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Abstract

The New Keynesian Phillips curve explains inflation dynamics as being driven by
current and expected future real marginal costs. In competitive labor markets, the
labor share can serve as a proxy for the latter. In this paper, we study the role of
real marginal cost components implied by search frictions in the labor market. We
construct a measure of real marginal costs by using newly available labor market data
on worker finding rates. Over the business cycle, the measure is highly correlated with
the labor share. Estimates of the Phillips curve using GMM reveal that the marginal
cost measure remains significant, and that inflation dynamics are mainly driven by the
forward-looking component. Bayesian estimation of the full New Keynesian model with
search frictions helps us disentangle which shocks are driving the economy to generate
the observed unit labor cost dynamics. We find that mark-up shocks are the dominant
force in labor market fluctuations.
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1 Introduction

This paper studies 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. Search frictions are a particular
form of labor adjustment costs that are determined by aggregate labor market conditions,
rather than being internal to the firm. They therefore give rise to long-term employment
relationships since both firm and worker save future search costs by continuing their match.
This dual role of search frictions motivates our interest in how they alter the nature of real
marginal costs, which in turn are the key determinants of inflation dynamics in business
cycle models with monopolistic price setting and price rigidities.

We illustrate the linkages between inflation and real marginal costs in a New Keynesian
model with search and matching frictions in the labor market.! We first use the model
to derive a (linearized) equation for real marginal costs. Our strategy is then to generate
a synthetic time series for real marginal costs by calibrating the additional parameters in
the equation. We 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 a limited-information (GMM) estimation of the hybrid New Keynesian Phillips
curve (NKPC) from the model. In a third step, we estimate the full general equilibrium
model, using the same variables, to further understand the interaction between labor market
variables and inflation, and the driving forces of their joint dynamics.

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 that they
change the sensitivity of inflation to real marginal costs. At the same time, the synthetic
measure of real marginal costs is fairly closely related to unit labor costs. We also find
that, among the variables that matter for real marginal costs, the real wage has become
more volatile since the 1980s, even though consumption is less volatile. Furthermore, real
marginal costs have become procyclical from the 1980s, while they are countercyclical for
the whole sample.

This paper is among the first to estimate an aggregate labor market search and matching
model in a full-information setting.? The estimation allows us to disentangle the determi-

nants of the joint fluctuations of labor market variables and inflation. Our findings confirm

'"We follow a literature that has adopted the labor market model by Pissarides (2000) into dynamic
general equilibrium frameworks, such as Merz (1995), Andolfatto (1996), and Den Haan et al. (2000) in real
models, and Walsh (2005), Trigari (2006), and Krause and Lubik (2007a) for monetary models.

?Other recent contributions are Christoffel et al. (2006), and Gertler et al. (2007).



those from the calibration-based analysis in that search and matching frictions do not dra-
matically alter inflation dynamics. However, this conclusion hides three aspects of marginal
cost dynamics that are not apparent from a limited-information perspective.

First, the main driving force of labor market variables are mark-up shocks, which sub-
stantiates the argument of Rotemberg (2006). Mark-up shocks generate volatile vacancies
and unemployment since they do not lead to wage increases that reduce firms’ incentive
to post vacancies. Second, we find that unit labor costs and real marginal costs can move
together positively or negatively depending on the underlying shock. Whether labor market
frictions are helpful in capturing inflation dynamics therefore depends on the incidence of
specific shocks. We argue that over our sample period mark-up shocks played a smaller role
overall, hence the measured conclusion regarding the importance of the labor market for
inflation dynamics. Finally, we emphasize the importance of a fully structural analysis in
addressing these questions. We extract an implied marginal cost series from the estimation
that differs significantly from the calibrated series. The smoothing algorithm decomposes
the ‘residual’ in the NKPC into an endogenous variable component and an exogenous shock
component. In other words, the persistence and volatility of inflation stems from sources
besides those already captured by the imputed marginal cost series.

The model we employ is standard in most of its components. We deviate from the search
and matching model in that we assume that hiring of workers is instantaneous rather than
with a lag as in most models. In this respect we unify the specifications of Rotemberg
(2006) and Blanchard and Gali (2007). The former author assumes large firms with costs of
job creation that are concave in the number of vacancies posted,® while the latter authors
make this timing assumption to allow a representation of the New Keynesian Phillips curve
in terms of inflation and unemployment, rather than the output gap. The virtue of this
specification is that real marginal costs can be expressed in terms of observable labor market
variables. In contrast, the standard model implies a real marginal cost expression in terms of
unobservable shadow values of employment. However, we note that the timing assumption
as such does not deliver substantially different dynamics.

The paper proceeds as follows. The next section describes the full New Keynesian
DSGE model. In section 3, we derive an equation for real marginal costs from the model’s
job creation condition that explicitly shows the role of the labor market variables implied by
search frictions and discuss the construction of a real marginal cost series using calibrated

parameters and labor market data. Section 4 conducts the GMM estimation of the NKPC

3The standard model features constant-returns-to-scale job creation costs.



under labor market frictions. In section 5, we take a general equilibrium perspective and
estimate the full model using Bayesian methods. Section 6 concludes, while an Appendix

provides key derivations.

2 A New Keynesian model with search frictions

Consider an economy that consists of households, firms, a government, and a central bank.
Households choose consumption over time and the allocation of consumption across differ-
entiated products. They supply labor at both the intensive and extensive margins: workers
search in order to find employment, and when employed, they supply hours and earn wages
determined in bilateral Nash bargaining. Firms simultaneously choose hiring and prices
subject to hiring and price adjustment costs. They hire workers in a frictional labor market
and separate from them at an exogenous rate, and choose the price of their differentiated
product in a monopolistically competitive product market. Employment is the outcome
of firms’ and workers’ search behavior, while wages and hours worked are the outcome of
bargaining. Wages are fully flexible. The government issues a one period bond and levies a
lump-sum tax. The central bank sets the nominal interest rate in response to inflation and

output.

2.1 Households

Households are distributed along the unit interval and consist of a continuum of workers of

measure one. The welfare of household ¢ is given by

© l1—0o 1+p
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where 5 € (0,1) is the discount factor, ¢;; consumption, ¢;—; aggregate consumption, where
¢ci—1 is an index of external habits, and n;; the number of employed workers. The welfare
function already assumes that all members of the household consume the same amount of
goods, and supply the same amount of hours h;; when employed. The parameter o governs
risk aversion, and g is the inverse Frisch elasticity of labor supply. The labor market will
be considered in more detail later on. Finally, we allow household welfare to be affected by
an intertemporal preference shock (; and an intratemporal labor supply shock x;.

All households consume the familiar constant-elasticity-of-substitution bundles of dif-

1 et/ (et—1)
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with €; the stochastic elasticity of substitution between goods. The associated minimum-

1 1/(1—et)
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where p(j) are the prices charged by each monopolistic competitor producing variety j.

expenditure price index is

The households’ flow budget constraint is

B; B
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where households enter period ¢t with bonds B;;_1, that pay a gross interest rate R;_1. At
the beginning of the period, they receive lump-sum nominal transfers Tj;, labor income
wenithse, where wy denotes the real wage, and a nominal dividend d;; from firms, which are
owned by the households. The term (1 — n;)b denotes income of unemployed household
members, which can be interpreted as total output of a home production sector where
the technology parameter b > 0. Alternatively, this parameter captures the access to
unemployment benefits by the non-working members of the household.

The first-order conditions with respect to bonds and consumption imply

it = Ceir —se—1) 77, (5)
| = 8B, [Rt)\z‘tﬂ &] ’ (6)
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where \;; is the marginal utility of consumption. 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 to determine the consumption path of its
members. There is no explicit household labor supply choice as it is chosen at the firm level

during negotiations.

2.2 The labor market

The labor market is subject to search and matching frictions. In order to form new employ-
ment relationships, workers must search, and firms must post vacancies. We assume that

the number of matches M; depends on the aggregate matching function
M; = mtufvtl_g, (7)

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

period t. u; represents the number of searching workers, v; is the total number of vacancies



posted; m;, is stochastic match efficiency, and 0 < £ < 1 is the elasticity of the matching
function with respect to unemployment.

The evolution of aggregate employment is given by
ne = (1 —p)ng—1 + My, (8)

where p is an exogenous rate of job destruction, which takes place at the end of a period.
Note that we assume hiring to be contemporaneous, that is, at the beginning of period
t, firms observe the realization of the stochastic variables and post vacancies accordingly.
These vacancies are matched with the pool of searching workers which are given by the
workers not employed at the end of period ¢ — 1, so that u; =1 — (1 — p)ns_1.4

The 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 ¢ (6;) = %ﬁig = ml, 5, which is decreasing in the degree of labor
market tightness 6; = v;/u;. Similarly, an unemployed worker finds a job with probability
p(6r) = % = 0:q(0;), which is increasing in 6;. Note that 6; is taken as given by both

firms and households.

