DISCUSSION PAPER SERIES

No. 2684

EUROPEAN INFLATION DYNAMICS

Jordi Gali, Mark Gertler
and J David Lépez Salido

INTERNATIONAL MACROECONOMICS

Canre feor Econemic Palicy Researdh

www.cepr.org

An online version of this Paper can be found at www.cepr.org/pubs/dps/DP2684.asp



ISSN 0265-8003

EUROPEAN INFLATION DYNAMICS

Jordi Gali, CREI, Universitat Pompeu Fabra, Barcelona and CEPR
Mark Gertler, New York University
J David Lépez Salido, Banco de Espana

Discussion Paper No. 2684
January 2001

Centre for Economic Policy Research
90-98 Goswell Rd, London EC1V 7RR, UK
Tel: (44 20) 7878 2900, Fax: (44 20) 7878 2999
Email: cepr@cepr.org, Website: www.cepr.org

This Discussion Paper is issued under the auspices of the Centre’s research
programme in International Macroeconomics. Any opinions expressed
here are those of the author(s) and not those of the Centre for Economic
Policy Research. Research disseminated by CEPR may include views on
policy, but the Centre itself takes no institutional policy positions.

The Centre for Economic Policy Research was established in 1983 as a
private educational charity, to promote independent analysis and public
discussion of open economies and the relations among them. It is pluralist
and non-partisan, bringing economic research to bear on the analysis of
medium- and long-run policy questions. Institutional (core) finance for the
Centre has been provided through major grants from the Economic and
Social Research Council, under which an ESRC Resource Centre operates
within CEPR; the Esmée Fairbairn Charitable Trust; and the Bank of
England. These organizations do not give prior review to the Centre's
publications, nor do they necessarily endorse the views expressed therein.

These Discussion Papers often represent preliminary or incomplete work,
circulated to encourage discussion and comment. Citation and use of such a
paper should take account of its provisional character.

Copyright: Jordi Gali, Mark Gertler and J David Lépez Salido



CEPR Discussion Paper No. 2684
January 2001

ABSTRACT

European Inflation Dynamics*

We provide evidence on the fit of the new Phillips curve (NPC) for the
eurozone over the period 1970-98, and use it as a tool to compare the
characteristics of European inflation dynamics with those observed in the US.
We also analyse the factors underlying inflation inertia by examining the
cyclical behaviour of marginal costs, as well as that of its two main
components, namely, labour productivity and real wages. Some of the findings
can be summarized as follows: (a) the NPC fits eurozone data very well,
possibly better than US data, (b) the degree of price stickiness implied by the
estimates is substantial, but in line with survey evidence and US estimates, (c)
inflation dynamics in the eurozone appear to have a stronger forward looking
component (i.e. less inertia) than in the US, (d) labour market frictions, as
manifested in the behaviour of the wage mark-up, appear to have played a
key role in shaping the behaviour of marginal costs and, consequently,
inflation in Europe.
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NON-TECHNICAL SUMMARY

Over the post-war period, the pattern of inflation in the countries that now
constitute the European Monetary Union (EMU) has been broadly similar to
that in many other industrialized nations, including the United States, the
United Kingdom and Japan. The issue of eurozone inflation, however, is of
distinct interest given the formation of the new European Central Bank (ECB).
The explicit mission of the ECB is the preservation of price stability in the
eurozone. To this end, analysis of the sources and nature of inflation in the
eurozone is a rather immediate and central task.

In this spirit, we propose and estimate a simple theory-based Phillips curve for
the new eurozone. We make use of a newly constructed aggregate historical
data set for this region. In addition, given our approach, we also necessarily
confront the debate over whether recent structural models of inflation — loosely
know as ‘new Phillips curves’ — can explain the data, particularly the high
degree of persistence in inflation. At issue is the nature of short-run inflation
dynamics and the associated implications for monetary policy.

The structural equation for inflation that we estimate for the eurozone is in the
spirit of the new Phillips curve literature. It evolves explicitly from a setting of
staggered nominal price setting by monopolistically competitive firms. In this
formulation inflation varies positively with real sector economic activity in the
short run, similar in spirit to a traditional Phillips curve. One key difference is
that, in its primitive form, the new Phillips curve relates inflation to movements
in real marginal cost (averaged across firms). That is, real marginal cost is the
theoretically appropriate measure of real sector inflationary pressures; as
opposed to the cyclical measures used in traditional Phillips curve analysis,
such as detrended output or unemployment.

Recently, Sbordone (1999) and Gali and Gertler (1999) have shown that this
‘marginal cost-based’ version of the new Phillips curve can provide a
reasonable account of post-war inflation in the US. In this paper we show that
the same is largely true for the eurozone. That is conditional on the path of
real marginal cost: the structural equation captures the pattern of eurozone
inflation, including the rise to double digit levels in the 1970s, the disinflation of
the 1980s, as well as the current era of relative price stability. A virtue of the
real marginal cost measure, which in our analysis corresponds to real unit
labour costs, is that it directly accounts for the influence of both productivity
and wage pressures on inflation. In this respect, we find that productivity,
wages and inflation move together largely as the new Phillips curve theory
suggests.



An auxiliary finding is that, as with the US data, real marginal cost in the
eurozone is not well approximated by detrended output. This finding is of
some significance: it suggests that at least part of the explanation for the
empirical failure of specifications of the new Phillips curve based on detrended
output. Put differently, much of the recent criticism of the new Phillips curve
applies to this formulation, and not to the marginal cost-based specification.
Among other things, real marginal cost appears to move more sluggishly in
the data relative to detrended output. This sluggishness in real marginal cost,
in turn, appears to help the model account for the high degree of persistence
in inflation.

Our results suggest that a marginal cost-based new Phillips curve provides a
good description of eurozone inflation over the period 1970-98. The empirical
model appears to capture the high inflation of the 1970s and the disinflation of
the 1980s, as well as the current environment of low inflation.

In part, our results push the mystery of inflation back to understanding the
factors that underlie the apparent inertia in the real marginal cost. Given the
link between unit labour costs and marginal cost, wage rigidity arises as a
possibility. We pursue that hypothesis by presenting a decomposition of the
cyclical movement in real marginal cost. We find that for both the eurozone
and the US, wage rigidity was indeed a significant factor in accounting for
sluggish cyclical movement in marginal cost. In addition, for the eurozone
alone, steady real wage increases from the early 1970s through to the early
1980s — possibly emanating from union pressures — placed consistent upward
pressure on real marginal cost. This persistent supply shock (in conjunction
with accommodating European central banks) is likely to have played a key
role in the double-digit inflation and general stagnation in Europe at this time.

Understanding the determinants of the wage mark-up appears to be the next
critical next step. It is possible that the staggered nominal wage (and price)
contracting model of Erceg, Henderson and Levin (2000) might account for
the high frequency behaviour of this mark-up. Under this approach, the ex
post wage mark-up adjusts countercyclically for essentially the same reason
the baseline sticky price model produces a countercyclical price mark-up
(given a constant desired mark-up). The sticky nominal wage model, however,
is unlikely to provide a full explanation for the eurozone data since it would
have difficulty accounting for medium-term dynamics of the wage mark-up,
particularly the rise in the 1970s. Here a model of real rigidities (e.g. union
pressures, etc.) that accounts for variation in the desired wage mark-up would
seem more appropriate.



1 Introduction

Over the postwar, the pattern of intation in the countries that now constitute the
new Euro area has been broadly similar to that in many other industrialized nations,
including the United States, England and Japan. The issue of Euro area infation,
however, is of distinct interest given the formation of the new European Central
Bank (ECB). The explicit mission of the ECB is the preservation of price stability.
To this end, analysis of the sources and nature of intation in the Euro area is a rather
immediate and central task.

In this spirit, we propose and estimate a simple theory-based Phillips curve for the
new Euro area.® We make use of a newly constructed aggregate historical data set for
this region. In addition, given our approach, we also necessarily confront the debate
over whether recent structural models of infation - loosely know as “new Phillips
curves” - can explain the data, particularly the high degree persistence in intation.
At issue is the nature of short run intation dynamics and the associated implications
for monetary policy.?

The structural equation for infation that we estimate for the Euro area is in the
spirit of the new Phillips curve literature.® It evolves explicitly from a setting of
staggered nominal price setting by monopolistically competitive ..rms. This formula-
tion has infation vary positively with real sector economic activity in the short run,
similar in spirit to a traditional Phillips curve. One key dicerence is that, in its prim-
itive form, the new Phillips curve relates intation to movements in real marginal cost
(averaged across ..rms). That is, real marginal cost is the theoretically appropriate
measure of real sector infationary pressures; as opposed to the cyclical measures used
in traditional Phillips curve analysis, such as detrended output or unemployment.

