WP/03/149

'\ IMF Working Paper

The Cost Channel of Monetary Policy:
Further Evidence for the United States
and the Euro Area

Pau Rabanal

INTERNATIONAL MONETARY FUND



© 2003 International Monetary Fund WP/03/149

IMF Working Paper
Monetary and Financial Systems Department

The Cost Channel of Monetary Policy:
Further Evidence for the United States and the Euro Area

Prepared by Pau Rabanal®
Authorized for distribution by David Marston
July 2003

Abstract

The views expressed in this Working Paper are those of the author(s) and do not necessarily
represent those of the IMF or IMF policy. Working Papers describe research in progress by the
author(s) and are published to elicit comments and to further debate.

This paper estimates the importance of the cost channel of monetary policy in a New Keynesian
model of the business cycle. A model with nominal rigidities is extended by assuming that a fraction
of firms need to borrow money to pay their wage bill. Hence, monetary policy tightenings increase
effective unit labor costs of production, and might imply an increase in inflation. The model explains
the joint dynamics of output, inflation, real wages, and interest rates, and is estimated using a
Bayesian framework and data for the United States and the euro area. The main result is that cost
channel effects are absent in both cases. Moreover, it is not possible to obtain a “price puzzle” type of
behavior from estimated impulse responses to monetary policy shocks.

JEL Classification Numbers: Cl1, C15, E3], E32
Keywords: Price Puzzle, New Keynesian Models, Bayesian Methods, United States, Euro Area

Author’s E-Mail Address: prabanal @imf.org

'1am grateful to the Econometric Modeling Unit at the European Central Bank, and especially to
Alistair Deppe, for providing me with the euro area data. I would like to extend my thanks to
Andreas Billmeier, Oya Celasun, Federico Ravenna, Juan Francisco Rubio-Ramirez and Robert
Tchaidze for helpful comments and discussions, and to Natalie Baumer, Karen (K.C.) Craig and India
Owen for editorial assistance. All remaining errors and ormissions are mine.



Contents Page
L INErOAUCHION ..v.eececiieccieect e tete e e et s sae st e e ra s ba e s b e e b e s e e s e s a s e senesamerasarararesnesarassesaneaneanaane 3
IL THE MOME] .ooieieiiereiieerrrerraerrsssessss et e e rssa s eesmeeanesnessessbacasesamsesasasenenesemesnsenessneneessnenens 5
AL HOUSEHOIAS....coveiieiieiers e r e st n 6
B. Final GOOA PrOQUCETS.....ccciviiciiiie et scre st s s see s sises e s es s mnessmssmsss e snessenans 8
C. Intermediate Goods Producers and the Cost Channel...........coccnviniinninniinininnes 9
D. Price and Wage Setting under Staggered Contracts.......ccoevieimiivcecccivcecccee, 10
E. Monetary and Fiscal POLICY ......c.ccovereareeienmiieniriim e siesisisisssssssssssssnnssnsns 12
HI. The Linearized MOdel.......ovveocreoreeecreeeseeetecerece et st st e s e ee e sm s s e me s e e e ne e e 13
IV. Econometric MethodOlOZY ..o e 15
AL THE DAt eiiirieererrrreee e sterte e ee e s sesaee seesaseseee e e e saesaneaar e s e e s e saeesaenanermennens 16
B. Prior DistIiDULIONS ....cccveiiireriesiveninssisrisnre e enimcssssassssasssressnesessssssssssssaessassarsanss 17
C. The Law of Motion and the Likelihood Function..........c.ccoooeiiiiiiiiiicinineec 19
D. Drawing from the Posterior and Computing the Bayes Factors ..........cooviiiiinne 19
RS 20 Y 17RO 21
A. Posterior Distributions of the Parameters ............cccoconiniinsinnos o, 21
B. Analysis of Impulse ReSponses.......cooiiniicin et 27
C. Generating the Price Puzzle through Cost Channel Effects.....ccoovivinnnicniriinninnns 29
VI Concluding Remarks ..ot et 31
Tables
1. LineariZed SySteIML.. . coc it rse st r e er e e as s na s et s d e 13
2. Prior DistTIDULIONS. ....eerrveccereeeireisiestcireninensssenesessaserersesesesosssensescas e sassasse s smes e s e samssasssnons 18
3, Posterior Distributions, U.S. ...t rcs st ass s e sssasasssana s nassnansanes 23
4, Posterior Distributions, EUT0 AFEa..........coiviiiiiiiieiinisisinsiiinsnssissrsssssssssnresssnsrsssmsvessmssssnsesses 26
Figures
1. Posterior Distributions, United STALES.........cccceivveeieieeecrrereeesnresnresesesersessnessnseensesessessassnsans 22
2. Posterior Distributions, EUID ATCa.........ciciciiiiiniincieencnenersrsesrsressssssscsssisessssoneress sssrossaness 25
3. Impulse Responses to Monetary and Price Markup Shocks......cooveeecciiiiniiee. 28
4, Impulse Responses to Technology and Fiscal ShockS......coivnmrienvemrerrsreimneenccieee 29
5. THE PLICE PUZZIE ...ttt ev s tcects e sasaseraser s s n s s e s e me s s s seb e sa s s e s e sbenmcne 30

R O IO ..o e e ee e see e e e e es v ettt e e eeaeeeaseanstintssbatassssssssossssssenntarsssnnnansssnsmnnamanseesesessannneereaneasns 32



I. INTRODUCTION

‘What is the effect of monetary policy on prices? The conventional view suggests that
monetary policy tightenings are associated with declines in output and inflation. However,
one of the most controversial findings in the empirical literature on monetary policy shocks is
the so-called “price puzzle,” whereby a tightening of monetary policy is associated with an
increase, rather than a decrease, in the price level. Two main explanations have been offered
for this phenomenon: one implies that the unexpected part of monetary policy shocks is not
well measured, while the other suggests that there are “cost channel” effects of monetary
policy.

The first explanation suggests that vector autoregressive (VAR) models cannot measure the
forward-looking component of monetary policy, and hence, do not properly measure
monetary policy shocks. Suppose that, for whatever reason, the central bank expects higher
inflation in the future, due to productivity shocks, oil price shocks, exchange rate
developments, and the like. When the central bank increases interest rates, those shocks may
have already been built into the economy, so we simultaneously observe an increase in
interest rates and prices. Therefore, the price puzzle arises due to a misidentification of the
unexpected component of monetary policy shocks. Sims (1992) suggested that once
commodity prices are included in a VAR model, the price puzzle disappears. His explanation
was that the information set available to policy makers may include variables useful in
forecasting inflation that the econometrician has not considered. These series, like
commodity prices, should also be used by econometricians to control for developments that
have an inflationary effect outside of monetary policy.

