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Abstract

The New Keynesian Phillips curve explains inflation dynamics as being
mainly driven by current and expected future real marginal costs. In com-
petitive labor markets, these would be proxied by the labor share. We explore
in this paper the role of the labor market variables that are implied by search
frictions in the labor market. Allowing for search frictions, real marginal cost
should also incorporate the cost of generating and maintaining long-term em-
ployment relationships, along with conventional measures, such as real unit
labor costs. In order to construct a synthetic measure of real marginal costs,
we use newly available labor market data on worker finding rates that reflect
hiring costs. The measure turns out to be highly correlated with the labor
share. Estimates of the New Keynesian Phillips curve reveal that inflation dy-
namics are mainly driven by forward-looking behavior. Interestingly, for the
period 1985 to 2005, we find that the our real marginal cost measures are pro-
cyclical, while from the 1960s, they are countercyclical. General equilibrium
analysis of our model suggests which shocks must have driven fluctations to
generate the observed behavior of real marginal costs.
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1 Introduction

This paper explores the determinants of real marginal cost fluctuations when there
are search frictions in the labor market. Without such frictions, or any other type
of labor adjustment costs, real marginal costs are identical to unit labor costs, that
is, competitively set wages relative to productivity. Not only do search frictions
imply that wages are somewhat insulated from competitive pressures. They are also
a particular form of labor adjustment costs that are determined by aggregate labor
market conditions, rather than being internal to the firm. They give rise to long-term
employment relationships because both firm and worker save on future search costs
by keeping their match alive. This dual role of search frictions motivates our interest
in how they change the nature of real marginal costs. In turn, real marginal cost are
the key determinant of inflation dynamics in business cycle models with monopolistic
price setting.

We illustrate the linkages between inflation, real marginal cost and the labor
market in a standard new Keynesian model with search and matching frictions in
the labor market.! We first use the model to derive an equation for real marginal
cost that can be linked to observable labor market data under an appropriate timing
assumption on labor flows. Our strategy to generate a synthetic time series for real
marginal costs is to calibrate the parameters multiplying the labor market variables.
We then use newly available labor market data for 1960 to 2005. on job finding rates,
vacancies, unemployment and wages, to construct the series. This in turn forms the
basis of our estimation of the hybrid new Keynesian Phillips curve from the model.
In a second step, we simulate the full general equilibrium model, calibrated with
the same parameters, to further understand the interaction between labor market
variables and inflation.

We find that search frictions do indeed matter for inflation dynamics, in that they
tend to reduce the role of backward-looking price setting for generating persistence,
and by changing the sensitivity of inflation to real marginal costs. But it turns
out that the synthetic measure of real marginal costs is fairly closely related to the
labor share. Interestingly, we find that, among the variables that matter for real

marginal costs, the real wage has become more volatile since the eightes, even though

! Here we follow a literature that has adopted the labor market model by Mortensen and Pissarides
(1994) and Pissarides (2000) into dynamic general equilibrium frameworks, such as Merz (1995),
Andolfatto (1996), and Den Haan, Ramey and Watson (1999) in real models, and Walsh (2005),
Trigari (2006), and Krause and Lubik (2007) for monetary models.



consumption is less volatile.? Further, real marginal costs have become procyclical
from the eighties.while they are countercyclical for the whole sample.

The general equilibrium perspective allows us to understand how real marginal
cost, the labor share, and labor market variables are related. Here we make use of the
cross-equation restrictions that arise in general equilibrium, which puts additional
constraints on the joint dynamics of the marginal costs components. The impulse
responses partly confirm our empirical findings. Depending on the shocks driving
fluctuations in the model, such as technology and monetary shocks, labor share and
marginal costs are negatively or positively correlated. This suggests which shocks may
have been the dominant driving forces of inflationary dynamics. For many shocks,
we find that the dynamics of the labor market drive a wedge between the labor share
and real marginal costs. The dynamics most plausible from an empirial viewpoint
are monetary shocks.

Finally, we explore extensions such as real wage rigidity and internal labor adjust-
ment costs. With rigidity in wages per worker, the labor market becomes somewhat
more volatile, but real marginal costs and inflation are barely affected.This mirrors the
findings of Krause and Lubik (2007) who show in a similar model that higher rigidity
in wages generates more volatile hiring costs in the frictional labor market, which
leave the overall volatility of real marginal cost almost unchanged. Labor adjustment
costs smooth fluctuations of employment, but do not much affect real marginal cost
dynamics.

We proceed as follows. The next section describes the full new Keynesian DSGE
model. Firms simultaneously choose hiring and prices given hiring and price adjust-
ment costs. Households supply labor at both the intensive and extensive margins:
workers search in order to find employment, and when employed, they supply labor
and earn wages determined in bilateral Nash bargaining. Wages are fully flexible. In
section 3, we derive an equation for real marginal costs that shows the explicit link
with the labor market variables implied by search frictions. Section 4 presents con-
struction of a real marginal cost series using calibrated parameters, and conducts the
GMM estimation. In section 5, we take the general equilibrium perspective, analysing
the behavior of the key labor market variables. Here we also discuss extensions of the

model, such as rigid wages. Section 6 concludes.

2A fact know as the ’great moderation’.



2 The model

The economy consists of firms, households, and a government. Households are repre-
sented by an aggregate household that chooses its members’ consumption to maximize
aggregate welfare. Thus there is insurance against consumption risk. Employment is
determined by the hiring behavior in the frictional labor market, and hours worked
are the result of bargaining between worker and firm. Firms in turn hire workers,
separate from them at an exogenous rate, and choose the price of their differentiated
product in a monopolistically competitive market. The demand derives from house-
hold preferences according to a Dixit-Stiglitz CES specification. The government

issues a one period bond, spends income on goods, and levies a lump-sum tax.

2.1 Households

We assume that each household 7 in the economy seeks to maximize intertemporal
utility
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where 5 € (0,1) is the discount factor, and we allow that the household utility
depends on the average consumption of its members (relative to external — aggregate
— habits, C;_1) and the hours supplied by the members of the household, h; where
n represents the numbers of members of the household, i.e. the extensive margin.?
Consumption is a CES aggregate of differentiated products bought from monopolistic
competitors. Notice that by introducing time dependence in preferences we aim at
improving the match of the model to the hump-shaped and persistent responses of
output to nominal and real shocks found empirically.* The parameter o > 0 governs
risk aversion; and ¢ reflects the importance of habits. Notice that under ¢ = 0 this
preferences correspond to the standard CRRA preferences. Leisure is valued (x > 0),
and the paramter p > 0 is the inverse of the Frisch labor supply elasticity. The labor
market will be considered in more detail later on. Finally, we allow household welfare
to be affected by both an intertemporal preference shock, and an intratemporal labor
supply shock.
The household’s flow-budget constraint for period ¢ is given by:

3Note that in equilibrium, hours supplied will be identical across employed members of the
household.

4See for instance, Smets and Wouters (2003), Christiano, Eichenbaum, and Evans (2005), and
Fuhrer (2000).
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where households enter period ¢ with bonds B; 1, that pay and gross interest rate
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R;_1. At the beginning of the period, they receive lump-sum nominal transfers 77,
labor income w;n;h;;, where w; denotes the real wage, and a nominal dividend D,
from the firms. The term (1—n;;)b denotes income of unemployed household members
(uy = 1 — ny) which might also be interpreted as total output of a home production
sector where the technology parameter b > 0, alternatively this parameter will capture
the access to unemployment benefits by some members of the household. P, is an
aggregate price level that will be defined later.

The first-order conditions with respect to bonds and consumption imply:
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where \;; represents the marginal utility of consumption, and hence % can also be in-
terpreted as an exogenous shifter to A (see, e.g. Hall (2007)). In general equilibrium,
this condition governs the stochastic discount factor used in the firms’ problem. Due
to perfect risk sharing, the sole problem of the household is thus to determine the
consumption path of its members. There is no explicit household labor supply choice.
It is chosen at the firm level during negotiations. We now turn to the specification of

the firm’s problem.

2.2 Firms and the labor market

We assume that there is a continuum of firms of measure one. Each firm is a monop-
olistic competitor and produces a differentiated good. Let P;; and Y}; denote nominal
price and output for firm j, and P, and Y; be the corresponding aggregate values. A
firm’s output is sold in a monopolistically competitive market with demand, derived

from consumer preferences, given by:

P\
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where Y; = ( fo Yy d]) . The parameter ¢; > 1 represents the elasticity

of substitution between differentiated products and is subject to stochastic variation.



1
Accordingly, P, = < fol Pyl dj) T s the consumption-based, aggregate price in-
dex. Finally, a firm produces its differentiated good using n;; workers according to
the following technology:®

Yie = eft (njihe) (2)

where ¢/ is an aggregate productivity shocks, and 0 < o < 1.

