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Abstract

Estimating the micro-founded New Keynesian Phillthgve using rational inflation expectation
proxies has often found that the output gap isanehlid measure of inflation pressure. This paper
investigates the empirical success of the NKPCxplagning US inflation, using observed measures of
inflation expectations and taking account of sec@telation in the stylized NKPC. Contrary to nece
results indicating no role for the GDP gap, we fini be a statistically significant driving vabie for
inflation while labor income share is generallyigmficant. The paper also develops an extended
model in which serial correlation is absent anddbgput gap remains a valid inflation driving forde
most of our estimations, however, lagged inflatimminates the role of inflation expectations, cagti
doubt on the extent to which price setting is faviboking over the period 1968 to 2005. From an
econometric perspective, the paper uses GMM estimab account for endogeneity while also
addressing concerns raised in recent studies aleak instrumental variables used in estimating

NKPC models.
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1 Introduction

Based on the seminal work of Taylor (1980), Rotenpli@982) and Calvo (1983),
theoretical implications of short-run inflation dymics for monetary policy analysis are
recently studied through the so-called (hybrid) N€&ynesian Phillips Curve (NKPC),
which expresses current inflation as a functioneapected future inflation, lagged
inflation, and a measure of marginal cost. To d#te, literature has achieved a broad
consensus that implications of the NKPC for the duat of monetary policy differ
substantially from the traditional Phillips curvelationship; see Goodfriend and King
(1997), Rotemberg and Woodford (1997), Nelson (1988ll (1999), Gali and Gertler
(1999), Levinet al. (1999), McCallum (1999), Svensson (1999), Rudeb(206d2), and a
comprehensive survey by Woodford (2003).

Nevertheless, the empirical validity of the NKPG leen mixed when the model is
confronted with realized ddtaln particular, Gali and Gertler (1999) argue tlia¢
empirical success of the NKPC is contingent onlét®r income share, rather than the
more common output gap, being utilized in the regjian. Despite similar arguments in
Gali et al. (2001; 2005), GDP gap measures remain prevatetioth theoretical and
empirical monetary policy analysis framewdtkBurther, the finding in Gali and Gertler
(1999) is challenged by some recent research sassied in the next section, so that little

consensus has been achieved.

In order to work in a single framework, some aushdoncluding Gali and Gertler
(1999), employ realized future inflation data tayr (rational) inflation expectations,
with instrumental variables (IV) methods accountifay the resulting endogeneity.
However, in addition to the weak IV concern raisedVavroeidis (2004), this practice
also induces a measurement error whose volatilgty distort inference for the NKPC, as
indicated in Sun and Phillips (2004) and discussethanget al. (2006).

It may be preferable to use observed inflation syrdata rather than realized future
values to measure unobserved inflation expectatlmesause the former may mimic more

realistically and more accurately peoples’ respsriseeconomic performance and hence

! See the 2004 special issue of @wdord Bulletin of Economics and Satistics, Vol. 66, no. 1, and the 2005
special issue afournal of Monetary Economics, Vol. 52, no. 6.

2 See, for example, Fuhrer and Moore (1995a; 199h)d and Rudebusch (1998), Claraal. (1999;
2000), Boivin and Giannoni (2002), Rudebusch (20@&2}rella and Fuhrer (2003), and Ireland (2004), t
name a few.



are better measures of expectations than realiziedef inflation; see Roberts (1995). In
addition, recent studies present evidence in fafarsing such forecasts as measures of
inflation expectations in models of monetary poliapalysis; see Croushore (1993).
Further, Roberts (1998) shows that expectationedas observed survey data match
more closely the empirical costs of reducing inflatin the transmission of monetary
policy. Most importantly, however, inflation surveiata are directly observable and hence

reduce the potential role of measurement errosiimation of the NKPC.

Another important, yet often overlooked, issuehis possible serial correlation in the
stylized NKPC. Much of the literature adopts thenooon approach of employing lags of
inflation (and other variables) as instruments whestimating the NKPC. However, the
presence of serial correlation in the dynamic NKR&@lel would invalidate lagged values
of inflation as legitimate 1V, rendering the resulf estimates not only biased but also

inconsistent.

In this paper, therefore, we employ directly obsérinflation forecasts as measures
of inflation expectations and carefully characterigerial correlation. We find that
commonly used output gap measures, rather tharmr Ighare, remain significant as
indicators of inflation pressure in the NKPC. Ferthempirical results also imply that the
stylized specification with a single lag of inflati is insufficient to capture inflation
dynamics and extra lags of inflation are stati#iffcsignificant in accounting for current
inflation. However, the addition of lags to accodmt this serial correlation leads to the
conclusion that inflation dynamics appear more eomed with backward-looking
behavior than forward-looking price-setting over682005. This baseline finding is
robust to the use of a variety of inflation surwagta measures and different detrending

methods in computing the real output gap.

The paper is organized as follows. Relevant litemats discussed in Section 2, with
Section 3 describing the data used in the empignpalysis. Section 4 presents estimates
for the stylized NKPC model, with the extensiorritther inflation dynamics explored in
Section 5. Section 6 discusses the implicatiorth@empirical findings and concludes the
paper.



2 Literature Review

Recent studies of Gali and Gertler (1999), inclgd@®ali et al. (2001), as well as
those of Woodford (2001), Sbordone (2002), Linde0&), Rudd and Whelan (2005b),
and many others, have provoked a fierce debate #eetempirical success of the NKPC
in relation to its theoretical underpinnings. Basadhe standard pricing contracts models
of Taylor (1980), Rotemberg (1982), and Calvo (1988 NKPC can be expressed as

T =a B, ta, ., +ayy, (1)
where 7z is the rate of inflation,Ez,, is expected inflation for periott1l given
information available up to perioti 7z, denotes lagged inflation which captures

empirically observed inflation persistence, apdis an appropriate measure of the
marginal cost of firms in the economy. Note thatder this setup, all variables are

assumed to be expressed as percentage deviatomshieir respective steady states.

Gali and Gertler (1999) argue that the labor incamare, rather than the output gap,
is the appropriate measure of marginal cost in Elixther, their results suggest that
forward-looking behavior is far more important thitwe backward-looking element. This
finding has subsequently been challenged from rdiffeperspectives. For instance, Rudd
and Whelan (2005a) estimate a reduced form VAR inoderporating the NKPC and
find that the labor share is not a valid inflatamiving force. Neiss and Nelson (2005) also
suggest that the output-gap-based NKPC explaitatioh dynamics better than the one
advocated by Gali and Gertler (1999), but basedaospecial GDP gap measure

constructed in line with dynamic general equilibnimodels.

Linde (2005) is able to obtain a positive and digant estimate of the coefficient of
the GDP gap (computed as quadratically detrendgdelal GDP) using a Full Information
Maximum Likelihood (FIML) approach. However, in atilon to relying on the relatively
strong normality assumption, FIML estimation is Stiwe to the specification of the
structural equations in the system. For instansaigua similar framework to Linde (i.e.
the NKPC in conjunction with an IS equation and @natary policy reaction function),
Roberts (2005) has difficulty in finding a signdict estimate on the GDP gap. This
discrepancy is, perhaps, unsurprising given theedainty surrounding specification and
estimation of the Euler equation and the monetatigyreaction function: see Rudebusch
(2002), Fuhrer and Rudebusch (2004), Orphanided1(2Z003, 2004), and Jondegial.



(2004).

Focusing on the statistical significance of theniard-looking and backward-looking
components in the NKPC, Rudd and Whelan (2005o) that, irrespective of the specific
measure of marginal costs, forward-looking behaytays a very small role in U.S.
inflation dynamics. They ascribe the small role lgged inflation obtained by Gali and
Gertler (1999) to omission of variables that majuience inflation which, in conjunction
with the use of instrumental variables correlatéith future inflation, leads to inconsistent
parameter estimates with an upward bias on thecéegbénflation coefficient.

It is worth noting that in estimating their altetiva NKPC formulation, Rudd and
Whelan (2005b) also employ a large number of imsémntal variables (IV), which may
induce the over-instrumenting problem elaboratedavroeidis (2004). Indeed, Rudd and
Whelan (2005b) carefully note that their estimagioyield an unintuitive (negative)
coefficient on the output gap. Nonetheless, thenrpaint in Rudd and Whelan (2005b) is
that forward-looking behavior is not supported by U.S. data.

The role of different econometric estimation metblodies for the success of the
NKPC has also been a focus of recent literatududing Mavroeidis (2005), Sbordone
(2005), and Rudd and Whelan (2005c, 2006).

Despite this interest in the estimation of the NKRI@& use of observed inflation

forecasts as a measure of the inflation expectafpm,,, at least for quarterly models,

has been under-investigated. A common approacthenliterature is to use realized
inflation at t+1, together with the rational expectation assumptibat implies

t,, =B, +&,, with &, white noise, to represelfz,,. The rationality assumption

facilitates the estimation in that an explicit maasof inflation expectations is not needed.

