incumbent:

Et

(
π I

t+1

) = Et

{
at+1 − wt+1 − [

εt+1|
(
εt+1 < νI

t+1

)]
+ δ

[
(1 − σt+2) π I

t+2 − φt+2f
]}

. (3)

Et(εt+1|(εt+1 < νI
t+1)) is the expectation of the random term εt+1, conditional

on this random cost being sufficiently small to permit retention of the incumbent
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employee. We define the incumbent employee’s retention incentive as

νI
t = at − wt + δEt

[
(1 − σt+1) π I

t+1 − φt+1f
] + f ; (4)

i.e., the firm’s retention incentive (its payoff from retaining a worker) is the
difference between the gross expected profit from retaining the employed worker
{at −wt + δEt [(1 −σt+1)π

I
t+1 −φt+1f ]}10 and the expected profit from firing her

(−f ).
An incumbent worker is fired in period t when the realized value of the random

cost εt is greater than the incumbent worker’s employment incentive: εt > νI
t .

Because the cumulative distribution of εt is Jε(ν
I
t ), the employed worker’s firing

rate is
φt = 1 − Jε

(
νI

t

)
. (5)

The job offer decision. The expected present value of profit generated by an
entrant πE

t (εt ), given that a contact has been made and the random cost εt has
been observed, is

πE
t (εt ) = at − wt − εt − h + δEt

[
(1 − σt+1) π I

t+1 − φt+1f
]
, (6)

where h is the constant hiring cost and the superscript “E” stands for “entrant.”
We define the firm’s expected job offer incentive νE

t as the difference between
the gross expected profit from a hired worker {at −wt −h+δEt [(1−σt+1)π

I
t+1 −

φt+1f ]} and the profit from not hiring him (i.e., zero):

νE
t = at − wt − h + δEt

[
(1 − σt+1) π I

t+1 − φt+1f
]
. (7)

A job is offered when νE
t > εt . Thus, given that the cumulative distribution of

εt is Jε(ν
E
t ), the job offer rate is

ηt = Jε

(
νE

t

)
. (8)

Note that because of the hiring and firing costs, the retention incentive exceeds
the job offer incentive (νI

t > νE
t ) and thus the retention rate exceeds the job offer

rate (1 − φt > ηt ).

2.3. The Worker’s Behavior

The worker faces a discrete choice of whether or not to work. Her disutility of
work effort at a given job is et , a random variable, which is i.i.d., with a stable
probability density function Ge(et ), known to the worker. The corresponding
cumulative distribution is Je(et ). The random variable captures match-specific
heterogeneities in the disagreeability of work, due to such factors as idiosyncratic
reactions to particular workplaces or variations in the qualities of these workplaces.
The worker’s utility is linear in consumption and work effort. She consumes all
her income.
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The incumbent employed worker’s expected present value of utility from work-
ing 
N

t (et ) for a given e is11


N
t (et ) = wt − et + δEt

[
(1 − σt+1) 
N

t+1 + σt+1

U
t+1

]
, (9)

where Et(

N
t+1) is the expected present value of utility of the following period

(before the realized value of the shock et+1 is known), the superscript “N” stands
for “employed,” and “U” for “unemployed”:12

Et

(

N

t+1

) = Et

{
wt+1 − (et+1|et+1 < ιt+1)+δ

[
(1 − σt+2)
N

t+2 + σt+2

U
t+2

]}
.

(10)

The expected present value utility from unemployment is


U
t = b + δEt

[
μt+1


N
t+1 + (1 − μt+1)
U

t+1

]
. (11)

An unemployed worker’s expected “work incentive” ιt is the expected gross
difference13 between these two utility streams:

ιt = 
N
t (e) − e − 
U

t ; (12)

ιt = wt − b + δEt

[
(1 − σt+1 − μt+1) 
N

t+1 − (1 − σt+1 − μt+1)
U
t+1

]
. (13)

Thus the unemployed accepts a job offer when et < ιt . Consequently, the job
acceptance rate is

αt = Je (ιt ) . (14)

Along the same lines, the incumbent worker decides to quit his job when the
present value of becoming unemployed exceeds the present value of remaining
employed [
N

t (e) < 
U
t ], so that his expected work incentive is lower than the

utility cost et > ιt . Thus the quitting rate14

χt = 1 − Je (ιt ) . (15)

2.4. Employment

The change in employment is the difference between the number of hires and the
number of fires. The number of hires depends on the contact probability, the job
offer probability, and the job acceptance probability. We assume that contacts take
place before firms make their job offer decision, after which workers make their
job acceptance decision.

The contact and selection stages are distinct in practice. In the contact stage, the
job searchers and potential employers have relatively little information about one
another, so that workers and vacancies each appear relatively homogeneous (as
assumed in conventional matching functions). At this stage, workers and firms are
engaged in a process of “outreach,” i.e., reaching out to people who were hitherto
unknown. In the selection stage, the two parties exchange enough information
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about one another to permit them to decide whether to consummate the match.
On the basis of this additional information, workers and vacancies appear more
heterogenous. At this stage, workers and firms are in the process of assessing
the “match suitability.” The labor market frictions relevant to the contact stage are
search costs; the frictions relevant to the selection stage are hiring costs for the
firm and job acceptance costs for the worker.15 The outcome of the contact stage
is an interview; the outcome of the selection stage is a hire or a rejection. A job
searcher who makes contact with a potential employer becomes an applicant; an
applicant who is selected becomes an entrant into the firm’s workforce.

