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Abstract

In a search and matching environment, this paper assesses a range of modeling setups against
macro evidence for the monetary transmission mechanism in the euro area. In particular, we
assess right-to-manage vs. efficient bargaining, flexible vs. sticky wages, interactions at the firm
level between price and wage-setting, alternative forms of hiring frictions, search on-the-job and
endogenous job separation. Models with wage stickiness and right-to-manage bargaining or
with firm-specific labour imply a sufficient degree of real rigidity, and so can reproduce inflation
dynamics well. However, they imply too small a response on the employment margin. The other
model variants fit employment dynamics better, but then imply too little real rigidity and, so, too
volatile inflation, owing to strong responses of marginal wages and hours per employee. Further
sources of real rigidities — possibly from outside of the labour market — seem to be needed to
simultaneously explain the responses of wages, inflation and employment.

JEL Classification: E31,E32,E24,J64.

Keywords: Inflation Dynamics, Labour Market, Business Cycle, Real Rigidities.



1 Introduction and motivation

A long tradition in monetary economics has assigned employment and wage-setting
frictions a central role in economic dynamics, and inflation dynamics in particular.
Yet alternative recent approaches to modeling the labour market imply very different
employment and wage dynamics. Once implanted into an environment that gives a
role for monetary policy, these differences translate into different effects of monetary
policy on these series, and stark differences in the predictions for price setting and
inflation. For example, some authors, e.g., Trigari (2009) and Walsh (2005), argue
that accounting for equilibrium unemployment increases the resilience of inflation to
shocks. Others, e.g., Krause and Lubik (2007), find that it removes traditional channels,
say from sticky wages to inflation. Yet other variants have been assessed against the
real-side responses alone.!

This paper contributes to the literature by assessing, in a New Keynesian business
cycle model, the empirical performance in terms of employment, inflation and wage
dynamics of a large number of previously proposed labor market variants, all built
around the Mortensen and Pissarides (1994) model of search and matching frictions.
In order to put the model variants on the same footing for the horse race, we use a
calibration for the euro area that is harmonised across these variants. We assess the
models against stylised facts of the monetary transmission process, asking whether
any of the proposed variants provides a reasonable fit to the macro data in all three
dimensions: wage, inflation, and employment responses to monetary shocks. Since
the previous literature has emphasised that some of the variants can be sensitive to
the details of the calibration, e.g., Hagedorn and Manovskii (2008), we carry out a
sensitivity analysis. Besides the horse race, a contribution of this paper is that we
theoretically compare this variety of variants with regard to the mechanisms that drive
inflation, wage and employment dynamics in each.

We choose the efficient bargaining version of Trigari (2006) as our point of departure:

! Another strand of literature has been concerned with normative implications, such as the design
of optimal monetary policy; see, e.g., Blanchard and Gali (2006).
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that is, a simple New Keynesian model with search and matching frictions and a
distinction between heads and hours, with the timing simplified so that matches may
be realised immediately instead of requiring a one-period lag. Building on this, we
replace certain assumptions about the labour market structure by others, one at a
time. We consider the following variants: right-to-manage (RTM) bargaining (Trigari
(2006)), stickiness of wages in these setups (Gertler and Trigari (2006), Hall (2005)
and Christoffel and Linzert (2005)) differentiating between stickiness in new matches
and existing matches (Bodart et al. (2005) and (2006)), interactions at the firm-level
between price and wage-setting (Kuester (2007), Sveen and Weinke (2007) and Thomas
(2008)), alternative forms of vacancy posting costs (Yashiv (2006)), search on-the-job
(Krause and Lubik (2006) and van Zandweghe (2009)) and endogenous separation (den
Haan et al. (2000) and Trigari (2009)).

Our findings are as follows. In the baseline calibration many of the models imply a
response of inflation that is much too large relative to the data. This is due to the strong
role of marginal wages in explaining inflation dynamics, and their strong response to
monetary policy, in these models. This response, in turn, rests on an unreasonably
strong reaction of hours per worker; this is the case for the efficient bargaining versions
with and without sticky wages, search on-the-job, the variants with variations in hiring
costs, and endogenous separation. The other variants do better for inflation dynamics,
indeed implying a little bit too much (as opposed to too little) real rigidity; this is the
case for the RTM model with sticky wages and the model with firm-specific labour.
On the downside, the latter model variants imply that much of the adjustment of
employment is achieved through hours per worker rather than the number of heads,
which is at odds with the data.

Changing the calibration towards a lower curvature of the disutility of hours worked
per worker, or a higher outside option brings the inflation responses in the first block
of models closer to the data. Yet the additional real rigidity now requires too much
of a response of unemployment. We conclude that none of these, admittedly simple,

variants fully matches the evidence on the monetary transmission mechanism in the
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euro area. These results would suggest either that the labour market is not a sufficiently
strong source of real rigidities, and that other sources of real rigidity should be modeled,
or that the specific way of modeling the labour market does not capture the way the
labour market affects inflation dynamics in practice.

The rest of the paper is structured as follows. In section 2, we lay out the baseline
model. Section 3, calibrates the model to euro-area data and establishes some stylised
facts for the monetary transmission mechanism. When comparing the responses to a
monetary easing in the baseline model to the stylised facts, we find that the inflation
response is too strong: the model lacks real rigidities. Also, the unemployment response
is too weak. Section 4 therefore presents the alternative modeling variants that we
assess, and benchmarks these against the evidence. Section 5 summarizes the results

and presents a sensitivity analysis. A final section concludes.

2 The baseline model

In this section we lay out our baseline model, a simplified version of Trigari’s (2006)

efficient bargaining model.

2.1 Households, consumption and saving

We assume that there is a continuum of workers indexed by j on the unit interval who
supply a homogeneous type of labour. Only a proportion n; of them are employed.
We adopt a representative — or large — household interpretation. Household members
(workers) share their labour income, i.e., wage and unemployment benefits, before
choosing per capita consumption and bond holdings. Labour income is made of the
sum of hourly wages, w,;, weighted by total hours worked, n;h;, and unemployment
benefits, b, weighted by the number of unemployed, 1—n;. As shareholders, households
also receive the profits U; generated by the monopolistically-competitive retail firms
and the intermediate producers of labour services.

If we momentarily leave aside the labour supply decision, which is taken by the house-
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hold as a whole, worker j’s maximisation program is

l1—0o. 1+¢

— i | Cians e
max [ E 6] - X
Cjt7Bjt+1 =0 1 - UC 1 + ¢

subject to

B: B
Jt +Cjt+tt: jt—1 —}-ntwtht—l—(l—nt)b—l—\:[/t (1)

R P, P
where 0. > 1,y > 0,¢ > 0.2 Workers hold their financial wealth in the form of
one-period bonds, Bj;, with price 1/R; (where R; is the nominal interest rate), cj;
represents consumption, ij; hours worked, ¢, are lump-sum taxes payable and F; is the
consumer price index. Due to additive separability of consumption and leisure and
income pooling, individual consumption c¢;; coincides with aggregate consumption, ¢;.

The corresponding consumption Euler equation is

A A
_t—ﬁRtEt{PtH}, (2)
t+1

where \; = ¢; °°.