The second explanation suggests that there is no methodological problem with a price puzzle
type of behavior. On the contrary, it is indeed the cost channel of monetary policy that causes
prices (or inflation) and nomina!l interest rates to move in the same direction after a monetary
policy shock. This supply side effect of monetary policy may coexist with and, in fact,
dominate the traditional, demand side, effect. When the central bank increases interest rates,
some production (financing) costs increase, and an inflationary component appears in the
nominal interest rate. Barth and Ramey (2001) reach this conclusion using industry level data
for the United States, and show that their finding is robust even when commeodity prices are
introduced in the VAR,

This paper attempts to disentangle these two conflicting explanations. We specify a dynamic
general equilibrium (DGE) model that allows us to identify both monetary policy shocks and
cost channel effects, and we estimate the relevance of the cost channel of monetary policy,
using a Bayesian approach. The use of DGE models based on staggered price and wage
setting (i.e., New Keynesian models) has become increasingly popular for the analysis of
monetary policy, due to their analytical tractability. At the same time, when complemented
by the appropriate real rigidities, they performed well in explaining the behavior of key



macro variables for the United States and the euro area.” Hence, in this paper, a model with
nominal rigidities is extended by assuming that a fraction of firms have to borrow funds since
they have to pay for their production inputs before selling their product. An inflation
dynamics equation (a new Phillips curve) is then derived, explicitly incorporating the
nominal interest rate as a determinant of inflation. Afterward, the elasticity of inflation to
fluctuations in the nominal interest rate is estimated. By constructing a model that allows for
a cost channel, we examine to what extent this is a feature of the aggregate data, and its
relevance in monetary policy making.

The Bayesian approach combines prior information and the likelihood of the data to obtain
the posterior distribution of the parameters. We use the Kalman filter to evaluate the
likelihood function of a linear approximation of the model and a numerical algorithm (the
Metropolis-Hastings algorithm) to draw from the posterior distribution. There does not exist
an analytical expression for the posterior, and until recently only a very restrictive set of
priors and models could be used. The recent advent of powerful Markov chain Monte Carlo
(MCMC) techniques,’ as well as fast computer processors, has removed this restriction and a
more general set of models and priors can now be implemented. The model’s accuracy of fit
is addressed via production of the ratio of marginal likelihoods or Bayes factors. The
marginal likelihood averages all possible likelihoods across the parameter space, using the
prior as a weight. When conveniently weighted, it can be interpreted as the probability of
observing the data under a given model.

There are several advantages of using a Bayesian approach. First, it is a flexible method that
allows the researcher to introduce prior information about the model’s parameters.
Calibration exercises, which are used to address how well a model fits the data, lack a formal
statistical foundation. Classical methods cannot accommodate even the most
noncontroversial prior information about the model’s parameters. Hence, ours is a more
general method, with pure calibration and full-information maximum likelihood being
special cases. Second, the Bayesian framework allows for consistent parameter estimation
and model comparison of fundamentally misspecified models, as shown by Fernandez-
Villaverde and Rubio-Ramirez (2001).4 Third, from a computational point of view, the use of
prior distributions over the parameters makes the estimation algorithm more stable. This is
particularly valuable when the size of the parameter space is large and only relatively small

2 See Christiano, Bichenbaum and Evans (2001), Smets and Wouters (2002), and Rabanal
and Rubio-Ramirez (2002), among others.

3 See Geweke (1998) for a survey.

% In this paper, we conduct tests only between nested models, but the Bayesian approach
allows us to test between nonnested models as well. See Rabanal and Rubio-Ramirez (2002).



samples of data are available.’ Finally, the Bayesian strategy takes advantage of the general
equilibrium approach: all the theoretical restrictions implied by the model for the likelihood
function and the full dimension of the data are taken into account for estimation. Partial
equilibrium approaches, such as the GMM method used by Gali and Gertler (1999) and
Ravenna and Walsh (2003), may have identification problems.

In our view, this paper also improves upon the recent literature by estimating a New
Keynesian model without conditioning on the nature of shocks. For instance, Rotemberg and
Woodford (1997), Boivin and Giannoni (2003) or Christiano, Eichenbaum and Evans (2001)
try to match model-based and estimated impulse-response functions to a monetary policy
shock. In our view, this approach suffers from three main shortcomings: first, it relies on the
identification scheme of the VAR. Second, there appears to be no evident connection
between the estimates from the reduced form VAR and the parameters of the structural
model. Third, in the context of this paper, if there are cost channel effects, these should be
present for a wide variety of shocks, and not just monetary policy shocks.

The main results of the paper are as follows: we find that (i) the cost channel effect is small,
but somewhat stronger in the United States than in the euro area, (ii) it is not possible to
obtain a price puzzle type of behavior with our point estimates, (iii) estimates for all
structural parameters are similar to what has been typically found in the literature, especially
regarding the interest rate rule, and the average duration of price contracts, (iv) the only
exception is the estimated average duration of wages, both for the United States and the euro
area, which is less than two quarters. Hence, we conclude that cost channel effects are not
relevant in a dynamic, stochastic, general equilibrium New Keynesian model.

The rest of the paper is organized as follows: in Section II, we present a model with nominal
rigidities, which incorporates the cost channel; Section III presents the linearized version of
the model, while Section IV offers the econometric methodology for parameter estimation. In
Section V, the main results are discussed, while concluding remarks are left for Section VI.

H. THE MODEL

The model consists of a now fairly standard New Keynesian (NK) model with sticky prices
and wages, which will be modified to incorporate a cost channel of monetary policy. The
mode! includes all the ingredients necessary to properly characterize cutput, inflation,
interest rate and real wage dynamics for the U.S. and the euro area. Sticky prices are
introduced in order to have short-term real effects of monetary policy. The introduction of
sticky wages, as in Erceg, Henderson, and Levin (2001), is necessary for two reasons. First,

> Classical approaches include Kim (2000) and Ireland (2001), who estimate general
equilibrium models by full-information maximum likelihood, which can be inefficient when
using small samples.



because sticky prices and sticky nominal wages deliver sticky real wages, which is what we
observe in the data;® and second, because in an optimizing model, inflation depends on the
real marginal cost of production. In order to avoid jumpy inflation behavior we will need to
dampen the behavior of real marginal costs of production; sticky wages, in addition to sticky
prices, will help us achieve this goal.

In addition to having staggered price and wage contracts, the model includes two other
features that have been shown necessary to match key macro variables in the United States
and the euro area. First, we introduce habit formation in consumption. Boldrin, Christiano
and Fischer (2001) use habit formation to reconcile the behavior of asset prices with the
business cycle. In the context of this model, we need to assume this type of preferences to
capture the output persistence that is usually absent in pure forward-looking models. Second,
price indexation is infroduced in the inflation equation, in order to capture the inflation
persistence that we observe in the data, and that is difficult to generate with pure forward-
looking models.

The structure of the goods and labor markets is monopolistic competition as in Blanchard and
Kiyotaki (1987). It is assumed that both price and wage setters face a Calvo (1983) type of
restriction when setting their prices and wages optimally. The model consists of: (i) a
continuum of identical households, indexed by j€[0,1], each supplying a different type of
labor that is an imperfect substitute for the other labor types; (ii} a continuum of intermediate
goods producers, indexed by i [0,1], each supplying a type of good that is an imperfect
substitute for the other goods; and (iii) a continuum of identical final goods producers.

