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Abstract

We show that in any reconfigured matching model of the labor market low hiring
costs, specifically proportional ones, play a central role in generating large unemploy-
ment volatility. Moreover, we show that low proportional hiring costs also play a
critical role in inducing wage inertia, and that there is a tight relationship between
proportional hiring costs and fundamental surplus fraction. They are two sides of the
same coin. We then use unique German data, from which we extract measures of pro-
portional and fixed hiring costs and relate them to output. We find that the ratio of
proportional hiring costs to output is very low, while fixed hiring costs are relatively
large. Finally, we use our empirical estimates of hiring costs to calibrate the canonical
matching model, augmented with fixed hiring costs. We show that for values of the
proportional and fixed hiring costs in line with our data the model can generate an em-
pirically relevant market tightness elasticity, given plausible values of other parameters
(including the replacement ratio).
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1 INTRODUCTION

We revisit, both theoretically and empirically, the unemployment volatility puzzle of Shimer
[2005]E that, for common calibrations, the Mortensen-Pissarides search and matching model
of equilibrium unemployment (MP henceforth) fails to generate empirically observed fluctu-
ations in unemployment.H Following Shimer [2005], several influential papers have proposed
different responses to his critique.E All of these, and many other related papers, emphasize
the centrality of a very high replacement ratio (the ratio of unemployment income to real
wages) and/or real wage rigidity to account for labor market dynamics, specifically in gen-
erating large fluctuations in market tightness and unemployment to productivity changes.
In a recent contribution to this literature, Ljungqvist and Sargent; [2017] suggest that be-
neath the large responses of unemployment to movements in productivity in these various
proposed reconfigurations of the standard matching model is simply the small size of what
they call the fundamental surplus fraction. They consider a wide range of DSGE models with
matching frictions and advocate the fundamental surplus as “the single intermediate channel
through which economic forces generating a high elasticity of market tightness with respect
to productivity must operaute.”lé Moreover, Ljungqvist and Sargent (2017), like Hagedorn
and Manovskii (2008), do not believe in the importance of wage inertia, emphasized in the
literature for instance by Gertler and Trigari [2009]; Rogerson and Shimer [2011], Christiano
et al| [2016], Gertler et al. [2020], and Koenig et al. [2020] among others, in generating unem-
ployment volatility in matching models. They mention that a high (low) wage elasticity in
Nash bargaining models is neither a necessary nor a sufficient condition to have a low (high)
market tightness elasticity.

We make two main contributions to the existing literature; one theoretically and the
other empirically. On the theory side, we demonstrate that proportional hiring costs play a
central role in matching frameworks in generating empirically relevant labor market fluctua-
tions. Given a realistic value of workers’ bargaining power, low proportional hiring costs are
necessary to generate large fluctuations in unemployment and market tightness, and small
fluctuations in real wages. We also shed light on the above-mentioned controversy regarding
the role of wage rigidity in matching models and mathematically and quantitatively show

that in the standard MP model with Nash bargaining, workers’ bargaining power plays an

! Although the puzzle is known as Shimer puzzle, it is fair to keep in mind that a similar problem raised
first by |Andolfatto [1996].

2For the baseline model, see Pissaride [1985]; Mortensen and Pissarides [1994]; and Pissarides [2000].

3See, e.g., Hall [2005]; Hornstein et al. [2007]; Hall and Milgrom [2008]; Hagedorn and Manovskii [2008];
Gertler and Trigari [2009)]; Pissarides [2009]; Petrosky-Nadeau and Wasmer [2013]; Christiano et al, [2016];
and Gertler et al| [2020] among many others.

4The fundamental surplus also now constitutes chapter 30 of the Ljungqvist and Sargent’s famous graduate
textbook “Recursive Macroeconomic Theory, Fourth Edition, The MIT Press, 2018
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important role in governing the size of the market tightness elasticity with respect to pro-
ductivity. A low worker’s bargaining weight can indeed significantly amplify the magnitude
of fluctuations in unemployment and market tightness. However, it is able to deliver empir-
ically relevant fluctuations if and only if it does not coincide with, or does not induce, high
proportional hiring costs.

More specifically, we show that the elasticity of market tightness (as the measure of labor
market volatility) is sufficiently large to induce high volatility in unemployment, vacancies,
and market tightness, and the elasticity of wages is sufficiently small to account for the low
wage volatility observed in the data, if and only if, proportional hiring costs are sufficiently
small. We relate these costs to what Ljungqvist and Sargent (2017) call the fundamental sur-
plus fraction and show that in the matching frameworks discussed by them, the fundamental
surplus fraction is small only if proportional hiring costs are small. In the canonical search
and matching model with Nash bargaining, this tight relationship comes from the free-entry
assumption in vacancies that makes it impossible to get low proportional hiring costs or a
low workers’ bargaining power, two critical parameters in determining the magnitudes of the
market tightness and wage elasticities, without having high unemployment benefits, another
central parameter of the model. Overlooking this fact and writing down the elasticity of
market tightness in terms of fundamental surplus might lead to an incorrect conclusion that
wage rigidity does not play an important role in governing the magnitude of the market tight-
ness elasticity. Indeed as Koenig et al| [2020] astutely mention, unemployment volatility and
wage rigidity are “two sides of the same coin”, and call the unemployment volatility puzzle
the “wage flexibility puzzle” We confirm this assertion by showing that wage inertia is an
inherent and internal feature of the canonical matching model if one wants to generate large
movements in unemployment and market tightness. In other words, in the standard MP
model with Nash bargaining it is not possible to generate high volatility in unemployment
without having low volatility in wages.

A central conclusion of the theoretical part of our analysis is that proportional hiring
costs and the fundamental surplus are two concepts tightly linked in benchmark search and
matching models. When there are no hiring costs, workers are paid their outside option,
and the fundamental surplus is zero (or the replacement rate is 1). When there are hiring
costs, it becomes costly to walk away from a match and the value of the match surplus is
split between a matched firm and worker. The higher the hiring costs, the larger the match
surplus, and therefore, the larger the gap between wages and outside option, or the smaller the
fundamental surplus fraction. In other words, proportional hiring costs and the fundamental

surplus are two sides of the same coin in canonical search and matching models B

5We are very grateful to an anonymous referee for providing this excellent intuition.
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We next depart from the canonical framework and loosen up the relationship between
hiring costs and the replacement ratio by first supposing, following Pissarides [2009], that in
addition to proportional hiring costs the firm must also pay fixed hiring costs. The relative
importance of fixed hiring costs in matching models has previously been discussed in the
literature by Pissarides [2009] and Silva and Toledo [2009]. We show that, in the presence
of these costs, the canonical model does continue to need low proportional hiring costs to
account for the relatively large unemployment fluctuations. However, in line with Pissarides
(2009), it no longer needs an unreasonably high replacement ratio to produce an empirically
relevant market tightness elasticity, as long as fixed hiring costs are relatively large (compared
to proportional hiring costs).E

The key empirical questions are therefore whether proportional hiring costs are low enough
and fixed hiring costs are relatively large enough in the data to provide support for the match-
ing framework as the workhorse of macro labor research in understanding why unemployment
is so countercyclicad.H To answer these questions, we use representative firm-level information
on the costs to fill a vacancy at a fine-grained occupational level and test whether its two
main components, i) labor costs associated with filling the vacancy (mainly interview costs),
and ii) non-labor costs (mainly job advertising costs), are related to our occupational-level
measure of labor market tightness. We use a unique and representative data source for job
vacancies in Germany (the German Job Vacancy Survey [Moczall et al), 2015]) and provide
an estimate of the ratio of hiring costs to output for the population of all annual hires in Ger-
many. We find that marginal costs to fill a vacancy in Germany average between 1090 and
1370 Euro per hire, depending on the year of the survey and the exact calculation method.

We find that the share of hiring costs relative to output is indeed very low; 0.0015, or 0.15%

6 As we prove it in the main text, the presence of fixed hiring costs, mathematically, all else being equal, in
itself lowers the elasticity of market tightness, unless wages are fixed a la Hall (2005) or workers’ bargaining
power is near zero. Their importance comes from two facts: first, they are in the data; second, as we already
mentioned, in their presence, we can obtain an empirically relevant elasticity of market tightness with respect
to productivity without assuming an implausibly high replacement ratio. However, to get a very large market
tightness elasticity, the canonical matching model still needs to have a high replacement ratio along with very
small proportional hiring costs.

"We calibrate the canonical matching model with Nash bargaining without and with fixed hiring costs
and work out the values of proportional hiring costs and fixed hiring costs that would be consistent with an
observed elasticity of market tightness, for plausible values of other structural parameters. With no fixed
hiring costs, the value that we obtain for proportional vacancy costs is roughly 0.12 for an elasticity of market
tightness equals 7.56, which Pissarides [2009] estimates as the empirically relevant one. This value essentially
results in a large replacement ratio (0.87). While proportional hiring costs are indeed small in the data, as
we will discuss and show later, the implied replacement ratio is well above the estimated ones from the data
(Koenig et al| [2020] find that a reasonable value for the replacement ratio, based on UK data, is about 0.69.)
With fixed hiring costs, to target the tightness elasticity of 7.56, we obtain 0.02 for proportional hiring costs,
and 0.3 for fixed hiring costs, while keeping the replacement ratio at the plausible value 0.69 advocated by
Koenig et al. (2020). These two values are very in line with our empirical findings, as we discuss in the main
text.



of the annual GDP. Moreover, we find that the costs to fill a vacancy differ strongly by the
qualification requirement, which is consistent with the fact that cyclicality in unemployment
is highest for individuals with low education levels (Jefferson, 2008). Furthermore, we find
that only non-labor costs associated with filling a vacancy are proportional (i.e., they are
associated with labor market tightness). Conversely, our empirical evidence suggests that
interview costs do not depend on tightness (i.e., they are a fixed component of hiring costs).
Finally, we use additional survey data on post-match training costs and relate these costs
to vacancy posting and interview costs. We find that the ratio of pre-match to post-match
hiring costs is very small. As post-match hiring costs can be described as one-off training
costs, we find that proportional hiring costs amount on average to 1.1%, and fixed hiring
costs to 32% of monthly output. Thus, we provide strong empirical evidence supporting our
theoretical findings regarding the centrality of small proportional hiring costs in inducing
high unemployment volatility. The small size of proportional hiring costs relative to the
firm’s fixed hiring costs also confirms the theoretical postulation of Pissarides [2009] regard-
ing the relative importance of these fixed costs in inducing a high unemployment volatility,
given a reasonable calibration of the worker’s foregone leisure and unemployment income.
Our theoretical and empirical contributions also show that the recent significant finding of
Chodorow-Reich and Karabarbounis [2016] regarding the procylicality of the opportunity
cost of employment does not pose a serious challenge to models of equilibrium unemploy-
ment in generating the observed magnitude of the fluctuations in unemployment and market
tightness in response to shocks of plausible magnitude.

One of the central reasons behind the tight connection between the hiring costs and
fundamental surplus fraction in different versions of the canonical matching model is the free
entry of vacancies assumption. In fact, it is because of this assumption that it is possible
to derive the elasticity of market tightness with respect to productivity as a function only
of some structural parameters. In a recent contribution, Coles and Moghaddasi Kelishomi
[2018] (CMK, henceforth) relax this condition in the canonical matching framework with
Nash bargaining and find that the vacancy creation process is less than infinitely elastic in
the data. They then show that their relaxed framework, despite a high fundamental surplus
fraction, generates sufficient unemployment, market tightness, and vacancies volatilities along
with matching their cross correlations in the data. We extend the framework of CMK to
allow for both proportional and fixed hiring costs. We show that although the canonical
framework with no free-entry condition does not need a small fundamental surplus to match
the data (in fact, all else equal, setting unemployment benefits to zero barely changes CMK’s
main results), it does need very small proportional hiring costs. Indeed, in their calibration,

CMK set proportional hiring costs to zero. We find that, all else being equal, a small rise in
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proportional hiring cost leads to substantial changes in the dynamics of the model, confirming
their centrality to the canonical framework with no free-entry condition as well. Furthermore,
we show that the introduction of fixed hiring costs, in contrast to the canonical model with
the free-entry condition, does not improve the performance of the model without free-entry
assumption in generating enough unemployment volatility. In fact, unless proportional and
fixed hiring costs are very small, it is unable to generate enough unemployment volatility.
However, as we mentioned above and document below, while proportional hiring costs are
indeed small in the data, fixed hiring costs are relatively large.

The paper progresses as follows. Section 2 begins by setting forth a standard matching
model and explains the role of proportional as well as fixed hiring costs in generating big
responses of unemployment to productivity changes in different reconfigured versions of the
MP framework. Section 3 uses representative German survey data with detailed information
on hiring costs and provides estimates for relevant hiring cost calibration values. Section 4

concludes.