During period ¢, the firm sets its nominal price Pj;, subject to the requirement
that it satisfy demand at that price. Following Rotemberg (1982), the firm faces a
quadratic cost of adjusting its nominal price between periods, measured in terms of

aggregate output and given by
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with ¥ > 0 controlling the importance of the price adjustment costs, and 7;_; =
7] m77; the parameter 0 < v < 1 governs the degree of backward-lookingness of
the price setting, and finally 7 represents steady-state inflation.® This cost function
penalizes deviations of the firms price change from an average between past aggregate
inflation m;_; and steady-state inflation, 7. When, in particular, v = 0, then price
setting is purely forward-looking, in the sense that it is costless for firms to increase
their prices in line with steady-state inflation. When, on the other hand, v = 1, price
setting is purely backward-looking, in the sense that it is costless for firms to increase
their prices in line with the previous period’s actual rate of inflation. Interestingly,
this formulation yields a Phillips curve analogous to the one deriving from Calvo-price
setting with backward-looking firms, as in Gali and Gertler (1999); or with backward
indexation, as in Christiano, Eichenbaum and Evans (2005).

The labor market is subject to search frictions. To form new employment relation-
ships, workers must search and firms must post vacancies. In line with the literature,
we assume that the total number of new matches M; is produced by the aggregate
matching function:

M, = meMubv ¢, (4)

which gives the number of new employment relationships available at the beginning

of period t+1. In the previous expression, u,; represents the size of the unemployment

For the purpose of this paper, we abstract from capital accumulation since it does not alter the
expression of the marginal costs. See Rotemberg and Woodford (1999).

6See Ireland (2006). As Ireland shows, steady state inflation is identical to the monetary author-
ity’s inflation target.



pool (the measure of non-employed who search), v; is the total number of vacancies
posted (search activity of firms); the constant m > 0 is match efficiency, and 0 < £ < 1
is the elasticity of the matching function with respect to unemployment. Finally, e
will capture exogenous changes in the matching function.

This matching function is homogeneous of degree one, increasing in each of its
arguments, concave, and continuously differentiable. Homogeneity implies that a
vacancy gets filled with probability ¢ () = M = M(1,1) = meMo¢, which
is decreasing in the degree of labor market tightness ¢ = v/u. Analogously, an
unemployed worker finds a job with probability p(f) = W = 0q(0), which is
increasing in 6.7 We assume that the new matches at firm j at the beginning of
period ¢t + 1 going to a firm are proportionate to the ratio of its vacancies to total
vacancies, vj; /vy, so that v M /v, = v.q () is hiring by firm 1.

The evolution of employment at firm 7 can be written as:

njr = (1= p) [nji—1 + vj-1q(0-1)] , (5)

where p is the exogenous separation rate of existing employment relationships, which
includes previous employees and the number of new hires.® In order for a firm to post
vacancies vj;, it has to pay a concave flow cost ¢(vj;). Allowing for ¢’ < 0 follows
Rotemberg (2006) and departs from the standard search and matching model where
cost of recruiting are assumed to be linear (Pissarides, 2000). As emphasized by
Rotemberg (2006), if this cost is interpreted as the cost of advertising openings in an
information source it can easily be subject to economies of scale at the firm level.”

Thus, labor adjustment costs are given by the following expression:'°

Nije = c(vjr) (6)

Finally, the total hirings of a firm in period ¢ depend on last period’s search in the

labor market and the probability that the match survives, i.e. (1 — p)0;_1q(0;—1) =

"Instead of (4) we could have used: M; = W, as in den Haan et al. (2000). Although,
we)"T+ (v )]
the main advantage of this matching function, relative to the Cobb-Douglas specification (4), is that

guarantees matching probabilities between zero and one for all w, and v, both specifications have
identical implications for the log-linearized version of the model considered in this paper.

8 All separated workers are assumed to reenter the unemployment pool, thus we abstract from
workers’ labor force participation decisions.

9Note that in models where firms consist of only one worker, the assumption of returns to scale
in vacancy posting would be immaterial.

190thers components of the labor adjustment costs are considered in a later section.



(1—p)meMf,~¢. Thus, as in Pissarides (2000) the finding rate depends positively on
the ratio of vacancies posted by the firm to unemployment. !

Firms produce differentiated goods in a monopolistically competitive product mar-
ket and they maximize the present value of discounted flow profits:

00 P, 1—et
Je(nje) = Ey Zﬁt)\t (?ﬁ) Yy — wjengehje — Nje — Pje | (7)
t=0 t

with respect to Pj;, nj, and vj; subject to the constraint that demand (1) equals
production (2), the employment constraint (5) and the labor adjustment and price
adjustments costs, i.e. variables Nj; and P}, respectively. The discount factor B\
derives from consumer preferences in the presence of perfect capital market and is
taken as exogenous by the firms.

The first-order conditions for prices, employment, and vacancies are given by the

next set of equations:
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where 3, = BA1/) is a stochastic discount factor, y, is the Lagrange multiplier
associated to the employment constraint and it represents the current-period value of
workers for the firm.!? Intuitively, firms expand employment up the point where the
benefit from employing an additional worker is equal to ji;, and they hire such such
that the cost of posting a vacancy is equal to its expected benefit, shown on the right
hand side, which consists of the net flow profit per worker (mcjtaggf‘n?tflh?t —wjthjt)
and a measure of the future value of the job (¢(vjt)/q(6;)). This measure is determined
by the job creation condition (10), which relates the cost of posting a vacancy to the

expected present value of the job.'” Finally, the multiplier mc;; on the constraint

"Tn Krause, Lopez-Salido and Lubik (2007) we consider the effects of endogenous separations.
In this case, the finding rate also depends on how many new matches actually turn into productive
jobs.

12This is not to be confused with the Frisch labor supply elasticity u, which is not subscripted.

13Notice that in the model the job creation margin, i.e vacancy posting, is an intertemporal margin
of employment adjustment.



that demand equals production is the contribution of an additional unit of output to

the firm’s revenue and is equal to the firm’s real marginal cost.

2.3 Wage determination

Along with labor adjustment costs, the behavior of wages is key for the determination
of real marginal cost because it affects the hiring incentives of firms. We assume, as
in most of the labor search literature, that worker and firm bargain at the individual
level over the joint surplus of their match, according to the Nash bargaining solution.

Bargaining takes place both over hours per worker and the wage, to maximize

(&75) (5) )

where the two terms are the marginal contribution of the worker to the representative

households welfare, and the present value of profits of the firm, respectively. The
parameter 7 reflects the bargaining power of the worker. The two resulting optimality
conditions are a wage equation

' 1 hite
wihy =1 (meaAmit ™ b + 0id' (vi)) + (1= n) (b + X)\_tffegl t+ u> :

and a labor supply equation
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The first equation is the familiar wage equation, as can be found in Mortensen and
Pissarides (1994), and Pissarides (2000). It expresses the total wage payment to
the worker a weighted average between the marginal revenue product of the worker
plus the cost of replacing the worker, and the outside option of the worker plus the
marginal disutility of labor, at the level of hours worked, h;. The bargaining weight
determines how close the wage is to either the marginal product or to the outside
option of the worker.

The second condition determines the wage from a condition that equalizes the
marginal product of labor to the worker’s marginal rate of substitution between leisure

and consumption:

1
. bnpp 2 a—lpra—1 __
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Thus hours are chosen as in a competitive labor market, maximizing the joint welfare
of worker and firm. However, the choice of hours is independent of the wage. The
condition also helps us understand the driving forces of hours variation in the search
model. A higher marginal utility of wealth, A, and a higher marginal product of labor
all increase labor supplied, whereas it falls whenever the disutility of labor or the
intertemporal preference increase. In models where firms choose the amount of hours
supplied (such as in the right-to-manage setup of Trigari, 2005, and Christoffel and
Linzert, 2006), workers supply whichever hours are demand by firms who equate the

bargained wage with the marginal product of labor input.

2.4 Closing the model

The government budget constraint is:

By B
tl__t+7—,t

R, =
tht 2

where T} is a transfer, and B, is the aggregate of bonds held by the public. In our
baseline model, the central bank is assumed to set the nominal interest rate R; at

every period according to a simple interest rate rule:

R (R \" [(mye (V™17
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where 0 < p, < 1 captures interest rate smoothing, and where r, > 0 and ry > 0 and

where the asteriscs represent the steady state value of the corresponding variable. An
interest rate rule of the form (12) corresponds to the family of Taylor rules (Taylor,
1993).

We assume a symmetric equilibrium throughout, which entails identical choices
for all variables. Defining aggregates as the averages of firm specific variables, we have
that 1 — u, = ny =y = fol n;idj, and v, = vj = fol v;idj. Furthermore, as Py = P,
Yjs =Y, for all ¢ and j. Thus all firms produce the same amounts of output, employ
equal amounts of labor, and, in particular, face the same marginal costs mc;. Finally,
using the household budget contraint, firms profits, and the government constraint,
the resulting aggregate income identity is Y; = C; + G + ¢(v;). Output is used for
consumption, government spending, and for posting vacancies. See the Appendix for
a summary of the models equilibrium conditions and constraints, its steady state, as

well as specification of the stochastic variables.



