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We examine the ability of the New Keynesian Phillips
curve to explain U.S. inflation dynamics when inflation fore-
casts (from the Federal Reserve’s Greenbook and the Survey
of Professional Forecasters) are used as a proxy for inflation
expectations. The New Keynesian Phillips curve is estimated
against the alternative of the hybrid Phillips curve, which
allows for a backward-looking component in the price-setting
behavior in the economy. The results are compared with those
obtained using actual data on future inflation as convention-
ally employed in empirical work under the assumption of ration-
al expectations. The empirical evidence provides, in contrast
to most of the relevant literature, considerable support for the
standard forward-looking New Keynesian Phillips curve when
inflation expectations are measured using inflation forecasts
that are observable in real time. In this case, lagged-inflation
terms become insignificant in the hybrid specification. The evi-
dence in favor of the New Keynesian Phillips curve becomes
even stronger when real-time data on lagged inflation are used
instead of the final inflation data used in standard specifi-
cations. Our work is closely related to the work of Roberts
(1997), who used survey measures of inflation expectations in
an empirical inflation model and found evidence that it is less-
than-perfectly rational expectations and not the underlying
structure of the economy that account for the presence of lagged
inflation in empirical estimates of the New Keynesian model.
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1. Introduction

Inflation’s short-run dynamics and cyclical interaction with real eco-
nomic variables is a central issue in macroeconomics and especially in
monetary policy analysis. In this respect, important advances have
been made during the last two decades in the theoretical modeling
of inflation dynamics. Much of the modern analysis of inflation is
based on what Roberts (1995) termed the “New Keynesian Phillips
curve,” a model of price setting based on nominal rigidities (Taylor
1980; Calvo 1983), which implies that current inflation is determined
by next period’s expected inflation and by real marginal cost as the
driving variable. This model is widely used in the analysis of mone-
tary policy, leading Bennett McCallum (1997) to call it “the closest
thing there is to a standard specification.”

Despite the increasing attention that the New Keynesian Phillips
curve has attracted in recent years, there have been conflicting
results regarding its empirical validity (Roberts 2005). A large
empirical literature has focused on estimating this model, both
as a single equation and in the context of a general equilibrium
model. Fuhrer and Moore (1995) have argued that the standard New
Keynesian model with sticky prices and rational expectations does
not fit U.S. postwar data, while Fuhrer (1997a) and Roberts (1997)
have shown that modifying the model so as to include lags of infla-
tion not implied by the standard model with rational expectations
allows it to fit the data satisfactorily. The work of Chadha, Masson,
and Meredith (1992) and Roberts (1998) also provided mixed evi-
dence about the ability of the New Keynesian Phillips curve to fit the
data adequately. Recent contributions by Gali and Gertler (1999),
Gali, Gertler, and Lépez-Salido (2001), and Sbordone (2001, 2002)
have offered evidence in favor of the New Keynesian Phillips curve
for the United States and the euro area, while Rudd and Whelan
(2005a, 2005b) argue that traditional backward-looking price-setting
rules appear to be preferable to the forward-looking alternatives in
describing inflation behavior. The ambiguity over the ability of the
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New Keynesian Phillips curve to square with the facts appears to
arise inter alia from a central implication of the model. Although the
price level is sticky in this model, the inflation rate, by contrast, is
perfectly flexible—a situation that is at odds with the empirical evi-
dence (Mankiw and Reis 2002). Thus, the model has trouble explain-
ing why shocks to monetary policy have a delayed and gradual effect
on inflation (Mankiw 2001). Other sources of difficulty concern the
characteristics of the proper measure of the driving variable (i.e.,
real unit labor cost or output gap) as well as the assumption about
the measure of expected inflation used.

A central point in the debate is whether a modification of the
model can account for the persistence of inflation detected in the
data. A common view is that this is possible insofar as a backward-
looking component is allowed for: however, this poses problems from
a modeling standpoint, as this component is introduced as an ad
hoc feature of the model (Cogley and Sbordone 2005). Thus, the
baseline theory underlying the New Keynesian Phillips curve is
extended to allow for a subset of firms that set prices according
to a backward-looking rule of thumb, creating the so-called hybrid
Phillips curve (see Gali and Gertler 1999). There are also other
ways to reconcile the empirical evidence with Phillips-curve the-
ory appealing to expectations-related factors. Roberts (1997) shows
that models derived under less-than-perfectly rational expectations
and models based on alternative microfoundations implying inflation
stickiness are in several cases observationally equivalent. The empir-
ical results of Roberts (1997)—obtained by using survey measures of
inflation expectations—suggest that it is imperfectly rational expec-
tations and not the underlying structure of the economy that account
for the presence of lagged inflation in empirical estimates of the New
Keynesian model.

