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Abstract

We develop and estimate a structural model of inflation that allows for a fraction of
firms that use a backward-looking rule to set prices. The model nests the purely
forward-looking New Keynesian Phillips curve as a particular case. We use measures of
marginal cost as the relevant determinant of inflation, as the theory suggests, instead of
an ad hoc output gap. Real marginal costs are a significant and quantitatively important
determinant of inflation. Backward-looking price setting, while statistically significant, is
not quantitatively important. Thus, we conclude that the New Keynesian Phillips curve
provides a good first approximation to the dynamics of inflation. © 1999 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Among the central issues in macroeconomics is the nature of short-run
inflation dynamics. This matter is also one of the most fiercely debated, with few
definitive answers available after decades of investigation. At stake, among other
things, is the nature of business cycles and what should be the appropriate
conduct of monetary policy.’

In response to this challenge, important advances have emerged recently in
the theoretical modeling of inflation dynamics.? This new literature builds on
early work by Fischer (1997), Taylor (1980), Calvo (1983) and others that
emphasized staggered nominal wage and price setting by forward looking
individuals and firms. It extends this work by casting the price setting decision
within an explicit individual optimization problem. Aggregating over individual
behavior then leads, typically, to a relation that links inflation in the short run to
some measure of overall real activity, in the spirit of the traditional Phillips
curve. The explicit use of microfoundations, of course, places additional struc-
ture on the relation and also leads to some important differences in detail.

Despite the advances in theoretical modeling, accompanying econometric
analysis of the ‘new Phillips curve’ has been rather limited, though with a few
notable exceptions.® The work to date has generated some useful findings, but
these findings have also raised some troubling questions about the existing
theory. As we discuss below it appears difficult for these models to capture the
persistence in inflation without appealing either to some form of stickiness in
inflation that is hard to motivate explicitly or to adaptive expectations, which
also poses difficulty from a modeling standpoint. In addition, with quarterly
data, it is often difficult to detect a statistically significant effect of real activity on
inflation using the structural formulation implied by theory, when the measure
of real activity is an output gap (i.e., real output relative to some measure of
potential output). Failure to find a significant short run link between real
activity and inflation is obviously unsettling for the basic story.

In this context, we develop and estimate a structural model of the Phillips
curve. Our approach has three distinctive features. First, in the empirical

! For recent work that explores how the appropriate course of monetary policy depends on the
nature of short-run inflation dynamics, see Svensson (1997a, 1997b), Clarida et al. (1997b), Rotem-
berg and Woodford (1997b), McCallum and Nelson (1998), King and Wolman (1998), and Erceg et
al. (1998).

2See Goodfriend and King (1997) for a comprehensive survey.

3 Examples of work that attempts to estimate the new Phillips curve include, Chadha et al. (1992),
Fuhrer and Moore (1995), Fuhrer (1997), and Roberts (1997, 1998). For discussions of the traditional
empirical literature on the Phillips curve, see King and Watson (1994), Gordon (1996) and Lown and
Rich (1997).
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implementation, we use a measure of real marginal cost in place of an ad hoc
output gap, as the theory suggests. As will become apparent, a desirable feature
of a marginal cost measure is that it directly accounts for the impact of
productivity gains on inflation, a factor that simple output gap measures often
miss. In this respect, our approach is complementary to Sbordone (1998),
though she uses a different methodology to empirically assess the model than we
do.* Second, we extend the baseline theory underlying the new Phillips curve to
allow for a subset of firms that set prices according to a backward looking rule of
thumb. Doing so allows us to directly estimate the degree of departure from
a pure forward looking model needed to account for the observed inflation
persistence. Third, we identify and estimate all the structural parameters of the
model using conventional econometric methods. The coefficients in our struc-
tural inflation equation are ‘mongrel’ functions of two key model primitives: the
average duration that an individual price is fixed (ie., the degree of price
‘stickiness’) and the fraction of firms that use rule of thumb behavior (i.e., the
degree of ‘backwardness’).

As we show, several results stand out and appear to be quite robust: (a) Real
marginal costs are indeed a statistically significant and quantitatively important
determinant of inflation, as the theory predicts; (b) Forward looking behavior is
very important: our model estimates suggest that roughly sixty to eighty percent
of firms exhibit forward looking price setting behavior; (c) Backward looking
behavior is statistically significant though, in our preferred specifications, is of
limited quantitative importance. Thus, while the benchmark pure forward
looking model is rejected on statistical grounds, it appears still to be a reason-
able first approximation of reality; (d) The average duration a price is fixed is
considerable, but the estimates are in line with survey evidence.

Taken as whole, our results are supportive of the new, theory-based Phillips
curves. But they also raise a puzzle. Traditional explanations of inertia in
inflation (and hence the costs of disinflations) rely on some form of ‘backward-
ness’ in price setting. To the extent this backwardness is not quantitatively
important, as we seem to find, the story needs to be re-examined. In our view,
the ‘black box’ to investigate is the link between aggregate activity and real
marginal costs. To the extent they are reasonably characterized by unit labor
costs, real marginal costs tend to lag output over the cycle rather than move

*Sbordone (1998) explores how well the model fits the data conditional on different choices of
a parameter that governs the degree of price rigidity. Our approach is to directly estimate the
structural parameters using an instrumental variable procedure that is based on the orthogonality
conditions that evolve from the underlying theory. In addition, we develop a general model that
nests the pure forward looking model as a special case. Doing so allows us to test directly the
departure from the pure forward looking model that is required to explain the data. Despite the
sharp differences in methodology, the main conclusions we draw are very similar to hers, as we
discuss later.
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contemporaneously, in contrast to the prediction of the standard sticky price
macroeconomic framework.> In this respect, our analysis suggests that a poten-
tial source of inflation inertia may be sluggish adjustment of real marginal costs
to movements in output. We elaborate on this possibility in the conclusion.

The paper proceeds as follows. Section 2 reviews the basic theory underlying
the new Phillips curve and discusses the existing empirical literature. We make
clear why specifications based on the output gap are likely to be unsuccessful.
Section 3 then presents estimates of the new Phillips curve using a measure of
real marginal cost, and shows that with this specification the theory does
a reasonably good job of describing the data. To explore further the issue of how
well the theory captures the inertia in inflation, Section 4 extends the model to
allow for a subset of firms that use rule of thumb behavior. It then presents
estimates of the resulting augmented Phillips curve and a variety of robustness
exercises. In addition, we construct a measure of ‘fundamental inflation’ based
on the solution to the estimated model that relates inflation to a discounted
stream of expected future marginal costs, as well as lagged inflation. We in turn
show that this measure does a good job of describing the actual path of inflation,
including the recent period. Section 5 concludes.