The traditional search and matching literature did not pay much attention to the
distinction between contact and selection.16 Specifically, the matching function has
been interpreted in two ways. In the first, traditional interpretation [e.g., Pissarides
(2000, Chap. 1)], the matching function describes the outcome of both contact and
selection, explaining how given job searchers and vacancies lead to new hires. We
call this the “encompassing matching function,” because it encompasses both the
contact and selection stages.

In the second interpretation, the matching function covers only the contact
stage, and thus we call it the “contact function.” Matching models with endoge-
nous separations—where workers and firms are first matched through a contact
function and then decide whether to continue or to sever the contact in response to
productivity perturbations—can be interpreted in this vein [see, for example, the
models of Mortensen and Pissarides (1994) and den Haan et al. (2000)]. In these
“productivity perturbation models,” however, the distinction between contact and
selection is incomplete for two reasons. First, when these models are calibrated,
the calibration relates unemployment to new hires, not to contacts (such as inter-
views).17 Second, these models invariably assume that the proportion of interviews
that do not lead to hiring is equal to the proportion of currently employed workers
who separate from their jobs. But, in practice, interviews fail far more frequently
than existing employment relationships, and the job finding rate is much lower
than the retention rate. In the United States, the average monthly job-finding rate
is 0.45 and the average retention rate is around 0.97; see, e.g., Shimer (2005).
This indicates that we need to distinguish between the breaking of contacts and
the breaking of selection (i.e., deselection of employees).

In the context of our model, the number of unemployed workers who get jobs in
period t is μtUt−1, where Ut−1 is the number unemployed in the previous period.
The number of employed people who separate from their jobs in period t is σtNt−1,
where Nt−1 is the number employed in the previous period.

The change in employment is �Nt = Nt − Nt−1 = μtUt−1 − σtNt−1. Let L be
the labor force (assumed constant), whereas nt = Nt/L and ut = Ut/L are rates
of employment and unemployment, respectively, so that ut = 1 − nt .

Let Ct be the number of contacts made in period t and ct be an unemployed
worker’s contact probability:

ct = Ct/Ut−1. (16)
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An unemployed worker gets a job when three conditions are fulfilled: (i) she
makes contact with an employer, (ii) she receives a job offer, and (iii) she accepts
that offer. Thus the match probability (μt ) is the product of the contact probability
(ct ), job offer probability (ηt ), and acceptance probability (αt ):

μt = ctηtαt . (17)

An employee separates from her job when at least one of two conditions is
satisfied: (i) she is fired or (ii) she quits. Thus the separation probability is

σt = φt + χt − φtχt , (18)

and normalizing the labor force to unity, equilibrium employment nt may be
described by the associated employment dynamics equation,

nt = μt + (1 − σt − μt) nt−1, (19)

where the degree of employment persistence—measured by the persistence
parameter ωt = (1 − μt − σt )—depends inversely on the matching rate and
separation rate.

2.5. Contacts

For simplicity, we let the contact function be18

Ct = Ut−1. (20)

Vacancies are posted before εt is realized. As in the conventional search and
matching literature, we assume free entry of firms, so that the number of vacancies
V ∗

t is determined by a zero-profit condition.19 Let Vt be the number of posted
vacancies, κ be the cost of posting a vacancy, and Ut−1 be the number unemployed
in the previous period.

The probability that a vacancy is filled is (Ut−1μt)/Vt , i.e., the probability of
a contact times the probability that the contact leads to a match, divided by the
number of vacancies. The expected profit per match is {at − wt − h + δEt [(1 −
σt+1)π

I
t+1 −φt+1f ]−Et(εt |εt < νE)}, where Et(εt |εt < νE) is the expected value

of the idiosyncratic productivity shock εt conditional on match formation.
Thus the zero-profit condition for posting vacancies is

at −wt −Et

[
εt |

(
εt < νE

t

)]−h− κ
Ut−1

V ∗
t

ηtαt

+δEt

[
(1 − σt+1) π I

t+1 − φt+1f
] = 0,

(21)
where the vacancy posting cost is κ .

2.6. The Labor Market Equilibrium

The labor market equilibrium is the solution of the system comprising the following
equations:
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• Incentives: the incumbent worker retention incentive νI
t equation (4), the job

offer incentive νE
t equation (7), and the work incentive ιt equation (12).

• Employment decisions: the firing rate φt equation (5) and the job offer rate
ηt equation (8).

• Work decisions: the job acceptance rate αt equation (14) and the quitting
rate χt equation (15).

• Contacts and vacancies: the contact function Ct equation (20) and the num-
ber of vacancies V ∗

t equation (21).
• Match and separation probabilities: the match probability μt equation (17)

and the separation probability σt equation (18).
• Employment and wage: the employment nt equation (19) and the negotiated

wage wt equation (1).

3. CALIBRATION

We now calibrate our incentive model for the U.S. economy. The calibration
is done on a monthly basis. The simulation results are aggregated to quarterly
frequency to make them comparable to the empirical data.

Our monthly discount factor δ = 1
1+r

is consistent with an annual real interest
rate of 4% . We normalize the average productivity (a) to 1. As in Hall (2005) and
Shimer (2005), we set b by applying a replacement rate of β = 40% of the wage.
The wage parameter γ is set to 0.5, the value commonly found in the literature on
workers’ bargaining power.

In this section, we use the simplifying assumptions that each unemployed worker
makes one distinct contact in each period: Ct = Ut−1, implying a contact rate of
unity: ct = 1.20 In the working paper version these assumptions are relaxed by
assuming a Cobb–Douglas contact function. The vacancy posting costs κ of 0.19
are chosen to satisfy the zero-profit condition.