In this paper we reconsider estimates of the New Keynesian
Phillips curve in light of recent advances in inflation modeling and
use inflation forecasts, which are observable in real time, as a proxy
for inflation expectations. Building on the work of Roberts (1997),
we estimate the New Keynesian Phillips curve for the United States
using inflation forecasts from the Federal Open Market Commit-
tee’s (FOMC’s) Greenbook and the Survey of Professional Fore-
casters (SPF) and compare the results with the estimates obtained
on the basis of actual data conventionally used in empirical work
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under the assumption of rational expectations. We also evaluate
the baseline theory underlying the New Keynesian Phillips curve
against the alternative of a hybrid Phillips curve that allows for
a subset of firms to 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 for the
Phillips-curve relationship to track the observed inflation persis-
tence. Moreover, given the changes in the definition of the GDP
deflator over the sample period, a real-time data set on this deflator
(obtained from the Federal Reserve Bank of Philadelphia) is used to
derive the lagged-inflation variable in the hybrid specification, with a
view to ensuring consistency with the Greenbook and SPF inflation
forecasts.

We estimate the alternative Phillips-curve specifications on quar-
terly U.S. data spanning the period from 1968:Q4 to 2000:Q4
(1968:QQ4 to 2006:Q4 in a specification including inflation forecasts
obtained from the Survey of Professional Forecasters). The begin-
ning of the sample corresponds to the earlier quarter for which both
SPF and Greenbook inflation-forecast data is available, whereas
2000:Q4 is the latest quarter for which Greenbook data is avail-
able. All the estimations are made by using the generalized method
of moments (GMM). Several results stand out and appear to be
quite robust in these estimations. Using the Greenbook and SPF
inflation forecasts as proxies for private-sector inflation expecta-
tions, we find—in contrast to the findings of Fuhrer (1997a) and
Rudd and Whelan (2005a, 2005b, 2006)—that expected inflation
becomes the main determinant of current inflation. Overall, the
empirical relevance of the hybrid specifications appears to depend
largely on the assumption of rational expectations (i.e., the use of
actual data on future inflation). Indeed, the lagged-inflation terms
in the hybrid specification become insignificant when we approxi-
mate inflation expectations with inflation forecasts, which may devi-
ate from full rationality, whereas significant and plausible estimates
for the effect of expected inflation and the real unit labor cost are
obtained.

The paper proceeds as follows. Section 2 reviews the basic the-
ory underlying the New Keynesian Phillips curve as well as the
hybrid Phillips curve and discusses the existing empirical literature.
Section 3 presents estimates of different specifications of the Phillips
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curve using, in turn, actual data and inflation forecasts in estimation,
and shows that the forecast-based specifications do a reasonably
good job of describing the data. Section 4 puts the results under the
perspective of the relevant theoretical literature. Some concluding
remarks and tentative implications are provided in section 5.

2. Modeling Inflation Dynamics

2.1 The New Keynesian Phillips Curve

A large part of the literature has used what today is called the New
Keynesian Phillips curve, in which the inflation rate is a function
of the expected future inflation rate and a measure of real marginal
cost, typically the output gap or real unit labor cost (Lindé 2005).
The New Keynesian Phillips curve can be derived from microeco-
nomic foundations; see, e.g., Roberts (1995), Woodford (1996), and
Rotemberg and Woodford (1997). In particular, as shown in Roberts
(1995), the forward-looking dynamics that underlie the New Keyne-
sian Phillips curve emerge from optimal firm responses to obstacles
to adjusting prices of the type introduced by Rotemberg (1982) and
Calvo (1983).

The New Keynesian Phillips curve, as advocated by Gali and
Gertler (1999), is based on a model of price setting!'? by monopo-
listically competitive firms and is given by

(1-0)(1-6p)
0 — Onu

T = st + BEymy1, (1)
where s is excess demand, @ is the probability that firms will keep
their price unchanged (or proportional to trend inflation), p is the
firm’s demand elasticity, and n is the elasticity of marginal cost with
respect to output.

Several authors, such as Fuhrer and Moore (1995) and Estrella
and Fuhrer (2002), argue that the pure forward-looking New
Keynesian Phillips curve has implications that are inconsistent with

!This price-adjustment rule is in the spirit of Taylor’s (1980) staggered-
contracts model.

2Similar reduced-form Phillips-curve equations can be obtained using the
quadratic adjustment-cost model of Rotemberg (1982).
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the data, because of the “jump dynamics” in inflation adjustment
that would imply a costless disinflation, which is counterfactual.