2.3 Firms

We assume that there is a continuum of firms of measure one. Each firm is a monopolistic
competitor and produces a differentiated good sold to households. Let pj; and y;; denote
nominal price and output for firm j, and ¥ aggregate income. A firm’s output is sold in

a monopolistically competitive market with demand, derived from consumer preferences,

pit\
it = (—) e (©)

Dbt

given by
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by households. A firm produces its differentiated good using n;; workers according to the

, consistent with the consumption bundles consumed

following technology
yjt = At (njehge) @, (10)

where A; is aggregate productivity, and 0 < « < 1.

4Equivalently, u is the number of workers not employed in period t — 1, 1 — ns_1 plus those workers,
pni—1, who lost their jobs at the end of the period. This timing convention is exactly analogous to that of
Rotemberg (2006) and Blanchard and Gali (2007), but in the notation familiar from the search and matching
literature.



During period ¢, a firm sets its nominal price p;; subject to the requirement that demand
be satisfied. 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

) 2
Pjtzg( L D —1> Y, (11)
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with 1 > 0 controlling the importance of price adjustment costs, and 71 = 7, 7 7.
Inflation is defined as gross inflation 7; = py/p;—1. The parameter 0 < v < 1 governs the
degree of backward-looking price setting; and finally, m represents steady-state inflation,
which is equal to the central banks inflation target (Ireland, 2007).

This cost function penalizes deviations of the firms price change from an average between
past aggregate inflation m;_; and steady-state inflation 7. When v = 0, 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 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. This formulation yields a Phillips curve analogous to the
one derived from Calvo-price setting with backward-looking firms, as in Gali and Gertler
(1999), or with backward indexation, as in Christiano et al. (2005).

The evolution of employment at the firm level corresponds to that of aggregate employ-
ment. We assume that the new matches at firm j at the beginning of period t are pro-
portional to the ratio of its vacancies to total vacancies posted, vj/v¢, so that v My /vy =

vj¢q (0) is hiring by firm 4. Evolution of employment at firm j can then be written as
njr = (1 — p)nji—1 + vj:q(6). (12)

For its posted vacancies vj, the firm has to pay a flow labor adjustment cost N = c(vjq).
Allowing for ¢” # 0 follows Rotemberg (2006) and departs from the standard search and
matching model where costs of recruiting are assumed to be linear (Pissarides, 2000).> As
emphasized by Rotemberg (2006), if this 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, so
that ¢’ < 0.

Firms produce differentiated goods in a monopolistically competitive product market
and they maximize the present value of discounted flow profits

o] ) 1—et
Ji(nj) = Eo Zﬁb\t [(%) yr — winjihje — Njt — P | (13)
=0

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



with respect to pj¢, nji, and vj;, subject to the constraint that demand (9) equals production
(10), the employment constraint (12), and labor and price adjustment costs, Nj; and Pj,
respectively. The discount factor A'\; derives from consumer preferences in the presence of
perfect capital markets and is taken as exogenous by firms.

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

0 ( Tt 1) L = Byt <7T‘77~f_+1 - 1) Tatid Yest |
t

Ti—1 t—1 Tt Yt
P\ pit)
+(1 —€) | == + emej | == , 14
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where 3,1 = BAt+1/ ¢ is the stochastic discount factor and p, is the Lagrange-multiplier
associated with the employment constraint. It represents the current-period marginal value
of workers for the firm.5 The first equation is the optimal price setting condition, which
in its linearized form reduces to the familiar New Keynesian Phillips curve. The multiplier
mec;j; on the constraint that demand equals production is the contribution of an additional
unit of output to revenue and is equal to the firm’s real marginal cost. Combining the latter
two conditions yields the job creation condition

 (vjt+1)
Q(9t+1) ‘

Intuitively, firms expand employment up to the point where the benefit from employing

= mcjtaAtn?t_lh?‘t —wjthjr + (1 — p)EyBy 1 (17)

an additional worker (the right-hand side) is equal to the cost of posting a vacancy (the
left-hand side). In symmetric equilibrium, v;; = vy, for all ¢, and the indices j disappear.

A few remarks concerning the job creation condition are in order. With symmetry in
vacancy posting, we implicitly assume that all firms have equal employment levels and that
all workers work the same amount of hours. Given the assumed homogeneity of employed
workers and of firms, this turns out to be true in equilibrium.

A second point concerns the implied dynamics of vacancies. As a firm increases vacan-
cies, it immediately increases employment. If the derivative of the vacancy cost function
is sufficiently small (that is, negative enough), raising vacancies reduces the marginal cost
of a vacancy. At the same time, rising employment lowers the marginal product of labor.

Thus, in partial equilibrium, marginal posting costs must not fall too quickly for incentives

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



to post vacancies to be exhausted at some point. In general equilibrium, however, this effect
may be mitigated if ¢(6;) increases fast enough.

The third point to note is that firms take wages as given when choosing employment
(and vacancies). Strictly speaking, large firms’ employment adjustment should take into
account that employment potentially affects wages if they depend on the marginal product
of labor. This will indeed be the case under Nash bargaining. In fact, Rotemberg (2006)
takes this ‘intra-firm bargaining’ effect into account. Here, we deviate for two reasons. One
is merely computational convenience. The other is that intra-firm bargaining is not likely

to significantly affect business cycle dynamics, as shown in Krause and Lubik (2007b).

2.4 'Wage determination

In general equilibrium, job creation incentives are affected by wages, and wages in turn
depend on labor market conditions. 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,
split according to the Nash bargaining solution. Bargaining takes place both over hours per
worker and the wage, in order to maximize the Nash product

57) (5) o

where the two terms are, respectively, the marginal contribution of a worker to household’s
welfare, and to the present value of profits of the firm.” The parameter 0 < 7 < 1 reflects

the bargaining power of the worker. The two resulting optimality conditions are a wage

equation
wihy = n [meaAmd A + (1 — p) BBy 410141 (vi41)] (19)
1 h1+u
+(1=n) [b+—x (1,
( n) )\tXtCtl iy

and a labor supply equation

1

2 g,pol Tri—a

m:(th) e (20)
X¢Ct

The first equation is familiar from the equilibrium unemployment literature (e.g. Pissarides,
2000). It expresses the total wage payment to the worker as 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;.

"From now on, we ignore household and firm indices for ease of exposition.



The bargaining weight determines how close the wage is to either the marginal product or
to the outside option of the worker. A new element is the presence of expected labor market
tightness and marginal vacancy posting cost, whereas the standard setup features current
values of these variables. The intuition is that, in case negotiations break down, worker and
firm will have to look for partners in next period’s matching market. This saving of search
costs is incorporated in the wage.®

The second equation determines the amount of hours worked. It is derived from a
condition that equalizes the marginal product of hours worked with the worker’s marginal

rate of substitution between leisure and consumption
mrs _i h#_ 2A aflha—l_ 1
St = h\ Cixehy = mega” Agny ¢ = Mpl. (21)
t

Thus, hours are chosen as in a competitive labor market. However, optimal hours are
independent of the wage. The condition also highlights the driving forces of hours variation
in the search model. Higher marginal utility of wealth A, and higher labor productivity
increase hours supply, while it declines whenever the disutility of labor or the intertemporal

preference increase.’

2.5 Closing the model

The model is closed by specifying monetary and fiscal policies. The government’s budget

constraint is

Bia B

bt bt

R4 + 13, (22)

where T; is the sum of transfers, and By is the aggregate of bonds held by the public. The

central bank is assumed to set the nominal interest rate R; according to the Taylor-type

R Rfl Pr T Tr y TY lfpr
O OO

where 0 < p, < 1 captures interest rate smoothing, and where . > 0 and ry > 0. An

interest rate rule:

asterisk denotes the steady state value of the corresponding variable.

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 n; =
njt = fol njidj, and vy = v = fol vjedj. Furthermore, as pj; = py, Yyt = Y, for all ¢

and j. Thus, all firms produce the same amounts of output, employ equal amounts of

8The details of the derivation are given in the Appendix.

In models where firms choose the amount of hours (such as in the right-to-manage setup of Trigari, 2006,
and Christoffel and Linzert, 2006), hours are determined to equate their marginal product of labor with the
bargained wage.

10



labor, and, in particular, face the same marginal costs mc;. Similarly, for all households
T, =T = fol Tiidi. Finally, using the household budget constraint, firms profits, and the
government budget constraint, the resulting aggregate income identity is y; = ¢; + c(vy).

Output is used for consumption and for posting vacancies.'®

3 The cyclical behavior of marginal costs

In this first part of our empirical analysis, we use the model’s equilibrium condition on
the posting of vacancies to derive an expression for real marginal costs in the presence
of search frictions. We construct a synthetic measure of real marginal costs, based on
data on the labor share and other labor market variables associated with search frictions.
With this measure at hand, we then proceed to estimate the New Keynesian Phillips curve
using limited-information techniques. The empirical analysis is complemented by Bayesian

estimation of the full model in section 5.