3 Real marginal costs and Search Frictions

3.1 Baseline Model

In a symmetric equilibrium, using the first-order conditions (9) and (10) it follows
that:

Y,
py = mCtOén—z — Wi+ (1= p) BB [He41] (13)

where W; = w;h; denotes total labor costs. It is useful to The key equation for
understanding the role of search frictions in the labor market is obtained by rewriting
equation (13):

. W, py — (1 — p)EtﬁtJrl [Mtﬂ]
oY) a(Yi/m)

In the presence of search frictions, a firm’s real marginal cost has two components,

(14)

mce

unit labor costs (the labor cost over the marginal product of labor), plus a correction
for the shadow hiring costs of a worker relative to the expected value of the additional
worker next period. Real marginal revenue (equal to real marginal cost in equilibrium)
need to cover each period the wage plus the average hiring cost per period. Thus, the
real marginal costs are equal to the wage plus the average hiring cost of a job relative
to the saved hiring cost from not needing to hire that worker tomorrow. This latter
term is the hiring cost saved by the fact that the worker is in employment today, and

using expression (10) can be related to 2’((;;:)) , i.e. expression (14) can be written as

follows:
(ve)
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In a more compact form, the previous expression can be written as
mey = s¢(1+ xy), (16)

where s; = % represents real unit labor costs (the labor income share divided by

«, the elasticity of output to employment), and

1

Tt = Wt (11, — C’(Ut)/Q(Ht)] ) (17)

captures the effects of labor adjustment costs relative to the real wage. In the absence
of labor market frictions mc; = s;. This is familiar from new Keynesian models with
competitive labor markets: real marginal costs are proportional to the labor share,

S; = as;. In the steady state, expression (8) implies that real marginal cost, mc, is a

10



constant that solely depends on the elasticity of demand, e. That is mc = (1 — 1/e),
which turn is the inverse of the steady-state markup. This is a standard implication

of monopolistic competition. In addition, it then follows:
1
(1—=-)MPL=W(1+z), (18)
€

where M PL = oz% is the marginal product of labor. This equation shows that the
benefit of hiring an additional employee — the marginal revenue product of labor —
equals the the marginal cost of adjusting labor that include the hiring and firing deci-
sions. Thus (18) is our analogous representation of the expression (19) in Rotemberg
(2006).

From an empirical point of view, a crucial implication of the baseline model is that
the current value of the job p,, which is unobservable, is a key determinant of the
marginal costs, and thus it can no longer be directly linked to observables, but would
require a structural model to be determined. Alternatively, under the specifications
in recent papers by Blanchard and Gali (2006) and Rotemberg (2006), this problem

is circumvented by appropriate timing assumptions. We turn now to this analysis.*

3.2 Blanchard-Gali-Rotemberg Approach

Blanchard and Gali (2006) have analyzed a version of the New Keynesian model
with search and matching frictions that differs from our baseline specification in that
hiring is instantaneous. That is, vacancies are assumed to be filled immediately by
paying the hiring cost, which is assumed to be a function of labor market tightness.
This implies that hiring optimal decisions are not determined by an intertemporal

condition. Jobs are destroyed at the fixed rate p and employment evolves as:
njr = (1 = p)nje—1 + Hjs. (19)

Current-period employment depends on last period’s employment that survives the
separation shock, and current period hiring. Hiring, H:, is given by v;:q(6:), as before.
Hiring costs per firm are H;;G;, where G; = Bhf, with h, = H;/U; and 6 > 0. Bis a
positive constant satisfying pB < 1. G; and ¢(0;) are taken as given by firms. Thus

firm j hiring costs are Nj; = v;:q(0:)G;. The first-order condition for employment is:

B[jf = mctogz—i — W+ (1 - p)Etﬁt-f—lBthrlv

14Tn Krause, Lopez-Salido and Lubik (2007) we discuss the implications of endogenous separations
for the measurement of the real marginal costs.

11



which can be used to write the marginal costs as in our general expression (16), where

now, .
W, [Bbt (1 p)EtﬁtJrlBh?-&-l] (20)

As emphasized by Blanchard and Gali, the first term in z; captures the cost of hiring

Ty =

a marginal employed worker, while the second relates to the savings in hiring costs
resulting from the reduced hiring needs in period ¢ + 1. In our setup, h; = H;/U; =
0,q(0,) = mb; ¢, so that b = mo .

As mentioned above, Rotemberg (2006) uses the large firm assumption for the
purpose of motivating increasing returns to vacancy posting at the firm level. To see
the effects of this assumption, notice that the cost of posting v;; can be specified by

the following, in principle, non-linear function:
c(vje) = Cols

where €. < 1, and €, = 1 corresponds to the linear case discussed by Pissarides (2000).
Crucially, Rotemberg assumes that the hiring costs are incurred one period later, and
that aggregate conditions in ¢+ 1 are observed at the end of period t, before vacancies
are chosen. Essentially, this amounts to hiring taking place contemporaneously, as in
Blanchard and Galf above. Therefore, we write from the outset the following evolution

of employment'6

nje = (1 — p)nje—1 + vj1q(0r)
The difference to our baseline setup is that new jobs are not affected by job destruc-

tion.

The first-order condition for this setup is therefore

ec—1 ec—1
€cCuUfS €cCol5 1
= mc a — W, + BB,  ————

q(0r) " v+ (1= ) B q(0¢41)

From the previous expressions follows that the only difference to Blanchard and
Gali (2006) is due to the specification of the returns to scale in vacancy posting. This
expression can be used to write the marginal costs as in our general expression (16)

with
1

W,
where B = <. Note that Rotemberg assumes that the households’ utility of con-
sumption is hnear, so that 8, = 3, for all ¢t. For ¢, = 1, and b; = 0, ‘o 05 hg/(l 5

Ty =

BQ& - (1- P)EtﬁtHBefHVfﬁl 1] (21)

15To avoid potential confusion, note that our b; corresponds to their z; = Hy/Uy.
16Tn Rotemberg (2006), vacancies and labor market tightness would be timed ¢ — 1.
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with 6 = £/(1 — &), and this expression is equivalent to the formulation above, i.e.
Blanchard and Gali (2006) is identical to Rotemberg (2006). The new element is the
negative dependence of hiring costs on v, arising from returns to scale in vacancy
posting when €. < 1. It is worth mentioning that contrary to the expression (17),
expressions (20) and (21) have two distinctive features. First, the extra-term depends
positively on the current hiring, vacancies and labor market tightness and negatively
upon the expected values. This implies that the cyclical behavior of the marginal cost
is modified in different forms depending upon the form and timing of both firing and
hiring costs. Second, the last two expressions require the specification of a stochastic

discount factor, 3, ;. Both issues are discussed next.

3.3 The Cyclical Behavior of Marginal Costs

In this section we show that a first-order approximation to the real marginal cost can
be expressed as a function of the real unit labor costs — as in the standard model
without search — plus terms that arise due to the presence of search frictions. Thus,
a log-linear approximation around the steady state of the marginal costs (16) using
expression (20) yields:'7

1-0[ € - -

771\6} - gt + j 1—_€(bt - BEt/b\t-‘rl) - BEtBt+l - (1 - ﬁ)ﬁj\t (22)

—_

where ¢ = = = IJ%,C, E = [(1 — p). It is straightforward to see that in a Walrasian
labor market, that is, when mc = s, then ¢ = 1 and hence mc¢, = §;,. This cor-
responds to the baseline specification in Rotemberg and Woodford (1999) and Gali
and Gertler (1999). Notice also that the marginal costs is affected by the stochastic
discount factor, Etgt = E[):Hl — /):t, where :\\t corresponds to the marginal utility of
consumption. From the viewpoint of the unemployed, the index h; has two alternative
interpretations. First, it may represent the probability of being hired in period ¢, or,
in other words, the job-finding rate. Second, it could be an index of labor market
tightness, i.e. defined as the ratio of aggregate hires to the unemployment rate.

In a similar way, using expression (21) we can easily obtain a log-linear approxi-

mation of the marginal costs in the Rotemberg’s model, i.e.:

~ 1=-0] ¢

me; =5 + W 1—_£(ht — BEibi1) + (€c — 1) (0 — BE1) — (1 — B)we | (23)
1"We use the caret ‘' to denote log-deviation form the steady state, i.e. for any variable x;,
S/C\t =In %

13



which is identical to expression (22) under ¢, = 1. When €. < 1, then higher labor
market tightness arises when the future value of jobs is higher, firms perceive lower
marginal costs. When wages are higher, the labor share will be higher. In addition,
real marginal costs rise by less than the labor share because higher wages make
hiring costs lower relative to labor costs. Since marginal cost are the shadow value of
relaxing the output constraint, which in turn depend on the shadow value of relaxing
the employment constraint, this latter value is part of marginal costs. Finally, given
the linear preferences in consumption assumed by Rotemberg (2006), the marginal
costs (23) are not affected by the discount factor.