2 The Canonical MP Model

We start our analysis with the canonical MP model, where wages are determined through
Nash bargaining. We first establish the centrality of proportional hiring costs in generating
a large market tightness elasticity in this model. We will then show that, in the models
discussed by Ljungqvist and Sargent (2017), the fundamental surplus fraction is small only
if hiring costs are small. Next, we will loosen up the tight connection between proportional
hiring costs and unemployment benefits in the canonical model by first adding fixed hiring
costs and next relaxing the free-entry condition as well. We will then turn to a unique data
set on job vacancies in Germany to measure both proportional and fixed hiring costs. We
show that the proportional hiring costs to output ratio is very low, while fixed hiring costs

are relatively large.

2.1 Households

There is a representative household in the economy consisting of a continuum of measure
one of family members that are supplied inelastically to the labor market. The size of the
population is normalized to one, u; + ny; = 1, where u; stands for the rate of unemployment,
and n; is the employment rate in period t. If employed, a worker will receive the real wage
wy. In the case of being unemployed, he will receive the government-provided unemployment

compensation y in consumption goods. The paper follows the literature and assumes perfect
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consumption insurance.
Preferences of the family members are represented by the discounted sum of utility over

consumption ¢; as follows:

Ey Y B'Incy, (1)
t=0

where 0 < B < 1 is the discount factor, and E, denotes the mathematical expectation
operator conditional on information available in period 0.

The household is assumed to face a sequence of budget constraints given by:
ct + bt = winy + Ttbt—l + (1 - nt) X + Ht - tt (2)

where b; denotes holdings of government debt that pay in units of the consumption good, r;
is the real interest rate, II; denotes real profits returned to the household through dividends,
and t; denotes real lump-sum taxes.
The first-order condition for the household’s maximization problem results in the following
standard Euler equation:
Ct

1= EfBrig— (3)

Ct+1

2.2 The firm, search, vacancies, matching, and Nash wage outcome

The representative firm produces output, y;, using labor as the sole input according to y; =
any, where a; is a common productivity factor that is stochastic and follows the AR (1)

process:

Ina; = pglnay_q + €f. (4)

To fill a vacancy, a firm incurs hiring costs. We adopt the conventional assumption of a
flow cost v for the vacancy duration. The timing is as follows: the firm starts in period ¢
with n;_; employed workers and posts vacancies v; to attract new workers; the number of

workers searching for jobs is:

up=1—m4_q, (5)

where this process will give rise to m (u, v;) new matches; then, an exogenous fraction p
of workers employed at ¢t — 1 separates from the firm; the separated workers cannot search
until the following period; finally, new workers start their job right away, rather than with a

one-period delay. Thus, total period-t workforce can be written as:
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ne = (1 —p)m_1 + gy, (6)

where ¢; denotes the market-determined probability that a vacancy is filled.
We assume that unemployed workers u; and vacancies v, are converted into matches

according to the following standard constant-returns-to-scale (CRS) technology:

m (ug, vy) = Cugdy ™, (7)

where 6, = u s the market tightness at time ¢, and 0 < o < 1 is the elasticity of matching
with respect to unemployment. Given a CRS matching technology, the probability for an
unemployed worker to be matched with a vacancy is p, = (6; “, and the probability for a
vacancy to be filled is ¢; = (60, “.

Given Eq. (H), the law of motion for aggregate employment in period ¢ can be written as:
ng = (1 — p) Ne—1 + Cthtlfa. (8)

The firm’s objective is to maximize its discounted profits, which gives rise to the following
standard job creation condition:

% =a;—w;+ (1 —p) Etﬂctciqtlﬂ (9)

Expression (E) states that at the optimum the hiring costs paid by the firm must be equal

to the discounted expected profits value of a match. We follow the standard approach in

matching models and assume that wages are determined by Nash bargaining. Letting ¢ be

workers’ bargaining power, the bargaining process results in the following wage outcome (see

appendix A for a formal derivation):

C
wy = dag + (1 — @)X + ¢y B, S, (10)
Ci+1 Gi+1

2.3 Closing the model, the resource constraint, and the definition of equilibrium

The government adjusts lump sum taxes, t;, to balance its budget constraint—b; + t;, =

ribi—1 + (1 — ny) x. The aggregate resource constraint of the economy is:

¢t + yuhy = agny. (11)

An equilibrium for {¢;, ny, us, wy, 4, 6;} is characterized by conditions (), (H), and (E)—
(), given the stochastic process {a;} .



2.4 The centrality of hiring costs

We now derive the elasticities of market tightness and wages with respect to productivity in
terms of proportional hiring cost, v. What emerges from this part points to a clear negative
relationship between the market tightness elasticity and the proportional hiring costs, and a
positive one between the wage elasticity and those costs.

To better understand the tight link between « and unemployment benefits x (and there-
fore, the replacement ratio and fundamental surplus) in the canonical matching model, notice
that the real wage, w;, appears in both the job creation condition (B) and the Nash wage out-
come () Notice also that these two equations do not automatically give the same real wage
in the steady state, unless we solve them together to tie down one of the model parameters
that appears in at least one of them by the other parameters in these two equations. We will
get back to this after deriving the elasticity of market tightness with respect to productivity
(M9.a), that in the literature following Shimer [2005] is used as the main measure of labor
market volatility.

The steady-state versions of equations (E) and (@), respectively, give us:

EST R

(1-5(1=p)=a—-w, (12)

w = ¢a+ (1 —¢)x + B0 (13)

To have a unique solution for w we must have:

(1=BA=p—9¢p)=010-9)(a—x). (14)

SR

Implicit differentiation of expression (@) gives us the elasticity of market tightness as
follows (note that a = 1):

_dba (1-9¢) 1
S dal {a(1-B(1-p))+Bop}y

N9,a (15)

Ruling out the uninteresting and unreasonable case that the market tightness 6 — 0
(which means that the job-finding probability p — 0, the vacancy-filing probability ¢ — oo,
and vacancies v — 0), it is evident from () that the magnitude of 7y, is mainly determined
by the second term, that is only a function of v. Therefore, to generate high volatility in
market tightness a low value for v is essential. A small v features a large value for the second
term of (@), and therefore, a large market tightness elasticity. More precisely, as v — 0,
the market tightness elasticity goes to infinity, 7y, — +o0.
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It is also evident from () that workers” bargaining power ¢ plays an important role in
determining the size of 1y ,. Given v, the lower ¢, the higher is 7y ,. However, the centrality
is with 7, because even if ¢ is zero a large v induces a very small 7y,. The reverse is not
true. Even if ¢ is near 1, a very small v can still induce a large 7797(1.E

If in this standard textbook version of the MP model it is v and ¢ that together deter-
mine the elasticity of market tightness, why then in the related literature it is believed that
the magnitude of unemployment benefits, x, determines 7,7 It is because of the free-entry
assumption in vacancies and the nature of the canonical MP framework that makes it im-
possible to get a low v or a low ¢ without having a high X.E This is clear from () For
a moment assume that there is no unemployment benefits, that is, x = 0. Evidently, (@)
remains unchanged. However, since () must be satisfied a zero y tells us that a very low
must be accompanied by a very high 6 or a very high ¢ (almost 1), or both, which none of
these combinations will give a large 7 ,. More precisely, expression (@) highlights the strict
negative relationships between v and ¢; v and 6; and € and ¢. In other words, keeping all
the other parameters constant, a lower v will result in a higher ¢, which would then leave
the total impact of a smaller v on 7y, insignificant. The same holds for the other two cases.
It is only via x, in this standard model, that we can achieve a low v, or a low ¢, or both at
the same time. Note that x is in the background and does not show up in () To see more
clearly the relationship of v, ¢, and 6 with unemployment benefits y, rewrite () as:

[1—ﬁ(1—p—¢p)]7
(1-9)q ’

where it is clear that as v and ¢ decrease, x increases. As a matter of fact, x is at its highest

x=1-— (16)

possible value when v = 0.@ Below, we will discuss how in the presence of fixed hiring costs

8See appendix B for detailed static and dynamic numerical exercises.
9Tn subsection 2.8 we drop the assumption of free entry and show that the magnitude of v remains central
to getting large market tightness volatility, but this is no longer the case regarding x.

ONote that with the exception of v and Y, all the other parameters appearing in (@) are bounded to
change in a narrow range, where there is a consensus regarding the values that each of these parameters can
take. Therefore, it remains only these two reasonable options to solve for (@) Given the value of one, the
value of the other is determined endogenously. Expression ([l4) contains only one endogenous variable, market
tightness. Given its definition, we have § = v/u. This, in itself, does not impose any specific restriction on
the magnitude of . However, because of the nature of the matching function, m (u,v) = Cu®91 =%, we have

—1/a 11—«
that p = (61~ and ¢ = ¢6~%. Since 0 < p,q < 1, the inequality (%) <0< (%) must hold, and

= ¢ must also be the case. The inequality holds only if ( < 1. Moreover, given the definitions of p and g,
the matching parameter ( is uniquely pinned down to:

¢=pg' (17)

Due to the fact that p and ¢ must be above zero and below one, it is not a good strategy to solve
expression ([L4) for 6, since we may end up getting a probability above one or at zero for some calibrations of
the parameters. Moreover, in this case, we can no longer pin down ¢ by ([L7) and have to assign an arbitrary
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it is possible to achieve a low ~ through a higher fixed hiring cost without having to assume
a high y.

Now, let us derive the elasticity of market tightness in terms of the fundamental surplus
fraction. To do so, note that another way of writing Eq. (@) is to eliminate (1 — ¢) by using
condition (@)7 which results in:

e (=50 =p)+Bop
b a(l=B(1-p)+ppa—x’

(18)

where compared to (@) it is now v that goes in the background and does not appear in
Moo The first term in (@) is bounded from above by 1/a. Hence, based on Ljungqvist and
Sargent’s (2017) interpretation, it is the second factor, or more precisely, a — x that is critical
in generating large volatility in unemployment. To have large fluctuations in unemployment

the inverse of the fundamental surplus fraction —*

~ must be large. Given that a = 1, the
only way to get a high value for the inverse of the fundamental surplus is to have a high
unemployment benefit x. Note that expression (@) by definition is essentially the same as
equation (@) As discussed above, x achieves its maximum, if v = 0. That is, the proportional
hiring costs and the fundamental surplus are two sides of the same coin under the free-entry
assumption.

In writing down the elasticity of market tightness as in (@) and advocating the magnitude
of unemployment benefits or the fundamental surplus as the main factors behind delivering
high unemployment volatility, it might seem that wage rigidity does not play any role in
governing the size of market tightness elasticity. This is what Hagedorn and Manovskii
[2008] and Ljungqvist and Sargent (2017), argue for and advocate. However, this as we
clearly see from (@), and will see more below, this is not the case.

To see the centrality of low hiring costs in generating wage inertia in matching models, we
now turn to derive the elasticity of real wages with respect to a. To this end, as in Ljungqvist
and Sargent (2017), first differentiate wage expression () with respect to w, a, and 6 to
get:

dw _ 51— 0)
T Y TR

value to it. It is more reasonable to calibrate p and ¢ to some empirically relevant values, as in Shimer [2005]
and [Pissarideg [2009], and pin down 6 by the ratio % and ¢ by (@) We show quantitatively in appendix C
when < is relatively high and we solve (@) for 6, even if x is high, we end up getting near zero values for 6
and p. Besides, and more important, we will get very low unemployment volatility in this case.

J, (19)
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Next, rewrite equation () in the following way:

w_, [L=80-ply
a qa '

(20)
Denoting the elasticity of the real wage with respect to productivity by 7, ,, we have:
Nwa = (3)/(2). (21)

It is easy to see from Eqs. ()—() that while the numerator of the wage elasticity is not
a function of ~, the denominator is strictly decreasing in it. Therefore, in an exact opposite
of the market tightness elasticity ny, that is negatively related to v, the wage elasticity 7,4
is positively related to it. Thus, low hiring costs are not only critical to generating large
volatilities in unemployment and market tightness but they are also critical to getting wage
inertia. Thus, as Koenig et al. [2020] mention, the unemployment volatility puzzle can be
called the “wage flexibility puzzle.”