However, even with rational expectatiorns,; is more noisy thangr,,, which may

render estimation of the NKPC problematic with fnsamples.

Rather than employ a rational expectations assomp#dam and Padula (2003)
employ quarterly GDP inflation forecasts from then®y of Professional Forecasters
(SPF) to estimate the NKPC by OLS, finding that bbth output gap and labor income
share are significant when used as measures fontladgion pressure variable. Table 1
reports OLS estimates of (1) using the SPF one-quainesgid GDP inflation forecasts over
1968Q4-2005Q4, using the approach of Adam and Pa(0@3). These baseline
coefficient estimates seem to confirm the Adam &adiula’s (2003) arguments. For



example, the estimated coefficient on labor incamare of the non-farm business sector
is indeed positively and significantly driving Glation (denoted GDPIPD in the table),

albeit insignificant in a model for non-farm busssesector price inflation (denoted

NFBIPD).

However, the significanp-values for the diagnostic test of autocorrelatjthre last
column in Table 1) imply that the error term in thiglized NKPC is serially correlated
and hence OLS estimates are inconsistent for tmardic model, which casts doubt on
the econometric validity of the results in Adam d&atiula (2003).

In a relatively early empirical version of the plyréorward-looking NKPC, Roberts
(1995) uses IV in conjunction with survey measwemflation expectations and obtains
plausible estimates on the GDP gap. More recemiydebusch (2002) obtains a
significant output gap coefficient in a hybrid Pipdl curve estimated with quarterly data
and employing observed survey expectations. Howévali and Gertler (1999) attribute
the empirical success of the former to the annuml aemi-annual data frequency
employed and of the latter to the use of the “dRHillips Curve, with the significant

positive coefficient on the lagged (not contemperars) output gap.

To date, therefore, there is little consensus oathdr the output gap (as commonly
measured) plays a significant role in the NKPC. Tdwus of this paper, therefore, is the
empirical validity of the NKPC for quarterly U.S. datvhen observed inflation forecasts
are employed in conjunction with common measurethefoutput gap. The paper also
addresses the important issue of serial correlatiorthe stylized specification and
concerns of possible weak instruments in the GMMregion, which lead to an extended

form of the NKPC with additional dynamics.

3 The Data

The data used in our baseline empirical work (idiclg Table 1) spans
1968Q4-2005Q4, dictated by the availability of theedian quarterly GDP inflation
forecasts from the Survey of Professional Forecast8RF1Q). As discussed by
Croushore (1993), these forecasts have proven walbable for monetary policy analysis

and for measuring the response of expectationhamges in monetary policy. Further,



since the forecasters surveyed are professiona@ianibe anticipated that they will be well

informed and their forecasts will influence deasimakers.

The top panel of Figure 1 plots realized futureatifin using the growth rate of GDP
implicit price deflator (denoted GDPIPB3()) and the corresponding SPF1Q forecasts,
both expressed at an annual rate. As anticipakexdfdrecast is less noisy than actual
inflation at t+1. Further, the figure indicates that inflation doasts tend to lag actual
inflation, pointing to possible multicollinearityebween lagged and expected inflation that
might be anticipated in (1). Nevertheless, the canspn also indicates that actual future
inflation and its one-step-ahead forecast havendiste patterns, with the forecast error

(actual less forecast) being negative for a subistgreriod during the 1980s and 1990s.

To assess the robustness of baseline findings, le® evaluate the empirical
performance of the NKPC using other inflation expgohs data, namely the
one-year-ahead GDP inflation forecasts from the SPF1(8Rkhe Greenbook quarterly
forecasts for GDP inflation (Greenbook), and onerghead general price inflation
forecasts from the Michigan survey (Michigan), #aale over 1970Q1-2005Q4,
1968Q3-1999Q4 and 1960Q1-2005Q2, respectively. Eiguralso depicts these three
additional inflation forecast series, together waittual (one-quarter ahead) future GDP
inflation.

The Greenbook forecasts are projections of the raé&eserve staff prepared within
the Fed for the Federal Open Market Committee (FOMT) at the time of writing, are
available only to 1999Q4. Because of the role ef@reenbook data in FOMC meetings,
the forecasts may be interpreted as the monetdigymesigners’ view of future inflation.
Also, because the NKPC model is often used in ther@egonometric models of monetary
policy analysis, it is useful to check whether theeseline estimates are robust to the
Greenbook inflation forecast€On the other hand, the Michigan survey aims fiwe the
views of the general public. Thererfore, theseeserepresent different groups of agents
with (presumably) different information sets.

To facilitate comparisons with the relevant litera, we consider inflation as

measured by the growth rate of the GDP implicit@uleflator (GDPIPD) and the implicit

zlggg)macroeconometric models of monetary policylyais incorporating the NKPC, see Claridaal.



price deflator of non-farm business sector (NFBIPth of which are annualized and
seasonally adjusted. Figure 2 plots these two meagidprice inflation. It is evident that
the general pattern of the two inflation seriesimilar: inflation is very high from the

middle of the 1970s to the early 1980s, while remmg relatively low and steady during
other periods. Nonetheless, NFBIPD appears mordcarad volatile.

To investigate the role of the output gap in theRdK we concentrate on the GDP
gap computed using real potential output estimateshe U.S. Congressional Budget
Office (CBOGAP) and the conventional Hodrick-Presddtered GDP gap (HPGAP),
with measures by alternative detrending methodscfitzed in the appendix) being used to
assess sensitivity of our baseline findings. We asaluate the validity of the labor
income share advocated by Gali and Gertler (1999 eeal driving variable for inflation.

The alternative output gap measures and the lalbome share are plotted in Figure 3.

4  The Stylized Model

Since the empirical success of the stylized NKPCeh¢b) using the output gap as
the real driving force is contentious, we startdsyimating this model. Prior to empirical
estimation, sub section 4.1 discusses relevantoecetnic issues, focusing particularly on
the necessity for and the design of IV estimat®action 4.3 then summarizes empirical
results using a variety of observed inflation fass as measures of inflation expectations
and different output gap measures. An importardifig from the empirical analysis is the
strong evidence of serial correlation in the sgdiZNKPC, which entails an extension for

the inflation dynamics, a task taken in section 5.

4.1 Econometric Issues
The empirical version of the stylized NKPC can bétem as

=Ctra B ra 7t +ayy, +1), (2)
where 77, is a disturbance term allowed to be nonspheriCaimpared to (1), and in

addition to the inclusion of the disturbance, arelicept is included in the model as the

variables here are used in levels rather thanaatdms from their steady state values.

To account for possible endogeneity of the regmsssae employ IV, or more



generally a Generalized Method of Moments (GMM)neator to estimate the NKPC.
Since GMM estimation underscores the validity ofestdd instrumental variables, we
briefly discuss the IV set that we choose to egen(a).

First, the current-period real varialjjemay be correlated with the contemporaneous

noise 7,, since demand shocks may influence both variaBlsough it is less obvious

whether survey inflation expectations should bated as endogenous, it may be noted
that the SPF survey data are based on professionatgasts collected in the middle of
the quarter, and hence may reflect some curreribgpenformation. Therefore, it is
desirable to employ appropriate instruments forhbeixpected inflation and the
current-period real variable in estimating the iggd NKPC modél To this end, we
assume lagged inflation expectations and laggetl vaaables are uncorrelated with

current-periods, shocks, while correlated with their current-peraaservations, so that

these lagged variables are employed as valid msinis.

Another important issue is whether_, should be instrumented. Although it is not

conventional to do so, it should be noted that ldgged inflation variable on the

right-hand side of (2) is correlated with the erterm if 7, is serially correlated.
Preliminary serial correlation tests treatirrg, as exogenous typically indicate the

presence of serial correlation, so that we alswunsent lagged inflation.

We use two lags of inflation expectations and tlpot gap as instruments. In
addition, the baseline IV set includes two lagstleé unemployment rate, which is
supported by the well-known Okun’s law. Furthermdsased on the seminal work of
Bernanke and Blinder (1992) showing the importasfc@terest rates for monetary policy,
we also include two lags of the short-term interag¢ (3-month Treasury Bill rate) in the

instruments. Of course, a constant term is incluagedn 1V throughout the estimations.

The choice of instruments and the model specificatire verified through several
diagnostic tests. First, we use Hansen’s (19825t to verify overidentifying restrictions.
The possibility of disturbance serial correlatisnchecked using the IV serial correlation

4 The treatment of survey data as endogenous or eragen the literature seems mixed. Rudebusch {2002
describes the possible endogeneity of inflatioredasts, whereas Roberts (1998) and Orphanides;(2001
2003; 2004) assume observed inflation forecastbetcexogenous. In addition, there appears no clear
evidence on whether the contemporaneous outpusgaprelated with the error term; see Roberts 8199
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test proposed by Davidson and MacKinnon (1993) @ndfrey (1994). In the presence
of serial correlation, we correct the estimatedidsad errors using the Bartlett kernel with
Newey-West HAC covariance estimate (fixed bandwidtlwhile employ the
Heteroskedasticity Consistent Covariance Matriirgstior (HCCME) otherwise. Further,
to guard against the weak IV concern raised in Meawis (2004), we use the
Cragg-Donald statistic (generalized F-statisticyedeped by Stock and Yogo (2003) to

test for weak V.