Calibration We now study the properties of real marginal costs, the main driver
of inflation dynamics, based on the derivations above. We calibrate the parameters
of the model and use data on labor market variables to generate the implied marginal
cost series. We then describe the statistical properties of this series, and, in particular,
contrast this with marginal cost series and their proxies that have typically been used
in empirical studies.

In the calibration exercise, each period is assumed to correspond to a quarter. Ta-
ble 1 describes the values of the parameters we use for the construction of alternative
measures of marginal cost as well as the corresponding steady state. With regard to
preference parameters, the benchmark value of the relative risk aversion parameter,
o, is set equal to 1 (as in Blanchard-Gali (2006)), although we also consider the case
of linear preferences as in Shimer (2005) and Rotemberg (2006). We set the discount
factor g = 1.03~% which implies a 3 percent annual real interest rate. We keep the
steady state labor income share, S, equal to 0.64 as in Cooley and Prescott (1995), and
the (quarterly) steady-state rate of exogenous and endogenous separation p = 0.05,
a value consistent with the summary of the evidence recently presented by Yashiv
(2006), slightly lower than 0.034 of Den Haan et al (2000) but lower than 0.086, a
value recently used by Merz and Yashiv (2007). We set ¢ = 21 as our benchmark
value, which implies a steady state markup 5 percent which is consistent with the
evidence presented by Basu and Fernald (1997). That is, the firm’s steady state gross
markup, 11, = mc™!
to labor a = 0.68.

Using this calibration, as follows from the steady state expression (18) for a given

= =5 = 1.05. Finally, we set the short run elasticity of output

steady state marginal cost over price —inverse of the steady state markup— and the

steady state labor share it follows a steady state value for the marginal recruiting costs
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over the marginal product, i.e. ¢ = 0.98, a value in line with the recent calibration
considered by Blanchard and Gali (2006) and Rotemberg (2006). Finally, given the
calibration of § = 1.03’i, and p = 0.05, then the discount factor E = 0.943, so the
contribution of the labor market variables to the fluctuations of the real marginal
costs becomes small, i.e. 1:3 = 0.012.

We conduct some sensitivity analysis below that focuses on the calibration of the
elasticity of the matching function with respect to the vacancies (1 —¢), the concavity
of the hiring costs (e.). The elasticity of the matching function with respect to the
vacancies determine how job-finding rate responds to changes in its driving forces, it is
relevant also since it determines the sensitivity of marginal costs to the tightness ratio
and the finding rate. Thus, the lower 1 — & the higher is the sensitivity of marginal
costs variations to the previous labor market variables. We set the elasticity of the
matching function with respect to vacancies, 1 — &£, equal to 0.5 as our benchmark
value. This value is in line with the upper bound of the range reported by Petrongolo
and Pissarides (2001) in their review of the literature on the matching function,
and it has been recently used by Blanchard and Gali (2006) and Mortensen and
Nagypal (2006). Nevertheless we also consider the alternative value 0.3 in line with
the estimates by Shimer (2005) and that constitutes a lower bound upon the available
estimates. Regarding the elasticity of vacancy creation, €., we follow Rotemberg
(2006) and consider two values for the elasticity of recruiting costs; our baseline
corresponds to the one advocated by the previous author, i.e. 0.2. As an alternative
calibration we follow Pissarides (2000) and assuming that the recruiting costs are

linear in the vacancies posted, i.e. €. = 1.

Results Figure 1 presents a brief summary of some basic stylized facts about
unemployment, vacancies and the finding rates.!® As shown in the top panel, the
unemployment rate is strongly countercyclical, and sometimes with large fluctuations.
Vacancies (measured as the help-wanted index) are even more strongly procyclical,
so that the vacancy-unemployment ratio (labor market tightness) is procyclical (see
the bottom panel of Figure 1. Finally, as also shown at the bottom panel of Figure
1 the correlation between the labor market tighness and the finding rate is very high
(0.9), so that recessions are period where there is a substantial fall in the probability
of finding a job or are periods where the vacancy-unemployment ratio is low relative

to its average level.

18 A complete description of the data used in the paper can be found in the Appendix.
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Labor Market Variables
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Figure 1: Some Labor Market Variables

Figure 2 depicts our measure of marginal cost, mc;, and real unit labor cost s;
in the Blanchard-Gali model, we also plot the three main components of the mar-
ginal cost associated to the presence of search frictions, i.e. expression (22): the
contribution of the expected changed in the finding rates (%ﬁ(ﬂt — BEt/h\tH)), the
contribution of the stochastic discount factor (%BE::B,: 1= %B[E@H - Xt]), and
the contribution of the cyclical component of the real wage ((1 — ¢)w;)."

The top left compares the typical marginal cost proxy in the New Keynesian
Phillips-curve literature, i,e. the real unit labor cost and the marginal costs associated
with search frictions in the Blanchard and Gali model. As the figure shows, the two
series are very similar. At first glance, it appears that the influence of search and
matching frictions on inflation dynamics is not very strong. The two series comove
closely, with similar turning points, and exhibit similar persistence and volatility.
From the 1980s, though, the new series is somewhat less volatile and smoother. This
impression is not substantially altered the elasticity of the matching function with
respect to vacancies, (1 —¢) to 0.7 (see Figure 3), although the alternative calibration

reduces the volatility of the marginal costs; or when the representation of the real

9The trend component was obtained using the HP filter method with a smoothing parameter
A = 100000.
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Components of the Marginal Costs
Blanchard-Gali Baseline Calibration (Finding Rates)

s Finding Rate Contribution

LA SR R AR R AL A R A AR LA B L A A A B AL R A L A LA R LA LA U LA LS R S A AL R A
1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004

Discount Factor Contribution Real Wage Contribution

IAAJ/\x A S l\.ﬁ
e,

-0.04
1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004

Figure 2: Real Marginal Costs and Search Frictions.

marginal cost equation uses the tightness ratio instead of the job-finding rate — which
is the result of the high correlation between the two series show in Figure 1.

The reason for this result is illustrated in the three panels of Figure 2. As can
be seen, the contribution of the stochastic discuount factor and the cyclical variation
of the real wage are negligible relative to the variability of the unit labor costs. An
interesting pattern is worth mention regargind these two components. Consistent
with the ‘great moderation’ period, after mid 80s the reduction in the variability of
consumption growth reduces the contribution of the stochastic discount factor to the
variation in the marginal costs. Notwithstanding, the variation in the real wage is
somewhat higher, but is contribution is still very small.

Table 1 reports some basic statistics underlying the visual evidence in Figures 2
and 3. In particular, the Table reports a set of second moments for the quadractically
detrended (log) output — a common indicator of the business cycle, the real unit
labor costs and two measures of the marginal costs for the Blanchard-Gali (mcP%)
model and the Rotemberg (mc'') model, respectively. Note first that the percent
standard deviation of the marginal costs are larger than the one of detrended output

and the real unit labor costs.?’ In the Rotemberg model, where the marginal costs

20Furthermore, the role of job separations as a means to smooth hiring is eliminated. See also
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Real Unit Labor Costs and Marginal Costs
Blanchard-Gali Approach
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Figure 3: The Real Marginal Costs under an Alternative Calibration.

depend explicitly on the variation in the cost of vacancies, due to a concave cost of
adjustment, we accordingly obtain a reduction in the variation of the marginal costs.
We will return to this aspect below.

In addition, the departures of marginal costs from steady state are persistent, but
less than the persistence of output and the real unit labor costs. In addition, over the
first part of the sample the marginal costs are somewhat negatively correlated with
the detrended output, while over the second the marginal costs are more procyclical.
In this sense, for the second half of the sample period, the presence of search frictions
enhances the countercyclical movement in the price markup by making marginal cost
more procyclical (e.g. Rotemberg and Woodford (1999).

In Figure 4 we display the robustness of our previous results to the use of alterna-
tive specifications of the marginal costs consistent with the Rotemberg’specification.
Thus, relative to the Blanchard and Gali measure, the marginal costs inherit the
effects of the expected changes in vacancies depending of the value of the the elas-
ticity of vacancy creation, ¢.. The bottom panel of Figure 4 presents the time series

of this component, i.e. according to expression (23), the contribution of vacancies

Krause, Lopez-Salido and Lubik (2007) for more details on the computation of the marginal costs
in models where the separation rate is endogenous.
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Components of the Marginal Costs
Rotemberg: Baseline Calibration

Real Unit Labor Costs vs Marginal Costs
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Figure 4: Real Marginal Costs. The Role of Vacancies.

M( BEtth) Overall, the central result from our previous

corresponds to
analysis is robust to thls alternative. Both the volatility and the persistence of this

new measure are slightly lower (see Table 1).