2.2 Firms

The economy consists of three sectors: a perfectly-competitive final good sector,
a monopolistically-competitive retail sector and a perfectly-competitive intermediate

good sector.

2.2.1 Final goods sector

There is a continuum of differentiated goods indexed by 7 on the unit interval. Final

good firms aggregate the differentiated goods y,(i) produced by the retailers into a

2Some of the previous literature, e.g., Krause and Lubik (2007), abstract from allowing for an
intensive margin of employment adjustment, alluding to the fact that employment fluctuates by more
than hours per worker in the data. As a result, marginal costs depend directly on the shadow value
of an additional job. Instead, we allow for labor adjustment on the intensive margin, which renders
the cost of adjusting hours the marginal cost for the firm, viewing the relative use of the two margins
as an equilibrium outcome. The shadow value of the job still matters implicitly as it is a determinant
of the hourly wage.
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homogeneous consumption good using a Dixit-Stiglitz technology

%:{[@meﬂM%mm%emm, )

where 1/, represents the retailers’ gross price mark-up while 1/(1 — y,,) is the elas-
ticity of substitution between intermediate differentiated goods. Each final good firm
maximises profit, leading to the following demand for intermediate good

%@_Cyvﬁm, (

~—

where p; is the final good price, obtained by aggregation of the retailers’ prices

Mp*l

Hp

= [ ima a] " 6

The modeling of the final good sector remains unchanged throughout the paper.

2.2.2 Monopolistic retailers and price setting

Given the demand y,(i) that retail firm ¢ faces for its product, it buys a homogeneous
intermediate labour good at nominal price P;z; per unit and transforms it one for one
into a differentiated product. In each period, a fraction 1—¢&, of retail firms sets a new
price P;. This price prevails j periods later with probability 553 Profit maximisation

results in the following first-order condition

- Yo (D) (e 1
E, Zﬁt,t-{—j (fp)j —;J , (Pt - —Pt+jxt+j> =0, (6)
=0 t+j 12

p

where 3, ; = 3 /\;% denotes the stochastic discount factor and P;* denotes the optimal

price. Log-linearising around the steady state gives the New Keynesian Phillips curve

(1 — 5p) (1 — ng)

7 = PETia +
&p

T (7)
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where 7, = P,/ P,_; is the inflation rate while ‘hats’ denote percentage deviations from
steady state. The response of inflation depends on how real marginal cost, z;, responds

to that shock. The labour market is the key to this response.

2.2.3 Intermediate labor goods sector

In the baseline model, there are a continuum of intermediate labour good producers who
sell their output in a competitive market. Their only factor of production is labour.
Following Mortensen and Pissarides (1999), we assume that intermediate producers

can hire at most one worker so that their production is either zero or

yl(0) = [h(0)]* with a < 1,

where o indicates firm-worker match o.

2.3 Labour market

The labour market links the intermediate good firms and the workers.

2.3.1 Labour market flows

Let m; denote the number of new firm-worker matches. These follow a linear homoge-
neous matching function:

my = om (uf)” v 77, (8)

where v, is the number of job vacancies and u; the number of effective job seekers, with
0m > 0 and ¥ € (0,1). In the baseline, the probability that an unemployed worker
finds a job is given by

my

Sp = — (9)

S
Uy

while the probability that a firm fills a vacancy is given by

my

@ =—". (10)

Ut
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An exogenous proportion p of firm-worker relationships ends each period. This implies

the following employment dynamics:

ny = (1—p)ng_q1+my . (11)

Note that our timing assumption allows some workers and vacancies to find matches
immediately, that is without spending a full period unemployed, as in Blanchard and
Gali (2009). This timing appears appropriate for empirical work given that our simu-
lations will be performed at a quarterly frequency. Most importantly, it allows shocks
to be absorbed by unemployment rather than hours per worker which helps several of
the model variants better replicate the data.® Finally, unemployment will be given by

uy = 1 — n; and the number of searching workers by u; = u;—1 + pne_1.

2.3.2 Value of a job and a vacancy for the firms

Firms and workers bargain over wages and hours worked. We denote by J; and V,
respectively, the asset value of a job and of a vacancy at period ¢, dropping the match

index for convenience:

To = yuwe —haw + B {801 — p) T} (12)

Vi = —k+qdi+E {5t,t+1(1 - Qt)VtJrl} ) (13)
where k represents the real per-period search cost for firms.

2.3.3 Value of a job and value of unemployment for a household

To a worker’s family, which bargains on her behalf, the value of a job is given by

+E {Brir (1= p+ psir) Wi + p(1 = sp41) Upia]}, (14)

3The relevance of the timing assumption can be easily assessed by comparing the results in this
paper with those displayed in its preliminary version Christoffel et al. (2009a).
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where U; represents the present value of being unemployed at period ¢:
U =b+E {B, 01 [t11 Wi + (1 — sp41) Upia]} (15)

2.4 Wage bargaining

The outcome of the bargaining process is obtained by maximising the Nash product

over wages and hours:

max (W, —U)" (J, — V). (16)

we, hy

The first term of the Nash product is the surplus a worker obtains from a job, raised
to the worker’s relative bargaining power 1 € (0,1). The second term is the firm’s
surplus, raised to the firm’s relative bargaining power 1 — 7.

The first-order condition for wage bargaining simplifies to

n(Je=Vi) = (1 —n) (Wi = U) (17)

which states that each of the contracting parties receives a share of the total surplus
proportional to its relative bargaining power. The first-order condition for hours worked
yields

/\%hf = z,h? L (18)

This shows that the wage paid in any individual match is not allocative for hours in

existing matches, that is 0h;/Ow, = 0. Note that z;, the price of the intermediate

goods, coincides with the marginal cost for price-setting firms. Rearranging we have

hy
X—
= = T (19)
ahy mpl,

This highlights that real marginal cost will equal the worker’s marginal rate of substi-
tution between consumption and leisure (mrs;) divided by the real marginal product

of labour (mpl;). This makes clear that the subjective price of work determines the
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marginal wage, and the marginal cost of producing differentiated goods. Note that,
in contrast, the average hourly wage rate, w;, does not measure marginal costs in
the above setup. The marginal cost here is determined by having an employed worker
work for an additional hour, while the average wage rate averages over all hours worked

(including the infra-marginal hours).

2.5 Vacancy posting

In order to find a worker, labour firms have to post a vacancy. Free entry in the market
for vacancies implies that in equilibrium the value of a vacancy is V; = 0 in every period
t, so (13) yields

k=qJ: . (20)

2.6 Monetary policy, fiscal policy and market clearing

Monetary policy is conducted according to the following Taylor rule
fit - /}/T‘Rt_l + (1 - ’77‘)’7%7%15—1 + C:ﬁn (21)

where v, > 0, v, > 1 and ;" is an i.i.d. interest rate shock. The Taylor rule that we
use in this paper requires only lagged information, so the initial reaction of nominal
rates to a monetary easing is the same in all the model variants that we discuss. Lump-
sum taxes, t;, are set so as to balance the budget period by period. Equilibrium in

the final goods market implies 1y, = ¢;.2

3 Stylised facts and the baseline economy

The aim of this paper is to elicit the role of specific labour market features for the

behaviour of wages, employment and inflation. In order to do so, when going from

4Here, vacancy posting costs are taxes that are rebated lump-sum to the families and that do not
require real ressources. This simplifies the comparability of the different modelling variants.
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one variant to the other, we do not alter the calibration. Rather, the calibration is

harmonised across model variants.

