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Abstract

This paper presents a theory explaining the labor market matching process through
microeconomic incentives. There are heterogeneous variations in the characteristics of
workers and jobs, and firms face adjustment costs in responding to these variations.
Matches and separations are described through firms’ job offer and firing decisions
and workers’ job acceptance and quit decisions. This approach obviates the need for
a matching function. On this theoretical basis, we argue that the matching function
is vulnerable to the Lucas critique. Our calibrated model for the U.S. economy can
account for important empirical regularities that the conventional matching model
cannot.
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1 Introduction

The literature on search and matching in the labor market rests heavily on the assumption of
a stable matching function (Mortensen and Pissarides, 1994). According to Pissarides (2000,
p. 3-4), the matching function aims to summarize “heterogeneities, frictions and information
imperfections” and represent “the implications of the costly trading process without the
need to make the heterogeneities and the other features that give rise to it explicit.” This
paper provides a simple analytical framework that makes the above heterogeneities and
frictions explicit, and describes the matching process as the outcome of optimizing behavior
by firms and workers. In this context, we show that the matching process is affected by

macroeconomic and policy parameters. On a conceptual level, this implies that the relation



between new hires (rather than contacts) and match inputs (such as unemployment and
vacancies) - a relation commonly called the matching function - is not stable with respect to
policy changes and macroeconomic variations. In short, this matching function runs afoul
of the Lucas critique.

The basic intuition underlying this result is straightforward. Although it is often claimed
that the matching function is analogous to a production function, an important difference
stands out. A firm’s production function captures the portfolio of available technologies, and
these are indeed often invariant with respect to many policy and macroeconomic variations.
By contrast, a matching function summarizes the market activity generated by the decisions
of firms and workers, responding to their individual incentives to create jobs, and these
incentives are in general not invariant with respect to policy and macroeconomic variations.
On the contrary, policy changes and macroeconomic shocks usually affect firms’ incentives to
offer jobs and workers’ incentives to accept them. Thus, the relation between new hires and
match inputs is mediated by these policy and macroeconomic variations. On this account,
the matching function may be expected to change when these variations occur. This calls
into question the usefulness of the conventional matching function for forecasting or policy
analysis.

In this respect, the matching function faces a difficulty analogous to that of the adaptive
expectations hypothesis, which sought to predict expectations without reference to actual
policy and macroeconomic variations. As the rational expectations hypothesis took account
of how these variations influence expectations and generated new predictions regarding the
effectiveness of monetary policy, so our analysis seeks to consider the influence of these
variations on new hires and thereby helps account of stylized facts that the conventional
matching models have difficulty explaining.

Our account of labor market matches may be called an incentive theory of matching, since
it explains the matching process in terms of the incentives and economic agents face. This
theory provides a different view of matching than that presented by a matching function.
Whereas the matching function depicts matches as the output of a “matching technology”
that mechanically pairs unemployed workers and vacant firms, the incentive theory explains
the matching probability in terms of the firm’s job offer incentives and the worker’s job
acceptance incentives. Our theory explains job separations along analogous lines. In partic-
ular, the separation probability is derived from the firm’s firing incentives and the worker’s
quit incentives.

We calibrate an incentive model for the U.S. economy and show that it can account for
some important empirical regularities that the conventional matching model cannot. 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 type of real wage rigidity. Instead, our
calibration permits us to replicate the stylized fact that wages are as volatile as productivity
(see, for example, Hornstein et al., 2005). 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). Second, it generates a strong
negative correlation between the job finding rate and the unemployment rate. And third, it
can account for a strong negative correlation between job creation and job destruction. The
standard calibrations of the matching model, with endogenous job destruction (see Krause
and Lubik, 2007), cannot account for these last two stylized facts.?

Intuitively, the reason our model is more successful than the conventional matching model
at replicating these stylized facts is that macroeconomic shocks are propagated differently.
In the conventional matching model, the employment effect of a change in aggregate produc-
tivity depends on the change in new hires generated by a stable, exogenously given matching
function. In our incentive model, the adjustments are made on a different margin. Since
the agents 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. Since aggregate productive shocks
are autocorrelated, 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 separation thresholds. This helps to understand why our incentive
model is more successful than the conventional matching model in generating the observed
high volatilities of the unemployment rate, the job finding rate. The other stylized facts can
be understood intuitively along the same lines.

The rest of this paper is organized as follows. Section 2 covers the conceptual issues
underlying our approach to matching. Section 3 sets the stage by presenting a particularly
simple incentive model of matching. Section 4 proves that the simple incentive model cannot
be replicated by a standard matching model. Sections 5 presents an extended incentive

model. Section 6 discusses the calibration strategy. Section 7 presents the numerical results

IThe “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 that 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. In the calibrated version of our
model, the current period’s utility of an average unemployed is only about 60% of the utility of an employed.

2The search and matching model with exogenous job destruction actually has a strong negative correlation
between the job finding rate and the unemployment (see Shimer, 2005). However, there is an intensive
debate in the literature 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.



and Section 8 concludes.

2 Conceptual Issues

Conceptually, the process of job matching and separation may be decomposed into the

following stages (as illustrated in Figure 1):

e Stage 1: Potential searchers decide on their speed of arrival in the labor market, for
a given period of analysis. They thereby turn into active searchers. (The relevant

friction is an arrival cost.)

e Stage 2: Some of the active searchers make contact with potential employers (e.g.,
through interviews) and thereby become applicants. (The relevant friction is a search

cost.)

e Stage 3: The applicants and their potential employers experience match-specific shocks
and evaluate the potential expected surplus from the match. Applicants whose surplus
is positive turn into entrants (new hires). (The relevant friction is a hiring cost.) The

entrants turn into incumbents at the end of the period of analysis.

e Stage 4: The incumbents and their employers experience further match-specific shocks?
and evaluate the potential expected surplus from the continuation of the match. In-

cumbents whose surplus is positive are retained. (The relevant friction is a firing cost.)

In the conventional search literature, the first activity (the arrival rate) is assumed exoge-
nously given, while the matching function may play a role in describing the second activity
(making contact) and the third activity (evaluating entrant match suitability). The sepa-
ration rate is the outcome of the fourth activity (evaluating incumbent match suitability);
it is assumed exogenous in some search models (e.g., Pissarides, 2000, chapter 1, Hagedorn
and Manovskii, 2008, Hall, 2005, Shimer, 2005) and endogenous in others (e.g., den Haan,
Ramey and Watson, 2000, Krause and Lubik, 2007, Fujita and Ramey, 2009).

In this context, the matching function can be interpreted in two ways. In the standard
interpretation, it covers the second and third activities above, explaining how a given number
of job searchers and vacancies leads to a specific amount of new hires. This is the straight-
forward meaning of Pissarides (2000, p. 3-4), quoted above, and accords with many other

explanations of the matching function, such as that of Petrongolo and Pissarides (2001, p.

3In this paper, we assume for simplicity that entrants and incumbents are hit by the same match-specific
shock.
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390): "The attraction of the matching function is that it enables the modeling of frictions in
otherwise conventional models, with a minimum of added complexity. Frictions derive from
information imperfections about potential trading partners, heterogeneities..."

In a second interpretation of the matching function, it covers only the second activity
above, namely the process whereby job searchers and vacancies lead to interviews. Under this
interpretation, the term "matching function" is a misnomer, since interviews need not lead to
matches (i.e. employment relationships); it would be more appropriate to call it a "contact
function." This is a natural interpretation of theoretical models that offer microfoundations
of the matching by investigating the probability that randomly searching workers and firms
(or, more generally, buyers and sellers) find one another, for in this context a homogeneous set
of workers simply make contact with a homogeneous set of vacancies (for example, Burdett,
Shi and Wright, 2001, Montgomery, 1991, and others).