Recently, Sbordone (1999) and Gali and Gertler (1999) (hereafter GG) have shown
that this “marginal cost-based” version of the new Phillips curve can provide a rea-
sonable account of postwar intation in the U.S..* In this paper we show that the same
is largely true for the Euro area. That is conditional on the path of real marginal cost,
the structural equation captures the pattern of Euro area infation, including the rise
to double digit levels in the 1970s, the disintation of the 1980s, as well as the current
era of relative price stability. A virtue of the real marginal cost measure, which in

1Coenen and Wieland (2000) also analyze the new Euro area intation data, using a somewhat
dicerent approach.

20n this debate, among others, see Fuhrer and Moore (1995), Roberts (1997), Sbordone (1999),
Gali and Gertler (1999) and Mankiw (2000).

3See Goodfriend and King (1997) for a survey.

4Speci..cally, these authors obtain sensible and similar estimates of marginal cost based new
Phillips curve using dicerent methologies. Though GG reject the pure forward looking model in
favor of a hybrid speci..cation in the spirit of Fuhrer and Moore (1995) that allows for a fraction of
..rms to use rule of thumb pricing, they nonetheless ..nd that the forward looking behavior suggested
by the baseline theory remains predominant (see section 4.) Further, Sbordone (1999) ..nds that the
pure baseline model does a good job of tracking the aggregate data, while GG ..nd that a hybird
version with a modest amount of backward looking behavior does the job.



our analysis corresponds to real unit labor costs, is that it directly accounts for the
intfuence of both productivity and wage pressures on infation. In this respect, we
..nd that productivity, wages and infation move together largely as the new Phillips
curve theory suggests.

An auxiliary ..nding is that, as with the U.S. data, real marginal cost in the
Euro area is not well approximated by detrended output. This ..nding is of some
signi..cance: It suggests that at least part of the explanation for the empirical failure
of speci..cations of the new Phillips curve based on detrended output. Put dicerently,
much of the recent criticism of the new Phillips curve applies to this formulation, and
not to the marginal cost-based speci..cation. Among other things, real marginal cost
appears to move more sluggishly in the data relative to detrended output. This
sluggishness in real marginal cost, in turn, appears to help the model account for the
high degree of persistence in infation.

In part, our results push the mystery of infation back to understanding the factors
that underlie the apparent inertia in the real marginal cost. Given the link between
unit labor costs and marginal cost, wage rigidity arises as a possibility. We pursue that
hypothesis by presenting a decomposition of the cyclical movement in real marginal
cost. We ..nd that for both Euro area and the U.S., wage rigidity was indeed a
signi..cant factor in accounting for sluggish cyclical movement in marginal cost. In
addition, for the Euro area alone, steady real wage increases from the early 1970s
through the early 1980s—possibly emanating from union pressures— placed consistent
upward pressure on real marginal cost. This persistent supply shock (in conjunction
with accommodating European central banks) likely played a key role in the double-
digit intation and general stagnation in Europe at this time.

In section 2 we provide a background discussion of the debate over use of old
versus new Phillips curves in the context of the Euro area. Section 3 develops the
theoretical model used for estimation. In addition to the pure forward looking model,
we also consider a hybrid model in the spirit of Fuhrer and Moore (1995) and Gali
and Gertler (1999) that allows a fraction of ..rms to be backward looking. Section
4 discusses some econometric issues and then presents empirical results for the Euro
area, and draws a comparison for the U.S.. Among other things, we show that
the estimated baseline model tracks actual Euro infation very well. In section 5,
we present a simple decomposition of real marginal cost in order to understand the
forces that have driven this variable. We show that labor market frictions likely have
played an important role in the Euro area both at the medium and highly frequencies
in a way that is compatible with the anecdotal evidence. Concluding remarks are in
section 6.

2 Euro Infation and the Phillips Curve Debate

We ..rst analyze European infation from the perspective of the traditional Phillips
curve, partly to provide some descriptive evidence and partly to motivate use of the
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new Phillips curve. We then describe in general terms the new Phillips curve, and
briety discuss the debate over this approach.

2.1 The Traditional Phillips Curve

The traditional Phillips curve relates infation to some cyclical indicator plus lagged
values of infation. For example, let %, denote infation and ¥ the log deviation of
real GDP from its long run trend. A common speci..cation of the traditional Phillips
curve is:

X
= TGt P+ 1)
i=1
where 2; is a random disturbance. Often the restriction is imposed that the sum of
the weights on lagged intation is unity, so that the model implies no long run trade-
oa between output and intation. Sometimes the equation includes additional lags of
the output. Alternative speci..cations may use dicerent cyclical indicators (e.g., the
unemployment rate, capacity utilization, etc.)

Despite considerable criticism, however, the traditional Phillips curve does a rea-
sonable job of characterizing post war infation in the U.S. For example, Rudebusch
and Svensson (1999, henceforth RS) show that a variant of equation (1) with four
lags of intation ..ts well quarterly U.S. data over the period 1960-1999.° The output
term enters signi..cantly with a positive sign and the sum of the coe€cients on lagged
infation does not dizer signi..cantly from unity.

Here we show that the traditional Phillips curve similarly appears to provide a
reasonable description of intation in the Euro area, over the available sample. To
measure infation we use the log dicerence of the GDP detator. The output term is
the log of real GDP, detrended with a ..tted quadratic function of time. Estimates
of the RS speci..cation of equation (1) for quarterly Euro area data over the sample
1970:1-1998:11 yield:

Y, = Y/ Y, % Vi o+ Yie 4+ 4"
i ((()):05827)0 fia 8):%?3? fizi 8)8;49 fia 90:%&?6? ftia 90:9?615%'1 t

For comparison, estimates of the model for U.S. data over the same sample yield:

Yag. = 0:602 Yar;1+ 0:041 Yur; 2o+ 0:152 Yar;3+ 0:155 Y4+ 0:048 ¥ ;1 + 't
(0:041) (0:153) (0:119) (0:055) (0:014)

Not only does the RS speci..cation appear to work well for the Euro area, the esti-
mated coeCcients are quite similar to those obtained for U.S. data.

5See Stock and Watson (1999) for a more general analysis. In particular, the authors show
that many real activity variables suggested in traditional Phillips curve analysis remain helpful in
forecasting infation.



Despite the apparent empirical success of the traditional Phillips curve, however,
there are two basic concerns: The ..rst, of course, is that the Lucas critique remains
an issue, as it has been for the past the past twenty-..ve years. That is, the stability
of this equation across policy regimes is unclear, particularly since the coedcients
on lagged infation may very well embed expectations of future intation. This issue
is particular concern in the Euro area, to the extent that the ECB signi..es a brand
new policy regime. The second basic concern involves the ability of the traditional
Phillips curve to explain recent data. This concern is related to the ..rst in the
sense that it involves the stability of the relationship over time. In particular, in
both the U.S. and Europe, intation has been low despite high GDP levels relative to
trend, owing to robust growth. As a result, traditional Phillips curve relations have
been over-predicting infation. Some observers have simply pronounced the death
of the Phillips curve. Others have noted that by making some ex post adjustments
(e.g., changing the measure of potential output, adjusting for certain types of supply
shocks) it is possible to resurrect the basic relation.® In either case, the lesson remains
that an empirically based Phillips curve that does a reasonable job of accounting for
the past, need not continue to do well in the future. All this suggests that structural
modeling of intation is desirable, in the same way it is desirable for all other aspects
of a macroeconomic framework.

2.2 The New Phillips Curve

The new Phillips curve is based on staggered nominal price setting, in the spirit of
Taylor’s (1980) seminal work. A key dicerence is that price setting behavior is the
product of optimization by monopolistically competitive ..rms subject to constraints
on the frequency of price adjustment. A popular example is based on Calvo’s model
(1983) of staggered price setting, which has the virtue of parsimony. Here we outline
the key aspects, and defer some of the details relevant for an explicit derivation of an
estimable relation to Section 3.1 below.

The basic building block is the following equation that relates infation %; to
anticipated future intation and real marginal cost:

Y= EPag+ , ol (2)

where mt, is average real marginal cost, in percent deviation from its steady state
level, is a subjective discount factor, and . is a slope coecient that depends on the
primitive parameters of the model, particularly the parameter that governs the degree
of price rigidity. Equation (2) is a log-linear approximation of a relation obtained from
aggregating across the pricing decisions of individual ..rms.” This relation is what

6See, for example, the discussion in Gordon (1998) and Stock (1998).