3.1 Real marginal costs and search frictions

We show that a first-order approximation to real marginal cost can be decomposed into real
unit labor costs — as in the standard model without search — and terms that arise in the

presence of search frictions. We use the job creation condition (17)

c(ve) Yt d(ve41)
=maga=——-—Wi+(1—pFE —, 24
Q(gt) ! e ! ( p) tBtH Q(9t+1) ( )

where Wy = wihy denotes the wage per worker, and y;/n; = Atntaflhf‘. Note that, by
symmetry, the condition is the same for all jobs.
The key equation for understanding the role of search frictions in the labor market is
obtained by rewriting the equation above
o) (1—p)ES c (vig1)
Wi a(0:) P) AP 400, 1)
mey = + . (25)
a(yt/ne) a(yt/nt)

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

labor costs (the labor cost over the marginal product of labor), and a correction for the
current unit hiring cost relative to expected hiring costs next period. This latter term
can be interpreted either as cost savings from not needing to hire the worker again next
period. Equivalently, it equals the future marginal benefit of that worker, which needs to

be subtracted from current costs.

10Gee the Appendix for a summary of the model’s equilibrium conditions and constraints, its steady state,
as well as specification of the stochastic variables.
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In more compact form, the previous expression can be written as

mer = s¢(1 4 x4), (26)
where s; = % is real unit labor costs, which equals the labor income share divided by
the elasticity of output to employment. The term

1 Cl(’l)t) C/('Ut+1)
Ty = — —(1=p)ES , 27
T PTCN) =P BB q(0¢+1) 27)

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, Eq. (14) implies that real marginal cost is a constant that solely
depends on the demand elasticity €. That is, mec = (1 — 1/¢), which in turn is the inverse
of the steady-state markup. This is the standard implication of monopolistic competition.

In addition, it follows that
(1- %)MPL — W1+ ), (28)

where MPL = aZ 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
marginal cost of adjusting labor that include the hiring decisions. Thus, Eq. (28) is our

representation of expression (19) in Rotemberg (2006). In steady state, it follows that

W({l+z) =W+ ((0)) [1 — (1 — p)f]. On average, real marginal revenue covers the wage plus
the annuity costs of hiring per period.

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, we assume that vacancy posting costs are specified as

c(vje) = e, (20)

where €, = 1 corresponds to the linear case discussed by Pissarides (2000). Together with

the functional form of the matching function, the correction factor x; then becomes

€cCy

1 reccy
Tt = —

W L m efvtecfl —(1=p)EBy1—— 9§+1 §i11i| . (30)

Noting that total hirings in this model are b; = 0,q(6;) = mﬁ%fg. This implies Hf =
mt_g/(l_g)hf/(l_g)a SO that

vy = o [BO/ 00— (1 ) B B 0] (31)

W,
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where B = e.c,m™ /(178 Linearizing mc; = s;(1 + x;) then yields

e, =5 (32)
128 [ B + - 06— F) ~ B~ - P

where ¢ = - = H%, and B = B(1 —p).

In a Walrasian labor market, mc = s, so that ¢ = 1 and hence me¢; = ;. This
corresponds to the baseline specification in Rotemberg and Woodford (1999) and Gali and
Gertler (1999). Marginal costs are affected by the stochastic discount factor, EtBt 11 =
Et}:t_i,_l — /):t. The variable h; has two alternative interpretations. First, from the workers’
perspective, it represents the probability of being hired in period ¢, that is, the job-finding
rate. Second, it is an index of labor market tightness since it is proportional to the ratio of
aggregate vacancies to the unemployment rate.

Our general marginal cost equation nests two cases. For linear utility, 3, is constant, so
that the discount factor is irrelevant for first-order dynamics. This corresponds to the model

by Rotemberg (2006). On the other hand, when €, = 1, we obtain the equation implied by
the model of Blanchard and Galf (2007), who include a stochastic discount factor.!!

3.2 Calibration

We now study the properties of real marginal costs 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 it with proxies that have typically been used in empirical studies.

Fach period is assumed to correspond to a quarter. With regard to preference para-
meters, the benchmark value of the relative risk aversion parameter o is set equal to 1 (as
in Blanchard and Gali, 2007), although we also consider the case of linear preferences as
in Shimer (2005a) and Rotemberg (2006). We set the discount factor 8 = 1.037% 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).

The (quarterly) steady-state rate of exogenous and endogenous separation p = 0.05, a
value consistent with evidence by Yashiv (2006), slightly higher than 0.034 of Den Haan
et al. (2000), but lower than 0.086, the value used by Merz and Yashiv (2007). We set

€ = 11 as our benchmark value, which implies a steady state mark-up of 10 percent, and

"'The Appendix shows the corresponding derivations.
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which is consistent with the evidence presented in Basu and Fernald (1997). We set the
short run elasticity of output to labor o = 0.75. Using this calibration, the steady state
value for marginal recruiting costs over the marginal product is ¢ = 0.95. This value is
in line with the calibration in Rotemberg (2006) and Blanchard and Gali (2007). Finally,
given the calibration of 8 and p the discount factor B = 0.943, so that the contribution of
the labor market variables to the fluctuations of the real marginal costs becomes small, i.e.,
175 = 0.055.

We conduct some sensitivity analysis below that focuses on the calibration of the elas-
ticity of the matching function with respect to vacancies, 1 — &, and the concavity of the
hiring costs, €.. The elasticity of the matching function with respect to vacancies determines
how the job-finding rate responds to changes in its driving forces but it also 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 relevant 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 recently been used by Blanchard and Gali (2007) and
Mortensen and Nagypal (2007). Nevertheless, we also consider the alternative value 0.3 in
line with the estimates by Shimer (2005a). Regarding the elasticity of vacancy creation e,
we follow Pissarides (2000) and assume that recruiting costs are linear in vacancies posted,
i.e., €. = 1. As a robustness check, we follow Rotemberg (2006) and also consider concave

recruiting costs, which implies a value of ¢, = 0.2.

3.3 Results

Figure 1 presents a brief summary of some basic stylized facts about unemployment, vacan-
cies 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 Fig. 1.) Finally, as evident
from the bottom panel the correlation between labor market tightness and the finding rate
is very high (in fact, 0.9). Recessions are periods when there is a substantial fall in the
probability of finding a job, and are periods where the vacancy-unemployment ratio is low

relative to its average level.

12 A complete description of the data used in the paper can be found in the Appendix.
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Figure 2 depicts our imputed measure of marginal cost and real unit labor cost s; in the
baseline calibration. We also plot the three main components of marginal cost associated
with the presence of search frictions, i.e. Eq. (32): the contribution of the expected
changes in the finding rates, (1 — ¢) /(1— B8)¢/(1—&)(h; — BE/bs4+1), the contribution of the
stochastic discount factor, (1 —¢) /(1 — B)BEtBtH = (1=¢)/(1 = B)B[ENt1 — M, and
the contribution of the cyclical component of the real wage, (1 — ¢)w;.'3

The top left panel compares the typical marginal cost proxy in the New Keynesian
Phillips-curve literature, real unit labor cost, with our synthetic measure. 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. As can be seen from
Figure 3, this result remains qualitatively unchanged if we set the elasticity of the matching
function with respect to vacancies (1 — &) equal to 0.7, and use the tightness ratio as an
observable. The stochastic properties of real marginal costs remain unaltered.'* Overall,
this alternative calibration tends to reduce the volatility of marginal costs.

The reason for this result is illustrated in the other three panels of Fig. 2. The con-
tribution of the stochastic discount factor and the cyclical variation of the real wage are
negligible relative to the variability of unit labor costs. There is an interesting pattern,
however. Consistent with the ‘great moderation’ period, after the 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 its contribution is still very small.

Table 1 reports some basic statistics underlying the visual evidence in Figs. 2 and
3. In particular, we report second moments for quadratically detrended (log) output as
an indicator of the business cycle, real unit labor costs, and two measures of real marginal
costs for the model with the calibration following Rotemberg (mc?) and Blanchard and Galf
(mcPC), respectively. Note first that the percent standard deviation of real marginal costs
is larger than the one of detrended output and real unit labor costs.'® In the Rotemberg

calibration, where marginal costs depend explicitly on the variation in the cost of vacancies,

13The trend component was obtained using the HP filter method with a smoothing parameter A = 100, 000.

" This result is not surprising given the high correlation between the finding rate and tightness (see Fig.
1).
" Furthermore, the role of job separations as a means to smooth hiring is eliminated. See also Krause et
al. (2007) for more details on the computation of the marginal costs in models where the separation rate is
endogenous.
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we accordingly obtain a reduction in the variation of the marginal costs.

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

In Figure 4 we display the robustness of real marginal costs consistent with the Rotem-
berg calibration. Under this specification, marginal costs inherit the effects of the ex-
pected changes in vacancies. The importance of this effect for marginal cost dynamics
depends on the value of the elasticity of vacancy creation ¢.. The bottom panel of Fig. 4
presents the time series of this component, viz. the contribution of vacancies corresponds
to (1 — @)(ec — 1)/(1 — B)(Dy — BEDr41). As can be scen from Fig. 4 and Table 1, both
volatility and persistence remain similar to the specification by Blanchard and Gali, albeit
marginal costs under the Rotemberg specification are slightly less volatile (see Table 1).