3.1 Calibration of the model economies

The calibration largely follows Christoffel et al. (2009b) and matches salient features
of the euro area between 1984 and 2006. Table 1 presents the assigned common

parameter values.

Preferences

S 992 Time-discount factor (matches annual real rate of 3.3%).
) 10 Labour supply elasticity of 0.1.

o, 1.5  Risk aversion.

Bargaining, Intermediate Producers and Labour Market

o .99  Labour elasticity of production (close to constant returns to scale).
9 .6 Elasticity of matches with respect to unemployment.
n .5 Bargaining power of workers

£, 83  Calvo stickiness wages (avg. wage duration 6 qtrs), where applicable.
Monopolistic Retail Sector and Price Setting

p, 1/1.1  Price markup of 10%.

§, .75  Calvo stickiness of prices (average duration of 4 qrts).

Monetary Policy

v, 1.5 Response to inflation in Taylor rule.

v, .85  Interest rate smoothing coefficient in Taylor rule.

Table 1: PARAMETERS AND THEIR CALIBRATED VALUES. The table reports calibrated
parameter values that are identical over the different modeling approaches.

The time-discount factor, (3, is chosen to match an average annual real rate of 3.3%.
We set ¢ to 10, implying an elasticity of substitution for labour of 0.1, in line with

> The value of the risk aversion coefficient

microeconomic studies for the euro area.
is set to 0. = 1.5. Turning to the labour good sector and the labour market, we set
a = 0.99, so there are almost constant returns to hours per employee. Petrongolo and
Pissarides (2001) survey estimates of the matching function for European countries and
for the United States and conclude that a range from 9 = 0.5 to ¢ = 0.7 is admissible.

We select the midpoint, setting ©¥ = 0.6. The bargaining power of workers is set to a

conventional value: n = 0.5.

The elasticity of inter-temporal substitution of labour, 1/¢, is small in most microeconomic studies
(between 0 and 0.5) for the euro area; for details, see Evers, Mooij, and Vuuren (2005).
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Some of the variants we consider later involve wage stickiness, for these we follow du
Caju et al. (2008), who report an average wage contract duration in the euro area of
between one and three years. We set the degree of nominal wage rigidity to £, = 0.83,
which implies an average wage duration of 6 quarters. In the price-setting sector, we set
the markup to a conventional value of 10%, so py, =1 /1.1, implying a price-elasticity
of demand of ¢ = 11. We set the corresponding Calvo parameter to £, = 0.75, which
amounts to an average price duration of 4 quarters, in line with Alvarez et al. (2006).
As is conventional, we set the response of monetary policy to inflation to v, = 1.5 and
allow for interest rate smoothing by setting v, = 0.85.

Given these parameters, we set the other parameters of our models to ensure that
the steady-state values for certain endogenous variables coincided across the different
setups. The target values for these variables are shown in Table. 2. We normalize

steady-state hours worked per employee to h = 1.

Value Explanation
9%  Unemployment rate
70%  Probability of finding a worker
1 Hours worked per employee.
65%  Unemployment benefits replacement rate.
.06  Quarterly separation rate.

ST o8

Table 2: CALIBRATION TARGETS. The table reports cali-
brated parameter values. The model is calibrated to the euro area
from 1984Q1 to 2006Q4.

The steady-state unemployment rate is targeted to be the euro-area average of u = 9%.
The remaining targets follow the evidence collected in Christoffel et al. (2009b). The

probability of finding a worker is ¢ = 0.7. The replacement income b is set to ensure

b

-, equals 65%, the average net replacement rate in the

that the replacement rate,

euro area. Finally, the quarterly separation rate is set to p = 6%.
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3.2 Stylised facts — the transmission of monetary policy

In this section, we present some stylised facts for the transmission of monetary policy
in the euro area. Figure 1 reports estimates of the effects of a monetary policy shock in
the euro area using a structural VAR. The sample starts in 1984 Q1, and runs through
2006 Q4. The VAR(4) contains the variables shown in the graphs, together with a
commodity price index. The monetary shock is identified by the oft-used recursive
ordering scheme in which only commodity prices react to the monetary shock in the
same quarter. Bounds are 90 percent confidence intervals. A monetary easing of
100 basis points (annualised) causes a significant increase in output, and an increase
in real wages per employee of about half that size. According to our estimates, the
unemployment rate drops by about 0.5 percentage points, corresponding to a fall in the
number of unemployed workers of about 5%. At the same time, the increase in inflation
remains contained, with GDP deflator inflation running at around 0.4 percentage points
in annualised terms. The results also suggest that the intensive margin shows only
a small response to the monetary shock, and so most of the adjustment is borne by
the number of employees rather than by hours per worker. Since average hours per
worker are not so volatile, most of the literature has focussed on the extensive margin
and ignored adjustment in hours. However, since hours can be adjusted (and are,
especially in manufacturing) in the short run, it would seem important to try and
match endogenously the relative responses of hours and employment to shocks within
the model.°

Table 3 summarises the impulse responses reported above. In order to give the reader
a feel for the sensitivity of our results, we augment this with evidence from four further
studies for the euro area. McCallum and Smets (2008) estimate a factor-augmented

VAR. Angeloni et al. (2003) report impulse responses for the euro area based on var-

6The confidence bands around the response of hours per worker likely understate the true uncer-
tainty surrounding that response since estimates of actual hours worked for the euro area involve
measurement problems. Harmonized quarterly series for hours worked do not exist for the euro area,
or even for all its member countries individually. In the above estimation, we resorted to the same
proxy for hours worked in the euro area that was previously used by Christoffel et al. (2009b). This
proxy uses the quarterly real GDP series for the euro area to interpolate annual EU-Klems data on
total hours worked in the euro area.
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Figure 1: IMPULSE RESPONSES TO AN UNANTICIPATED MONETARY SHOCK. Underlying
the results is a VAR(4) estimated on above data plus commodity prices (taken from the AWM data
set except for hours worked, which is taken from Christoffel et al., 2009). The sample is 1984Q1 to
2006Q4; identification relies on the usual Cholesky decomposition. The data were de-trended variable
by variable prior to running the VAR. For real variables, we allow for a trend, a break in the trend and a
level shift in 1991Q1 so as to accommodate German reunification. Inflation and nominal interest rates
were regressed on a linear trend, which breaks after 1998Q4 in order to account for the disinflation
in the euro area prior to the introduction of the common currency, and the constancy of the inflation
objective thereafter. Dotted lines mark asymptotic 90% confidence intervals (5% and 95% bounds).
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ious identification schemes in a standard VAR. So do Peersman and Smets (2003).

Peersman and Straub (2007) identify responses to a monetary shock based on sign re-

strictions derived from a New Keynesian model. The table summarises the maximum

amplitudes of the variables following the monetary shock.