It is important to mention that we are ultimately interested in explaining the joint behavior of
four variables. Therefore, we need four sources of stochastic shocks. Otherwise, we would
have a situation where not all variables are linearly independent. This would not be a
problem in terms of finding a solution to the model, but would cause problems later on
because the likelihood function of the data could not be evaluated. The four shocks that the

model incorporates are: monetary shock, fiscal shock, technology shock, and price markup
shock.
A. Households

Each household supplies a differentiated type of labor, and is indexed by j€[0,1]. They
obtain utility from consuming the final good (C; ), and from holding real money balances
(M]/P), and obtain disutility from supplying hours of labor ( N;). The lifetime utility
function can be expressed as:

“ T i ] M!{o-r i
EY. B [4(Clr s Cotrn) () = WIN L], 1)
r=0

+r

% If we only have one of the two nominal rigidities, real wages are too volatile.



where the following functional forms are assumed:

;g (€ =BCI )T
u(C/,CL)= 1y
(4
mi P
v( P )= —¢
w(Nf)—(NJ) .
1-n

E; denotes the rational expectations operator using information up to time ¢. Be[0,1] is the
discount factor. The instant utility function at any point in time depends on the quasi-
difference between the levels of consumption in the current and last period. b€ [0,1] denotes
the importance of the habit stock. Habit formation in consumption has been suggested as a
way to reconcile the behavior of consumption and asset prices.” This paper includes this
feature because purely forward-looking models have difficulty matching the persistence in
output that we observe in the data. If =0, then we go back to the baseline case where
preferences on consumption are time separable. y>0 is the inverse of the elasticity of
intertemporal substitution, &> is the elasticity of real money balance holdings, and n>0 is
the elasticity of labor supply with respect to the real wage.

Households maximize utility subject to the usual budget constraint:

. B . ) . . ;
BC/+M] += =W/N] + M, + B/, +T/ + /o, @

1

where P, is the price of the final good, W’ is the nominal wage, and B/ denotes holdings of
a riskless bond that costs the inverse of the gross nominal interest rate (R>1) and pays one
unit of currency next period. 7,/ denotes nominal transfers from (or lump-sum taxes paid to)

the government. The last term of the right hand side of the previous expression denotes the
profits from the monopolistically competitive intermediate goods producers firms, which are
ultimately owned by households.

As 18 well known in this class of models (see Erceg, Henderson, and Levin, 2001), we
assume that there exist state-contingent securities that insure households against variations in
household specific labor income. In order to keep notation simple, the structure of the

7 See Boldrin, Christiano, and Fischer (2001).



complete asset markets is not explicitly introduced. However, it is a well known result that
with complete markets, households’ wealth is insured, and the consumption/savings
decisions and the labor supply decision can be separated. Moreover, the consumption
decision will be independent of current wealth and identical across households and states of
nature. Therefore the j subscript in consumption can be safely ignored.

The first order conditions to the consumption/savings decision are:

Ai = (Ct _bC:—l)_y - bﬁE:(C:H _bCr)-y (3)

A=E [i\?&] @

1

-£
(4 (o)

where A, is the Lagrange multiplier associated with the intertemporal budget constraint.
Equation (3) simply states that the Lagrange multiplier equals the marginal utility of
consumption. If there were no habit formation, we would get the usual condition that the
marginal utility of consumption is decreasing. With habit formation, terms involving past and
expected future consumption matter. Equation (4) reflects the intertemporal condition for
holding bonds. Equation (5) reflects the money demand equation, and weights the utility of
holding money with its opportunity costs.

Since the structure of the labor markets is monopolistic competition, households choose their
labor supply schedule maximizing utility, and facing a downward sloping for their type of
labor. Before we can derive such condition, we have to describe the technology of the
intermediate and final good producers, so we leave the wage setting decision for a later
section.

B. Final Good Producers

There is a continuum of final good producers, operating under perfect competition. The
technology to produce the aggregate final good is:

&
£,-1

e[ Ll ©

where &,>1 s the elasticity of substitution between types of goods, ¥, is the final good, and
Y! are the intermediate goods. Since the price markup is related to the elasticity of
substitution, we will have time varying price markups, as in Giannoni (2001). Profit



maximizing from the final goods producers delivers the following demand for each
intermediate good:

i

yi = [%} foralli e[0,1], 7

!

where P, the price of the final good, is obtained from the zero profit condition in the final

goods sector:
1

p=| [l
and P’ are the prices of intermediate goods.

C. Intermediate Goods Producers and the Cost Channel

The production function for intermediate goods producers is:

Y = 4K NS, ®)
where A, is an economy wide technology factor and &, is the unit of effective labor input
used by firm i.® 0<3<1 is the capital share of output, and the level of capital is fixed in the

short run at a level X .

In order to obtain one unit of effective labor, firms employ all types of labor from

households, which are aggregated the following way:
¢

Ni,r = l: j:(fot )%‘bir: &)

Each firm chooses their labor demand schedules in order to obtain the optimal labor mix. As
a result, aggregating across firms we obtain the following downward sloping demand for
each type of labor j: _
WY
N/ =[F‘J N, forallje[0,1], (10)

t

8 Note that the notation is different for total hours worked by a household ( N;) and for total
hours employed by a firm (N,,).
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where N, is an index of aggregate labor, and the aggregate wage index is defined as:’

<[ Ly

In order to explicitly include a cost channel of monetary policy, it is assumed that
intermediate goods producers indexed as 7 € [0,a] have to pay workers every period before
they sell their product. These firms borrow at the riskless nominal interest rate. Hence, for a

fraction « of firms the nominal wage bill is R, JEW;" N/, dj , while for the remaining 1-o the

nominal wage bill is simply IWJ N}, dj . This timing of events implies that for some firms

there exists a cost channel of monetary policy, since an increase in the nominal interest will
increase real unit labor costs.

D. Price and Wage Setting under Staggered Contracts

Prices and wages are set by intermediate goods producers and households in a staggered way.
For convenience, it is assumed that prices and wages are set at random intervals as in the
model of Calvo (1983). Agents can only adjust prices or wages whenever they receive a
stochastic signal to do so. The probability of receiving this signal is independent of the past
history of signals and across agents. This assumption greatly simplifies the aggregation of
price and wage setting decisions.

We denote by 8, the probability of the Calvo lottery for the price setters. Then, the average
duration of price contracts is 1/(1-&,). When firms face a Calvo type restriction, they set

prices maximizing the discounted sum of profits taking into account that the price that they
fix today might not be reset optimally for some time. We assume that there is a degree
o€ [0,1] of indexation to last period’s inflation rate ( P_, / P_, ), whenever firms are not

allowed to reset prices optimally.
The first order condition for profit maximization is:

ES0,8) {[}P—[LJ —p2 MCire ]?L,} =0,  (1I)

=0 +7 R—I

? The aggregate wage index comes from using E W/ N/ dj =W,N;, which can be viewed as

a “zero profit condition” in the labor aggregating activity.
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where

?fﬂ' = ID: '{Jﬂ Y
E+r B—l i

1s the demand at 7+7 assuming that the price set at ¢ is not optimally reset. u? =g, /(g,—1)is
the time varying price markup. The marginal cost of production depends on the labor’s share

of output and the nominal interest rate, if applicable:

— W, N
MCipe = — forie[0,a]

(1 - 5)'P!+1' ?:”
A m+fo i+7 :
MCipe =R,,, —————, forie[a,l].
(=8P, Vi

Finally, in the symmetric equilibrium, the evolution of the price level is:

15, -5,

£= 9{-’3-1[%]@] +(1-0, )(‘a:‘)m :

-2

A~

where B is the sum of optimal prices set at time £:

i

B =[a(ﬁ;')"£' +(1—a)[§‘jl_s'}l'a’-

(12)

(13)

f’;' is the optimal price in the symmetric equilibrium for the “non-cost channel” firms and

P

. is the optimal price for the “cost channel” firms.