What can we say about the relationship between the wage elasticity and the fundamental
surplus fraction? To see their relationship, use expression () to eliminate (1 — ¢) in (@)

to get:

dw Q- BQ—p)+oop 1
da = TP ST BO = ) alt Bedla— (22)

Also note that by using expression (@) to eliminate w from (@) we can get:

LA L et ) 9

a a a

(23)

The wage elasticity based on the ratio of () and () will give the same wage elasticity
as the one captured by () However, it is easy to see from equations () and (@) that, all

dw
da

ambiguous total effect on the wage elasticity. Of course, based on what we discussed above,

else equal, a decrease in (a — x) implies to an increase in both and +, and therefore, an
all else cannot be equal. Given a reasonable value of 6, when y changes, either v or ¢ must
also change to make (@) hold in equilibrium. Therefore, deriving the market tightness and
wage elasticities in terms of the fundamental surplus makes the centrality of v in inducing
a large market tightness elasticity and simultaneously a low wage elasticity obscure. This is

also the case regarding the role of workers’ bargaining weight.
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2.4.1 A calibration for ~

In this part, we calibrate the canonical model to work out the value of proportional hiring cost,
v, that would be consistent with the observed elasticity of market tightness to productivity,
given some plausible values for other structural parameters (in appendix B we provide a
detailed static and dynamic analysis for different combinations of key parameters v, ¢, and
X within the canonical framework.)

We choose a monthly calibration. There are seven parameters to which we need to assign
values. We adopt most of our parameter values from Pissarides [2009]. Following him, we set
the discount factor, 3, and the exogenous separation rate, p, to 0.995 and 0.034, respectively.
In line with Pissarides [2009] and Koenig et al| [2020] we set the job-finding rate p to 0.6 and
the vacancy-filling rate to 0.88. We assume the elasticity of matches to unemployment, «,
equal to 0.6, which is at the middle of the range of plausible values reported by Petrongolo
and Pissarides [2001]. As in much of the literature, we set workers’ bargaining power ¢ at
the same level as « to have the Hosios efficiency condition in place.

Given the baseline calibration we just discussed, the magnitude of the first term on the
right-hand side of formula (@) is

1—¢
Ha (1= B(L—p) + Bop)

Thus, given the value of T!, it is the value of the second term, the inverse of the propor-

T = =0.9227

tional hiring cost, that determines the magnitude of 7y ,. Shimer [2005] considers 19.1 as a
plausible target for the static elasticity of market tightness with respect to productivity, while
Pissarides [2009] reasons for 7.56 as the empirically-relevant target. Depending on whether
we consider 19.1 or 7.56 as a reasonable target for ny,, 7 should be calibrated to 0.048 or
0.12, respectively. Although in formula () unemployment benefit y is completely absent,
we know that expression (@) must hold. Thus, given the calibration of other structural pa-
rameters, our 0.047 and 0.12 calibrations for v would require very high replacement ratios of
0.95 (x = 0.946) and 0.87 (x = 0.865), respectively. A replacement ratio of 0.946 is virtually
the same calibration used by Hagedorn and Manovskii (2008) and very close to 0.9 obtained
by Koenig et al| [2020]. As we observed above, the only way to get a low  within the Nash

framework of the canonical model is to have a very high value for y.

2.5 The case of Hall’s sticky wages

This subsection considers the Hall’s (2005) well-known case of a constant wage in the context

of the standard matching framework discussed above. That is, instead of Nash-bargained
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wages, we assume wages a la Hall [2005], where a constant wage @ inside the Nash bargaining
set is paid to workers.
With fixed wages the only equation that would contain the real wage is the free-entry
condition in vacancy creation (E), that its steady-state version gives us
A ~O*
w:a—[l—ﬁ(l—P)]T~ (24)
Implicit differentiation of expression (@) and using the definition of the elasticity of market

tightness with respect to productivity a yield:

o _ a 1
T (kS >

Again, it is clear that the only way to have a large market tightness elasticity is to have a

small proportional hiring cost v. Ljungqvist and Sargent (2017) derive 7, differently. They
use expression (@) to rearrange the denominator of the first equality of () to get:

Ny = afala — @), (26)

)

where a — w is the fundamental surplus fraction (a = 1 in the steady state). Ljungqvist and
Sargent (2017) mention that the smaller is the fundamental surplus the higher the inverse of
the fundamental surplus, thus the higher would be ngfa. However, the fundamental surplus is
small if and only if v is small. If hiring costs are high, there it is not possible to get a small

fundamental surplus fraction.

2.6 The cases of layoff taxes, a financial accelerator, and AOB model

In this subsection, we briefly discuss the other cases considered by Ljungqvist and Sargent
(2017). In the next subsection, we discuss in detail the fixed hiring cost case introduced by
Pissarides [2009]. In appendix D we also discuss the centrality of proportional hiring costs
in the medium-scale model of Christiano et al| [2016]. In all these cases a small fundamental
surplus fraction is a necessary result of a small proportional hiring cost. We simply repeat
the relevant equations in Ljungqvist and Sargent (2017) in terms of our notation, and for
each case rewrite it in terms of the proportional hiring cost and the fundamental surplus
fraction.

Let’s start with the case of layoff taxes. Suppose that the government imposes a layoft tax
7 on each layoff and returns the tax revenues as lump sum transfers to workers. In this case,

expression (), that its equivalent version in Ljungqvist and Sargent (2017) is expression
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(22), is as follows:

[1—6(1—p)]+¢p,y
(1-¢)q '

It is very clear from (@) that the fundamental surplus fraction a — x — 5 (1 — p) 7 is low

a—x—B(1l—-p)T=

(27)

if and only if v is low. In fact, another way of inducing a small ~ is to raise 7 instead of
assuming a high unemployment benefit y.

Another case discussed by Ljungqvist and Sargent (2017) is the case of a financial ac-
celerator introduced by Wasmer and Weil [2004]. With a financial accelerator, the adjusted
equation (), that is equation (43) in Ljungqvist and Sargent (2017), is as follows:

qla—w—[1-p5(1-p)]sK (0)]
1-8(1-p)

—(1=-p8)K (o) =7, (28)

where K (o) is a function of credit market tightness o and @ is a constant wage. Once again,
the fundamental surplus [a — @ — [1 — B (1 — p)|SK (0)] is small if 7 is small.

The last case that we discuss in this subsection is the model of alternating-offer wage
bargaining considered by Hall and Milgrom [2008]. In this case, the expression for equilibrium

market tightness, which is equation (36) in Ljungqvist and Sargent (2017), is:

[1-5(1—p)
q

a—pBpY—x=(1+pp) 7, (29)

where v is a cost of delay that firms incur. Expression (@) shows clearly that, in this case

too, the fundamental surplus (a — Spi) — x) is small if v is small.

2.7 Fixed hiring costs

Now, we turn to the case of fixed hiring costs, introduced by Pissarides [2009]. Indeed,
Pissarides (2009), in addition to emphasizing the importance of unemployment income, does
mention the importance of hiring costs of the firm to the size of market tightness elasticity.
Along with the proportional hiring costs, he assumes that a firm incurs a fixed cost © when
matching with a worker. Pissarides (2009) interprets these costs, as we do here and in our
empirical reports, as the sum of costs that arise for interviews and wage negations before and
training costs after the new worker is hired. He shows that, given a reasonable calibration
of unemployment benefits x, as the fixed hiring cost increases the proportional hiring cost
decreases and the market tightness elasticity increases.

In the presence of fixed hiring costs, the steady states of job creation condition (E) and
the Nash wage outcome () are modified as follows:
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(g+@>(1—5(1—p))=a—wa (30)

w=¢w+u—¢n+ﬁw(g+@), (31)

where equations (@) and () are the same as equations (28) and (29), respectively, in
Pissarides (2009).

Let us first ignore the Nash bargaining outcome () and assume that wages are fixed at
w. Thus, using the definition of the vacancy-filling rate ¢, condition (@) can be rewritten

as:

(Zervo)a-s0-m=-a-a (32

After implicit differentiation of equation (), the elasticity of market tightness with

respect to productivity can be written as:

I
S1—B-p)7

which is exactly the same formula as that in (@) where there are no fixed hiring costs. The

N, = (33)

centrality of small proportional hiring costs in inducing a large market tightness elasticity
remains quite clear from (@) The importance of having fixed match costs here is that we
can obtain a small v without having to have a very high w. As expression () shows, the
proportional hiring cost v and fixed hiring costs © are inversely related. Other things equal,
one way to get a smaller v is to have a higher ©.

Now let us write down (@) in terms of the fundamental surplus. In order to do so, we
use () to substitute for 7 in the denominator of (@) to get:

1 1
al-a-(1-8(1-p)6’

where the second term in the denominator is the fundamental surplus. Expressions (@) and

My = (34)

(@) by definition are the same, where + is in the background in (@) It should be evident
from () that the fundamental surplus is small if and only if the cost of posting a vacancy
7 is sufficiently small.

We now turn to consider the case of Nash bargaining wages. Combining (@) and ()

we have that:

(g+@)(1—6(1—0—@9))=(1—¢)(G—X>- (35)
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Given the definitions of p and ¢ and using implicit differentiation, expression (@) tells us

that the elasticity of market tightness with respect to productivity is:

1—¢ 1

No.a = R (36)
’ o (1-a)®
2 (1=B(1=p)+ B9 (1+4529) 97
and in terms of the fundamental surplus fraction it is:
s 1—0(1—p))+ Bop 1
ng’a - ( ( )) q(1—)© 1 1*5(1*P*¢P)@’ (37)
04(1—5(1—,0))+5¢p(1+7) - X~ -6

Some key observations about the roles of proportional hiring costs and fixed hiring costs,
workers’ bargaining power, fundamental surplus fraction, and the replacement ratio, based on
expressions (@)—(@) are worth pointing out. First, as it is clear from (@), the proportional
hiring cost v and workers’ bargaining power ¢ continue to play the pivotal roles in determining
the magnitude of market tightness elasticity. With fixed match costs, in addition to a small
v, a small ¢ is also critical and necessary for getting a very high elasticity of market tightness.
More precisely, a comparison of (@) with () or (@) with () makes it clear that a positive
fixed hiring cost in itself, other things being equal, reduces the magnitude of market tightness
elasticity. Mathematically speaking, as is evident from (@), we cannot get a very large 7.4,
unless © = ~, and v — 0 or both ¢,7 — 0. With © high and different from v, to have
N9, — +00 it is necessary to have a near zero workers’ bargaining power ¢ to approximately
neutralize the effect of a large © /v in the denominator of (@) This is quite in line with what
we obtained above in (@) under constant wages, since a near zero ¢ makes wages almost
fixed. The same logic evidently holds when we look at the elasticity of market tightness (@)
through the lens of the fundamental surplus, (1 — x — %ﬁ@): a high ©, obtained
via a small 7, leads to a small fundamental surplus; however, at the same time, significantly
makes the size of the first term on the right-hand side of (@) small, unless ¢ is near zero.

The importance of introducing fixed hiring costs into the canonical model comes from
two facts: first, they are empirically relevant and present in the data, as we document
below. Second, in their presence, to get an empirically relevant magnitude for the elasticity
of market tightness of the size suggested by Pissarides (2009), 7.56, we do not need to resort
to an empirically implausible calibration for the replacement ratio. As condition (@) shows,
there is an inverse relation between the proportional hiring cost v and the fixed match cost ©
and also between workers” bargaining power ¢ and ©. Therefore, we can obtain a relatively
large 1y, through assuming a low value of v and a relatively high value of © while calibrating
the replacement ratio to a reasonable value.

It is informative to have a sample of results regarding the size of market tightness elasticity

17



for different combinations of v, ©, ¢, and y. In doing so, we assume the same plausible values
for 8, a, p, p, and ¢ as those we considered in subsection 2.4.1, which throughout our exercises
we keep them constant. That is, we set 5 = 0.995, p = 0.6, ¢ = 0.88 p = 0.034, and a = 0.6.
Note that, as before, in the steady state a = 1. Panel A of table (Iﬂ) reports the magnitude
of the market tightness elasticity for a range of values for v and © while keeping workers’
bargaining power fixed at ¢ = 0.6 and unemployment benefits at 0.7, which Pissarides (2009)
considers as a plausible value. This panel reproduces similar results as those reported in Table
IV of Pissarides (2009). Other things equal, as the fixed hiring costs © rise, proportional
hiring costs decline and the elasticity of market tightness increases.

Panel B documents the magnitude of 7y, for a range of values for x and ©, while keeping
¢ as before fixed at 0.6 and v at a low value, 0.05. The panel shows that due to the negative
relationship between x and ©, as x increases © decreases, leading to an increase in 79 ,. The
increase in 7y, comes from a decrease in the second term in the denominator of the first term
of (@) Observe that the changes in x and © leave the inverse of the fundamental surplus,
the second factor on the right-hand side of (@), totally unchanged. The reason is that a rise
%ﬁ@, leaving the fundamental surplus,
1—x— %Z_‘m@, unchanged. This is also clear from the fact that, based on expression
W where all the parameters in

this expression remain fixed. Other things being equal, higher values of y are associated with

(fall) in y is counterbalanced by a fall (rise) in
(@), the fundamental surplus is simply equal to

lower fixed matching costs, which along with the assumed small value of the proportional
component, inducing a large market tightness elasticity. Equivalently, lower values of y
give rise to higher values of fixed matching costs, and therefore, inducing smaller 7y ,, when
workers’ bargaining power is not low enough. This is documented in the last row of panel B,
where under y = 0, O is significantly large and the market tightness elasticity is significantly
small, while the fundamental surplus remains large.