"As we discuss in section 3, the new Phillips curve is obtained as loglinear approximation around
a deterministic steady state infation rate. The implicit assumption is that monetary policy is aimed
at obtaining this steady state rate. Allowing for shifts in the steady state intation rate would give



we referred to in the introduction as the “primitive formulation” of the new Phillips
curve; i.e., it is the formulation that arises directly as a consequence of the frictions
in the price adjustment process that are the key aspect of the theory.

What is most often seen in the literature, however, is the “standard formulation” of
the new Phillips curve that instead relates intation to an output gap variable. Under
certain restrictions on technology and labor market structure (see, e.g., Rotemberg
and Woodford (1997)), within a local neighborhood of the steady state real marginal
costs are proportionately related to the output gap as follows,

at; = £ (Ve i Yr) (3)

where y; and y; are the logarithms of real output and the natural level of real output,
respectively. Combining (2) with (3) then yields the standard output gap-based
formulation of the new Phillips curve.

Yo = E¢Ferg+ - (Ve 1 Ye) (4)

where - = %,

It is equation (4) that has been the subject of considerable controversy. As with
the traditional Phillips curve, infation varies positively with the output gap. In
contrast to the traditional Phillips curve, however, intation is an entirely forward
looking phenomenon. Iterating equation (4) forward yields:

TR Ecf(yer i Vi 5
4 = tFVerk 1 V)9 (5)
k=0

A striking implication is the absence of a tradeo= between infation and output; to
the extent a central bank can commit to stabilizing the output gap (Ve+k i Yisx): It
can achieve price stability. However, as emphasized by Fuhrer and Moore (1995), GG
and others, equation (5) is at odds with the data. It suggests that intation should
anticipate movements in the output gap.® Yet, as the estimates of the traditional
Phillips curve suggest, the output gap (measured by detrended output) tends to lead
intation.® While this result is widely known to hold for U.S. data, our Phillips curve

us more fexibility in ..tting the data, but would raise the problem of trying to explain changes in
the central bank’s long run target intation rate.

8Mankiw (2000) has recently emphasized that equation (5) predicts that intation should respond
quickly to monetary policy shocks (since it anticipates the response of output), which is counterfac-
tual. Note, however, that this criticism does not extend to the marginal cost-based formulation of
the new Phillips curve (equation (2)), to the extent marginal costs responds sluggishly to the policy
shock, relative to output.

%To see precisely the problem, note that assuming ~ ¥ 1, equation (4) may be expressed as
follows:

Y =Yz i - Oeit i Yega) + Ut

with uy = %¢ i E¢;10. Thus the theory implies that current intation should be negatively related
to the lagged output gap, in contrast to the evidence.
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estimates in the previous section suggest that it applies equally well to the Euro area.
Overall, the output-gap based formulation of the new Phillips curve cannot account
for the persistence of infation either for the U.S. or for the Euro area.

As we noted in the introduction, however, Sbordone (1999) and GG ..nd that the
central aspect of the theory, the relation between infation and real marginal cost
given by equation (2) is roughly consistent with the data (see footnote 4). These
results suggest that it is equation (3), the hypothesized link between real marginal
cost and the output gap, that is at variance with the data. GG present some direct
evidence for U.S. data to show that this is indeed the case. Real marginal cost
tends to respond sluggishly and with a lag to movements in the output gap, much
as intation does. There are two possible explanations for this ..nding. One is that
conventional measures of the output gap may be poor. To the extent that there are
signi..cant real shocks to the economy (e.g. shifts in technology growth, ..scal shocks,
etc.), using detrended output as a proxy for y; may not be appropriate. Whether
this factor alone could account for the observed inertia in real marginal cost relative
to detrended output is an open question, however.

A second, and perhaps more likely possibility, is that even if the output gap is
correctly measured, it may not be the case that real marginal cost moves proportion-
ately, as assumed. In particular, as we discuss in section 5, with frictions in the labor
market, either, in the form of real or nominal wage rigidities, equation (3) is no longer
valid. These labor market rigidities, further, can in principle ozer a rationale for the
inertial behavior of real marginal cost.!® Indeed, in section 5 we provide evidence that
labor market frictions were an important factor in the dynamics of marginal cost for
both the Euro area and the U.S., though with some important dicerences across the
two regions.

3 A Marginal Cost-Based Phillips Curve

In this section we derive a structural relation between infation and real marginal cost
across ..rms that we estimate in the subsequent section. As in GG, we ..rst present
a baseline model. We then derive a hybrid model that allows for a fraction of ..rms
to set prices using a backward looking rule of thumb. Here the idea is to test the
baseline model explicitly against the alternative that arbitrary lags of infation are
required to explain infation, as in the traditional Phillips curve analysis.

One dizerence from GG is that we relax the assumption that ..rms face identical
constant marginal costs (which greatly simpli..es aggregation), and instead allow for
increasing real marginal cost, following Woodford (1996) and Sbordone (1999). We
choose this path because allowing marginal cost to vary across ..rms produces more
plausible estimates of the degree of price rigidity in the Euro area. Our baseline

10As we discuss in section 5, further, inertial behavior of marginal cost opens up the possibility
of a short run tradeo= between infation and output. See also Erceg, Henderson and Levin (2000).



model, accordingly, is exactly the theoretical framework in Sbordone (1999). Our
hybrid model is a generalization that extends GG to allow for increasing marginal
cost. The appendix provides a detailed solution.

3.1 The Baseline Model

We assume a continuum of ..rms indexed by j 2 [0;1]. Each ..rm is a monopolistic
competitor and produces a dicerentiated good Y.(j), that it sells at nominal price
P:()- Flrm J faces an isoelastic demand curve for its product, given by Y(j) =

Pt“) v Y¢, where Y and P; are aggregate output and the aggregate price level,
respectively. Suppose also that the production function for ..rm j isgiven by Y (j); =
A:N¢(j)*1®; where N¢(j) is employment and A, is a common technological factor.

Firms set nominal prices on a staggered basis, following the approach in Calvo
(1983): Each ..rm resets its price only with probability 1 j p each period, indepen-
dently of the time elapsed since the last adjustment. Thus, each period a measure
1 j u of producers reset their prices, while a fraction keep their prices unchanged.
Accordingly, the expected time a price remains ..xed is p. Thus, the parameter
L provides a measure of the degree of price rigidity. It |s one of the key structural
parameters we seek to estimate.

After appealing to the law large numbers and log-linearizing the price index around
a zero intation steady state, we obtain the following expression for the evolution of
the (log) price level p; as function of (the log of) the newly set price p; and the lagged

(log) price p;1.

= (1 iWpe+HU P (6)

Because there are no ..rm-speci..c state variables, all ..rms that change price in pe-
riod t choose the same value of p;: A ..rm that is able to reset in t chooses price to max-
imize expected discounted pro..ts given technology, factor prices and the constraint
on price adjustment (de..ned by the reset probability 1 j u). It is straightforward
to show that an optimizing ..rm will set p; according to the following (approximate)
log-linear rule:

_ X
pt=logt+(1i W (W Efmegi,g ™)

k=0
where s a subjective discount factor, mc,,, is the logarithm of nominal marginal
cost in period t + k of a ..rm that last reset its price in period t; and * = 7 IS

the ..rm’s desired gross markup. Intuitively, the ..rm sets price as a markup over a
discounted stream of expected future nominal marginal cost. Note that in the limiting
case of perfect price fexibility (u = 0), p; = log* + mc}: price is just a ..xed markup
over current marginal cost. As the degree of price rigidity (measured by 1) increases,



so does the expect time the price is likely to remain ..xed. As a consequence, the ..rm
places more weight on expected future marginal costs in choosing current price.

The goal now is to ..nd an expression for infation in terms of an observable
measure of aggregate marginal cost. Cost minimization implies that the ..rm’s real
marginal cost will equal the real wage divided by the marginal product of labor.
Given the Cobb-Douglas technology, the real marginal cost in t + k for a ..rm that
optimally sets price in t, M Cy.¢.k, IS given by:

(Wiak=Prax)
(1§ ®) (Yeerk =Ntk )

where Y¢;k and Ng;e are output and employment for a ..rm that has set price in
t at the optimal value P;: Individual ..rm marginal cost, of course, is not observable
in the absence of ..rm level data. Accordingly it is helpful to de..ne the observable
variable “average” marginal cost, which depends only on aggregates, as follows:*!

MCitak =

(W=Py)
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Following Woodford (1996) and Sbordone (1999), we exploit the assumptions of

a Cobb-Douglas production technology and the isoelastic demand curve introduced
to obtain the following log-linear relation between M Cy;¢ .k and M C;:

MC; ~

b = Wb | T (0 1 i) ©
i

where ot and mt.., are the log deviations of M C¢;t+x and MCi from their
respective steady state values. Intuitively, given the concave production function,
..rms that maintain a high relative price will face a lower marginal cost than the
norm. In the limiting case of a linear technology (® = 0), all ..rms will be facing a
common marginal cost.