Households face the same restriction to set their wages. Let 8,, denote the probability of the

Calvo lottery for the wage setters. The associated average duration of wage contracts is

1/(1-6,)) . Therefore, households’ labor supply schedule comes from choosing their wage to
maximize utility facing a downward sloping demand for their type of labor. The first order

condition is:

Et i (Bwﬂ)f {{A; }P)VI . ﬂw ﬁtj-ﬁ-r }ﬁ:’ir } = 0,
=0

i+T

(14)
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where

+« ¢
F{+r=|:W: ] N

t+7

is the labor demand at £+t assuming that the wage set at ¢ is not optimally reset.
K" =p/(¢—1) is the wage markup. If wages were fully flexible, we would obtain the

intratemporal condition that real wages equal the marginal rate of substitution between
consumption and hours. However, with staggered contracts, agents know that they might not
be able to reset their wage in the near future. Hence they take into account current and future
expected deviations between the desired marginal rate of substitution and the real wage,
using the corresponding probability as a weight.

In the symmetric equilibrium, the aggregate wage level evolves as:

1
W, =loms -0 ) .
E. Monetary and Fiscal Policy

As in Taylor (1993), it is assumed that the monetary authority conducts monetary policy with
an interest rate rule. Then, the nominal amount of money is determined via the money
demand equation. The government cannot run deficits or surpluses, so it finances transfers
and other government spending ((,) via money creation:

T+G =M, -M,,. (15)

The role of transfers in this paper is to undo the inefficiency related to the cost channel of
monetary policy. In steady state, for the cost channel firms, the wage bill is higher as long as

R > 1. Different wage bills will lead to different steady state prices and production levels. In
order to avoid these effects, we assume that the government undoes this inefficiency by
subsidizing the “cost channel” firms.

Autonomous government spending is assumed to be a proportion of GDP:
Gr =(1- L, )Y;
such that the resource constraint can be written as:

Y,=C+G =C +(1-I))¥,
or

TY, =C, (16)
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For a given level of output, a decrease in government spending (increase in I')) will increase
private consumption.

III. THE LINEARIZED MODEL

The model’s dynamics are obtained by taking a log linear approximation of equations (3) to
(16) around the symmetric equilibrium steady state with zere inflation. Lower case variables
denote percent (log linear) deviations from the steady state value. Table 1 presents the
linearized equations, which give the dynamics of the endogenous variables (4, c;, 7, Ap, Aw,
Y» W, — p,, m, mc, mrsy). The equations have been separated into four main blocks: output

determination, price setting, wage setting and the monetary policy rule.

Table I: Linearized System

Output Determination
2 = 1 lbe., —(+bB)c, +bpE.c,,] Marginal Utility of Consumption
o(1-bp3)
A=rn—-EAp  +EJ,, Euler Equation for Holding Bonds
y, =a,+(1-5)n, Production Function
v, =c¢ -7, Resource Constraint
Price Setting
Ap, =y,Ap,_ +7,EAp,, +K,mc, New Keynesian Phillips Curve
me, =w,—p, +n, -y, tor, +ul Real Marginal Cost of Production
Wage Setting
Aw, = BE,Aw,, + K, [mrs, —(w, = p,)] Nominal Wage Growth
mrs, =1mn, — A, Marginal Rate of Substitution
W, ~p, =W, ,—p,, +Aw, - Ap, Real Wage Identity
Interest Rate Rule
r=pt+U=-p Xy,Ap, +7,¥.)+mp, Taylor Rule

where o =1/ y is the inverse of the elasticity of intertemporal substitution, and A is the first
difference operator. The rest of parameters are as follows: y, = @/(1+ @f),

v, =pl+awp), x,=(1-6)Y1-6,5)(1-86,)/10,(1+wf)1+5(Z —1)], where & is the
steady state value of ¢, and x, =(1-8,8)(1-6,)/[6,(1+¢(n -D)].

The first block of four equations determines output. As mentioned earlier, the definition of
the marginal utility of consumption (MUC) involves terms with lagged and expected future
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inflation. The intertemporal condition for holding bonds relates the MUC today and
tomorrow with the real rate of interest. Qutput is produced using hours and the labor
augmenting technology shock. Finally, the resource constraint relates output with private
consumption and government spending.

As in Gali and Gertler (1999) and Sbordone (2001), the model-based driving force of
inflation is the real marginal cost of production. Usually, measures that proxy for the position
of the economy with the business cycle (such as the output gap or unemployment) are used in
an ad-hoc way. The real marginal cost includes the labor’s share of output. Nominal interest
rates enter the definition of real marginal costs, and may have an inflationary effect. Also, the
price markup shock affects the behavior of inflation. The term involving lagged inflation
appears because of the backward locking indexation assumption. If w is set equal to zero, we
return to a pure forward-looking specification.

The third block denotes the wage setting process. As with the price equation, nominal wage
growth depends on expected nominal wage growth and the distance between the desired
marginal rate of substitution between consumption and leisure and the real wage. This block
also includes the identity that links the real wage with nominal wage growth and price
inflation.

Finally, the Taylor rule in linear terms reacts to deviations of inflation and output to their
steady state values. y,>1 and >0 denote the long run responses of the nominal interest rate
to inflation and output fluctuations. In addition, an interest rate smoothing component is
included, following the empirical evidence in Clarida, Gali and Gertler (2000), and Smets
and Wouters (2002).

The Taylor rule includes a shock, which can be subject to various interpretations. This paper
interprets this shock as a monetary policy shock. The central bank uses the Taylor rule as a
main guide for conducting monetary policy, but also observes more variables and indicators
than the econometrician does (e.g., exchange rates, asset prices, government deficits,
consumer confidence} and uses that information to “fine tune” the desired nominal interest
rate. It is assumed that the monetary shock is sid. The dynamics of the money demand
equation are ignored. This choice follows the tradition of the New Keynesian literature that
assumes that nominal money plays no role, since monetary policy is conducted via an interest
rate rule.

Finally, the four shocks evolve as follows:

- a
ai _)Oaaf—l +gf
_ Y
Y _pyy:-l+gt
AT
mp, _gr

H o=/ (17)
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The technology and government spending shocks evolve as AR(1) processes, where
Pape€[0,1] and the innovations &;,£%,&",&f follow mean zero Normal distributions,

There are two reasons why the monetary and price markup shocks are assumed to be
uncorrelated. The first one is that this choice reduces the number of parameters to be
estimated. The second reason is that both the Taylor rule and the New Keynesian Phillips
Curve equations already include lagged terms, which should be enough to induce persistence
in these variables, without having to rely on autoregressive shocks.

IV. ECONOMETRIC METHODOLOGY

The linearized model presented in the previous section is estimated using a Bayesian
approach. This section explains how to implement this approach, using data for the United
States and the euro area, and how to use the Bayes factor to assess the importance of cost
channel effects. Applying a Bayesian approach to parameter estimation implies obtaining the
posterior distribution of the parameters conditional on the data. From Bayes rule, we know
that the posterior is proportional to the product of the likelihood function and the prior:

P(y 1{d,}i) = LHd,} 2 [w)P@),

where i is the vector of parameters that describe the model, {d,}/, is the vector of
endogenous variables, T is the sample size, L({d,}_, | i) is the conditional likelihood

function of the data on the model and the parameters, and P(y) is the prior distribution of
the parameters.'”