Study Output Inflation Unem- Real wage Hours per
(pp. annu- ploym. per hour worker
alised) rate (pp)

1) 0.7 0.4 047 0.2 0.1

(2) 0.7 0.2 -0.26 - -

(3) 0.4 0.3 -0.21 0.2 0

(4) 0.5 0.2 -0.30 — —

(5) 0.4 0.2 -0.26 — —

Table 3: MAXIMUM RESPONSES TO A MONETARY EASING IN THE LITERATURE.
Most of the studies imply that after the initial easing, nominal rates fall somewhat further
before they tighten. All responses have been normalized by the respective maximum easing of
the nominal interest rate. Figures reported refer to maximum of the median response. (1): Our
VAR, as described in the main text. For the other studies, results were read off the figures and
tables. (2): McCallum and Smets (2008). Sample: 1987Q1 to 2005Q4. The response for the
unemployment rate is inferred from the figure for employment assuming a constant labor force
and an average unemployment rate of 9%. (3): Peersman and Straub (2007) only report the
response of total hours worked but state that responses are similar when employment is used.
We infer that hours per worker are not much affected. The response for the unemployment
rate is inferred as in (2). (4): Peersman and Smets (2003): sample 1980-1998. Entries are
based on their Fig. 2.1 and Fig. 2.8. The response for the unemployment rate is inferred
as (2). (5): Angeloni et al. (2003) report the response of the unemployment rate (see their
Table 6). Results for the Angeloni et al. paper are averages over different specifications for
the sample 1980-2000.

We summarize the above discussion in five stylised facts. In response to a monetary

shock that causes interest rates to fall by 100 basis points in annualised terms, empirical

evidence suggests that in the euro area:

Fact 1:

Fact 2:

Fact 3:

Fact 4:

BANCODE ESPARA 22

output rises significantly above its steady state. Depending on the study the

peak response varies between 0.4 and 0.7 per cent.

inflation rises. The peak increase in year-on-year inflation lies between 0.2 and

0.4 percentage points.
real wages per hour also rise but by less than output.

unemployment falls significantly, by 2.5% to 5% (number of heads), and the

unemployment rate falls by 0.2 to 0.5 percentage points.

DOCUMENTO DE TRABAJO N.° 0918



Fact 5: most of the adjustment in labour is borne by the number of employees rather
than by hours worked per employee. Some uncertainty surrounds this statement,

though, due to the limited quality of the euro-area data for hours worked.

While significant differences exist in the microstructure of the economy, and the labour
market in particular, between the euro area and the United States, the above styl-
ised facts happen to be consistent also with the evidence for the United States, e.g.,
Christiano et al. (2005), Angeloni et al. (2003) and Trigari (2009). In the following, we

assess each of the different modeling variants against these five stylised facts.”

3.3 Effects of a monetary policy shock in the baseline

Figure 2 reports the response of the model economy to a monetary easing. Inflation
and real wages respond far too strongly to the monetary easing (by a factor of ten)
while output effects are of the right size. Average hours respond too strongly and
employment not strongly enough. The strong response of inflation comes from the
fact that real marginal costs for price-setting firms are largely determined by the cost
of increasing hours worked by each worker. Under efficient bargaining, the baseline

case, these marginal costs are given by the marginal rate of substitution divided by the

mrs

mply *

marginal product of labour, x; = Given near constant returns to scale (« close to
unity), the marginal product of labour, mpl;, will be little affected by the shock. The
percentage change in real marginal cost will therefore be driven by the response of the
marginal rate of substitution, mrs;. This in turn depends on the percentage change in
the marginal utility of consumption and, more fundamentally, on the response of hours

per worker, where the latter is amplified ¢ times. This implies a strong response of

real marginal cost to an increase in hours worked and output.®

"For the sake of exposition, we do not force the models to obey the same identifying assumptions
as in the VAR. It is well-known that accounting for the one-period lag between interest rates and
inflation would not materially change the responses going forward.

8 As Trigari (2006) highlights, if more of the labour adjustment needed to produce the additional
output is provided through the extensive (number of employees) margin, the intensive (hours per
employee) margin will also react less, which curbs the rise in the marginal rate of substitution and
thus the rise in marginal costs.
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Figure 2: IMPULSE RESPONSES TO A MONETARY EASING — EFFICIENT BARGAINING
BASELINE AND RIGHT-TO-MANAGE. Shown are impulse responses to an unanticipated
100 bps reduction in the quarterly nominal interest rate in quarter 0. Output, hours and
real wages per worker are in percentage deviations from steady state. Unemployment
rates, interest rates and inflation rates are in percentage point deviation from steady
state. Inflation and interest rates are quarterly, reported in annualized terms. The
black solid line shows the responses in the efficient bargaining baseline; see Section 3.3.
The red triangles show the responses under right-to-manage bargaining; see Section
4.1. Shaded areas mark the peak responses in our VAR, cf. Figure 1.
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4 Assessing other modeling variants

Given the weaknesses of the baseline model with respect to the responses of employ-
ment, hours worked and inflation, several modifications of the model have been pro-
posed by the literature. This section assesses the performance of many of these model
variants. We start by altering the bargaining scheme, and by allowing for wage stick-
iness. Thereafter, we touch on the separation between wage and price setting, assess
an alternative specification of vacancy posting costs, look at search on-the-job and

endogenous separation.

4.1 Varying the bargaining scheme: right-to-manage

In this section, we follow Trigari (2006) and use a ‘right-to-manage’ (RTM) assumption
for the bargaining process. In this setup, the wage rate is agreed upon first. Then the
firm chooses hours worked at that wage rate so as to maximise profits.

The same wage rate applies to marginal and inframarginal hours worked. This setting

preserves much of the empirically successful structure of the New Keynesian model.”

The first-order condition for labour demand is:
zyahd ™ = wy. (22)

In principle, the RTM assumption radically modifies the composition of real marginal

cost. Under RTM, the hourly wage becomes an essential element of real marginal cost,

wi

—2t- reopening the wage channel to inflation; see Christoffel
plt

as (22) implies z; =
et al. (2009b) and Trigari (2006).!% The major difference to the efficient bargaining

assumption is that the choice of hours depends directly on the average wage, and that

9Following Erceg et al. (2000), when modeling wage rigidities the literature typically assumes that
monopolistically competitive labour firms produce an intermediate labour good. The assumption is
that these firms set wages (the equivalent to the wage rate here) in a staggered manner and let labour
output and thus input of hours into labour-good production (the equivalent to hours per employee
here) be demand-determined.

10This does not, of course, mean that the marginal rate of substitution plays no role in inflation
dynamics under right-to-manage in equilibrium. There is still an indirect influence of the marginal
rate of substitution on inflation through its effect on the bargained wage.

BANCO DE ESPANA 25 DOCUMENTO DE TRABAJO N.° 0918



Ohy/O0w; < 0. This affects the wage bargaining. Wage equation (17) becomes

Qe (Je = Vi) = (1 —n) Wr — Uy) (23)
with
1 mrs; 1 Yh o
0, = — = — . 24
Tl (xtmplt a) 1—« ( AN Ty “ (24)

Equations (23) and (24) suggest that the worker’s implicit bargaining power increases
with hours worked. Therefore, if labour supply at the intensive margin is inelastic (¢,
is large enough), the average wage will tend to be more responsive under RTM than
under efficient bargaining, curbing hiring incentives. It is less clear, however, whether
this also implies that marginal costs are more responsive. Under RTM, the marginal
wage coincides with the average wage, w;, while under efficient bargaining the marginal
wage is given by mrs;, which in turn is more responsive than the average wage.