Thus, largely empirical reasons provided motivation for the intro-
duction of the hybrid Phillips curve.® Fuhrer (1997b) and Roberts
(1998) have shown that modifying the model so as to include lags
of inflation not implied by the standard model with rational expec-
tations allows it to fit the data satisfactorily. In this vein, Gali and
Gertler (1999), with a view to capturing inflation inertia, extend the
basic Calvo model to allow a proportion w of firms to use a backward-
looking rule of thumb. The net result is the following hybrid Phillips
curve that nests equation (1):

1
T = A ((1—7w)> St + 'YfEtﬂ-t-‘rl + YoTt—1, (2)

where

A= <<1 —w)(1 —06))(1 —96)> =t

V= ﬁgqbila
Vo =wo !,
d=0+wll—001-7).

While the story may be plausible, it is not derived from an explicit
optimization problem, in contrast to the New Keynesian Phillips-
curve formulation.

Oddly enough, however, even the hybrid Phillips curve has
met with rather limited success in providing a stable and con-
sistent description of inflation behavior. In particular, the rela-
tion has proved inadequate to describe inflation dynamics at the

3There is also some theoretical work supporting the hybrid-Phillips-curve
specification. Brayton et al. (1997) extend the quadratic adjustment-cost model to
allow for higher-order adjustment costs, leading to the appearance of lagged infla-
tion in the reduced form of the price-adjustment equation. Smets and Wouters
(2003, 2005) and Christiano, Eichenbaum, and Evans (2005) show that the hybrid
model can be motivated by a form of dynamic price indexing. Another possibil-
ity is that lagged inflation might reflect some form of least-squares learning on
the part of private agents, as suggested by Erceg and Levin (2003), Collard and
Dellas (2005), and others.
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quarterly frequency. Chadha, Masson, and Meredith (1992) and
Roberts (1997, 1998) obtain reasonable parameter estimates only
with annual and semiannual data. With quarterly data, there are
also difficulties in obtaining significant estimates of the effect of the
output gap on inflation. In this case, the empirical relevance of the
standard specification was improved through the substitution of real
unit labor cost for the output gap as the driving variable in the model
(Galf and Gertler 1999).4

2.2 Near-Rational Ezxpectations and the
Phillips-Curve Specification

There are also other ways to reconcile the empirical evidence with
Phillips-curve theory. It may be possible to invoke expectations-
related factors, such as central bank imperfect credibility or bounded
rationality (Roberts 1997, 1998, 2005), to explain sluggish infla-
tion dynamics. In this respect, inflation lags may be thought of as
capturing inflation expectations that deviate from full rationality.
Roberts (1997) shows that inflation models derived under imper-
fectly rational expectations and models based on alternative micro-
foundations (such as the sticky-inflation model of Fuhrer and Moore
1995) are in several cases observationally equivalent. He argues that
real-time measures of expectations, such as those obtained from
inflation surveys, “can be used to distinguish between the struc-
tural and expectational sources of lagged inflation.” To this end, he
derives an empirical model that nests the sticky-inflation model as
well as the sticky-price model, under the assumption that the infla-
tion surveys are good proxies for inflation expectations in the latter

4Recent studies by Gali and Gertler (1999), Gali, Gertler, and Lépez-Salido
(2001, 2005), and Sbordone (2001, 2005) have argued that the New Keynesian
Phillips curve (as well as the hybrid Phillips curve) is empirically valid, provided
that real unit labor cost rather than detrended output is used as the variable
driving inflation. Gali, Gertler, and Lépez-Salido (2001) conclude that real unit
labor cost is not closely related to the output gap and that monetary policy mod-
els need therefore to take into account labor market rigidities. One interpretation
provided by the authors is that the results imply that the relationship between
real unit labor cost and the output gap is weak. If the labor market is not com-
petitive, labor frictions must be taken into account. Incorporating labor market
imperfections is then necessary to model the response of inflation to a monetary
policy shock.
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model. On the basis of this empirical model and by using survey
measures of inflation (obtained from the Michigan and Livingston
surveys), he formulates a direct test of the sticky-inflation hypothe-
sis by examining a variety of specifications and finds that, in most
cases, the results appear to favor the hypothesis of sticky prices
under less-than-perfectly rational expectations over the hypothe-
sis that inflation is inherently sticky. These results would appear
to imply that it is imperfectly rational expectations and not the
underlying structure of the economy that account for the presence
of lagged inflation in empirical estimates of the New Keynesian
model. The findings based on survey data would be reinforced if
direct estimation of the New Keynesian Phillips curve on the basis
of alternative measures of expectations—such as the Greenbook
and SPF forecasts, which are generally considered unbiased and
broadly efficient measures of expected inflation—yielded similar
results.