Table 1. Basic Statistics (Baseline Calibration

Sample : 1960 — 2005 Sample : 1985 — 2005
Variable s.d.(%) p  Cross Correlation s.d.(%) p  Cross Correlation
s mcPY mcl s mcPY mclt
Y 295 9 -0.12 -0.10 -0.14 1.93 95 030 028 0.21
s 209 92 1 0.83 0.84 .78 91 1 0.76  0.75
mcB¢ 2.62 .69 1 0.97 227 .53 1 0.97
mch 2.39 .63 1 2.08 45 1

To summarize, we find that adding search and matching frictions in the labor
market appears to affect slightly to the cyclical behavior of marginal costs in terms
of comovement, persistence and volatility. A typical proxy measure for real marginal
costs, such as unit labor costs, behaves similarly. This does not, however, allows us to

conclude that these measures have no substantial effects on inflation dynamics. This
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we investigate now along two dimensions. First, we look at the correlation between in-
flation and marginal cost using a limited information approach, as in Gali and Gertler
(1999). Second, we analyze both theoretically and empirically how the presence of

search frictions affect inflation dynamics using a general equilibrium perspective.

4 Inflation and Marginal Costs: A Limited Infor-
mation Approach

In this section we extend Gali and Gertler (1999) analysis and we pursue a limited
information approach aimed at presenting some estimates of the NKPC using a GMM
approach when the marginal costs include the effects of labor market search frinctions.
Later we use a bayesian full information-approach to estimate the parameters of the
general equilibrium model above described.

We begin by noticing that a log-linear approximation of the price setting condition
(8) yields the familiar New Keynesian Phillips curve, which describes inflation as

driven by lag inflation, expected future inflation, and real marginal cost:
Ty — Y1 = BE[Ti1 — y7e] + K ey — E/E\t (24)

where 7, is price inflation expressed as a log deviation from steady state, mc; rep-
resents real marginal cost, and € represents exogenous variations in the markup
associated to changes in the elasticity of demand. Since we allow for partial index-
ation to lagged inflation, current inflation is affected by inflation in the previous,
where the parameter v is the indexation parameter. Finally, the pass-through from
marginal costs to inflation, s, is a function of the elasticity of demand, e, and the
price adjustment cost parameter 1. Notice that the slope coefficient k = % pins
down the price adjustment cost parameter, given a value for the elasticity of demand.
The previous expression can be rewritten in a more familiar form as a hybrid New
Keynesian Phillips curve:

K 1
T = VBT + 11 + ——— e — ————€, 25
t = Va1 T YpTe—1 1+ By t ¢1+67t (25)

where 7, = /(1 + 7), and the parameter on past inflation v, = v/(1 + 87). As
in the original model of Gali and Gertler (1999), expression (25) corresponds to the
hybrid New Keynesian Phillips curve. First, when v = 0, the model corresponds to
Rotemberg’s (1982) original contribution, so that the model reduces to the purely

forward looking New Keynesian Phillips curve.
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In this paper we deviate from our previous paper (Krause, Lopez-Salido and Lubik
(2007)) where we use equation (25) to define the set of orthogonality conditions for
all t: E{(my — % mo1 — ) E{mia} — ﬁ mc;) z:} = 0, such that they define
orthogonality conditions that can estimate the model using generalized method of
moments (GMM).

Here we rewrite equation (24) as a relationship between inflation and the expected

discounted value of the future values of real marginal cost and relative import prices:?!

o0
T = VA1 + K Z ﬁkEt [ﬁL\Ct-‘rk + %O/E\t—i—k?] . (26)

k=0
To estimate our model using (26), we need to forecast real marginal cost. In
doing so we use an autoregressive model. Defining mec; = p,,. mc;_1 + uy, where
0 < pme < 1 and the innovation wu, is iid innovation that is uncorrelated to Crap 2
Hence, it is straightforward to compute the forecasts as follows: Eymcy,, = pF.. mey,

and the equation for inflation that we estimate is:

Ty = Y1+ 1_#%77/1\@ + €nt, (27)

Our estimation consists in the join estimation of the inflation equation and the
AR(1) process for the marginal costs. Since the exogenous variation in markups
may be correlated with our measures of marginal costs, we use lagged variables as
instruments. Our benchmark set of instruments includes one lag inflation, one lag of
marginal costs, two lags of the output gap — measured as the deviation of NFB sector

output from a quadratic trend.??

21 The thodology closely parallels the present-value approach used in the empirical finance litera-
ture.

22We used the Box-Jenkins methodology to pind down the best AR model for marginal costs.

23Gince it is possible that our instruments are only weakly correlated with the endogenous variables
in our model, we follow Stock, Wright and and Yogo (2002) and Stock and Yogo (2005) and check
for the presence of weak instruments based on the g, statistic of Cragg and Donald (1993). We
compare this statistic against the critical values compiled by Stock and Yogo (2005), who show how
to test for the presence of weak instruments based on this test statistic.
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Table 2. GMM Estimates: 1985-2005
Blanchard-Gali Specification
8l K Vo w Jr

Finding Rates

Baseline Calibration 0.635 0.026 0.389 0.854 6.26
(0.119)  (0.013)  (0.045)  (0.038)  (0.044)

Alternative Calibration 0.682 0.013 0.407 0.895 6.55
(0.124)  (0.007)  (0.045)  (0.029)  (0.044)

Using Tightness

Baseline Calibration 0.692 0.0085 0.410 0.915 6.97
(0.124)  (0.005)  (0.043)  (0.025)  (0.044)

Alternative Calibration 0.698 0.0062 0.406 0.927 7.17
(0.124)  (0.0037)  (0.044)  (0.022)  (0.044)

Note: in all cases the dependent variable is quarterly inflation measured using GDP De-
flator. Sample Period: 1985:1-2004:1V. Standard errors are shown in brackets. Instrument
set includes two lags of detrended output, and one lag of real marginal costs. The hazard
rates are from Shimer (2005). The results remains unchanged under alternative hazard
rates.

In Table 2 and 3 we present the results for the hybrid model over the period 1985:1
2005:1V, for the specification of the marginal costs under the Blanchard-Gali model
and Rotemberg, respectively. We distinguish the baseline calibration of the marginal
costs from the alternative calibration, as specified in the previous section. Finally,
we also present the robustness of the results to alternative ways of calculating the
marginal costs, i.e. using information on the finding rates or using information based
upon the time series of the tightness ratio. The first two columns report the estimates
of the two primitive parameters, v, and the slope coefficient x. The next two columns
present the corresponding parameters associated with these two parameters. First,
the fourth column present the backward looking parameter, v,, obtained from the
value of v and our calibration of the discount factor 5. Second, the following colunm
presents the index of price rigidity (i.e. the implicit probability of changing price in
each quarter) associated to the estimated slope coefficient. Finally, we present the Jr
test of overidentifying restrictions and below its corresponding p-value in parenthesis.

The degree of indexation is well estimated across all the specifications and it
ranges between 0.6 and 0.7. Hence, even if the forward-looking component is slightly

more relevant, the backward-looking component plays a significant role on inflation
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dynamics with a value for the coefficient 7, around 0.4. These estimates are fairly
stable across specifications, and are in line with the previous results by Gali, Gertler,
and Lopez-Salido (2005).

The slope coefficient on the marginal costs is significant but somewhat less pre-
cisely estimated, and implies that the estimated probability of changing prices, i.e.,
the duration of prices being fixed, slightly larger than the one estimated in the lit-
erature. In particular, as shown by Sbordone (1998), the Rotemberg model of price
rigidity due to firms facing convex adjustment costs of adjusting their price is observa-
tionally equivalent to a model based on Calvo, where the price rigidity is determined

by a random draw of the firms that are allowed to change prices. Hence, the slope
e—1 (1—pw)(1-w)
P w

under the second one, where w represents the implicit probability of changing prices.

coefficient k = under the first interpretation and it is equal to kK =
In the Tables we have computed the implicit value of w, for a value of § and the es-
timated slope coefficient, . For the baseline calibration, the Blanchard-Gali model
implies a value or w = 0.85, which implies a high degree of price inertia. The values
are even higher for the specification of the marginal costs using Rotemberg-type of
specification.