Figure 2 compares the response of the economy to a monetary shock under both bar-
gaining schemes. As the above logic suggests, the average hourly wage rate, w;,
responds more strongly (and in fact much too strongly) to a monetary easing un-
der RTM. Still, the marginal cost of firms and, thus, inflation move similarly under
both bargaining schemes. We conclude that the bargaining scheme in itself has lit-
tle implication for inflation dynamics. As the next section shows, however, different
bargaining schemes can imply fundamentally different effects of different types of wage
rigidity on inflation dynamics. Where the bargaining schemes differ is with regard to
the response of unemployment. Due to the higher bargaining power implied by RTM,
and the associated stronger increase in the real wage, hiring incentives are smaller than
under efficient bargaining, moving the response of unemployment further away from

its response in the data.

4.2 Wage rigidity instead of period-by-period bargaining

A cornerstone of the canonical New Keynesian framework is that average wage rates

and wage stickiness are instrumental for inflation dynamics; see, e.g., Christiano et
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al. (2005). This section of the paper discusses the role of wage stickiness for inflation
dynamics once we account for search and matching frictions in the labour market.
The related New Keynesian literature is Trigari (2006), Christoffel and Linzert (2005),
Christoffel and Kuester (2008), and Krause and Lubik (2007).

In the model, the role of wage stickiness for inflation dynamics depends on the type
of wage bargaining (efficient vs. RTM) as well as on whether wage stickiness affects
only existing matches or also new matches (and thus hiring incentives of firms). We
assume that in each period only a fraction (1 — &) of all existing (old) wage contracts
is renegotiated. New hires are paid either the existing nominal contract wage from the
previous period (with probability £} ) or they freely negotiate the wage (with probability
1 —&0). The asset value of a job clearly depends on the bargained wage. Adopting
the viewpoint of an intermediate producer, we denote by J;(w;_;) the asset value in
period t of a job with a wage that was bargained j periods ago. Ezx ante, the asset

value of a new match for the firm can be written as

T = (1=&,) T(wp) + & Ti(wia) (25)

where w; is the average real wage in the economy. The asset value of a vacant job V,

is still given by equation (13); i.e., the vacancy posting condition is not modified.

4.2.1 Efficient bargaining

Under efficient bargaining, as we showed earlier, real marginal cost will equal the
workers’ marginal rate of substitution divided by their marginal product and will be
independent of the average wage rate in existing matches.!! For that reason, wage
rigidity only has a bearing on inflation dynamics if it affects the wages of prospective
new hires. As Hall (2005) notes, wage stickiness in new matches enhances the cyclicality

of job creation by altering the share of revenue left to firms. In response to a monetary

' The reason is that in existing matches the average wage rate is not allocative but rather splits the
surplus of the match among the two parties. In particular, even when fixing the average hourly wage
rate, this does not fix the hourly wage rate schedule. As part of an efficient bargaining agreement,
the relevant section of marginal wages can be freely set in a state-contingent way even if average wage
rates are fixed.
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easing, this means that firms make more recourse to the hiring margin instead of the
intensive margin.  As a result, the average worker works fewer hours than in the
absence of wage stickiness. This means that the marginal rate of substitution rises
less strongly and also that the marginal product of labour falls by less. As a result, wage
stickiness for new hires, through its effect on employment, makes marginal costs (and
thus inflation) less responsive to a monetary easing.'> Noteworthy, if wage stickiness
affects only incubent workers (£, > 0 and &, = 0), employment cyclicality would not
be affected at all and all variables apart from the wage would behave exactly as in the
benchmark.

Figure 3 quantifies this. With wage stickiness in both old and new matches, employment
reacts much more strongly, indeed approaching the empirical evidence (see the red
triangles relative to the solid baseline response with flexible wages). This leads to a
quicker fall in the response of hours, and dampens the response of marginal cost and
inflation. However, the improvement in the inflation response is still insufficient to

match the stylised facts.

4.2.2 Right-to-manage bargaining

Section 4.1 highlighted that RTM implies a close relationship between hours worked
and wages, and between inflation and wages. With the introduction of wage stickiness,
as is clear from equation (22), optimal hours worked for the firm will depend on the
bargained wage which can now differ from firm to firm.

Figure 3 shows the response to a monetary easing in the RTM model for two alternative
assumptions regarding which wages are affected by nominal wage rigidity: The green
squares show the case when both the wages of existing workers and new hires are sticky.
The blue circles show the case when only the wages in existing matches are sticky. Two
observations are in order. First and foremost, the combination of RTM bargaining with

nominal wage stickiness produces sizable real rigidity, and thus a much weaker inflation

12See also Trigari (2006). Krause and Lubik (2007) find that wage stickiness is irrelevant for
inflation dynamics. This rests on their assumption that there is only an extensive margin, in which
case marginal costs are less affected.
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Figure 3: IMPULSE RESPONSES TO A MONETARY EASING — EFFICIENT BARGAINING
AND RIGHT-TO-MANAGE, WAGE STICKINESS AND BASELINE. Shown are impulse responses
to an unanticipated 100 bps reduction in the quarterly nominal interest rate in quarter 0. Output,
hours and real wages per worker are in percentage deviations from steady state. Unemployment rates,
interest rates and inflation rates are in percentage point deviation from steady state. Inflation and
interest rates are quarterly, reported in annualized terms. The black solid line shows the responses in
the efficient bargaining baseline (flexible wages); see Section 3.3. The red triangles show the responses
under efficient bargaining when wages of new hires and of existing hires are sticky; see Section 4.2.1.
For the same assumption on wage stickiness, the green squares show the responses under RTM. The
blue circles mark the responses under RTM when wages of new hires are flexible, and only the wages
of existing hires are sticky; see Section 4.2.2. Shaded areas mark the peak responses in our VAR, cf.
Figure 1.
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response, owing to the wage channel that is present in that model variant. Second, the
responses are very similar for the two cases of wage rigidity. Whether wage rigidity
affects only existing matches, or all matches, does not matter much neither for inflation
dynamics nor for employment. (See also Christoffel and Kuester (2008).) But, there
are two downsides. First, the real rigidity is actually too strong in this case. Second
hours per worker remain far too responsive relative to the data, since unemployment

does not respond by enough.

4.3 Varying the market structure: real rigidities arising within

the individual firm

This section emphasises real rigidities arising at the individual firm level over and above
the real rigidities arising at the aggregate level that we emphasized previously.!®> The
presence of search and matching frictions in the labour market means that a worker
in this economy temporarily constitutes a factor of production specific to the firm at
which she is employed. If wage and price setting occurs in the same firm, as in Kuester
(2007), this means that the price setting internalizes the effect it has on wages.!* The
mechanism at work is the following. A firm that can re-optimise its price passes part
of any cost increase on to the consumers. The demand for its product falls. If workers
have an increasing marginal disutility of work, the associated fall in hours worked leads
to a reduction in the worker’s marginal disutility of work and his marginal wage, which
counterbalances the original increase in costs. Therefore price-setting firms move prices
by less than in the baseline model for any given increase in aggregate marginal costs.