Thus, the present paper investigates the ability of these two
other measures of inflation expectations—i.e., the forecasts included
in the FOMC’s Greenbook and the SPF forecasts—to account for
the actual inflation-expectation formation process in the economy
and provides evidence supporting the pure New Keynesian Phillips
curve.® To the extent that such forecasts provide good proxies for
private-sector expectations, they allow us to disregard issues related
to the detailed specification of the actual expectation formation
process. Thus, we are able to focus exclusively on the question of
whether the New Keynesian Phillips curve is correctly specified and
describes properly inflation dynamics once expectations are approx-
imated by forecasts observable in real time.

5To our knowledge there are a few papers that attempt to estimate the New
Keynesian Phillips curve for the United States by using survey measures of expec-
tations. None of them, however, consider the Greenbook as a source of real-time
inflation expectations. Roberts (1995, 1997) estimated the Phillips curve using
the Livingston and Michigan survey data, arguing that this specification can
describe inflation dynamics at a semiannual or annual frequency, although in
his model lagged inflation remains significant. Adam and Padula (2003) used the
inflation forecasts obtained from the Survey of Professional Forecasters in a quar-
terly model, whereas Paloviita and Mayes (2005) estimated the Phillips curve for
a panel of euro-area countries by using forecast data obtained from the OECD
Economic Outlook. The lagged-inflation term also remains an important part of
the description of inflation dynamics in both papers.
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Both the Greenbook and the SPF forecasts appear to incorporate
efficiently a large amount of information from all sectors of the econ-
omy as well as forecasters’ judgmental adjustments, making them
ideal as proxies of the private sector’s inflation expectations. The
SPF forecasts, especially, are considered to have an edge as a sum-
mary of the private sector’s inflation expectations (Carroll 2003).
Moreover, these forecasts are considered to be free of several prob-
lems that usually plague other survey forecast data (e.g., excessive
gradualism, inefficiency in information processing, etc.).

3. Phillips-Curve Estimation on the
Basis of Inflation Forecasts

In this section we present estimates of the New Keynesian Phillips
curve as well as of “hybrid” variants of the model, including both
forward-looking and backward-looking components, along the lines
of Gali and Gertler (1999) and Gali, Gertler, and Lépez-Salido (2001,
2005). We use quarterly U.S. data from 1968:Q4 through 2000:Q4
(2006:Q4 in a specification including the SPF inflation forecasts),
where the beginning of the sample is determined by the earlier avail-
able inflation-forecast data, and the end of the sample period is
determined by the availability of the Greenbook and/or SPF infla-
tion forecasts. Inflation is measured as the annualized quarterly
change of the GDP/GNP deflator, which—to ensure consistency
with the Greenbook and SPF forecasts—corresponds to the GNP
deflator from 1968 to end-1991, the GDP deflator from 1992 to end-
1995, and the GDP price index since 1996. The Greenbook and SPF
inflation forecasts correspond to the annualized quarterly change
in the same deflator one quarter ahead. Given that both measures
of inflation forecasts are constructed in real time and are not sub-
ject to any revisions—in contrast to the deflator variable, which
reflects final/revised data—we also estimate the Phillips curve by
using real-time data on the GDP/GNP deflator as provided by the
Federal Reserve Bank of Philadelphia to obtain the lagged-inflation
variable. Finally, real unit labor cost concerns the nonfarm business
sector and is obtained from the National Bureau of Labor Statistics.
This is the measure used by Gali and Gertler (1999) and Sbordone
(2002).
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3.1  Observable Measures of Ezxpectations and
Instrumental-Variables Estimation

Given that measurement errors may affect the left-hand-side and
especially the right-hand-side variables of the Phillips curve, esti-
mation requires the use of an instrumental-variables (IV) estimator.
Measurement errors with respect to the explanatory variables could
arise as a result of the use of inflation forecasts as proxies for (unob-
servable) inflation expectations and of the real unit labor cost as
a proxy for real marginal cost. Estimates of the alternative speci-
fications are obtained by using the two-step generalized method of
moments.%

In implementing the instrumental-variables estimator, we replace
the mathematical expectation of inflation with observable inflation
forecasts under the assumption that the instruments used corre-
spond to the agents’ information set at the time expectations were
formed. The use of instrumental variables also helps avoid the possi-
bility that the error term in the equation is correlated either with the
demand variable or with the difference between lagged and future
inflation.