2. The new Phillips curve: Background theory and evidence

In this section we review the recent theory that generates an estimable Phillips
curve relation. We then discuss some of the pitfalls involved in estimating this
relation and how the literature has dealt with these issues to date. Finally, we
describe our approach.

2.1. A baseline model

The typical starting point for the derivation of the new Phillips curve is an
environment of monopolistically competitive firms that face some type of
constraints on price adjustment. In the most common incarnations, the con-
straint is that the price adjustment rule is time dependent. For example, every
period the fraction + of firms set their prices for X periods. This scenario is in the
spirit of Taylor’s (1980) staggered contracts model. A key difference is that the
pricing decision evolves explicitly from a monopolistic competitor’s profit maxi-
mization problem, subject to the constraint of time dependent price adjustment.

In general, however, aggregation is cumbersome with deterministic time
dependent pricing rules at the micro level: It is necessary to keep track of the

5 Christiano et al. (1997) also stress that the standard sticky price framework does not seem to
explain the cyclical behavior of marginal cost.
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price histories of firms. For this reason, it is common to employ an assumption
due to Calvo (1983) that greatly simplifies the aggregation problem.® The idea is
to assume that in any given period each firm has a fixed probability 1 — 0 that it
may adjust its price during that period and, hence, a probability 0 that is must
keep its price unchanged. This probability is independent of the time elapsed
since the last price revision. Hence, the average time over which a price is fixed is
given by (1 — H)Z,T;Oké)k’l = 1/(1 — 0). Thus, for example, with 0 = 0.75 in
a quarterly model, prices are fixed on average for a year. Because the adjustment
probabilities are independent of the firm’s price history, the aggregation prob-
lem is greatly simplified.

We can derive the new Phillips curve by proceeding as follows.” Assume that
firms are identical ex ante, except for the differentiated product they produce
and for their pricing history. Assume also that each faces a conventional
constant price elasticity of demand curve for its product. Then it is possible to
show that the aggregate price level p, evolves as a convex combination of the
lagged price level p,_; and the optimal reset price pf (i.e. the price selected by
firms that are able to change price at t), as follows:

p. = 0Op.—1 + (1 — 0)pff, (1)

where each variable is expressed as a percent deviation from a zero inflation
steady state. Intuitively, the fraction 1 — 0 of firms that set their price at ¢ all
choose the same price p;* since they are identical (except for the differentiated
product they produce). By the law of large numbers, further, the index of prices
for firms that do not adjust during the period is simply equal to the lagged price
level.

Let mc; be the firm’s nominal marginal cost at ¢ (as a percentage deviation
from the steady state) and let § denote a subjective discount factor. Then, for
a firm that chooses price at t to maximize expected discounted profits subject to
the time dependent pricing rules given by the Calvo formulation, the optimal
reset price may be expressed as:

b= (1= PO Y (BOFEmets). ©)

In setting its price at ¢, the firm takes account of the expected future path of
nominal marginal cost, given the likelihood that its price may remain fixed for

% Examples of frameworks that employ the Calvo assumption include Yun (1996), King and
Wolman (1995), Woodford (1996), Rotemberg and Woodford (1997a, 1997b), Clarida et al. (1997a),
McCallum and Nelson (1998), and Bernanke et al. (1998). For a general equilibrium sticky price
model based on the Taylor (1980) formulation, see Chari et al. (1996) and Kiley (1997).

7For an explicit derivation, see, e.g., Goodfriend and King (1997), King and Wolman (1996), or
Woodford (1996).
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multiple periods. Note that in the limiting case of perfect price flexibility (6 = 0),
the firm simply adjusts its price proportionately to movements in the current
marginal cost. The future becomes relevant only when there is price rigidity
(ie., 0 > 0).

2.1.1. Inflation and marginal cost

The Calvo formulation leads to a Phillips curve with properties reasonably
similar to the standard staggered price formulation, but at the same time it is
more tractable.® From the standpoint of estimation, further, the parsimonious
representation is highly advantageous.

Let n, = p, — p,—; denote the inflation rate at ¢, and mc, the percent deviation
of the firm’s real marginal cost from its steady state value. By combining Eqgs. (1)
and (2) it is possible to derive an inflation equation of the form:

n, = Ame, + BE M1}, (3)

where the coefficient 4 = (1 — 0)(1 — 0)/0 depends on the frequency of price
adjustment 0 and the subjective discount factor f.

Intuitively, because firm’s (a) mark-up price over marginal costs, (b) are
forward looking, and (c) must lock into a price for (possibly) multiple periods,
they base their pricing decisions on the expected future behavior of marginal
costs. Iterating Eq. (3) forward yields

=74y BE/{mc.y}. (4)
k=0

The benchmark theory thus implies that inflation should equal a discounted
stream of expected future marginal costs.

2.1.2. Marginal cost and the output gap

Traditional empirical work on the Phillips curve emphasizes some output gap
measure as the relevant indicator of real economic activity, as opposed to
marginal cost. Under certain assumptions, however, there is an approximate
log-linear relationship between the two variables. Let y, denote the log of
output; y¥ the log of the ‘natural’ level of output (the level that would arise if
prices were perfectly flexible); and x, = y, — y¥ the ‘output gap’. Then, under

8 Roberts (1997) demonstrates that the Calvo (1983) and Taylor (1980) models have very similar
implications for inflation dynamics. Kiley (1997), however, shows that differences can emerge if the
elasticity of inflation with respect to real marginal cost is large. Our estimates below point to
a relatively small elasticity. Nonetheless, extending our analysis to allow for alternative forms of
price staggering would be a useful undertaking.
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certain conditions one can write.’
me, = KX, , (5)

where « is the output elasticity of marginal cost.
Combining the relation between marginal cost and the output gap with Eq.
(3) yields a Phillips curve-like relationship:

T, = )JCX, + ﬁEt{TCtJr 1 } (6)

As with the traditional Phillips curve, inflation depends positively on the output
gap and a ‘cost push’ term that reflects the influence of expected inflation. A key
difference is that it is E,{m,+} as opposed to E,_;{r,} (generally assumed to
equal 7, ;) that matters. As a consequence, inflation depends exclusively on the
discounted sequence of future output gaps. This can be seen by iterating Eq. (6)
forward, which yields

mo= i Y BB ™

2.2. Empirical issues

Reconciling the new Phillips curve with the data, has not proved to be
a simple task. In particular, Eq. (6) implies that current change in inflation
should depend negatively on the lagged output gap. To see, lag equation (6) one
period; and then assume f§ ~ 1 to obtain

T = — AKX;—q + -1 + &, (8)

where ¢, =, — E,_7,. But estimating Eq. (8) with US data, and using (quad-
ratically) detrended long GDP as a measure of the output gap yields

o= 0.081x_1 + 1 + &, )
0.040

i.e., the inflation rate depends positively on the lagged output gap rather than
negatively: The estimated equation, unfortunately, resembles the old curve
rather than the new!