To summarize, we find that adding search and matching frictions in the labor market
appears to affect the cyclical behavior of marginal costs only slightly in terms of comove-
ment, persistence and volatility. A typical proxy measure for real marginal costs, such as
unit labor costs, behaves similarly. This does not, however, allow us to conclude that these
measures have no substantial effects on inflation dynamics. We investigate this issue further
along two dimensions. First, we look at the correlation between inflation and marginal cost
using a limited information approach. Second, we analyze empirically how the presence of

search frictions affect inflation dynamics from a general equilibrium perspective.

4 Inflation and marginal costs: a limited-information approach

In this section we extend the analysis of Gali and Gertler (1999) to the case with search
frictions in the labor market. We present estimates of the New Keynesian Phillips curve
using the measure of real marginal costs constructed in the previous section. We begin by
noting that a log-linear approximation of the price setting condition (14) yields the famil-
iar New Keynesian Phillips curve, which describes inflation as driven by lagged inflation,

expected future inflation, and real marginal cost:

ﬁt — ’)/ﬁ'tfl = ﬂEt[ﬁ't+1 — ’}/ﬁ't] + K ﬂ/"L\Ct — ng/ (33)
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7 is price inflation expressed as a log deviation from steady state, mc; represents real
marginal cost, and € represents exogenous variations in the mark-up associated with changes
in the elasticity of demand. Since we allow for partial indexation to lagged inflation, current
inflation is affected by inflation in the previous period. Finally, the pass-through from
marginal costs to inflation, k, is a function of the elasticity of demand ¢ and the price
adjustment cost parameter 1. Given a value for the elasticity of demand, the slope coefficient
K= % pins down the price adjustment cost parameter. The previous expression can be

rewritten in a more familiar form as a hybrid New Keynesian Phillips curve

. 1 -
1+6 RN

where vy = 8/(1 + f7v), and the parameter on past inflation v, = /(1 + 7). As in
the original model of Gali and Gertler (1999), Eq. (34) corresponds to the hybrid NKPC.
When v = 0, the model corresponds to Rotemberg’s (1982) original contribution, so that

=vrEm + -1+ —— (34)

the model reduces to the purely forward-looking NKPC.

In this paper, we deviate from the analysis in Krause et al. (2007), where we use Eq.
(34) to define the set of orthogonality conditions for all t: Ey{(m; —~* 71—/ E{mi1} —
5 met) z¢} = 0, which can then be used to estimate the model using generalized method
of moments (GMM). Instead, we rewrite Eq. (33) as a relationship between inflation and
the expected discounted value of the future values of real marginal cost and mark-up vari-

ations:10

00
Ty =1+ %ZﬁkEt [MCtik + Petin,]- (35)

k=0
To estimate our model using (35), we need to forecast real marginal cost. Define mer = p,y,.
mei—1 4 ug, where 0 < p,,,. < 1, and the innovation u; is an i.i.d. innovation that is uncorre-
lated with €.!7 It is straightforward to compute the forecasts as follows: Eymceyr = pk,.

mey. Consequently, the equation for inflation that we estimate is:

Ty = Y1 + mey + €xt. (36)

1- 5/0mc

We jointly estimate the inflation equation and the AR(1) process for 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

of inflation, one lag of marginal costs, and two lags of the output gap, measured as the

16The methodology closely parallels the present-value approach used in the empirical finance literature.
1"We used the Box-Jenkins methodology to pin down the best AR model for marginal costs.
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deviation of non-farm business sector output from a quadratic trend.'®

In Tables 2 and 3 we present the results for the hybrid model over the period 1985:1 to
2005:1V, for the specification of the marginal costs under the Blanchard-Gali and Rotemberg-
calibration, respectively. We distinguish the baseline calibration of 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 marginal costs, i.e., using infor-
mation on the finding rates or labor market tightness. The first two columns report the
estimates of the indexation parameter 7, and the slope coefficient k. The next column gives
the implied backward-looking parameter v, obtained from the value of v and the calibrated
discount factor S. The final column shows 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 dynamics with a value
for the coefficient 7, around 0.4. These estimates are fairly stable across specifications,
and are in line with the results of Gali et al. (2005). Finally, the slope coefficient on the
marginal costs is significant but somewhat less precisely estimated, and implies that the
estimated probability of changing prices, i.e., the duration of prices being fixed, is slightly

larger than the one estimated in the literature.'

5 Inflation and marginal costs: a Bayesian full-information
approach

We now turn to an analysis of inflation and marginal cost dynamics in a full information
setting and estimate the full model. Our motivation is twofold. First, we are interested

in the plausibility and robustness of the calibration and limited-information analysis. The

8Gince it is possible that our instruments are only weakly correlated with the endogenous variables in
our model, we follow Stock et al. (2002) and Stock and Yogo (2002) and check for the presence of weak
instruments based on the gmin statistic of Cragg and Donald (1993). We compare this statistic against the
critical values compiled by Stock and Yogo (2002), who show how to test for the presence of weak instruments
based on this test statistic.

9 As shown by Sbhordone (2002), Rotemberg’s menu cost model of price rigidity due to firms facing convex
adjustment costs is observationally equivalent to a model based on Calvo (1983), where the price rigidity is
determined by a random draw of the firms that are allowed to change prices. The slope coefficient k = ‘;}1
(1—Bw)(1-w)

w

under the first interpretation is equal to k = under the second one, where w represents the
probability of changing prices. Hence, it is possible to use the slope coefficient « to pin down the probability
of chaging prices, w. For the baseline calibration, the Blanchard-Gali model implies a value or w = 0.85.
As recently shown by Thomas (2007), introducing strategic complementarities in a search setup allows
reinterpretation of the slope coefficient in terms of a lower w.
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model is richly parameterized and includes labor market parameters for which quantita-
tive information is difficult to come by or which are controversial in the literature.?’ Full
information estimates might thus give us an indication to what extent the marginal cost
series is correctly imputed. Furthermore, we are interested in the unobservable marginal
cost series that is consistent not only with the dynamics of inflation, but with full aggregate
dynamics. This allows us to ascertain not only the contribution of individual shocks, but
also to decompose the movements of inflation into endogenous components (those arising
from marginal costs and of lagged and future inflation itself) and exogenous driving forces.
It is precisely the latter aspect that is neglected in the limited information setting and that
may offer clues as to the small role of the labor market in explaining inflation.

Our empirical approach is Bayesian. We log-linearize the non-linear model around a
deterministic steady state and write the linearized equilibrium conditions in a state-space
form. After solving the model, we employ the Kalman-filter to evaluate the likelihood func-
tion of the observable variables which we then combine with the prior distribution of the
model parameters to obtain the posterior distribution. We evaluate the posterior numer-
ically by employing the random-walk Metropolis-Hastings algorithm. We report posterior
means and 90% coverage intervals as our estimation results. Further details on the com-
putational procedure can be found in Lubik and Schorfheide (2005) or An and Schorfheide
(2006).

We proceed as follows. We first discuss selection of the priors and the data employed
in the estimation. The posterior estimates are reported next, followed by impulse response
functions and variance decompositions which we use to discuss the sources of fluctuations
in our estimated model. We then report and discuss the filtered, model-consistent marginal
cost series and contrast it with the calibrated series from above. We conclude this section
by offering an interpretation of the role of labor market frictions in explaining inflation

dynamics.

5.1 Priors and data

We choose priors for the Bayesian analysis from a variety of sources. We roughly distinguish
between two groups of parameters, those associated with production and preferences, and
the labor market parameters. We choose tight priors for the former, but fairly uninformative
priors for the latter. One aspect of our analysis is a characterization of the information

content of the data with respect to these parameters. Share parameters are assigned a Beta-

20 Chief examples are the bargaining parameter 7 and the worker’s outside option b.
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distribution with support on the unit interval, while Gamma-distributions are employed for
positive-valued parameters. The priors are reported in Table 4.

The discount factor § is fixed at 0.98. All other parameters are estimated. We choose
fairly wide priors for the intertemporal substitution elasticity ¢ and the (inverse of) the
labor supply elasticity p with a mean of one for both parameters. Similarly, the mean
of the habit parameter ¢ = 0.5. The labor input elasticity « is tightly centered around
0.67, the average labor share in the U.S. economy, while the demand elasticity € is set to
a mean value of 11 which implies a steady state mark-up of 10%, a customary value in
the literature. The prior mean of the firm’s price adjustment cost v is set to 20, and the
indexation parameter v to 0.5.

