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1. Introduction

Among macroeconomists it is common knowledge that small-scale New Keynesian

models reveal signi�cant shortcomings in explaining in�ation and output persis-

tence as well as labor market dynamics.1 Recently, labor market imperfections

have been identi�ed to potentially cut these Gordian knots. Besides the impor-

tance of labor markets for in�ation dynamics, labor market regulations might be

causative for the di�erent performances in Europe and the United States. While

many European countries are noted for high and persistent unemployment, the

Anglo-Saxon complement performed relatively well as shown by Hopenhayn and

Rogerson (1993), Ljungqvist (2001) and L'Haridon and Malherbet (2006). This

phenomenon is widely known as "Eurosclerosis"2, i.e. the more strict employ-

ment protection legislation (EPL, for short) in Europe - generating higher labor

turnover costs - and the coherently more rigid labor market, depress business cy-

cle �uctuations.3 Although there is discordance in the literature since the e�ect

of EPL on aggregate unemployment is ambiguous and hence EPL shows manifold

idiosyncrasy. We begin our analysis at the intersection of labor and product mar-

kets. For this purpose we derive the baseline Krause and Lubik (2007) model (KL,

henceforth) and implement productivity dependent �ring costs. The baseline KL

model reveals a distortion of the �rm's decision process since the entry site is

a�icted with costs while adjustments along the exit site are costless. Therefore,

job creation and destruction are positively correlated which is in contradiction to

empirical estimates. We introduce productivity dependent �ring costs into this

framework to establish a self-contained decision process and to account for the

stylized fact of cross-country di�erences in EPL as well as di�erences within a

country.4 By introducing �ring costs, we face the bonding critique, which pays

tribute to the fact that the impact of �ring costs crucially depends on the ex-

tent to which the additional costs can be transferred to the worker due to wage

adjustments, as shown by Lazear (1998,1990) and Nickell (1997). To avoid this

problem we follow the "standard view of �ring costs" in the sense of Bertola and

1For the lack of internal propagation, i.e. the fact that the staggered price mechanism can not
generate persistent real e�ects of monetary shocks, see Romer (1993), Chari et al. (2000) and
Huang and Liu (2002). Shimer (2003) and Hall (2005) discuss potential failures along the labor
market dimension in a partial equilibrium model.

2See e.g. Giersch (1985), Bentolila and Bertola (1990) and Chen et al. (2002).
3See e.g. Addison and Teixeira (2003) or Veracierto (2008).
4Dolado et al. (2005, 2007) discuss the di�erences of EPL within a country.
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Rogerson (1997), i.e. we consider �ring costs as a tax on job destruction, since

this component is non-Coasean.

We show that the introduction of �ring costs slightly increases the performance

of the model along the labor market dimension, while the main implication - the

interrelation between the size of the �ring costs and the Beveridge curve - can

not be veri�ed in a stylized cross-country empirical analysis. The paper proceeds

as follows. The next section has a closer look on the previous contributions to

the literature and empirical evidence already initiated in this section. Section 2

derives the model and introduces �ring costs, while section 3 closes and calibrates

the model. Section 4 discusses the dynamics and the results of the model, section

5 provides a robustness check of the results to alternative calibrations and section

6 scrutinizes the e�ect of EPL on the Beveridge curve relation. In section 7 we

will �nally draw the conclusion.

2. A New Keynesian Model with Firing Costs

We now present a NK model with labor market frictions in the spirit of den Haan

et al. (2000) and Krause and Lubik (2007). Households maximize their lifetime

utility by choosing the optimal consumption path of a CES aggregate of di�er-

entiated products and real money holdings. Firms, acting on a monopolistically

competitive market, maximize pro�ts by setting prices and choosing optimal em-

ployment subject to Rotemberg (1982) price adjustment costs and labor turnover

costs. Job creation is a�icted with hiring costs and job destruction is a�icted

with productivity dependent �ring costs. Separations are driven by job-speci�c

productivity shocks a�ecting new and old jobs, drawn from a time-invariant dis-

tribution. These shocks generate a �ow of workers into unemployment while

the transition process from unemployment to employment is subject to search

frictions, characterized by a matching function.
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2.1. Consumer Preferences

We assume a discrete-time economy with an in�nite living representative house-

hold who seeks to maximize its utility given by

U = E0

∞
∑

t=0

βt

[

C1−σ
t − 1

1 − σ
+ χ log

(

Mt

Pt

)]

. (1)

The degree of risk aversion is given by σ and χ is a positive scaling parameter.

It is assumed that a household consists of a continuum of members, inelastically

suppling one unit of labor and being represented by the unit interval.