The essential problem, as emphasized by Fuhrer and Moore (1995), is that the
benchmark new Phillips curve implies that inflation should lead the output gap

91In the standard sticky price framework without variable capital (e.g. Rotemberg and Woodford,
1997), there is an approximate proportionate relation between marginal cost and output. With
variable capital the relation is no longer proportionate. Simulations suggest, however, that the
relation remains very close to proportionate.
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Fig. 1. Dynamic cross-correlations.

over the cycle, in the sense that a rise (decline) in current inflation should signal
a subsequent rise (decline) in the output gap. Yet, exactly the opposite pattern
can be found in the data. The top panel in Fig. 1 presents the cross-correlation
of the current output gap (measured by detrended log GDP) with leads and lags
of inflation.'® As the panel indicates clearly, the current output gap co-moves
positively with future inflation and negatively with lagged inflation. This lead of
the output gap over inflation explains why the lagged output gap enters with
a positive coefficient in Eq. (9), consistent with the old Phillips curve theory but
in direct contradiction of the new.

19The cross-correlations reported in Fig. 1 were computed on HP-detrended series over the
period 1960:1-1997:4. We provide a more extensive discussion of Fig. 1 in the conclusion.
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Another discomforting feature of the new Phillips curve as given by Eq. (6) is
the stark prediction of no short run trade-off between output and inflation. Put
differently, Eq. (7) implies that a disinflation of any size could be achieved
costlessly and immediately by a central bank that could commit to setting the
path of future output gaps equal to zero. The historical experience suggests, in
contrast, that disinflations involve a substantial output loss (e.g. Ball, 1994). It
may be possible to appeal to imperfect credibility to reconcile the theory with
the data. If, for example, the central bank cannot commit to stabilizing future
output, then reduction of inflation may involve current output losses (e.g. Ball,
1995). While this theory clearly warrants further investigation, there is currently,
however, little direct evidence to support it. Further, countries with highly
credible central banks (e.g. Germany) have experienced very costly disinflations
(e.g. Clarida and Gertler, 1997).

The empirical limitations of the new Phillips curve have led a number of
researchers to consider a hybrid version of the new and old:

= 0x, + (1 — ¢)Et{nt+1} + ¢m (10)

with 0 < ¢ < 1. The idea is to let inflation depend on a convex combination of
expected future inflation and lagged inflation. The addition of the lag term is
designed to capture the inflation persistence that is unexplained in the baseline
model.'* A further implication of the lag term is that disinflations now involve
costly output reduction.

The motivation for the hybrid approach is largely empirical. Fuhrer and
Moore (1995) appeal to Buiter and Jewitt’s (1985) relative wage hypothesis.
While the story may be plausible, it does not evolve from an explicit
optimization problem, in contrast to the benchmark formulation. Roberts
(1997,1998) instead appeals to adaptive expectations on the part of a subset of
price setters. Under this formulation, some form of adaptive rule replaces lagged
inflation.

Oddly enough, however, the hybrid Phillips curve has met with rather limited
success. In particular, the relation does not seem to provide a good characteriza-
tion of inflation dynamics at the quarterly frequency. Chadha et al. (1992), for
example, obtain reasonable parameter estimates of Eq. (10), but only with

11 A special case of Eq. (10) with ¢ = 0.5 is the widely used ‘sticky inflation’ model of Buiter and
Jewitt (1985) and Fuhrer and Moore (1995):

0
(T(t - nt*l) = Ext + (Elnt+1 - nl)' (11)

Under this formulation, the change in the inflation rate is related to the expected path of the future
output gaps.
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annual data. Roberts (1997, 1998) similarly works mainly with annual and
semi-annual data. With quarterly data, he has difficulty obtaining significant
estimates of the effect of the output gap on inflation. Fuhrer (1997) is able to
obtain a significant output gap coefficient with quarterly data, but only when
the model is heavily restricted. In this instance the estimated model is consistent
with the old Phillips curve: expected future inflation does not enter significantly
in the inflation equation; lagged inflation enters with a coefficient near unity, as
in the traditional framework.

2.3. Shortcomings

There are, however, several problems with this approach that could possibly
account for the empirical shortcomings. First, conventional measures of the
output gap x, are likely to be ridden with error, primarily due to the unobserva-
bility of the natural rate of output y¥.'? A typical approach (followed above) to
measuring yF is to use a fitted deterministic trend. Alternatives are to use the
Congressional Budget Office (CBO) estimate or instead use a measure of
capacity utilization as the gap variable. It is widely agreed that all these
approaches involve considerable measurement error. To the extent there is
significant high frequency variation in yj (e.g., due to supply shocks) mis-
measurement could distort the estimation of an inflation equation like (6), or
(10).'* Though, whether correcting for measurement error alone could reverse
the lead-lag pattern between the output gap and inflation that is apparent from
Fig. 1 is problematic in our view.

A more fundamental issue, we believe, is that even if the output gap were
observable the conditions under which it corresponds to marginal cost may not
be satisfied. Our analysis of the data suggests that movements in our measure of
real marginal cost (described below) tend to lag movements in output, in direct
contrast to the identifying assumptions that imply a co-incident movement.
This discrepancy, we will argue, is one important reason why structural estima-
tion of Phillips curves based on the output gap have met with limited success,
at best.

12 This issue is currently of great practical importance in the US: in recent years the measured
output gap is well above trend, but inflation is well below trend. It thus appears that mismeasure-
ment of the true output gap is confounding the ability of traditional Phillips curves to explain the
data. See Lown and Rich (1997).

13For example, in the presence of nominal rigidities, supply shocks are likely to move
detrended output and the true output gap in opposite directions (Gali, 1999). In addition,
unobserved supply shocks could potentially account for some of the explanatory power of lagged
information.
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2.4. Our approach

In light of the difficulties with using the output gap, we instead use in the
empirical analysis below measures of real marginal cost, in a way consistent with
the theory. In other words, we estimate (3) instead of (6). Since real marginal cost
is not directly observable, we use restrictions from theory to derive a measure
based on observables. Conditional on our measure of real marginal cost, we can
then obtain estimates of the structural parameters in Eq. (3), including the
frequency of price adjustment 0, the parameter that governs the degree of price
stickiness (i.e., the average period a price remains fixed.)