Four main ingredients are necessary to implement a Bayesian framework for parameter
estimation. The first one consists in the data we want to explain. Second, we need to specify
the priors for the model’s parameters. The third step consists of obtaining the law of motion
of the (linearized) model and the evaluation of the likelihood function of the data. In this
case, we have to make use of standard methods for solving linear rational expectations
systems to write the law of motion in state space form, and then evaluate the likelihood
function via the Kalman filter. If analytical expressions existed for the two components, it
would be straightforward to obtain a tractable expression for the posterior distribution.
However, the expression of the likelihood function is not analytically tractable. Hence, in the
fourth step we have to rely on numerical methods to simulate the posterior distribution,
obtain the relevant moments of the posterior distribution of the parameters, as well as the
computation of the marginal likelihood and the Bayes factor.

1° The denominator of the Bayes formula, which would be the marginal likelihood of the data
for each model, is not included since it is constant with respect to the value of the parameters.
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A. The Data

This paper explains the comovement of output, price inflation, real wages and nominal
interest rates for the United States and the euro area. Real variables are detrended using the
Hodrick and Prescott (HP) filter, while nominal variables are treated as deviations from their
mean. Data sources for the United States are the following: the Federal Funds rates is used as
the relevant nominal interest rate. This series was obtained through the Federal Reserve Bank
of Saint Louis database (FRED). The measure of output is the “Nonfarm Business Sector
QOutput,” as published by the Bureau of Labor Statistics (BLS). The measure of prices is the
associated price deflator. Finally, the measure of nominal wages is the “Hourly
Compensation for the Nonfarm Business Sector,” also obtained through the BLS. The choice
of variables is done for comparability with previous studies. The sample period is 1984:01 to
2002:03, at a quarterly frequency. The starting point of the sample reflects the fact that many
authors'' have suggested a structural break in the conduct of monetary policy by the Federal
Reserve around 1982. In particular, changes involved the switch to an interest rate targeting
regime instead of targeting nonborrowed reserves, and the strong anti-inflationary stance.
However, it might be the case that it took some time before this change in policy was
credible and accepted by the public.

Choices for the euro area are a little bit more difficult to make. First of all, finding data for
the euro area as a whole is complicated. Even though member countries in the European
Union have converged to a unified system of national accounts, the construction of
retroactive data suffers from many complications. The most important are that before 1999,
national currencies did in fact fluctuate between themselves, and that the weights of national
currencies in the euro and in the ECU are not the same. The European Central Bank
Econometric Modeling Unit has constructed a synthetic dataset for the euro area, which is
detailed in Fagan, Henry and Mestre (2001)."

The starting date for the sample period in the euro area is also controversial. The strongest
structural break is in fact the launch of the euro in January 1999. The operating procedures of
the Federal Reserve and the German Bundesbank were quite different during the 1980s and
1990s. At the same time, other countries like Spain or Italy did not adopt an anti-inflationary
stance until much later in the sample period. We make the choice that the starting date is also
1984:01, that 1s, we make the assumption that the euro area switched monetary policies
around the same time as the United States did, and the public accepted and understood that
change at the same time. Even though the conduct of monetary policy by the Bundesbank

"' See Clarida, Gali and Gertler (2000) and the references therein.

2This dataset should not be viewed as an official historical series of macro variables of the
European Central bank, but rather as a synthetic dataset of its Econometric Modeling Unit.
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and the Federal Reserve was quite different, Smets and Wouters (2002) show that a Taylor
rule would approximate the behavior of the “synthetic” European Central Bank conduct of
policy quite well.

B. Prior Distributions

This section describes the prior distributions adopted for the estimation. Let
w = (' w5 .¥'; ) be the vector of all parameters that characterize the model, which is

partitioned as follows: y, =(0,4,6,,0,6,,.a,7,,7,,p,), ¥, =(B.4,%,7,8) , and
W; =(0,:P,,0,,0,,0,,0,). This partition is not arbitrary: while y, and y, contain the
structural parameters of the model, i, contains the parameters that describe the model’s

exogenous shocks. The parameters in y, will be estimated, while the parameters in y, will
be calibrated, using degenerate priors.

There are three main reasons to proceed this way. First, we can see by looking at the
expressions in the price and wage setting equation that many parameters are not identified.
The choice here is to focus on the estimation of average price and wage durations, the cost
channel elasticity, and the backward-looking parameter in price inflation. Hence, some
parameters need to be fixed. Second, the values of the discount factor and the capital share of
output would be indirectly estimated in a model without capital, as the one used in this paper.
Third, in order to reduce the dimensionality of the parameter space, the parameters that relate
to the price and wage markup, and the labor supply elasticity are held fixed.

Table 2 presents the prior distributions of the parameters. The prior for the inverse elasticity
of intertemporal substitution is a Gamma distribution in order to stay in positive values, In
theoretical papers, this parameter is usually calibrated at a value of one to be consistent with
the existence of a balanced growth path. For this parameter, empirical values in the literature
are set between 2 and 4. The mean of the prior is 2.5 and the standard deviation is large
enough to incorporate enough uncertainty about this parameter. The habit formation in
consumption parameter is a Normal distribution centered at 0.7, a value close to that
suggested by Boldrin, Christiano and Fischer (2001), with a standard deviation of 0.05. The
prior distribution is truncated at six standard deviations from the mean, so it can effectively
take values between 0.4 and 1.

The duration of prices and wages is also a Gamma distribution. In order to keep the
probabilities of the Calvo lottery between zero and one, the prior is specified in terms of
“average duration minus one quarter.” These priors imply an average duration of three
quarters for prices, and of four quarters for wages, following the informal evidence presented
in Taylor (1999). Moreover, these priors incorporate the fact that we expect wages to be

'* See Basu and Kimball (2000).
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fixed for longer periods of time than prices. The coefficient on the cost channel has a prior
uniform distribution between zero and one. The same prior is used for the coefficient on
backward-looking price indexation.

Table 2: Prior Distributions

Parameter Mean Standard Dev.
o’ Gamma(2,1.25) 2.50 1.76
b Normal(0.7,0.05) 0.70 0.05
1/1-6,)-1 Gamma(2,1) 2.00 1.42
1/(1-6,)-1 Gamma(3,1) 3.00 1.76
@ Uniform(0,1) 0.50 0.28
a Uniform(0,1) 0.50 0.28
7, Normal(1.5,0.25) 1.50 0.25
7, Normal(0.5,0.125) 0.50 0.13
o, Uniform(0,1) 0.50 0.28
Pas Py Uniform(0,1) 0.50 0.28
0,,0,,6,,0, Gamma(4,0.25) 1.00 0.50

The prior distributions of the coefficients of the Taylor rule are Normal distributions,
centered at Taylor’s original values. The parameter space is censored to the region where the
model has a unique, stable solution. Therefore, indeterminate solutions due to an interest rate
rule that does not place enough weight on the coefficient of price inflation are ruled out. The
interest rate smoothing parameter is allowed to take any value between zero and one, with a
uniform prior. The priors of the coefficients on the autoregressive parameters are set to
uniform distributions between zero and one, while the priors on the standard deviations of the
shocks are Gamma distributions to stay in positive reals, with mean of 1 percent and standard
deviation of 0.5 percent.