We obtain the primitive formulation of the new Phillips curve that relates infation
to real marginal cost by combining equations (6), (7), and (9),

Y = Eif¥ie9+ . mby (10)
with _
- Qiwdis waie)
} pL+®C il)]
Note that the slope coe€cient . depends on the primitive parameters of the model.
In particular, _ is decreasing in the degree of price rigidity, as measured by |, the

(11)

L

INote that this measure allows for supply shocks (entering through A; in the production). An
adverse supply shock, for example, results in a decline in average labor productivity, Y¢=N¢: Also,
the speci..caton is robust to the addition of other variable factors (e.g. imported imports), so long
as the elasticity of output with respect to labor is constant, ..rms take wages as given, and there are
no labor adjustment costs.



fraction of ..rms that keep their prices constant. A smaller fraction of ..rms adjusting
prices implies that infation will be less sensitive to movements in marginal cost.
Second, , is also decreasing in the curvature of the production function, as measured
by ®, and in the elasticity of demand ™. The larger ® and ", the more sensitive is
the marginal cost of an individual ..rm to deviations of its price from the average
price level: everything else equal, a smaller adjustment in price is desirable in order
to ooset expected movements in average marginal costs.

Finally, we observe that equation (10) can be expressed completely in terms of
observables, since (8) implies that average real marginal costs correspond to real unit
labor costs (or, equivalently, to the labor income share).}? In the end, accordingly,
the model suggests that infation should equal a discounted stream of expected future
real unit labor costs.

3.2 The Hybrid Model

Equation (10) is the baseline relation for infation that we estimate. An alternative
to equation (10) is that intation is principally a backward looking phenomenon, as
suggested by the strong lagged dependence of this variable in traditional Phillips
curve analysis. As a way to test the model against this alternative, we follow GG by
considering a hybrid model that allows a fraction of ..rms to use a backward looking
rule of thumb. Accordingly, a measure of the departure of the pure forward looking
model from the data in favor of the traditional approach is the estimate of the fraction
of ..rms that are backward looking.

All ..rms continue to reset price with probability 1 j u. However, only a fraction
1 j T resets price optimally, as in the baseline Calvo model. The remaining fraction
I choose the (log) price p? according to the simple backward looking rule of thumb:

h — O
Pt = Prj1 + i1

where pg.; is the average reset price in t j 1 (across both backward and forward
looking ..rms). Backward looking ..rms see how ..rms set price last period and then
make a correction for infation, using lagged infation as the predictor. Note that
though the rule is not optimization based, it converges to the optimal rule in the
steady state.™®

In analogy to the baseline case, the only dicerence here from GG is that we
relax the assumption of constant marginal cost across ..rms. We defer the details of
the derivation to an appendix and simply report the resulting hybrid version of the
marginal cost based Phillips curve:

21n an earlier version of GG we showed that the results are robust to some alternative measures
of marginal cost. See also Sbordone (1999).

3Note also that backward looking ..rms free ride oz of optimizing ..rms to the extent that Pts1 s
infuenced by the behavior of forward looking ..rms. In this regard, the welfare losses from following
the rule need not be large, if the fraction of backward looking ..rms is not too dominant.
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Vg = %y Vg1 + ¢ ExFlieag + , oty (12)
with

e- CLiDNAiIPAiI WAiI®) .
® Al+®(" i 1) ’

where A~ p+ 1§ p(1 i )l
As in the pure forward looking baseline case, relaxing the assumption of constant
marginal cost acects only the slope coe®cient on average marginal cost. The coef-
.cients °;, and °, are the same as in the hybrid model of GG. In this regard, note
that the hybrid model nests the baseline model in the limiting case of no backward

looking ..rms (i.e., ' = 0). Accordingly, if the baseline model is true, ! should not
dizer signi..cantly from zero.

ob’ !Ail : of’_pAil

4 Evidence

We next present estimates of both the baseline model (equation (10)) and the hybrid
model (equation (12)) for the Euro area. For comparison, we also present results for
the U.S. over the same sample period.

All data are quarterly time series over the period 1970:1-1998:11. To measure in-
tation we use the GDP defator. Figure 1 plots that variable, as well as detrended
GDP. Our measure of average real marginal cost is the log of real unit labor costs,
consistent the theory presented on section 3.1.1* Accordingly, we use the log deviation
of real unit labor costs from its mean as a measure of mt;.

Figure 2 displays our measure of real marginal cost together with infation for
the Euro area. Both variables move closely together, at least at medium frequencies.
The relation appears to hold throughout the three key phases of the sample: (i) the
high intation of the 1970s and early 1980s; (ii) the disintation of the early 1980s;
and (iii) the current period of low intation.’®, ¥ This informal evidence provides

14Qur data for the Euro area are from from Fagan, Henry, and Mestre (2000). Real unit labor
costs are constructed as the ratio of compensation to employees (WIN) to GDP (YER). Intation is
measured as the quarterly percent change in the GDP detator (YED). The data for the U.S. are
described in GG. In particular, real unit labor costs are for the non-farm business sector.

15Blanchard (1997) and Blanchard and Wolfers (2000) have also drawn attention to the rise and fall
in the labor share in Europe over this time, which they interpret as refecting shifts in the aggregate
demand for labor. Also, Blanchard and Muet (1992) draw the connection between movements in the
labor share and infation for the French economy. We pursue this observation of strong co-movement
of the labor share with infation as a central implication of new Phillips curve theories.

160ne possibilty, emphasized by Benabou (1992), is that intation may be infuencing movements
in the labor share by acecting ..rms’ desired markup. Our instrument variables procedure controls
for this possibility of reverse causality in principle, though it is an issue we plan to investigate
further. In the meantime, we observe that much of the movement in the labor share is associated
with the wage markup as opposed to the price markup (see section 5.) Accordingly, the issue is
whether infation amects workers’ desired markup.
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some encouragement that infation is related to movements in marginal costs along
the lines that the theory suggests.!’

We now proceed to provide formal evidence of this conjecture. First, we present
estimates of the model, including estimates of the key structural parameters. We
then show that, while the baseline can be formally rejected against a hybrid model
with some mild backward-lookingness, is still does a good job at accounting for the
dynamics of infation in the Euro area.

4.1 Baseline Model Estimates

We begin by presenting estimates of the coe€cients in equation (10). We refer to these
estimates as “reduced form” since we do not try to identify the primitive parameters
that underlie the slope coeCcient _: We then proceed to the structural version of
the model and, in particular, obtain an estimate of the key underlying primitive
parameter |, which governs the degree of price rigidity.

4.1.1 Reduced Form Estimates

Our econometric procedure is relatively straightforward. Let z; denote a vector of
variables observed at time t. Then, under rational expectations, equation (10) de..nes
the set of orthogonality conditions:

Efe i Y1 i, @b) 20=0

Given these orthogonality conditions, we can estimate the model using generalized
method of moments (GMM).

We instruments dated t j 1 or earlier for two reasons: First, there is likely to be
considerable error in our measure of marginal cost. Assuming this error is uncor-
related with past information, it is appropriate to use lagged instruments. Second,
not all current information may be available to the public at the time they form
expectations.

For the Euro area estimates, our vector of instruments z, includes ..ve lags of
intation, and two lags of the real marginal cost, detrended output, and wage intation.
We choose a relatively small number of lags for instruments other than infation in
order to minimize the potential estimation bias that is known to arise in small samples
when there are too many overidentifying restrictions. We based the lag length for
infation on reduced form forecasting evidence. For the U.S. estimates, the instrument

17\We emphasize that the theory suggests that real marginal cost is eaectively a measure of capacity
utilization. Accordingly, underlying the persistent high infation in the 1970s is overly accommoda-
tive central bank behavior. One possibility is that European central banks did not properly take
into account reductions in potential output stemming from high wage increases. We expand on this
in section 5.
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set is the same, except that we only use four lags of infation, again based on the
reduced form evidence!®.
The estimated intation equation for the Euro area is given by:

Y = 0:914 Etf1/4t+lg+ 0:088 ot (13)
(0:040) (0:041)

where standard errors are shown in parentheses. The corresponding equation for the

U.S. is:

Yoo = 0:924 E(FYir10+ 0:250 oty (14)
(0:029) (0:118)

In each instance, the standard errors are modi..ed, using a Newey-West correction,
given evidence of serial correlation in the error term, as we discuss below.