We also derive an econometric specification that permits us to assess the
degree to which the new Phillips curve can account for the inertia in inflation.
In particular, we derive a ‘hybrid Phillips’ curve that nests the new Phillips
curve as a special case, but allows for a subset of firms use a backward looking
rule of thumb to set prices. The advantage of proceeding this way is that the
coefficients of our hybrid Phillips curve will be functions of two key parameters:
the frequency of price adjustment and the fraction of backward looking price
setters. Note that the latter parameter provides a direct measure of the departure
from a pure forward looking model needed to account for the persistence in
inflation.

In the next section we present estimates of the new Phillips curve, and in the
subsequent one we present estimates of our hybrid Phillips curve.

3. New estimates of the new Phillips curve

We first describe our econometric specification of the new Phillips curve,
along with our general estimation procedure. We then present both reduced
form and structural estimates of the model.

3.1. Econometric specification

We begin by describing how we obtain a measure of real marginal cost. For
simplicity, we restrict ourselves to the simplest measure of marginal cost avail-
able, one based on the assumption of a Cobb-Douglas technology. Let
A, denote technology, K, capital, and N, labor. Then output Y, is given by

Y, = A, K*N*. (12)

Real marginal cost is then given by the ratio of the wage rate to the marginal
product of labor, i.e., MC, = (W,/P,)/(0Y,/0N,). Hence, given Eq. (12) we have:

Mc, =2, (13)
an
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where S, = W,N,/P,Y, is the labor income share (equivalently, real unit labor
costs).!* Letting lower case letters denote percent deviations from the steady
state, we have:

me, = ;. (14)
Combining Egs. (14) and (3) yields the inflation equation:
n, = s, + PE{m 41}, (15)
where the coefficient 4 is given by

(1—0X1 — p0)

1=
0

(16)

Since under rational expectations the error in the forecast of n,,; is uncor-
related with information dated ¢ and earlier, it follows from Eq. (15) that

Et{(nt — A8 — Bnt+1)zt} =0, (17)

where z, is a vector of variables dated t and earlier (and, thus, orthogonal to the
inflation surprise in period t + 1). The orthogonality condition given by Eq. (17)
then forms the basis for estimating the model via generalized method of
moments (GMM).

The data we use is quarterly for US over the period 1960:1-1997:4. We use the
(log) labor income share in the non-farm business sector for s,. Our inflation
measure is the percent change in the GDP deflator. We use the overall deflator
rather than the non-farm deflator for most of our analysis because we are
interested evaluating how well our model accounts for the movement in a stan-
dard broad measure of inflation. We show, however, that our results are robust
to using the non-farm deflator. Finally, our instrument set includes four lags of
inflation, the labor income share, the output gap, the long-short interest rate
spread, wage inflation, and commodity price inflation.

3.2. Reduced form evidence

We first report our estimate of Eq. (17). We refer to this evidence as ‘reduced
form’ since it contains an estimate of the overall slope coefficient on marginal
cost, A, but not of the structural parameter 0 (the measure of price rigidity) that

14 Interestingly, Lown and Rich (1997) show that augmenting the growth of a traditional Phillips
curve with the growth rate of nominal unit labor costs greatly improves the fit. We also stress the
role of unit labor costs, except that in our approach, (the log level) of real unit labor costs enters as
the relevant gap variable, as the theory suggests.
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underlies 4 (see Eq. (16)). The resulting estimated equation is given by A

m, = 0.023s, + 0.942E,{m, . ,}.
0.012)  (0.045)

Overall, the estimated new Phillips curve is quite sensible. The slope coeffi-
cient A on real marginal cost is positive and significant, as is consistent with the
a priori theory. The estimate of the coefficient on expected inflation, the
subjective discount factor f3, is also reasonable, particularly after accounting for
the sampling error implied by the estimated standard deviation.'® Thus, at first
pass, it appears that the new Phillips curve provides a reasonable description of
inflation.

To highlight the virtues of using real marginal cost as the relevant real sector
driving variable in the new Phillips curve, we re-estimate Eq. (6), using de-
trended log GDP as a proxy for the output gap x;:

n, = — 0.016x, + 0.988E,{m,}.
(0.005) (0.030)

The model clearly doesn’t work in this case: the coefficient associated with the
output gap is negative and significant, which is at odds with the prediction of the
theory. This finding, of course, is completely consistent with our earlier result
that, when the model is reversed and estimated in the form of the old Phillips
curve, the coefficient on the lagged output gap is positive (see Eq. (9)). Thus, it is
the use of real marginal cost over the output gap, and not the estimation
strategy, that accounts for the econometric success of the new Phillips curve.

3.3. Structural estimates

We now redo the exercise in a way that allows us to obtain direct estimates of
the structural parameter 6. In particular, we substitute the relation of 4, Eq. (16),
into Eq. (17) to obtain an econometric specification that is nonlinear in the
structural parameters 0 and f.

One econometric issue we must confront is that, in small samples, nonlinear
estimation using GMM is sometimes sensitive to the way the orthogonality
conditions are normalized. For this reason, we use two alternative specifications of
the orthogonality conditions as the basis for our GMM estimation procedure.'®

!5In particular, the estimate of f is within two standard deviations of typical values for this
parameter that are used in the literature (e.g. 0.99).

16 Among the possible normalizations we have chosen the two which we view as most natural. The

first one appears to minimize the non-linearities, while the second normalizes the inflation coefficient
to unity. See, e.g. Fuhrer et al. (1995) for further discussion of the normalization issue.
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Table 1
Estimates of the new Phillips curve

0 B A
GDP deflator
(1) 0.829 0.926 0.047
(0.013) (0.024) (0.008)
(2) 0.884 0.941 0.021
(0.020) (0.018) (0.007)
Restricted 8
(1) 0.829 1.000 0.035
(0.016) (0.007)
) 0915 1.000 0.007
(0.035) (0.006)
NFB deflator
(1) 0.836 0.957 0.038
(0.015) (0.018) (0.008)
) 0.884 0.967 0.018
(0.023) (0.016) (0.008)

Notes: This table reports GMM estimates of the structural parameters of Eq. (15). Rows (1) and (2)
correspond to the two specifications of the orthogonality conditions found in Egs. (18) and (19) in
the text, respectively. Estimates are based on quarterly data and cover the sample period
1960:1-1997:4. Instruments used include four lags of inflation, labor income share, long-short
interest rate spread, output gap, wage inflation, and commodity price inflation. A 12-lag
Newey-West estimate of the covariance matrix was used. Standard errors are shown in brackets.