In addition, household members insure each other against income �uctuations and

have free and unlimited access to complete markets for state-contingent claims

to avoid the problem of heterogeneity, i.e. we assume consumption pooling.5

The household maximizes consumption and real money holding subject to the

intertemporal budget constraint

Ct +
Mt

Pt

+
Bt

Pt

= Wt +
Mt−1

Pt

+Rt−1

Bt−1

Pt

+ but + Πt + Tt, (2)

where b is the value of home production, such that but accordingly is the income

of unemployed household members. Wt is labor income, Bt is Bond holding which

pays a gross interest rate Rt. Πt are aggregate pro�ts and Tt are real lump sum

transfers from the government. The CES function Ct =
∫

1

0

[

C
ǫ−1

ǫ

it di
]

ǫ
ǫ−1

is the

Dixit-Stiglitz aggregator of di�erent types of goods. To derive the households

demand function, we have to make use of this aggregator and the associated min-

imum expenditure price index Pt =
∫

1

0

[

P
ǫ−1

ǫ

it di
]

ǫ
ǫ−1

to arrive at Cit =
(

Pit

Pt

)

−ǫ

Ct.

The household takes the set of stochastic processes {Pt,Πt, Rt, Tt,Wt}
∞

t=0
as given,

while choosing the values of {Bt, Ct,Mt}
∞

t=0
. This intertemporal utility maximiza-

tion leads to the following �rst-order conditions

C−σ
t = βRtEt

[

Pt

Pt+1

C−σ
t+1

]

, (3)

Mt

Pt

= χ
Rt

Rt−1

Cσ
t . (4)

5See Merz (1995), Andolfatto (1996) and Poilly and Sahuc (2008).
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The demand for real balances is given by the money-demand function (4). Equa-

tion (3) is a standard Euler equation for intertemporal consumption �ows. In

addition, we assume that for the Euler equation the No-Ponzi condition holds.

2.2. Firm's Problem

Monopolistically competitive �rms maximize their pro�ts by setting their price

with respect to the household's demand function, the production function and

the employment evolution equation. Each �rm consists of a continuum of di�er-

ent jobs. While aggregate productivity At is common to all �rms, the speci�c

productivity ait is idiosyncratic and every period it is drawn in advance of the

production process from a time-invariant distribution with c.d.f. F (a). The �rm

speci�c production function is the product of aggregate productivity, the number

of jobs and the aggregate over individual jobs and can be written as

yit = Atnit

∫

∞

ãit

a
f(a)

1 − F (ãit)
da ≡ AtnitH(ãit). (5)

ãit is an endogenously determined critical threshold and H(ãit) is the conditional

expectation E [a|a ≥ ãit]. If the speci�c productivity of a job is below this thresh-

old, it is not pro�table and separation takes place. This consideration results in

an endogenous job destruction rate ρn
it = F (ãit).

Aside from endogenous job destruction we assume an exogenous separation rate

ρx. This exogenous rate, being time stable, is neither a�ected by incentives nor

cyclical factors. Although their is no consensus in the literature on the proper

determination of the separation margin, following Fujita et al. (2007), Fujita and

Ramey (2007, 2008) and Ramey (2008) empirical evidence seems to favor endoge-

nous separations, since the standard deviation of the separation rate in the data

is 5.8 %. Thus, the separation rate is not constant and hence not exogenous.

Balleer (2009) shows that the separation rate increases after a positive technol-

ogy shock and that technology shocks are not responsible for the high volatility

in job �nding rate and unemployment, i.e. the standard model generates the

volatility of these variables conditional on technology shocks. Since conditional

and unconditional moments signi�cantly vary in their conclusions, one should

be careful using unconditional moments to interpret the model's performance.

Furthermore, endogenous separations can explain the negative correlation of the
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separation rate with productivity and the standard deviation of unemployment.

The total number of separations at �rm i is then given by

ρit = ρ(ãit) = ρx + (1 − ρx)F (ãit). (6)

Since job creation is subject to hiring frictions, i.e. matching frictions, we formu-

late a Cobb-Douglas type matching function with constant returns to scale6

Ψ(ut, vt) = muµ
t v

1−µ
t . (7)

Where ut is the number of unemployed worker and vt is the number of open

vacancies, assumed to lie on the unit interval vt =
∫

1

0
vitdi. µ ∈ (0, 1) denotes the

elasticity of the matching function with respect to unemployment while the match

e�ciency is governed by m > 0. The matching function gives the number of new

employment relationships at the beginning of the next period. It is homogeneous

of degree one, strictly increasing in each of its arguments, strictly concave and

twice continuously di�erentiable. An additional assumption is that �rms actively

search for workers in the unemployment pool and all unemployed workers search

passively for jobs and following Trigari (2004) that every unmatched worker is

part of the unemployment pool, i.e. there is no out of labor force option.