The last panel of table (m) reports the market tightness elasticity for a range of v, ©,
and ¢ values, while setting xy = .7 and keeping all other parameters fixed at their baseline
calibrated values. The main result emerging from this panel, as documented in its last row,
is that the elasticity of market tightness can be large when both the proportional hiring costs
and workers’ bargaining power are very small. Although, in this case, due to the low values
of ¢, v, and the assumed relatively small value of y, the magnitude of © becomes implausibly
very large. More specifically, as both ¢ and v fall to near zero, © significantly increases, but
since ¢ is very small it does not have a significant impact on the magnitude of 79 ,, as we

discussed above.
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Table 1: Tightness elasticity at different combinations of proportional hiring costs ~, and
fixed costs ©, and workers’ bargaining power ¢ and unemployment benefits x

A. Combinations of (v, ©) and keeping (¢ = 0.6, x = 0.7)

¥ @ inverse of FS 76.a
266 0 3.33 3.47
2 .075 4.43 4.1
.15 .138 5.9 4.8
.05 .2454 17.7 7.03
.005 .2966 177 8.96

B. Combinations of (x, ©) and keeping (¢ = 0.6,y = 0.05)

X (S inverse of FS 16,a
.94 .0036 17.7 18.02
.8 .1447 17.7 9.4
.5 .447 17.7 4.7
2 749 17.7 3.1
0 .95 17.7 2.5

C. Combinations of (v, ©, ¢) and setting (x = .7)

0% ) (S] inverse of FS 70.a
4 4 .194 4.8 4.4
.2 .2 1.3 22.2 8.5
.1 .1 2.63 80.4 12.5
.02 .05 4.13 609 18.8
.02 .02 5.77 849.3 34.6

2.7.1 A calibration for v and ©

Now we update our exercise in subsection 2.4.1 and obtain a reasonable calibration for the
proportional hiring cost v by considering fixed hiring costs within the Nash framework of the
canonical model as well. We consider a market tightness elasticity of 7.56, following Pissarides
(2009), as our target to match. We keep the calibration of 3, p, o, ¢, p, and ¢ fixed at their
baseline values discussed in subsection 2.4.1. In contrast to the case of © = 0, we can now
calibrate the replacement ratio to a reasonable target and allow for a combination of v and ©
to match a given elasticity of market tightness. Koenig et al. [2020] propose a novel approach
in calibrating the replacement ratio that does not require any assumption about the home
time value. They reason for a plausible value for the replacement ratio equals 0.69. We follow
them and set the replacement ratio to that value. To match the elasticity 79, = 7.56, we

need to set proportional hiring cost v to 0.02 and fixed hiring costs © to 0.3. As we show in
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section 3, both values are very in line with our empirical findings on proportional and fixed

hiring costs.

2.8 No free-entry condition

The previous subsection has established that small proportional hiring costs are pivotal to
getting large fluctuations in unemployment and market tightness in any macro model with
search and matching frictions. It has also established that low hiring costs and a small
fundamental surplus fraction are two sides of the same coin; to get a large inverse of the
fundamental surplus, proportional hiring costs must be small.

This tight relationship between the hiring costs and fundamental surplus in a comparative
steady-state approach comes mainly from firms’ free-entry condition that, given a wage-
setting arrangement, makes it possible to obtain an equilibrium condition as a function of
market tightness and productivity and a number of structural parameters. Thus, this close
link can be broken if the free entry of vacancies condition is relaxed. In a contribution to
the literature, Coles and Moghaddasi Kelishomj [2018](CMK) relax this assumption in the
context of the canonical model and adopt a job creation process in the spirit of Diamond
[1982]. They criticize the free-entry assumption on the grounds that “a key implication
of the free entry approach—that conditional on productivity variables, market tightness is
orthogonal to unemployment—is not consistent with the data.”

Without free-entry assumption, CMK assume that vacancies evolve as a stock variable
where the vacancy creation process is less than infinitely elastic. In this case, the stocks
of vacancies and unemployment become state variables. Note that, with relaxing the free
entry assumption, it is no longer possible to conduct a comparative steady-state analysis and
derive the elasticity of market tightness in terms of some structural parameters. We need
to resort to a simulation method to identify the elasticity of vacancy creation process. To
estimate this elasticity, CMK use the simulated method of moments (SMM) with a Newey-
West diagonal weighting matrix. They show that their framework, despite a quite high
fundamental surplus fraction matches the standard deviations, autocorrelations, and cross
correlations of unemployment, market tightness, and vacancies extremely well. It is important
to point out that, in addition to an exogenous productivity shock, CMK also assume a job
separation shock that is far more important than productivity shocks in their framework; it
accounts for about 3/4 of unemployment and market tightness variations. While to generate
high variations in unemployment, vacancies, and market tightness and match their cross
correlation, CMK’s framework does not need a small fundamental surplus, we show that it
indeed needs very low hiring costs. As a matter of fact, they set proportional hiring costs in

their baseline calibration to zero. We will see below that this zero hiring cost calibration is
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essential to their model to match the data well.

To further see the importance of hiring costs in matching frameworks, we make another
contribution by modifying and estimating the CMK framework by assuming that in addition
to the proportional hiring costs there are also fixed hiring costs. As in CMK, we use SMM

to estimate and simulate the model.

2.8.1 The model

In this part we augment the baseline framework of CMK to include fixed hiring costs as in
Pissarides (2009). To facilitate comparisons, we present the modified model equations exactly
as in CMK, but we stick to our notation in presenting common variables and structural
parameters, otherwise we use their notation. We only briefly discuss the model of CMK. For
details, please see Coles and Moghaddasi Kelishomi [2018].

Suppose that a finite, fixed measure F' > 0 of firms create vacancies every period where
each firm has one new and independent business opportunity. Given the business opportunity,
the firm is assumed to face an investment cost x that is an idiosyncratic random draw from
an exogenous cost distribution H. It compares the investment cost to the business venture’s
expected returns, J; = J (£;), where Q; stands for the state of the aggregate economy at
time t. The investment cost is assumed to capture all of the idiosyncratic features associated
with any given business opportunity.

CMK follow Diamond [1982] and assume that each firm invests in its business opportunity
if and only if x < J;. Thus, at the aggregate level, total new vacancy creation in period ¢, i,

can be written as:

i = FH(J,). (38)

With no free-entry assumption, the stock of unemployed job seekers, u;, and the stock of

vacancies, v;, are assumed to evolve, respectively, according to:

U = U1 + pro1 (1 — 1) — (1 — prq)my—q, (39)

v = (1= pi_1) [v1 — my_q]| + 4. (40)

where m as before is the matching function, and p;, which denotes job separations in period
t, like aggregate productivity, is assumed to follow an exogenous, stochastic AR(1) process.
Note that the first term on the right-hand side of (@), Uy = (1 — pr—1) [ve—1 — my_1], defines

the number of surviving vacancies carried over from the previous matching event after the
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realization of aggregate productivity and job separation shocks, (as p¢). As in CMK we
restrict our attention to Markov equilibria in determining equilibrium new vacancy creation.

We now turn to characterize the Bellman equations. Define V.V (€;) and V,F (€;) as,
respectively, a worker’s values as unemployed and employed, where ; = (ay, pt, vy, u). We
then have that:

m (ug, v
vﬁ:xwa{vfiﬁu—m)% [vtil—V;ZJ}, (41)

VE = et BB VE: + pu [V - V) )

A firm’s values JI of a filled job and J; of a vacancy satisfy the Bellman equations:

JtF = Q — Wt + /B (1 — Pt) Et‘]tfj—l’ (43)

m (ug, v m (ug, v
Jt:_'y—i_ﬁ(l_pt)Et{%(Jtil_@)+(1_¥> Jt+1}> (44)
t ¢
where, compared to CMK, we have modified expression (@) by considering fixed hiring costs
© as well. Assuming that the match surplus is split between a matched firm and worker

according to Nash bargaining, the Nash solution must satisfy

o (JF=J)=010-9)(VF-VY). (45)

As mentioned before, in this framework, unemployment u; and vacancies v; are state
variables. Due to the absence of free-entry condition, it is not longer possible to conduct a
comparative steady state analysis as a short-cut for analyzing model dynamics. Therefore,
we need to simulate the model. Put another way, with no free-entry assumption we cannot
obtain from equilibrium conditions ()—(@) an expression that includes market tightness and
productivity (or job separations) as the only endogenous variables and gives the magnitude
of the elasticity of market tightness with respect to productivity (or job separations) as a
function of some structural parameters only. We can also no longer derive a clear expression
that links the magnitude of fundamental surplus fraction to the hiring costs as was possible
in the case under the free-entry assumption.

We adopt the same parameter values as those considered by CMK, where they rely on
the data considered in Shimer [2005] and adopt the calibration parameters of Mortensen and
Eva Nagypél [2007]. The monthly discount factor 5 is set at 0.9967, and workers’ bargaining
power ¢ and the elasticity parameter on matching function a both are assumed to be equal

to 0.6. CMK set unemployment income at a low level (x = 0.7), which implies to a large
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fundamental surplus fraction equal to 0.43. This has been emphasized as a central point
of their paper, since it does not need a small surplus to generate sufficient unemployment
volatility. However, they do need very low proportional hiring costs to match the date. In
fact, CMK assume that those costs are zero, that is, they set v = 0.

CMK assume the following functional form for the vacancy creation rule:

i = FJS, (46)

where ¢ is the elasticity of new vacancy creation with respect to vacancy value. When £ = 0,
that means new vacancy creations are perfectly inelastic. £ = oo is equivalent to the case
of free-entry condition, since it implies to infinitely elastic new vacancy creation.To fit the
monthly volatility targets of u, 6, and v, as reported in Shimer (2005), CMK use SMM to
estimate £ and find £ = 0.265. They consider this value as their baseline calibration in
reporting their baseline results. All things being equal, when we reestimate their model by
including fixed hiring costs as well, we find the same number for this parameter.

Next, we turn to discuss how the steady states of endogenous variables are determined.
CMK set the job-finding probability to 0.45 and the steady-sate of market tightness 6 to
0.5. They set the mean monthly job separation probability to 3.4 percent, which along with
6 = 0.5, pin down the steady-state of unemployment by (@) Then, using (@) we can
determine the steady-state of 7. Finally, the system of five equations ()—(@) give us the
values of JI', J;, VE, V¥ and w; as functions of the calibrated structural parameters. Note
that, the value of F' is determined endogenously by (@)

2.8.2 Results

Table (a) reports the data targets; the baseline results of CMK (obtained under the as-
sumption v = 0, © = 0, and xy = 0.7); and the simulation results for different values of
unemployment income Yy, proportional hiring cost ~, and fixed hiring costs ©, while keeping
all the other parameters at CMK’s baseline valuesd Note that, due to the absence of free-
entry condition, we can now freely change only x, or ©, or v, while maintaining all the other
structural parameters, with the exception of F' that is pinned down endogenously by (@),
at their baseline calibration.

The first panel of table (E) simply replicates the simulation results of table 3 in CMK.
Its first row documents the target moments, which are taken from Shimer (2005). Its second
row reports the baseline corresponding statistics of CMK when both types of hiring costs are

zero (v = © = 0) and x = 0.7. It shows that the model succeeds in matching the chosen

HThe replication files are available at https://www.aeaweb.org/articles?id=10.1257 /mac.20150040.
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targets very well.

The second panel of table (a), all else being equal, presents the results for different values
of unemployment benefit xy. The three rows of this panel together show that the value of
X is not very important for the baseline results. More specifically, irrespective of whether
X = 0 or x = 0.7, there is barely a change in the volatilities of u, ¢, and 1, and their cross
correlations. Quite the contrary, the results reported in the next two panels remarkably
show that once the costs of posting vacancies increase above their baseline values which are
0, everything else equal, then the performance of the model significantly deteriorates. Panel
three documents these changes for the case that proportional hiring costs rise while setting
fixed hiring costs to zero. The last panel reports the results for the case that fixed costs
increase while proportional hiring costs remain fixed at zero.