Dolfin (2006) shows that an average U.S. worker spends 203 hours in training
activities during her first three months of employment, whereas other employees
spend around 146 hours training her. In line with this evidence, we set hiring costs,
h, to 130% of the monthly productivity.21

The literature does not provide reliable direct estimates of the magnitude of US
firing costs. Thus, we assess these costs indirectly. For this purpose, note that Belot
et al. (2007) provide index measures of employment protection for regular jobs
in the United States and United Kingdom, and that Bentolila and Bertola (1990)
provide estimates of the average magnitude of U.K. firing costs on a yearly basis.22

Assuming that the index measures of employment protection are proportional to
the estimates of the magnitude of firing costs, we multiply the magnitude of the
U.K. firing costs by the ratio of the U.S. to the U.K. employment protection indices
to derive a rough estimate of the magnitude of U.S. firing costs.Accordingly, the
magnitude of monthly U.S. firing costs, relative to productivity, is 0.08. The same
exercise based on other industrialized countries (France, Germany, and Italy),
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TABLE 1. Steady state values for a contact function
Ct = Ut−1

Variable Description Steady state value

u Unemployment rate 0.056
μ Match probability 0.450
c Contact rate 1
η Hiring/job offer rate 0.456
σ Separation rate 0.0268
φ Firing rate 0.0134
χ = 1 − α Job quit rate 0.0136
θ Market tightness 1

however, yields higher estimates of U.S. firing costs. Thus we choose a value of
0.1 for our baseline calibration.23

We assume that the random profitability term εt and the utility shock et have
cumulative distributions given by logistic functions with scale factors sε and se

and expected values ε̄ and ē, respectively.
We set the expected value of the utility shock to ē = 0.15, which implies that

the current-period value of unemployment is 70% of the value of employment.
Although this is an intermediate value between Shimer’s (2005) and Hagedorn and
Manovskii’s (2008) calibrations, in contrast to Hagedorn and Manovskii (2008),
workers are consequently not indifferent between working and not working.24

After having set all our other parameter values, we set the remaining three free
distributional parameters (the average operating costs ε̄, the scale factor of the
cumulative distribution of sε, and the scale factor of the cumulative distribution of
se) to replicate three steady state labor market flow rates: the job acceptance rate
α, the job offer rate η, and the firing rate φ (i.e., given our preceding parameter
choices and the targeted flow rates, we constrain ourselves with respect to the
remaining distributional parameters to be chosen). These steady state values are
calibrated as follows. The match probability μ, which is the probability of a worker
finding a new job within one period, is calibrated to 45%, as in Shimer (2005) and
Hagedorn and Manovskii (2008). The unemployment rate u is calibrated to 5.6%
[as in Shimer (2005)]. According to our employment dynamics equation (19),
steady state unemployment is u = μ

μ+σ
, which implies a separation rate of 2.68%.

Based on Hall (2006), who shows that fires and quits have approximately the
same share in separation, we assume firings to account for 50% of the separations,
namely φ = 1.34%. Equation (18) then yields the quit rate of χ = 1.36%.
Because α is equal to 1 − χ, the job acceptance rate is set at 98.64%. Recalling
that μ = cαη and that we have assumed c = 1, the implied job offer rate η

is 45.6%.We determine the number of vacancies by targeting a market tightness
equal to 1. See Table 1 for a summary of targeted steady state values.

The variance of the idiosyncratic cost shock is of significant importance for
the aggregate dynamics, because the lower it is, the stronger are the reactions to
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TABLE 2. Parameter values for a contact function Ct = Ut−1

Parameter Description Value

a Productivity 1
δ Discount factor 0.997
β Replacement rate b/w 0.4
γ Bargaining power 0.5
f Firing cost 0.1
h Hiring cost 1.3
κ Vacancy posting cost 0.188
r Discount factor 0.997
ē Average value of leisure 0.15
ε̄ Average operating costs 0.483
sε Scale factor of the cumulative distribution of εt 0.313
se Scale factor of the cumulative distribution of et 0.075
ρa Autocorrelation of the aggregate productivity shock 0.975
�a Standard error of the aggregate productivity shock 0.007

productivity in our model. This value could be approximated by the residuals of
the variance of log male wages as calculated by Heathcote et al. (2010), which is on
the average approximately 0.32 between 1970 and 2005. Our baseline calibration
yields a variance (standard deviation) of the idiosyncratic productivity shock of
σ 2

ε = 0.32 (σε = 0.57), which matches the value in Heathcote et al. (2010). This
value is larger than values commonly used in the literature [e.g., den Haan et al.
(2000) choose a standard deviation of σε = 0.1, Krause and Lubik (2007) use
σε = 0.12, and Mortensen and Pissarides (1994) choose σε = 0.0375]. Using this
relatively more conservative value, we bias the dynamics against our model, and
this ensures that our volatilities are not driven by an unrealistically small standard
deviation of the idiosyncratic cost shock.

Finally, we normalize the autocorrelation (ρa) of the aggregate productivity
shock and normalize the standard error so that we obtain the empirical values for
the autocorrelation and the volatility of productivity in the model simulation that
follows. Table 2 summarizes our calibrated parameter values.

4. RESULTS: LABOR MARKET VOLATILITIES AND CORRELATIONS

Costain and Reiter (2008) and Shimer (2005) show that the conventional calibra-
tion of the matching model is unable to replicate the volatility of the job-finding
rate, the unemployment rate, and other labor market variables in response to
productivity shocks. Table 3 shows the empirical volatilities for the United States
from 1964 to 2009, HP filtered data with smoothing parameter 100,000.25 Note
that the empirical business cycle statistics in Shimer (2005) from 1951 to 2003
are very similar to those in Table 3.
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TABLE 3. Empirical labor market statistics

Volatilities U Match. r. Sep. rate Vac. M. tight. Prod.