The priors of the matching function parameters are chosen to be consistent with two
labor market facts, the observed job finding rate of 70% per quarter (Shimer, 2005a) and
the average unemployment rate over the sample of 6.3%. This leads to a prior mean of 0.7
for the match elasticity & and of 0.7 for the match efficiency parameter m. We set the mean
separation rate at p = 0.1, which is the value reported in den Haan et al. (2000). The
elasticity parameter of the vacancy creation cost function €, is chosen to have a mean of
one with a wide coverage region. It is centered at the baseline value in the literature, which
typically assumes constant creation costs. This allows us to evaluate the empirical evidence
provided in Yashiv (2006) against the calibration in Rotemberg (2006) who selects ¢, < 1.

We choose to be agnostic about the bargaining parameter n and use a uniform prior
over the unit interval. Similarly, the value of the outside option of the worker is crucial
to the debate on whether the search and matching model is consistent with labor market
fluctuations (Hagedorn and Manovskii, 2008). We pick a mean value of b = 0.4 with a wide
standard deviation, which implies a replacement ratio of slightly more than one-half of the
aggregate wage.

Finally, we choose a prior mean of the response of the monetary authority to inflation ..
to 1.5, and to output vy = 0.25. The prior mean of the interest rate smoothing parameter
p, is 0.7. These values are commonly found in empirical Taylor rules. We consider a
Beta distribution for the autocorrelation parameters of the shocks and an Inverse Gamma
density for the standard deviation of the shocks, which are assumed to have a high degree
of persistence and identical innovation variances with a wide coverage region. The baseline
specification of the model consists of six exogenous shocks: production technology, matching
technology, monetary policy, mark-up, discount factor, and the disutility of working. This

would allow us to estimate the model on at most 6 data series. For our baseline estimation,
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however, we use five series only.?!

We estimate the model on five data series: output, inflation, the interest rate, unem-
ployment and vacancies. Our data are quarterly and cover a sample period from 1984:1 to
2007:1. Although observations on all variables are available at least from 1964 onward, we
concentrate on a time period which is characterized by a single monetary policy regime, i.e.,
the tenures of Paul Volcker and Alan Greenspan as Federal Reserve Chairmen. The macro-
economic variables were extracted from the Haver database. All series, except interest and
inflation rates are passed through a Hodrick-Prescott filter with smoothing parameter 1600
and are demeaned prior to estimation. The output series is real GDP in chained 20008,
which we scale by the labor force measured as over-16-year-old employed civilians. The
interest rate is the quarterly effective federal funds rate, while inflation is the percentage
change in the GDP deflator. Unemployment is measured by the unemployment rate of over
16 year olds. The series for vacancies is the index of help-wanted advertisements in the 50

major metropolitan areas.

5.2 Parameter estimates

We report posterior means and 90% coverage intervals in Table 5. Three estimates stand
out. First, the labor supply parameter x has a posterior mean of 5.06 with a 90% coverage
region ranging from 3.4 to 6.8. This is quite high and considerably shifted away from the
prior, which indicates that the data are informative with respect to this parameter. Since
the model is estimated without data on hours worked, identification of the hours supply
parameter might be regarded as problematic. However, the estimation procedure constructs
an implied hours series to be consistent with the comovement in the observables.

The estimated value implies that hours do not vary much over the business cycle. Work-
ers are unwilling to substitute out of leisure, once employed, in order to incrementally work
longer. This is not to say that the overall labor supply elasticity for total hours worked is
low. It simply implies that labor input adjusts mainly along the extensive margin in line
with the findings of Cho and Cooley (1994).22 Workers do not have direct control over the
level of employment since it is governed by the matching process. However, firms can in-

crease employment by posting more vacancies, subject to two constraints: hiring costs ¢,v;°

21 Estimation turned out to be unstable, on account of likely identification problems, when the model was
specified with five exogenous disturbances. Adding an additional shock helped disentangle this. Furthermore,
in our robustness exercise, we add additional information in form of an observable to investigate the stability
of the estimates.

221t is likely that this finding is not robust to changes in the specification of the disutility of work. This
is left to future research, however.
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and wage payments, both of which reduce a firm’s incentive to seek employees. Since wages
and hours are jointly chosen in the bargaining process, they represent a ‘benefits package’
that resolves the relative volatilities of the intensive and extensive margin by smoothing
hours.

The posterior estimate of n is 0.67 with a 90% coverage region that lies between 0.38
and 0.97. Recall that the prior on 7 is uniform. The estimation shifts probability mass
towards stronger worker bargaining power. Wages, therefore, are more closely in line with
the marginal product, which depresses vacancy creation and thus increased movement in
employment. At the same time, the elasticity €. is estimated with a posterior mean of 3.35,
which makes vacancy creation very costly and compounds the effect of a fairly high degree
of wage flexibility. In other words, the algorithm largely shuts down the labor market
as a source of persistence and volatility, which echoes the findings in Krause and Lubik
(2007a).%

Estimates of the other labor market parameters are much less dramatic. All of them
show substantial overlap with the priors. The benefit parameter b is estimated at almost
the prior mean of 0.4, but is more concentrated. This indicates that aggregate data, seen
through the prism of this DSGE model, would adjudicate in favor of the Shimer (2005a)
calibration and its implication that the standard search and matching model cannot repli-
cate the dynamics of unemployment and vacancies.?* The posterior means of the matching
function parameters are in line with other values in the literature. The match elasticity &
of 0.68 is not far away from the prior, as is the match efficiency parameter m. Finally, the
estimate of the level parameter in the vacancy cost function ¢, simply replicates the prior,
and therefore is not identified in an econometric sense. This is to some extent an artifact
of the specific parameterization of the cost function.

The demand elasticity € and the labor share parameter o come in close to the prior.
Since the specific data set used appears to be uninformative, we fix both parameters at
their prior means of € = 11 and o = 0.67 in the rest of the paper.?’ The estimate of o as

0.92 is not implausible and reasonably tight and different from the prior. Since identifying

23 These estimates are substantially different from what is typically assumed in the calibration literature.
In most papers, vacancy creation costs are linear, i.e. . = 1. Rotemberg (2006) even assumes values as low
as €. = 0.2. In contrast, Yashiv (2006), estimates a convex cost function (e. > 1), albeit using micro-data
and a slightly different specification.

2"Hagedorn and Manovskii (2008) argue that values of b as high as 0.9 are more plausible, to which,
however, the posterior distribution assigns zero probability.

25 Estimating the baseline version with either or both parameters fixed shows virtually no differences in
parameter estimates. Using marginal data densities as measures of fit, we find that the preferred specification
allows for variation in e. The differences in posterior odds are tiny, however, and it is well known that they
are sensitive to minor specification changes.
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information on this parameter comes largely from the optimal hours choice we leave this
parameter unrestricted.

The estimates of the habit parameter and the inflation indexation parameter are some-
what surprising. Both are commonly seen as sources of intrinsic inflation persistence in
the NKPC. The habit parameter is effectively zero, while the posterior mean of ~ is 0.29.
Both parameter distributions are locationally different from their respective priors and quite
concentrated. The model thus relies on extrinsic sources of persistence, which, given our
discussion of the estimates of the labor market parameters, are likely to be the exogenous
shocks. This confirms the findings in Gali and Gertler (1999) who argue for a small, but
significant degree of indexation in price-setting, and, at the same time, confirms the results
above from the calibration and limited information exercise. The model generates enough of
a propagation mechanism to not have to rely on an intrinsic source of inflation persistence.
What the Bayesian estimation shows is that this is almost exclusively coming through the
exogenous shocks, rather than the elements added by the search and matching frictions in
the labor market. This is confirmed by the estimates (not reported) of the autoregressive
coefficients of the shocks which are largely clustered around 0.95.

We conduct one robustness check by adding more information to the model in the form
of an additional observable, namely the labor share. Our main concern is how this helps
with the identification of the labor market parameters. The series is the same as used before
in the limited information analysis; it is the total wage bill in the non-farm business sector
scaled by the respective output. Posterior estimates are reported in Table 6. The most
notable finding is that the labor share series adds persistence to implied marginal cost and,
therefore, inflation. This is evident from the reduction of the intrinsic persistence parameter
from 0.3 to 0.2. As an observable the labor share captures enough of the second moments
inherent in inflation to serve as a good proxy for the unobserved marginal cost (which is
a main reason why this variable has been used from Gali and Gertler, 1999, on forward).
Search and matching frictions add to this, so that only a smaller component of inflation
persistence is explained by the backward-looking term.

However, the estimates also reveal potential identification problems. The posterior for
the benefit parameter b essentially overlaps with the prior, while the vacancy cost elasticity
€c is not markedly different from unity. The price stickiness parameter is now estimated an
order of magnitude smaller than the prior mean, which stems from the use of the labor share
as an observable. The labor supply elasticity u is much smaller than in the baseline, but

still shifted away from the prior. This indicates that an inelastic hours supply is required to
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match the joint behavior of the labor market and inflation, unless there are other sources

of persistence.

5.3 Impulse response functions and variance decomposition

We report the impulse responses of the observables to the structural shocks in Figure 5. The
effects of a one-standard-deviation technology shock are standard. Output increases, and
firms respond by posting vacancies and letting current employees work longer. This stands
in contrast to the widely-discussed finding by Gali (1999) that a technology shock has a
contractionary effect on hours worked.?® The difference lies in the labor market framework.
Persistent technology shocks raise the value of a job to the firm. In order to cover the
required outlays for vacancy postings, firms produce more output through higher hours.
This obtains despite a low estimated hours supply elasticity and convex vacancy costs.