We performed a number of diagnostic tests to evaluate these regressions. We begin
with the results for the Euro area. To check for potential weakness of the instruments,
we perform an F-test applied to the ..rst-stage regression; the results clearly suggest
that the instruments used are relevant (F statistic = 61.8, with a p-value = 0.00).%°
Next we test the model’s overidentifying restrictions. Based on the Hansen test, we do
not reject the overidentifying restrictions (J statistic = 8.21, with associated p-value
of 0.51). However, we consider a Ljung-Box test for residual autocorrelation and
..nd that we reject the model’s prediction of a martingale dicerence process for the
error term (Q(4) = 24.8). We interpret that evidence as suggesting that the baseline
Calvo speci..cation does not fully capture all the dynamics present in the data. One
possibly is that assumptions on the timing of price adjustment that eliminate history
dependence (speci..cally an i.i.d.probability of price adjustment) are too strong.?
However, we leave this consideration for future research. Another possibility is that
there may be an element of backward looking price adjustment. \WWe pursue this latter
possibility in the next subsection. Finally, the diagnostic tests for the U.S. data yield
results very similar to those obtained for the Euro area.?*

Overall, the empirical model works reasonably well in both cases. The slope
coeCcient on marginal cost is positive in each case, as implied by the theory. The
standard errors suggest some imprecision in the point estimate, but the coe€cient in
each case are signi..cantly dicerent from zero. The estimate of the discount factor is

18 Adding a ..fth lag of intation to the instrument set does not azect the results.

19Recently, Staiger and Stock (1997) point out the importance of examining this statistic, as
conventional asymptotic results may break down under weak correlation between the instruments
and the endogenous regressor. This is clearly not the case in our estimated equation.

20The standard Taylor (1980) formulation of overlapping contracts generates additional serial
correlation due to cohort ewects.

2lIn the U.S. case the F-test applied to the ..rst-stage regression yielded an F statistic of 42.6,
with a p-value = 0.00. The Hansen test cannot reject the overidentifying restrictions (J statistic =
5.76, with associated p-value of 0.67). The Ljung-Box test for residual autocorrelation also rejects
the martingale dicerence null (Q(4) = 10.2, with p-value of 0.04).
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a bit low, but is within the realm of reason, especially after taking into account the
standard error.

To illustrate that the connection between intation and real marginal cost is not
simply a product of some kind of aggregation bias, we present evidence from country
level annual data. Figure 3 plots GDP intation versus marginal cost (again measured
by the log labor share) for a number of OECD countries, including the member Euro
countries, as the well the UK, Australia and the U.S. In virtually every case, there is
a close movement between intation and marginal cost, as the theory suggests.??

By way of contrast, when we estimate the model using detrended log GDP (as a
proxy for the output gap, following other authors), the slope coe®cient becomes the
wrong sign:

1 = - 1 H -
= Gt 00 % 2

and the corresponding equation for the U.S. yields the same conclusion:

1 -1 1 - .
Yoy (]65(92]6)2 EifY10 0 %8026])- . (16)
Thus, our focus on real marginal cost in favor of conventional output gap measures
appears justi..ed.

4.1.2 Structural Estimates

We next estimate the structural parameter y, which measures the extent of price
rigidity. As equation (11) indicates, the reduced form coeCcient _ is a function not
only of u and ", but also of the technology curvature parameter ® and the elasticity of
demand ™. The model’s restrictions allow us to identify only two primitive parameters:
—; the slope coeccient on expected infation in equation (10), as well as one other
parameter among |, ®, and . Our strategy is to estimate u and , conditional on a
set of plausible values for ® and .

We obtain measures of ® and "; based on information about the steady values
of the average markup of price over marginal cost, 1, and of the labor income share
St 7 WiN=P:Y{: By de..nition, the average markup equals the inverse of average
real marginal cost (i.e., ¥, = 1=MC,). It thus follows from our assumptions about
technology that:

We can accordingly pin down ® using estimates of steady state (sample mean)
values of the labor income share and the markup. Given an estimate of the steady

221n work in progress, Benigno and Lopez-Salido (2000) provide formal evidence of the nature of
infation dynamics for the main countries of the infation area. See also Balakrishnan and Lopez-
Salido (2000) for U.K. evidence.
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state markup * we can obtain a value for " by observing that, given our assumptions,
the steady state markup should correspond to the desired or frictionless markup,
implying the relationship which allows us to identify ".

a1

il

a1

We can now feed values of S and 1 in the two equations above to obtain measures
of ® and "'. For the Euro area the average labor share is approximately 3=4; for the
U.S. it is approximately 2=3.2% Unfortunately there is more controversy over the size
of the average markup *. Our baseline results are based on an average markup of
1:1.%

We next de..ne the constant » ~ ﬁ?-%—n 2 (0;1); which is conditional on the
calibrated values for ® and "". Given this de...nition, we can express the slope coe¢cient
on real marginal cost, _ in equation (10), as the following function of »:

L

R TL (R AT [ (R TV S

In our baseline estimates below we treat » as known with certainty (conditional on
the average labor income share and markup) which permits us to identify and . In
addition we also report estimates under the assumption of constant returns to scale,
which corresponds to » = 1. In the latter case identi..cation of g does not require the
calibration of any parameter.

Before proceeding, note that the restrictions we impose to identify p are highly
nonlinear (see equation (11)). As is well know, nonlinear estimation using GMM s
sometimes sensitive to the way the orthogonality conditions are imposed.?® For this
reason, and following GG, we consider two alternative speci..cations of the orthogo-
nality conditions, which we refer to, respectively, as speci..cations 1 and 2:

Ef Y% i 0 Y1 i Qi W@ i p)» b)) zg=0

Ecf(e i Yoar i Uil(l i WA i w» et) zg=0

Table 1 reports estimates of the baseline model for the Euro area, as well as the
U.S.. For each region, we report estimates conditional on two dicerent values of »,
as discussed above. Further, in each instance we report estimates based on the two
dizerent speci..cations of the orthogonality conditions. The ..rst two columns report

23 Average labor shares for the Euro area were drawn European Economy (1999). The value for
the U.S. was taken from Cooley and Prescott (1995).

24 An earlier version of the paper considered alternative values within the interval (1:1 ,1:4), a
range of plausible estimates from the literature (e.g., Rotemberg and Woodford (1995), Basu and
Fernald (1997)). None of the results were acected by that choice.

25See, e.g., Fuhrer, Moore, and Schuh (1995) for a discussion.
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the estimates of the two primitive parameters, u and . The third column reports
the implied estimate for _, the reduced form slope coe®cient on real marginal cost.
Next we report the average duration of a price (in quarters), corresponding to the
estimate of . Standard errors (with a Newey-West correction) for all the parameter
estimates are reported in brackets. The ..nal column displays Hansen’s J statistic of
the overidentifying restrictions, together with the associated p-values (in brackets).

The ..rst two rows of Table 1 report the baseline estimates using Euro area data.
All of them have the right sign and plausible size, and reasonably robust across the
two normalizations. The estimated average duration of prices lies somewhere around
three to four quarters. The estimate of the discount factor  is again a bit low, but
not terribly so. Importantly, the implied value of _ is positive and signi..cant for
both normalizations. Thus, the results suggest that real marginal cost is indeed a
signi..cant determinant of intation, as the theory suggests. Finally, the estimates
are fairly similar across speci..cations (1) and (2), though (1) tends to generate a
somewhat lower estimate of the degree of price rigidity (and hence a higher estimate of
the slope coe€cient ). As we suggested earlier, imposing the assumption of constant
returns to labor yields an implausibly high estimate of the stickiness parameter and
its implied duration.

The estimates for the U.S are similar. If anything, they suggest that prices are less
rigid. The implied average duration of price rigidity is roughly two to three quarters
in the baseline case, versus six to seven quarters in the case of constant returns to
labor. It is interesting to notice that our estimates of the degree of price rigidity in
the baseline case are very similar to Sbordone (1999), even though the estimation
procedure is quite dizcerent.

Again, the model’s overidentifying restrictions are not rejected under any speci-
..cation. However, this test is likely to have low power since it does not consider a
speci..c alternative. We next report estimates for the hybrid model introduced above,
which allows us to test directly against the hypothesis of backward looking intation
inertia.