This intuition is borne out in the New Keynesian Phillips curve for the modified model

I3For real rigidities arising at the aggregate level prices (and thus inflation) will respond the less
to shocks the less (the aggregate component of) marginal cost responds to these shocks. For real
rigidities arising at the individual firm level, prices will respond the less to shocks the more (the
firm-specific component of) any firm’s marginal cost rises with demand. For a further exposition, see
Woodford (2003, Chapter 3).

141n the intermediate labor sector of the baseline model, workers also constituted a temporarily firm-
specific production factor. By assumption, however, this sector operated under perfect competition
and flexible prices for the intermediate good.
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economy:

1-¢,

T =B = p) BT} + ¢
P

[1-6(1 - pe,) { ! }f (26)

L+ <[(1—a)+ ¢

With respect to the baseline, equation (7), there is an additional term dampening
the pass-through of marginal cost on inflation (underlined). The more price-elastic is
demand (the larger is ¢ = 1/(1 — p,)), the more curved is the marginal disutility of
labour (the larger is ¢) and the faster the returns to hours per employee decrease at the
firm level (the smaller is ), the less will firms adjust prices to aggregate shocks, and
therefore the weaker will be the response of inflation to its aggregate driving forces.

As a result, inflation reacts considerably less to the monetary shock when allowing for
firm-specific labour, bringing the response more in line with the stylised facts (see the
red triangles in Figure 4). In turn, this implies that the monetary easing provides more
stimulus, which translates into a response of output that is larger than in the baseline.
On the downside, however, the unemployment response is far too weak. The firms’
surplus from a job is bigger than in the baseline, since it includes the positive profits
that arise in the production of the differentiated goods. In addition, profits associated
with jobs now have two components: one coming from the job/match surplus proper
as in the previous models, and the other one coming from the markup that firms
charge. The latter component tends to contract, however, in the wake of a monetary
easing. Therefore, the response of unemployment is weaker than in the baseline, and
consequently the response of hours worked is stronger, moving both of these responses

farther away from the data.

4.4 Varying the vacancy posting condition

How vacancy creation moves over the business cycle is essential for determining the re-
sponse of the intensive vs. the extensive margin of labour adjustment. As discussed in
Section 3.3, this in turn has a bearing on the response of marginal wages, marginal cost

and inflation over the business cycle. In the RBC literature several modifications of the
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Figure 4: IMPULSE RESPONSES TO A MONETARY EASING — FIRM-SPECIFIC LABOUR,
CONVEX VACANCY COSTS AND BASELINE. Shown are impulse responses to an unanticipated

100 bps reduction in the quarterly nominal interest rate in quarter 0. Output, hours and real wages

per worker are in percentage deviations from steady state. Unemployment rates, interest rates and

inflation rates are in percentage point deviation from steady state. Inflation and interest rates are

quarterly, reported in annualized terms.

The black solid line shows the responses in the efficient

bargaining baseline. The red triangles show the responses when the price and wage-setting sectors

are merged (firmspecific labour); see Section 4.3. The green squares show the responses when costs

per hire are proportional to the hiring rate (alternative vacancy cost); see Section 4.4. Shaded areas

mark the peak responses in our VAR, cf. Figure 1.
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vacancy posting process have been introduced with the aim of helping the Mortensen

and Pissarides model reproduce labour market stylised facts. Here we extend the analy-

sis to inflation dynamics. Following Yashiv (2006) and Gertler and Trigari (2006), we

drop the assumption of a fixed recurrent vacancy posting cost, replacing x in (20) by

K¢ kg is defined such that the cost per hire, k;/q; is now proportional to the hiring
mg 15

rate, )

B ™ g (27)
qt ny

The rationale for this way of modelling is in understanding a match as one job in a
large, multi-worker firm. The reason why costs per hire decrease with employment is
that more employment eases the integration of new hires. This is in contrast to the
baseline where the cost per hire typically increases with employment, n;, due to the
congestion effect associated with the search and matching process. All else equal, this
will lead to greater variation in employment and thus less variation in marginal costs
and inflation.

Indeed, at the calibrated parameter values, Figure 4 shows that hiring reacts more
strongly to shocks relative to the baseline, so unemployment falls more strongly (see
green squares). Therefore hours worked and marginal costs react less strongly, which
reduces the effect of the monetary easing on inflation. Quantitatively, however, in our

calibration the effect is not big.!®

4.5 Allowing for additional worker flows: On-the-job search

and endogenous separation

This section alters the baseline model by allowing for additional directions of worker
flows. We first allow for job-to-job transitions by means of search on-the-job. We then

assess endogenous separations.

15Parameter v is calibrated such that the targets in Section 3.1 are satisfied.

16We also looked at the formulation of Fujita and Ramey (2007), which assumes that vacancies
remain active until they are filled. Apart from making vacancies more persistent, this had little effect
on the other model variables dynamics.
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4.5.1 On-the-job search

This section alters the baseline model by allowing for job-to-job transitions by means
of search on-the-job. In the baseline only unemployed workers can search, with the
result that only they enter the matching function and can be matched up with vacan-
cies. But, in reality, job-to-job movements form a large part of worker flows and are,
thus, potentially important for employment, wages and marginal costs over the cycle.
This section follows the modeling of Krause and Lubik (2006) and van Zandweghe
(2009). Jobs come in two types: ‘good’ jobs (that are more productive) and ‘bad’
jobs. Aggregate output is produced using workers employed in both types of jobs.
The presence of two types of jobs creates an incentive for workers employed in bad

jobs to search for good jobs. The relevant measure of labour market tightness for the

Vg,t

‘good’ sector is now ——
pngt—1+et

, where v, , is the number of vacancies advertised in the
'good’ sector, ng; is the number of workers employed in the good sector and e; is the

T Since e, will be procyclical, fluctuations in

number of employed searching workers.*
labour market tightness will be dampened and this holds down the cost of employment
adjustment: effectively flattening the aggregate supply curve. In other words, the
extra margin of employment adjustment adds a real rigidity to the model, which we
would expect to dampen the response of inflation to nominal shocks.

Differentiated goods are produced using a Cobb-Douglas function of labour input in

each of the two qualities. So real marginal cost will be given by:

1-w
= () () 28
o (1 — w) w (28)

where w denotes the share of the output of ‘bad’ jobs in final output and z;; denotes

real marginal cost in sector j.'® With efficient bargaining over hours, real marginal cost

1"We assume that when workers are laid off, they can search next period for jobs in the same sector.
After that, unemployed workers all look for jobs in the ‘bad’ sector, regardless of where they previously
worked. We also make the simplifying assumption that all employed workers in bad jobs search for
good jobs (with unit search intensity). This reduces the cyclicality of employed search relative to the
model of van Zandweghe (2009) since, in his model, ‘search intensity’ was procyclical, along with the
number of searching workers.

B Following Krause and Lubik (2006), we set w to 0.4 and calibrated the model so as to generate a
job-to-job transition (quit) rate of 6%. Finally, we assumed that hiring costs in the ‘good’ sector are
three times as large as those in the ‘bad’ sector. All other parameters were set to the same values as
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in each sector will again be equal to the marginal rate of substitution divided by the
marginal product of labour for workers employed in that sector: z,; = mrs,/mply, and
xpr = mrsy/mply.  This is a key difference between our model and those of Krause
and Lubik (2006) and van Zandweghe (2009), which both only allow for adjustment
on the extensive margin.

