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1. Introduction

Understanding the nature of short-term inflatiomaiyics is very important for the
implementation of monetary policy. The traditiofakage) Phillips curve (PC) suggested that
there is a trade-off between (wage) inflation aodn®mic activity and inflation was deemed
to be very persistent. While the traditional PC wagied already in the 1970’s, the
persistence became a generally accepted featutee ahflation process. During the 1990’s
the New Keynesian Phillips curve (NKPC) appearedt,thnlike the empirical PC, posses
elaborated microeconomic foundations. The NKPC dlirtke current price inflation to
expectations of the future inflation of economi@aty. This NKPC arises in a framework of
monopolistic competition and price rigidities. Tipeoponents of the NKPC criticize the
backward-looking nature of the traditional PC asnfpenon-stable across policy regimes
(Lucas critique), inconsistent with rational ex@eecins and over-predicting inflation of
developed countries in the last decades. At theegane, the traditional cyclical measures of
real economic activity (the output gap, the unemplent rate) were disregarded as relevant
determinants of inflation in favor of the aggreghtmarginal cost. Therefore, the current
discussion on inflation dynamics boils down intamtguestions: (i) is inflation a backward-
looking or forward-looking process and (ii) whattle main inflation-forcing variable in the
short-term. The nature of inflation dynamics hapamant consequences for monetary policy.
In particular, if inflation is predominantly forw@wlooking phenomenon and its dependence
on the past (intrinsic persistence) is limited, ddle monetary policy can achieve
disinflation at no cost (in terms of real outputdp

The empirical evidence on the NKPC is vast esplgcfar major economies, but its
results are ambiguous. The capacity of the NKP€xfaain the inflation dynamics for small
open economies is subject to controversy as wadl,the (limited) availability and quality of
data is the reason why studies for emerging castare very scant. The new EU member
states (NMS) have numerous specific features ndy @am comparison to developed
economies but also with respect to other emergmgtries. Therefore, it is of interest to
analyze the inflation dynamics of these countried evaluate whether the NKPC (currently
the most influential model of inflation dynamicsggrncshed some light on this issue. To this
end, we test the NKPC augmented by (possible) maiténflation sources for the four NMS
(the Czech Republic, Hungary, Poland and Slovakig. use both country-level and panel



estimation and address some concerns related tGM estimation of a forward-looking
model (identification, weak instruments) as welt@she data used (cointegration).

The inflation process in the NMS is distinguished $ome peculiarities that have
substantially hampered the empirical analysis ef NKPC so far. (i) The transformation
process in general and the price liberalizatioparticular were decisive determinants of the
price inflation during most of the 1990s. Therefdiee period where one could reasonably
link the inflation developments to price settinghleior of firms (consistently with the
NKPC), is relatively recent and short. (ii) It i®tnobvious what effect the transitional
experience and systematically higher inflation satad on this price setting behavior. One
possibility is that higher inflation rates induceubre frequent price reviews. However, it is
also possible that local firms have not yet learttedse all the available information or face
higher cost of gathering it (Mankiw and Reis, 200@)) Countries subject to our analysis,
with the exception of Slovakia, consistently apglia regime of inflation targeting that
anchored the inflation rates but it is also beléet@ drive down inflation persistence (Benati,
2008). (iv) All four NMS are small and very openoaomies- Therefore, their domestic
prices and inflation rates can be affected by estlesources that were practically ignored in
original empirical studies on the NKPC but haverbesognized recently (Batini et al., 2005,
Rumler, 2007, Mihailov et al., 2009).

The principal results of our analysis are the folltg. (i) While the forward-looking
NKPC is at odds with data of the four countries, llybrid specification has a very reasonable
fit. (i) Even though price inflation in the NMS s a significant forward-looking
component, it is also rather persistent. (iii) Hwdence in favor of the marginal cost as the
main inflation-forcing variable is fragile and iaflon dynamics seems to be driven by
external factors. (iv) The results of country-leaellysis are confirmed overall by the panel
framework.