The first specification takes the form

E{(Om, — (1 = 0)(1 — pO)s, — 0Bmis 1)z} =0, (18)
while the second is given by
E{(m, — 07'(1 — 0)1 — pO)s, — Pry+ 1)z} = 0. (19)

We estimate the structural parameters 0 and f§ using a nonlinear instrumental
variables estimator, with the set of instruments the same as is in the previous
case. For robustness, we consider two alternatives to the benchmark case. In the
first alternative we restrict the estimate of the discount factor f§ to unity, and in
the second, we use the non-farm GDP deflator as opposed to the overall
deflator. Finally, we estimate each specification using the two different normaliz-
ations, as given by Eqs. (18) and (19).

The results are reported in Table 1. The first two columns give the estimates of
0 and f. The third then gives the implied estimate of 4, the reduced form slope
coeflicient on real marginal cost. In general, the structural estimates tell the same
overall story as the reduced form estimates. The implied estimate of 4 is always
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positive and is highly significant in every case but one (restricted f, normaliz-
ation (2)). The estimate of f§ in the unrestricted case is somewhat low, but not
unreasonably so, given the sampling uncertainty.

The estimate of the structural parameter 0 is somewhat large and also
somewhat sensitive to the normalization in the GMM estimation. Using method
(1), we estimate 6 to be around 0.83 with a small standard error, which implies
that prices are fixed for between roughly five and six quarters on average. That
period length is close to the average price duration found in survey evidence,
though perhaps on the high side.!” Method (2) yields a slightly higher estimate
of 0, around 0.88. Since 4 is decreasing in 6 (greater price rigidity implies that
inflation is less sensitive to movements in real marginal cost), the higher
estimates of 6 implies a lower estimate of A for method (2).

For several reasons, however, our estimates of the degree of price rigidity are
likely to be upward biased. First, it is likely that the labor share does not provide
an exact measure of real marginal cost. In this instance, the estimate of the slope
coeflicient 4 is likely to be biased towards zero. This translates into upward bias
of 0, given the inverse link between the two parameters. Second, the underlying
theory that is used to identify 0 from estimates of 1, assumes a constant markup
of price over marginal cost in the absence of prices rigidities. If the markup in the
frictionless benchmark model were countercyclical, as much recent theory has
argued, the implied estimate of 0 would be lower.'® With a countercyclical
markup, desired price setting is less sensitive to movements in marginal cost,
which could help account for low overall sensitivity of inflation to the labor
share.

The model also works well in the sense that we do not reject the overidentify-
ing restrictions. Though we do not report the results here, the p-values for the
null hypothesis that the error term is uncorrelated with the instruments are all in
the range of 0.9 or higher. This kind of test has low power, however, since it is
not applied against any specific alternative hypothesis. In the next section we
develop a more refined test to measure how well the model accounts for inflation
dynamics.

4. A new hybrid Phillips curve

We now explicitly address the issue of how well the new Phillips curve
captures the apparent inertia in inflation. To do so, we extend the basic Calvo
model to allow for a subset of firms that use a backward looking rule of thumb

17See Taylor (1998) for an overview of that evidence.

18 See, e.g. Kimball (1995) for an illustration of a countercyclical desired markup in the context of
a sticky price model.
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to set prices. Our formulation allows us to estimate the fraction of firms that lies
in this subset. By doing so we obtain a measure of the residual inertia that the
baseline new Phillips curve leaves unexplained.'®

4.1. Theoretical formulation

We continue to assume, as in Calvo’s model, that each firm is able to adjust its
price in any given period with a fixed probability 1 — 6 that is independent of
the time the price has been fixed. We depart from Calvo by having two types of
firms co-exist. A fraction 1 — w of the firms, which we refer to as ‘forward
looking’, behave like the firms in Calvo’s model: they set prices optimally, given
the constraints on the timing of adjustments and using all the available informa-
tion in order to forecast future marginal costs. The remaining firms, of measure
w, which we refer to as ‘backward looking’, instead use a simple rule of thumb
that is based on the recent history of aggregate price behavior.

The aggregate price level now evolves according to

pe = Op 1 + (1 — O)pf, (20)

where pi* is an index for the prices newly set in period t. Let pf denote the price
set by a forward looking firm at t and p? the price set by a backward looking
firm. Then the index for newly set prices may be expressed as

pi = (1 — w)p; + op;. (21

Forward-looking firms behave exactly as in the baseline Calvo model de-
scribed above. Accordingly, pf may be expressed as

pi= (= B0 S (BOVE fmcts). 22)

We assume that backward looking firms obey a rule of thumb that has the
following two features: (a) no persistent deviations between the rule and optimal
behaviour; i.e., in a steady state equilibrium the rule is consistent with optimal
behavior; (b) the price in period t given by the rule depends only on information
dated t — 1 or earlier. We also assume that the firm is unable to tell whether any
individual competitor is backward looking or forward looking.

These considerations lead us to a rule that is based on the recent pricing
behavior of the firm’s competitors, as follows:

p:’:lit*—l + - (23)

19Thus, by adding rule-of-thumb price setters, we measure the departure from the baseline
forward looking model similar to the way that Campbell and Mankiw (1989) used rule-of-thumb
consumers to test the life-cycle/permanent income hypothesis.
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In other words, a backward looking firm at ¢ sets its price equal to the average
price set in the most recent round of price adjustments, pj ;, with a correction
for inflation. Importantly, the correction is based on the lagged inflation rate,
i.e., lagged inflation is used in a simple way to forecast current inflation.

Though admittedly ad hoc, the rule has several appealing features. First, as
long as inflation is stationary, the rule converges to optimal behavior over
time.?° Second, the rule implicitly incorporates information about the future in
a useful way, since the price index pj; is partly determined by forward looking
price setters. Thus, to the extent the percent difference between the forward and
backward price is not large, the loss to a firm from rule of thumb behavior will
be second order, for the usual arguments due to the envelope theorem. This is
more likely to be the case if backward looking price setters are a relatively small
fraction of the population.?*

We obtain our hybrid Phillips curve by combining Eqgs. (20)-(23):

n, = Amc, + VfEt{nt+1} + VpT—1, (24)
where

=1 =)l =01 —pog ",

7= BOP, (25)

b = (U(IYI,

with ¢ =0 + o[1 — 0(1 — p)].