4.2 Hybrid Model Estimates

We extend the approach described in the previous section to the estimation of the
hybrid model (12). We continue to use real unit labor costs to measure the real mar-
ginal cost (up to a multiplicative factor). In this instance, we estimate an additional
parameter: !, the fraction of backward looking price setters. As in the previous case,
we use calibrated values of ® and " to calibrate ». Now this allow us to identify I;
as well as the price rigidity parameter u:

Again we consider two alternative speci..cations of the orthogonality conditions.
They are given by:

Etf(Al/“t i Al Yarg1 0 A_U e i Qi DA T WA G p)» ok) 2g=0
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and
Ecfc i ! Yei1 0 W Yeeea i Ail(l i DATiwei p)» at) zg=0

where parameter » is the same known function of ® and " used in the estimation of
the pure forward-looking model, and where A = p+ I[1 j u(1 § )]

The ..rst three columns of Table 2 report estimates of the primitive parameters
I, pand . The next three give the implied values of the reduced form parameters,
°,; ¢ and . Again, we report the implied average duration of price rigidity, and the
overidentifying restriction test.

The estimates imply that backward looking price setting, measured by the size of
I, has been a relatively unimportant factor behind the dynamics of Euro area inta-
tion. This is consistent with GG’s evidence that forward looking behavior remained
highly important for the U.S. If anything, however, backward looking behavior is
less important in the Euro area. Under, speci..cation 1, the estimate of I, the frac-
tion of backward looking price-setters does not dizer signi..cantly from zero. Under
speci..cation 2, the fraction rises to somewhere between % and % The estimates are
statistically signi..cant, but still quantitatively small, suggesting that forward look-
ing behavior is dominant in shaping the dynamics of infation. The estimates of the
other structural parameters, and p are plausible and very close to their values for
the forward looking case. Again, after accounting for standard errors, the estimates
appear reasonably robust across the two dicerent speci..cations of the orthogonality
conditions.?

Once again, the U.S. estimates look broadly similar to those for the Euro area,
with prices appearing to be more texible (i.e., the average duration of price rigidity is
shorter) in the former. Backward looking behavior is statistically signi..cant, though
guantitatively small: the estimates of !; which range from % to % are slightly higher
than in the Euro area. Notice that allowing for decreasing returns to labor yields lower
estimates of both the degree of price rigidity and the fraction of backward looking price
setters than those obtained under the constant returns assumption (corresponding to
» =1).

We have thus far tested our forward looking model against the hypothesis that
intation lagged one quarter also matters.?” One possibility, accordingly, is that we
may have biased our test against ..nding backwardness by not letting additional lags
of intation directly enter our Phillips curve. To examine this possibility, we added
several lags of intation to the hybrid model. Table 3 presents the results for the
baseline model with * = 1:1. Parameter A denotes the sum of the coeccients on the

26\We also detected serial correlation of the error term in the hybrid model, and accordingly
adjusted the standard errors. Note that the hybrid model does not necessarily predict a serial
uncorrelated error term, since some of the error could be due to backward looking price setting (i.e.,
the error term in this case is not just a forecast error.)

2TRecall that due to the form of backward looking price setting we permit, price setters look back
just one period to adjust current prices.

17



additional lags. Note that for both the Euro area and the U.S., this sum is small
and not statistically signi..cant?®. This result holds across all speci..cations. Thus, it
appears that the structural marginal cost based model can account for the intation
dynamics with relatively little reliance on arbitrary lags of infation, as compared to
the traditional Phillips curve (see section 2).

4.3 Actual versus Fundamental Infation

Next we propose, following GG and Sbordone (1999), an informal, but intuitive, way
to assess the extent to which our model constitutes a good approximation to the
dynamics of infation in the Euro area.?® We consider only the pure forward looking
baseline model given by equation (10), since the hybrid model does not yield estimates
that are appreciably dicerent.

We next de..ne the concept fundamental intation %;; which we obtain by iterating
equation (10):

X _
Yoo = , K Effmobeg T Y (17)
k=0
Fundamental intation Y is a discounted stream of expected future real marginal
costs, in analogy to the way a fundamental stock price is a discounted stream of
expected future dividends. To the extent our baseline model is correct, fundamental
infation should closely mirror the dynamics of actual intation.
Since expectations of future marginal costs are not observable we cannot construct
a direct measure of %{. Yet, under the maintained hypothesis that the model holds,
we can construct an estimate of the right hand side of (17) as follows. Let

for some ..nite g represent a restricted information set observable to the econometri-
cian. Given that % 2 z, it follows from (17) is that:

o X —kK .
g =, Ecfote i | 9 (18)
k=0
Let A denote the companion matrix of the VAR(1) representation for z;. Accord-
ingly, Eqfat,. j z,g = e} AKXz, where e, is a vector with a 1 in its ..rst position and
zeros elsewhere. If the model is correct we have

Ve =, el(1 § A z

28For the Euro area, some of the individual lag coe@cients were statistically signi..cant, though
not large quantitatively.
29The test is in the spirit of Campbell and Shiller (1987).
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Hence, we can construct a measure of fundamental infation using estimates of _,
—, as well as an estimate of A. Strictly speaking, this constructed measure should
coincide with actual intation (except for sampling error) if (17) is the true model of
infation. Of course, we cannot realistically expect (17) to hold exactly since it is,
at best, a good ..rst approximation to reality. The question is then: to what extent
observed fuctuations in infation can be accounted for by our measure of fundamental
infation, i.e., how far is our model from reality?.

Figure 4 displays our measure of fundamental intation for the Euro area together
with actual intation. The measure of fundamental intation is constructed using the
estimated reduced form equation for the Euro area, given by equation (13). Virtually
identical results obtain from using either of the estimated structural equations (speci-
..cation (1) and (2)) in Table 1. Overall, fundamental infation tracks the behavior of
actual intation quite well, especially at medium frequencies.®® In particular, it seems
to succeed in accounting for the rise of infation in the mid 70s and the subsequent
disintation in the mid 1980s, as well as the current environment of low infation in
spite of high growth.

5 The Cyclical Behavior of Real Marginal Cost:
The Role of Labor Market Frictions

In this section we present a simple decomposition of the movement in real marginal
cost in order to isolate the factors that drive this variable. Our results suggest that
labor market frictions likely played a key role in the evolution of real marginal cost
in both the Euro area and the U.S., though in a somewhat dicerent fashion across
the two regions. In this vein, the results suggest that labor market frictions may help
explain intation persistence in both cases.3!

Our decomposition requires some restrictiqgs from theory. Suppose the repre-
sentative household has preferences given by = L, 'U(Cy; Ny); where U(Cy; Ny) is
separable in consumption C; and labor N¢, and where usual properties are assumed
to hold. Without taking a stand on the nature of the labor market (e.g. competi-
tive versus non-competitive, etc.), we can without loss of generality express the link
between the real wage and household preferences as follows:

% =i UN:t aw
I:)t UC;t !

(19)

where j ‘d':: is the marginal rate of substitution between consumption and labor. Be-

30Gali and Gertler (1999) obtain a similar ..nding for the US, using the estimated hybrid model.
Sbordone (1999) also ..nds that infation is well explained by a discounted stream of future real
marginal costs, though using a quite dicerent methodology to parameterize the model.

31Christiano, Eichenbaum and Evans (1997) also emphasize the need to consider labor market
frictions in this kind of framework. Here we provide some direct evidence in favor of this conjecture.
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cause that variable is the marginal cost to the household of supplying additional labor
(in consumption units), the variable 1} is interpretable as the gross wage markup (in
analogy to the gross price markup over marginal cost, 1,). Assuming that the house-
hold cannot be forced to supply labor to the point where the marginal bene..t ‘Q’—:

exceeds the marginal cost 72, we have 1Y _ 1:

Conditional on measures of ‘Q’—: and % equation (19) provides a simple way to
identify the role of labor market frictions in the wage component of marginal cost.
If the labor market were perfectly competitive and frictionless (and there were no
measurement problems), then we should expect to observe 1 = 1, i.e., the real
wage adjusts to equal the household’s true marginal cost of supplying labor. With
labor market frictions present, we should expect to see 1Y > 1 and also possibly
varying over time. Situations that could produce this outcome include: households’
having some form of monopoly power in the labor market, nominal wage rigidities,
distortionary taxes on labor income, etc.

Using equation (19) to eliminate the real wage in the measure of real marginal
cost yields the following decomposition:

(Wt:Pt) UN;t:UC;t L
(1 i ®)(Ye=Ny) ! (1§ ®)Y¢=Ny t (20)

According to equation (20), real marginal cost is the product of two components (i)
the wage markup *{'and (ii) the ratio of the household’s marginal cost of labor supply
to the marginal product of labor, % We refer to this latter component as the
“ineC¢ciency wedge,” since it is a proportionate measure of output relative to the
eCcient level of output, .i.e., the one corresponding to the frictionless competitive
equilibrium. In general, the ineCciency wedge is unity when output is at potential,
and declines monotonically with the ratio of output to potential.®> For our purposes,
the key point is that absent frictions in the labor market, real marginal cost equals the
ine¢ciency wedge, and thus varies positively with output relative to potential. With
labor market frictions, however, marginal cost also depends on the wage markup,
opening up a possible of source of inertia.