4.2 Estimation Results of the Stylized Model

Based on the design described in the precedingestibs, Table 2 summarizes the
baseline GMM (2SLS) estimates and associated staretesdcs for the baseline NKPC
model for different combinations of inflation andtput gap measures. The results of the
diagnostic tests associated with each regresseoalso reported in the right-hand block of
the table.

First, consider the coefficient estimates on the Ggap, which are uniformly
positive and statistically significant. Therefocentrary to the findings of Gali and Gertler
(1999) based on rational expectations and actuarduinflation, Table 2 shows that
conventional measures of the output gap play aifgignt role in the NKPC when
inflation expectations are measured using the SPFamddiecasts. The magnitude of the
estimates ranges from 0.13 to 0.27, which has @p@ite economic implications and
interpretations in terms of the microeconomic dures described in Gali and Gertler
(1999) and other relevant literature reviewed inti®ac®. Interestingly, for each inflation

series, the coefficient estimate on HPGAP is sliglattger than that on CBOGAP.

Second, comparing the forward-looking and backwaokihg inflation coefficients,
backward-looking behavior dominates forward-lookinge over the sample period
1968Q4 to 2005Q4. This finding is in broad agreemdth Linde (2005) and Rudd and
Whelan (2005b). Nevertheless, future inflation igatistically significant at the
conventional levels in all regressions with CBOGAStlae real driving variable. These

findings are also robust to the convex restrictian+a, =1'.

® This test is implemented by adding appropriateédggsiduals from the initial estimation to theresgors
from the initial model and checking their joint sificance by the Lagrange Multiplier (LM) principle.

3 See Roberts (1995, section 4) for an intuitivesiitation about this issue. )
The convex restriction implies that the subjectiigcount factor in the micro foundations of the NKR

11



Several additional issues associated with the besefiodel also merit discussion.
First, its goodness of fit improves when CBOGAP enthe regression. Secorsyalues
of the overidentifying restrictions tests are largen 10 percent in all cases, supporting
the validity of the moment conditions used in the dstimations. Third, the IV serial
correlation test indicates that the HAC-robust géad errors (as employed here) are
warranted. In addition, the weak IV test resultggast that the IV set can be regarded as
strong (at the 5 percent level) in all regressidnhe desired maximal bias of the IV
estimator relative to OLS is specified to be 20 petcOf course, a stronger IV set would
be obtained if lags of inflation variable were alkxl to enter the IV set. In that case,
however, serial correlation is present, and henealidates the moment conditions in the

GMM estimatiofi. We return to the issue of the dynamics and theeMn section 5.

It should be emphasized that the principal finding®ain unchanged when the IV
set is altered, for example, using the same ingrisnas in Gali and Gertler (1999) with
sample size restricted to end in 1997Q4. Conselyjemir results are unlikely to be

induced by our specific instrument choice or thieerded sample.

The empirical performance of the stylized NKPC modsihg the Greenbook and
SPF1Y/Michigan inflation forecasts are shown in Tabbnd 4, respectively.

The results in Table 3 are consistent with thos@alfle 2: without exception, the
estimates for the output gap are statistically ifgant and the magnitude ranges from
0.11 to 0.25. However, the effects of future expdcinflation appears slightly more
dominant in regressions of using CBOGAP as inffatjpressure when the convex
restriction on inflation coefficients is not impakd.astly, Hansen’'s-test suggests that

the instruments are valid. Nonetheless, the I\issetlevantly weak.

Table 4 investigates the use of a longer inflaiorecast horizon and the results
again generally indicate that the baseline findiags robust, except that the output gap
variable is not significant when non-farm businessctor price inflation is used in
conjunction with the Michigan data when the convestriction is not imposed. This

might reflect the fact that the Michigan surveyadate more conformable with a broader

one, which is often imposed in the literature.

8 Adam and Padula (2003) estimate the stylized NKPOLS, verifying its validity through an exogeneity
test. However, it is unclear that their test takesount of serial correlation. As already noted,foding of
serial correlation invalidates the use of OLS duthéopresence of the lagged dependent variab®.in (

12



price index than the non-farm business sector tiofla In most cases, however, the
magnitude of the estimated output gap coefficiemt$able 4 do not substantially differ
from the corresponding estimates in Tables 2 ankh &ddition, in most regressions of
Table 4, the estimated coefficients on lagged fimitaare larger than those on inflation

expectations, which is consistent with the basdim#ing.

Finally, Table 5 reports results for the stylized RK using alternative measures of
the GDP gap and the non-farm business sector labome share, in conjunction with the
SPF quarterly inflation forecasts as inflation expgats. It is evident that the alternative
detrending methods for the output gap yield coefits that are statistically significant in
virtually all cases. However, the labor income sharstatistically insignificant in all cases

at conventional levels.

Taken as a whole, the baseline estimates of thieestyquarterly NKPC model are in
accord with the underlying economic theory. Howewercontrast to the results of Gali
and Gertler (1999) and Gadt al. (2001; 2005), the output gap remains a statitica
significant driving force with correct sign for lafion in the NKPC model when directly
observed inflation forecasts are used to captupeard future inflation. This finding is
robust to a variety of detrending methods. Howewurlike Adam and Padula (2003), who
use the SPF data but employ OLS, we find that labwonme share appears not to be a
driving force for price inflation. Nonetheless, @iscussed above, the presence of serial

correlation in the stylized model implies that DES estimator is not consistent.

In addition, backward-looking behavior is more impat than forward-looking
behavior in GDP inflation dynamics, but this does alavays apply for non-farm business
sector inflation dynamics. Nevertheless, intrinsitation inertia in either case should not
be omitted from the NKPC, which is in line with Lie@2005), Roberts (2005), and Rudd
and Whelan (2005b, 2006).

Virtually all regressions of the stylized NKPC modiatlicate the presence of serial
correlation. Although we employ a baseline IV séticli excludes lagged inflation, the
implicit assumption in our construction is that tkerially correlated error term is
orthogonal to lagged values of interest rates dredreal variable, which are used as
instruments. This assumption might be relativelprgy given the dynamic interaction

among inflation, interest rates and the real vésiabherefore, the following section

13



investigates an extended version of the NKPC inraimattenuate any concerns about the

validity of lagged values of the relevant varialdssnstruments.

5 An Extended NKPC Model
5.1 Description

The presence of serial correlation indicates thatstylized specification (2) does not
capture inflation dynamics observed in practice.tharn the theoretical model is more
likely to be retrievable when it takes into accowftrealistic and practical issues; see
Rudebusch (2002) and Orphanides (2004). Theretbige,section extends the stylized
NKPC by which we hope to mitigate the evident sedairelation that is potentially
induced by insufficient inflation dynamics. To beesific, we assume an economic
environment similar to that of Calvo (1983), in wihifirms are assumed to be able to
revise their prices in any given period with a éixerobability 6. Following Gali and
Gertler (1999), we assume both “forward-" and “b&akd-looking” firms co-exist with a
proportion of ((—w) and w respectively. Gali and Gertler (1999) assume that

backward-looking firms adjust their price by ong & inflation, viz.

B _

P’ =Pt (3)
where p° denotes the (log) price set by backward-lookimgn$i, and p; is the new

price set in periotl Nonetheless, if we interpret one period as be#agonably short as in
quarterly models, it may be more plausible thatlihekward-looking agents consider a
weighted process of past inflation, instead ofiagg one lag of inflation inertia, that is

p’ =P+ o), )(4
where p(L) =g +p,L+p,*+---+p, L™ is a polynomial in the lag operator with(1)=1.
Note thatqg is an optimal lag selection based on AIC and bearelation tests in
empirical estimations. Clearly, (4) is the samé3svhen lag order is one.

Combining this with the regular assumptions in ©@a&wv(1983) model, it can be

shown that the empirical NKPC model follows

=g ta B ra(l)m_ta,y, +,. (5)
Since the one-year-ahead inflation forecasts (SPF1Y Mithigan) are available in
addition to the quarterly forecasts, we can alsaluate an alternative formulation of the

14



extended NKPC as

7§ =G+ a BT, + (L) +a,y, +1),. (6)
where E;7z,, refers to one-year-ahead inflation expectatiorig form of the extended

NKPC in (6) may be particular appealing as the oaltitag order is also often around

one-year in length.

In addition to assessing the validity of thetpoti gap measures in the extended
NKPC, our interest also centres on the forward- backward-looking coefficients. By
construction, a(1) is the sum of the coefficients on lagged inflatior{6) or (7), and it is
convenient to use this single parameter as a meaduhe extent of backward-looking

behavior. This is estimated by reparametrizingitifiation dynamics in (6) or (7) as
P
a(L) 75, = Q75+ ) AT (7)
j=1

where a, =a(l) and Arz_; =77_;,,—-77_;. Clearly, this reparametrization does not alter

the least squares estimates of the coefficienistefest, while a, can be estimated with

sufficient precision even if the individual coeféats on lagged inflation are imprecisely
estimated due to correlation between the laggediegal Another advantage of the

reparametrization is that the convex restrictionmf+a, =1 can be easily imposed.