The following degenerate priors are used for the coefficients in y, . The capital share of
output is set to & = 0.36, and the discount factor to B = 0.99, which are values fairly
standard in the literature. The values for the elasticity of substitution between types of goods
and labor are set to ¢ = £ = 6, which implies steady state price and wage markups of 20
percent. The value for the inverse elasticity of labor supply with respect to the desired real
wage is set to 77 =1. This value is consistent with the estimates of Rabanal and Rubio-

Ramirez (2002) for a model with staggered price and wage contracts. Below, we discuss
some sensitivity analysis for these parameters.
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C. The Law of Motion and the Likelihood Function

Let x, ={Ap,,y,,#,,W, — p,,mc,,mrs,,A,.n,,c, }' be the vector of endogenous variables,
z, = {a, ¥ .mp, uf }' , the vector of exogenous variables, and £, = {sf &), & } , the

vector of innovations. Then, the system of equations presented in Table 1, can be written as
follows:

AQw W )E X, = By ,w)x, + Cly,,w,)x, +D(y,,¥,)z,
(18)
z, =N,z + ¢, E(C.C) =Z(p,)

There are four exogenous shocks, so in order to avoeid linearly dependent solutions, the
likelihood function can only be written in terms of four observabie variables. Let
d, = {Ap, V.7, W, = p, J' be the vector of observable variables that we wish to explain. Then,

the law of motion of the previous system can be obtained by using standard methods for
solving linear rational expectations models, as in Uhlig (1999):

X, X '
l:z ] = T(W)|:Z :|+ U(W);I’E(é’té'!) = E(Wa)

f -1

(19)
d, = W@u){j]

!

such that the solution to the system is written in state-space form. The first equation in (19) is
the transition equation, while the second equation in (19) is the measurement equation.
Finally, we can evaluate the likelihood function of the observable data conditional on the

parameters L({d,}", |w), by applying the Kalman filter."

D. Drawing from the Posterior and Computing the Bayes Factors

It becomes clear from the previous two subsections that it is not going to be possible to
obtain an analytical solution for the posterior distribution. However, since we can evaluate
numerically both the prior distribution and the likelihood function, we can apply a numerical
algorithm to obtain a draw from the posterior distribution. Geweke (1998) discusses efficient
methods to obtain draws from an unknown posterior distribution that can be evaluated
numerically. The development of fast speed processors in recent years has removed the time

" See Hamilton (1994), Ireland (2001) and DeJong, Ingram, and Whiteman (2000) for a
detailed explanation.
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constraint that many of these methods entail. Not too long ago, only well known, standard
distributions could be evaluated or simulated.

In order to obtain a random draw of size N from the posterior distribution, a random walk
Markov Chain using the Metropolis-Hastings algorithm is generated. The algorithm is
implemented as follows:

1. Start with an initial value (y"). From that value, evaluate the product
LU{d 3 [y Py").
2. Foreachi:
w' ="' with probability J-R
w' =" with probability R
where " =y +v/, V'is follows a multivariatt Normal distribution, and
L{{d, )i Ly )P )
L)L, 1w HPw'™)

R = min{l

The idea for this algorithm is that, regardless of the starting value, more draws will be
accepted from the regions of the parameter space where the posterior density is high. At the
same time, areas of the posterior support with low density (the tails of the distribution) are
less represented, but will eventually be visited. The variance-covariance matrix of v is
adopted such that the random draw has some desirable time series properties.'

Once we have obtained a random draw, for each model it is possible to obtain the marginal
likelihood as follows:

L({d, ) = [, LU [ w)Pw)dy (20)

The marginal likelihood averages all possible likelihoods across the parameter space, using
the prior as a weight. When conveniently weighted, it can be interpreted as the probability of
observing the data under a given model. The main shortcoming of the marginal likelihood is
that it depends on the priors chosen by the researcher.

The marginal likelihood can be used to compare nested, as well as nonnested models.'® In the
context of this paper, where nested models are compared, it is important to stress that the

'* See the discussion in Fernandez-Villaverde and Rubio-Ramirez (2001).

16 Rabanal and Rubio-Ramirez (2002) compare nonnested versions of the New Keynesian
model. Smets and Wouters (2002) compare a general equilibrium model with statistical
(BVAR) models.
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marginal likelihood already takes into account that the size of the parameter space for
different models can be different. Hence, more complicated models will not necessarily rank
better than simpler models, if the extra parameterization is unimportant.'” This is so because
the marginal likelihood visits all the régions of the parameter space, and takes the average of
both large and small values of the likelihood function.

Multiple integration is required to compute the marginal likelihood, making the exact
calculation impossible. We follow Geweke (1998) to obtain an estimate from the random
draw of the posterior distribution. Then, for two different models (1 and 2), the tool to
compare them is the Bayes factor:

B.((d )= LU} [ model =1
2 T a3, | model = 2)

Note that the Bayes factor tells us how we would update our priors on which model is closer
to the true one after observing the data. Therefore, the most preferred model when compared
pair wise is the one that has the highest marginal likelihood. Moreover, it can be shown that

as the sample size increases, B,({d,},) goes to zero if model 2 is the “best” model,

V. RESULTS

This section presents the results obtained by estimating the model presented in section 1I. In
order to obtain the posterior distributions, a random draw of size 250,000 was obtained using
the Metropolis-Hastings .Etlgorit:hm.18 In the first part of this section, we comment on the
mean and the standard deviation of the model’s parameters posteriors. In the second part of
this section, we comment on the estimated impulse responses to monetary and policy shocks,
and discuss under which circumstances the price puzzle would arise.

A. Posterior Distributions of the Parameters

Figure 1 shows the posterior distribution for selected parameters of the model using data for
the United States, while Table 3 contains the mean and standard deviation of the posterior
distribution of all the model’s parameters.

' In terms of performing maximum likelihood, it is true that the additional parameterization,
even if unimportant, cannot deliver a smaller maximum value.

'8 As is common in this type of Markov Chain Monte Carlo methods, the initial 5 percent of
draws was discarded, and the variance-covariance matrix of the perturbation term in the
algorithm was adjusted such that the acceptance rate lies between 20 and 40 percent.
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Figure 1: Posterior Distributions, United States
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Source: Author’s estimates.

The first two columns of Table 3 show the estimates for the model presented in section 2.
The estimates for the inverse elasticity of substitution suggest that it is much smaller than
one, which would be the value consistent with a balanced growth path. The estimate we
obtain is similar to that of Rabanal and Rubio-Ramirez (2002) and others.'® The parameter on
habit formation in consumption is higher (0.85) than previous values found in the literature.
The fact that the we do not incorporate capital accumulation and investment rigidities makes
the estimate of this parameter higher than Christiano, Eichenbaum and Evans (2001) or
Smets and Wouters (2002), because output persistence in this model only comes from the
consumption side.

The proportion of firms that keep prices fixed for a given period delivers a mean posterior
average duration of price contracts of between three and four quarters. This value is
somewhat higher than previous estimates (usually in the range of two to three quarters), but
still implies a reasonable duration of average interval price changes.

19 See also Basu and Kimball (2000).
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Table 3: Posterior Distributions, U.S.