The paper is structured as follows. The next seat&views both theoretic and empiric
issues related to the NKPC. In section 3, we pitesenestimation framework, and section 4
discusses our dataset and resumes the resultsioftimae series testing. Section 5 presents
the estimation results of different version of NKB@h in single-equation and panel settings.
The last section concludes and points to possHiEnsions.

! The shares of imports on GDP are following: theddz@epublic — 72.7%, Hungary — 77.3%, Poland —%1.7
and Slovakia — 88.2% (Source: European Commission).



2. The theory and empirics of the NKPC

The New Keynesian policy model became the workhofgbe monetary policy analysis
and the NKPC is currently the most influential stcwal model of the inflation dynamics. The
NKPC is based on models of staggered price (or ywagtting by forward-looking
monopolistic firms (Taylor, 1980, Calvo, 1983). 8dams set prices as a mark-up over their
marginal costs subject to constrains that may teatlyoimpede doing so. In particular,
Calvo’s (1983) model assumes that a firm facesacheperiod a given probabilitg that it
may not be able to reset the price. The aggregatiamss firms gives rise to dynamic inflation

equation where current inflation rate depends ®expected value and the real marginal cost:
7 = PE[ 7]+ Amg 1)

where A =(1-6)(1-86) 16, 6 represents the frequency of price adjustmentsatficient

of expected inflatio? is a subjective discount factor. Therefore, aryaase in price rigidity

€ makes inflation less sensitive to the real maigioat m¢ . However, this forward-looking

model did not allow explaining inflation persistenpresent in data of most developed
countries (inflation tends to be more persisteantmarginal cost). Therefore, a substantial
effort was made to give inflation persistence sostreictural basié. Although there are
different ways to hardwire the intrinsic inflatipersistence, most empirical studies stem from
a model that allows that some firms are backwaottitey (Gali and Gertler, 1999, GG
hereafter and Gali, Gertler and Lépez-Salido, 2@X&|- hereafter}. While forward-looking
firms set prices optimally, i.e. with respect te thiscounted value of the future marginal cost,
the backward-looking firms follow simple rule ofutmb:

P = ALt 2)
This means that they set prices each pegpddvith respect to prices in the previous period
p_, and correct them for observed inflation. The pricelex can be written as

p =wp +(1-w) p'. Therefore, if the share of the forward-lookingifs (1-w) is large,

2 Several recent studies such as Benati (2008) ahgwénflation persistence found in the data isstuctural as
it significantly varies across monetary policy mags. Cogley and Sbordone (2008) claim that inftatio
persistence arises due to variation in the longtreimd of inflation. Zhang et al. (2008) documethiat forward-
looking behavior is substantially weaker when tiftation rate is high.

% Futher and Moore (1995) propose contracting madhere relative wages of successive cohorts of werkee
linked. Christiano et al. (2005) introduce a prindexation to past inflation. All alternative moddéad to a
similar hybrid NKPC.



they dominate the price indeg and the price set by backward-looking firms issel¢o the
forward-looking price. The inflation equation witleth kinds of firms is the hybrid NKPC:

7T = Yo7ty + ¥ E[ 78,.] + Amg (3)
The coefficients depend again on the parametersn frine underlying structural

model:} = (1-w)(1-6)(1- 88) {6+ 1-6(1-w) |}, y, = BOI{6+[1-6(1-w)] and
Vi :a)/{6?+ w[1-6(1~ a))]} While older studies on the hybrid NKPC such abrEuand

Moore (1995) kept using the output gap as the rauing variable GG suggested to use the
real marginal cost, in particular the labor incoshare? GG and GGL confirm for the US and
the Euro area that marginal cost is significant gnedforward-looking behavior predominant.
They relate inflation persistence to the margirggtanertia. In particular, the real unit labor
cost is inertial because of the wage rigidity.