It is of interest to consider the joint significanef the additional inflation lags, since
much of the existing literature, including Gali a@ertler (1999), suggests that these are
statistically insignificant.

To estimate the extended model, we employ as IMveetlags of each of the real
variable in the regression, inflation forecastsmployment rate, short-term interest rate,
and M2 growth, which appears to be reasonably ceasee and sufficient to explain the
dynamics of the extended model. Of course, a cohstad lagged inflation are included

as their own instruments.

The IV estimator is consistent even if the inflaticexpectation and the
contemporaneous real variable are orthogonal to(deaally uncorrelated) disturbance.
Nevertheless, we test this orthogonality througlke ®urbin-Wu-Hausman (denoted
Hausman) specification test (HCCME-robust). In gipfe, the OLS estimator is more

efficient than the IV estimator if the null hypo#ieis true. However, as will be evident in
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the empirical results, the orthogonality &7z,, and y, with #is rejected in most cases

at conventional levels of significance, which elstétie use of GMM.

5.2 Estimation Results of the Extended Model
Based on the foregoing description, Table 6 repassilts for the extended NKPC
model using the four inflation forecasts measufasftation expectations. Several notable

points are summarized below.

First, the serial correlation test and the Akaikotmation Criterion (AIC) suggest
the use of four lags in regressions associated with GDPIPD and five lags for
regressions pertaining to the NFBIPD (allowing axmmaum of eight lags). Looking across
the column headep-auto, it is evident thgb-values of the IV serial correlation test are
larger than 10 percent in most cases, indicatiag ttie extension of the stylized model is
generally free of serial correlation. Nonethelasssial correlation appears to be significant
in regressions using Michigan survey data in coctjon with the NFBIPD. One
explanation is that the Michigan survey data magoiporate a broader information set

than that of the non-farm business sector.

Second, in regressions using SPF data, both HPGRRCBOGAP are statistically

significant. The estimates ofr, are smaller thana, in all regressions involving GDP

inflation, while occasionally they are larger wHdRBIPD is used. It is also important to
note that the joint significance tests on the extiftation dynamics are rejected in all
regressions at the 1 percent level, as indicatethby-values reported in the column

headedp-(4,, ), supporting the extension of the NKPC to incogperadditional lagged

inflation terms.
It is reassuring that the null hypothesis of noadeorrelation in the error term of the
extended NKPC up to order four cannot be rejectaliregressions using the SPF survey

data. In addition, thé-test and the Weak IV test suggest that the IV ahis generally

legitimate and statistically strong.

The above findings also are robust to the use eefyook and Michigan inflation

° It should be noted here that the Hausman test neassmployed for the stylized model because the
presence of serial correlation in the stylized NKR@luding the lagged the dependent variable as a
regressor) requires GMM estimation.

16



forecasts when the GDP deflator inflation is coestd. Nonetheless, the coefficient
estimates on the output gap in regressions invghnon-farm business sector price
inflation are not always significant, which againght reflect the different coverage of

these series.

Another interesting and important finding embedaedable 6 is associated with the
Hausman specification test (HCCME-robust). By camgton, smallp-values of the
Hausman test imply significant rejection of thelrhylpothesis that the OLS is consistent
in estimating the NKPC. Therefore, the significpntalues reported in the last column in
Table 6 suggest that the OLS is inconsistent introases and, in particular, (at the 5
percent level) when SPF inflation forecasts areduge noted above, the survey of
professional forecasters is generally undertakethenmiddle month of each quarter and
hence may contain significant information corrafatevith the contemporaneous

disturbancer,.

As a final robustness check, we assess subsantpteates of the extended NKPC
with subsamples chosen to be close to those us&ahlinand Gertler (1999). Empirical
results reported in Table 7 suggest that the griedindings that the output gap measures
are valid driving force and the extended NKPC ezfof serial correlation are robust to the

different sub samplé$

6 Discussion and Conclusions

This paper empirically investigates the New KeyaedPhillips Curve model using
directly observed inflation forecasts as measufesftation expectations. We establish
that the commonly used GDP gap measures remaith aialiing forces for inflation in the
NKPC while the labor income share appears not ta lkelid inflation pressure variable.
The empirical evidence here is in contrast to @atl Gertler (1999) and Gadi al. (2001,
2005) who argue that the NKPC fails when the GDP gaters the regression. The
imposition of the rational inflation expectation®opy by Gali and Gertler (1999) and the
selection of instruments may account for the d#fexes between results. In particular, our
instrument choice allows for serial correlationb present in the stylized NKPC and we

1% In practice, we also investigated the validitytfué alternative output gap measures discussedciinSet,
without any substantial change to the baselindriggl
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employ observed inflation expectations.

The studies of Roberts (1998) and Adam and Padil@3) consider the possible
non-rationality of inflation forecasts in the NKP€ntext. Departures from rational
expectations should, however, be adopted with ewrecaution in that rational
expectations has been one of the milestone assumspdf macroeconomics for decades
(Roberts, 1998) and the NKPC has been developad fraicroeconomic foundations
under rational expectations. In our view, the magpealing reason for using observed
inflation forecasts to estimate the NKPC modelsasthe issue of (ir)rationality, but the
econometric issue of avoiding an induced measuresreor and hence deriving arguably
more accurate estimates for the coefficients amddstrd errors of the parameters of
interest.

Although our finding as to the relatively small eoplayed by forward-looking
behavior in the NKPC is broadly in agreement withd® and Whelan (2005b), their
results sometimes imply an unintuitive sign on tteefficient for either inflation
expectations or the GDP gap. The current work, hewelemonstrates that the NKPC is
empirically coherent when the common output gap smess are used. Therefore,
monetary policy models should not derive currefiation from expected inflation alone.
In this sense, the NKPC may still be a useful mdrthe toolkit in monetary policy
analysis, which nonetheless indicates that the naegti in Mavroeidis (2004; 2005)
questioning the validity of the NKPC as a modeindfation dynamics may be too strong.

The current empirical study also suggests thataebdgs in inflation dynamics are
statistically significant. More importantly, extand lagged inflation dynamics in the
stylized NKPC to about one-year-period takes actainserial correlation, without
essentially changing the baseline results andlega substantive departure from leading
economic theory developed in the important contrdsuby Gali and Gertler (1999).
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Appendix

This appendix describes the data series used ieriprical work, including price indices,
interest rates, money aggregate, real variableg, iafiation forecasts. The data of inflation
forecasts are collected from the website of theeFa@dReserve Bank of Philadelphia and the
website of Survey of Consumers of the UniversityMithigan. Most of the other data are
collected from the website of the Federal ReserarkBof St. Louis, which are published by the
relevant U.S. economic departments. The sourceadf series are listed below.

In addition, most raw data were transformed prioefnpirical work. Monthly available data
were transformed into quarterly frequency usinglést month observation of the quarter before
any further transformation. Real GDP data are usedonstruct the following five output gap
measures: (1)CBOGAP =100x [In(GDP)- In(GDPPOT )] whereGDPPOT denote estimates of real
potential GDP published by Congressional Budgetic®ff (2) a deterministic quadratically
detrended log real GDP defined &DGAP=100x [INGDP, }-a,-at-at* ] (3) a two-sided
Hodrick-Prescott filtered log real GDP with penalirameter1=1,60( (HPGAP2S); (4) an
one-sided HP filtered log real GDP (HPGAP1S) asSiack and Watson (1999b) with relative
variances q=0.000625 (i.e. smoothness parametdr600). (5) the Christiano-Fitzgerald full
sample asymmetric band-pass (one-sided Band RHssdd log real GDP (CFGAP) based on
Christiano and Fitzgerald (2003); (6) a segmente@rdninistic linearly detrended log real GDP
(LDGAP); and (7) the Baxter and King (1999) bandfiltered log real GDP based on twelve
quarters centered moving average (hence the twiiegeed values at beginning and end of the
sample are missing).