Table 3. GMM Estimates: 1985-2005
Rotemberg Specification

Y Y K w Jr

Finding Rates

Baseline Calibration 0.704 0.007 0.414 0.925 6.87
(0.129)  (0.0039)  (0.044)  (0.022)  (0.044)

Alternative Calibration 0.682 0.007 0.416 0.895 6.72
(0.124)  (0.0040)  (0.045)  (0.029)  (0.044)

Using Tightness

Baseline Calibration 0.692 0.007 0.417 0.915 6.70
(0.124)  (0.0041)  (0.046)  (0.025)  (0.044)

Alternative Calibration 0.698 0.007 0.416 0.927 7.68
(0.124)  (0.0041)  (0.045)  (0.022)  (0.044)

Note: in all cases the dependent variable is quarterly inflation measured using GDP De-
flator. Sample Period: 1985:1-2004:1V. Standard errors are shown in brackets. Instrument
set includes two lags of detrended output, and one lag of real marginal costs. The hazard
rates are from Shimer (2005). The results remains unchanged under alternative hazard

rates.
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5 Inflation and Marginal Costs in General Equi-
librium

This section takes the perspective of dynamic general equilibrium, to see how real
marginal cost and the labor share comove when we take aggregate constraints into
account. Note that now the labor share and labor market variables are linked by the
assumptions we make on wage determination, which we could conveniently ignore in
the empirical analysis above. Conditional on the Nash bargaining assumption, labor
market tightness directly affects the real wage per worker. As is well-known from the
results of Shimer (2005) and Hall (2005), the implied flexibility of wages under this
assumption is too high for the standard search and matching framework to generate
realistic volatilities of labor market variables. Thus, this basic mechanism will carry
over in our model. In the extensions below, we will explore real wage rigidity.

We first present the simulations of our baseline model in terms of the impulse
responses, and implied aggregate statistics. Or focus is on the response to technology
and monetary shocks. We discuss how the predicted correlations between labor share
and real marginal costs differ depending on the shocks driving fluctuations. Finally,
we extend the model to include real wage rigidity, and/or additional labor adjustment
costs. While the former help us move towards generating more realistic labor market
dynamics, the latter are a natural complement to search frictions for generating ad-
ditional real marginal cost dynamics. We follow the formulation of Rotemberg and
Woodford (1999), which has recently also been used by Sveen and Weinke (2007).

5.1 Baseline model

To simulate the baseline model, we need to make additional assumptions on the
paramters not specified for the empirical analysis. For habits ¢, we assume a value of
0.7, as used in other studies and found in empirical analysis.?* The costs of vacancy
creation ¢, are set to 0.5. There is no empirical counterpart for this, but it is a
value implied by the requirement that the steady state of the model implies realistic
outcomes, such as the observed unemployment and match probabilities. The matching
function parameter is set to m = 0.5 for the same reasons, and the outside option
b = 0.2, which implies a replacement ratio of the aggregate real wage of about 30
percent. The Frisch elasticity of labor supply is set at ;1 = 1.5, and the weight on the
disutility of labor is x = 0.5. Finally, the backward looking component of inflation is

24Gee, for example, Smets and Wouters (2003).
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set at v = 0.4, in line with our estimates. We consider two main shocks, technology
and monetary, for the impulse responses.?> The coefficients of the Taylor rule are set
to p, = 0.7, r, = 1.5, and ry = 0.25. The model is solved based on the methods
intoduced by Sims (1999).

5.1.1 Impulse responses

We illustrate the general equilibrium dynamics for technology, monetary shocks, and
preference shocks. The other three shocks (markup and matching function) exhibit
very weak propagation. Further, the labor supply shock implies almost identical
dynamics as the technology shock.

First consider the technology shock in Figure 5. The graph shows in the first row
the impulse responses of the main macro-economic aggregates, inflation, output, and
unemployment. While inflation falls — due to the immediate decline in unit labor costs
— output rises, and unemployment falls. The second row shows the driving forces of
inflation based on the decomposition introduced in this paper. The drop in real mar-
ginal costs brings about the drop in inflation. Due to the backward looking dynamics
of inflation, inflation stays below steady state for longer than the real marginal cost.
Next comes the labor share, which moves in the opposite direction. This is driven by
the strong increase in wages following the technology shock, shown in the first panel
in the third row.

The reason that real marginal costs do not rise as well is reflected in the behavior
of our variable z. Remember that x is largely driven by p, — (1 — p)BEp,,, the
quasi-change in the value of the job p. One can see in the last panel how this change
behaves. After an initial upward jump, and a small additional increase, p is falling.
This is mirrored by the initital drop in z, then further decline, and then subsequent
rise. As long as  is falling back to steady state, the gap p, — (1 — p)BEip, ., is
smaller than in steady state, implying correspondingly an x below steady state. This
behavior of x generates the small change in marginal cost even though the labor share
is rising. Thus, if technology shocks were the main driving force of fluctuations, the
labor share would be an unsuitable measure of inflationary pressures.

Figure 6 shows the response to a contractionary monetary shock, that is, a non-
systematic rise in the nominal interest rate. Again, we see a drop in inflation and

output, while unemployment rises for a short time. While the real effects of the shock

25The choices of volatilities of the additional shocks are somewhat arbitrary, and require estimation
of the model, so we concentrate mainly on the monetary and real shocks.
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Impulse response to a technology shock

Figure 5
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Impulse response to a montary shock

Figure 6
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take place within the first 6 quarters, the reponse on inflation is long-lasting. After
the monetary shock, real marginal cost and the labor share move down together, and
the movement in x is very short-lived. This consistent with the marginal value of jobs
1, that barely changes after the forth quarter. Both the wage, and the value of a job
drop in response to the shock. Thus, if monetary shocks were the main driving force
of business cycles, the behavior of the labor share would in fact be a good proxy for
real marginal costs.

Finally, in Figure 7, the intertemporal preference shocks lets households move
consumption to the present. This leads output to rise initially, only to fall later on.
The initial boom raises inflation, due to the rise in marginal costs. These in turn rise
mainly because of the inital rise in weekly wages. The drop in the labor share would
mandate a much stronger decline in inflation. However, after the initial shock, real
marginal cost stay rather constant. This is due to a strong rise in x. Since the value
of a job drops initially, the subsequent increase, from below, to the steady state value
implies a fall in x. Again, the labor share would not be a valid proxy of real marginal
costs, and thus inflationary pressures.

Overall, the simulated impulse responses show patterns that are partly consistent
with the labor share being a good proxy for real marginal costs. A remark on the
behavior of hours worked and employment is at hand. The propagation of the search
and matching model on employment is very weak, as Shimer (2005) and Hall (2005)
have shown. This carries over to our model. This effect is further mitigated by the
fact that output can also adjust by increases in the number of hours worked. A

potential remedy is the introduction of real wage rigidity, which we consider next.

6 Extensions

6.1 Real wage rigidity

A well-known shortcoming of the search and matching framework is its difficulty
to explain the cylical dynamics of vacancies and unemployment.? Intuitively, the
incentives to posting vacancies after a productivity increase are too low to generate
the observed magnitude of the rise vacancies and fall in unemployment. Shimer (2005)
and Hall (2005) propose real wage rigidity as a possible solution to this puzzle. In this
case, the incentives to post vacancies are not eaten up by wages increases, and firms

earn most of the returns. An alternative solution has been proposed by Hagedorn

26See Hall (2005) and Shimer (2005).
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Impulse response to an intertemporal preference shock

Figure 7
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and Manovskii (2005), who focus on the details of the calibration: assuming much
lower steady state profits of firms than in Shimer’s model (due to high outide options
of workers), the percentage increase in profits is much larger for a given shock.

We introduce real wage rigidity by alluding to the idea of a wage norm, that
constrains real wage adjustments. A wage norm is a social constraint on wage setting.
In particular it allows to justify that new hires are paid the same wages as existing
workers, due, for example, to internal equity considerations. A possible formulation

is to have the wage evolve according to?”
Wt - (1 - Vw)th + ,wat

where W, depends on the current, notional wage, W that would obtain if wages were
flexible, and the wage norm W,. The notional wage would be the Nash bargained
wage derived earlier. The wage norm can be the steady state wage, so that W, = W,
for all t. Alternatively, there can be a lagged wage norm, so that W, = W,_,. Here, we
concentrate on the steady state wage norm. There is an issue which wage is actually
sticky: the hourly or the monthly (or quarterly wage). We consider both cases. For
rigid hourly wages w; = (1 — v, )w}* + 7,0, and for rigid monthly wages per worker
W, = w;hy.?8

In our simulation, we focus on the steady state wage norm on weekly wages. The
result in Figure 8 confirms the finding of Krause and Lubik (2007), that real wage
rigidity has barely any effect on inflation dynamics. The intuition is that even though
wages and the labor share respond by less to a shock, the other labor market variables
move to offset the effect on real marginal costs. This is due to the dynamics of the
value of a job brought about by movements in vacancies and unemployment, that
increase labor market tightness 6 and thus hiring costs. Thus real wage rigidity does

not change substantially the behavior of real marginal costs.

6.2 Additional labor adjustment costs

So far, we have restricted our attention to labor adjustment costs arising from search
frictions alone. It is plausible, however, that firms face additional costs of labor
adjustment. These may arise, for example, from forgone output when changing the

scale of operations, changing production lines and the organization of workplaces.

27See Hall (2005) for more motivation, and, for example, Krause and Lubik (2007) who introduced
this to analyse the New Keynesian Model with search frictions.
28Gee Sveen and Weinke for the case of rigid hourly wages.
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Impulse response to a monetary shock when wages are r
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To account for such considerations, we follow Rotemberg and Woodford (1999) and
assume adjustment costs proportional to employment, and depending on the gross
change of employment. In contrast to the search cost that also occur in steady state
to correct for worker turnover, the costs assumed here are zero in steady state. In

particular, assume that total labor costs are now?’