The homogeneity assumption leads to the probability of a vacancy being �lled in

the next period q(θt) = mθ−µ
t and an analogous approach for the probability that

an unemployed worker �nds a job leads to p(θt) = θtq(θt), where θt = vt/ut is labor

market tightness. Connecting the results for job creation and job destruction

enables us to determine the evolution of employment at �rm i as

nit+1 = (1 − ρit+1)(nit + vitq(θt)). (8)

The �rm is able to control the evolution of employment by adjusting the number

of posted vacancies and by setting the critical threshold, which then in�uences

the separation rate. As we will illustrate later on the worker is paid according to

his speci�c productivity and we follow this approach by establishing the theorem

that �ring costs also depend on the worker's speci�c productivity. Following

the interpretation from den Haan et al. (2000), i.e. exogenous separations are

6In their empirical analysis Petrongolo and Pissarides (2001) �nd that the Cobb-Douglas function
with constant returns to scale is the most appropriate speci�cation.
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worker-initiated and only endogenous separations are involuntarily, we associate

�ring costs only to endogenously separated workers.7 Initially we de�ne the

�ring costs function for a speci�c worker as a linear real-valued function given

by8 g(ait) = kait, which consistently yields the total �ring costs

G(ait) = k

∫ ãit

0

a
f(a)

1 − F (ãit)
da, (9)

weighting the aggregate over the individual productivity for those worker's whose

productivity is below the critical threshold with a parameter k > 0. k determines

the share of the productivity that is paid as a �ring tax. It is quite intuitive

that if we would allow k = 0 we would obtain the baseline model without �ring

costs. Furthermore, the function is twice continuously di�erentiable, strictly

convex and strictly increasing in a. One should notice that we likewise could

have introduced a �ring cost function that features the individual real wage as

an argument. However, our approach is w.l.o.g. since the wage also depends on

the idiosyncratic productivity, i.e. this is only a scaling issue. We now want to

focus on the �rms maximization problem. The �rm maximizes the present value

of real pro�ts given by

Πi0 = E0

∞
∑

t=0

βt λt

λ0

[

Pit

Pt

yit −Wit − cvit −G(ait) −
ψ

2

(

Pit

Pit−1

− π

)2

Yt

]

. (10)

Where the �rst term in parenthesis is real revenue, the second term is the wage

bill, which is given by the aggregate of individual wages

Wit = nit

∫

∞

ãit

wt(a)
f(a)

1 − F (ãit)
da. (11)

This follows from the fact that the wage is not identical for all workers, instead it

depends on the idiosyncratic productivity. The third term re�ects the total costs

of posting a vacancy, with c > 0 giving real costs per vacancy. The next term

7Since all separations take place simultaneously an identi�cation problem arises due to moral
hazard. The �rm is not able to identify whether the endogenously separated worker would have
quitted himself and hence has to pay �ring costs. Therefore, this assumption is for the sake of
completeness.

8Abowd and Kramarz (2003) and Kramarz and Michaud (2004) show in their empirical work
that the estimated function for severance payments is roughly linear.
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gives the total �ring costs and the last term formalizes staggered price setting

by a quadratic price adjustment term which follows mainly Rotemberg (1982) in

his approach, in which the adjustment costs are proportional to the price change.

The degree of the price adjustment costs is measured by the parameter ψ ≥ 0.

Using the �rst-order conditions of the �rm's maximization problem gives the job

creation condition

c

q(θt)
= Etβt+1(1 − ρt+1)

[

ϕt+1At+1H(ãt+1) −
∂Wt+1

∂nt+1

+
c

q(θt+1)

]

. (12)

This condition re�ects the hiring decision as a trade-o� between the costs of a va-

cancy and the expected return. Where 1/q(θt) is the duration of the relationship

between �rm and worker. Along our considerations we derive the job destruction

condition, which equalizes the costs of �ring workers with the resulting bene�t,

given by

ϕtAtãt +
c

q(θt)
− wt(ãt) +

k

nt

[1 −H(ãt) + ãt] = 0. (13)

A key distinctiveness of New Keynesian models is their capability to elucidate

the reciprocity of output and in�ation. In these models in�ation dynamics are

de�ned by the New Keynesian Phillips curve (NKPC, for short)

π̂t = βEtπ̂t+1 + κϕ̂t, (14)

where κ = (ǫ − 1)/ψ depends on the degree of price adjustment costs and the

elasticity of substitution and the marginal costs ϕt are given by

ϕt =
∂Wt/∂nt

AtH(ãt)
+
ξt − c/q(θt)

AtH(ãt)
.

Subsequently, we will shed light on the wage setting process to derive an expres-

sion for the individual real wage which will allow us to study the �rm's separation

decision more precisely and further determine the critical threshold.