Everything else equal, panel three shows that as we increase ~, the volatility of unem-
ployment significantly falls. More specifically, the last row of the panel documents that for
v = 0.33 the standard deviations of unemployment, market tightness, and vacancies are,
respectively, 0.09, 0.09, and 0.04 versus 0.18, 0.38, and 0.2, respectively, in the case that
v = 0. Moreover, their baseline model with v = 0.33 cannot capture the cross correlations of
the mentioned variables anymore. Specifically, the correlation between unemployment and
vacancies (the Beveridge curve) that in the case of v = 0 is -0.96, significantly deteriorates
to 4+0.25, which essentially means the complete disappearance of the Beveridge curve. The
last panel shows that increases in fixed hiring costs give rise to qualitatively similar results
as those reported in panel 3 in the case of v, although quantitatively the effects are weaker.
Thus, given that hiring costs are not zero in the data, modifying the model to allow for fixed
hiring costs improves the results, but the performance of the model is still worse compared
to the situation when both v and © are assumed to be zero.

We draw two main conclusions from this part and from our exercises reported in table
(E) First, it is not just the relaxation of the free-entry assumption that enables the canonical
framework without the free-entry condition to perform well. The assumption of zero pro-
portional hiring costs also plays a critical role in this regard. Second, for plausible positive
values of proportional hiring costs and fixed hiring costs and given the reasonable calibration
of CMK of other structural parameters, the canonical matching model without the free-entry
condition does not seem to be empirically more successful than the canonical model with

that condition, at least in terms of matching unemployment and market tightness moments.
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Table 2: Simulation results—different v and x in the model of Coles and Moghaddasi Kel-
ishomi [2018]

Standard deviations Cross correlations

oy Ty oy Corr. (9, u) Corr. (0,u) Corr. (9,0)
Data .19 .2 .38 -.89 -.97 .98
. :Bg’sgiieor’n;d:eloj 18 2 .38 -.96 -.99 .98
X =.5 .18 2 .37 -.96 -.99 .99
x = .3 177 .19 .37 -.95 -.99 .99
x =0 175 .19 .36 -.95 -.97 .98
y=.1 15 .15 3 -.93 -.98 .98
v =.2 .13 .1 .22 -.85 -.97 .95
v = .33 .09 .04 .09 .25 -.89 .22
0 =.2 .16 17 .33 -.94 -.98 .98
e =.3 .15 .14 .28 -.89 -.98 97
0=.4 12 1 .19 -.54 -9 .85

3 Empirical Evidence on Vacancy Posting Costs

We proved in the previous section that different reconfigured search and matching models
provide a reasonable description of labor market volatility only if proportional hiring costs
are low. We also showed that fixed hiring costs can play an important role in delivering
an empirically relevant market tightness elasticity, given a reasonable calibration for the
replacement ratio. In this section, we use two unique data source on job vacancies and hiring
costs in Germany, the German Job Vacancy Survey (Moczall et al| [2015]), and subsequently
the BIBB-CBS data (Schonfeld et al. 2016) that contains information on post-match training
costs. First, we provide descriptive statistics on the costs of filling a vacancy and their
components for the years 2014 and 2015, and discuss important heterogeneity by qualification
requirements, age, and firm size. Moreover, we compute for the first time total annual costs
to fill vacancies in Germany and relate them to output (i.e., GDP). Second, we extract a
proportional and a fixed component of hiring costs, by testing the association of hiring costs
components with a measure of labor market tightness. There is a paucity of research on this
topic, as, to the best of our knowledge, only Muehlemann and Strupler Leiser [2018] previously
attempted to estimate the association between tightness and the various components of
directly observable hiring costs in Swiss firms. Finally, we calculate relevant parameters for
proportional and fixed hiring costs in relation to output, so that they can be used to calibrate
some key structural parameters of search and matching models. Silva and Toledg [2009]
provide an excellent overview of numerous hiring cost parameters for the United States that

draws on surveys on vacancy posting and training costs which were conducted between 1982
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and 1993 [Barron et al., 1997, Bishop, 1996, Dolfin, 2006]. Thus, we add to that literature by
providing more recent empirical evidence in the context of a major European labor market.

A number of surveys with direct estimates of hiring costs have become available for Euro-
pean labor markets [Abowd and Kramarz, 2003, Blatter et al,, 2012, Carbonero and Gartner,
2020, Muehlemann and Pfeifer, 2016, Muehlemann and Strupler Leiser, 2018, Schonfeld et al.,
2016] that include two main components of the costs to fill a vacancy. First, firms are asked
about the time required to post a vacancy, select and invite candidates for interviews, and
subsequently make their hiring decision. The corresponding labor costs to fill a vacancy are
then calculated by multiplying the number of hours with the corresponding hourly labor
costs. Second, firms are asked about non-labor expenses related to filling a vacancy, such
as costs of vacancy postings in newspapers or online, fees for external placement agencies or
headhunters, as well as any reimbursement of travel expenses for invited candidates.

Moreover, post-match training costs arise because new hires are initially not fully pro-
ductive, require informal on-the-job training from colleagues and supervisors and participate
in external training courses that may be financed by the employer. Empirical evidence shows
that these costs can be substantial, as the onboarding period may last for several weeks or
months [Bishop, 1996, Loewenstein and Spletzer, 1999, Muehlemann and Strupler Leiser,
2018, Schonfeld et al., 2016]. However, the German Job Vacancy Survey does not include
information about post-match training costs. In order to obtain an estimate of the relative
importance of training costs, we additionally use German survey data with information about
post-match training costs (BIBB-CBS, cf. Schonfeld et al|2016). This enables us to calculate
the relative importance of post-match training costs in comparison to pre-match hiring costs
that we observe in the German Job Vacancy survey.

The empirical evidence that has been available up to now reveals a fairly consistent
picture about the magnitude of the costs to fill a vacancy both over time and across different
countries. Abowd and Kramarz [2003] find that such pre-match hiring costs amount to
3.3% of yearly labor costs in France based on information of the French Wage Structure
Survey and the Occupational Structure Survey in 1992. Blatter et al. [2012], relying on
Swiss establishment-level survey data from 2000 and 2004, and subsequently Muehlemann
and Strupler Leiser [2018] based on Swiss survey data from 2009, find that average pre-
match hiring costs for skilled workers amount to 6.3% of annual skilled worker labor costs.
For Germany, Muehlemann and Pfeifer [2016] report that pre-match hiring costs for skilled
workers amount to 5.8% of annual skilled worker labor costs. However, the German and the
Swiss surveys were solely focused on skilled workers with a vocational qualification at the
upper secondary level of the education system. Thus, unskilled and semi-skilled vacancies, as

well as vacancies that required a university degree were not covered by these surveys. Finally,
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we are able to relate hiring costs to output, rather than (average) wages, which provides us

with a measure that is linked more closely with theoretical search and matching models.

3.1 Data: The German Job Vacancy Survey

We use data from two waves of the German Job Vacancy Survey that allows us to calculate
the costs to successfully fill a vacancy for 3200 firms in 2014, and 4059 firms in 2015. The data
refer to the last hire in a particular firm, thus we can interpret this information as a marginal
cost. Descriptive statistics (Table @) show that firms, on average, received 14 applications
of which they rate 4 to 5 applications as suitable for the position, and subsequently invited
on average 3.7 applicants for a job interview. The average search duration from posting the
vacancy until successfully filling it was 58 days in 2014 and 64 days in 2015. The gross hourly
wage of a new hire is on average close to 15 Euro, based on a 36-hour average work week,

while the age of the new hire is 36 years on average, and about half of all new hires are

female.
Table 3: Descriptive statistics
2014 2015
Mean SD  Mean SD

Number of applicants (total) 14.04 26.34 14.25 27.16
Number of applicants suitable for position 4.60 9.10 4.23 6.09
Number of applicants invited for job interview 3.63 410 3.76 5.73
Search duration (in days) 58.45 64.99 64.18 69.02
Working hours spent to fill a vacancy 17.58 19.10 17.28 19.75
Hourly wage of new hire (in EUR) 1450 6.83 15.11 7.17
Weekly working hours 36.43 7.33 36.29 10.87
Age of new hire 36.64 10.78 36.35 10.68
Gender of new hire (female=1, male=0) 049 0.50 0.52 0.50
Labor market tightness (5-digit occupation level) 0.45 0.54 0.47 0.53
Observations 3200 4059

We follow Carbonero and Gartner [2020] and calculate the costs to successfully fill a

vacancy as follows:

vacy = htlt + nlCt,

where h corresponds to hours spent for filling a vacancy, [ is the corresponding labor cost, and

nlc denotes non-labor costs. On average, incumbent employees spend 17 to 18 hours to sort

through CVs, prepare, conduct and evaluate interviews and make the hiring decision (Table

). This finding is somewhat higher compared to Dolfin [2006], who reports that US firms
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spent 13.5 hours for recruiting and search in 1982. Secondly, we observe non-labor costs to
fill a vacancy, which include costs for vacancy postings in newspapers, on-line job platforms,
external placement agencies and any reimbursement of travel expenses. On average, such
costs amounted to 814 Euros in 2014, and 755 Euros in 2015 (Table @) However, one
drawback compared to the other German surveys that include the costs to fill a vacancy
[Schonfeld et all, 2016] is that we do not have information about which employees in the
firm are involved in the hiring process, and we do not have information about corresponding
labor costs. We propose two solutions to deal with this issue. First, following Carbonero
and Gartner [2020], we multiply the hours by the average German labor cost in 2014 and
2015, respectively, in order to obtain an estimate of average marginal costs to fill a vacancy
(vacy1). Based on this first calculation method, these costs amount to 1374 Euro in 2014, and
1319 Euro in 2015. Second, we calculate the marginal costs to fill a vacancy by multiplying
labor hours with the wage of the new hire (multiplied by 1.21 to account for the average
non-wage labor costs markup in Germany). While the latter method allows us to account for
heterogeneity in wages across firms, we may either over— or underestimate the true interview
costs to fill a vacancy, to the extent that employees involved in the hiring process are paid
more or less than the new hire. According to the second calculation method, we find that
the marginal costs to fill a vacancy (vacyz2) were 1148 Euro in 2014 and 1093 Euro in 2015
(0

Our main measure of interest is to calculate V;, which is a measure of total costs to fill

a vacancy relative to output in year t:

V., = (vacv,)/GDP,,

where v; denotes the total of newly filled vacancies and GDP is the German gross domes-
tic product. In 2014, a total 3.67 million vacancies were filled in Germany, whereas the
corresponding figure was 3.4 million vacancies in 2015 [Bossler et al., 2018].

Despite the difficulties to estimate the cost to fill a vacancy, our estimates are not very
sensitive with regard to the two calculation methods that we apply. As shown in Table (@),
our point estimates for V range between 0.0012 and 0.0017, depending on the year and the
calculation method. Thus, the costs to fill a vacancy in Germany correspond to approximately
0.15% of annual GDP, or 1.8% of monthly output.

To uncover potentially important underlying heterogeneity in our data, we also report

the various cost components by qualification requirements (Table H) Firms spend both more

12Note that the costs of posting vacancies in different configurations of the MP model without capital is
almost the same as the ratio of hiring costs to GDP. This is because GDP = 1 — u, and u is assumed to be
around 5 percent, as we do in our numerical analyses. With capital, as is the case in CET that we discussed
above, the difference is also very small, and qualitatively and quantitatively negligible.
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Table 4: Costs to successfully fill a vacancy relative to GDP in Germany

2014 2015 Total
Non-labor costs (nlc) 814.81 755.37 782.78
(50.87)  (38.01) (131.00)
Interview costs (hly1) 558.85 563.21 561.20
(10.73)  (10.10) (7.36)
Interview costs (hly2) 332.765  338.15 335.67
(9.598)  (7.116) (5.829)
Vacancy posting costs (vacyy) — 1373.66 1318.58 1343.99
(55.73)  (41.18) (33.80)
Vacancy posting costs (vacys) — 1147.58 1093.52 1118.45
(56.80)  (41.632) (34.32)
Vvi 0.0017 0.0016 0.0016
(0.00007)  (0.00005) (0.00004)
Ve 0.0014 0.0012 0.0013
(0.00007)  (0.0005) (0.00004)

Notes: Robust standard errors in parentheses. V1: based on calculating non-labor costs to fill a vacancy
by using average labor costs in Germany. V2: based on calculating non-labor costs to fill a vacancy

by using firm-level wage costs of a new hire’s position and a 21% non-wage labor costs mark-up.

working hours and more non-labor costs to successfully fill a vacancy, as the qualification
requirements of a particular vacancy increase. Our estimates for the second qualification
category (skilled workers with a vocational qualification) are broadly in line with Schonfeld
et al, [2016], who report vacancy advertising costs to fill a vacancy for skilled employees with
a vocational qualification of 432 Euro. Moreover, pricing working hours at average labor
costs of 32 Euro per hour amounts to interview costs of 496 Euro for skilled workers with a
vocational qualification (Table H), compared to 529 Euro reported in Schonfeld et al. [2016].
Thus, for the category of skilled workers with a vocational qualification, the quantitatively
most important worker category in Germany, we find very similar results compared to existing
surveys that directly account for labor costs of all employees that are involved in the hiring
process. However, a crucially important feature of our data is that it is representative for
the population of all new hires in Germany, including vacancies that require lower or higher
education levels than a vocational qualification, which contains important heterogeneity as
costs increase by qualification requirements.