Assume that U(C; Ny) = log C j ==N¢ ", implying U, = & and Uy = i N, :
Log-linearizing equation (20) and ignoring constants, yields an expression for marginal
cost and its components that is linear in observable variables:

MC; =

mce = log 1 + [(Cc+ " Ny) i (Ve i Nyl (21)
with

log 2 = (We i po) i (Ce+ ™ Nny)

3270 see, note that when output equals potential, marginal product of labor equals the marginal
cost of labor supply, implying that the e®ciency wedge is unity. Output below potential means
(1 i ®)Y=N¢ > jUn:t=Uc.; implying that the ineC¢ciency wedge is less than unity.

20



where lower case variables are used to denote logarithms. The expression [(C¢+ "ny) §
(V¢ i ny)] is the log linearized ine®ciency wedge, with (¢, + "ny) being the marginal
cost of labor supply. The parameter, *; further, is the inverse of the elasticity of
labor supply.

Before proceeding with the decomposition, it is useful to make precise the implica-
tions of the wage markup for infation dynamics. For simplicity, consider an economy
with just consumption goods, so that c; = y;. In this instance, the ineCciency wedge
is related to the output gap according to:

(Ce+An) i (Vein) =i+ (VeiVy)

where y;{ is the now the level of output that would obtain with texible prices and
wages, and £ ~ log 2" + log is an index of the steady state distortion associated
with the existence of market power in both labor and goods markets. It follows from
equation (21) that in this case real marginal cost is given by:

by =B + £ (Ve i Vi)

where B ~ log(1{'=1") is the percent deviation of the wage markup from its steady
state level. We can combine this expression for real marginal cost with the new
Phillips curve given by equation (10) to obtain

Yo = Exfherg+ . BY + - (Ve i Yy) (22)

with - = _1: Equation (22) makes clear that the standard formulation of the new
Phillips curve based on the output gap is correct only under the assumption of con-
stant wage markups (i.e., B = 0).

To see the impact on infation dynamics, iterate equation (22) forward to obtain

X_ o]
Yo = K Eif, Bl + - Ve 1 Yerr)9
k=0

In this instance, infation depends not only on the expected path of the output gap,
but also on the fuctuations in the wage markup. Suppose for example that real
wages are sticky, either due to some form of real rigidity, or nominal wage rigidity in
conjunction with nominal price rigidities (as in Erceg, Henderson and Levin, (2000)).
Suppose further that there is a decline in the output gap, possibly expected to persist
for some time. The real wage rigidity will produce a persistent rise in the wage
markup, since the output gap (and hence the ine€ciency wedge (ct+ "ne) i (Ve i Ny))
decline relative to the wage. As a consequence, the expected path of real marginal
cost and thus infation decline less than they would relative to case of a frictionless
labor market. In this way, labor market frictions may help account for the observed
inertia real marginal costs and ination.
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We now proceed to decompose (log) real marginal cost into the sum of the (log)
wage markup and (log) ine¢ciency wedge. As is apparent from equation (21), to
identify the two components we need information on non-durable consumption per
household, c¢, and employment per household n¢, as well as two variables we used
earlier: the real wage (w¢ i p¢) and average labor productivity (y; i n¢): For the Euro
area, only total consumption is available; however, experimenting with U.S. data
suggest that the results are reasonably robust to using total consumption instead of
just nondurable. To measure employment per household, we use the log dicerence
between employment and the labor force. Hours are not available, but experimenta-
tion with the U.S. data suggests that the results are robust also to this modi..cation.
Finally, take as unity our benchmark measure of labor supply elasticity, implying
" = 1: The results are robust to variations in labor supply elasticities within a rea-
sonable neighborhood of unity, and also to allowing for nonseparability of preferences
over consumption and leisure.

Figures 5 and 6 present the decompositions for the Euro area and for the U.S.,
respectively. The top panel in each case illustrates the behavior of the (log) ine¢-
ciency wedge relative (log) real marginal cost and the bottom panel does the same
for the (log) wage markup.

For the Euro area, perhaps most striking is the apparent secular upward drift in
the wage markup from 1970 to early 1982. This behavior seems consistent with the
popular notion that labor union pressures produced a steady rise in the real wage
over this era. The impact of this labor market distortion is mirrored in the steady
decline in the ine®ciency wedge over the entire period, which is especially apparent
from comparing the pre-1982 and post-1982 behavior of this variable. This decline is
most likely associated with rising employment (i.e. rising unemployment reduces our
measure of n; which everything else equal, reduces (c; + "ny); the numerator in the
ineC¢ciency wedge.)

At the medium run frequency, accordingly, the evolution of marginal cost (our
metric for infationary pressures) in Europe goes as follows: In the early 1970s the
economy is operating near full capacity, as measured by the high ine¢ciency wedge.*
Intationary pressures are low, however, due to a low wage markup. Over the period,
however, the steady rise in the wage markup produces an overall rise in marginal cost.
In the latter half of the sample, however, the wage markup moderates, but a persistent
decline in the ine¢ciency wedge associated with employment stagnation leads to low
overall marginal cost, and thus low intationary pressures. We stress, though, that our
sample ends in 1998. Since this time there has been a decline in unemployment and
a rise in output growth in the Euro area, without any corresponding rise in intation.

33\We stress that the ine@ciency wedge is a measure of capacity utilization and not capacity output,
i.e., Figure 5 simply suggests that capacity utilization was high in the 1970s. Indeed, supply shocks
in the 1970s, including wage pressures as well as oil shocks, likely had an adverse ecect on capacity
output. A likely scenario is that European central banks did not properly adjust monetary policy
to account for the contraction in capacity output resulting from these shocks.
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In the context of our analysis, either a declining wage markup or rising productivity
(the new economy reaches Europe?), or some combination of the two could be at
work. We look forward to sorting this out in future research.

To be sure, it is likely that cyclical as well as secular forces infuenced the joint
dynamics of the wage markup and the ine¢ciency wedge in the Euro area. The sharp
drop in the ine¢ciency wedge during the 1980s is likely a result of the severe recession
in Europe at this time. The corresponding sharp rise in the wage markup during the
severe downturn of the early 1980s is best explained by wage rigidity. The rise in
the wage markup over this period accounts why marginal cost (and hence intation),
responded sluggishly to the recession.

Finally, for the U.S. it appears that mainly cyclical forces have been at work. The
ine¢ciency wedge is closely correlated with the business cycle. The wage markup
appears to move inversely with the ine®ciency wedge, again suggesting the likelihood
of temporary wage rigidity. Accordingly, for the U.S, temporary wage rigidities may
provide a way to explain the sluggish response of marginal cost and intation to cyclical
output movements.

One somewhat surprising result for the U.S. is that our decomposition suggests
that the moderate behavior of real marginal cost in recent years has been mainly the
result of a declining wage markup. Indeed the decline in the wage markup has more
than oszset a sharp rise in the ine@ciency wedge. Indeed, the latter has risen in recent
years, despite the rise in labor productivity. Rapid growth in nondurable consumption
and labor force participation in the U.S. appears responsible. (i.e. (c¢+"n¢) i (Ve i Ny)
has risen despite the rise in y; j n; since ¢, as well as n¢ has risen rapidly.) One
possibility is that our simple measure of the households’ marginal cost of supplying
labor, (c¢ + "ny¢); is suspect. Beyond the issue of parametric assumptions, there may
be aggregation problems. To the extent, for example, it has been concentrated among
the wealthy and or retirees, the recent rapid growth in nondurable consumption may
not be a good proxy for the movement in a representative worker’s marginal utility.
Also, our measure of labor force participation does not adjust for demographic factors,
as recently emphasized by Shimer (1998). On the other hand, the anecdotal evidence
does suggest an easing of wage pressures in the U.S., so the notion of a decline
in the wage markup is not unreasonable. In future work we plan to explore these
measurement issues in more detail, as well as alternative parametric assumptions.

6 Conclusions

Our results suggest that a marginal cost - based new Phillips curve provides a good
description of Euro area infation over the period 1970-1998. The empirical model
appears to capture the high intation of the 1970s, the disintation of the 1980s, as
well as the current environment of low infation.