2.3. Wage Setting

Following Trigari (2004) a matched �rm-worker pair has an unambiguously higher

expected return than an unmatched pair. This is a consequence from the time-
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consuming and expensive search and matching process. If a �rm and a worker

have matched, the job shares an economic rent which is splitted in individual

Nash bargaining by maximizing the Nash product

w = argmax
{

(Wt − Ut)
η(Jt − Vt)

1−η
}

. (15)

The �rst term is the worker's surplus, the latter term is the �rm's surplus and

0 ≤ η ≤ 1 is the exogenously determined, constant relative bargaining power. Ut

and Vt are the worker's and the �rm's threat points, respectively.9 Jt is the asset

value of a �lled job for the �rm and for the worker Wt is the asset value of being

employed and accordingly Ut is the asset value of being unemployed.

It has to be strongly emphasized that we introduce �ring costs and consistently

respect the bonding critique, i.e. we treat the �ring costs as a wasteful tax paid

outside the �rm-worker pair. We therefore isolate the implications of �ring costs

from counteracting wage e�ects. Coherently, we neither include the �ring costs

in the asset value function for the �rm Jt nor in the bargaining problem.10

Consistently, the individual real wage satis�es the optimality condition

Wt(at) − Ut =
η

1 − η
Jt(at). (16)

To obtain an explicit expression for the individual real wage we have to determine

the asset values and substitute them into the Nash bargaining solution (16).

For the �rm the asset value of the job depends on the real revenue, the real wage

and if the job is not destroyed, the discounted future value. Otherwise the job

is destroyed and hence has zero value. In terms of a Bellman equation the asset

value is given by

Jt(at) = ϕtAtat − wt(at) + Etβt+1

(

(1 − ρt+1)

∫

∞

ãt+1

Jt+1(a)
f(a)

1 − F (ãt+1)
da

)

. (17)

The asset value of being employed for the worker consists of the real wage, the

discounted continuation value and in case of separation the value of being unem-

9Due to a free entry condition the equilibrium value of Vt is zero.
10Introducing �ring costs into the asset value function of the �rm Jt leaves our qualitative results
una�ected.
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ployed

Wt(at) = wt(at) + Etβt+1(1 − ρt+1)

∫

∞

ãt+1

Wt+1(a)
f(a)

1 − F (ãt+1)
da+ Etβt+1ρt+1Ut+1.(18)

Analogously, the asset value of a job seeker is given by

Ut = b+ Etβt+1θtq(θt)(1 − ρt+1)

∫

∞

ãt+1

Wt+1

f(a)

1 − F (ãt+1)
da (19)

+Etβt+1(1 − θtq(θt)(1 − ρt+1))Ut+1.

Unemployed worker receive the value of home production b, the discounted con-

tinuation value of being unemployed and if she is matched she receives the value

of future employment. Inserting these value functions into the Nash bargaining

solution yields the individual real wage

wt(at) = η(ϕtAtat + cθt) + (1 − η)b. (20)

The wedge between the real wage and the reservation wage is increasing in every

time-dependent component and the worker's bargaining power.

The �rm will endogenously separate from a worker if and only if

Jt(at) < −kat, (21)

i.e. if the worker's asset value is lower than the associated �ring costs.11

The threshold is then de�ned by

ãt =
1

(1 − η)ϕtAt + k

[

(1 − η)b+ ηcθt −
c

q(θt)

]

. (22)

Yet we assumed that k > 0 such that the threshold is unambiguously lower than

in the baseline KL model which is a quite intuitive result if one remembers that

whenever the �rm wants to adjust the evolution of employment it changes the

critical threshold. Hence, if workers are a�icted with �ring costs the �rm will

decrease the number of laid-o� workers, since some workers are protected by these

additional costs, making the retaining option the preferred one. Therefore this

equation is able to verify the stylized fact of depressed job destruction �ows and

11See Kugler and Saint-Paul (2000, 2004) and Lechthaler et al. (2008).
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since the derivative is given by

∂ãt

∂k
= −

1

((1 − η)ϕtAt + k)2

[

(1 − η)b+ ηcθt −
c

q(θt)

]

, (23)

and straightforward

∂ãt

∂k
< 0, (24)

we infer that the more strict EPL, the larger the e�ect on job destruction will

be. This result gives proof for the relevance of EPL for cross-country di�erences.

The overall e�ect of labor market tightness is ambiguous, due to the existence of

two e�ects working in opposite directions. The direct e�ect of a ceteris paribus

rise in labor market tightness increases the wage (consider eq. (20)) and there-

fore increases the separation probability. The indirect e�ect yields an increase in

hiring costs c/q(θt) and coherently in an incentive to keep matches in order to

avoid these high rehiring costs.

3. Model Solution

We solve the corresponding linear rational expectation model using the method

shown by Sims (2002). Therefore we need to log-linearize the model around its

steady state and write down the model in its particular state-space representation.