The effects of shocks to the demand elasticity € are virtually identical to those of tech-
nology shocks, except for scaling. This addresses the suggestion by Rotemberg (2006) that
demand shocks can help explain the volatility puzzle in search and matching models. Tech-
nology shocks raise the marginal product of labor and thereby put upward pressure on
wages, which in turn reduces the incentive of firms to post vacancies. In contrast, expan-
sionary demand shocks, which amount to a reduction in market power, make firms want to
increase employment, but at the same time reduce marginal revenue and thus wage pres-
sures. Consequently, incentives to post vacancies remain high. Note also that the output
response is of the same order of magnitude as under a technology shock, while the response
of unemployment and vacancies is much larger for this type of demand shock. Both shocks
generate similar endogenous propagation and appear as equally important driving forces
for labor market variables. Finally, innovations to the match efficiency m; have a strong
negative effect on unemployment and vacancy creation, but are on balance expansionary
(although not to the same degree as technology shocks).

Impulse response analysis can only give an indication as to the most important driving
forces of the business cycle. We compute the model’s variance decomposition in order to
investigate this issue further. The results are reported in Table 7. In the estimated model,
unemployment and vacancies are exclusively driven by mark-up and matching shocks. This
is not surprising since the latter are identified from the employment equation as the inno-
vation to the rate of transformation of old into new employment. This is reminiscent of

an investment-specific shock in the RBC literature. Similarly, the mark-up shock mainly

26Note that total hours also increase over the entire adjustment path.
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operates through the job creation condition as it affects the expected value of a job. An
important implication of this finding is that search and matching models that do not include
either shock offer an incomplete characterization of business cycle dynamics.

The picture for the other variables is more balanced. 67% of output variations are
explained by technology shocks, and 27% by the mark-up shock, the effect identified by
Rotemberg (2006). The labor supply shock x has virtually no effect on the model’s estimated
business cycle behavior. The shock to the discount factor ¢, on the other hand, almost
fully explains the behavior of the nominal interest rate. The intertemporal preference
shock functions as the residual in the Euler-equation. Since the model implies consumption
smoothing and the anti-inflationary policy renders inflation less volatile, variations in the
nominal interest rate are picked up by the unobserved component, that is, (;,1/¢;-

This also helps explain the slightly counterintuitive behavior of inflation, which is driven
to almost 75% by the policy shock. This is due to two factors. First, the model is estimated
over a period during which monetary policy was conducted in an anti-inflationary manner,
as evidenced by the high estimated reaction coefficient. Disturbances are counteracted by
the endogenous policy reaction with the result that inflation does not move much. What-
ever dynamics there are, are explained by the exogenous component to policy, the policy
shock. Second, the variance decomposition indicates that independent movements in the
components of marginal cost effectively counteract each other. While mark-up and match-
ing shocks are the main driving forces of unemployment and vacancies, their contribution
to inflation is minimal, which supports the conclusion arrived at before that search and
matching frictions are seemingly negligible for marginal costs dynamics.

When we include the labor share in our set of observables, the variance decomposition
reveals some differences to the baseline (see Table 6). The labor share is explained to 66%
by the mark-up shock, which is due to its impact on the marginal revenue product. This
also affects the role of mark-up shocks for vacancy fluctuations, whose main driving forces
are now matching shocks. Interestingly, the determinants of movements in unemployment
are roughly unchanged. As in the baseline version, these three shocks do not have any
influence on interest and inflation dynamics.

To summarize, evidence from the baseline estimates confirms the findings from the
calibration-based analyses above. Search and matching frictions in the labor market do not
seem to matter much for the dynamics of inflation. However, the contributions of individual

shocks are not robust to the inclusion of additional information.
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5.4 Model-consistent marginal costs

We now extract the implied marginal cost series by using the Kalman-smoother at the pos-
terior mean. This procedure is essentially similar to the approach pursued in the calibration
analysis as we attempt to describe the behavior of an unobservable by using observable vari-
ables. The crucial difference is that the likelihood-based estimation imposes the optimal
instruments and the cross-equation restrictions from the model. More importantly, how-
ever, the smoother extracts the pure marginal cost series conditional on the model’s shocks.
The imputed series is reported in Figure 6 along with the calibrated series from the baseline
specifications using the Rotemberg and Blanchard-Gali timing conventions.

Two observations are immediate. The filtered series is more persistent and volatile, and,
second, the turning points do not line up. At first glance, the two types of series appear
to be unrelated. The explanation for this seeming disconnect is that the calibrated series
include the contributions of the exogenous shocks impacting the economy, while the filtered
series is constructed such as to strip them out. In the reduced form of the full model, the
equation associated with the NKPC can be decomposed into endogenous variables, which
make up the implied marginal cost term, and the model’s shocks. The filtered series is
thus conditional on the identified shocks, whereas the calibrated series shows the average,
unconditional behavior of marginal cost over the business cycle.

The flip side of this argument is that search and matching frictions do contribute sig-
nificantly to marginal cost dynamics. Their contribution, however, is obscured by the fact
that the variables in the model are buffeted by shocks that imply specific comovement.
Consequently, the contribution of the labor market is reduced. In that sense, the calibrated
version of the marginal cost series is truly from a partial equilibrium, reduced-form per-
spective, whereas the filtered series depicts the endogenous contribution of marginal costs
to aggregate dynamics inclusive of labor market frictions. This suggests that our calibra-
tion analysis, and therefore the limited information approach, is not well primed to address
this question in the absence of explicitly modeling the interactions of the endogenous and

exogenous variables. This, of course, is akin to conducting a full-information analysis.

5.5 Interpretation

Estimation of the full New Keynesian model using likelihood-based methods allows us to
draw a few conclusions regarding inflation and marginal cost dynamics. The first obser-
vation concerns the robustness of the parameter estimates. While the matching function

parameters £ and m are tightly estimated across specifications, there is scarce information
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in the data about, notably, the benefit parameter b. The source of intrinsic persistence is
robust over all specifications: habit formation plays virtually no role; on the other hand,
backward-looking price-setting, i.e., the lag coefficient in the NKPC, is significant but small.
For other parameters, the estimates vary widely, across specifications. The labor supply
parameter p and the bargaining share 7 are a case in point. Essentially, they are not identi-
fied, both in an econometric sense (which judicious use of a Bayesian prior can remedy) and
an economic sense. The use of more information, such as data on hours worked and wages
can potentially alleviate this. However, this leads us to the caveat that a calibration-based
analysis which rests on these parameter values should be approached with caution.

The second conclusion concerns the results from the limited-information analysis. Search
and matching frictions do not appear to add much explanatory power for marginal cost and
inflation dynamics. The two most important determinants in that respect are the labor share
(as a proxy for unit labor cost) and a lagged inflation term. The full-information approach,
however, illuminates subtle qualifications to this conclusion. The calibration-based approach
from above is essentially an unconditional analysis. It captures the average behavior of
inflation, marginal cost and labor market variables over the business cycle. Moreover,
the calibrated marginal cost series, which we use as input for the GMM estimation, may
violate the cross-equation restrictions that are implicit when we estimate the full model as
a data-generating process. When we impute the unobservable marginal cost series, we use
individual data series irrespective of how they were generated. This procedure therefore
conflates the responses of endogenous variables and the exogenous impact of shocks.

Third, we find that mark-up shocks are the main driving forces behind labor market
variables, but they are not as important in explaining output fluctuations. Vice versa,
technology shocks have low explanatory power for the labor market. This result is in line
with the Shimer (2005a) puzzle, which essentially demonstrates a disconnect between the
labor market side and aggregate dynamics (see also the discussion in Krause and Lubik,
2007a). We also substantiate the argument in Rotemberg (2006) who demonstrates the
importance of mark-up shocks. As already evident from the simple sample correlations in
section 3, comovement between marginal cost and inflation has changed both over time and
across the incidence of shocks. We would therefore argue that findings in the empirical
NKPC literature which identify marginal cost as a variably unimportant driving force of
inflation rest on specific historical episodes.

Finally, we also offer a few perspectives on the labor market literature. Based on our

estimates, the aggregate evidence points towards a low replacement ratio. Contrary to
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Hagedorn and Manovskii (2008), high values of b appear not to be a solution to the Shimer-
puzzle, as the estimation puts very low probability weight on their values. We also identify

mark-up shocks and matching shocks as crucial for explaining labor market dynamics.

6 Conclusion

In this paper, we develop and estimate a baseline New Keynesian model with labor market
frictions. We find a relatively low impact of search frictions on the cyclical variation of
real marginal costs beyond that of real unit labor costs. From the structural estimation
of the full model we identify the sources of macroeconomic fluctuations that are needed
to explain labor market dynamics and inflation. Exogenous movements in the marginal
revenue product of labor associated with changes in desired mark-ups help explain vacancy
and unemployment fluctuations without any effect on inflation.