This specification differs from the hybrid model used in recent empirical
research (discussed in the previous section) in two fundamental ways. First, real
marginal cost as opposed to the output gap is the forcing variable. Second, all
the coefficients are explicit functions of three model parameters: 0, which
measures the degree of price stickiness; w, the degree of ‘backwardness’ in price
setting, and the discount factor f.

Two special cases provide useful benchmarks. First, when «» = 0, all firms are
forward looking and the model converges to the benchmark new Phillips curve
introduced in the previous section. Second, when f = 1, theny, + y, = 1, which
implies that the model takes the form of hybrid equation discussed earlier
(except that marginal cost and not the output gap appears now as the driving
force).

20 More precisely, as long as inflation is stationary, there are no persistent deviations between the
rule and optimal behavior; this can be seen by noting that p? — p, = 0(1 — 0) " '=,.

21'When backward looking price-setters are a relatively small fraction of the population, the index
of newly set prices p; is dominated by forward looking price setters. Given that pP closely tracks
pi 1, the backward-looking price will be close on average to the forward-looking price. We have
conducted simulations of a complete model that bear out this logic.
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Table 2
Estimates of the new hybrid Phillips curve

o 0 B o Ve 2
GDP deflator
(1) 0.265 0.808 0.885 0.252 0.682 0.037
(0.031) (0.015) (0.030) (0.023) (0.020) (0.007)
(2) 0.486 0.834 0.909 0.378 0.591 0.015
(0.040) (0.020) (0.031) (0.020) (0.016) (0.004)
Restricted f
(1) 0.244 0.803 1.000 0.233 0.766 0.027
(0.030) (0.017) (0.023) (0.015) (0.005)
(2) 0.522 0.838 1.000 0.383 0.616 0.009
(0.043) (0.027) (0.020) (0.016) (0.003)
NFB deflator
(1) 0.077 0.830 0.949 0.085 0.871 0.036
(0.030) (0.016) (0.019) (0.031) (0.018) (0.008)
2) 0.239 0.866 0.957 0.218 0.755 0.015
(0.043) (0.025) (0.021) (0.031) (0.016) (0.006)

Notes: This table reports GMM estimates of parameters of Eq. (26). Rows (1) and (2) correspond to
the two specifications of the orthogonality conditions found in Egs. (27) and (28) in the text,
respectively. Estimates are based on quarterly data and cover the sample period 1960:1-1997:4.
Instruments used include four lags of inflation, labor income share, long-short interest rate spread,
output gap, wage inflation, and commodity price inflation. A 12-lag Newey-West estimate of the
covariance matrix was used. Standard errors are shown in brackets.

4.2. Estimation and results

In this section we present estimates of the previous structural model and also
evaluate its overall performance vis-a-vis the data. As in the previous section we
use the labor share to measure real marginal cost. The empirical version of our
hybrid Phillips curve is accordingly given by

T, = A5 +VfEt{7Tt+1} + YpT-1 (26)

together with Eq. (25), which describes the relation between the reduced form
and structural parameters.

We estimate the structural parameters f3, 0, and » using a non-linear instru-
mental variables (GMM) estimator. The instrument set is the same as we used in
the previous exercises. To address the small sample normalization problem with
GMM that we discussed earlier, we again use two alternative specifications of
the orthogonality conditions, one which does not normalize the coefficient on
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inflation to be unity (method 1) and one which does (method 2):
E{(¢pm — (1 — ) (1 — O)1 — pO)s, — 0Pmi 1)z} =0, 27
Ef{(nr, — (1 — o)1 — 01 — pO)p s, — 0B~ *m,4 1)z} = 0. (28)

Table 2 presents the estimates of Eq. (26). As in the previous section, we
consider three cases: the baseline model; the model with f restricted to unity;
and the non-farm deflator substituted for the overall GDP deflator. The first
three columns give the estimated structural parameters. The next three give the
implied values of the reduced form coefficients (see Eq. (25)).

Overall, the estimates are consistent with the underlying theory. The results,
further, are reasonably consistent across specifications, though the precise
estimate of the fraction of backward looking price-setters is somewhat sensitive
to the use of method (1) versus method (2).

We begin with the baseline case. With method 1, the parameter 0 is estimated
to be about 0.81 with standard error 0.02, which implies that prices are fixed for
roughly five quarters on average.?? That period length may seem a bit long, but
is not far off from survey evidence which suggests three to four quarters.*?
Method 2 yields an estimate that is not statistically different.

We now turn to the estimate of the fraction of backward looking price setters.
With method 1, the parameter w is estimated to be 0.26 with a standard error
0.06, implying that roughly quarter of price setters are backward looking. Thus,
the pure forward looking model is rejected by the data. However, the quantitat-
ive importance of backward looking behavior for inflation dynamics is not large.
The implied estimates for the reduced form coefficients on lagged versus ex-
pected future inflation are 0.25 (for 7° and 0.68 (for yf). Method (2) yields
a higher estimate of w, 0.49, implying that nearly half of price setters are
backward looking. However, forward looking behavior remains predominant:
The implied estimate of " is 0.59 versus 0.38 for 7".

Thus, while the results suggest some imprecision in the estimate of the degree
of backwardness, the central conclusions do not change across methods (1) and
(2): In accounting for inflation dynamics, forward looking behavior is more
important than backward looking behavior. In either case the estimate of the
coefficient on expected future inflation in Eq. (26) lies well above the coefficient
on lagged inflation. It is also true in either case that the estimates of the primitive
parameters yield an estimate of the slope coefficient on the labor share A that is

22 Interestingly, Sbordone (1998) finds that the value of the price adjustment parameter that
maximizes the goodness of fit of the data by Watson (1993) criterion also corresponds to an average
of five quarters between adjustments. Thus, despite the difference in methodology, our results line up
very closely with hers.

23 For a discussion of the survey evidence, see Rotemberg and Woodford (1997a). Our sub-sample
estimates (reported shortly) yield numbers directly in line with this evidence.
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positive and significant.>* Thus, we are able to identify (in a robust manner)
a significant impact of marginal costs on inflation.

It is also the case the model estimated using method (1) does a better job of
tracking actual inflation the model based on method (2) estimates. (In Section
4.4 we make precise the sense in how we evaluate the ability of the model to
track the data.) To the extent that this provides a ground for preferring method
(1), we can conclude that not only is forward looking behavior predominant but,
given the small estimate of the degree of backwardness, the pure forward
looking model may do a reasonably good job of describing the data.

The estimate of f§ is reasonably similar across the two methods, but somewhat
on the low side at roughly 0.90. We thus next explore the implications of
restricting ff equal to unity, as implied in the standard hybrid case. Interestingly,
there is little impact on the estimates of the other primitive parameters. Thus,
restricting f§ to a plausible range does not affect the results in any significant
way.