In addition, we need to de�ne the aggregate income given by

Yt = Wt + Πt = Atnt

∫

∞

ãit

a
f(a)

1 − F (ãit)
da. (25)

For the given stochastic processes {At, φt}
∞

t=0
a determined equilibrium is a se-

quence of allocations and prices {ãt, jcrt, jdrt,mt, nt, ϕt, πt, Rt, ρt, θt, ut, vt, wt, yt}
∞

t=0
,

which for given initial conditions satis�es equations (3),(4),(6),(8),(12),(14),(20),(22),

(25),(26),(27),(31),(33), the de�nition for labor market tightness and the law of

motions for real money balances and employment.

As a last step, we calibrate the model and de�ne the occurring shocks.
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We assume a money growth rule that re�ects monetary policy

φt = φρm

t−1e
αm,t , (26)

where φt = Mt/Mt−1 is nominal money growth, 0 < ρm < 1 is the autocorrelation

of the shock and αm,t ∼ N(0, σm) is an i.i.d. error term following an univariate

normal density distribution with standard deviation σm and cov(φt−1, αm,t) =

0 ∀ t. Analogously, the productivity shock is formulated as

At = ρAAt−1 + αA,t. (27)

The i.i.d. error term is αA,t ∼ N(0, σA) with cov(At−1, αA,t) = 0 ∀ t.

We calibrate the model on a quarterly basis for the United States and set param-

eter values according to stylized facts and the relevant literature.

Risk aversion σ is set to the value 2, the discount factor β is 0.99. The markup on

real marginal costs is set to 10 % as in Trigari (2004), which leads ǫ to be 11. For

the sake of simplicity we assume symmetric bargaining such that η = 0.5.12 Such

that the wage is linearly depending on labor market tightness. We set µ = 0.4

according to the empirical estimation by Blanchard and Diamond (1989). Steady

state in�ation is set to one. Exogenous job destruction ρx is set to 0.068 according

to den Haan et al. (2000). The steady state separation rate ρ̄ is 0.10 according

to den Haan et al. (2000). The endogenous separation rate in steady state can

be computed to 0.034. The critical threshold can be computed by building the

inverse function, i.e. ã = F−1(ρn). The steady state unemployment rate is set to

ū = 0.12 re�ecting the shortcoming of the unemployment rate namely the non-

conformity of e�ective searchers and unemployed workers.13 Steady state �rm

matching rate is q̄ = 0.7 according to den Haan et al. (2000) and close to the

0.8541 set by Fujita and Ramey (2005). The value of ψ is set to 40 to balance

estimations from Lubik and Schorfheide (2004) (ψ = 20) and the corresponding

value of Calvo (1983) price staggering (ψ = 105). Since idiosyncratic productivity

follows a lognormal c.d.f., the parameters µLN and σLN have to be calibrated. The

distribution function is normalized, such that µLN = 0. The parameter for the

12Asymmetric bargaining would lead to the problem of a violation of the IIA assumption. See
Bayindir-Upmann and Gerber (2003) for the Kalai-Smorodinsky solution which avoids this
problem.

13See Cole and Rogerson (1999) for further discussion.
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variance σLN is 0.12, since Cooley and Quadrini (1999) �nd that job destruction

is almost seven times as volatile as employment and the parameter should re�ect

the volatility of the job destruction rate. Finally, we calibrate the shock process.

We follow Cooley and Quadrini (1999) to obtain σm = 0.00623 and ρm = 0.49 for

the monetary shock. For the productivity shock the autocorrelation ρA is 0.95

like in Cooley and Quadrini (1999) and the standard deviation is 0.0049.

As a starting point, we set k = 0.1, i.e. 10 % of the worker's productivity is paid

as a �ring tax. This value re�ects the low level of EPL observable in the U.S.

labor market, while later on we will provide a robustness check of this and other

pivotal parameters.

4. Discussion

In this section we discuss the implications of an expansionary monetary and a

positive productivity shock in the model with �ring costs.

4.1. Monetary Policy Shock

Consider a one percent increase in money growth. Households increase present

consumption via the money demand equation (4) such that the �rm increases out-

put to match this additional demand which is evident from the left upper panel

in Figure 4. In order to increase output, the �rm has to increase employment and

hence adjusts the critical threshold downwards. Therefore, the model reveals a

separation driven employment adjustment mechanism as we can deduce from the

left bottom panel in Figure 1. We conclude that the �rm increases employment

by protecting more jobs from being separated rather than by posting more va-

cancies. As a consequence separations drop and the decrease in unemployment

is larger than the drop in vacancies, such that labor market tightness increases.

This increase is on the one hand responsible for the rise of hiring costs (consider

the job creation condition (12)), which reduces incentives to post vacancies, and

on the other hand for the pressure on real marginal costs. As we can conclude

from the NKPC, the increase in marginal costs directly raises in�ation. The rise

in marginal costs is primarily caused by the increase in labor market tightness

a�ecting the hiring cost component and only secondarily a consequence of an

increase in real wages which is re�ected by the larger increase in real marginal
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Figure 1: Monetary Shock: Fully Flexible Wage.

costs than in real wages. We therefore infer that the dynamics of the system

towards the new steady state are mainly driven by job creation and destruction.