Figure 5 shows that with on-the-job search, the response of unemployment and hours
worked moves closer to the data. As a result, the response of inflation is somewhat
attenuated relative to the baseline (see red triangles). The reduction in the response
of inflation is considerably less though than in van Zandweghe (2009). The reason is
that in our model, hours are allowed to adjust to shocks. This reduces the degree
of real rigidity in the model and means that movements in real marginal cost are not

dampened as much relative to the baseline as they are in his work.

4.5.2 Endogenous separation

While we simplified our baseline model by assuming jobs separate at a fixed rate, in
reality separation is an endogenous choice of the matched worker-firm pair, and the
separation rate is strongly negatively correlated with hiring. This suggests that we
should check how our model behaves when we endogenize the separation margin si-
multaneously with the other margins of labour market adjustment. Moreover, variable
separation may serve as another source of unemployment volatility, as in Mortensen
and Nagypal (2007); and if we model separation like Mortensen and Pissarides (1994)
by assuming matches are subject to idiosyncratic productivity shocks, this may affect
productivity and marginal cost dynamics; see also Trigari (2009). Therefore, in this
section we suppose that the income produced by a match is z;2;:h5;, where z;; is a
productivity component specific to match . We will assume z;; is log-normally distrib-
uted with a cumulative distribution F', with mean 1 and standard deviation o,. The
reservation productivity at which separation occurs is called z;.

Following den Haan et al. (2000), we assume z;; is uncorrelated with aggregate shocks,

in the baseline model.
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Figure 5: IMPULSE RESPONSES TO A MONETARY EASING — ON-THE-JOB SEARCH,
ENDOGENOUS SEPARATION, AND BASELINE. Shown are impulse responses to an unanticipated
100 bps reduction in the quarterly nominal interest rate in quarter 0. Output, hours and real wages
per worker are in percentage deviations from steady state. Unemployment rates, interest rates and
inflation rates are in percentage point deviation from steady state. Inflation and interest rates are
quarterly, reported in annualized terms. The black solid line shows the responses in the efficient
bargaining baseline. The red triangles show the responses in the model with on-the-job search; see
Section 4.5.1. The green squares show the responses in the model with endogenous separation; see
Section 4.5.2. Shaded areas mark the peak responses in our VAR, cf. Figure 1.
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uncorrelated across individual matches i, and uncorrelated over time. At the end of
each period some existing matches separate for exogenous reasons with probability p”.

Employment dynamics therefore are now given by:

= (1= F(2) [(1 = p")nuy +my] (29)

and the fraction of jobs surviving from t—1totis 1—p, = (1 — F' (z,)) (1—p®). Asin the
baseline, we assume the matching function is given by (8), the search pool is given by
ui = u—1 + pny_1, and bargaining is efficient, so that (18) determines hours h(z;) as a
function of idiosyncratic productivity. Then, if we interpret the endogenous component
of separation as the part driven by changes in firms’ demand for specific types of
labour in specific establishments, and the exogenous component as separations driven
by worker demographics, we can use calculations from Davis, Haltiwanger and Schuh
(1996, Chapter 2.5) to calibrate these two components. For the United States, they
compare firm-level job destruction (which at quarterly or annual frequencies they argue
should reflect changes in firms’ labour demand only) with total worker separation flows
(which are larger and include worker-initiated changes in employment status). They
find that the demand-driven component is roughly 40% of the total, which — absent
evidence for the euro area — is the number we use here. Then for any standard deviation
o, of the idiosyncratic shock, we can calculate z = F~! (0.4 - 0.06), assuming 6% total
separation flows as before. When we set the standard deviation of the idiosyncratic
shock to o, = 0.5, we obtain a 68% replacement ratio, close to that in the baseline
model.

For this parameterisation, Figure 5 shows the impulse responses. As in the baseline, the
monetary stimulus has a large effect on wages. However, unemployment falls much more
than it does in the baseline model, because firms strongly decrease the separation rate
at the same time that they increase hiring (green squares). The behaviour of inflation
is similar to that in the baseline; productivity dynamics show only mild selection effects
from endogenous separation, since our calibration implies that, in steady state, only

2.4% of jobs separate due to idiosyncratic productivity shocks.
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Notably, we find that all adjustment margins comove to make labor use procyclical:
a monetary easing leads to a rise in vacancies, hours per worker, and wages, as well
as a fall in the separation rate and in unemployment. Many papers with endogenous
separation have instead found counterfactual comovements across these margins; for
example, Krause and Lubik (2007) find a positive Beveridge correlation under Nash
bargaining and endogenous separation. Indeed, in an earlier version of the present
paper (Christoffel et al., 2009a), which assumed vacancies could only be filled after a
one-period lag, unemployment was positively correlated with vacancies and/or hours,
depending on parameters. The assumption that labour can be adjusted immediately
on all margins turns out to be a simple way of ensuring that the comovement of all

these margins is consistent with the data.

5 Summary and sensitivity analysis

Our results so far are summarised in Table 4. The table shows that some of the model
variants, namely the RTM model with sticky wages and the model with firm-level
real rigidity, succeed in curbing the inflation response, and even imply too much real
rigidity. Similarly for wages. However, these same model variants have a much weakerl
performance as regards employment dynamics.

In that respect, the efficient bargaining model with sticky wages does best, but does not
succeed in producing a mild response of inflation. In the baseline calibration therefore
none of the models gives a convincing account of inflation, wage and employment
dynamics at the same time. While the mechanisms that we highlighted are independent
of the calibration, the literature has repeatedly emphasized that different calibrations
of the search and matching model can alter considerably the conclusions with respect to
the model’s fit. (See, eg, Shimer (2005), Hagedorn and Manovskii (2008) and Trigari
(2006).) In that light, the next section looks at the effects of changing the curvature

of the disutility of work, ¢.*

19We also assessed the sensitivity of our results with respect to the outside option of the worker by
increasing the replacement ratio, parameter b. This experiment gave very similar results as a decrease
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Output Inflation | Unem- Real Hours

ployment | wage per | per

rate hour employee
Euro area data 0.7 0.4 -0.47 0.2 0.1
Baseline (eff. barg.) 0.5 2.0 -0.17 2.4 0.3
RTM bargaining 0.5 2.3 -0.04 4.5 0.4
Sticky wages (EB) 0.7 1.3 -0.36 0.1 0.3
Sticky wages (RTM) 1.1 0.0 -0.12 0.0 1.0
Firm-level real rigidity 1.0 0.2 -0.04 0.04 1.0
Alternative hiring costs 0.6 2.0 -0.25 2.6 0.3
On-the-job search 0.6 1.7 -0.31 2.0 0.2
Endog. separation 0.6 1.7 -0.32 1.8 0.4

Table 4: MAXIMUM RESPONSES TO A 100 BPS MONETARY EASING IN THE MODELS
AND IN THE DATA. Baseline calibration. Top row: euro area data. Then: baseline
model with efficient bargaining (EB) and right-to-manage bargaining (RTM); models
with EB and RTM and sticky wages for new and existing matches; real rigidities
arising at the firm-level due to firm-specific labour; alternative hiring costs; on-the-
job search and endogenous separation. Relative to the baseline, each of the models
changes one feature at a time.