It is tempting to interpret a recent generation of search models in this vein. Here work-
ers and firms are first matched through a matching function, and then decide whether to
continue to sever the contact in response to productivity perturbations. (Examples of such
"productivity perturbation models" include Mortensen and Pissarides (1994), den Haan,
Ramey and Watson (2000) and others). Some of the discrete-time versions of these models
cannot be given the second interpretation (since matches that take place in period ¢ give
rise to output and are not broken until period ¢ + 1; see, for example, Thomas and Zanetti,
2008, or chapter 7 of Christoffel et al., 2009).

However, some discrete-time versions (where the match may break before becoming pro-
ductive; see, for example, Gertler and Trigari, 2009, Hagedorn and Manovskii, 2008, Krause

and Lubik, 2007, Thomas, 2008) and the continuous-time versions (see, for example, An-



dolfatto, 1996, Costain and Reiter, 2008, den Haan, Ramey and Watson, 2000, Merz, 1995,
Shimer, 2005) can (since the match making and breaking occurs at the same instant). Under
the second interpretation, workers and vacancies making contact at time ¢ (as described by
the matching function) may either form an employment relationship if the current produc-
tivity shock is favorable, or split up if the shock is unfavorable.

However, this interpretation does not fit comfortably for the following reasons. First,
when these models are calibrated, the calibration relates unemployment and vacancies to
new hires, not to contacts (such as interviews). Second, calibrating with respect to con-
tacts 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. Thus, the
contact-function interpretation is not as yet empirically implementable. Third, 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. This is surely
unrealistic; in practice, interviews may be expected to fail far more frequently than existing
employment relationships. In view of these difficulties, it is clear that the first interpretation
of the matching function is appropriate for the productivity-perturbation models, i.e., the
matching function explains new hires (at time t) and adverse productivity shocks explain
separations (at time t).

In sum, the matching function faces a two-pronged challenges. First, if it is interpreted
as a contact funtion, it ceases to be empirically implementable, due to the absence of contact
data. And even if it were empirically implementable, it would be necessary to distinguish
sharply between contacted workers who turn into new hires and incumbent employees who
are retained. Second, if it is interpreted as literal "matching" function - describing how
job searchers and vacancies become matched to yield new hires - then we are left with the
question whether this matching function is an adequate summary not only of the second
activity above (making contact) - as explained in the microfounded models of matching -
but of the third activity (evaluating entrant match suitability) as well.

To address this question, we examine whether a stable matching function can reproduce
the behavior of optimizing agents evaluating the match suitability of heterogeneous entrants.
Accordingly, we will construct a choice-theoretic model with match-specific shocks to firms’
profitability and households’ utility, where new hires are explained through firms’ profit-
maximizing decisions to offer jobs and workers’ utility-maximizing decisions to accept such
job offers. Assuming this choice-theoretic model to be the "true" description of the labor
market, we ask whether it is possible to specify a matching function — relating new hires to
match inputs (unemployment and vacancies) — that replicates the behavior of the choice-

theoretic model, for any values of the model’s macroeconomic and policy parameters.



We show that this is not possible in general; for such replication to occur, the matching
function generally needs to shift in response to macroeconomic and policy changes. In this
sense, the matching function is vulnerable to the Lucas critique.* The upshot of this analysis
is that while the matching function may be appropriate in describing the process of making
contact (Stage 2) between job searchers and potential jobs — a process of random choice
among agents that look homogeneous before the contacts are made — it is not suitable for
describing the evaluation of entrant match suitability (Stage 3), and should be replaced by
a microfounded model in which new hires are explained in terms of the optimizing decisions
of firms and workers in the presence of heterogeneous contacts.’

Section 2 constructs a simple model of this sort. Our model differs from the many of the
existing productivity-perturbation models in the following respects. First, the match-specific
shocks in our model — that explain how many new hires are generated by a given number of
contacts — are not just productivity purturbations, but shocks to both firms’ profitability and
workers’ disutility of work. The matching rate in our model is not the same as the job offer
rate (as in the conventional search models), but depends on both the firms’ job offer rate
and workers’ job acceptance rate. Second, separations in our model are also generated by
both profitability and utility shocks (which are for simplicity set to the same distribution).
The separation rate in our model is not exogenous (as in some conventional search models)
or the same as the firing rate (as in others), but depends on both the firms’ firing rate and
the households’ quit rate. Third, matches and separations in our model are associated with
frictions in the form of hiring and firing costs. (The hiring costs are not to be confused with
vacancy posting costs, since the vacancy posting costs are incurred before the contact is
made, whereas the hiring costs are incurred after the contact.) Hiring and firing costs drive
a wedge between the job-finding and the retention rate, so that the proportion of contacts
that lead to new hires is not necessarily equal to the proportion of incumbent workers that
are retained.

To keep our analysis in the next section as simple as possible, we focus primarily on

Stage-3 activity (evaluating entrant match suitability). For this purpose, we make two

4Various authors (e.g. Lagos, 2000) have noted that policies which affect labor market heterogeneities
(e.g. retraining programs), frictions (e.g. job counselling) and information imperfections (e.g. job exchanges)
may naturally be expected to influence the matching function. In short, there is no reason to believe that
the matching function is invariant with respect to labor market policies that are designed to improve the
matching process. Our analysis shows, however, that the Lucas critique extends well beyond such policies.
Several empirical studies indicate instabilities of the matching function. Often a negative time trend is
found when estimating the search and matching function, thus casting doubt on the stability through time
(Blanchard and Diamond, 1989, for the United States, and Fahr and Sunde, 2001, 2004, for Germany).

®While various other authors have modeled the matching process without resorting to a matching function
(e.g. Hall, 1977, Lagos, 2000, Shimer, 2007, and others), our analysis explicitly focuses on two-sided search
(i.e. search by both workers and firms at the same time).



simplifying assumptions: (i) the arrival rate of job searchers is an exogenous constant (in
Stage 1) and (ii) every searcher is an applicant for one vacancy (in Stage 2). The latter
assumption is equivalent to a trivial contact function: C; = U;, where C} is the number of
contacts (interviews) made in period t and U; is the number of unemployed job searchers.
In this setting it is straightforward to show that the matching function — as summary of
Stage-2 and Stage-3 activities — cannot in general reproduce the optimizing decisions of
workers and employers, for any values of the macroeconomic and policy variables. It will
then be easy to understand why the matching function also cannot replicate the behavior of
optimizing agents when the contact function has the standard form C; = C (Uy, v;), where
vy are vacancies.

The match-specific heterogeneous shocks, necessitating the evaluation of entrant match
suitability, are particularly important in accounting for unemployed workers alongside un-
filled jobs. In practice, workers are rarely indistinguishable in terms of all the characteristics
relevant for firms’ job offer decisions, and jobs are rarely indistinguishable in terms of all
the characteristics relevant for workers’ job acceptance decisions. Moreover, in practice the
firms’ activity of screening heterogeneous applicants (Stage 3) is often likely to be far more
costly than posting vacancies (Stage 2). Similary, the workers’ activity of evaluating the
suitability of alternative workplaces (Stage 3) is often likely to be must costlier than reading
help-wanted ads (Stage 2).