In contrast to the baseline KL model, the introduction of �ring costs changes

the dynamics of the model. Since the reaction in the threshold is smaller, job

destruction is damped, which leads to an increase of the wage bill compared to

the baseline KL model (consider (11)). This directly increases the marginal costs

although the hiring costs decrease in relation to the baseline model. This decrease

follows from the fact that the reaction in unemployment is damped and hence la-

bor market tightness reacts less strongly. This consistently implies that the drop

in vacancies is reduced compared to the baseline model. The increase in marginal

costs leads to a strong rise in in�ation (consider (14)) and hence decreases the re-

action of output (consider (3)). Turning to the second moments of the simulation

presented in Figure 7 yields the insight that the results are manifold. We obtain

improvement along the correlations given in Figure 7, but this improvement is

relatively small, crucially depending on the calibration of the �ring costs. As we

will see later, unrealistic high values of the �ring cost parameter create the well

known Beveridge curve, i.e. the strong negative correlation of unemployment and

vacancies. Furthermore, we still �nd a positive correlation between job creation

and destruction, which is inconsistent with the data while the correlation between
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the job creation rate and employment is −0.5617. However, the improvement in

the standard deviations is quite small, e.g. the standard deviations of in�ation

and labor market tightness are now closer to there empirical values. We admit

that there is also a deterioration in some standard deviations, as for instance in

the wage, being now more volatile as in the data. As in the baseline KL model

the values for in�ation and output persistence are in line with the data, but they

are almost entirely created by the autocorrelation in the shock term, i.e. there is

no evidence for endogenous persistence. Our results are therefore still consistent

with the �ndings of Chari et al. (2000) and Huang and Liu (2002) such that

there is still a lack of internal propagation.

4.2. Productivity Shock

We now turn to the discussion of the technology shock. Since productivity At

increases, less labor input is needed and employment falls (consider (5)). Coher-

ently, job destruction initially rises while job creation slightly decreases. This is

also a consequence of sticky prices, since aggregate demand remains unchanged.

The job creation condition implies that vacancies increase and so does labor mar-

ket tightness. Real marginal costs drop due to the increase in productivity and

the NKPC relation causes in�ation to fall. This decrease in the price level leads

households to increase present consumption via (3). The �rm rises output by

increasing job creation and mainly by signi�cantly decreasing job destruction,

simultaneously increasing employment. We likewise obtain the separation driven

employment adjustment mechanism that we have detected before. As we have

seen in the discussion of the monetary shock, �ring costs lead to di�erent dynam-

ics of the system. The reaction in the threshold is smaller such that the increase

in job destruction is smaller compared to the baseline model. This is due to the

fact that separations are now a�icted with costs and hence are not as pro�table

as in the baseline model. Consistently, the fall and the consecutive increase in job

creation is smaller compared to the baseline KL model. In addition, this spills

over to the saddle path of vacancies leading to a more smoother adjustment to-

wards the new steady state. This pattern is also visible in the dynamic behavior

of unemployment and labor market tightness. Since unemployment on impact

does not increase as strong as in the baseline model and vacancies change only

slightly, the drop in labor market tightness is smaller. Furthermore, the decrease
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Figure 2: Productivity Shock: Fully Flexible Wage.

of unemployment over the cycle is smaller than in the baseline KL model. This

is an intuitive implication of �ring costs, depressing job �ows over the cycle. As

we can infer from the upper right panel in Figure 2, there is only a very small

e�ect on output dynamics. This is due to the nature of the shock only indirectly

a�ecting demand, i.e. through the price level. From Figure 2 upper left panel we

can infer that the change in in�ation dynamics is very small. The reason for this

is the fact that while hiring costs increase - consider the increase of labor market

tightness in relation to the baseline model - the real wage slightly decreases and

hence real marginal costs virtually remain una�ected. In relation to the implica-

tions for business cycle statistics of the monetary shock, the productivity shock

performs better. We obtain improvement along almost every dimension in stan-

dard deviations. Especially the standard deviation of the job creation and the

destruction rate are signi�cantly closer to their empirical counterparts. Further-

more, the correlation of unemployment and vacancies is weakly negative, such

that the model tends to create a Beveridge curve. In addition, we still observe

the positive correlation of job creation and destruction whereas the correlation

between the job creation rate and employment is again negative (−0.6053). As

we have seen before, the autocorrelation values of output and in�ation are close

to their empirical pendants but they are entirely created by the shock persistence,
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such that there is still no endogenous persistence.

Up to the present we can conclude that search frictions and productivity depen-

dent �ring costs are not able to signi�cantly improve the model's performance

neither along the labor market dimension nor the in�ation dynamics dimension.