Given that the Greenbook and SPF forecasts proved to be unbi-
ased and broadly efficient (see, among others, Romer and Romer
2000 and Swanson 2004), it is likely that the forecast errors will be
orthogonal to the information available to agents at the time of the
forecast. This is important for the consistency of the instrumental-
variables estimator, which assumes orthogonality of forecast errors
to lagged variables of the information set.

Thus, under the assumption that the forecast error of my4q is
uncorrelated with information dated ¢ and earlier, it follows from
equation (2) that

5{ (M (2 Yoy ) o) <0, @

51t is well known that full-information estimation methods, such as those
used by Fuhrer (1997a, 1997b) and Lindé (2005), display greater econometric
efficiency when the correct specification of the model is known, but that does not
seem to be the case in most monetary policy models. On the other hand, limited-
information methods, such as GMM, are robust to incorrect model specification
and to uncertainty about modeling assumptions (Roberts 2005).
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where z; is a vector of variables dated t and earlier (and, thus,
orthogonal to the inflation surprise in period ¢ + 1). The orthog-
onality condition given by equation (3) then forms the basis for
estimating the model with GMM.

The use of future inflation as a proxy for expectations suggests
that under the assumption of less-than-perfectly rational expecta-
tions, the instruments must reflect information available in real time,
i.e., dated at period ¢t and earlier and, in the case of serially corre-
lated errors in the model, at period ¢ — 1 or earlier. If we also take
into account publication lags, so that agents forming their expecta-
tions in period ¢ have information only up to period ¢ — 1, then the
instruments must be dated at period ¢ — 1 and earlier.

Thus, our instrument set includes two lags of the real unit labor
cost, the output gap, and nominal-wage growth and three lags of
inflation (real-time inflation in the specifications estimated with real-
time inflation data). To allow for the possibility of serially correlated
errors, all instrument lags are dated at period ¢ —1 and earlier, while
in the GMM estimation we use the Newey-West weighting matrix,
allowing for up to sixth-order serial correlation.

3.2 Estimating the New Keynesian and
Hybrid Phillips Curves

Tables 1 and 2 present estimates of different—reduced-form—
specifications of the New Keynesian and the hybrid Phillips curves
obtained by using, alternatively, actual data on future inflation or
the respective Greenbook and SPF inflation forecasts. Probabilities
of the J-test for instrument exogeneity are also presented in the last
column of the tables.

With respect to estimates of the New Keynesian Phillips curve
(presented in table 1), it appears that the inclusion of the real-time
forecast of next period’s inflation makes relatively little difference
to the results, compared with the estimation based on actual infla-
tion data. The coefficient on expected inflation (the discount rate)
is in line with what theory would predict as well as with the respec-
tive estimate obtained from the specification including actual future
inflation. The coefficient on the marginal cost is statistically signifi-
cant and has the correct sign.
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Table 1. New Keynesian Phillips Curve
(1968:Q4-2000:Q4)

75 ulc R’ J-test
t+1 t -tes
Specificati ith 0.91 0.04
pecification wi 0.83 0.69
Greenbook Forecast (17.09) (7.11)
Specificati ith 0.95 0.06
pecification wi 0.85 071
SPF Forecast (23.12) (7.65)
Specification with
Final Data on Future 0.94 0.03
. .81 .
Inflation 1759 | (211) | °8 0-59
Note: 71'f§_~_1 denotes inflation expected by the private sector for period ¢ 4 1, expressed
in terms of the annualized rate of change in the GDP deflator; m;—; is the lagged
value of the annualized rate of change of the GDP deflator; and ulc; is real unit labor
cost. Numbers in parentheses are t-statistics, and the last column shows the p-values
associated with a test of the model’s overidentifying restrictions (Hansen’s J-test).

As a next step, we evaluate the New Keynesian Phillips curve
against the alternative of the hybrid Phillips curve that includes a
lagged-inflation term. From table 2, it is clear that the balance of
expectation formation moves strongly toward the forward-looking
side when we use inflation forecasts (Greenbook or SPF') instead of
actual data on future inflation. Indeed, while in the estimate based
on actual data that is presented in the last line of table 2 the lagged-
inflation term remains significant, explaining about 40 percent of
current inflation,” it becomes insignificant when the Greenbook
or SPF forecasts are used as proxies for expected inflation.®

"These estimates of the hybrid model including final inflation data are broadly
in line with the respective estimates of Gali and Gertler (1999) and Gali, Gertler,
and Lépez-Salido (2001, 2005), whereas the small difference in the estimated
coefficient on the driving variable is largely attributed to the different sample
period (1968:Q4-2000:Q4 in our paper compared with 1960:Q1-1997:Q4 in these
papers) as well as to the more parsimonious instrument set used in the present
paper.