Since the match-specific heterogeous shocks in our model are transient, the resulting
evaluation of match suitability may be identified as "search" rather than "mismatch," in
terms of the distinction made by Shimer (2007, p. 1074): "According to search theory,
unemployed workers have left their old jobs and are actively searching for a new employer. In
contrast, this dynamic model of mismatch emphasizes that unemployed workers are attached
to an occupation and a geographic location in which jobs are currently scarce. Mismatch is
a theory of former steel workers remaining near a closed plant in the hope that it reopens.
Search ... is a theory of former steel workers moving to a new city to look for positions as
nurses." Thus, the distinction between search and mismatch rests on the persistence of the
match-specific shocks and the magnitude of the adjustment costs. If the shocks are transient
and the adjustment costs are sufficiently small (as in our analysis), then workers are engaged
in search.

In the following we will develop a simple incentive model to show that the matching
function cannot reproduce the relation between matches and match inputs (unemployment
and vacancies) as generated by a contact function and optimizing Stage-3 decisions. We
then extend our model in order to provide the theoretical underpinning of a model that

we calibrate and use to explain various stylized facts that are not accounted for in the



conventional search literature.

3 A Simple Incentive Model

To set the stage, we begin by constructing a particularly simple model of the incentive
theory of matching, based on heterogeneous match-specific shocks. Our model has the
following sequence of labor market decisions. First, vacancies are posted. Second, the
realized values of the shocks are revealed. Third, the firms make their hiring and firing
decisions and the households make their job acceptance and refusal decisions, taking the
wage as given. Unemployed workers search for jobs; employed workers do not.

The purpose of this model is to show that, in this context, the matching function — as
a relation between new hires and match inputs (unemployment and vacancies) — is subject
to the Lucas critique. To make this point as simply as possible, we make some strong
simplifying assumptions. As noted, we assume that job searchers arrive in the labor market
at an exogenously constant rate (in Stage 1). Moreover, the length of the period of analysis
is such that every searcher finds one vacancy (in Stage 2) per period.

In addition, we assume in this section that the real wage w is exogenously given. (This
assumption is relaxed in the next section, where wages are determined through bargaining.)
Finally, to provide a maximally transparent comparison of our incentive model and the
standard matching model, we assume that workers and firms are myopic (i.e. their rates of

time discount are 100%). (This assumption is also relaxed in the next section.)

3.1 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 €, which is meant to capture idiosyncratic variations in workers’
suitability for the available jobs. For example, workers in a particular skill group and sector
may exhibit heterogeneous 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 ¢ is positive and
iid across workers, with a stable probability density function G, (£), known to the firm.% Let
the corresponding cumulative distribution be C. (¢). In each period of analysis a new value
of ¢ is realized for each worker.

The average productivity of each worker is a, a positive constant. The hiring cost h

per worker is also a constant. The hiring cost includes the administrative costs, screening

6Qur analysis can of course be extended straightforwardly to shocks with AR and MA components.



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 in the firm’s workforce.

The profit generated by an entrant (a newly hired worker) is

™=a—¢c—w-h, (1)
where the superscript “E” stands for “entrant” and w is the real wage.

The firm’s “job offer incentive” (its payoff from hiring a worker) is the difference between
its gross profit” from hiring an entrant worker (¢ —w — h) and its profit from not doing
(namely, zero):

vE =a—w—h. (2)

The firm offers this job to a worker whenever that worker generates positive profit: ¢ < v.
Thus the job offer rate is

n=C. (VE) . (3)

The firm’s “retention incentive” (its payoff from retaining a worker) is the difference
between its gross profit from retaining a worker is (¢ —w) and the (negative) profit from
firing that worker:

vVi=a—w+f, (4)

where the superscript “I” stands for the incumbent employee who has been retained, and
f is the firing cost per worker, assumed constant. The firm with a filled job will fire an

incumbent worker whenever she generates negative profit: ¢ > v/. Thus the firing rate is:

p=1-C. (V). (5)

Note that due to the hiring and firing costs, the retention incentive exceeds the job offer

incentive (! > v¥) and thus the retention rate exceeds the job offer rate ((1 — ¢) > 7).

3.2 The Worker’s Behavior

The worker faces a discrete choice of whether or not to work. If she works, her disutility of
work effort is e, which is a random variable, which is iid, with a stable probability density
function G, (e), known to the worker. The corresponding cumulative distribution is C, (e).
The random variable captures match-specific heterogeneities in the disagreeability of work,

due to such factors as idiosyncratic reactions to particular workplaces. If the worker does

"This "gross" profit is the expected profit generated by hiring an unemployed worker, without taking the
match-specific shock ¢ into account.
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not work, her utility is b (a constant). Her utility is linear in consumption and work effort.®
She consumes all her income. Thus the utility of an employed worker is QY = w — e, and
the utility of an unemployed worker is QU = b.

A worker’s “work incentive” (her payoff from choosing to work) is the difference between

her gross utility from working (w) and her utility from not working (b):
L= (w—0">). (6)

Assuming that w > b and letting ' (e) = 0, all unemployed workers have an ex ante incentive
to seek work.
An unemployed worker will accept a job offer whenever e < (. This means that the job

acceptance rate is

a=0C.(1). (7)

Along the same lines, an employed worker will decide to quit when e > ¢. This means

that the quit rate is
XZl_Ce(L)' (8)

Note that, for simplicity, we have assumed that the job acceptance rate is identical to
the job retention rate (&« = 1 — x). 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 would fall short of the job retention rate.’

3.3 Match and Separation Probabilities

An unemployed worker gets a job when two conditions are fulfilled: (i) she receives a job
offer and (ii) she accepts that offer. Thus the match probability (1) is the product of the job

offer rate (1) and the job acceptance rate («):

8Observe that on the firm’s side, we distinguish between entrants (F) 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).

9Specifically, for example, the unemployed worker’s job acceptance incentive could be expressed as ¢
w—>b— fU, where fU is the cost of adjusting to employment, and the incumbent worker’s job retention
incentive could be expressed as ¢V =w —b+¢& N where 13 N'is the cost of adjusting to unemployment. Then
the job acceptance rate becomes a = C (LU), the job retention rate becomes C, (LN) so that the quit rate
becomes y =1 - C, (LN).

U:
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p=na. (9)

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
o=+ X~ oX- (10)

3.4 Vacancies

Vacancies are posted before ¢ is realized. For simplicity, we make the common assumption
that each firm has one job, which may be filled or remain vacant.'® As in the conventional
search literature, we assume free entry of firms, so that the number of vacancies is determined

by a zero-profit condition. Let v be the number of vacancies, and x be the cost of posting

a vacancy. If v > wuL, then the probability that a vacancy is filled is (ul/v) p, i.e. the
probability of a contact times the probability that the contact leads to a match. The expected
profit per match is (a — w — h — E'(¢g)).

Thus the zero-profit condition for posting vacanciesis £ (7) = p (uL/v) (a —w — h — E (¢))—

k = 0, implying that the equilibrium number of vacancies is

pul

v'=(a—w—h—E(e)) (11)

K

If v < uL, then all vacancies are filled and the expected profit from posting a vacancy
is E(r) = pla—w—h—FE(e) — k. If E(m) <0, then no vacancies are posted; whereas
if £ (m) > 0, then the firm continues to post vacancies until v* = uL (for which eq (11)

applies).

3.5 The Labor Market Equilibrium

Given that all unemployed people are job searchers and assuming that each job searcher
makes one contact per period, the number of unemployed workers who get jobs in period ¢
is pu_q, where u_; is the number of unemployed in the previous period.!* The number of
employed people who separate from their jobs in period t is on_;, where n_; is the number
of employed in the previous period.

The change in employment is An = n—n_; = pyu_, —on_;. The labor force L is assumed

constant and normalized to unity (so that n and u are both levels and rates of employment

10Tn the Appendix we present a model in which a firm can post multiple vacancies.
L All other variables (without subscripts) refer to the current period.