We arrive at these results using both limited- and full-information estimation techniques.
The limited-information estimation based on GMM shows that the labor share (or unit
labor costs) and real marginal costs exhibit very similar dynamics, which appear unaffected
by the inclusion of labor market variables. The full-information Bayesian estimation of the
model confirms the dichotomy between labor market frictions and inflation, and furthermore
identifies the importance of mark-up shocks as a driving force of business cycles.

Whether mark-up shocks are to be regarded as structural shocks or endogenous responses
of mark-ups through some unmodeled channel is an issue for further research. Mark-ups do
vary over the business cycle, as has been observed before (see, for example, Rotemberg and
Woodford, 1999). We do not take a stand on the ultimate sources of mark-up variations.
But their ability to generate realistic labor market dynamics in the search and matching
framework casts doubt on the pessimistic assessments by Hall (2005) and Shimer (2005a),
who solely focused on real supply shocks as the driving forces of vacancy and unemployment

fluctuations. Allowing for demand shocks potentially changes the picture.
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Appendix

1. Derivation of the wage equation under Nash bargaining and endogenous
hours
Firms and workers bargain each period over how the joint surplus of their match is
divided. The solution maximizes the Nash product
(l aWt(nt)Y <8$(nt)>1_"
Xt Onyg o ’

the arguments of which 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 ¢

1 8Wt(nt) . 1 h};r#
Nie  Ong withit = b - it GXe 1

1 8W§+1(nit+1)
i1 Ongeyn

(1= p)(1 = O119(0441))] -

This is the derivative of the household’s value function with respect to employment n;;.

+ Et/Bt—i—l Y

Division by A translates the utility units of W in terms of goods. The firm’s surplus is the

marginal value of a worker:

N (mjt) -1
atTjt] = mctAtom;?‘t hjat — ’wjthjt —+ Etﬁt-‘,—l

0T} 1 (njr1) (1- p)] '

Onji1

The first-order condition with respect to the wage is (dropping the indices j and 7):

1 8Wt ng a% Nt
(1-m+ () _ 7 ()
)\t Bnt 871,5
This equation can be interpreted as a sharing rule according to which each party obtains a

fraction of the joint surplus. That is: %ngt_n(tnt) = (8‘{57(:0 + )\itavgtn(tnt)> and accordingly

for the firm. To find the wage, insert the value functions into the sharing rule

1 h%+ﬂ 1 BWtJrl (ﬂt+1)
(1-mn) (wtht —b— )\—tCtXt—l T + BBy {(1 —p)(1 - 9t+1‘](9t+1))>\t+1 O }

3%+1(nt+1)]> 7

Ong1

=1 (mctAtomto‘lhf —wihy + BBy [(1 - p)
and rearrange:
Arondthg ( ) . h%ﬂl
wihy = nmeAran® hS + (1 — b+
thy = nmcgAranghy n )\tXtCt1+M

1 3Wt+1(nt+1)]
At+1 Ongqr

S (-0 By [(1 )1~ Orag(O00))
3«7t+1(nt+1)} '

+nEiB [(1 - p) O

29



Because of continuous renegotiation, the sharing rule must also hold in the future (1 — ) ﬁ %ﬁt“) =
OTt+1(net1)

n Ong 1 . Slmphfymg, yields;

1 L
wihy = nmmeiArand ™ h + (1 —n) | b+ )\—txtCt T+

3.7t+1(nt+1)]

+nEiBiiq |(1—p)0t1q(0iv1) Dy

Use the first-order condition for vacancies posted, noting that the Lagrange multiplier of

the firms optimization problem is ju; 1 = 0Jj41(ni41)/0ne41

d (ve41) _ 0Ti41(ne41)
q(0¢11) Ongyq

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

1+p

1w 1
wtht = nmctAtcm? lht + (1 — T]) (b + )\—tXtCt 1 t_._ /L) + 77(1 — p)Et/Bt+19t+1C/(vt+1)'

To determine the choice of hours, maximize the Nash product

(i awtmt))” (ajtmt))l—n’

)\t 8nt 87745

with respect to hours and obtain (using the previous result (1 —n) )\it 6)/&(?) = na‘gxt))

1 o
/\—tXtCthfsztOfQAtn? Ty,

or:

1

mctonAtnto‘fl Itp—a

hy = ——N\ :
pe

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.

3. Comparing the Rotemberg and Blanchard-Gali models

Blanchard and Gali (2007) analyze a version of the New Keynesian model with search
and matching frictions that differs from our baseline specification in that hiring is instan-
taneous. 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 optimal
hiring decisions are not determined by an intertemporal condition. Jobs are destroyed at

the fixed rate p and employment evolves as:
njt = (1 = p)nje—1 + Hjy.
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Current-period employment depends on last period’s employment that survives the separa-
tion shock, and current period hiring. Hiring Hj; is given by v;:q(6;) as before. Hiring costs
per firm are H;;G; where G; = Bhf, with b, = H; /Uy and 6 > 0. B is a positive constant
satisfying pB < 1. G; and q(0;) are taken as given by firms. Thus, firm j hiring costs are
Nt = v;1q(04)Gy. The first-order condition for employment is
Yt
Bh? = mCtOén—t - Wi+ (1- p)Et6t+1Bh?+1a
which can be used to write the marginal costs as in our general expression (26), where now,
1

W, [Bf)g - (1- P)EtﬁtJrlBh?H]-

Ty =

As emphasized by Blanchard and Gali, the first term in x; captures the cost of hiring a
marginal employed worker, while the second relates to the savings in hiring costs resulting
from the reduced hiring needs in period t + 1. To avoid potential confusion, note that our
b corresponds to their z; = H;/U;. In our setup, b, = H; /Uy = 04q(0;) = m@tlfg, so that
b = m@%lf@a. Rotemberg (2006) uses the large firm assumption to motivate 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(vjt) = v,

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 ¢4 1 are observed at the end of period ¢, before vacancies are chosen.
Essentially, this amounts to hiring taking place contemporaneously, as in Blanchard and

Gali above. Therefore, we write from the outset the following evolution of employment?”
njt = (1 = p)nji—1 + v;eq(0).

Note that in Rotemberg’s specification vacancies and labor market tightness would be timed
t—1. The difference to our baseline setup is that new jobs are not affected by job destruction.
The first-order condition for this setup is therefore:

—1 €c—1

ECCUUEC Yt €cCy¥sqq

——— =mcga— - Wi+ (1 —p)Efi  ————.
Q(Qt) ' g i pIE: s q(0141)

It follows from the previous expressions that the only difference to Blanchard and Gali

(2007) is the specification of the returns to scale in vacancy posting. This expression can

?"Tn Rotemberg (2006), vacancies and labor market tightness would be timed ¢ — 1.
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be used to write the marginal costs as in our general expression (26) with

L

i (BOe T = (1= DB BO Vi

Tt —

where B = <. Note that Rotemberg assumes that the households’ utility of consumption
is linear, so that 8, = B, for all t. For ¢, = 1, and bh; = 0,51_5 & 9§ = hf/(l_g), with
d = &/(1 — &), this expression is equivalent to the formulation above, i.e. Blanchard and
Gali (2007) is identical to Rotemberg (2006). The new element is the negative dependence
of hiring costs on vy, arising from returns to scale in vacancy posting when €. < 1. It is worth
mentioning that contrary to our Eq. (27), the two expressions have two distinctive features.
First, the extra-term depends positively on current hiring, vacancies and labor market
tightness and negatively upon 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, 5, .

4. A complete description of the baseline model and the steady state

The Stochastic Model

Euler equation At = BB 11 {Rt%J s A= Clep —6Crq) 7
Production Y: = Ay “h
Resource constraint  Y; = C; 4 ¢(V})
Unemployment w=1—1—=png_1,n = (1= p)ng1+ M_1], My = mtufvtlf'g
Job creation %Uf)vt =(1- p)EtBtH [mctHaAtng:llhf‘H — Wi her1 + c’(vt+1)]\1i}:1]
B plte

Wage wehy = nmegaAmg ™ e + (1 —1) (b + A%XtCtlﬁr—u) +1(1 = p)EefBy 110441 (Ve41)
Hours hy = (mCtOézAm—;'%1 )\t) o

X¢Ct
Inflation v <7rt7rt__717r7*1 — 1) mym, L

= BBy (7Tt+177t_y7r7*1 - 1) 7Tt+17Tt_77T771YtTfl + (1 — &) + emey,
Pr 1_pr

Taylor rule B = (R}%?) {(%)T” (%)ryw el
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The Steady State

Marginal utility A=(1—-¢)"7C°
Euler equation 1=pBRr!
Production Y = (nh)®
Resource constraint Y = C + ¢(v)
Employment n=p1-pM
Unemployment u=1-(1-p)n
Matching M = ufvl~
Job creation C/]S[})v = (1 —p)B [meaL —wh + (v)]
— 1+p
Wage wh = mmean® e + (1= ) (b+ ) +0(1 = o (v)
1
Hours h = (—mCO‘Z”%l )\) e
X
Inflation me = <
4. Data