Our results in Table H show that working hours and non-labor costs are substantially
higher for vacancies that require a tertiary education. In particular, the number of working
hours spent to fill a vacancy increases strongly by the required skill level, from 12 hours for
unskilled employees to 24 hours for vacancies that require a Master degree or a PhD. More-

over, non-labor costs increase strongly and range from about 1400 Euro (master craftsmen,
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Table 5: Components of the costs to fill a vacancy by qualification requirements

1 2 3 4 5 Total
Working hours spent to 11.76 16.55 22.15 23.20 23.85 17.42
fill a vacancy (0.51)  (0.27) (1.29) (0.99) (0.73) (0.23)
Non-labor costs to 168.85 496.51 1399.54 1358.83  2440.14 782.90
fill a vacancy (in EUR) (16.88) (20.03) (158.07) (159.18) (184.28) (31.01)

Vacancy duration (in days) 41.87  63.33  73.53 58.25 75.18 61.55
(1.68) (1.03) (4.10)  (2.35) (2.22)  (0.79)
Observations 853 4529 420 473 984 7256

Notes:Robust standard errors in parentheses. 1=Unskilled, maximum one-year training,

2=Vocational qualification, 3=Master craftsmen, technician, 4=Bachelor’s degree,
5= Diploma, Master’s degree, PhD.

technician or bachelor degree) to 2440 Euro for individuals with a Masters degree or a PhD,
while non-labor costs amount to merely 169 Euro for unskilled individuals with no more
than one year of training. In sum, both components of the costs to fill a vacancy increase
strongly by qualification requirements, indicating that firms need to spend more resources
to post vacancies, but also spend more time to screen applicants (e.g., assessment centers, a
resource-intensive form of applicant screening, are more commonly used for jobs that require

a tertiary education).

Table 6: Components of the costs to fill a vacancy by firm size

Firm size
< 10 10-19  20-49  50-249 250-499 >= 500
Working hours spent to 16.94  15.83 16.47 18.11 17.78 21.12
fill a vacancy (0.75)  (0.48)  (0.35)  (0.47)  (0.83) (1.13)
Non-labor costs to 257.09 483.16 577.38 692.88 2137.54 1912.38
fill a vacancy (in EUR) (40.44) (41.93) (37.14) (51.90) (260.73) (224.76)

Vacancy duration (in days) 63.33  65.19  59.94 5740  69.49 65.81
(2.45)  (1.78) (1.26) (L57) (3.25)  (3.48)
Observations 733 1421 2256 2071 437 338

Notes: Robust standard errors in parentheses.

In addition, we find that the costs also differ by firm size (Table B) Working hours
spent to fill a vacancy increase from 17 hours in small firms to 21 hours in large companies
with more than 500 employees. Non-labor costs to fill a vacancy increase more strongly
by firm size: while small firms with less than 10 employees spend less than 226 Euro, the
corresponding figure increases to more than 800 Euro in medium-sized firms with 50-249
employees and reaches almost 2000 Euro for firms with more than 500 employees. Clearly,

firm size is not independent of the qualification requirements, as small firms often operate in
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different sectors where firms have a different demand for skills, which in turn affects a firm’s

search intensity.

Table 7:  Components of the costs to fill a vacancy by age group

1 2 3 4
Working hours spent to 17.18 17.49 17.60 15.83
fill a vacancy (0.69)  (0.38)  (0.34) (0.79)
Non-labor costs to 344.78 610.92 982.04 1280.56
fill a vacancy (in EUR) (26.82) (35.83) (56.75) (179.68)

Vacancy duration (in days) 64.97  60.93  59.32 76.90
(2.11) (1.22) (1.20) (4.06)

Observations 911 2625 3266 454

Notes:Robust standard errors in parentheses. 1=16-24 years old,

2=25-34 years old, 3=35-54 years old, 4=55-65 years old.

Finally, we also find that non-labor costs to fill a vacancy increase by age groups (H) In
particular, non-labor costs to fill a vacancy are more than three times as high for the oldest
age group in comparison to the youngest applicants. In sum, we find important heterogeneity
in the costs to fill a vacancy. Cyclicality is negatively associated with such costs according
to the prediction of our theoretical model. Thus, our descriptive results are in line with
the stylized facts regarding cyclicality, as unemployment fluctuations tend to be the largest
for individuals with lower levels of education (cf. Jefferson, 2008). Since higher educational
requirements for the job are associated with higher costs to successfully fill a vacancy, our
findings suggest that such costs can, in part, explain the observed differences in cyclicality

by educational qualifications.

3.2 Regression analysis

Our main interest is to test whether the hiring costs are proportional or in part fixed. Thus,
we regress the components of hiring costs on a measure of labor market tightness. Such
knowledge is important because low proportional hiring costs are necessary for any matching
framework to match the data well, and relatively large fixed hiring costs allow the canonical
model to match an empirically relevant market tightness elasticity without having to assume
a large replacement ratio. Our data contains information about the exact day when a firm
posted a vacancy, and we are able to merge tightness data from the German Employment
Agency that is based on registered vacancies and unemployed individuals at the 5-digit oc-
cupation level for the particular month of the vacancy posting, which took place between
January 2013 and December 2015. Information of changes in tightness at a finegrained occu-

pational level is important to account for differences in the level qualification requirements,
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which can be substantial (Table H)@

3.2.1 Identification strategy

Ideally, we would want to exploit variation in tightness within occupations in a local labor
market over time and analyze its association with changes in firm-level hiring costs. However,
such data currently does not exist to the best of our knowledge. Data on hiring costs in the
German Job Vacancy Survey is available for 2014 and 2015, and refers to the last hire.
Therefore, we do not have repeated information on hiring costs at the occupation-firm level,
which would be necessary to run a fixed effects panel regression and to account for unobserved
heterogeneity at the firm level. Instead, we are restricted to information from firms that
successfully filled at least one vacancy in either 2014 or 2015. A second limitation is that
tightness data at the 5-digit occupation level is not available at the level of local labor
markets, because cell sizes would become too small.@ We therefore use information on
occupation-level tightness at the national level, and include state fixed effects to account for
overall differences in hiring costs across federal states. In sum, our identification relies on
variations in tightness at the time a vacancy was posted between 2013 and 2015 within a 5-
digit occupation. Thus, we can include fine-grained occupation fixed effects in our regressions
to account for differences in the level of hiring costs across occupations. Accounting for
occupation-level heterogeneity is important, as differences in labor market tightness across
occupations might bias the results to the extent that firms find it more difficult to hire workers
in some occupations for other reasons (e.g., because some occupations offer poor working
conditions or are paid relatively poorly in comparison to other occupations). Nonetheless, our
results cannot be interpreted as strictly causal effects to the extent that labor market tightness
at the occupation level is correlated with unobserved firm attributes that are associated with
hiring costs. However, exploiting the richness of the German Job Vacancy Survey, we can
observe many relevant firm attributes, including firm size, qualification requirements and the

starting wage of the new hire. Moreover, we are able to control for individual characteristics,

13The share of registered vacancies with the employment agency in Germany is on average about 40-
50% of all vacancies. Moreover, the share of registered vacancies is negatively associated with the required
qualification level, as particularly vacancies for high-skilled individuals are less likely to be registered with
the employment agency. However, in our regression analysis we exploit changes in labor market tightness
over time, thus differences in the level of registered vacancies are less of a concern. Similar issues arise in
the context of unemployment, as registered unemployed individuals only account for a fraction of a firm'’s
potential applicants to a posted vacancy.

4When accounting for local labor markets, data on tightness is only available at the 3-digit occupational
level, which indicates the occupational field of interest but does not allow to differentiate occupations by skill
requirements (e.g., tightness would be available for the automotive industry in a local labor market but it
would not allow differentiating between unskilled or high-skilled jobs within the automotive industry). Not
being able to account for differences in tightness by skill level would bias our regressions to the extent that
local fluctuations in tightness systematically differed by skill requirements.
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including the age and gender of the applicant.
The regression of marginal costs (vac) and its subcomponents (labor and non-labor post-
ing costs) in firm 4 for successfully filling a vacancy in occupation o that was first posted in

month ¢ takes the form:

Invac; = alnby + X5+ X\, + A\ + &4,

where 60, is our measure for labor market tightness, A, denotes occupation fixed effects, A\,
denotes state level fixed effects, and X; includes further control variables. We are primarily
interested in the coefficient «, and we test the hypothesis whether a > 0, which implies that
the costs are proportional (i.e, hiring costs increase in labor market tightness). In the case
when we cannot reject the null hypothesis that v = 0, the costs are fixed. When running
similar regressions of the different components of the costs to fill a vacancy, we first estimate
a model with the log of working hours to successfully fill a vacancy as the dependent variable.
Secondly, we estimate a Tobit model (rather than OLS) for the case of non-labor vacancy
posting costs, because some firms may not formally post vacancies for positions that were
filled informally, and thus not incur any costs (i.e., they report zero non-labor costs). Tobit

regression models are suitable to account for such data structures [Amemiya, 1984].

3.2.2 Results

In a first step, we run separate regressions of the two main components of the costs to
successfully fill a vacancy, which are the number of working hours spent to fill a vacancy,
as well as non-labor vacancy posting costs. We find no statistically significant association
between tightness and the log of the number of working hours that were involved for a firm
to fill a vacancy, neither in a bivariate regression, nor when we include occupation fixed
effects and further control variables (Table B) Thus, we cannot reject the null hypothesis
that interview costs are fixed (i.e., they are not associated with labor market tightness).

However, we find that labor market tightness is positively associated with non-labor re-
cruitment costs (Table E) Our results indicate that a 10% increase in tightness is associated
with a 68 Euro (or a 8.7%) increase in non-labor vacancy posting costs, which is an econom-
ically significant effect size. Thus, in line with the assumption in [Pissarides, 2009], we can
think of the costs of meeting a potential match (i.e., interview costs) as a fixed cost, while
non-labor costs (including mainly the costs for job advertising) are proportional costs.

We further regress the marginal costs to fill a vacancy (vac) on labor market tightness
and include control variables for firm-size, required qualification level, gender and age of the

successful applicant and the number of hires in that occupation. Although tightness and the
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costs to fill a vacancy are positively correlated, we no longer find a statistically significant
association between vacancy costs and tightness once we include occupation fixed effects
(Table @, Model 2)@ We furthermore control for the starting wage of the new hire, which
on its own is strongly correlated with the costs to fill a vacancy, as can be expected because
much of the costs to fill a vacancy are essentially wage costs. However, including the wage as
a control variable does not affect the coefficient on tightness, our main variable of interest.
We also test whether the number of hires is associated with the costs to fill a vacancy. While
we find a positive and marginally statistically significant coefficient, the economic significance

is rather low, as we find an elasticity of only 0.06.

Table 8: (Log) working hours to fill a vacancy

Model 1  Model 2 Model 3 Model 4 Model 5

In (labor market tightness) 0.00627  -0.0957  -0.118 -0.107 -0.0802
(0.0265)  (0.110)  (0.110)  (0.109) (0.112)

10-19 employees 0.0164 0.0155 0.00865
(0.0938) (0.0940) (0.0922)

20-49 employees 0.0736 0.0629 0.0519
(0.0938)  (0.0942) (0.0928)

50-249 employees -0.0106  -0.0377 -0.0551
(0.106)  (0.108) (0.105)

250-499 employees -0.0920 -0.150 -0.171
(0.133)  (0.136) (0.133)

500+ employees -0.0335 -0.118 -0.135
(0.153)  (0.159) (0.155)
In(hires) 0.0533  0.0623** 0.0605**
(0.0277)  (0.0282) (0.0281)

In(starting wage of new hire) 0.227%* 0.251%*
(0.104) (0.101)
Occupation fixed effects No Yes Yes Yes Yes

Constant 2.380***  1.007* 0.952 0.569 0.459
(0.0440)  (0.594)  (0.721)  (0.744) (0.742)

Observations 7231 7231 7231 7231 7231

R-squared 0.000 0.269 0.276 0.284 0.296

Notes: Robust standard errors in parentheses. Control variables (Models 2-4): Dummy
variables for 16 German states, age, gender, required qualification level. Model 5

in addition includes a dummy variable for each month to account for seasonal effects.
Significance levels: ** p<0.05, *** p<0.01.