12



and unemployment, respectively). Thus v = 1 — n and equilibrium employment n* may be

described by the following employment equation:
n"=pu+1—-—p—o)n’,. (12)

Substituting u* = 1—n* into the vacancy equation (11), we obtain the equilibrium number
of vacanices. Observe that 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,
since we have assumed that the number of contacts is equal to the number of job searchers.
Instead, vacancies in our model are simply an attention-eliciting device: the greater the
number of vacancies that are posted in the economy, the lower is the probability that they

will be filled by a given number of job searchers.

4 Is the Matching-Function Subject to the Lucas Cri-
tique?

We now juxtapose the model above with its matching-function counterpart in order to in-
vestigate whether the matching function runs afoul of the Lucas critique. For this purpose,
let us assume that the incentive model above describes the real world, and then let us ask
whether the behavior of this model can be replicated by a corresponding model containing
a matching function. We will show that such replication cannot occur unless the matching
function changes whenever the underlying parameters of the model change. These parameter
changes include macroeconomic variables (such as productivity, a) and policy variables (such
as unemployment benefits, underlying the parameter b). Thus, in this analytical context, the
matching function runs afoul of the Lucas critique: policy analysis and comparative static
prediction on the basis of a stable matching function would yield misleading results.
Naturally, the incentive model above is extremely simple, but it is precisely this simplicity
that allows us to bring the Lucas critique of the matching function into sharp relief. The
same critique can be formulated with respect to more complicated models (such as the one in
the next section), since the underlying idea is quite general: For any given matching function
- specified independently of the optimizing decisions relevant to the matching process - it
is always possible to construct a microfounded macro model that systematically fools this
matching function. In this sense, the difficulty of the matching functions is analogous to that
of expectation-generating mechanisms in traditional macro models that were incompatible

with rational expectations.

13



4.1 The Matching-Function Represenation

We now specify the matching-function counterpart to the incentive model above. Let the
matching function be
r =z (u,v), (13)

where u is the unemployment rate and v is the vacancy rate. This function satisfies the
standard conditions: x; > 0, z; < 0, i = u,v; = (u,0) = x (0,v) = 0; and there are constant
returns to scale: gz (u,v) = x (gu, gv) where ¢ is a positive constant.

Let 0 = v/u denote labor market tightness, so that ¢ (0) = x (u/v,1) is the probability
that a job is matched with a worker, and 0q (0) is the probability that a worker is matched
by a job. Along the lines of the simple labor market matching models, we assume that jobs
are destroyed at an exogenous rate A\, 0 < A < 1. Then the change in the employment rate

is'? An = 0q (0) (1 —n_;) — An_y, implying the following employment dynamics equation:

n=~0q(0)+ (1 —0q(0)—\)n_;. (14)

Vacancies are posted until the expected profit is reduced to zero: a —w = ﬁ, where k is

a vacancy posting cost, k/q (0) is the expected vacancy posting cost per worker. Expressing

this zero-profit condition in terms of labor market tightness:

9=g<afw), (15)

where g = ¢~ L.

The equilibrium employment rate n is obtained by substituting the zero-profit condition

(15) into the employment dynamics equation (14).

4.2 Equivalence Condition

In order for the two models to be comparable, let the exogenous wage w be identical in both
models and suppose that the separation rate ¢ in the incentive model is a constant equal
to the job destruction rate A in the conventional matching model. Then the two models are

observationally equivalent when 6q (0)+ (1 — 0q (6) — o) ny—1 = p+ (1 — p — o) ny—1, so that

0q(0) =, (16)

12To keep this model comparable with our the simple incentive model above, we assume (without loss of
generality) the same timing in both models. Matches are not destroyed in the match period and they become
immediately productive.
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which we call the “equivalence condition.” It may be expressed as

a—w a —w

“ig(“ ):@m—w—mamww» (17)

To examine whether the matching function is vulnerable to the Lucas critique, we ask the
following question: for given cumulative distributions C. and C,, can a matching function
g be found, so that the condition (17) holds for any values of the parameters which the
incentive model and the conventional matching model have in common? To answer this

question, we differentiate condition (17) with respect to productivity a,

K K
(@ —w)? L—w‘g/Jrg} = Gl %)
Differentiating with respect to w,
T e Bt (19)

Differentiating with respect to x,

afwg’(afw)Jrg(afw):O (20)

Conditions (18) and (19) are mutually exclusive, unless the slope of the cumulative dis-
tribution of e is € = 0. The latter implies that the underlying density is G. = 0. This

occurs when there exist no households with a marginal disutility of effort e over the relevant

range. (It is on this account that the number of households that accept jobs is not affected by
(w —b).) A distribution of e with zero mass is indeed a special case; it amounts to excluding
the possibility of heterogeneous workers in our model.

Conditions (18) and (20) are mutually exclusive, unless the slope of the cumulative dis-
tribution of ¢ is C! = 0, which implies that the underlying density is G. = 0. This occurs
when there exist no jobs with workplace heterogeneities € over the relevant range, i.e. the
possibility of heterogeneous profitabilities is excluded.

In short, there exists no functional form for g such that condition (17) always holds - for
any given cumulative distributions C. and C,, and for any values of the parameters common
to the two models - unless heterogeneities on the firm and households side are absent. This
is another way of saying that the matching function is not observationally equivalent to an
explicit description of firm and household choices under heterogeneities.

Thus the standard matching model cannot reproduce the labor market dynamics of the

incentive model above. This non-equivalence is not a special case to be ascribed to the
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particular specification of the incentive model. It is easy to see that the reasoning above is
applicable to a broad family of models. The source of the non-equivalence is analogous to the
non-equivalence of adaptive-expectations and rational-expectatons macro models. Adaptive-
expectations models were unable to reproduce the dynamics of rational-expectations models
because, for any given function specifying adaptive expectations, it is always possible to find
a hypothetically “true” stochastic generating process which produces predictable errors, that
is, errors not reconcilable with rational expectations. Along the same lines, the comparison
above makes clear that for any given matching function, it is always possible to find a
hypothetically “true” model of the underlying heterogeneities and frictions which produces
labor market dynamics that cannot be replicated through the matching function. Just
as an expectations generating mechanism that is specified a priori (independently of the
underlying macro model) is not a reliable tool for investigating the influence of macro policy,
so a matching function that is specified a priori is also not a reliable tool to explore the
influence of labor market policy. The same can be said regarding the influence of other
macro and labor parameters.

Alternatively, we can say that the matching function is not stable with respect to the
parameters whose influence the matching models are meant to analyze. If the incentive
model above is assumed to be the “true” model of the labor market, then the standard
matching model can reproduce the “true” employment effects of variations in all the relevant
parameters - the wage w, productivity a, the hiring cost h, or the leisure utility b - only if
we assume that the matching function is modified whenever these parameters are changed.
This instability of the matching function makes it an inappropriate tool for investigating the
effectiveness of policy changes or macroeconomic fluctuations.

Although the simple model above is useful to examine why the matching function is
subject to the Lucas critique, we now need to relax several restrictive assumptions of the
incentive model above - that households and firms are myopic, wages are exogenous, and
productivity is constant - in order to examine the relative performance of the incentive model
and the standard matching model in accounting for well-known stylized facts. 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.

5 A Dynamic Incentive Model

We now extend the simple model above by

e including aggregate risk: the average aggregate productivity parameter a is now subject

to random productivity shocks;
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e allowing for rates of time discount that are less than 100%, so that workers and firms

become intertemporal optimizers and

e introducing wage determination through bargaining.

The first extension enables us to simulate productivity shocks as done in Hall (2005),
Shimer (2005) and numerous other papers and to make our framework quantitatively com-
parable to the matching theory. The second and third extensions provide a richer depiction
of the determinants of employment and wages.