Standard deviation 0.17 0.11 0.06 0.18 0.34 0.02
Relative to productivity 9.5 5.7 3.1 9.2 17.1 1
Quarterly autocorr. 0.92 0.88 0.71 0.94 0.93 0.88
Correlation (U, V ) −0.89

Sources: Michaillat (2012) and own calculations.

The empirical volatilities are far greater than the corresponding volatilities in
response to productivity shocks, as generated by the simulation of the conventional
matching model [in its standard calibration, as calculated by Shimer (2005); see
Table 4].

To compare our model with the conventional matching theory and with the em-
pirical labor market volatilities, we used our baseline calibration (with robustness
checks in the working paper version) to simulate our model for 200 quarters (i.e.,
600 months). We repeated this exercise 1,000 times, and we report the average
of the macroeconomic volatilities (HP filtered simulated data with smoothing
parameter 100,000) in Table 5.

The differences between our model and the conventional matching model are
striking. Our model can generate the high macroeconomic volatilities found in the
data. Our results are all the more remarkable, as we have to resort neither to Hall’s
(2005) real wage rigidity assumption nor to Hagedorn and Manovskii’s (2008)
small surplus calibration (see wage volatility in Table 5).26

Specifically, the more rigid the wage in the conventional matching model [Hall
(2005)], the greater the share of productivity variations that is captured by the
firm and thus the greater the volatility of vacancies. However, there is evidence
against the rigid-wage hypothesis from both the microeconometric and the macro
perspective. Haefke et al. (2008) infer that wages for newly created jobs (i.e., those
modeled in the matching model) are completely flexible. Hornstein et al. (2005)
show that wages are roughly as volatile as the labor productivity on a macroeco-
nomic level. See also Carneiro et al. (2012), Martins et al. (2012a, 2012b), and
Stüber (2012) for further evidence that wages seem to be quite volatile over the
business cycle. The debate on wage rigidity is certainly not resolved yet. However,

TABLE 4. Labor market statistics generated by the search and matching model
from Shimer (2005)

Volatilities U. rate Match. r. Sep. rate Vac. M. tight. Prod.

Standard deviation 0.01 0.01 — 0.03 0.04 0.02
Relative to productivity 0.5 0.5 — 1.4 1.8 1
Quarterly autocorr. 0.94 0.88 — 0.84 0.88 0.88
Correlation (U, V ) −0.93
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TABLE 5. Labor market statistics generated by the incentive theory of matching

Volatilities U. rate Match. r. Sep. rate Vac. M. tight. Wage Prod.

Standard deviation 0.14 0.17 0.01 0.10 0.27 0.02 0.02
Relative to productivity 7.0 8.4 0.5 4.9 13.4 1 1
Quarterly autocorr. 0.91 0.87 0.88 0.66 0.86 0.88 0.88
Correlations (U, V ) −0.81

at this stage, it remains to be emphasized that our model generates high labor mar-
ket volatilities, even though our wages are as volatile as productivity. Our analytical
analysis in Section 4 and our numerical robustness analyses in Brown et al. (2012)
show that this result is not driven primarily by our specific assumptions concerning
wage determination and the timing of wage versus employment decisions.

Hagedorn and Manovskii (2008) choose a small-surplus calibration to resolve
the volatility puzzle of the matching model. Under this calibration, aggregate
profits are only a very small share of the overall production in the steady state,
so that a positive productivity shock sharply increases the relative profits. This
gives a large incentive to firms to post more vacancies (because of the free entry
condition). Consequently, all labor market variables become volatile. This type of
calibration has several shortcomings. Besides the unrealistically low profit share,
the utility value of unemployment is extremely high and workers’ bargaining power
is very low in the calibration. Therefore workers are almost indifferent between
working and not working (i.e., unemployment and business cycle fluctuations do
not create large welfare costs). We do not need to rely on any of these mecha-
nisms in our calibration. As noted, we assume that workers’ bargaining power is
50% . Furthermore, the average worker’s disutility of labor and unemployment
benefits make up only 70% of the current wage. As a consequence, the average
worker is nowhere near indifferent between unemployment and employment. (But
because workers are heterogeneous, the marginal worker with et = ιt is of course
indifferent between working and not working.)

Our model has an additional advantage compared to the conventional matching
framework. Although a matching model with endogenous job destruction and
flexible wages has trouble generating a negative correlation between vacancies
and unemployment (i.e., the dynamic Beveridge curve), in our simulation, we ob-
tain a strong negative correlation between vacancies and unemployment (namely,
−0.81).27

In order to evaluate the performance of our model with regard to quitting, we
use JOLTS data from 2000 and 2010 and calculate the correlation between quits
and output (HP-filtered with the smoothing parameter 100,000). The correlation in
the data is 0.91; i.e., quits are strongly procyclical. Our simulated model generates
a correlation close to 1; i.e., the results are very close to those found in the data.

The reason that the distinction between quitting and being fired is so important
in our model is that quitting depends on household variables, whereas being fired
depends on firm variables. When this distinction ceases to be made, there are no
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involuntary separations. This is clearly at odds with the empirical evidence, where
quitting is quantitatively at least similarly important for separations as firing, and
legal procedures, where quitting and firing are commonly distinguished from one
another.