Particularly remarkable is the tendency of the model to create the Beveridge

curve. However, the quest for additional sources of real rigidity remains to in-

crease the inherent propagation mechanism.

5. Robustness Issues

Since our results crucially depend on the calibration of the model, we analyze

the robustness to alternative calibrations. Decreasing the worker's bargaining

strength η, to a su�ciently small value, changes the dynamics of the model sig-

ni�cantly. The reason for this strong dependence is the fact that small values

for the bargaining strength increase the value of an existent match. Consistently,

incentives to separate from a worker decrease and hence job destruction falls. In

line with this observations is the fact that the wage falls on impact and concor-

dantly converges from below its initial value towards the steady state. However,

this e�ect is not strong enough to break the positive relation between job creation

and destruction. In contrast to the baseline KL model �ring costs signi�cantly

attenuate the increase in correlation between job creation and destruction due to

the additional a�iction of the exit site with costs. The corresponding dynamics

of this alternative calibration are not in line with empirical data and hence our

results remain una�ected. The parameter for the exogenous separations ρx set

closer to the steady state separation rate 0.1 is able to generate the Beveridge

curve. As already mentioned, �ring costs increase the model's ability to create

the Beveridge curve, such that the correlation obtained in the baseline KL model

with ρx = 0.1 of corr(u, v) = −0.45 is further improved to corr(u, v) = −0.7567.

Furthermore, we obtain a negative correlation of job creation and destruction, i.e.

corr(jcr, jdr) = −0.0094. We can conclude that this shortcoming of the baseline

KL model is removed. It has to be emphasized that an increase in the exogenous

separation rate on the one hand leads to an improvement along the labor market

dimension while on the other hand the model completely fails along the in�ation

dynamics dimension. For instance, prohibitively high �ring costs, i.e. a model
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Figure 3: Alternative Calibrations for k.

with purely exogenous job destruction, creates standard deviations of output and

in�ation of 0.0059, 202.4432 respectively. Furthermore, we consider an alterna-

tive calibration of the match elasticity µ. A low match elasticity leads to a more

persistent reaction of job creation and coherently to a sustained vacancy posting.

This follows immediately since the lower match elasticity decreases the elasticity

of the probability of �lling a vacancy. This calibration is therefore able to gener-

ate the Beveridge curve, i.e. corr(u, v) = −0.7172, and account for the negative

correlation of job creation and destruction, i.e. corr(jcr, jdr) = −0.1837. As be-

fore, �ring costs lead to a stronger Beveridge curve relation. However, following

Blanchard and Diamond (1989) empirical evidence �nds a value of 0.4 for the

match elasticity.

Finally, we consider alternative calibrations for the �ring cost parameter k.

Figure 3 presents our results clearly indicating that higher �ring cost generate

a Beveridge curve and break the positive correlation between job creation and

destruction. To be explicit, this improvement of the model is due to the a�ic-

tion of separations with costs, hence breaking the distortion of the �rm's decision

process and particularly leading to di�erent dynamics of job destruction, labor

market tightness and vacancies.

6. The Inexorable Beveridge Curve

In the precedent discussion of the robustness of our results we concluded that the

Beveridge curve relation is improved by assuming higher �ring costs. This implies

that the stricter the EPL, the stronger the Beveridge curve relation. However, we

need to compare this insight with empirical evidence. For this purpose, we con-

sider a cross-country analysis of the Beveridge curve relation containing 15 OECD

countries. We use quarterly data for unemployment and vacancies from 1970:Q1
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Figure 4: Beveridge Curve Relation and EPL Values.

to 2008:Q4 provided by the OECD. We generate arti�cial data for the vacancy

rate by dividing the number of registered un�lled job vacancies through total

civilian employment. In addition, we use a harmonized unemployment rate being

the number of unemployed persons as a percentage of the civilian labor force with

two exemptions. For Austria and Germany we use the registered unemployment

rate by reason of superior data availability. With this two time series we are able

to compute the order of correlation between unemployment and vacancies, i.e.

the Beveridge curve relation. Our results are presented in Figure 4. Values for the

strictness of EPL are taken from the OECD database and represent overall values

for 2003. Furthermore, we distinguish between version 1 and version 2 of the EPL

concept. Since numbers for collective dismissals are only available since the late

1990s, version 1 is an unweighted average of the summary measures for regular

and temporary contracts only. As a �nal step, we generate the order of correla-

tion between the Beveridge curve and the two EPL concepts. The corresponding

�gures are presented in Figure 5 and 6. Recall that the model's prediction is a

negatively sloped regression line, with a higher value of EPL resulting in a more

strict Beveridge curve relation. However, the empirical analysis yields a slightly

positive regression line with slope 0.055 for EPL based on version 1, 0.022 for

EPL based on version 2 respectively. The measure of correlation based on EPL

version 1 is 0.1507, 0.055 based on EPL version 2 respectively. To be capable of

giving a statement related to the performance of our regression we need a mea-

sure for the variability explained by the model. For this purpose, we compute the

coe�cient of determination being 0.025 and 0.022 for version 1, version 2 respec-
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Figure 5: Correlation Beveridge Curve - EPL Version 1.