Parameter Mean g:i Mean IS)t;c‘l[ Mean gg Mean ]:S):\lg
o 030 | 016 | 033 | 019 | 030 | o0.11 031 | 0.09
b 085 | 006 | 08 | 005 | 08 | 005 | 08 | 004
Average Price | 5 ¢, 024 | 3.41 0.22 3.21 022 | 312 | 019
Duration
Average Wage | 4,51 | 006 | 121 | 005 | 100 | - 100 | -
Duration
(o 058 | 008 | o061 | 010 | 053 | 014 | o055 | o011
a 024 | 019 | 0.00 } 022 | 0.1 0.00 -
Y 1.61 0.15 1.58 | 0.14 169 | 018 175 | 0.12
7, 034 | 006 | 035 | 006 | 034 | 006 | 035 | 005
P, 065 | 003 | 065 | 003 | 062 | 003 0.63 | 0.04
P, 055 | 007 | 056 | 006 | 069 | 004 | 069 | 0.04
Py 0.81 004 | 08 | 004 | 08 | 003 | 084 | 003
o, 020 | 002 | o020 | 002 | o020 | 002 | 020 | o0.02
o, 7.88 105 | 758 | 092 | 647 | 076 | 615 | 068
o, 1.14 | 023 115 | 022 | 057 | 006 [ 057 | 006
o, 067 | 006 | 066 | 006 | 065 | 006 | 066 | 006
log(L) 943.29 953.02 936.25 952.74

Source: Author’s estimates.

The result for the average duration of wage contracts is surprisingly low, just 1.2 quarters. It
is surprising because our prior specification already assumes that wages are set for longer
periods of time than prices are. By looking at the expression of x,, we can see that the

elasticity of substitution between types of labor, @, interacts greatly with average wage
duration. However, for reasonable wage markups, it is not possible to obtain much higher
mean wage durations. An explanation of this result can be stated as follows: the average
nominal wage series includes all wages in the economy—that is, wages set in multiperiod
contracts as well as wages for temporary positions, which are in effect for very short periods
of time. Hence, it may well be that the average duration of wage contracts is effectively that
low.

The proportion of firms that follow a backward indexing rule is about one half, which means
that in the hybrid equation of inflation a weight of one-third is given to the backward-looking
inflation part, and two-thirds to expected inflation. The coefficient that effectively measures
the cost channel gives us a peint estimate of 0.24, with a standard deviation of 0.19. When
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taking a look at the posterior, we can see that it places more weight on smaller values of «.
Hence, given our priors, the data do not seem to be that informative about this parameter,
Putting it in another way, the prior and the posterior look quite similar because the likelihood
function is relatively flat with respect to the value of a.

The coefficients on the Taylor rule are quite similar to what the literature traditionally
assumes, with point estimates of around 1.6 for the reaction of the Taylor rule to deviations
of inflation around its steady state value, and a value of around 0.35 for the reaction to
deviations in the output gap. The coefficient interest rate smoothing is also high, with a point
estimate of 0.65. Finally, the estimates for the shock processes suggest that the autoregressive
component of the shocks is lower than usually assumed. This result can be attributed to the
fact that, in the 1984-2002 period, the macroeconomic series for the United States exhibit
less volatility and persistence than in the 1960—1984 period, and also because habit formation
and backward-looking inflation imply significant departures from pure forward-looking
behavior, and hence increase the endogenous propagation of exogenous shocks.

In the next two columns of Table 3, the estimates for the constrained model (i.e. & = 0) are
presented. The estimates for the rest of parameters do not change significantly with respect to
the previous case. So the question remains to identify the additional relevance of the cost
channel of monetary policy. The log marginal likelihood for the model with cost channel is
953.02, while the log marginal likelihood for the model constrained to & =0 is 943.29. The
log Bayes factor in favor of the constrained model is 9.69, a result for which Kass and
Raftery (1995) suggest that there is “decisive” evidence for the constrained model vis-a-vis
the model with an explicit cost channel. Since we obtain evidence favoring the constrained
model, we can conclude that the introduction of the cost channel parameter is unimportant.

Since the sticky wage component is estimated to be fairly, low, we reestimated the model
assuming wages are flexible. In that case, we assume that 8, = 0, which means that the

relevant wage setting equation becomes:

W,

—p, =mrs, =1, — 4,.

Rabanal and Rubio-Ramirez (2002) found that, in a pure forward-looking model, sticky
wages were an important addition to the sticky price model. This was the case because sticky
nominal wages and sticky prices deliver sticky real wages, which is what we observe in the
data. However, with habit formation in consumption, real wages are already persistent
through the effect of persistent consumption in the marginal rate of substitution.

Columns 5-8 present the analogous estimates to columns 14 with flexible wages. The most
significant change is that the autoregressive component of the technology shock is estimated
to be higher, with a posterior mean of 0.70. This is an indication that once the wage rigidity
is removed, more exogenous persistence needs to be fed into the model to match the data.
The parameter measuring the cost channel of monetary policy is estimated to be even
smaller, with a posterior mean of (.14. The remaining parameters do not change
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significantly. The log Bayes factor suggests that the constrained model is also better, when
flexible wages are considered. Adding the cost channel simply implies an unimportant
overparametrization.

We can also compare the models with sticky and flexible wages using the Bayes factor. The
log Bayes factor (with cost channel) is about 7, while the log Bayes factor when the cost
channel is eliminated is around 10. According to Kass and Raftery (1995), these magnitudes
suggest there is “very strong” evidence of one model over the other. However, we feel that
this result should be studied further, since the Bayes factor depends on the prior. It is an
important result because it suggests that, once we introduce habit formation in consumption,
and backward-looking inflation in the New Keynesian model, we only need small amounts of
nominal wage stickiness to match the data.

Figure 2 shows the posterior distribution for selected parameters of the model using data for
the euro area, while Table 4 contains the relevant moments of the posterior distributions for
all the estimated parameters.

Figure 2: Posterior Distributions, Euro Area
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Table 4: Posterior Distributions, Euro Area

Parameter Mean S:i' Mean gi Mean Sg\i, Mean gtec‘l]
o 026 | 0.I1 030 | 0.15 0.37 0.11 0.38 0.13
b 0.86 006 | 087 | 0.06 0.91 0.03 0.91 0.04
Average Price | o 0.21 2.92 0.19 2.77 0.20 269 | 0.19
Duration
Average Wage | o |\ 905 | 115 | 005 | 100 | - 100 | -
Duration
@ 0.44 0.11 046 | 0.11 0.54 0.13 049 | 0.09
o 017 | 0.13 0.00 - 0.10 0.09 | 0.00 -
Y, 149 | 0.14 1.48 0.12 1.54 | 0.12 1.53 0.17
7, 034 | 0.08 0.35 0.08 | 037 006 | 036 | 007
2, 0.75 0.03 0.75 0.03 0.74 0.04 | 0.73 0.03
2. 0.65 006 | 067 | 006 | 077 004 | 076 | 0.04
Py 077 | 004 | 078 | 004 | 0381 0.03 0.82 | 003
o, 014 | 002 | 014 | 002 | o015 002 | 015 | 002
o, 6.25 088 | 609 | o084 | 567 0.78 528 | 0.68
o, 0.98 022 | 093 0.21 0.47 007 | 047 | 007
o, 0.63 006 | 064 | 006 | 063 006 | 064 | 006
log(L) 807.19 832.86 812.08 826.14

Source: Author’s estimates.

The parameter on the elasticity of intertemporal substitution is estimated at a value of 0.26,
which is in line with what we obtained for the U.S., and the parameter on habit formation in
consumption has a posterior mean of 0.86, which is also similar to the U.S. case.

The average duration of price contracts has a posterior mean of three periods, which suggests
a smaller degree of stickiness in the euro area as a whole. Similar to the U.S. case, we obtain
a surprisingly low average duration of wage contracts, of less than two quarters. A first main
difference with respect to the U.S. is that the price indexation parameter is smaller: in this
case we obtain a point estimate of 0.44, suggesting that the degree of backward-looking
behavior in the euro area is less important. This result is exactly the same that Smets and
Wouters (2002) obtain for the euro area.