From a macroeconomic perspective, quitting is strongly procyclical, and firing
is strongly countercyclical, both in the data and in our model. Thus, quitting
and firing roughly neutralize themselves in terms of their cyclicality. When we
set the job acceptance and quitting decisions exogenously, the volatility of the
separation rate relative to productivity increases to 24; i.e., our endogenous house-
hold decisions prevent firings from becoming too cyclical. It is well known from
search and matching models [e.g., Krause and Lubik (2007)] that excessively
volatile separations lead to a collapse of the Beveridge curve. The same happens
in our framework: with exogenous household decisions, the negative business
cycle correlation between vacancies and unemployment disappears.28

To sum up, endogenous quitting is important for the aggregate dynamics of our
model in two respects. First, it prevents an excessive separation volatility. Second,
it maintains the Beveridge curve in the presence of endogenous separations.

5. INTUITIVE EXPLANATION OF THE RESULTS

In this section, we seek to gain an intuitive understanding of why our model behaves
differently from the conventional search and matching models. For this purpose,
we make some simplifying assumptions that enable us to explore analytically
the mechanism whereby productivity shocks are amplified in a model. For better
comparability to the standard search and matching model, we focus on the firm
side of our two-sided model, although the intuition is analogous for the household
side. In particular, let us assume that aggregate productivity is constant, that the
job separation rate is exogenously given, and that households always accept job
offers.

5.1. The Incentive Model

Under the simplifying assumption from before, the job-finding rate is

η = Jε(ν
E) = Jε

[
a (1 − γ )

1 − δ (1 − φ)
− h

]
. (22)

The corresponding elasticity of the job-finding rate with respect to productivity
is

∂ ln η

∂ ln a
= J ′

ε

a (1 − γ )

[1 − δ (1 − φ)] η
, (23)

where J ′
ε is the first derivative of the cumulative distribution.

If wages are determined before the employment decision is made, the realization
of the operating cost shock ε is relevant to the wage bargaining. Let us suppose
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that the wage distribution for entrants in the incentive model is given by wE(ε) =
γ (a − ε), and that incumbents get the uniform wage wI = γ a (under exogenous
separations, they are homogeneous; see Appendix A.1 for details). Then the job-
finding rate becomes

η = Jε(ν
E) = Jε

[ 1−γ

γ
a

1 − δ (1 − φ)
− h

]
, (24)

and the elasticity of the job-finding rate with respect to productivity becomes

∂ ln η

∂ ln a
= J ′

ε

a 1−γ

γ

[1 − δ (1 − φ)] η
. (25)

Thus, the elasticity of the job-finding rate with respect to productivity is higher
under the assumption of a wage distribution than under the assumption of a
uniform wage, ceteris paribus. The intuition for this result is straightforward. In
an upswing (characterized by a rise in aggregate productivity), firms have an
incentive to hire workers associated with higher operating costs. In an economy
where wages depend on workers’ idiosyncratic productivity, the marginal worker
then earns a lower wage than in an economy with the uniform wage. Consequently,
firms have greater incentives to hire in the former economy. This shows that our
assumption of a uniform wage in the dynamic incentive model biases our results
against amplification of productivity shocks.

To get an idea of the amplification effects in the baseline scenario, let us assume
a uniform distribution for the match-specific random cost shock with lower and
upper support −p and p, i.e., U [−p, p]. In this case, we can give a closed-form
expression for the job-finding rate and for its elasticity. For the uniform wage
bargaining, we obtain

η = Jε(ν
E) =

{
a (1 − γ )

[1 − δ (1 − φ)]
− h + p

}/
2p. (26)

Thus, the elasticity of the job-finding rate with respect to productivity is

∂ ln η

∂ ln a
= a (1 − γ )

2 [1 − δ (1 − φ)] ηp
. (27)

Given our simplifying assumptions, let us find the elasticity of the quarterly
job-finding rate with respect to productivity. We use standard values of the param-
eters:29 a = 1, γ = 0.5, δ = 0.99, φ = 0.1, η = 0.83. Consequently we obtain
the elasticity ∂ ln η/∂ ln a = 2.76/p. This means that there is amplification (i.e.,
∂ ln η/∂ ln a > 1), as long as p < 2.76. Given that the mean of productivity is
normalized to 1, an upper and lower bound of the operating costs of 2.76 seems
extremely large, and thus amplification can be expected to occur.
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5.2. The Search and Matching Model

To illustrate the differences in the transmission mechanism between our model
and the search and matching model, we impose the same simplifying assumptions
(exogenous separations, wages are proportional to productivity, and no aggregate
uncertainty) on a standard search and matching model. To nest Silva and Toledo’s
(2009) results and to illustrate their key mechanism, we assume that there are ex
post hiring costs for entrants h. (Note that these ex post hiring costs are the same
as the hiring costs in our model. Because the search and matching literature often
calls the vacancy posting costs divided by the worker finding rate hiring costs,
Silva and Toleda denote h as ex post, namely, costs that accrue after the match has
taken place.30)

Under these assumptions, we obtain the following elasticity of the job-finding
rate with respect to productivity (see A.2 for some intermediate steps):

∂ ln η

∂ ln a
= 1 − λ

λ

a(1−γ )
κ[1−δ(1−φ)]
a(1−γ )

κ[1−δ(1−φ)] − h
, (28)

where λ is the elasticity of the matching function with respect to unemployment
and κ are vacancy posting costs [see also Haefke et al. (2008)].