For simplicity, we will not consider vacancies in our extended model. As noted, they fulfill
no allocative role in our model. Beyond that, it is worth noting that vacancy data is the
Achilles’ heal of conventional empirical matching models. For long time series, we have only
a very rough proxy for U.S. vacancies, namely, the Conference Board help-wanted advertising
index, measuring the number of help-wanted ads in 51 major newspapers. Over the past
decade, this index shows a clear downward trend (adjusting for the business cycle), which may
well be due to internet advertising. Although an internet advertising index exists, it is far
from clear how this index can be made comparable to the newspaper index. Moreover, while
the Conference Board advertising index and the JOLTS survey on vacanices exhibit similar
dynamics for the limited sample periods in which comparable data sets are available (Shimer
(2005)), it appears, surprisingly, that the number of vacancies (as defined by the JOLTS
survey) is consistently and substantially smaller than the number of new hires! There are
two obvious reasons why this should be so, both highlighting weakenesses of vacancies data:
(i) Only a fraction of the jobs that get filled are preceded by vacancy postings. (The matching
function has nothing to say about the many hires that occur without formal advertising.)
(ii) The JOLTS survey, like all other surveys, ignores high-frequency vacancy movements.
In particular, JOLTS measures end-of-month reported job openings, not job openings that
get filled before the month is over. Overall, such considerations indicate that vacancy data
is much less reliable than the other data (e.g. unemployment rates, productivity) used in
conventional empirical matching models. On account of this as well as analytical simplicity,
our incentive model will not cover vacancies.

In this context, the new sequence of decisions may be summarized as follows. First,
the aggregate productivity shock and the idiosyncratic shocks are revealed. Second, the
wage is set through bargaining. Third, the firms make their hiring and firing decisions and
the households make their job acceptance and refusal decisions, taking the wage and the

realization of the aggregate and idiosyncratic shocks as given.
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5.1 The Firm’s Behavior

Since the firm is not myopic in this model, its hiring and firing decisions depend on its

expected profits not only in the current time period, but also in future time periods.

5.1.1 The Firing Decision

The expected present value of profit generated by an incumbent employee, after the random

profitability term &, is observed, is'?

Ey (1) = (ar — wy — &) + 0E; (7],,) , (21)

where 0 is the time discount factor, a; is the incumbent employee’s productivity, and

By (11) = B [(1 = 0v1) (a1 — wirn — Br (een| (801 <)) +07010) — daf] - (22)

E (5|5 <vl ) is the expectation of the random term e, conditional on this shock falling short

of the incumbent employee’s retention incentive v!, which is defined as

V{ = Ay — Wy + 5Et (77'{_’_1) + f, (23)

i.e. the retention incentive is the difference between the gross expected profit from retaining

the employed worker (a; — w4+ 0E; (7],)) and the expected profit from firing her (—f).
An incumbent worker is fired in period ¢t when the realized value of the random cost ¢,

is greater than the incumbent worker employment incentive: ¢, > v!. Since the cumulative

distribution of ¢ is C. (V{ ), the employed worker’s firing rate is
¢, =1-C.(v]). (24)

5.1.2 The Job Offer Decision

The expected present value of profit generated by an entrant, after the random cost ¢; has

been observed, is

Et (7TtE) = Qt — Wt — &t — h + (5Et (7T7{+1> . (25)

131n the first period, profit is (a; — wy — &;); in the second period, the worker is retained with probability
(1 — ¢,) and then generates an expected profit of a; — wy, and the worker is fired with a probability of ¢,
and then generates a firing cost of f;; and so on.
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We define the firm’s expected job offer incentive vF as the difference between the gross
expected profit from a hired worker (a; — w; — h + 0E; (7{,)) and the profit from not hiring
him (i.e. zero):

vy =a;—w, — h+0E; (1)) (26)

A job is offered when vF > g;. Thus the job offer rate is
n, = C. (’/F) . (27)

5.2 The Worker’s Behavior

The incumbent worker’s expected present value of utility ex post (once the realized value of

the disutility shock e; is known) is
Et (in) = W¢ — €¢ + 5Et ((1 — Ut-i—l) Qﬁ'_l + Ut-i-ngH) 5 (28)

where F, (Qt]L) is the expected present value of utility of the following period (before the

realized value of the shock e; is known):
Et (Qi\—fl-l) = Et (wt+1 - Et (€t+1|€t+1 < Lt+1) + ) ((1 - O't+2) szf\—[&—2 + O'H_QQIZ_Q)) . (29)
The expected present value utility from unemployment is

E (QF) = b+ 0E; (b1 + (1 — pr41) Q541) - (30)

An unemployed’s expected “work incentive” 1, (the incentive for an unemployed to accept
work) is the expected difference between the gross!* present value from working E; (SNZI{V ) =
w4 0E; (1= 0441) QY4 + 01419Y,,) and the present value from not working E; (') in the

current period:

= E, (ng - QE) . (31)

Thus the unemployed accepts a job offer when e, < FE; (ﬁiv - QU ), so that e; <

1;.Consequently, the job acceptance rate is

a; = Ce (1) - (32)

14The employed worker’s "gross" expected present value from working is the employed worker’s expected
present value of utility without taking the utility shock into account.
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The incumbent worker decides to quit his job when the present value of becoming unem-

ployed exceeds the present value of remaining employed (E; (@iv ) —e < By (Q? )), so that

his expected work incentive is lower than the utility cost e; > E; (Qi\f — Q? ) = ;. Thus the

quit rate is
Xe =1—Ce (1) . (33)

5.3 Employment

As in the previous model, the match probability is

My = T O, (34)

and the separation probability is

Ot = Oy + Xy — Ot Xo (35)

and the associated employment dynamics equation is

ng = iy + (1 —0p — 1) ny1 (36)

where the employment persistence parameter (1 — o, — u,) depends inversely on the match
probability ;, and the separation probability o;. An alternative interpretation of the persis-

tence parameter is given by

L—or—p=(1—¢)(1—x,) — ma, (37)

where (1 — ¢,) (1 — x;), the product of the incumbents’ retention rate and staying rate, is
the incumbents’ survival rate. Thus the persistence parameter is the difference between the

incumbents’ survival rate and the unemployed workers’ match probability.

5.4 Wage Determination

We now endogenize the real wage through bargaining. The conventional matching models
assume that the real wage is the outcome of Nash bargaining, which takes place after the
match has been made. This sequence of decisions is conceptually problematic, particularly
when match productivities are heterogeneous. Should not the firms’ and workers’ incentives
to match depend on the wage offered? If workers and jobs differ in terms of their produc-

tivities, will not a change in the wage lead to a change in the number of matches that are
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productive? In practice, of course, we don’t find workers and firms agreeing to match before
the terms of the employment contract have been set.

This difficulty is easy to overlook in the conventional matching models, where matches
are generated mechanically through a matching function, all matches generate a bargain-
ing surplus, and this bargaining surplus is shared by the worker and the firm through the
subsequent wage negotiation. But once the matching process is endogenized in terms of the
worker’s and firm’s incentive to match - as is done in our incentive model - the difficulty
comes into sharp relief. Then we see that the match probability depends on the firm’s job
offer rate and the worker’s job acceptance rate, and these rates in turn depend on the wage.
Similarly, the separation probability depends on the firm’s firing rate and the worker’s quit
rate, and these rates are also wage-dependent. In this context, it is clear that the num-
ber of matches made and destroyed per period of time cannot be determined without prior
knowledge of the wage.