Sour ces of theraw data:

BEA U.S. Department of Commerce: Bureau of Econdkniglysis
BLS U.S. Department of Labour: Bureau of Labour Siatis
CBO U.S. Congress: Congressional Budget Office
BGF Board of Governors of the Federal Reserve 8yste
CRB U.S. Commodity Research Bureau
Price Indices, Interest Rates, M oney Aggregate, and Real Variables
Trans Source
Name - code Code Description
GDPIPD 3 BEA Gross Domestic Product: Implicit Prideflator (Index 2000=100,
SA, Q)
NFBIPD 4 BLS Non-farm Business Sector: Implicit Prideflator (index 1992=100,
SA, Q)
SPOTP 4 CRB Spot Markt Price Index: CRB, all commoslifiedex 1967=100,
NSA, M)
FFR 1 BGF Effective Federal Funds Rate (NSA, M)
TB3M 6 BGF 3-Month Treasury Bill: secondary markeeréNSA, M)
TB10OY 6 BGF 10-Year Treasury Constant Maturity Rat8ANM)
UNEMPL 1 BLS Civilian Unemployment Rate (SA, M)
GDP 2/5 BEA Gross Domestic Product (Billions of Chdi2800 Dollars;SA, Q)
GDPPOT 2 CBO Real Potential Gross Domestic Product (§A

Notes: The following abbreviations are used: M=rhbntavailable; Q=quarterly available; SA=seasonalbjjusted;
NSA=non-seasonally adjusted. Data transformatiatesare: 1. level of the original series; 2. ladpani of the series; 3.
annualized first difference of the logarithm of tkeries; 4. transformed into quarterly data using-@f-quarter
observations, then annualized first differenceheflbgarithm of the transformed data; 5. Hodricksenptt filtered; 6. first
difference of levels.
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Observed Inflation Forecasts Data Series

SPF Data

The SPF inflation forecasts data used in the basedistimation is the quarterly median
forecasts of the annualized GDP implicit price dft inflation (before 1992, GNP price index)
over the quarter following the survey data.

The SPF one-year-ahead inflation forecasts usethifh chapter are published inflation
forecasts for the chain-weighted GDP price indexese forecasts relate to average inflation over
the four quarters beginning with the quarter follagvthe survey date. Note that before 1992Q1,
one-year-ahead GDP price inflation was GNP deflatthation. Between 1992Q1 and 1995Q4, it
was the GDP deflator and after 1995Q4 it is tharchaighted GDP price index inflation. The
SPF inflation forecasts data is collected from thebsite of the Federal Reserve Bank of
Philadelphia at http://www.philadelphiafed.org/efspi/index.html

Greenbook Data

The Greenbook quarterly forecasts of the GNP/GDffatian (quarterly growth rate,
annualized) are available from 1965Q4 to 1999Q4s€hdata are the projections of the research
staff of the Board of Governors. Because the oratgquahead forecasts before 1968Q3 contain
missing values, we use the data spanning over 13489Q9Q4. These survey data are closely
related to the U.S. monetary policy committee, the. Federal Open Market Committee (FOMC)
and in turn monetary policy. The central bank redsathe data with a five-year lag and hence the
data only run through 1999 at the time of the wgtiCurrently the Greenbook data is maintained
by the Federal Reserve Bank of Philadelphia amtliected from the website of the Philadelphia
Fed at
http://www.phil.frb.org/econ/forecast/greenbookdats. html

Michigan Survey Data

The mean values of the general price inflation dasts (one-year-ahead) were used in our
empirical work. The data are available from 196DD5Q?2 at the time of the writing. The data is
available on the website of Survey of Consumers tloé University of Michigan at
http://www.sca.isr.umich.edu/

20



References

Adam, K., and M. Padula (2003). "Inflation Dynamiaad Subjective Expectations in the United
States." European Central Bank Working Paper Stite222.

Ball, L. (1999). "Efficient Rules for Monetary Poji." International Financg(1): 63-83.

Baxter, M., and R. King (1999). "Measuring Busin&3gcles Approximate Band-Pass Filters for
Economic Time Series." The Review of Economics @tadistics81(14): 575-593.

Bernanke, B. S., and A. S. Blinder (1992). "The dfatl Funds Rate and the Channels of Monetary
Transmission." The American Economic Revig2(4): 901-921.

Boivin, J., and M. Giannoni (2002). "Assessing Glesin the Monetary Transmission Mechanism: A
VAR Approach." Economic Policy Revie8(1): 97-111.

Calvo, G. A. (1983). "Staggered Prices in a Utiliflaximizing Framework." Journal of Monetary
Economicsl2(3): 383-398.

Christiano, L. J., and T. J. Fitzgerald (2003). éTBand Pass Filter." International Economic Review
44(2): 435-465.

Clarida, R., J. Gali, and M. Gertler (1999). "Theiedce of Monetary Policy: A New Keynesian
Perspective." Journal of Economic Literat@m2): 1661-1707.

Clarida, R., J. Gali, and M. Gertler (2000). "Maargt Policy Rules and Macroeconomic Stability:
Evidence and Some Theory." The Quarterly Journ&ooinomicsl15(1): 147-180.

Croushore, D. (1993). "Introducing: the Survey afbfBssional Forecasters." Business Review
1993(Nov.): 3-15.

Estrella, A., and J. C. Fuhrer (2003). "MonetaryidyoShifts and the Stability of Monetary Policy
Models." The Review of Economics and Statis86€l): 94-104.

Fuhrer, J. C., and G. D. Rudebusch (2004). "Estimgathe Euler Equation for Output." Journal of
Monetary Economic51(6): 1133-1153.

Fuhrer, J. C., and G. R. Moore (1995a). "InflatPersistence.” The Quarterly Journal of Economics
110(2): 127-159.

Fuhrer, J. C., and G. R. Moore (1995b). "Monetaojidy Trade-offs and the Correlation between
Nominal Interest Rates and Real Output.” The AnagriEconomic Review5(1): 219-239.

Gali, J., and M. Gertler (1999). "Inflation DynarsicA Structural Econometric Analysis." Journal of
Monetary Economicd4(2): 195-222.

Gali, J., M. Gertler, and D. Lopez-Salido (200Bufopean Inflation Dynamics." European Economic
Review45(7): 1237-1270.

Gali, J., M. Gertler, and D. Lopez-Salido (2005Robustness of the Estimates of the Hybrid New
Keynesian Phillips Curve." Journal of Monetary Emorcs52(6): 1107-1118.

Godfrey, L. G. (1994). "Testing for Serial Corréat by Variable Addition in Dynamic Models
Estimated by Instrumental Variables." The Revieieobnomics and Statistig8(3): 550-559.

Goodfriend, M., and R. G. King (1997). "The New Nkssical Synthesis and the Role of Monetary
Policy." in B. S. Bernanke and J. J. Rotemberg,, &BER Macroeconomics Annual 1997, Cambridge,
MA: MIT Press: 231-283.

Hansen, L. P. (1982). "Large Sample Properties efeBalized Method of Moments Estimators.”
Econometricé0(4): 1029-1054.

21



Ireland, P. N. (2004). "Technology Shocks in thevN¢eynesian Model." The Review of Economics
and Statistic86(4): 923-936.

Jondeau, E., C. Galles, and H. Bihan, (2004). "ésisg Generalized Method of Moments Estimates of
the Federal Reserve Reaction Function." JournBugfness and Economic StatistRX?2): 225-239.

Judd, P., and G. D. Rudebusch (1998). "Taylor'ss Ruid the Fed: 1970-1997." Economic Review,
Federal Reserve Bank of San Franci3c8-16.

Levin, A., V. Wieland, and J. C. Williams (1999Rdbustness of Simple Monetary Policy Rules under
Model Uncertainty.” in J. B. Taylor, edMonetary Policy Rules, Chicago, University of Chicago Press,
1999: 263-318.

Linde, J. (2005). "Estimating New-Keynesian PhdligCurves: A Full Information Maximum
Likelihood Approach." Journal of Monetary Economii@g6): 1135-1149.

Mavroeidis, S. (2004). "Weak Identification of Famd-looking Models in Monetary Economics.”
Oxford Bulletin of Economics and Statistié§(s1): 609-635.

Mavroeidis, S. (2005). "Identification Issues inrward-Looking Models Estimated by GMM, with an
Application to the Phillips Curve." Journal of MgneCredit, and Banking§7(3): 421-448.

McCallum, B. T. (1999). "Nominal Income Targetimgan Open-economy Optimizing Model." Journal
of Monetary Economic43(3): 553-578.

Neiss, K., and E. Nelson (2005). "Inflation DynasjitMarginal Cost, and the Output Gap: Evidence
from Three Countries." Journal of Money, Credit &anking37(6): 1019-1045.

Nelson, E. (1998). "Sluggish Inflation and Optimigi Models of the Business Cycle." Journal of
Monetary Economicd2(2): 303-322.

Orphanides, A. (2001). "Monetary Policy Rules BasadReal-Time Data." The American Economic
Review91(4): 964-985.

Orphanides, A. (2003). "Historical Monetary Poliéynalysis and the Taylor Rule." Journal of
Monetary EconomicS0(5): 983-1022.

Orphanides, A. (2004). "Monetary Policy Rules, Msmonomic Stability and Inflation: A View From
the Trenches." Journal of Money, Credit, and Bagi#(2): 151-175.

Roberts, J. M. (1995). "New Keynesian Economics tiedPhillips Curve." Journal of Money, Credit
and Banking27(4): 975-984.

Roberts, J. M. (1997). "Is Inflation Sticky?" Joafrof Monetary Economic39(2): 173-196.

Roberts, J. M. (1998). "Inflation Expectations ahd Transmission of Monetary Policy." Finance and
Economics Discussion Paper No. 43.