15This result is in line with Carbonero and Gartner [2020], who pursue a different approach and use
tightness as an instrument for search duration. They show that a variation in search duration caused by
regional changes in tightness is not significantly associated with the costs to fill a vacancy. However, they do
not separately analyze the different cost components.
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We also included further control variables, such as the previous employment status (em-
ployed vs. unemployed), which would potentially play an important role in on-the-job search
models, as well as the gender and the age of the new hire. However, once we include occu-

pation fixed effects in our regression models, the coefficients of these variables are no longer

statistically Signiﬁcant.@

Table 9: Tobit regression of non-labor costs

Model 1 Model 2 Model 3 Model 4  Model 5
In (labor market tightness) 110.3 514.7 598.9 741.8%* 684.5%*
(106.5)  (406.9) (394.4) (385.8) (389.7)
10-19 employees 1317.8%**  1331.9%FF  1320.9%**
(296.3)  (204.8)  (287.8)
20-49 employees 1102.5%#% 992 7H** Q79 2*H*
(293.0)  (289.1)  (288.2)
50-249 employees 1203.8%**  886.6***  857.7**
(345.7)  (341.0)  (337.8)
250-499 employees 2391.2%**  1687.1%FF  1746.5%**
(621.7)  (574.8)  (571.4)
500+ employees 2552.7FF*  1527. 7k 1591 .8%**
(593.3) (579.0) (580.9)
In (hires) -67.45 41.01 28.84
(104.2)  (99.13)  (109.8)
In(starting wage of new hire) 2027.8%** 2952, 7K
(557.7)  (545.6)
Occupation fixed effects No Yes Yes Yes Yes
Observations 7231 7231 7231 7231 7231

Notes: Robust standard errors in parentheses. Control variables (Models 2-4):
Dummies for 16 German states, age, gender, required qualification level. Model 5

in addition includes a dummy variable for each month to account for seasonal effects.
Significance levels: ** p<0.05, *** p<0.01.

3.2.3 The relative importance of proportional and fixed hiring costs compared to

post-match training costs

We now turn to the question of how large post-match training costs are in relation to the
proportional and fixed costs to fill a vacancy. Our evidence from the German Job Vacancy

Survey shows that the sum of proportional and fixed costs to fill a vacancy are rather low

16\We initially find a positive association between age and the costs to fill a vacancy. However, the coefficient
is no longer statistically significant once we include occupation fixed effects, indicating that older applicants
tend to be sorted in occupations that are associated with a higher level of non-labor costs to fill a vacancy.
Similarly, the gender of a new hire as well as the firm size are no longer significantly associated with the number
of working hours to fill a vacancy, once we include occupation fixed effect. Thus, much of the descriptive
statistics by characteristics of applicants and firms mask important heterogeneity across occupations.
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and account for 1.8% of monthly output. As the German Job Vacancy Survey does not
include information on post-match training costs, we make use of a further data source.
The BIBB-CBS survey from 2012/13 includes detailed information on post-match training
costs [Schonfeld et al., 2016], including costs due to productivity losses during the adaptation
period as well as external training courses. We relate these costs to interview costs, which
we observe in the German Job Vacancy Survey but also in the BIBB-CBS. On average, post-
match training costs range from 2612 Euro in small firms to 4488 Euro in large firms with
more than 500 employees [Schonfeld et al., 2016]. We find that post-match training costs
are substantially larger compared to interview costs, and it turns out that the corresponding
ratio is almost 40:1 (Table )@ Moreover, we find that this ratio is higher for smaller firms
because vacancy posting costs increase relatively more strongly in firm size in comparison
to post-match training costs. We cannot directly test whether post-match training costs
should be viewed as fixed or proportional costs, because the BIBB-CBS is a cross-sectional
survey. However, Muehlemann and Strupler Leiser [2018] find that post-match training costs
are not associated with labor market tightness, using Swiss panel data with information on
post-match training costs for that are defined very similarly as in the BIBB-CBS data for
a subset of firms that are observed in two time periods. Thus, also in line with theoretical
considerations in Pissarides [2009], we assume that post-match training costs are independent

of tightness and treat them as fixed (one-off) costs for the purpose of calibrating our model 18

Table 10: Ratio of post-match training costs and interview costs to fill a vacancy
Post-match training costs / interview costs N

All firms 39.71 1957
(59.26)

1-9 employees 48.96 428
(67.35)

10-49 employees 34.77 829
(53.56)

50-499 employees 30.60 584
(53.56)

500+ employees 36.93 116
(67.28)

Notes: Data source: BIBB-CBS 2012/13 (Schonfeld et al. 2016)
Standard deviation in parentheses.

ITNote that the average of the firm-level ratio of post-match training costs to interview costs is considerably
higher than the ratio of the average post-match training costs to the average interview costs, because similar
to wages the distributions are skewed.

18We are grateful to Harald Pfeifer for granting us access to the data. The data can be accessed via the
research data center from the Federal Institute of Vocational Education and Training (BIBB).
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3.2.4 Relevant parameters for calibration

In the canonical model, the estimate for the marginal vacancy posting costs (i.e., nlc in Table @)
is v/qi, where q;, as we defined above, is the probability that a vacancy is filled in period ¢. Moreover,
1/q is the expected duration of a vacancy. As we observe vacancy duration at the occupational level,
we can directly estimate v = nlc/E[duration], assuming that the observed average duration of a
vacancy at the occupational level is a good indicator of a firm’s expected vacancy duration in that
occupation. We also use the relative size of post-match training costs to interview costs, which
corresponds to 39.7 on average (Table @) to estimate the parameter values that we require
to calibrate our model. We assume that the ratio of post-match training costs to interview
costs in Table @ is constant across jobs with different qualification requirements, as we do
not observe that ratio for unskilled jobs or for jobs that require a tertiary education in the
BIBB-CBS data.E Interview costs to fill a vacancy amount to 0.8% of monthly output,
which we multiply by 39.71 to obtain an estimate of post-match training costs in terms of
monthly output, which is on average 33% of monthly output (see Table ) Thus, following
Pissarides (2009), fixed hiring costs © are the sum of both fixed costs to successfully fill a

vacancy and (fixed) post-match training costs.

Table 11: Central hiring cost parameters for calibration

Parameter Mean
Proportional hiring costs ~ 0.0048
Interview costs to fill a vacancy (fixed) 0.008
Post-match training costs (fixed) 0.32

Fixed hiring costs © 0.328

Sources: Job Vacancy Survey, BIBB-CBS 2012/13 (Schonfeld et al. 2016).

In sum, we find that proportional hiring costs v are very small and average 0.5% of
monthly output, while fixed hiring costs © are considerably larger and amount to 33% of
monthly output. These values are very close to our calibrated values for v and © in section
2.8.1, that together give a reasonable magnitude for the market tightness elasticity in the
canonical MP model with fixed hiring costs, given empirically plausible values for other

structural parameters.

9Previous research suggests that post-match training costs indeed increase by the required education levels
for all types of jobs [Loewenstein and Spletzer, 1999]. Similarly, we find in our data that the costs to fill a
vacancy also increase by education levels, which provides support for our assumption that the ratio between
the costs to fill a vacancy and post-match training costs may indeed be roughly constant across qualification
requirements. Of course, future research should attempt to empirically assess the validity of our assumption.
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4  Conclusion

We show that low proportional hiring costs have a preeminent role in enabling search and
matching models to reproduce the observed fluctuations in unemployment and market tight-
ness at business cycle frequencies. Moreover, relatively large fixed hiring costs allow the
canonical model to generate big responses of unemployment to productivity changes without
resorting to unreasonably high values for the replacement ratio. We use data on hiring costs
from the German Job Vacancy Survey and the BIBB-CBS and find that proportional hiring
costs are indeed low (0.5% of monthly output), while fixed hiring costs are relatively large
(33% of monthly output). We modify the canonical matching model by adding fixed hiring
cost to it and use our data to calibrate the proportional and fixed hiring costs. We show
that, for a reasonable calibration of the replacement ratio and other structural parameters,
the model is able to generate a market tightness elasticity of the size targeted by Pissarides

(2009) for values of fixed and proportional hiring costs which are in line with the data.
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A Nash-wage outcome

Suppose that V,F and VU denote, respectively, the values to a worker of being matched with

a firm and being unemployed, thus we have:

c
VE =w, + E; (5i) {(1—p) Vi + IOV;[—‘,J-I} ; (47)
c
VV=x+E (5&) {1 = pe) Vi + Vi ) (48)

where I} ﬁcfjrl is the stochastic discount factor with which firms, in equilibrium, discount

profit flows. In Eq. (@) with probability 1 — p the worker survives the exogenous separation

hazard and with probability p the worker is exogenously separated. Eq. (@) says that an
individual who is unsuccessful in finding a job in period t is classified as unemployed and
receives unemployment benefit x in that period, which has value measured in terms of goods.
With probability p;i1 the individual finds a job next period and with probability 1 —p;,1 he
or she remains unemployed.

Denoting the surplus of being employed to a worker by V;° = V¥ — V.V we have:

C
WSZU%—X+(1—0—%H)E(5;%)%1- (49)
t+

Now, if we let T; denote the value of a worker to the firm, an analogous derivation on the

firm side leads to the following expression for the surplus to a firm of the marginal worker:
c
Yo = ar —wi + (1= p) Be(B——)T1y1, (50)
Ct41

where T; = L. Suppose that ¢ € (0,1) denotes a worker’s bargaining power. Then in
I. Supp gaining p

generalized Nash bargaining, the parties choose w; to maximize

(7N vl

that results in the following sharing rule:

v__9¢_ (51)
Y, 1—9¢
Updating this rule by one period we have that
¢ o v
Vi=—""™"T,=—"-"" 52
i 1—¢ o 1= 9qi ( )
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Next, using Eqs. (@), (@), and () and the fact that Ty, = 1, to substitute out Vs

t4+1

and Ty in () we get the following standard Nash-bargained wage equation:

c
w; = ¢ay + (1 —¢)x + ¢7Etﬁ—t p_t+1’ (53)
Ce+1 Gi+1

which is expression () in the main text.

B Sstatic and Dynamic results of the baseline model

We now turn to a steady-state analysis and a dynamic analysis of the baseline model with
Nash bargaining, discussed in section 2. In this subsection baseline calibration of the struc-
tural parameters remains similar to that discussed in subsection 2.4.1. Regarding the exoge-
nous process for the productivity shock, we set its persistence parameter and its standard
deviation to (p?,&7) = (0.97,0.005), consistent with the literature. We also assume that the
steady state of unemployment rate is 10 percent. As a baseline value, we initially assume
that v = 0.02, which gives us xy = 0.98.

B.1 A steady-state analysis

In this subsection, we focus on the steady state of the baseline model and calculate the
market tightness elasticity and wage elasticity under three different scenarios. Keeping the
workers’ bargaining weight fixed at the baseline calibration 0.6 and calculating 7y, and 1,4
for different combinations of the proportional hiring cost v and unemployment benefits y;
keeping x fixed at the baseline calibration 0.9788 and calculating 7, and 7, , for different
combinations of v and ¢; keeping v fixed at the baseline calibration 0.02 and calculating 79,
and 7, , for different combinations of x and ¢. Appendix B presents the dynamic results of

these cases as well.
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Table 12: Market tightness and wage elasticities for different combinations of v, x, and ¢

A. Combination (v, x)

v X n0,a Nw,a
.0001 .9999 9294 9756
.001 .9989 929.4 9756
.03 .9662 31 9769
1 .8872 9.3 .9799
.15 .8308 6.2 .9821
.25 718 3.7 .9865

B. Combination (v, ¢)

Y ] 16,a Nw,a
.0001 .9964 51.5 19999
.001 L9651 51.5 .9987
.03 .4628 53.1 .9595

1 1775 57.2 .8555

.2 .0718 64.5 L6791
.45 .0004 94 .011

C. Combination (x, ¢)

[l X 16,a Nw,a

.9 .8691 7.9 19967

.5 .9847 69 .9647

2 .9955 251.6 .8702

1 L9975 494 748
.05 .9984 830 .584
.001 1999 2083 .02

Panel A of table () reports g, and 7, , for different values of v when ¢ is at its baseline
level and x adjusts to satisfy (@) The panel clearly shows that when ~ is very low the market
tightness elasticity is extremely high and the wage elasticity is low. In fact, as we saw above,
when v — 0, then 79, — 0o. The panel documents that when v increases, 1y, falls and
Nw,q Tises, such that at v = 0.25 g, is extremely low and 7, , is large. A low 7 necessarily
results in a high x, and therefore, a low fundamental surplus, but this is just an unavoidable
feature of the MP model, because of the free-entry condition.