Let us start with the case of zero ex post hiring costs (i.e., h = 0). In this case,
∂ ln η
∂ ln a

= 1−λ
λ

. In the standard search and matching model (with nonrigid wages), the
parameter values of the Cobb–Douglas matching function determine the elasticity
of the job-finding rate with respect to productivity changes. Note that Petrongolo
and Pissarides (2001) show that sensible estimations for the matching elasticity
λ are in the range between 0.5 and 0.8. According to equation (28), this implies
an elasticity of the job-finding rate with respect to productivity lower than 1 in
the search and matching model. Thus, search and matching models with nonrigid
wages and a plausible parametrization for the matching function do not have any
amplification mechanism.

Silva and Toledo (2009) have proposed postmatch labor turnover costs to reduce
the amplification problem in search and matching models. Equation (28) shows
that hiring costs have the potential to generate very strong amplification effects.
If h → a(1−γ )

κ[1−δ(1−φ)] , the denominator converges to zero and the elasticity of the
job-finding rate with respect to productivity converges to infinity.

5.3. The Role of Labor Turnover Cost in the Two Models

The roles of labor turnover costs in our “Incentive Theory” and in the search and
matching model are very different. Intuitively, hiring costs are needed to reduce the
surplus in search and matching models and thereby generate an amplifying effect.
This is not the case in our model, which is easy to see by taking the first derivative
of the job-finding rate with respect to productivity (i.e., not the log-deviations as
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before):

∂η

∂a
= J ′

ε

(1 − γ )

[1 − δ (1 − φ)]
. (29)

Equation (29) shows that hiring costs do not have any direct amplifying effect in
the “Incentive Theory.”31 In the case of a uniform distribution, ∂η/∂a is completely
independent of the level of hiring costs.

The search and matching model yields the following result for the first derivative
of the job-finding rate with respect to productivity:

∂η

∂a
= 1 − λ

λ

{
a (1 − γ )

κ [1 − δ (1 − φ)]
− h

} 1−2λ
λ

{
(1 − γ )

κ [1 − δ (1 − φ)]

}
. (30)

For the conventionally used parameter values 0.5 < λ < 0.8, ∂2η/∂a∂h > 0;
i.e., hiring costs amplify the model’s reaction to productivity shocks. Silva and
Toledo (2009, p. 77) provide an intuition for this phenomenon: Hiring costs reduce
the surplus of a new match. “Therefore, a given productivity shock has a relatively
larger impact on the value of new position and, in consequence, on job creation
and market tightness.”

5.4. Comparison

The underlying intuition for these striking differences is that the job-creation
mechanisms are quite different in these two models. Because the agents in the
incentive model face heterogeneous match-specific shocks, a change in aggregate
productivity affects the range of match-specific shocks over which firms make
their decisions. As can be seen in equation (23), changes in aggregate productivity
can have a substantial leverage effect on the expected present value of profit
generated by newly hired workers, and thus a strong effect on the hiring threshold.
In particular, a rise in aggregate productivity increases the range of shocks ε over
which the firm is willing to hire and reduces the range of shocks ε over which it
has an incentive to fire. At the same time, it increases the range of shocks e over
which the household is willing to accept jobs and reduces the range of shocks
e over which the household has an incentive to quit. These channels determine
not only the size of the impact effect of the shock, but also the strength of the
propagation mechanism. In short, whereas in the conventional matching models an
aggregate productivity change affects employment via the matching function and
the free entry condition for vacancies, in our model this productivity change affects
employment via the mass of the distribution of match-specific shocks at which
employment decisions are made. This explains why the labor market volatilities
for sensible parameter values are so different.
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6. ROBUSTNESS CHECKS AND OUTLOOK

It can be shown that our model economy continues to generate strong amplification
effects, along with labor market volatilities that are close to those in the data, under
different wage determination schemes. In Brown et al. (2012) this is shown for
individualistic bargaining (in which each employee bargains individually with the
employer) and union bargaining (where workers are paid the wage that maximizes
the welfare of the median worker).

Brown et al. (2012) also relax the simplifying assumption that the number of
contacts is equal to the number of unemployed workers, in two ways. First, we
assume that an exogenous fraction (smaller than one) of unemployed workers
gets in contact with firms. We show that as the contact probability falls, the
elasticity of vacancies with respect to productivity declines, because vacancies are
less likely to lead to hires. Consequently, the Beveridge curve relation weakens.
Second, we assume a standard endogenous Cobb–Douglas contact function. The
Beveridge curve then is somewhat stronger with endogenous contacts (because
vacancies become allocationally relevant, firms have greater incentives to post
vacancies).

We show that as the elasticity of contacts with respect to vacancies is increased,
the model’s performance in tracking the aggregate labor market data does not
improve. In particular, unemployment becomes less volatile and in some cases,
depending on the parameterization of the contact function, the model generates
a counterfactual strong positive correlation between the matching rate and the
separation rate. We view this as preliminary evidence that the responsiveness
of matches to vacancies is not essential for explaining the observed labor market
volatilities. It is the selection margins in hiring and separations that play the central
role in this respect. These margins have been underemphasized in the literature
thus far.

There are various interesting empirical exercises that may enhance our under-
standing of the transmission of aggregate shocks via the labor market. Further
microeconomic data sets on quitting and firing, as well as interviews, would
certainly be helpful. In addition, our model mechanism may be integrated into
larger scale models and may be estimated using standard macroeconometric tools
[e.g., Christiano et al. (2005) and Smets and Wouters (2007)].