5.1 Sensitivity analysis

A crucial parameter for the response of wages, employment and inflation in the above
variants is the curvature of the disutility of work, ¢. On the one hand, the lower is ¢, the
less responsive are aggregate hourly wages to the business cycle and the less responsive
is inflation. This increases the response of output and, thus, of unemployment too,
and may in some of the model variants reduce the response of inflation. On the other
hand, a lower disutility of work also means that it is less costly for firms, at the margin,
to make recourse to the intensive margin than with a higher disutility of work, which
could reduce incentives for firms to hire new workers. Finally, our calibration strategy
implies a third avenue through which the disutility of work influences the response of
the economy: the steady-state value of a job for the firms. In the baseline efficient

bargaining model, for example, steady-state wages depend linearly on (recall, in

1
1+¢
steady state h = 1). So in the calibration, the lower the disutility of work, the higher
are steady-state wages and the lower are the steady-state profits associated with a job

(J:). By the logic detailed in Hagedorn and Manovskii (2008), this in turn means

in ¢. Given that, we do not report these results in the paper but they are available on request.
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that the hiring margin, for some of the models, will be more responsive to shocks. For
comparison, Table 6 in the Appendix shows the steady-state value of 7 for each of the
model variants and calibrations. In sum, a lower disutility of work can be expected
to reduce the responses of inflation and wages to monetary policy, which brings most
model variants closer to the data. Ex ante, the effect with respect to the unemployment

response is ambiguous, however.

Output Inflation | Unem- Real Hours

ployment | wage per | per

rate hour employee
Furo area data | 0.7 0.4 -0.47 0.2 0.1
Baseline (eff. barg.) 0.7 1.0 -0.57 1.0 0.1
RTM bargaining 0.6 1.4 -0.05 2.0 0.6
Sticky wages (EB) 0.9 0.5 -0.99 0.1 -0.4
Sticky wages (RTM) 1.1 0.0 -0.11 0.0 1.0
Firm-level real rigidity 1.0 0.3 +0.10 0.0 1.0
Alternative hiring costs 0.8 0.9 -0.68 0.9 -0.2
On-the-job search 0.8 0.6 -0.79 0.6 -0.0
Endog. separation 0.8 0.7 -0.60 0.1 0.2

Table 5: MAXIMUM RESPONSES TO A 100 BPS MONETARY EASING IN THE MODELS
AND IN THE DATA, ¢ = 2. Modifies the baseline calibration to allow for lower
curvature of the disutility of work, ¢. Top row: euro area data. Then: baseline model
with efficient bargaining (EB) and right-to-manage bargaining (RTM); models with
EB and RTM and sticky wages for new and existing matches; real rigidities arising at
the firm-level due to firm-specific labour; alternative hiring costs; on-the-job search
and endogenous separation. Relative to the baseline, each of the models changes one
feature at a time.

As expected given the key role of ¢ in the determination of marginal cost (see, e.g.,
equation 19), decreasing ¢ decreases significantly the response of inflation and wages
in the models with efficient bargaining. This amplifies the reaction of employment, as
does the indirect steady-state effect discussed above, that works through the value of
jobs to firms. As a result, the responses of inflation and wages in the efficient bargaining
model with stickiness in the wages of new hires become more consistent with the data,
albeit now at the cost of an excessive response of unemployment. For right-to-manage,
as discussed in Section 4.1, ¢ influences the implicit bargaining weight for the worker.
Therefore, wages react by less, as does inflation, via the wage channel inherent in that

model. The effect on the hiring margin is small. Indeed, Christoffel and Kuester (2008)
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show that with RTM there is a tight positive relationship between the fluctuations of
wages per employee and the profitability of jobs up to first order; thus a reduction
in the wage response does not necessarily lead to more fluctuations in hiring in that
bargaining scheme.

While bargaining is also efficient in the model with firm-level real rigidities, the mech-
anisms are sufficiently different to merit a discussion. First, a lower ¢ implies that the
real rigidities induced by the firm-specificity of labour are weaker than in the baseline,
so inflation is more responsive to the shock. It is also interesting to note that the
unemployment response switches sign, which is at odds with the data. In the firmspe-
cific labour model, profits associated with jobs have two components: that resulting
from the job match itself and the markup. A lower disutility of work squeezes the
importance of the profits associated with the job match itself, and increases the rela-
tive importance of the markup component, which is countercyclical. As a result, the
response of unemployment flips sign.

To summarize, our alternative calibration helps to get some responses of certain model
variants more in line with the data. But, also under the alternative calibration assessed
here, none of the model variants matches simultaneously the five stylised facts for the
monetary transmission in the euro area laid out in Section 3. Indeed, an advantage
of the calibration strategy for the baseline case was that it disciplined alternative

calibrations.

6 Conclusions

In this paper, we have assessed the ability of many variants of a New Keynesian model
with labor market frictions to explain wage, employment and inflation dynamics. We
have used as our empirical benchmark the responses of these variables to a monetary
policy shock in the euro area. We used a standard New Keynesian model, augmented
with search and matching frictions and efficient bargaining over wages and hours to
show that such models typically generate a response of inflation to nominal shocks that

is much too large relative to the data. We then considered many, if not most, of the
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alternative specifications that currently exist in the literature.

We first considered the addition of wage rigidity. Under efficient bargaining, wage
stickiness in existing jobs has no effect, since average wages in existing jobs are non-
allocative. But wage stickiness in newly created jobs does have an effect that brings
the model closer to the data in all dimensions. Combined with a ‘right-to-manage’
assumption for the determination of hours (which implies a direct channel from wages
to inflation), staggered wages at the level of the match help to smooth the reaction of
the aggregate wage, resulting in a smaller response to shocks of inflation, in fact too
small a response But, the model failed to replicate the dynamics of employment and
hours worked. We then combined this nominal wage rigidity with the real rigidity of
firm-specific labour. Here, too, the additional real rigidity curbed the inflation response,
as desired, but also dampened the unemployment response, further moving the labour
market responses away from the data. Given the central role of the intensive margin for
employment dynamics, and thus in turn for marginal costs, we then looked at a variant
of the hiring cost function that has been proposed to imply stronger and more persistent
employment fluctuations. We found that this somewhat helped for the unemployment
response, but not enough to notably improve upon the wage and inflation responses in
the baseline. Finally, we considered two other margins along which adjustment can
occur in the labour market: on-the-job search and endogenous job destruction. We
found that both features helped to increase the response of unemployment to shocks,
but not enough to imply a sufficiently weak response of inflation.

In summary, we found that some of the model variants greatly improved the hours and
employment response relative to the baseline, bringing the implications of the model
closer to the data. However, the model variants that showed a realistic response of
unemployment and hours worked tended to do less well in replicating the attenuated
response of inflation, signaling too little real rigidity. By the same token, those model
variants that fared better with regard to the inflation response, had a harder time
producing reasonably strong unemployment fluctuations. Not surprisingly, a larger set

of model variants was, however, able to fit the wage dimension.
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More generally, our results suggest that solving employment and wage dynamics alone
does not hold the key to reasonable inflation dynamics. Other approaches to modeling
the labour market seem to be needed to reconcile inflation, wage and employment
dynamics, or there may be a need for additional sources of real rigidity from outside

of the labour market.
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