On this account, we assume here that wage bargaining takes place before the job offer,
acceptance, firing and quit decisions are made. Our aim is to formulate a wage determination
model that is (i) simple and tractable, (ii) comparable to the wage bargaining process in the
conventional matching models (with the exception of the timing issue above) and (iii) able to
reproduce the stylized fact that wages are as volatile as productivity. For this purpose, we let
the incumbent workers and entrants receive the same wage wy,'® determined through Nash
bargaining between the firm and its median incumbent worker. The median worker faces
no risk of dismissal, as he is at the middle of the ¢ distribution. These assumptions satisfy
the three aims above, because (i) the simplify the analysis by allowing the employment rate
to depend on the wage, but not vice versa, (ii) the Nash bargaining between the firm and
the median incumbent is comparable to the wage bargaining in the conventional matching
models, and (iii) the negotiated wage turns out to be as volatile as productivity.

Needless to say, other models of wage negotiations could be incorporated into our analysis
(e.g. individualistic wage bargaining, monopoly union wage setting, separate wage negotia-
tions for incumbents and entrants, etc.), but we do not do so here since they would substan-

tially complicate the model,'® without affecting the main points of our analysis, namely, that

15This assumption also implies that an increase in wages leads to a fall in employment. This employment
effect can of course also be generated when incumbent workers and entrants have different wages. For exam-
ple, Lindbeck and Snower (2001) provide a variety of reasons why entrants do not receive their reservation
wage and thus a rise in incumbent workers’ wages is not met a counterveiling fall in entrant wages, and
thus a rise in incumbent workers’ wage lead to a fall in employment. In the context of a Markov model,
Diaz-Vazquez and Snower (2003) show that incumbent workers’ wages are inversely related to aggregate
employment even when entrants receive their reservation wages.

16Wages would depend on the time path of employment, while employment depends on the time path of
wages.

21



the matching and separation rates can be determined endogenously through the job offer,
job acceptance, firing and quit decisions, and that these decisions are not replicable through
a stable matching function.

The wage bargain takes place in each period of analysis. In the current period ¢, under

bargaining agreement, the median incumbent worker receives the wage w; incurs effort cost
eM and the firm receives the expected profit (at —w, —eM ) in each period t. Thus the

expected present value of the median incumbent worker’s utility £(Q2M) under bargaining

agreement is

Et(in) = Wt — €M + 6Et ((1 — O't_;,_l) Qi\j—l + O_t—i-ng].;_l) . (38)
The expected present value of firm’s returns under bargaining agreement are
E (IN) = (as —wy — ™) + 6B (1 — o01) LY — dyar f) - (39)

Under disagreement in bargaining, the incumbent worker’s fallback income is d, which
can be conceived as financial support from family and friends, strike pay out of a union
fund, or other forms of support. The firm’s fallback profit is —z, a constant. Assuming that
disagreement in the current period does not affect future returns, the present value of utility

under disagreement for the incumbent worker is
E (f’zgw ) — A+ 0B, (1= 0111) Q1 + 00107, | (40)
and the present value of profit under disagreement for the firm is
E (ﬁ;”) = 2465 (1= o) TIY — 1 ). (41)
The incumbent worker’s bargaining surplus is

Et (in) — Et (ﬁy) = Wt — 6M + 5Et ((]. - O't+1> Qﬁl + O't+1Q£J+1)
—d— 5Et ((1 — O-t-i-l) Qi\j_l + o-t'f‘ngi-l)
=w, —d— eV, (42)
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and the firm’s surplus is

E, (Hiw) - L (ﬁ%) = (a—wt —€M) + 0E; ((1 — o) 1Y _¢t+1f) -

By (=2 +0 (1= o) LY — ¢p11 f))

—a, —wy — M + 2. (43)

The negotiated wage maximizes the Nash product (A):

A:(wt—eM—d)v(at—wt—l—z—aM) . (44)

Thus the negotiated wage is
w=v(a+z—e")+(1—7) (M +4d), (45)

where v represents the bargaining strength of the incumbent worker relative to the firm.

5.5 The Labor Market Equilibrium

The labor market equilibrium is the solution of the system comprising the following equa-

tions:

e Incentives: the incumbent worker retention incentive v/ (eq. 23), the job offer incentive

vE (eq. 26), the work incentive ¢; (eq. 31).
e Employment decisions: the firing rate ¢, (eq. 24), and the job offer rate 1, (eq. 27).
e Work decisions: the job acceptance rate o, (eq. 32) and the quit rate y, (eq. 33).

e Match and separation probabilities: the match probability u, (eq. 34) and the separa-
tion probability o; (eq. 35).

e Employment and wage determination: the employment level N; (eq. 36) and the ne-

gotiated wage w; (eq. 45).

6 Calibration

We now calibrate our incentive model for the US 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, as for example in Shimer (2005). For the discount factor
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0= ﬁ we apply the real interest rate r = 1.04"/'2—1. We normalize the average productivity
(a) to 1. As in Hall (2005) and Shimer (2005), we set b by applying a replacement rate of
B = 40% of the wage. For simplicity, we set d = b. As commonly found in the literature we
adopt a bargaining power parameter ~ of 0.5.

Vacancy posting costs are usually set to around 30 percent of the quarterly productivity
in the conventional matching model calibrations. To make our calibration as comparable
as possible to conventional ones, we divide this number by the typical quarterly worker job
finding rate of 0.7 (see, e.g., Krause and Lubik, 2007 and den Haan et al., 2000) to obtain the
hiring costs, h. This gives us a value of 43 percent of the quarterly productivity or roughly
130 percent of the monthly productivity.

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 US and UK, and
that Bentolila and Bertola (1990) provide estimates of the average magnitude of UK firing
costs on a yearly basis.!” 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 UK firing costs by the ratio of the US to the UK employment protection indeces to
derive a rough estimate of the magnitude of US firing costs. Accordingly, the magnitude of
monthly US firing costs, relative to productivity, is 0.08. The same exercise based on other
industrialized countries (France, Germany and Italy), however, yields higher estimates of
US firing costs. Thus we choose a value of 0.1 for our baseline calibration, but provide a
robustness analysis for other values in Appendix B.!® For simplicity, we set the firm’s fallback
profit —z equal to — f.**

We assume that the random profitability term ¢ and the utility shock e have cumulative
distributions given by logistic functions with scale factors s. and s. and expected values €
and e, respectively.? We calibrate our model such that it replicates the stylized fact that
wages are as volatile as productivity.?! This is achieved by setting & = 0.19. Thereby our
calibration excludes the possibility that our results are driven by real wage rigidity.

After having set all our other parameter values, we are left with three free distributional
parameters (g, s., s.) to replicate three steady state labor market flow rates («, 1, and ¢).

Thus, our hands are bound with respect to the distributional parameters and we have no

1T"We take averages over the time periods provided by these authors.

18Specifically, we provide simulation results for firing costs calculated relative to the UK, f = 0.08, and
as an upper bound we choose f = 0.2.

19Here we implicitly assume that during disagreement the incumbent worker imposes the maximal cost on
the firm short of inducing dismissal.

20The cumulative logistic distribution is very close to the cumulative normal distribution.

21See Hornstein et al. (2005).
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further degrees of freedom.

The distributional parameters are chosen to replicate the following steady state values.
The match probability s, which is the probability for a worker to find a new job within one
period, is calibrated to 45%?2?, as in Shimer (2005) and Hagedorn and Manvoskii (2008).
The unemployment rate u is calibrated to 12%.2% According to our employment dynamics
equation (12) steady state unemployment is u = /7_% which implies a separation rate of
6.14%. 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 ¢ =
3.1%. Eq. (35) then yields the quit rate of y = 3.2%. Since « is equal to 1 — y, the job
acceptance rate is set at 96.8%. Recalling that u = an, we find that the resulting job offer
rate n is 46.5%.