7. CONCLUSION

This paper has presented a theory of two-sided labor market matching that dis-
tinguishes sharply between contacts and selection. The selection takes place in
the presence of frictions, heterogeneous jobs, and heterogeneous workers. Our
empirical results suggest that selection has a particularly important role to play in
accounting for the observed labor market volatilities.

Our theory replaces the traditional encompassing matching function with a
contact function combined with optimizing, incentive-based, two-sided selection
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decisions. The basic idea that motivates our incentive theory of matching is that
the matching and separation probabilities can be understood in terms of job offer,
job acceptance, firing, and quitting probabilities, which may be derived from the
optimizing decisions of firms and workers. These optimizing decisions—in the
presence of heterogeneous workers and jobs, as well as costs of adjustment—
explain why some job-seeking workers remain unemployed and some vacant
jobs remain unfilled. We have shown that, even on the basis of our radically
simplifying assumptions, our calibrated incentive model can account for various
important empirical regularities that have eluded the conventional matching mod-
els. In particular, our model comes close to generating the empirically observed
volatilities of the unemployment rate, vacancies, the job finding rate and the
separation rate. Furthermore, our model can also account for the observed strong
negative correlation between vacancies and unemployment.

NOTES

1. See Gali et al. (2011) for an estimated version. For recent contributions to how different labor
market frictions help explain various aspects of the data and interact with macroeconomic policies see,
for example, Lechthaler et al. (2010) and Lechthaler and Snower (2013) or Khalifa (2012). For the
interaction of labor market frictions with optimal labor market policies see, e.g., Moyen and Stähler
(in press).

2. Pissarides (2000, pp. 3–4) claims that the matching function summarizes “heterogeneities,
frictions and information imperfections” and represents “the implications of the costly trading process
without the need to make the heterogeneities and the other features that give rise to it explicit.” For a
discussion of the interpretation of the matching function as a contact function, see Section 2.4.

3. Thus the matching rate in our model is not the same as the job offer rate (as in conventional
search and matching models), but depends on both the firms’ job offer rate and the workers’ job
acceptance rate. Danthine (2005) also develops a two-sided search model with shocks to firms’ and
workers’ productivities, but applies it to different questions than we do.

4. The hiring costs are not to be confused with vacancy posting costs, because the vacancy posting
costs are incurred before the contact is made, whereas the hiring costs are incurred after the contact.
See also Silva and Toledo (2009), who introduce post match labor turnover costs into a search and
matching model, or Pissarides (2009), who adds fixed job creation costs.

5. The results for a different timing (individualistic bargaining and union bargaining) are given in
the working paper version [Brown et al. (2012)].

6. This is the same assumption as in Pissarides (2009); see p. 1364 and the corresponding footnote
30.

7. In particular, this interpretation involves assuming that fallback profit is zero (leaving future
values unaffected) and that the fallback wage is either zero or an exogenous constant that is proportional
to the negotiated wage. The bargaining game is in line with Hall and Milgrom (2008) and Binmore
et al. (1986).

8. Because each worker draws from the same distribution of random shocks, εit , we omit the
subscript i for notational simplicity.

9. π I
t (εt ) is a function of the actual realization of the cost shock, whereas Et (π

I
t+1) is a function

of the expected future average cost shock Et (εt+1|(εt+1 < νI
t+1)).

10. This “gross” profit is the expected profit generated by retaining an incumbent employee or by
hiring an unemployed worker, without taking the match-specific shock εt into account.

11. 
N
t (et ) is a function of the actual realization of the disutility shock, whereas Et (


N
t+1) is a

function of the expected future average utility shock Et (et+1|et+1 < ιt+1).
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12. Observe that on the firm’s side, we distinguish between entrants (E) and incumbent workers (I),
whereas on the workers’ side, we distinguish between employed (N) and unemployed (U) workers.
The rationale for these two distinctions is that the firm can hire two types of workers (entrants and
incumbents), whereas the worker can be in two states (employment and unemployment).

13. “Gross” means that the disutility shock et is not taken into account.
14. Note that, for simplicity, we have assumed that the job acceptance rate is identical to the job

staying rate (αt = 1 − χt ). When unemployed workers face costs of adjusting to employment (e.g.,
buying a car to get to work, or psychic costs of changing one’s daily routine) or when employed
workers face costs of adjusting to unemployment (e.g., building networks of friends with potential job
contacts, psychic costs of adjusting to joblessness), then the job acceptance rate will fall short of the
job retention rate. Specifically, for example, the unemployed worker’s job acceptance incentive could
be expressed as ιU = 
N

t (e)− e −
U
t − ξU , where ξU is the cost of adjusting to employment, and the

incumbent worker’s job retention incentive could be expressed as ιNt = 
N
t (e) − e − 
U

t + ξN, where
ξN is the cost of adjusting to unemployment. Then the job acceptance rate becomes αt = Ce(ι

U
t ) and

the job retention rate becomes Ce(ι
N
t ), so that the quitting rate becomes χt = 1 − Ce(ι

N
t ).

15. For analytical simplicity and calibration tractability, the latter costs are not considered in the
model presented here.

16. As noted, however, see Silva and Toledo (2009). Another recent contribution distinguishing
these two stages is Menzio and Shi (2011). A contact function brings workers and vacancies together.
Based on the idiosyncratic productivity of their match, the firm makes a hiring decision. There are at
least two major differences from our model. First, we have a two-sided decision-process. Second, in
the corresponding version of their model where the quality of the match is observed before the match
is created (i.e., matches are inspection good), the amplification effects of their model are negligible.

17. Calibrating with respect to contacts would require vast new data sets on formal and informal
meetings between searching workers and searching employers, and these data sets are not currently
available.