Finally, we consider the use of the non-farm deflator. Interestingly, there is no
significant impact on the estimate of the degree of price rigidity. However, the
estimate of the degree of backwardness drops. Indeed, with method (1),
the estimate of @ is only 0.07. Though somewhat larger with method (2), it is still
just 0.239. In either case, backward looking behavior is not quantitatively
important. Overall, the pure forward looking model provide a reasonably good
description of inflation, as measured by the non-farm deflator.

4.3. Robustness analysis

We now consider two robustness exercises.>> The first allows extra lags of
inflation to enter the right hand side of the equation for inflation. The second
explores sub-sample stability.

We next add three additional lags of inflation to the baseline case (equation
(26)). Here the idea is to explore whether our estimated importance of forward
looking behavior may reflect not allowing for sufficient lagged dependence. Put
differently, since we use four lags of inflation in our instrument set, we may be

24 We note that the link between inflation and marginal cost is related to Benabou’s (1992) finding
using retail trade data that inflation is inversely related to the markup (which he measured as the
inverse of the labor share). He interpreted the findings as evidence that the markup may depend on
inflation, whereas in our model, causation runs from marginal cost of inflation. Sorting out possible
simultaneity is an interesting topic for future research. We note, however, that our model has the
additional implication that inflation should be related to a discounted stream of future marginal
costs, and we shortly demonstrate that this appears to be the case.

25In an earlier version of the paper we also allowed for increasing returns (in the form of overhead

labor) in constructing the measure of marginal cost. Since this modification does not affect the
results, we do not report the exercise here.
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Table 3
Robustness analysis: extra inflation lags

® 0 B v 7o Ve 7
GDP deflator 0.244 0.860 0.772 0.090 0231 0.628 0.033

0.062)  (0.025  (0.054) (0.040)  (0.050)  (0.033)  (0.007)
Restricted 0.291 0.787 1000 —0025 0270 0.729 0.029

0.039)  (0.023) 0.014)  (0.028)  (0.021)  (0.006)
NFB deflator 0.018 0.922 0.779 0208  0.019 0.767 0.022

0.041)  (0.023)  (0.050) 0.058)  (0.043)  (0.046)  (0.007)

Notes: This table reports GMM estimates of a version of Eq. (26) with three extra lags of inflation
added. Y represents the sum of the coefficients of the extra lags. Using the specification of the
orthogonality conditions found in Eq. (27) in the text. Estimates are based on quarterly data and
cover the sample period 1960:1-1997:4. Instruments used include four lags of inflation, labor income
share, long-short interest rate spread, output gap, wage inflation, and commodity price inflation.
A 12-lag Newey-West estimate of the covariance matrix was used. Standard errors are shown in
brackets.

inadvertently biasing our ‘horse race’ between expected future inflation and one
quarter lagged inflation in favor of the former. The way to address this issue is to
add the three additional lags of inflation to the right hand side, and then
determine whether they have any predictive power for current inflation, =,,
beyond the signalling power they have for expected future inflation, E, {7+ }.

Table 3 report the results. The parameter iy denotes the sum of the coefficients
on the three additional inflation lags. Since the estimates do not change much
across methods (1) and (2), we only report results for the former case. The overall
effect of the additional lags is quite small, especially when the GDP deflator is
used as the measure of inflation. The estimate of i is only 0.09 in the baseline
case, and not significantly different from zero when f is restricted to unity. When
the non-farm deflator is used the estimate of i rise to 0.21 with a standard error
of 0.06. However, in this instance the first lag of inflation is not significantly
different, so that the overall effect of lagged inflation is minimal. Thus, even
though a total of four lags of inflation enters the right hand side, forward
looking behavior still predominates. It thus appears that we account for infla-
tion inertia with minimal reliance on arbitrary lags.

Finally, we consider sub-sample stability. Table 4 reports estimate over the
intervals 1960:1-1979:4, 1970:1-1989:4, and 1980:1-1997:4. Again, since the
conclusions we draw are unaffected by the normalization used, we restrict
attention to method (1).

Overall, the broad picture remains unchanged. Marginal costs have a signifi-
cant impact on short run inflation dynamics of roughly the same quantitative
magnitudes as suggested by the full sample estimates. Forward looking behavior
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Table 4
Robustness analysis: subsample stability

@ 0 B b Ve 7
GDP deflator
1960:1-1979:4 0.244 0.770 0.892 0.245 0.691 0.054
(0.027) (0.017) (0.027) (0.022) (0.016) (0.007)
1970:1-1989:4 0.222 0.756 0.820 0.234 0.653 0.07
(0.026) (0.014) (0.036) (0.024) (0.028) (0.010)
1980:1-1997:4 0.116 0.843 0.773 0.123 0.696 0.051

(0.022) 0.007)  (0.030) (0.021) 0.027)  (0.006)

Restricted f§

1960:1-1979:4 0.233 0.753 1.000 0.236 0.763 0.047
(0.022) (0.016) (0.018) (0.015) (0.006)
1970:1-1989:4 0.196 0.734 1.000 0.211 0.788 0.060
(0.026) (0.017) (0.025) (0.018) (0.007)
1980:1-1997:4 0.116 0.843 1.000 0.339 0.539 0.020
(0.022) (0.007) (0.020) (0.026) (0.004)
NFB deflator
1960:1-1979:4 —0.043 0.799 0.948 —0.057 1.001 0.066
(0.022) (0.012) (0.012) (0.030) (0.015) (0.008)
1970:1-1987:4 0.066 0.785 0913 0.078 0.846 0913
(0.018) (0.013) (0.020) (0.020) (0.017) (0.020)
1980:1-1997:4 0.219 0.823 0.778 0.219 0.638 0.049

(0.023) (0.008) (0.046) (0.023) (0.034) (0.005)

Notes: This table reports GMM estimates of parameters of Eq. (26) for alternative sample periods,
using the specification of the orthogonality conditions found in Eq. (27) in the text. Estimates
are based on quarterly data. Instruments used include four lags of inflation, labor income
share, long-short interest rate spread, output gap, wage inflation, and commodity price inflation.
A 12-lag Newey-West estimate of the covariance matrix was used. Standard errors are shown
in brackets.

is always important. For the GDP deflator, in the first two sub-periods, the
estimate of w is close to the full sample estimate; i.e. roughly 0.25. Interestingly,
though, in the last sub-period the estimate of w drops in half to about 0.12. The
pattern is the opposite for the non-farm deflator: estimates of w near zero for the
first two sub-samples (which correspond to the full-sample estimates), but rising
slightly to 0.22 in the last sub-sample.