A second main difference with the estimates previously obtained for the United States is that
the point estimate for the cost channel parameter is even lower, with a mean posterior of
0.17. When taking a look at the posterior, we can see that actually a lot of mass is placed
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close to zero, and almost no mass above 0.5. Hence, in this case we can say that the
likelihood function (the data) give overriding evidence that the cost effect channel of
monetary policy in Europe is quantitatively very small. A third element of difference with the
United States are the coefficients of the Taylor rule. We obtain a smaller coefficient for the
reaction of the nominal interest rate with respect to fluctuations in inflation. At the same
time, the interest rate smoothing parameter is higher for the euro area.

When reestimating the model without the cost channel parameter, we obtain the expected
result that coefficients do not change much. The log marginal likelihood for the model with
cost channel is 807.19, while the log marginal likelihood for Bayes factor for the constrained
model is 832.06. So, in this case the evidence is even stronger to reject the model with cost
channel than in the U.S. case, with the interpretation that we are simply overparametrizing
the model.

When we cancel the sticky wage channel and reestimate the model, we obtain higher
estimates for the elasticity of intertemporal substitution, and the habit formation parameter.
Also, the AR coefficients of the shocks are estimated to be higher. Hence, once again, the
lack of endogenous persistence due to sticky wages is substituted by higher exogenous
persistence in the shocks, The log Bayes factor with flexible wages (14.06) suggests once
again that the cost channel parameter is not important,

Finally, when we compare the flexible wage model and the staggered wage setting model, we
obtain contradictory results: with a cost channel in place, the sticky wage model is rejected.
With no cost channel in place, the flexible wage model is rejected. We find it difficult to
provide some intuition for this result, but it clearly suggests that more investigation is
necessary in order to study the role of sticky wages in the sticky price model, once other
rigidities are in place.

To conclude this subsection, we comment on some robustness results. First, we should
mention that we experimented with various parameterizations of the coefficients on the price
and wage markup. In particular, we experimented with markups of 10 percent for both prices
and wages, and the result was only marginal changes in the average duration of price and
wage contracts. We also used a range of values for the parameter that govems the elasticity
of the labor supply with respect to the desired real wage, . With values ranging from 0 to 3,
we did not find significant changes in the posterior mean estimates.

B. Analysis of Impulse Responses

Figure 3 displays the impulse responses of inflation, interest rates and output to a monetary
policy, and a price markup shock using the posterior mean of the vector of parameters,
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estimated for the United States.?® The solid line shows the mean posterior impulse response
functions, and the dashed line shows two standard deviation posterior bands.

Figure 3: Impulse Responses to Monetary and Price Markup Shocks
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We can observe that, with the estimated parameter values, it is not possible to obtain a price
puzzle type of behavior. When the nominal interest rate increases by 100 (annualized) basis
points, both inflation and output remain below their steady state values for several quarters.
Hence, the estimated value for & is not enough to induce a comovement in the same
direction of inflation and interest rates. A price markup shock has a strong positive impact on
inflation, as we would expect. The effect is not very long lived, as inflation returns to its
steady state value fairly quickly. The shock has a less important quantitative effect on output,
but it is however more persistent. Output declines following the monetary policy tightening
associated to the increased inflation rate. By comparing the reaction to the two shocks, we
can see how it is possible that by confusing or not properly identifying one shock with the

?® The model is simulated 250,000 times using the random draw from the Metropolis-
Hastings algorithm, and the mean and the standard deviation for the posterior impulse
responses are computed.
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other, we might be attributing cost channel or inflationary effects of monetary policy when
they are truly absent.

Figure 4 presents impulse response to technology and fiscal shocks. With a technology
shock, inflation decreases, since less units of effective input are needed to produce the same
amount of output. Output exhibits the usual behavior in models with nominal rigidities: it
stays at the steady state value when the shock hits the economy, and slowly increases over
time, exhibiting a hump-shaped response and high persistence. Fiscal shocks have a strong
positive effect on output, and a somewhat more moderate effect on inflation.

Figure 4: Impulse Responses to Technology and Fiscal Shocks
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C. Generating the Price Puzzle through Cost Channel Effects

After reviewing the impulse responses of the previous subsection, the question arises of
under which parameterization, in particular for e, would a cost channel effect of monetary
policy arise? Figure 5 shows the result of performing the following exercise: holding all
parameters at their estimated mean posterior values, and increasing the value of & . At the
estimated mean posterior value, the impulse response exhibits the usual effect: output and
inflation remain below their steady state values for several periods. When we assume that all
firms are subject to the cost channel effect, @ =1, the reaction of inflation is less pronounced
but still qualitatively the same.



-30-

Figure 5: The Price Puzzle
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In order to see how far we have to go to generate a significant cost channel effect, we
experiment with values of & larger than one. In this context, & can no longer be seen as a
proportion of firms. It can be reinterpreted as all firms having to borrow money to pay their

wage bill, and e relates the effective interest rate (i ) that firms have to pay to the short-
term risk free interest rate:*!

(1+i7)y=(1+5)".
Under this interpretation, & still represents the structural elasticity of the inflation rate to

changes in the nominal interest rate in the New Keynesian Phillips curve. With ¢ =2
(meaning that firms borrow at an interest rate twice that of the Federal Funds rate), it is still

2 Otherwise, we can think that if a fraction & of firms need to borrow funds, at a rate that is
7 times the Federal Funds rate, then the overall elasticity is & = a@r. Of course, it is not
possible to estimate those parameters separately, but it is another way to justify an « greater
than one.
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not possible to generate a cost channel effect. With higher values, such as & = 4, we finally
obtain the result that inflation and interest rates move in the same direction. However, this
value seems to be quite high, and our estimation procedure does not get close to it.** In fact,
as we showed in a previous subsection, the estimated value both for the United States and the
euro area is close to zero.

VYI. CONCLUDING REMARKS

In this paper we have estimated a small-scale macroeconomic model that accounts for the
joint behavior of output, real wages, interest rates, and inflation. We have incorporated an
explicit cost channel of monetary policy, whereby increases in the nominal interest rate
directly increase the inflation rate. Using a Bayesian framework, we have estimated that
particular elasticity for the United States and for the euro area. We have found in both cases
that it is not quantitatively significant. Hence, we have to conclude that the cost channel is
not present in aggregate data and not relevant for monetary policymaking.

At the same time, we have obtained plausible estimates for the model’s parameters, similar to
what other researchers have found in the literature using other econometric and modeling
approaches. If anything, we should mention that the estimate of average duration of wage
contracts 18 surprisingly low. A novel result is that, once we take into account habit formation
in consumption and backward-looking behavior in inflation, staggered wage setting might
not be that important after all. However, we feel that this result deserves further study.

Barth and Ramey (2001) suggest that the cost channel does occur when using industry level
data. However, their estimates point at stronger cost channel effects in the pre-1979 period.
Hence, the fact that we do not detect those cost channel effects in the post-1984 period
should not be viewed as a direct contradiction of their results. An interesting way to reconcile
the findings of this paper and theirs would be to estimate a dynamic general equilibrium
model using Bayesian methods and sectoral data.

22 Ravenna and Walsh (2003) estimate values for & of up to 11. Under this interpretation, if
the U.S. Federal Funds rate was around 6 percent by end 2001, firms would be borrowing at
an effective rate of 66 percent, which by any standards seems far too high.
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