Roberts, J. M. (2005). "How Well Does New Keynesigticky-Price Model Fit the Data?"
Contributions to Macroeconomié&¢l): 1-37.

Rotemberg, J. J. (1982). "Sticky Prices in the &hhiStates." The Journal of Political Econo@®6):
1187-1211.

Rotemberg, J. J., and M. Woodford (1997). "An Ojtation-Based Econometric Model for the
Evaluation of Monetary Policy." in B. S. Bernankedal. J. Rotemberg, edBIBER Macroeconomics
Annual 1997, Cambridge, MA, MIT Press: 297-346.

Rudd, J., and K. Whelan (2005a). "Does Labor's &baive Inflation." Journal of Money, Credit, and
Banking37(2): 297-312.

22



Rudd, J., and K. Whelan (2005b). "New Tests of Hew Keynesian Phillips Curve." Journal of
Monetary Economic52(6): 1167-1181.

Rudd, J., and K. Whelan (2005c). "Modelling Infteti Dynamics: A Critical Survey of Recent
Research." Paper Prepared for the FRB/JMCB Confer2005.

Rudd, J., and K. Whelan (2006). "Can Rational Etqtems Sticky-Price Models Explain Inflation
Dynamics?" The American Economic Revi@@(18): 303-320.

Rudebusch, G. D. (2002). "Assessing Nominal Inc&ukes for Monetary Policy with Model and Data
Uncertainty." The Economic JourrHl2(479): 402-432.

Shordone, A. M. (2002). "Prices and Unit Labor Go# New Test of Price Stickiness." Journal of
Monetary Economicd9(2): 265-292.

Shordone, A. M. (2005). "Do Expected Future Marbi@asts Drive Inflation Dynamics?" Journal of
Monetary Economic52(6): 1183-1197.

Stock, J. H., and M. Yogo (2003). "Testing for Wdaktruments in Linear IV Regression." NBER
Technical Working Paper No. 0284.

Sun, Y. and P. Phillips (2004). "Understanding Bgher Equation.” Journal of Applied Econometrics
19(7): 869-886.

Svensson, L. E. O. (1999). "Inflation Targetingn®&oExtensions." Scandinavian Journal of Economics
101(3): 337-361.

Taylor, J. B. (1980). "Aggregate Dynamics and Séagd Contracts.” The Journal of Political Economy
88(1): 1-23.

Woodford, M. (2001). "The Taylor Rule and Optimaloitary Policy." The American Economic
Review91(2): 232-237.

Woodford, M. (2003). Interest and Prices: Foundatiof a Theory of Monetary Policy. Princeton,
Princeton University Press.

Zhang, C., D. R. Osborn, and D. Kim (2006). "ThewNKeynesian Phillips Curve of Rational
Expectations." Paper presented at the Far Easteatih of Econometric Society 2006.

23



Figurel Actual Future GDP Inflation (GDPIPD(t+1)) and Observed Inflation Forecasts
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Notes: SPF1Q is the SPF one-quarter-ahead GDRidnflforecasts (1968Q4-2005Q4); SPF1Y is the SPF
one-year-ahead GDP inflation forecasts (1970Q1-Qd05MICHIGAN is the Michigan one-year-ahead
general price inflation forecasts (1960Q1-2005@REENBOOK is the Greenbook one-quarter-ahead GDP
inflation forecasts (1968Q3-19990Q4).
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Figure2 U.S. Inflation Series (%, annualized): 1960Q1-2005Q4
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Notes: GDPIPD denotes GDP deflator inflation andBNHD is implicit price deflator inflation for theam-farm
business sector.

Figure3 The Output Gap Measuresand the Labor Income Share: 1960Q1-2005Q4
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Notes: In the upper graph, NFB-LS, CBOGAP and HPG#afer to the labor income share for the
non-farm business sector, the output gap computagsing the potential real GDP estimates from the
Congressional Budget Office, and the two-side HtBréd GDP gap (with penalty parameter 1,600). In
the lower graph, QDGAP, LDGAP, CFGAP and HPGAP18ote the output gap measures based on a
quadratically detrending method, a segmented deétestic linearly detrending method, the
Christiano-Fitzgerald full sample asymmetric bardspfilter, the Baxter and King (1999) band pass
filter and one-sided HP filter (Kalman filter) respively; see the Appendix.
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Tablel OLSEstimatesof the Sylized NKPC

T =G tayq Elﬂt-+l+abﬂ;—l+ayyt +1],

A

= Y, = a, a, a, R? p-auto
GDPIPD CBOGAP 0.570 0.455 0.116 0.811 0.000
(0.091) (0.088) (0.035)
HPGAP 0.500 0.491 0.096 0.804 0.000
(0.097) (0.096) (0.056)
NFB-LS 0.494 0.412 0.172 0.813 0.000
(0.096) (0.088) (0.066)
NFBIPD CBOGAP 0.785 0.350 0.155 0.776 0.001
(0.095) (0.105) (0.049)
HPGAP 0.706 0.379 0.147 0.768 0.000
(0.105) (0.113) (0.083)
NFB-LS 0.704 0.342 0.095 0.764 0.000
(0.118 (0.107) (0.083)
Convex Restriction
GDPIPD CBOGAP 0.541 0.459 0.110 0.812 0.000
(0.091) (0.091) (0.032)
HPGAP 0.510 0.490 0.095 0.805 0.000
(0.096) (0.096) (0.057)
NFB-LS 0.570 0.430 0.115 0.810 0.000
(0.090 (0.090) (0.066)
NFBIPD CBOGAP 0.610 0.390 0.125 0.768 0.000
(0.127) (0.127) (0.045)
HPGAP 0.594 0.406 0.155 0.765 0.000
(0.130) (0.130) (0.081)
NFB-LS 0.652 0.348 0.120 0.765 0.000
(0.110) (0.110) (0.086)

Notes: Inflation expectations are measured by thRF Dne-quarter-ahead GDP inflation forecasts over
1968Q4-2005Q4. The Bartlett kernel with Newey-Westefl bandwidth) HAC-robust standard errors are
reported in parentheses. HPGAP and CBOGAP refer tB G&p measures based on the conventional HP filter
(with penalty parameter 1600), potential real GBfneates from Congressional Budget Office (CBO); NFB-LS
denotes the non-farm business sector labour inahraee p-auto refers to Breusch-Godfrey serial correlatiest t
(up to 4 lags) for residuals computed using thetebt with finite sample adjustmerii-§tatistic).
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Table2 GMM Estimates of the Stylized NKPC Using the SPF1Q Data

Regression Baseline Estimates Diagnostic Tests
T Y, a, a, ay R? p-auto  p-over  Weak IV

GDPIPD CBOGAP| 0.189  0.827 0131 0782 0.005 0.306 6.168
(0.133) (0.127) (0.036)

HPGAP 0015  0.955 0181 0757 0.003  0.371 7.251
(0.117)  (0.116) (0.053)

NFBIPD CBOGAP| 0512 0585 0193 0.760 0.001  0.242 9.052
(0.231) (0.203)  (0.049)

HPGAP 0.309 0.706 0.273 0.738 0.000 0.459 9.237
(0.218) (0.201) (0.063)
Convex Restriction
GDPIPD CBOGAP 0.162 0.838 0.126 0.782 0.005 0.393 6.168
(0.130) (0.130) (0.034)

HPGAP | 0059 0941 0178 0761 0.003 0509 7.251
(0.118) (0.118)  (0.054)

NFBIPD CBOGAP| 0332 0668 0170 0746 0.000 0552 9.052
(0.174)  (0.174) (0.041)

HPGAP | 0281 0719 0276 0737 0.000  0.623 9.237
(0.192) (0.192) (0.067)

Notes: Inflation expectations are measured by tRE ®ne-quarter-ahead inflation forecasts. Sampénssp
1968Q4-2005Q4 prior to lag adjustment. IV set idelsitwo lags of each of inflation expectation, reaiable in
the regression, unemployment rate, and short-tererdst rate; plus a constant (included througlasiutV
estimations). The Bartlett kernel with Newey-Westgdl bandwidth) HAC-robust standard errors are mtelbin
parentheseq-over refers tg-value for the overidentifying restrictions testafiéen’s] test), andMeaklV refers to
the statistics of Stock and Yogo (2003) weak I\..t€sitical values for the weak IV test are providedstock and
Yogo (2003), table I, with****, *** ** and * denoting statistically significantly strong IV (5%gnificance
level) when the desired maximal bias of the IV reator relative to OLS is specified to be 5, 10,&2@ 30
percent respectively.
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Table 3 GMM Estimates of the Stylized NKPC Using Greenbook Data

Regression Baseline Estimates Diagnostic Tests

T Y, a, a, ay R? p-auto  p-over  \Weak IV

GDPIPD CBOGAP| 0.669 0410 0120 0830 0.003 0.136 1.875
(0.223)  (0.193)  (0.040)

HPGAP | 0264 0731 0149 0802 0.030 0.136 2.154
(0.198)  (0.172)  (0.056)