8 Adam and Padula (2003) find a statistically significant effect of lagged infla-
tion when estimating a hybrid Phillips curve for the United States using SPF
inflation-forecast data. Given the significant measurement errors affecting the
explanatory variables, their results are likely to be contaminated by the use of
an OLS estimator.
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In these forecast-based specifications, the coefficient on expected
inflation ranges from 0.84 to 0.86 and is significantly higher than
the respective estimates of Gali and Gertler (1999), Gali, Gertler,
and Lépez-Salido (2001, 2005), and Sbordone (2002), whereas the
coefficient on the real marginal cost is statistically significant and
has the correct sign.” Moreover, in sharp contrast to these contri-
butions, the estimated coefficient on the backward-looking inflation
term is insignificant in all forecast-based specifications. Overall, the
inclusion of the observable inflation forecasts appears to increase
substantially the weight of the forward-looking variable in inflation

Table 2. Hybrid Phillips Curve (1968:Q4-2000:Q4)

7r§+ 1 T _1 ulcy R2 J-test

Specification with 0.84 0.18 0.04 0.85 0.68

Greenbook Forecast (4.30) | (1.03) | (5.06) ‘ ’
Specification with 0.86 0.21 0.05

SPF Forecast (5.03) | (1.51) | (5.25) 086 0-59
Specification with

Final Data on Future 0.61 0.38 0.01

Inflation (6.19) | (3.98) | (0.28) 0-83 0-65

Note: 77, ; denotes inflation expected by the private sector for period t + 1, expressed
in terms of the annualized rate of change in the GDP deflator; m;—1 is the lagged
value of the annualized rate of change of the GDP deflator; and wlc; is real unit labor
cost. Numbers in parentheses are t-statistics, and the last column shows the p-values
associated with a test of the model’s overidentifying restrictions (Hansen’s J-test).

9We also estimated the Phillips curve using three alternative measures of the
output gap as proxies of the real marginal cost. One was obtained by detrend-
ing the GDP series through the application of the Hodrick-Prescott (HP) filter,
a second was based on the Congressional Budget Office’s measure of potential
output, and a third was obtained by using—in view of the significant revisions in
the output-gap series—a real-time measure of the output gap constructed on the
basis of the Federal Reserve Bank of Philadelphia data set and a recursive estima-
tion of potential output through the application of the HP filter on the GDP data
available at each point of time. All the output-gap-based specifications are char-
acterized by a large degree of instability across different subsamples as regards
the coefficients of the forward- and backward-looking inflation components as well
as a wrongly signed and/or statistically insignificant coefficient on this variable
in the earlier part of the sample (i.e., from 1968:Q4 to 1979:Q2).
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determination, suggesting that the significance of lagged inflation
in conventional specifications reflects largely its role as a proxy for
deviations of inflation expectations from full rationality. That being
said, the hybrid Phillips curve including the inflation forecasts is
rejected in favor of the New Keynesian Phillips curve.

It must be noted that data on the GDP deflator are often subject
to substantial revisions. Given that the one-quarter-ahead inflation
forecasts from both sources (the Greenbook and the SPF) are con-
structed before the first revision of the GDP deflator data (which is
usually released with a delay of about a quarter), conditioning the
pricing decisions of the private sector on final inflation data does
not appear to provide a realistic description of the price-setting
behavior in real time. Final/revised data on the GDP deflator do
not reflect the private sector’s information set in real time, nor
are the data at the disposal of forecasters at the time they pre-
pare their forecasts. Thus, the significance of inflation forecasts
could reflect to a significant extent the inability of the standard
hybrid-Phillips-curve specification to account for issues related to
real-time availability of data. Therefore, we estimate the hybrid spec-
ification using real-time data for lagged inflation. The results pre-
sented in table 3 suggest that the use of a real-time lagged-inflation
measure confirms the relevance of the New Keynesian specifica-
tion, as the coefficient on expected inflation increases in both

Table 3. Hybrid Phillips Curve with Real-Time Lagged
Inflation (1968:Q4—-2000:Q4)

7r§'+ 1 Te_1 ulcy R2 J-test
Specification with 0.95 0.01 0.05 0.85 0.65
Greenbook Forecast | (4.97) | (0.57) | (6.64) ' '
Specification with 0.97 0.16 0.05
SPF Forecast (4.77) | (0.93) | (5.85) 0-75 0.63

Note: 7§, ; denotes inflation expected by the private sector for period ¢ + 1, expressed
in terms of the annualized rate of change in the GDP deflator; m;—1 is the lagged
value of the annualized rate of change of the GDP deflator; and ulct is real unit labor
cost. Numbers in parentheses are t-statistics, and the last column shows the p-values
associated with a test of the model’s overidentifying restrictions (Hansen’s J-test).
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forecast-based specifications. On the other hand, the coefficient on
lagged inflation is reduced further and becomes virtually zero, pro-
viding some indication that its significance, in specifications based
on final data, is likely to reflect the additional-—possibly forward-
looking—information incorporated through subsequent data revi-
sions rather than its role as a benchmark for rule-of-thumb price
setters.