18. In the working paper version of this paper [Brown et al. (2012)], we also use a Cobb–Douglas
contact function of the Mortensen and Pissarides (1994) type, Ct = ζUλ

t−1V
1−λ
t ,where λ is the contact

elasticity and ζ the contact efficiency . However, because this does not improve business cycle results,
we stick to the simple contact function in our baseline scenario.

19. Note that we do not have to specify the number of firms, as they face constant returns (there is
only an ex post heterogeneity, once there are particular worker–firm pairs).

20. Under this simplified assumption, vacancies play no allocative role in our model: the number
of vacancies has no effect on employment and unemployment. The reason is that vacancies do not
influence the number of contacts made by a given number of unemployed job searchers, because we
have assumed that the number of contacts is equal to the number of job searchers. In this context,
vacancies are simply an attention-seeking device: The greater the number of vacancies that a firm
posts for a given job, the greater is the number of job applicants it attracts relative to other firms. The
greater the aggregate number of vacancies, the lower is the probability that they will be filled by a
given number of job searchers, and in the labor market equilibrium, the aggregate number of vacancies
has no effect on aggregate employment.

21. We take only the direct training costs into account. We divide 203 by 8, thereby obtaining 25.4
working days. Assuming 20 working days per month, this yields 1.3 months.

22. We take averages over the time periods provided by these authors.
23. We provide a robustness analysis for other values in the working paper version of this paper.

Specifically, we provide simulation results for firing costs calculated with respect to the United
Kingdom, f = 0.08 , and as an upper bound we choose f = 0.2. The respective amplification results
are qualitatively the same, but vary in magnitude. Thus our main conclusions are not driven by the
value of the firing cost parameter.

24. Note that our simulation results are robust with respect to reasonable variations in this parameter.
25. The business cycle statistics for unemployment, vacancies, market tightness, and labor pro-

ductivity are taken from Michaillat (2012). The time series for the matching rate and the separation
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rate are constructed based on the method by Shimer (2012). The structural break in the short-term
unemployment rate in the CPS data is corrected with a level shift in 1994 as proposed by Shimer
(2012). All data are from 1964:Q1 to 2009:Q2. Strong amplification effects can also be found for other
countries [e.g., Gartner et al. (2012) for Germany].

26. In contrast to Sveen and Weinke (2008), who use a New Keynesian model with search and
matching frictions, we also do not resort to additional aggregate demand shocks under sticky prices,
which generate larger employment fluctuations in the data. See also Lechthaler et al. (2010) for the
amplification effects of aggregate supply and demand shocks. Thus, we generate comparability to
Hall (2005) and Shimer (2005) and show that our model has a stronger endogenous amplification
mechanism.

27. We calculate the dynamic Beveridge curve as the correlation between contemporaneous unem-
ployment and vacancies. If we used the lagged unemployment, we would obtain a correlation of −0.72;
i.e., there remains a strong negative relationship. Many empirical studies use the contemporaneous
correlation. Therefore, we do the same to be in line with the data. The reality might lie somewhere in
between.

28. Note that our model generates a negative correlation between unemployment and vacancies with
exogenous separations.

29. To be consistent with the previous calibration, we calculate a quarterly job-finding rate ηq =
(1 − ηm)3, where q denotes quarterly and m monthly values for the job-finding rate.

30. Note that Silva and Toledo’s (2009) setup is far more complex. It contains, for example, en-
dogenous separations and firing costs. They show simulation results, whereas we show analytical
results.

31. Obviously, hiring costs ceteris paribus depress the job-finding rate η, as in the search and
matching model, and thus increase the log-deviation. However, in contrast to the search and matching
model, for a given calibration target η and for a uniform distribution, hiring costs do not generate any
extra amplification effects.
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Stüber, Heiko (2012) Are Real Entry Wages Rigid over the Business Cycle? Empirical Evidence for

Germany from 1977 to 2009. IAB discussion paper 6/2012.
Sveen, Tommy and Lutz Weinke (2008) New Keynesian perspectives on labor market dynamics.

Journal of Monetary Economics 55(5), 921–930.

APPENDIX: DERIVATION OF STEADY
STATE ELASTICITIES

A.1. SIMPLIFIED INCENTIVE THEORY OF MATCHING

To make analytical statements, we use the deterministic version of our model (i.e., without
aggregate uncertainty) and we assume that the job acceptance rate is 1 (i.e., the quit rate is
0). Thus, we combine equations (28) and (29) and calculate the job-finding rate,

η = Jε

[
a (1 − γ )

1 − δ (1 − φ)
− h

]
. (A.1)

Thus, we derive the elasticity of the job-finding rate with respect to productivity:

∂ ln η

∂ ln a
= ∂ ln η

∂a

∂a

∂ ln a
= J ′

ε

a (1 − γ )

[1 − δ (1 − φ)] η
. (A.2)

A.2. SEARCH AND MATCHING MODEL

Let us assume a standard Cobb–Douglas matching function,

Ct = Uλ
t−1V

1−λ
t . (A.3)

The job-finding rate in the deterministic version of the matching model with ex post
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hiring costs, h, for entrants is

η =
{

a − w

κ [1 − δ (1 − φ)]
− h

} 1−λ
λ

, (A.4)

where κ are vacancy posting costs.
We use the same assumption for wages as before and calculate the steady state elasticity,

∂ ln η

∂ ln a
= 1 − λ

λ

a (1 − γ )

κ [1 − δ (1 − φ)]
a (1 − γ )

κ [1 − δ (1 − φ)]
− h

. (A.5)
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