As with the U.S., sluggish movement in marginal cost appears to be an important
factor accounting for observed high degree of persistence in infation. Our decom-
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position of marginal cost suggests that labor market frictions, as manifested in the
behavior of the wage markup, may be critical to dynamics of this variable. In both
the Euro area and the U.S. there is a countercyclical element to the behavior of the
wage markup, consistent with the presence of wage rigidities. A distinctive feature
of the Euro area, however, is an upward drift of the wage markup in the 1970s, con-
sistent with the anecdotal evidence for wage pressures in Europe. For one reason or
another, European central banks at this time did not properly adjust for the impact
of the rise in the wage markup (and other adverse supply shocks) on the natural level
of output, which helps account for the persistent high intation of this era.

Understanding the determinants of the wage markup appears to be the critical
next step. It is possible that the staggered nominal wage (and price) contracting
model of Erceg, Henderson and Levin (2000) might account for the high frequency
behavior of this markup. Under this approach, the ex post wage markup adjusts
countercyclically for essentially the same reason the baseline sticky price model pro-
duces an countercyclical price markup (given a constant desired markup). The sticky
nominal wage model, however, is unlikely to provide a full explanation for the Euro
area data since it would have di¢culty accounting for medium term dynamics of the
wage markup, particularly the rise in the 1970s. Here a model of real rigidities (e.g.
union pressures, etc.) that accounts for variation in the desired wage markup would
seem more appropriate.
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7 Appendix: Derivation of the Hybrid Phillips
Curve with Increasing Marginal Cost

The log-linearized equations of the model with backward-looking ..rms are given by:
price index py:

Pt = U P2+ (1§ W) P; (23)
index of newly re-set prices py:
pr=CiDpi+@iwp (24)
forward looking re-set price pf:
f - X k
pe=0Q1i W ( W Ecfmb ik + Prrkd (25)
k=0
marginal cost of forward looking ..rms that re-set price at t, @bt k-
II® f
it = ek | —— Py 0 Prak) (26)
1i®
where it is the percent deviation from steady state of average real marginal cost
- Wi=P¢
MC, @ .( ®)(Yt=)Nt)' . .
Backward looking re-set price
plt):psil_'_l/“til (27)

where Y% ~ Pt i Py
Rearranging equations (23) and (24) yields

A 1

Yoo = (Pt i Po)
A 1

- 1;“Kn!ﬂdam+!@aml (28)

[N
L1}
=

We next obtain expressions for (pf i po) and (P § pr). Let Yipeak ~ Prak 1 Pt
Combining (25) and (26) yields

f XKk ® f — "® \,
PpeiPe = (Li W ( W Effmbey i 16 (bt i P+ H(@A+ m) ittek+10
k=0 1 1
X x
= Qi w» (W EMhg+ (W Efhig (29)
k=0 k=1
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i - _(i®
where, as in the text, » © 5

Combining (23) with (27) yields

1
liu
Next, insert (29) and (30) into (28) to obtain the following expression for intation:

pb iPe= Yoz 1 Y (30)

A LI #
lip 1 _ X " Sk .
! (1 - p%m i)+ i DA W (W Efateg+ () Ecdfaad]

U i k=0 k=1
(31)

Yig =

which, after some algebra, can be rewritten in a more compact form as:

Vg = € woby + ¢ Ecfliearg + © Yerzn (32)

where

LT @iw@iTwa s Hy AT
°r M At

°, 7 LA

with A~ p+ I[1§p i )

Notice that in the absence of backward looking price setting (! = 0) equation
(32) becomes the pure forward looking marginal cost based Phillips with increasing
marginal cost, as derived by Sbordone (1999). Under the assumption of a constant
marginal cost (® = 0) the model becomes the hybrid Phillips curve derived in Gali
and Gertler (1999).
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Table 1
Structural Estimates

Parameters Test
u - R D J
Euro Area
1=11,®=0:32
D 0.669 0.805 0.228 3.0 | 9.081
(0.026)  (0.051)  (0.052) (0.08) | (0.430)
(2) 0.771 0914 0.088 4.4 | 8.213
(0.043)  (0.040)  (0.041) (0.19) | (0.513)
» =1
D 0.904 0.886 0.021 10.4 | 8.506
(0.011)  (0.042)  (0.007) (0.12) | (0.484)
(2) 0.918 0.914 0.014 12.2 | 8.214

(0.015)  (0.040)  (0.006) (0.18) | (0.513)

United States
1=11,®=0:40

D 0.475 0.837 0.665 2.0 | 7.681
(0.060)  (0.053)  (0.238) (0.11) | (0.465)

(2) 0.627 0.924 0.250 2.7 | 5.759
(0.067)  (0.029) (0.114) (0.18) | (0.674)

» =1

D 0.845 0910 0.042 6.4 |5.845
(0.026)  (0.031) (0.015) (0.17) | (0.665)

(2) 0.867 0924 0.031 7.5 |5.760
(0.030)  (0.029)  (0.014) (0.23) | (0.674)

Note: The parameter ® was calibrated so (1-®) is equal to the average labor income
share divided by the chosen markup (1). The average labor income shares are taken to
be equal to 2/3 for the US and 3/4 for the Euro Area. Sample Period: 1970-1998. The
column D corresponds to the associated sticky prices duration, and J to the Hansen test
of the overidentifying restrictions (below in brackets we report the p-value). Instruments
for Euro area: infation t-1 to t-5, output gap, labor income share and wage intation:
t-1 to t-2. Instruments for the US: the same excepts intation from t-1 to t-4.



Table 2

Hybrid Model
Parameters Test
! u - ob of R D J
Euro Area
1=11,®=0:32
(D) 0.030 0.668 0.804 0.043 0.773 0.214 3.0 | 8.983
(0.083)  (0.029) (0.056)  (0.115)  (0.064)  (0.079) (0.09) | (0.344)
(2) 0.287 0.787 0.925 0.272 0.689 0.039 4.7 | 7.484
(0.126)  (0.089)  (0.069)  (0.072)  (0.047)  (0.049) (0.42) | (0.380)
» =1
(D) 0.024 0.907 0.897 0.025 0.877 0.018 10.0| 8.428
(0.122)  (0.015)  (0.053)  (0.127)  (0.045)  (0.012) (0.14) | (0.393)
(2) 0.335 0.922 0.920 0.272 0.689 0.006 12.8 | 7.485
(0.129)  (0.031) (0.074)  (0.072)  (0.044)  (0.007) (0.40) | (0.380)
United States
1=11,®=0:40
(D) 0.255 0.498 0.863 0.347 0.584 0.291 2.0 | 4.993
(0.054)  (0.072) (0.056)  (0.045)  (0.054)  (0.139) (0.14) | (0.661)
(2) 0.317 0.569 0.916 0.364 0.599 0.162 2.3 |4.216
(0.065)  (0.080)  (0.042)  (0.042)  (0.041)  (0.093) (0.19) | (0.754)
» =1
(D) 0.400 0.818 0.878 0.339 0.610 0.026 5.5 | 4.332
(0.074)  (0.038)  (0.052) (0.0046)  (0.034)  (0.013) (0.21) | (0.741)
(2) 0.451 0.827 0.898 0.364 0.599 0.020 5.8 | 4.216
(0.075)  (0.042) (0.052)  (0.042)  (0.032) (0.011) (0.24) | (0.755)




Table 3
Hybrid Model: Further Intation Lags

Parameters Test
! u - ° °s . A D J
Euro Area

D 0.105 0.669 0.847 0.138 0.742 0.168 -0.037 3.0 | 6.566
(0.074) (0.083) (0.059) (0.084) (0.049) (0.095)  (0.093)  (0.25) | (0.087)
(2) 0.183 0.811 0.863 0.188 0.719 0.048 0.049 5.3 |5.928
(0.101)  (0.137)  (0.069) (0.083) (0.043) (0.062)  (0.077)  (0.72) | (0.115)

United States
D 0.265 0.563 0.870 0.328 0.606 0.203 0.044 2.2 |2.011
(0.094)  (0.111) (0.125) (0.089) (0.066) (0.135)  (0.066)  (0.25) | (0.570)
(2) 0.290 0.598 0.899 0.333 0.617 0.151 0.036 2.5 | 1.566
(0.103) (0.122) (0.128) (0.088) (0.059) (0.116)  (0.065)  (0.30) | (0.815)

Note: The estimates correspond to the model under decreasing returns to labor.




Figure 1. Inflation and Output in the Euro area
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Figure 2. Inflation and Marginal Cost in the Euro area
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Figure 3a. Inflation and Marginal Cost in OECD countries
Inflation (continuous line) and Marginal Cost (dotted line)
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Figure 3b. Inflation and Marginal Cost in OECD countries
Inflation (continuous line) and Marginal Cost (dotted line)
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Figure 4. Fundamental Inflation in the Euro area
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Figure 5.Components of the Marginal Cost in the Euro area
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Figure 6. Components of the Marginal Cost in the U.S.
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