Figure 6: Correlation Beveridge Curve - EPL Version 2.

tively. Even if the positive outlier - Japan - is disregarded in the analysis, the

coe�cient of determination is not signi�cantly improved, being around 0.08 for

both EPL concepts. We conclude that the variability in the data is not explained

by our regression such that there is no interrelation between the Beveridge curve

relation and strictness of EPL. As an illustrative thought experiment consider

Germany, a country known for its strict EPL (2.47) and the U.K., as an example

of less strict EPL (1.1). The corresponding values for the Beveridge curve are

−0.2398 for Germany and −0.3489 for the United Kingdom. The model would

predict a stronger Beveridge curve for Germany as for the United Kingdom, while

our empirical analysis clearly contradicts this conclusion.

Comparing the model's prediction with the empirical evidence yields the insight

that the depicted interrelation between the strictness of EPL and the Beveridge

curve can not be veri�ed by the data.
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7. Conclusion

The intention of this paper is to improve the performance of a New Keynesian

model with endogenous separations along the labor market and in�ation dynam-

ics dimension as well as to identify the implications of �ring costs in this context.

To account for cross-country di�erences in EPL as well as di�erences within a

country, we implement productivity dependent �ring costs into the Krause and

Lubik (2007) model by including the �ring costs in the �rm's decision problem

and by strictly respecting the bonding critique. Our results are promising, since

we are able to show that the model tends to generate the Beveridge curve, re-

duces the positive correlation of job creation and destruction and ampli�es the

volatility of key labor market variables. In addition, the model accounts for the

cross-country di�erences in output volatility as shown by Samaniego (2008) and

Veracierto (2008). The reason for this improvement along the labor market di-

mension is the implementation of �ring costs, breaking the distorted decision

problem and leading therefore to particularly di�erent dynamics of job destruc-

tion, labor market tightness and vacancies. Our model mainly a�ects the exit

site, while the entry site is only indirectly in�uenced. Therefore it is able to

con�rm the empirical �ndings from Messina and Vallanti (2006), i.e. �ring costs

have a stronger e�ect on job destruction as on job creation. However, the short-

coming of the KL model - the lack of internal propagation - also exists in the

extended model. Furthermore, the positive correlation between job creation and

destruction - although it is signi�cantly reduced - is still present, caused by an

excess sensitivity of job destruction. The privilege of the adjustment along the

job destruction margin is only broken by high values of the �ring cost parameter

which is not in line with empirical evidence for the strictness of EPL for the U.S.

labor market. However, this considerations to a certain extent give proof for the

relevance of di�erences in EPL as an decisive criterion to explain cross-country

di�erences in labor market performances. In this context we have in particular

shown that the main prediction of the model, namely the interrelation between

the strictness of the Beveridge curve relation and the strictness of EPL, can not

be veri�ed by the data. While it seems that EPL has no e�ect on the shape of

the Beveridge curve it might be that changes in EPL cause shifts of the Beveridge

curve. We leave further investigation of this issue to future research.
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Mathematical Appendix

Matching

The probability that a vacancy is �lled can be derived as follows

q(θt) =
Ψ(ut, vt)

vt

= Ψ(
ut

vt

, 1) =
muµ

t v
1−µ
t

vt

= muµ
t v

−µ
t = m

(

ut

vt

)µ

= mθ−µ
t . (28)

An analogous approach for the probability that an unemployed worker �nds a

job leads to

p(θt) =
Ψ(ut, vt)

ut

= Ψ(1,
vt

ut

) =
muµ

t v
1−µ
t

ut
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t v1−µ
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= m

(
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) (

vt

ut
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−µ

= mθtθ
−µ
t = θtq(θt).

Assuming that the matches going to a �rm are proportionate to the ratio of its

vacancies to total vacancies vit/vt, so that vitmt/vt = vitq(θt) is the in�ow of

new hires in t + 1 into �rm i. The job destruction rate consists of the gross job

destruction given by

ρtnt−1 − ρxnt−1. (30)

We need to subtract the second term, because it re�ects the exogenous job de-

struction and is therefore not relevant for the gross destruction of employment

opportunities.

By dividing through nt−1 we arrive at the job destruction rate

jdrt = ρt − ρx. (31)

Gross job creation can be written as

(1 − ρt)vt−1q(θt−1) − ρxnt−1. (32)
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Where the same consideration as above leads to the subtraction of the exogenous

job destruction. Dividing by nt−1 leads to the job creation rate

jcrt =
(1 − ρt)vt−1q(θt−1)

nt−1

− ρx. (33)
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Tables

Figure 7: Business Cycle Properties.
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