NFBIPD CBOGAP| 0.945 0272 0159 0749 0.006 0.182 3.117
(0.280)  (0.276)  (0.047)

HPGAP 0.623 0.481 0.195 0.748 0.001 0.168 2.560
o (0.255) (0.240) (0.067)
Convex Restriction

GDPIPD CBOGAP| 0438 0562 0106 0826 0.008  0.130 1.875
(0.180)  (0.180)  (0.033)

HPGAP | 0279 0721 0146 0805 0019 0.217 2.154
(0.151) (0.151)  (0.058)

NFBIPD CBOGAP| 0415 0585 0138 0744 0.001 0.125 3.117
(0.195)  (0.195)  (0.044)

HPGAP | 0.339 0661 0248 0734 0.000 0.219 2.560
(0.203)  (0.203)  (0.079)

Notes: Inflation expectations are measured by theefbook quarterly GDP inflation projections over
1968Q3-1999Q4 prior to lag adjustment. IV choicthessame as that in Table 2.
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Table4 GMM Estimates of the Stylized NKPC Using Longer Forecasting Horizon

Regression Baseline Estimates Diagnostic Tests
7T, Y, a, a, a, R®  pauto pover Weak IV
SPF1Y
GDPIPD CBOGAP 0.119 0.892 0.124 0.769 0.005 0.524 .089*

(0.155)  (0.139)  (0.040)
HPGAP | 0.009  0.953 0.180 0.756 0.002 0.704 7.740
(0.141) (0.129) (0.054)
NFBIPD CBOGAP| 0.457 0,656 0,205  0.743 0.000 0.402 .808"
(0.208) (0.171)  (0.054)

HPGAP | 0.283  0.739 0301 0.729 0.001 0.606 10.009
(0.197) (0.174)  (0.069)
Convex Restriction

GDPIPD CBOGAP| 0.097 0.903

0121 0769 0.003 0.620 .08F"
(0.135) (0.135) (0.037)

HPGAP 0.079 0.921 0.177 0.764  0.004 0.797 7.740
(0.123) (0.123) (0.055)
NFBIPD CBOGAP 0.256 0.744 0.178 0.728 0.000 0.468 .80®"
(0.139) (0.139) (0.048)
HPGAP 0.243 0.757 0.303 0.727 0.000 0.732 10.009
(0.160) (0.160) (0.0712)
Michi%an
GDPIPD CBOGAP 0.407 0.633 0.049 0.831 0.000 0.612 9071
(0.122) (0.112) (0.024)
HPGAP 0.187 0.798 0.117 0.804 0.002 0.680 1.504
(0.164) (0.140) (0.057)
NFBIPD CBOGAP 0.987 0.243 0.030 0.778 0.000 0.097 .80@
(0.308) (0.254) (0.046)
HPGAP 0.780 0.000 0.076 3.293

0.986 0.241 -0.020
(0.357) (0.268) (0.129)
Convex Restriction

GDPIPD CBOGAP| 0281 0719 0057 0.820 0.001 0.746 .907
(0.i36) (0.136) (0.026)
HPGAP | 0239 0761 0101 0.813 0.001 0.745 1.504
(0.131) (0.131) (0.059)
NFBIPD CBOGAP 0.781 0.000 0.108 .80%

0.480 0520  0.060
(0.147)  (0.147)  (0.033)
HPGAP | 0420 0580 0172 0.775 0.000 0.223 3.293
(0.144)  (0.144)  (0.062)

Notes: The SPF one-year-ahead GDP inflation foteddenoted by SPFL1Y in the table) spans 1970Q5Q00
while the Michigan Survey one-year-ahead generiakpnflation forecasts (denoted by Michigan) rdrmm
1960Q1 to 2005Q2 prior to lag adjustment. IV s¢hessame as that in Table 2. See footnotes te@Tabtlating
to diagnostic tests.
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Table5 GMM Estimates of the Stylized NK PC Using Alter native GDP Gap Measures

Regression Baseline Estimates Diagnostic Tests
T Y, a, a, a, R? p-auto  p-over Weak |V
GDPIPD QDGAP 0.316 0.690 0.147 0.807 0.006 0.308 4.669
(0.144)  (0.137) (0.034)
LDGAP -0.061 0.951 0.117 0.756 0.003 0.125 6.705
(0.124)  (0.134) (0.042)
CFGAP -0.021 0.994 0.132 0.751 0.002 0.190 6.171
(0.125)  (0.129) (0.045)
HPGAP1S -0.162 1.149 0.139 0.707 0.002 0.127 3.984

(0.145)  (0.155)  (0.057)

BKGAP 0.041 0937 0153 0.770 0.002  0.317 6.120
(0.123)  (0.122)  (0.047)

NFB-LS -0.012 0977 0022 0749 0.007  0.100 6.768
(0.137) (0.163)  (0.071)

NFBIPD  QDGAP 0.677 0425 0214 0786 0.012  0.230 7.624
(0.257)  (0.237)  (0.051)

LDGAP 0253  0.662 0155 0.740 0.000  0.118 9.016
(0.253)  (0.212)  (0.051)

CFGAP 0.254  0.760 0187 0.726 0.000  0.072 9.413
(0.239)  (0.213)  (0.079)

HPGAP1S | 0.308  0.725 0083 0.725 0.000  0.129 5.599

(0.325) (0.286)  (0.091)

BKGAP 0320 0.716 0203 0.735 0.001  0.154 9.203
(0.242)  (0.212)  (0.071)

NFB-LS 0.455 0.536 0.126 0.753 0.000 0.148 10.025
(0.234) (0.210) (0.088)

Convex Restriction
GDPIPD QDGAP 0.303 0.697 0.145 0.807 0.006 0.399 4.669
(0.137) (0.137) (0.033)

LDGAP 0.101 0.899 0061 0.766 0.004 0.112 6.705
(0.142) (0.142) (0.029)

CFGAP 0020 0980 0131 0755 0.003  0.273 6.171
(0.136)  (0.136)  (0.045)

HPGAP1S | -0.148  1.148 0142 0.709 0.002  0.188 3.984
(0.158)  (0.158)  (0.058)

BKGAP 0.082 0918 0152 0.775 0.002  0.430 6.120
(0.128)  (0.128)  (0.048)

NFB-LS 0.001  0.999 -0005 0.744 0.005  0.158 6.768
(0.149)  (0.149)  (0.048)

NFBIPD  QDGAP 0.469 0531 0195 0.773 0003  0.516 7.624
(0.204)  (0.204)  (0.042)

LDGAP 0391  0.609 0117 0.751 0.000  0.090 9.016
(0.207)  (0.207)  (0.048)

CFGAP 0.227 0773 0189 0.726 0.000  0.130 9.413
(0.196)  (0.196)  (0.080)

HPGAP1S | 0241  0.759 0088 0.719 0.000  0.219 5.599
(0.252)  (0.252)  (0.088)

BKGAP 0249 0751 0209 0.729 0000  0.298 9.203
(0.187) (0.187)  (0.072)

NFB-LS 0.467 0.533 0121 0.755 0.000 0.223 10.025
(0.204) (0.204) (0.091)

Notes: Inflation expectations are measured by fPE @e-quarter-ahead inflation forecasts (1968@6Qa). IV set as in
Table 2. QDGAP, LDGAP, CFGAP and HPGAP1S denote wupp measures based on quadratic detrending esegn
deterministic linearly detrending, the Christian¢zgerald full sample asymmetric band-pass filtee Baxter and King
(1999) band pass filter and one-sided HP filterlfi&n filter) respectively; see the Appendix. Seetriotes to Table 2
relating to diagnostic tests.

30



Table6 GMM Estimates of the Extended NKPC

Regression Baseline Estimates Diagnostic Tests
T Vi a; a, ay P-(& avj) R? p-auto p-over Weak IV Hausman

SPRIQ 1 2 4 7 249~ 2

GDPIPD CBOGAP (BEQ%) (81%411) O(g.JOFﬁs) 0.00 0.8 0.469 0.03 32. 0.020

HPGAP 0.078 0.893 0.311 0.001 0.81 0.468 0.048 2218" 0.006
(0.155)  (0.143)  (0.074)

NFBIPD CBOGAP 0.595 0.491 0.197 0.003 0.80 0.109 0.149 3649 0.015
(0.169) (0.130) (0.055)

HPGAP 0.390 0.614 0.309 0.001 0.79 0.152 0.132 19788~ 0.006
- (0.177)  (0.135)  (0.096)

Convex Restriction s

GDPIPD CBOGAP 0.246 0.754 0.201 0.002 0.82 0.400 0.049 3249 0.020
(0.133)  (0.133)  (0.044)

HPGAP 0.121 0.879 0.307 0.001 0.81 0.509 0.063 2218 0.010
(0.141)  (0.141)  (0.073)

NFBIPD CBOGAP 0.468 0.532 0.176 0.001 0.80 0.075 0.118 3649 " 0.011
(0.124)  (0.124)  (0.056)