Another interesting result with the GDP deflator is that the estimate of 6 for
the first two sub-samples drops from the full sample estimate of 0.8 to the range
0.75-0.77. The important implication is that pre-1990, the estimated average
duration a price is fixed is around four quarters, which is directly in line with the
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survey evidence. For the last sample, 1980:1-1997:4, the estimate of 0 rises to
roughly 0.85, implying duration of six quarters. The longer duration might
reflect the fact that inflation was lower over the last sub-sample. As a conse-
quence, the average length between price adjustments may have increased (as,
for example, a model of state-dependent pricing might imply.)

4.4. Actual versus fundamental inflation

Our econometric Phillips curve, as given by Eq. (26), takes the form of
a difference equation for inflation, with expected real marginal costs as the
forcing variable. The solution for inflation implied by the model will depend on
a discounted stream of expected future marginal costs, as well as lagged infla-
tion. As a way to assess the model’s goodness-of-fit, we consider how well the
solution to the difference equation lines up against the actual data. We term our
model-based measure of inflation ‘fundamental’ inflation because it is analogous
to Campbell and Shiller’s (1987) construct of fundamental stock prices in terms
of forecasts of discounted future dividends.

Our baseline estimates of y, and y; imply the existence of one stable and one
unstable root associated with the stationary solution to the difference equation
for inflation given by Eq. (26). Let 6; < 1 denote the stable root and 4, > 1
denote the unstable root. The model’s solution is then given by:

A < 1\*
Ty =01 +< >Z <52> Et{st+k}' (29)

52Vf k=0

The lagged term in Eq. (29) arises from the presence of backward-looking price
setters. In the benchmark case with pure forward-looking behavior, the lagged
term disappears (i.e., 6; = 0).

Let I, = {m;,M—1,..,Z1,Zi—1, ... } Where z, is a vector of variable other than
inflation observed as of time t. Taking expectations conditional on I; on both
sides of Eq. (29):

M= 01M-1 + < ’ >i <5i>kE[St+k |1,] = m. (30)

0275 Ji=o

We construct our measure of fundamental inflation 7} using Eq. (30) based on
I, = {mm— 1y sS0sSi—1, ... }. Fig. 2°° plots fundamental inflation 7 versus
actual inflation 7,.

26 n experimantation, we found that the model estimates based on method (1) do better in terms
of tracking inflation than those based on method (2). Specifically, we found that the sum of squares of
deviations between actual and fundamental inflation is lowest with method (1). We thus report only
method (1) estimates in performing the exercise.
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Fig. 2. Inflation: actual versus fundamental.

Opverall fundamental inflation tracks the behavior of actual inflation very
well.27 Tt is particularly interesting to observe that it does a good job of
explaining the recent behavior of inflation. During the past several years,
of course, inflation has been below trend. Output growth has been above trend,
on the other hand, making standard measures of the output gap highly positive.
As a consequence, traditional Phillips curve equations have been overpredicting
recent inflation.”® However, because, real unit labor costs have been quite

moderate recently despite rapid output growth, our model of fundamental
inflation is close to target.

27 Sbordone (1998) similarly finds that inflation is well explained by a discounted stream of

future real marginal costs, though using a quite different methodology to parametrize the
model.

28 As exception is Lown and Rich (1997). Because they augment a traditional Phillips curve
with the growth in nominal unit labor costs, their equation fares much better than the
standard formulation. Though the way unit labor costs enters our formulation is quite different,

it is similarly the sluggish behavior of unit labor costs that helps the model explain recent
inflation.
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5. Conclusions

Our results suggest that, conditional on the path of real marginal costs, the
baseline new Phillips curve with forward looking behavior may provide a reas-
onably good description of inflation dynamics. When tested explicitly against an
alternative that allows for a fraction of price setters to be backward looking, the
structural estimates suggest that this fraction, while statistically significant, is
not quantitatively important. One qualification, however, is that there is some
imprecision in our estimates of the importance of backward looking behavior.
Yet, across all specifications forward-looking behavior remains dominant. In
the estimated hybrid Phillips curve, the weight on inflation lagged one quarter is
generally small. Further, additional lags of inflation beyond one quarter do not
appear to matter much at all. Taken as a whole, accordingly, the results suggest
that it is worth searching for explanations of inflation inertia beyond the
traditional ones that rely heavily on arbitrary lags.

One important avenue to investigate, we think, involves the cyclical behavior
of real marginal cost. Fig. 1 presents sets of cross-correlations that help frame
the issue. The data are quarterly from 1960:1-1997:4 and HP-detrended. The top
panel, discussed earlier, displays the cross-correlation of inflation (the percent
change in the GDP deflator) with the output gap (i.e., detrended log GDP). The
middle one compares the output gap and the labor income share (our measure
of real marginal costs), while the last one looks at the labor share and inflation.

Among other things, the figure makes clear why real unit labor costs outper-
forms the output gap in the estimation of the new Phillips curve. As the top
panel indicates, the output gap leads inflation, rather than vice-versa, in direct
contradiction of the theory (see Eq. (7)). In contrast, as the third panel indicates,
real unit labor costs exhibit a strong contemporaneous correlation with infla-
tion. Further, lagged inflation is positively correlated with current unit labor
costs, consistent with the theory. Thus, (with the benefit of this hindsight), it is
perhaps not surprising why real unit labor costs enters the structural inflation
equation significantly and with the right sign. The middle panel completes the
picture: the labor income share lags the output gap in much the same way as
does inflation. The lag in the response of real unit labor costs explains why the
output gap performs poorly in estimates of the new Phillips curve.

It is also true that the sluggish behavior of real marginal cost might help
account for the slow response of inflation to output and thus (possibly) why
disinflations may entail costly output reductions.?® For this reason, modifying
existing theories to account for the rigidities in marginal costs suggested by

2% Interestingly, Blanchard and Muet (1992) find that disinflations in France have been associated
with declines in real unit labor costs. In this respect it seems worth exploring data from other
countries.
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Figure 1 could offer important insights for inflation dynamics.*® Given the link
between unit labor costs and marginal costs, a candidate source for the neces-
sary friction is wage rigidity. Indeed, a likely reason for the strong counterfactual
contemporaneous positive correlation between output and real marginal cost in
the standard sticky price framework is the absence of any type of labor market
frictions (see, e.g., the discussion in Christiano et al., 1997). At this stage, one
cannot rule out whether it is nominal or real wage rigidities that can provide the
answer. Both seem worth exploring.
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