Niji = c(vje) +njep < it )

Nje—1
where p(1) = ¢/(1) = 0, and ¢”(1) > 0. Given this additional constraint, the opti-
mality condition with respect to employment becomes: subject to the corresponding
cosntraints. The first-order condition with respect to employment becomes

Y,
Wy = mctozn—t —wihy + (1 — p) BBy b
¢

2
_ {@( Uz )+<,0’( Uz ) Uz ] +Et5t+190, (ntJrl) (nt+1)
N1 Ng—1/) M- Uz Ty

where we have ignored the firm indices. The marginal value of a worker is reduced

by current labor adjustment cost, but increased by future adjustment costs, because
the more workers are added today, the lower are future adjustment costs. Rewriting

the equation in terms of marginal costs and linearizing:

=y L (= (LB ) £ (= D = 1= 1 )3t

1- 3 +pp" (1) [Any — BE Any ]

with % = 11__(f/_ TZ)C 5. Labor adjustment costs add to real marginal costs if employment
is currently rising, while real marginal costs fall when employment is expected to rise
in the future. The intuition is that the expectation of growing employment, and thus
adjustment costs, makes firms want to smooth adjustment costs. The incentive to do
that is provided by falling real marginal costs. This makes firms perceive employing

additional workers today cheaper, since this saves on future adjustment costs.

Blanchard-Gali-Rotemberg model In the model with instantaneous hiring,
the setup changes along similar lines, resulting the same first-order condition as above,

with the only difference being that g, can be replaced by Bh?, the contemporaneous

29Sveen and Weinke (2007) follow a similar approach in a search and matching model.
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hiring cost faced by the firm.?® Rewriting in terms of marginal costs and linearizing
gives us the modified equation for the Blanchard-Gali framework:

e — a+§§% 5@, — BEBus) — BESus — (1 — D)

+251(1) [Am, — B Any]

Similarly, in the Rotemberg variant with variable hiring costs, we obtain:

Ao = 5 12 [ = BB + (e~ )6~ BEf) — (1= Py
+200(1) (A, — BE A

where ¢ = mc/s.

Impulse responses Interestingly, in the simulations, labor adjustment costs
have barely any effect on the dynamics of inflation and real marginal cost as seen
in Figure 9. This holds true even for very high values of ¢”(1). Furthermore, the
magnitude of the responses of output, employment, and vacancies are reduced. We
illustrate this for the case of a monetary shock. The labor share and wages follow
some intricate dynamics. Inititally, wages fall, because workers share in the labor
adjustment costs that need to be incurred to bring about a decline in employment.
The rise in unemployment then leads to an increase in the value of jobs, because hiring
costs have fallen. Thus vacancies even experience a slight increase. The subsequent
strong decline in unemployment (and return of employment towards steady state),
implies labor adjustment cost, which, again, workers share in terms of lower wages.
Even though the labor share moves strongly, inflation is persistently below steady
state.

30The first order condition is:

Y
Bh = mctan—tt — Wi+ (1= p)EiB41 BbY4

2
—¢>( - )+¢’ (—”t ) M BB <”t“) (—"t“)
nt—1 Ng—1/) Nt—1 Ny ny
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Figure 9: Impulse response to a monetary shock with labor adjustment costs: ¢ = 100
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7 Inflation and Marginal Costs: A Bayesian Full
Information Estimation

7.1 Estimation Method and Choice of the Prior

As shown in the Appendix we can write a log-linear approximation to the non-linear
DSGE model. We collect the linearized equilibrium conditions and we write the

system in the following state space form:

A(©)E X1 =B(©)X+C(0)X_1+D(0)S,
St =N (@) Stfl + Et, E(F:tc‘?;) = E(@)

where © denote the vector of parameters that describe preferences, technology, the
monetary and fiscal policy rules and the shocks of the model, X; be the vector of
all endogenous variables, S; be the vector of state variables, and e; be the vector
of innovations. We use standard solution methods for linear models with rational
expectations to write the law of motion in state-space form and the Kalman filter
to evaluate the likelihood of the five observables (output, inflation, interest rates,
unemployment, and vacancies. Formally, we denote the vector d; = (y,, m, ¢, uy, vy)’
of variables and £ ({dt}z;l ]@) is the likelihood function of {d;};_,. In the estimation
we include five shocks: production technology, intertemporal preferences, matching
technology, exogenous markups, and monetary policy. Let II(©) denote the prior
distribution of the model’s parameters, then from Bayes rule, we obtain the posterior

distribution of the parameters as follows:
p(O]{d:},~,) o< £({di},, [O)IL(O)

The posterior density function is proportional to the product of the likelihood function
and the prior joint density function of ©. Given our priors and the likelihood function
implied by the state-space solution to the model, we are not able to obtain a closed-
form solution for the posterior distributions. However, we are able to evaluate both
expressions numerically. We use the random walk Metropolis-Hastings algorithm, to
obtain a draw of size 100,000 from p (@\ {di}, ,m).

We present the list of the structural parameters and its associated prior distri-
bution in Table 4. These priors are assumed to be independent across parameters,
and are based upon existing research. Regarding the preferences parameters we set

the measure of relative risk aversion ¢ = 2, the inverse of the labor supply elasticity
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1 =1, and the habits parameter ¢ = 0.5. These values are in line with conventional
wisdom of the business cycle literature are in line with recent micro evidence (see e.g.
Hall (2006)). The elasticity of output with respect to hours o = 0.67. As discussed
above, we follow Shimer (2005) and we set the elasticity of matching to unemploy-
ment, £ = 0.7, and as in Pissarides (2000) thge elasticity of vacancy creation, €. = 1.
The prior mean of the firms’s price adjustment costs, 1), is set to 20, and the indexa-
tion parameter 7 is set to 0.5. These two values are in the lower range of the estimates
obtained from the New Keynesian Phillips curve literature. Overall, we also set prior
standard deviations that are large enough to incorporate the uncertainty about those
parameters in the existing literature.

The policy parameters are chosen as follows. We set the prior mean of the response
of the monetary authority to inflation, v,, to 1.5, and to output v, = 0.25. Finally,
the prior mean of the smoothing interest rates parameter, p, equals 0.7. These val-
ues commonly used in empirical Taylor rules (see e.g. Woodford, 2001). Finally, as
described in the last rows of Table 4, we consider a beta distribution for the autocor-
relation of the shocks and Gamma Inverse density for the standard deviation of the

model’s shocks.
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Table 4. Prior Distributions of the Model’s Parameters

Definition Parameter  Density = Mean Param.
Relative Risk Aversion o Gamma 2 0.1
Habits S Beta 0.5 0.2
Inverse of Labor Supply Elasticity 1 Gamma 1 0.5
Elasticity of output to labor input a Beta 0.67 0.02
Elasticity of Matching to Unemployment £ Beta 0.7 0.05
Scaling Factor Matching Function m Gamma 0.7 0.1
Elasticity of Vacancy Creation €c Gamma 1 0.5

Scaling Factor on Vacancy Creation Co Gamma  0.05 0.02

Bargaining Power of the Worker n Uniform 0 1
Workere Outside Option b Beta 0.4 0.1
Separation Rate P Beta 0.1 0.02
Indexation v Beta 0.5 0.2
Price Adjustment Costs () Gamma 20 5
Elasticity of Demand € Gamma 10 1
Interest Rate Smoothing Py Beta 0.7 0.02
Interest Rate Response to Inflation Vo Gamma 1.5 0.1
Interest Rate Response to Output Yy Gamma 0.25 0.05
AR Coefficients of Shocks p's Beta 0.9 0.05
Std. Deviation of Shocks o's Gamma™ 0.01 1

7.2 Benchmark Estimation Results
8 Conclusions and Further Research

[TBC]
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Appendix

1. Derivation of the Wage Equation under Nash bargaining and En-
dogenous Hours

Here we present the details on how to find the Nash bargaining solution. Firms
and workers bargain each period over how the joint surplus of their match is divided.

The solution they find is such that it maximizes the Nash product:

(o) () >

As is well-known, this solution is pareto-optimal for the bargaining parties. The

values in brackets are what each party would lose, if the match broke up. The surplus

of the workers is equal to the marginal value of the job to household i:

1 OW,(ny) 1, h™ 1 OWi 1 (ni)
N O Wit N )\itEtEt 1—1—,u+ 18141 | ( P)( £q( t)))\itﬂ Mares

This equation is the derivative of the household’s value function with respect to
employment n;;. Division by \; translates the utility units of W in terms of goods.

The firm’s surplus is the marginal value of a worker is:

ajtj(njt) a\-7t]—|—I<njt+l) 1 —p)] .