Similar results are obtained when we reestimate the SPF-based
specifications on an extended sample ending in 2006:Q4 (table 4).
The most notable differences relate to the declining weight on
the forward-looking inflation component in the real-time specifi-
cation, where the coefficient on expected inflation declines to 0.84
(compared with 0.97 in the smaller sample), and also to the declin-
ing coefficient on unit labor cost. This latter result could reflect
the contamination of unit labor cost data by stock-option exercises,
which obscure real marginal cost developments in the most recent
part of the sample. Finally, in the last row of table 4, we reestimate

Table 4. Hybrid Phillips Curve: Specification with
SPF Forecast—Extended Sample (1968:Q4—-2006:Q4)

=2

Tir1 | Te—1 ulcy R J-test
Specification with
E;r;zleg Tofiation (gii% ((1):22) ((5):82) 083 | 0.71
Specification with
Esgégiulrrﬂation (gﬁfg) (2:33) (2;?[8‘) 082 | 063

Specification with
Real-Time Lagged
and Contemporaneous 0.88 0.18 0.03

Inflation (4.45) | (083) | (352) | M7 0

Note: 7§, | denotes inflation expected by the private sector for period ¢+1, expressed
in terms of the annualized rate of change in the GDP deflator; m;—1 is the lagged
value of the annualized rate of change of the GDP deflator; and wlct is real unit labor
cost. Numbers in parentheses are t-statistics, and the last column shows the p-values
associated with a test of the model’s overidentifying restrictions (Hansen’s J-test).
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the hybrid model for the full sample, including real-time data on
contemporaneous as well as lagged inflation, with no significant
changes in the results.

3.8 Fvaluating the Robustness of the Results

To evaluate the robustness of our preferred specifications based on
inflation forecasts, we first include in the model additional lags of
the explanatory variables and test for their significance. It turns
out that both lagged measures of real unit labor cost and lagged
inflation are not statistically significant, with the exception of the
third lag of inflation that appears significant in the specifications
based on SPF forecasts.

We further explore the stability of the Phillips curve by con-
sidering the estimates obtained from two subsamples—one corre-
sponding to the Chairmanships of Arthur Burns and G. William
Miller (1968:Q1-1979:Q2) and the other to the Chairmanships of
Paul Volcker and Alan Greenspan (1979:Q3-2000:Q4). The infla-
tion experience was quite different in the two subperiods: during
the 1970s, inflation was rising and volatile; then it dropped sharply
during the 1980s and was low and relatively stable during the
1990s.

Estimates for the different subperiods (presented in table 5)
confirm that the forward-looking behavior remains dominant irre-
spective of the sample period examined.'® Most notably, the coeffi-
cient on the inflation forecast during the Volcker-Greenspan period
declines to 0.78 (from 0.86 during the pre-Volcker period) for the
Greenbook-based specification, and from 1.09 to 0.75 for the SPF-
based specification, suggesting that the forward-looking behavior in
price setting was even more relevant during the earlier period. Over-
all, the evidence from subperiod estimates supports the ability of
the New Keynesian Phillips curve, in which inflation expectations
are approximated by the inflation forecasts, to adequately describe
inflation dynamics in the United States during the 1968-2000
period.

0The instrument set used includes two lags of inflation, the real unit labor
cost, the output gap, and nominal-wage growth.
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Table 5. Subsample Estimates of the Forecast-Based
Specifications of the New Keynesian Phillips Curve

=2

71'23_,_ 1 Te_1 uley R J-test

1968:Q4-1979:Q2

(Pre-Volcker Period)

Gree.nbook—Based 0.86 0.17 0.05 0.59 0.54

Specification (4.16) (1.08) (4.17)
1979:Q3-2000:Q4

(Volcker-Greenspan

Period)

Gree.nboo}i—Based 0.78 0.29 0.02 0.67 0.69

Specification (3.91) (1.77) (2.35)
1968:Q4-1979:Q2

(Pre-Volcker Period)