We normalize the autocorrelation (p,) of the aggregate productivity shock and normalize
the standard error such that we obtain the empirical values for the autocorrelation and the

volatility of productivity in the model simulation below. Table 2 summarizes our calibrated

parameter values.

Variable | In Words Steady State Value

unemployment rate | 0.120

14 match probability 0.450
n hiring/job offer rate | 0.465
o separation rate 0.061
) firing rate 0.031
x =1 — «a | job quit rate 0.032

Table 1: Steady State Values

22 Note: In our model the worker finding rate (i.e., the probability of a firm to find a new worker) and the
job finding rate (i.e., the probability of a worker to find a new) are the same.

23This value also considers potential participants in the labor market such as discouraged workers and
workers loosely attached to the labor force, see Krause and Lubik (2007) and den Haan et al. (2000).
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Parameter | In Words Value
a productivity 1

15} replacement rate %,% 0.4

f firing cost 0.1

h hiring cost 1.3

v workers’ bargaining strength 0.5

r discount factor 0.997
—z firm’s fallback profit —0.1
e average value of leisure 0.17
5 average operating costs 0.465
Se scale factor of the cumulative distribution of &; 0.390
Se scale factor of the cumulative distribution of e, 0.078
Pa autocorrelation of the aggregate productivity shock | 0.975
Wa standard error of the aggregate productivity shock | 0.007

Table 2: Parameter Values (Rounded to the Third Decimal)

7 Description of Results

7.1 Labor Market Volatilies

Costain and Reiter (2008) and Shimer (2005) show that the conventional calibration of the
matching model is unable to replicate the volatility of the job finding rate, the unemploy-
ment rate, and other labor market variables in response to productivity shocks. Table 3
shows that the empirical volatilities for the United States (from 1951-2003, HP filtered data
with smoothing parameter 100,000, as calculated by Shimer) are far greater than the cor-
responding volatilities in response to productivity shocks, as generated by the simulation of

the conventional matching model (in its standard calibration, as calculated by Shimer).
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U. Rate | Match. Rate | Sep. Rate | Product.
Empirical Volatilities by Shimer (2005), from 1951-2003
Standard deviation 0.19 0.12 0.08 0.02
Relative to productivity | 9.5 5.9 3.8 1
Quarterly autocorrelation | 0.94 0.91 0.73 0.88

Volatilities by Shimer’s

(2005) Search and Matching Model

Standard deviation 0.01 0.01 - 0.02
Relative to productivity | 0.5 0.5 - 1
Quarterly autocorrelation | 0.94 0.88 - 0.88

Table 3: Empirical Volatilities and Volatilities generated by the Search and Matching
Model from Shimer (2005).

To compare our model with the conventional matching theory, we use our baseline cali-
bration (with robustness checks in the Appendix B) to simulate our model for 200 quarters
(i.e. 600 months). We repeat this exercise 10,000 times and report the average of the
macroeconomic volatilities (HP filtered simulated data with smoothing parameter 100,000)
in Table 4.

U. Rate | Match. Rate | Sep. Rate | Product.
Standard Calibration
Standard deviation 0.19 0.13 0.07 0.02
Relative to productivity | 8.8 6.0 3.5 1
Quarterly autocorrelation | 0.90 0.88 0.88 0.88

Table 4: Volatilities generated by the Incentive Model of Matching

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 do not neither have to resort to Hall’s (2005) real wage
rigidity assumption nor to Hagedorn and Manovskii’s (2008) small surplus calibration.

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 both
from 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
on a microeconomic level. Hornstein et al. (2005) show that wages are roughly as volatile

as the labor productivity on a macroeconomic level. By contrast, our model generates high
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labor market volatilities, even though it replicates the stylized fact that wages are as volatile
as productivity.

Hagedorn and Manovskii (2008) choose a small-surplus calibration to resolve the volatil-
ity 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 (due to 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 work-
ing and not working. We do not need to rely on any of these mechanisms in our calibration.
As noted, we assume that worker’s bargaining power is 50 percent. The labor income di-
vided by overall production is roughly 80 percent in our model. Furthermore, the average
worker’s disutility of labor and unemployment benefits make up only 80 percent of the cur-
rent wage. As a consequence, the average worker is not indifferent between unemployment

and employment.

7.2 Correlations

Our model features several additional advantages compared to the conventional matching
framework. Krause and Lubik (2007) show that the matching framework with endogenous
job destruction and flexible wages cannot generate a strong negative correlation between
the job finding rate and the unemployment. In all of our model simulations, the correlation
between these two variables is very strongly negative, in magnitude between -0.95 and -0.99,
i.e., slightly higher than in the US data (-0.95, see Shimer, 2005).

Further, Krause and Lubik (2007) show that the matching model with endogenous job
destruction and flexible wages cannot account for the negative correlation between job de-
struction and job creation. In our model, the correlation between these two variables is

always negative and close to -1.24

24The job finding rate and the job destruction rate are both driven by the same underlying shock, resulting
in this strong negative correlation. We could get a lower correlation if we introduced another shock to drive
a wedge between the shocks underlying job destruction and those underlying job creation. However, for
simplicity we do not choose this option.

28



8 Conclusion

This paper has presented a choice-theoretic theory of labor market matching in the presence
of frictions, heterogeneous jobs and heterogeneous workers. This theory does not rely on a
matching function. We have presented simple analytical models that derive labor market
matches and separations from the optimizing behavior of workers and firms. Since the
matching function is meant to encapsulate frictions and heterogeneities, we have examined
whether it can replicate the optimizing behavior above. Our analysis indicates that the
matching function is vulnerable to the Lucas critique, since it is not stable with respect
to changes in policy and macroeconomic variables. Thus its use for policy analysis and
prediction becomes problematic.

To keep our formal analysis as simple as possible, we have made some radically simplifying
assumptions, such as those concerning wage determination, the depiction of heterogeneities
in terms of only two additive shocks € and e, and the depiction of adjustment costs in terms
of only two additive costs h and f. Whereas these simplifying assumptions naturally affect
the quantitative predictions of our model, they are not essential to basic idea that motivates
this paper: namely, that the matching and separation probabilities can be understood in
terms of job offer, job acceptance, firing, and quit 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.

Needless to say, the incentive models presented above are merely a first step towards
a choice-theoretic understanding of the matching process. Much research remains to be
done. Although relaxing our simplifying assumptions regarding wage determination, hetero-
geneities and adjustment costs will not affect the basic idea above, it will help us refine the
quantitative predictive properties of the incentive model.

Nevertheless, we have shown that even on the basis of our radically simplifying assump-
tions, our calibrated incentive model can account for various important empirical regularities
that have eluded the conventional matching models. In particular, our model comes close
to generating the empirically observed volatilities of the unemployment rate, the job finding
rate and the separation rate. Furthermore, our model can also account for the observed
strong negative correlations between the job finding rate and the unemployment rate, and

between job creation and job destruction.

29



References

1]

[10]

[11]

[12]

Andolfatto, David. 1996. "Business Cycles and Labor-Market Search." American Eco-
nomic Review, 86(1): 112-132.

Bentolila, Samuel, and Guiseppe Bertola. 1990. “Firing Costs and Labour Demand:
How Bad Is Eurosclerosis?” Review of Economic Studies, 57(3): 381-402.

Belot, Michele, Jan Boone and Jan C. van Ours. 2007. “Welfare-Improving Employment
Protection.” Economica, 74: 381-396.

Blanchard, Olivier J., and Peter A. Diamond. 1989. “The Beveridge Curve.” Brookings
Papers on Economic Activity, 20(1): 1-76.