8njt

a—11a
= mctst ang, hj, — with + BBy [ o
jt+1

The first-order condition w.r.t. the wage (dropping the indices j and )

1 8Wt(nt) . 8%(7%)
(1 ))\t 8nt =7 8nt ’

This equation can be interpreted as a sharing rule according to which each party
obtains a fraction of the joint surplus. That is: /\itavgt—n(:”) =7 (8%7(:» + ;t 61/;25?”)
and for the firm accordingly.

To find the wage, insert the value functions into this sharing rule:

1 5Wt+1(nt+1)1 )

At41 Ongy

1 h1+u
(=) (1= b= bt 4 Bl [ (L= )1 = 0(6)

3$+1(”t+1)] >

Ongyq

= 7 (mct&t?anflhf —wihy + Ey Sy [(1 - p)
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and rearrange:

I L
wihy = nmee;ang ™ h + (1 —n) (b+ )\—t bel T )

1 8Wt+1 (nt+1) ]
At1 Ong

(=) b,y [(1 )1 = 6.q(6))
3‘7t+1(nt+1)}

+77Et5t+1 {(1 - p) et

Using the fact that because of continuous renegotiation, the sharing rule must also
hold in the future (1 — n) —— Werrle) — p0Fa1ec)) on( gimplifying, yields:

Att1 ongq1 ongy1

L 1 hl"‘/l
why = nmegetan® hi + (1 — b+ —eb ELEY )
2 TIMCE ( )( N 144

0T1 (nt+1) }

Ongyq

+O0mE B4 {(1 —p)q(0:)

Now use the first-order condition for vacancies posted, noting that the Lagrange

multiplier of the firms optimization problem is jt;, . = 0J41(ne41) /Ot

0T 41 (nt+1)

d(v) = (1= p)EifBy19(0:) Ongq1

to arrive at the equation for the wage paid to a worker:

1 h1+M
wihy = nmeelan? he + (1 — 1) (b + —ele? 5 ) + 0,mc (vy).

At

To determine hours chose, once more maximize the Nash product,

G5 () )

with respect to hours, to obtains (using the previous result (1 — 7) )\it 6V;tn(:”) = nd{;f:t)) ;
1
)\—t&‘t&??h“ = meoleindhe !
or: )
2_A, a—1 Tri—o
meatein
hy = (t—tbt /\t)
XEVEY

Hours are set so that the marginal rate of substitution of labor is equal to the marginal

product of labor, just as in the competitive model. Hours variation over the business
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cycle is depends on the terms in brackets. In right-to-manage setups®!, hours are not
determined by bargaining but determined by firms to maximize their profits. This,
of course, affects the bargaining outcome, as the surpluses are conditional on firms
choosing hours.

2. Why real wage rigidity?

It can be easily illustrated why real wage rigidity helps resolve the ‘Shimer puzzle’
by using simplified equations from the benchmark model. Ignoring hours and decreas-
ing returns to production, and using A; for productivity, the job creation condition
and wage equation become, respectively:

c c
=(1-p)E mei1Api1 — Wi + ———— 30
(0 ( P) tB111 t+1434+1 t+1 7(0r) (30)

and

wy =1 (meg Ay + 0ic) + (1 — 1) b.

When wages are continuously bargained, as in the Nash bargaining solution, wages
respond strongly to changes in A;. Furthermore, changes in § = v/u immediately
translate into changes in wages. Firms expected high wages when labor market con-
ditions are tight in the future, will post less vacancies. This mechanism can be
overcome by introducing real wage rigidity, as in Hall’s (2005) paper.

Alternatively, as in Hagedorn and Manovskii (2006), when b is very high, that is,
close to the marginal product of labor, steady state profits are low. A given increase
in A; leads to a lower percentage change in wages than when b is low. Inserting the

wage, and linarizing the term in square brackets above (calling it R;.; for return):

1
mc — b — =cf
n

Ry = [mc <77/”L\Ct+1 + A\t-&-l) — 7 7

CQ@tﬂ}

One can see that the higher b, the larger the coefficient multiplying the brackets,
and thus the higher the responsiveness of the return to increases in productivity or

revenue. In steady state, the job creation condition is:

20 (nBp(0) +1] = (1 —n)Blme — 0]

where B = (1—p)3/(1—(1—p)f). A higher b in the calibration implies a smaller right
hand side. This in turn imposes some constraint on the left hand side. One possibility

3 Trigari, and Christoffel and Linzert.
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is a lower ¢ or a lower steady state . Either of the two reduces the responsiveness to

9t+1, and thus the returns to posting vacancies remain high.
3. A Complete Description of the Baseline Model and the Steadys

State

The Stochastic Model

Euler equation

Production
Resource Constraint
Umployment

Job creation

Wage

Hours

Inflation

Taylor rule

N o= B |Rigs | d = eblen = sCia) ™2
Y, = e, 2 he
Y =Cy+ (V) + Gy
w=1—mng,ng=(1—p) 1+ My_1], My = me, uf’ut1 ¢

C’(vt) . a—11« Vi1
U= (1= p) BBy [mct+1aAtnt+1 iy — wiprheer + () 3075

why = nmctozAtnf_lh? +(1—n) (b + X)\ ”€i’q+ ) + 0nc (vy)

1

2 Ep——

mera Agn 1+p—a

ht - —t s >\t
XY et

Y (i ym ™t = 1) w2y

SR N 7
= E\S, 1% (7rt+17rt R 1) Tom, 'm0 L (1 — €f) 4 efmy,

= (52)" (@) @) e

Y+ t
The Steady State

Marginal utility

A=(-9) °C"

Euler equation 1=p3Rrt
Production Y = (nh)*
Resource Constraint Y =C +¢(v)
Employment n=pt1-pM
Unemployment u=1-—n
Matching M = mufv=¢
Job creation C/]f;) =(1—p)B [pat —W +(v)
Wage wh = nean®th® + (1 — (b - Xi }i+“) + 9770
Hours h = (%A) =
Inflation mec = %

Inef = pgpluel, +nf

Inef’ = p,Ine’, +nyf

nel’ = pylnel, +n)t

Ine! = pylnel, +7;

Inegf = (1—p)Ilne“+p.Inef | +n;
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4. Data

We take the series for the job separation and the job finding rate from Shimer
(2005). They are quarterly averages of monthly rates. Shimer calculates two dif-
ferent series for the job separation and job finding rate. The first two are available
from 1948 up to 2004. He uses available data from the Bureau of Labor Statistics
for employment, unemployment, and unemployment duration to calculate the instan-
taneous rate at which workers move from employment to unemployment and vice
versa. The two rates are computed under the assumption that workers move between
employment to unemployment, and therefore abstracts from workers’ labor force par-
ticipation decisions. Hence, they are an approximation to the true underlying labor
market rates. Starting from 1967:2, Shimer also uses the monthly Current Population
Survey public microdata to directly calculate the flow of workers that move in and
out of the three possible labor market states (employment, unemployment, and out
of the labor force). With this information he calculates the instantaneous rates at
which workers move in and out each state. This yields an exact instantaneous rate
at which workers move from employment to unemployment and from unemployment
to employment.

We also compare the results by using two data sets of two recent studies that have
modified and extended Shimer’s original calculation. We first use the hazard rates
series from Fujita and Ramey (2006). The series are available at monthly frequency
and cover the period of January 1976 through December 2005. We compute the
quarterly averages of monthly rates. These authors correct by potential margin error
—inconsistency in the stock-flow identities— in the CPS. In addition, these authors
for time aggregation problems. Elsby et al. (2007) also propose some refinements of
the correction methods used by Shimer’s analysis based on publicly available data
from the CPS, and as Fujita and Ramey redesign the analysis and correct for time
aggregation bias. Interestingly, Elsby et al. (2007) also distinguish employment-to-
unemployment flows stemming from job loss and from job leaving, and they show
that these two flows have very different cyclical properties. Thus, we use their disag-
gregated analysis of unemployment where we distinguish three categories: job losers,
job leavers, and labor force entrants.

We use the index of help-wanted advertisements released by the Conference Board
as an approximation for vacancies (HW). We also use the stock of unemployed —16 years
and over— from the BLS, and the Unemployment Index equals to i )

June87)’
consistent with HW Index. We construct the quarterly averages of monthly rates

which is
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that are available starting at January 1951.

Finally, our measure of marginal costs corresponds to the Nonfarm Business Sec-
tor. The data are drawn from FRED®II database and the variables correspond
to: real output (OUTNFB), the output deflator (IPDNBS), the aggregate number of
hours worked (HOANBS), and the compensation per hour (COMPNFB), respectively. Real
consumption corresponds to the sum of real non-durable (PCNDGC96) and services
(PCESVC96), respectively. Finally, CNP160V is the civilian non institutional popula-
tion.

5. Additional Shocks-Impulse Responses

Here we show the impulse responses for the labor supply, matching function, and

markup shock, in the baseline model.
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Impulse responses to a labor supply shock

Figure 10
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Impulse responses to match efficiency shock

Figure 11
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Impulse responses to a markup shock

Figure 12
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