SPF-Based 1.09 —0.001 0.03

Specification (4.88) | (—0.006) | (2.13) 0.57 0.55
1979:Q3-2000:Q4

(Volcker-Greenspan

Perlqd) SPF—Based 0.75 0.27 0.02 0.89 0.67

Specification (5.33) (1.96) (3.30)
Note: 7rte_’_1 denotes inflation expected by the private sector for period t + 1, expressed
in terms of the annualized rate of change in the GDP deflator; m;—1 is the lagged
value of the annualized rate of change of the GDP deflator; and wlc; is real unit labor
cost. Numbers in parentheses are ¢-statistics, and the last column shows the p-values
associated with a test of the model’s overidentifying restrictions (Hansen’s J-test).

4. Interpreting the Empirical Results

According to the results presented in the previous section, when
allowing for deviations from rationality in inflation expectations (by
using observed inflation forecasts), the New Keynesian Phillips curve
appears to provide an adequate description of inflation dynamics in
the United States during the 1968—2006 period. This result contrasts
with a large part of the empirical literature, which generally favors
Phillips-curve specifications including lags of inflation.

Under the assumption of rational expectations, inflation expec-
tations by themselves cannot explain the persistence of the inflation
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process. However, relatively small deviations from the assump-
tion of rational expectations can change significantly this result
(Angeloni et al. 2006). The significance of the forward-looking
inflation term provides a strong case in favor of theories model-
ing expectations formation through limited/asymmetric informa-
tion and information-processing constraints (Mankiw and Reis 2002;
Woodford 2003; Adam 2004) or bounded rationality and learning
(Evans and Honkapohja 2001; Sims 2003).

Consequently, the source of the observed inflation persistence
may be due not to structural parameters stemming from the char-
acteristics of the agents’ price-setting behavior or institutional con-
straints (such as indexation) but rather to expectations-related fac-
tors such as expectations about future monetary policy movements
or the private sector’s gradual learning of monetary policy’s infla-
tion target (Erceg and Levin 2003), or uncertainty about the nature
of inflationary shocks and their persistence (Ehrmann and Smets
2003).

Such sources of less-than-perfectly rational behavior of agents in
their price-setting decisions and the persistence it implies can spuri-
ously be reflected as significant lag dynamics in the hybrid New Key-
nesian Phillips curve. Thus, the insignificance of the lagged-inflation
term when inflation forecasts are included in the specification sug-
gests that inflation inertia is likely to stem from imperfectly rational
behavior in a purely forward-looking price-setting process.

The significance of the less-than-perfectly rational forward-
looking component in the New Keynesian Phillips curve bears
an important policy implication: as inflation dynamics are likely
to reflect the combined influence of several sources of less-than-
perfectly rational behavior, the inflation-expectations management
is a very difficult task, with potentially significant costs in terms
of output volatility even in the absence of backward-looking price
setters.

5. Conclusions

This paper examined the ability of the New Keynesian and hybrid
Phillips curves to explain U.S. inflation dynamics if inflation fore-
casts obtained from the Federal Reserve’s Greenbook or the Survey
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of Professional Forecasters are used as proxies of inflation expec-
tations. The empirical evidence provides considerable support for
the standard forward-looking New Keynesian Phillips curve insofar
as deviations from rationality as reflected in inflation forecasts are
taken into account in estimation. In particular, theoretically plausi-
ble coefficient estimates of expected inflation and real unit labor cost
have been obtained. Overall, the empirical relevance of the hybrid
specifications used in the literature to explain the persistence of
inflation detected in the data appears to depend on the standard
assumption of rational expectations usually made (reflected in the
use of actual data on future inflation). Thus, lagged-inflation terms
in the hybrid Phillips curve, intended to capture inflation inertia, are
not significant when we consider less-than-perfectly rational forecast
proxies of inflation expectations.

Appendix. Data Sources

All data series are quarterly, beginning in 1968:Q4 and ending in
2006:Q4 (with the exception of Greenbook inflation forecasts, which
are available from 1968:Q4 through 2000:Q4). Data on gross domes-
tic product, the GDP deflator, and nominal-wage growth are all from
the Federal Reserve System’s Database (FRED). Data on the GDP
deflator forecasts were taken from the FOMC’s Greenbook and the
Survey of Professional Forecasters data sets available at the Federal
Reserve Bank of Philadelphia. Real-time data on the GDP/GNP
deflator were compiled on the basis of the relevant data set available
at the Federal Reserve Bank of Philadelphia. Finally, data on unit
labor cost in the nonfarm business sector were taken from the U.S.
Bureau of Labor Statistics.
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