Panel B reports the market tightness and wage elasticities for different combinations of
~v and ¢, when Y is held constant at its baseline value. As mentioned above, and is also clear
from (@), all else equal, a low worker’s bargaining power ¢ can induce a large market tightness
elasticity through both increasing the numerator of (@) and lowering its denominator. The

problem is that due to the free-entry condition all else cannot be equal. We have to either
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adjust v or x. Also due to this condition and the nature of the model ¢ and ~ are negatively
related to one another. Equation (@) shows that lowering ¢ will result in a higher v and
thus will make the total effect of a low w on 7,, to be very small. In other words a lower
v that raises 7y, is accompanied by a higher ¢ that lowers 7y, and so results in a small
change in 79 ,. However, if instead of v we allow x to adjust, then a low ¢ can indeed induce
a very large 79, as long as v is small, as panel C reports. Note that in this case, a low ¢
necessarily results in a high y, and therefore, a low fundamental surplus fraction. Thus, real
wage rigidity can indeed induce a large market tightness elasticity so long as the proportional
hiring costs are small. Also, it is important to note from () that when ¢ is very high (0.9
and higher) it is extremely difficult to get a large ng,, unless v — 0.

As mentioned above the size of the hiring costs plays also a central role in inducing
wage rigidity, as is evident from the table. We mentioned workers’ bargaining power can be
extremely low but the wage elasticity can be very large if v is very large. For example, given
the calibration of the other parameters, suppose that ¢ = 0.01, and v = 19, which together
imply that x is 0.02. In this case 1y, = 1.7 and 7,,, = 1.3. This is an important result that
contrasts sharply with the existing belief in the literature that a low ¢ will definitely feature

wage rigidity.

B.2 Dynamic analysis

To study the business-cycle implications of the model, we approximate the equilibrium dy-
namics by solving a first-order approximation to the equilibrium conditions around the non-
stochastic steady-state of these conditions. The numerical method used is the perturbation
algorithm described by Schmitt-Grohe and Uribe [2004]. Second moments are calculated
using Monte Carlo simulations. We conduct 1000 simulations, each 200 periods long. For
each simulation, we compute sample moments and then average these figures over the 1000
simulations.

In table (@) Oulys Og/y, and o/, stand for the standard deviations of unemployment,
market tightness, and wages relative to the standard deviation of GDP, respectively. In line
with what was discussed above in the steady-state, a low hiring cost induces large fluctuations
in unemployment and market tightness, and small fluctuations in wages. The first row of
panel A clearly shows that under v = 0.0001 and v = 0.001, the relative standard deviations
of market tightness and unemployment are about 25 and 9, respectively, and the relative
standard deviation of wages is approximately zero. The near-zero volatility of wages is despite
the fact that workers’ bargaining power is quite high and equal to 0.6. As « increases, in line
with the steady-state analysis, the relative volatilities of u, and 6 fall significantly, and the

relative volatility of wages rises substantially.
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In panel B, however, since a small v essentially features a large ¢, because y remains
fixed, the changes in the relative volatilities of u, and 6 are not significant, since the effects
of a small (large) -y are approximately balanced by the effects of a large (small) ¢. In panel
C, since 7 is fixed at a quite small value (0.02) and it is x that adjusts, lowering ¢ leads to
substantial increases in the volatilities of unemployment and market tightness, and significant
decreases in 0,,/,. The first row of panel C clearly shows that when ¢ is very high the model
cannot generate high volatility in v and 6, and instead, it features large fluctuations in wages.
To have empirically relevant fluctuations in u, 6, and w, in this case, we need to significantly
lower v and set it to a value near zero. The last row of panel C, on the other hand, shows
that when workers’ bargaining power is very near zero, ¢ = 0.001, along with low vacancy
costs, ¥ = 0.03, the model succeeds in generating substantial volatility in v and 6 and no
fluctuation in real wages. Although not reported in the table, now suppose we keep workers’
bargaining power at 0.001, but instead raise v to 12. In this case the relative volatilities
of u and @ fall to, respectively, 0.48 and 1.5, and the relative volatility of real wages rises
enormously to 1.1. This shows that even if workers’ bargaining power is almost zero, it is

still possible for real wages to be significantly volatile if the hiring costs are very high.
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Table 13: Dynamic results for different combinations of v, y, and ¢

A. Combination (v, x)

Y X 76 ,a Nw,a Tu/y T9/y Tw/y
.0001 .9999 9294 9294 9 24.5 .003
.001 .9989 929.4 929.4 8.7 23.8 .02

.03 .9662 31 31 4.9 13.5 .43

.1 .8872 9.3 9.3 2.4 6.5 7

.15 .8308 6.2 6.2 1.7 4.7 77
.25 718 3.7 3.7 1.1 3 .82
B. Combination (v, ¢)

Y ] 10,a Nw,a Tu/y T0/y Tw/y
.0001 .9964 51.5 19999 6.1 16.6 .32
.001 L9651 51.5 .9987 6.08 16.55 .31
.03 .4628 53.1 .9595 6 16.4 .3

1 1775 57.2 .8555 5.8 16.1 .24

2 .0718 64.5 L6791 5.7 15.6 17
.45 .0004 94 .011 5.3 14.6 .002

C. Combination (x, ¢)

¢ X M6,a Nw,a Tu/y o /y Tw/y

.9 .8691 7.9 L9967 2.2 5.9 .75

.5 .9847 69 .9647 6.5 17.9 .25

2 19955 251.6 .8702 8 22 .08

.1 L9975 494 748 8.4 23 .04
.05 .9984 830 .584 8.6 23.4 .01
.001 .999 2083 .02 8.8 24 .000

C Solving for market tightness

Suppose that instead of calibrating p and ¢ to some conventional and reasonable values we
solve expression () for market tightness 6. This means that we have to ignore the structural
relationships and the general-equilibrium consistency requirements that between ¢, p, ¢, and
0 due to the nature of the matching function exist, which make all the four objects dependent
to each other. In this case ( can no longer be pined down by expression (@) Moreover,
we will be able to get an acceptable value for 6, in the sense of getting a value that delivers
job-finding and job-filling probabilities less than 1, only for a limited range of values for y, =,
¢ and (. To see this, let us set v at 0.4, not a very high value, and allow 6 to be determined

endogenously. In doing this exercise all the other structural parameters with the exception
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of x and ( take the values discussed above in subsection 2.4.1.

Now, given v = 0.4, ¢ = 0.6, and the other parameters at their baseline level, the
maximum possible value that we can assign to x is 0.8, given also that we set ( at a very
implausible level 0.055. For y = 0.805 and higher, or ¢ = 0.05 and lower, we will get a p
at or less than zero. Note that, for these values, we obtain values ¢ = 0.05, and p = 0.01.
Given this unreasonable parameterization, not only we do not obtain any reasonable value
for A, p. But more importantly, the maximum possible unemployment volatility in terms of

output for the maximum possible value of y, given v and ¢, is less than .1 percent.

D A medium-scale DSGE model

Christiano et al| [2016] in a contribution to the literature estimate a New Keynesian model
and show that it accounts well for key business cycle properties of macroeconomic aggregates,
including labor market variables. They do so in a medium-scale DSGE framework with
frictional labor markets, adjustment costs in capital formation, capacity utilization costs,
habit formation in preferences, Calvo sticky price frictions, a Taylor rule for monetary policy,
a fixed cost component in hiring, and with neutral and investment-specific technology shocks
and monetary policy shocks. They estimate different versions of their model using a Bayesian
variant of the strategy in Christiano et al. [2005], that minimizes the distance between the
dynamic response to the three shocks in the model and the analog objects in the data.

Their main finding is that under both alternating-offer bargaining (AOB) and Nash bar-
gaining wage mechanisms, their models succeed in producing similar impulse response func-
tions to the VAR-based impulse response functions. Christiano et al. (2016) find that in
order to account well for the VAR-based estimates of impulse responses to the shocks, their
Nash bargaining model requires a very high replacement ratio (X/w). Besides, in a new paper
built on the arguments in Christiano et al. (2016), Christiano et al, [2020] provide an answer
to the criticisms of Ljungqvist and Sargent (2017) of wage rigidity in estimated search an
matching models. They find that “wage inertia is a necessary condition for generating a
large countercyclical response of unemployment to a shift in the marginal revenue product
of labor”, while the fundamental surplus fraction may not be informative in this regard.

In all the results documented by Christiano et al. (2016, 2020), for all the cases that
their models match the data well and generate large responses in unemployment, the hiring
costs are very low (see TABLE III in Christiano et al. (2016) and Table 4 in Christiano et al.
(2020)). More precisely, while the AOB model of Christiano et al. (2016) does not require a
high replacement ratio, remarkably it does require small proportional hiring costs in relation

to output to account for the empirical impulse responses. As TABLE III of their paper and
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their replication files report, the posterior mode of the hiring cost (s in their paper) in their
AOB model and Nash bargaining model are only 0.004 and 0.0016, respectively. Moreover,
the posterior mode for the vacancy cost-GDP ratio in the AOB model is only 0.0003, and
for their Nash bargaining model with a high replacement ratio it is also extremely small and
equal to 0.0002.

In a response to Christiano et al, [2020], Ljungqvist and Sargent, [2020] analytically derive
the fundamental surplus fraction in the steady state for the alternating offer wage bargain-
ing model of Christiano et al. [2016]. The elasticity of market tightness with respect to
productivity that they obtain is the following (see equation (9) in Ljungqvist and Sargent
(2020)):

1 a

fs
== ) 54
o0 aa—x——M]\fV—Q@ (54)

where M is the maximum number of bargaining rounds between the firm and the worker per
quarter, v is the counteroffer cost and © stands for fixed hiring costs (the case of fixed hiring
costs is discussed in detail in the next subsection). Here, a — x — %V — 20 stands for the
fundamental surplus. However, as it is clear from their condition (9) the following expression

must also hold:

yzg{a—x—M]\;%/—Q@}. (55)

It is quite clear from Eq. (@) that the cost of posting a vacancy ~, for any calibration
of 5 and ¢, must be less than half of what Ljungqvist and Sargent (2017, 2020) call the

fundamental surplus.
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E Regression tables

Table 14: (Log) costs to successfully fill a vacancy

Model 1 Model 2 Model 3 Model 4 Model 5

In (labor market tightness)  0.0704%*  -0.106  -0.109  -0.0823  -0.0736
(0.0338)  (0.131)  (0.127)  (0.125)  (0.131)

10-19 employees 0.251%%  (0.249*%*  (0.253**
(0.106)  (0.106) (0.104)
20-49 employees 0.313%#* (.286%*F*  (.279%**
(0.105)  (0.106)  (0.105)
50-249 employees 0.280**  0.212* 0.197
(0.121)  (0.124)  (0.123)
250-499 employees 0.418%* 0.274 0.262
(0.165)  (0.167)  (0.167)
5004 employees 0.524%*%*  (.314 0.312
(0.186)  (0.191)  (0.191)
In(hires) 0.0450 0.0674* 0.0653*
(0.0350)  (0.0352)  (0.0374)
In(starting wage of new hire) 0.565%#%  (0.589*+*
(0.126)  (0.124)
Occupation fixed effects No Yes Yes Yes Yes
Constant 6.418%**  4,982%**  4.654%F*F  3.639%F*  3.220%F*
(0.0567)  (0.650)  (0.854)  (0.869) (0.875)
Observations 7231 7231 7231 7231 7231
R-squared 0.003 0.312 0.344 0.352 0.361

Notes: Robust standard errors in parentheses. Control variables (Models 2-4):
Dummies for 16 German states, age, gender, required qualification level. Model 5

in addition includes a dummy variable for each month to account for seasonal effects.
Significance levels: ** p<0.05, *** p<0.01.

o1



	INTRODUCTION
	The Canonical MP Model
	Households 
	The firm, search, vacancies, matching, and Nash wage outcome
	Closing the model, the resource constraint, and the definition of equilibrium
	The centrality of hiring costs 
	A calibration for 

	The case of Hall's sticky wages
	The cases of layoff taxes, a financial accelerator, and AOB model
	Fixed hiring costs
	A calibration for  and 

	No free-entry condition
	The model
	Results


	Empirical Evidence on Vacancy Posting Costs
	Data: The German Job Vacancy Survey
	Regression analysis
	Identification strategy
	Results
	The relative importance of proportional and fixed hiring costs compared to post-match training costs
	Relevant parameters for calibration


	Conclusion
	Nash-wage outcome
	Static and Dynamic results of the baseline model 
	A steady-state analysis
	Dynamic analysis

	Solving for market tightness
	A medium-scale DSGE model
	Regression tables