HPGAP 0.383 0.617 0.310 0.001 0.79 0.146 0.186 19788~ 0.001
(0.121)  (0.121)  (0.094)

SPF1Y e

GDPIPD CBOGAP 0.157 0.882 0.219 0.001 0.82 0.479 0.379 6243 0.000
(0.156)  (0.138)  (0.048)

HPGAP -0.036 0.988 0.339 0.000 0.81 0.495 0.516 38706 " 0.000
(0.164)  (0.144)  (0.077)

NFBIPD CBOGAP 0.535 0.572 0.198 0.001 0.80 0.250 0.248 7025 0.011
(0.162)  (0.120)  (0.058)

HPGAP 0.329 0.685 0.348 0.001 0.80 0.312 0.363 3574 0.002
o (0.160) (0.119) (0.102)

Convex Restriction

GDPIPD CBOGAP 0.100 0.900 0.209 0.001 0.82 0.473 0.483 6243" 0.000
(0.139) (0.139) (0.048)

HPGAP 0.047 0.953 0.329 0.001 0.81 0.589 0.437 38706 0.000
(0.139)  (0.139)  (0.075)

NFBIPD CBOGAP 0.372 0.628 0.178 0.000 0.80 0.181 0.119 7025 " 0.010
(0.114)  (0.114)  (0.058)

HPGAP 0.304 0.696 0.354 0.000 0.80 0.303 0.438 3524 0.001

(0.112)  (0.112)  (0.102)
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Table 6 (continued)

Regression Baseline Estimates Diagnostic Tests
A Vi a, a, ay P-( @ avj) R? p-auto p-over Weak IV Hausman
Greenbook -

GDPIPD CBOGAP 0.529 0.575 0.202 0.069 0.83 0.122 0.096 783 0.060
(0.184)  (0.165) (0.049)

HPGAP 0.275 0.738 0.262 0.075 0.82 0.197 0.075 498 0.072
(0.214) (0.189) (0.088)

NFBIPD  CBOGAP 0.914 0.255 0.132 0.028 0.78 0.108 0.185 9.39 0.004
(0.246)  (0.190) (0.068)

HPGAP 0.779 0.318 0.141 0.015 0.78 0.081 0.092 413 0.017
o (0.346) (0.254) (0.159)

Convex Redtriction

GDPIPD  CBOGAP 0.374 0.626 0.175 0.088 0.83 0.051 0.041 783 0.093
(0.166) (0.166) (0.049)

HPGAP 0.244 0.756 0.269 0.058 0.82 0.249 0.108 4798 0.072
(0.180)  (0.180) (0.087)

NFBIPD  CBOGAP 0.629 0.371 0.105 0.007 0.79 0.076 0.094 9.39 0.030
(0.163) (0.163) (0.065)

HPGAP 0.513 0.487 0.233 0.006 0.78 0.117 0.142 4713 0.031
(0.163)  (0.163) (0.115)

Michigan |

GDPIPD CBOGAP 0.459 0.636 0.117 0.000 0.85 0.089 0.124 1077 0.152
(0.106)  (0.082) (0.032)

HPGAP 0.373 0.667 0.167 0.000 0.85 0.030 0.038 6.77 0.135
(0.135) (0.099) (0.074)

NFBIPD CBOGAP 0.872 0.349 0.062 0.007 0.81 0.000 0.008 13787 0.000
(0.147)  (0.097) (0.044)

HPGAP 0.867 0.332 0.029 0.007 0.81 0.000 0.002 712 0.001
o (0.190) (0.119) (0.125)

Convex Redtriction

GDPIPD  CBOGAP 0.308 0.692 0.113 0.000 0.85 0.047 0.106 1077 0.054
(0.081) (0.081) (0.032)

HPGAP 0.287 0.713 0.199 0.000 0.84 0.065 0.082 6.77 0.049
(0.092)  (0.092) (0.064)

NFBIPD  CBOGAP 0.530 0.470 0.056 0.001 0.81 0.000 0.001 1387 0.115
(0.084) (0.084) (0.043)

HPGAP 0.452 0.548 0.207 0.000 0.81 0.000 0.003 712 0.021

(0.089)  (0.089) (0.095)

Notes: Autoregressive lag order is four in GDPIRDressions and five in NFBIPD regressions. 1Visétgs of inflation, plus two lags of real varialh the regression, unemployment
rate, short-term interest rate, survey inflatioret@sts, and M2 growth rate. HCCME standard easeported in parenthespg.d ) is thep-value of joint significance test on lagged
inflation beyond order one; Hausman referp-t@mlue of the Durbin-Wu-Hausman specification t&ge footnotes to Table 2 relating to other diatintssts.
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Table7 Sub-Sample GMM Estimates of the Extended NKPC

Regression Baseline Estimates Diagnostic Tests
Sub-sample Vi a; a, a, p-(& avj) R? p-auto  p-over Weak IV  Hausman
GDPIPD .

1968Q4-1997Q4 HPGAP 0.414 0.691 0.273 0.001 0.81 0.564 0.182 2057 0.025
(0.167)  (0.144) (0.051)

CBOGAP 0.049 0.924 0.335 0.003 0.77 0.167 0.063 1347 0.005
(0.197)  (0.166) (0.084)

1968Q4-1989Q4 HPGAP 0.369 0.714  0.267 0.010 0.74 0.689 0.148 1555 0.015
(0.176)  (0.149) (0.058)

CBOGAP 0.024 0.929 0.313 0.020 0.69 0.273 0.090 9.88 0.002
(0.201) (0.170) (0.089)

1980Q1-2005Q4 HPGAP 0.319 0.603 0111 0.088 0.76 0.035 0.005 1513 0.099
(0.206) (0.191) (0.050)

CBOGAP 0.293 0.580 0.242 0.022 0.77 0.156 0.018 15.00 0.070
o (0.199) (0.178) (0.066)

Convex Restriction

1968Q4-1997Q4 HPGAP 0.262 0.738 0.241 0.004 0.80 0.464 0.055 2057 0.018
(0.144)  (0.144) (0.052)

CBOGAP 0.096 0.904 0.327 0.003 0.78 0.206 0.107 1347 0.008
(0.155) (0.155) (0.081)

1968Q4-19890Q4 HPGAP 0.281 0.719 0.240 0.026 0.74 0.601 0.086 1555 0.012
(0.152)  (0.152) (0.055)

CBOGAP 0.081 0.919 0.309 0.017 0.70 0.329 0.155 0.88 0.005
(0.165)  (0.165) (0.087)

1980Q1-2005Q4 HPGAP 0.362 0.638 0.144 0.068 0.75 0.278 0.009 1513 0.084
(0.202)  (0.202) (0.045)

CBOGAP 0.421 0.579 0.256 0.055 0.75 0.255 0.009 15.00 0.120
(0.202)  (0.202) (0.072)
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Table 7 (continued)

Baseline Estimates Diagnostic Tests
a a, ay P-(& anj) R? p-auto p-over Weak IV Hausman
NFBIPD .

1968Q4-1997Q4 HPGAP 0.701 0.455 0.246 0.006 0.79 0.168 0.115 23103 0.020
(0.200) (0.142) (0.066)

CBOGAP 0.424 0.596 0.305 0.003 0.77 0.103 0.052 1060 0.023
(0.245)  (0.170) (0.113)

1968Q4-1989Q4 HPGAP 0.674 0.473 0.250 0.008 0.74 0.188 0.074 1590 0.023
(0.228) (0.146) (0.073)

CBOGAP 0.395 0.599 0.287 0.005 0.72 0.155 0.040 7.23 0.022
(0.274)  (0.178) (0.122)

1980Q1-2005Q4 HPGAP 0.427 0.541 0.147 0.031 0.71 0.004 0.197 2387 0.362
(0.178)  (0.132) (0.072)

CBOGAP 0.321 0.572 0.379 0.004 0.73 0.004 0.354 22192" 0.133
L (0.160)  (0.119) (0.118)

Convex Restriction

1968Q4-1997Q4 HPGAP 0.463 0.537 0.215 0.001 0.78 0.092 0.059 23.03" 0.011
(0.130)  (0.130) (0.068)

CBOGAP 0.382 0.618 0.317 0.001 0.77 0.089 0.073 1060 0.002
(0.129)  (0.129) (0.104)

1968Q4-1989Q4 HPGAP 0.482 0.518 0214 0.001 0.74 0.133 0.104 1590 0.011
(0.138)  (0.138) (0.073)

CBOGAP 0.406 0.594 0.285 0.002 0.72 0.146 0.063 7.23 0.003
(0.139)  (0.139) (0.116)

1980Q1-2005Q4 HPGAP 0.465 0.535 0.159 0.038 0.71 0.004 0.259 23387 0.356
(0.134)  (0.134) (0.056)

CBOGAP 0.479 0.521 0.374 0.037 0.72 0.019 0.235 22192* 0.212
(0.131)  (0.131) (0.111)

Notes: Expected inflation is measured by the SPiR1&) regressions. Other notes as for Table 6.
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