Christoffel, Kai, James Costain, Gregory de Walque, Keith Kuester, Tobias Linzert,
Stephen Millard, and Olivier Pierrard. 2009. "Inflation Dynamics with Labour Market
Matching: Assessing Alternative Specifications." Federal Reserve Bank of Philadelphia
Working Papers 09-6.

Costain, James S., and Michael Reiter. 2008. “Business Cycles, Unemployment Insur-
ance, and the Calibration of Matching Models.” Journal of Economic Dynamics and
Control, 32(4): 1120-1155.

Diaz-Vazquez, Pilar, and Dennis J. Snower. 2003. “Can Insider Power Affect Employ-

ment?” German Economic Review, 4(2) 139-150.

Fahr, René, and Uwe Sunde. 2001. “Disaggregate Matching Functions.” IZA Discussion
Papers 335.

Fahr, René, and Uwe Sunde. 2004. “Occupational Job Creation: Patterns and Implica-
tions.” Oxford Economic Papers, 56(3): 407-435.

Fujita, Shigeru, and Garey Ramey. 2009. “The Cyclicality of Separation and Job Finding
Rates.” International Economic Review, 50(2): 415-430.

Gertler, Mark, and Antonella Trigari. 2009. "Unemployment Fluctuations with Stag-
gered Nash Wage Bargaining." Journal of Political Economy, 117(1): 38-86.

den Haan, Wouter J., Garey Ramey, and Joel Watson. 2000. “Job Destruction and
Propagation of Shocks.” American Economic Review, 90(3): 482-498.

30



[13]

[14]

[15]

[19]

[24]

Haefke, Christian, Markus Sonntag, and Thijs van Rens. 2008. “Wage Rigidity and Job
Creation.” IZA Working Paper 3714.

Hagedorn, Marcus, and Iourii Manovskii. 2008. “The Cyclical Behavior of Equilibrium
Unemployment and Vacancies Revisited.” American Economic Review, 98(4): 1692-
1706.

Hall, Robert E. 1977. “An Aspect of the Economic Role of Unemployment.” In Micro-
economic Foundations of Macroeconomics, ed. Geoffrey C. Harcourt, 354-72, London:

Macmillan.

Hall, Robert E. 2005. “Employment Fluctuations with Equilibrium Wage Stickiness.”

American Economic Review, 95(1): 50-65.

Hall, Robert E. 2006. “Job Loss, Job Finding and Unemployment in the US Economy
over the Past Fifty Years.” NBER Maroeconomics Annual, 20: 101-137.

Hornstein, Andreas, Per Krussell, and Giovanni L. Violante. 2005. “Unemployment
and Vacancy Fluctuations in the Matching Model: Inspecting the Mechanism.” Federal
Reserve Bank of Richmond Economic Quarterly 91(3): 19-51.

Krause, Michael U.; and Thomas A. Lubik. 2007. “The (Ir)relevance of Real Wage
Rigidity in the New Keynesian Model with Search Frictions.” Journal of Monetary
Economics, 54(3): 706-727.

Lagos, Ricardo. 2000. “An Alternative Approach to Search Frictions.” Journal of Polit-
ical Economy, 108(5): 851-873.

Lindbeck, Assar, and Dennis J. Snower. 2001. “Insiders versus Outsiders.” Journal of
Economic Perspectives, 15(1): 165-188.

Merz, Monika. 1995. "Search in the Labor Market and the Real Business Cycle." Journal
of Monetary Economics, 36(2): 269-300.

Mortensen, Dale T., and Christopher A. Pissarides (1994), “Job Creation and Job
Destruction in the Theory of Unemployment.” Review of Economic Studies, 61(3), 397-
415.

Petrongolo, Barbara, and Christopher Pissarides. 2001. “Looking into the Black Box:
A Survey of the Matching Function.” Journal of Economic Literature, 39(2): 390-431.

31



[25] Pissarides, Christopher A. 2000. Equilibrium Unemployment Theory. Cambridge, MA:
MIT Press.

[26] Shimer, Robert. 2005. “The Cyclical Behavior of Equilibrium Unemployment and Va-

cancies.” American Economic Review, 95(1): 25-49.
[27] Shimer, Robert. 2007. “Mismatch.” American Economic Review, 97(4): 1074-1101.

[28] Thomas, Carlos. 2008. "Search and Matching Frictions and Optimal Monetary Policy."
Journal of Monetary Economics, 55(5): 936-956.

[29] Thomas, Carlos, and Francesco Zanetti. 2008. "Labor Market Reform and Price Stabil-
ity: An Application to the Euro Area." Banco de Espana Working Papers 0818

A Appendix

A.1 Vacancies

Suppose that V* > U, where V' is aggregate vacancies and U is the unemployment level. The

number of vacancies posted by firm ¢ is V,,, and the number of vacancies posted by all other

firms is V-, so that V =V, + V-,. The probability that a vacancy is filled is p = #
The number of job applicants at firm ¢ is
Uv,
A, =V,p=—-"2—. 46
¥ gop ch + V:(p ( )
The firm’s expected profit is
Uv,
E = —w—h—F —2 gV 47
(mp) =i la—w O gy (47)

where k is the vacancy posting cost. Differentiating this profit function, we find the profit-

maximizing number of vacancies:

. V- 1 1
V= _Tw + o ((KV=p)* =4k (kV2 — p(a—w—h— E () UV~,))® (48)
There are F' + 1 identical firms. Thus, in equilibrium, V-, = FV, so that
—w—h—F UF
v* — /’l’ (a w - (5)) (49)
’ k(14 3F + F?)
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Observe that V rises when (i) expected profit per worker i (a —w —h — E (¢)) rises, (ii)
the number of unemployed U rises (a strategic complementarity, so that the "vacancy supply
curve" is an upward-sloping line), (iii) the vacancy posting cost  falls, and (iv) the number
of firms F' falls.
Analogously to the conventional matching function, we can assume that the there is free
entry of firms, so that the number of firms is such that expected profit is driven to zero:
E(7r<p):,u(a—w—h—E(s))%—,‘-@V%’,k (50)

and thus the equilibrium number of firms is

U

F*:u(a—w—h—E(e))HV*
%)

—1 (51)

The model above is compatible with unemployment, even though all unemployed workers
find a vacancy. The reason is that not all vacancies lead to employment, since the match
probability p < 1.

Finally, consider the case where V' < U, where all job searchers are allocated randomly

to vacancies. Then every vacancy is filled. Thus the firm’s expected profit is
Blr,) = p(a—w—h—E () V, -V, (52)

In this case, there is no interior solution to the profit-maximizing number of vacancies. If
p(a—w—hE — (g)) > k, more vacanies will be created until V' > U (the case above). If
p(a—w—h—FE(g)) <k, then no vacancies are created, since the vacancy posting cost is
too high.

A.2 Robustness

Table 5 provides a robustness analysis of the labor market volatilities implied by our model
for values of the firing cost f = 0.08 and f = 0.20.
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U. Rate | Match. Rate | Sep. Rate | Product.
Volatilities for f= 0.08
Standard deviation 0.23 0.14 0.09 0.02
Relative to productivity | 10.7 6.6 4.4 1
Quarterly autocorrelation | 0.90 0.88 0.88 0.88
Volatilities for f= 0.2
Standard deviation 0.11 0.09 0.03 0.02
Relative to productivity | 5.2 4.5 1.5 1
Quarterly autocorrelation | 0.91 0.88 0.88 0.88

Table 5: Robustness Analysis of the Labor Market Volatilities Implied by our Model for

Values of the Firing Cost f = 0.08 and f = 0.20.
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