We take the series for the job separation and the job finding rate from Shimer (2005b).
They are quarterly averages of monthly rates. Shimer calculates two different series for
the job separation and job finding rate. The first two are available from 1948 up to 2004.
He uses data from the Bureau of Labor Statistics for employment, unemployment, and
unemployment duration to calculate the instantaneous rate at which workers move from
employment to unemployment and vice versa. The two rates are computed under the as-
sumption that workers do not make labor force participation 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 microdata to directly calculate the flow of
workers that move in and out of the three possible labor market states (employment, unem-
ployment, 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, they also account for time aggregation prob-
lems. Elsby et al. (2007) also propose some refinements of the correction methods used by
Shimer based on publicly available data from the CPS. Interestingly, they also distinguish

employment-to-unemployment flows stemming from job loss and from job leaving, and they
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show that these two flows have very different cyclical properties. Thus, we use their dis-
aggregated 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 o U(t)

June87)’
HW Index. We construct the quarterly averages of monthly rates that are available starting

which is consistent with

at January 1951. Finally, our measure of marginal costs corresponds to the Nonfarm Busi-
ness Sector. 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 cor-
responds to the sum of real non-durable (PCNDGC96) and services (PCESVC96), respectively.

Finally, CNP160V is the civilian non institutional population.
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Table 1. Basic Statistics: Baseline Calibration

Sample Period : 1960 — 2005

Sample Period : 1985 — 2005

Variable s.d.(%) p Cross Correlation s.d.(%) p  Cross Correlation
s mcBPY  melt s mcPC meR
Y 2.95 95 -0.12 -0.10 -0.14 1.93 95 030 0.28 0.21
s 2.09 .92 1 0.83 0.84 1.78 91 1 0.76  0.75
meBC 2.62 .69 1 0.97 2.27 .53 1 0.97
mch 2.39 .63 1 2.08 45 1
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Table 2. GMM Estimates: 1985-2005
Blanchard-Gali Specification
g K Vb Jr

Finding Rates:

Baseline Calibration 0.682 0.013 0.407 6.55
(0.124)  (0.007)  (0.045)  (0.044)

Alternative Calibration 0.635 0.026 0.389 6.26
(0.119)  (0.013)  (0.045)  (0.044)

Using Tightness:

Baseline Calibration 0.698 0.0062 0.406 7.17
(0.124)  (0.0037)  (0.044)  (0.044)

Alternative Calibration 0.692 0.0085 0.410 6.97
(0.124)  (0.005)  (0.043)  (0.044)

Note: In all cases the dependent variable is quarterly inflation measured using the GDP Deflator.
The sample period is 1985:1-2004:1V. Standard errors are shown in brackets. The instrument set
includes two lags of detrended output, and one lag of real marginal costs. The hazard rates are from

Shimer (2005b). The results are unchanged under alternative hazard rates.
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Table 3. GMM Estimates: 1985-2005
Rotemberg Specification
g K b Jr

Finding Rates:

Baseline Calibration 0.682 0.007 0416 6.72
(0.124)  (0.0040)  (0.045)  (0.044)

Alternative Calibration 0.704 0.007 0414 6.87
(0.129)  (0.0039)  (0.044)  (0.044)

Using Tightness:

Baseline Calibration 0.698 0.007 0.416 7.68
(0.124)  (0.0041)  (0.045)  (0.044)

Alternative Calibration 0.692 0.007 0417 6.70
(0.124)  (0.0041)  (0.046)  (0.044)

Note: In all cases the dependent variable is quarterly inflation measured using the GDP Deflator.
The sample period is 1985:1-2004:1V. Standard errors are shown in brackets. The instrument set
includes two lags of detrended output, and one lag of real marginal costs. The hazard rates are from

Shimer (2005b). The results are unchanged under alternative hazard rates.
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Table 4. Prior Distributions

Definition Parameter Density Mean  Std.
Relative Risk Aversion o Gamma 1.00 0.10
Habits S Beta 0.50 0.20
Inverse of Labor Supply Elasticity 1 Gamma 1.00 0.50
Elasticity of Output to Labor Input « Beta 0.67 0.02
Elasticity of Matching to Unemployment 13 Beta 0.70 0.05
Match Efficiency m Gamma 0.70  0.10
Elasticity of Vacancy Creation €c Gamma 1.00 0.50
Scaling Factor on Vacancy Creation Ce Gamma 0.05 0.02
Bargaining Power of the Worker n Uniform 0.50 0.25
Unemployment Benefit b Beta 0.40 0.10
Separation Rate p Beta 0.10 0.02
Indexation v Beta 0.50 0.20
Price Adjustment Costs P Gamma 20.00 5.00
FElasticity of Demand € Gamma 11.00 1.00
Interest Rate Smoothing Pr Beta 0.70 0.02
Interest Rate Response to Inflation Ve Gamma 1.50 0.10
Interest Rate Response to Output Yy Gamma 0.25 0.05
AR-Coefficients of Shocks p's Beta 0.90 0.05
Std. Deviation of Shocks o's Inv. Gamma  0.01 1.00
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Table 5. Posterior Estimates: Baseline Model

Prior Posterior
Mean Mean 90% Interval

Relative Risk Aversion o .00 0.92 [0.75, 1.08
Habits S 0.50  0.03 [0.00, 0.05
Input Elasticity «a 0.67  0.65 0.61, 0.68
Labor Supply Elasticity 1 1.00  5.06 3.42, 6.75
Elast. of Matching 13 0.70  0.68 0.62, 0.74
Scaling Factor Matching Function m  0.70  0.72

]
[ ]
[ ]
[ ]
[ ]
[0.57, 0.86]
Elast. of Vacancy Cost €c 1.00  3.35 [2.35, 4.35]
[ ]
[ ]
[ ]
[ ]

Bargaining Power n 0.50 0.67 |0.38, 0.97
Worker Outside Option b 0.40  0.42 0.38, 0.46
Separation Rate ) 0.10  0.06 0.04, 0.08
Indexation vy 0.50 0.29 0.04, 0.55
Price Adjustment Costs v 20.00 9.06 [5.27, 12.73]
Elasticity of Demand e 10.00 10.71 [9.09, 12.41]

Interest Rate Smoothing py 070  0.61 [0.58, 0.68]
Inflation Response v, 150 224  [2.05, 2.43]
Output Response v, 025 014 [0.10, 0.19]
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Table 6. Robustness: Labor Share

Parameter Estimates

Mean 90% Interval Mean 90% Interval
o 093 [0.75,1.10] n 029  [0.00, 0.83]
¢ 003 [0.00,0.05 b 034 [0.17, 0.53]
po 196 [0.79,2.83] ~ 021 [0.03, 0.41]
€ 072 [0.64,080 < 208 [1.08, 2.98]
e 122 [0.87, 1.57]

Variance Decomposition

Technology Mark-Up Matching Lab. Supply Preferences Policy

Y 0.80 0.03 0.06 0.10 0.00 0.00
U 0.01 0.45 0.53 0.00 0.01 0.00
v 0.11 0.05 0.81 0.02 0.00 0.00
ls 0.21 0.66 0.08 0.02 0.00 0.03
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Table 7. Variance Decomposition: Baseline Model

e 2 A

Technology Mark-up Matching Lab.Supply Preferences Policy
0.67 0.27 0.00 0.05 0.00 0.00
0.05 0.02 0.00 0.00 0.19 0.74
0.07 0.02 0.00 0.00 0.90 0.00
0.03 0.60 0.37 0.00 0.00 0.00
0.05 0.94 0.01 0.00 0.00 0.00
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Labor Market Variables

Unemployment and Vacancies
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Figure 1: Some labor market variables. Top panel: unemployment rate (solid line) and
vacancies (dotted line). Bottom panel: tightness ratio (solid line) and finding rate (dotted
line). The shadowed areas correspond to the NBER recession dates.
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Components of the Marginal Costs
Blanchard-Gali Baseline Calibration (Finding Rates)
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Figure 2: Real marginal costs and search frictions. In the top panel we plot unit labor costs
(solid line) and real marginal costs (dotted line). The shadowed areas correspond to the
NBER recession dates.
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Real Unit Labor Costs and Marginal Costs
Blanchard-Gali Approach

Baseline Calibration
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Figure 3: Real marginal costs under alternative calibrations. The solid line represents unit
labor costs and the dotted line real marginal costs. The shadowed areas correspond to the
NBER recession dates.
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Components of the Marginal Costs

Rotemberg Specification

Real Unit Labor Costs vs Marginal Costs
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Figure 4: Real marginal costs in the Rotemberg model.
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In the top panel the solid line

represents unit labor costs and the dotted line real marginal costs. The shadowed areas

correspond to the NBER recession dates.
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Figure 5: Impulse Response Functions: Baseline
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