There are numerous econometric issue related testimation of the NKPC. (i) First
issue concerns the measure of expected inflatiast Mmpirical studies in line with GG (and
consistently with rational expectations) proxy teected values of inflation by realized
future inflation data and address the endogensaitynbans of the GMM estimator. A few
recent studies (Henzel and Wollmershauser, 2008n@let al., 2008, 200@)o not impose
rational expectations and use directly the inflatsurvey data. This focus that allows testing
whether the expectations are really formed ratigrsalestions the dominance of the forward-
looking term. (ii) The suitability of the GMM framerk is subject of major criticism.
Bardsen et al. (2004, 2005) demonstrate that thefiance of the marginal cost depends on
specific choices in the GMM estimation and is raltust. The sensitivity to instruments can
be an indication that some of them should be diracted as regressors (Rudd and Whelan,
2005, 2007). Mavroeidis (2004, 2005) criticizes tBMM approach on grounds of weak
identification that can also induce a bias in fagbthe forward-looking specification. Lindé
(2005) advocates system estimation by Full InforomMaximum Likelihood (FIML) as it
provides more efficient parameter than limited infation methods such as GMM. Rudd and
Whelan (2005) claim that GG’s results are incoaststs the reduced-form estimates are
substantially different from the reduced-form paedens derived from the structural

estimates, which is rebutted by Gali et al. (2008).Other issues are related to the suitability

* The advantage of the real marginal cost over cgicliteasures of the real economic activity is thatdludes
impact of both productivity and wages on inflatidvioreover, statistical filters derive the potentaitput as a
smooth trend whereas it may be in reality rathenfyas it is affected by shocks (e.g. technologycks).



of the empirical model so as to reveal the pararsaitinterest. Del Negro and Schorfheide
(2008) insist that the degree of backward-lookiness carmotdentified in the estimated
NKPC if the mark-up shocks (the random disturbatacthe NKPC) are serially correlated.
Mavroeidis (2005) relates the identification issog@ossible endogeneity of thearginal cost.

If the forcing variable is endogenous, a relati@satibing its dynamics must be specified.
Fuhrer (2006) claims that even when the estimateefficient of the marginal cost is
significant, it is typically too small to explaimé persistence present in inflation data. He
argues that it is the intrinsic persistence (frév disturbances of the estimated NKPC) what
explains most of the persistence of inflation. @jew recent studies consider the effects of
changes in economic system and monetary policybation dynamics. Hondroyiannis et al.
(2007, 2008) shows (with the US and the EU data} tince the NKPC parameters are
allowed to vary, the lagged inflation term turnsignificant and inflation is a purely forward-
looking phenomenon. Similar findings are reportgddmgley and Sbordone (2008) claiming
that inflation persistence was detected in the batause of omission of the drift in inflation
trend. Zhang et al. (2008, 2009) and Benati (2GQf)port the claim that parameters of the
NKPC can vary across policy regimes and inflatiensgstence is in fact not structural.

Most empirical studies on the NKPC aim at the &/Sther major economies. However,
since the NKPC was proposed as a general theanflation dynamics, it is of interest to test
if it is supported by the data of other countriBlsis poses additional problem given that many
economies are small and open. Therefore, firmsaterose between domestic and foreign
intermediate inputs, which effects the marginaltc8®sides, there are additional channels
having a direct impact on inflation, which need meten be related to price setting and
expectations formations. The import prices of imediate and final products or the exchange
rate volatility and its pass-through to domesticcgs are some of the factors having an
unquestionable effect on domestic inflation. Gald &onacelli (2005) derive version of the
NKPC for CPI inflation of small open economies, @hiincludes the terms of trade as an
additional forcing variable (besides the marginasty® Mihailov et al. (2009) find some
evidence that the terms of trade really effectaitidin of small open economies. Batini et al.
(2005) propose an open economy NKPC where the malrgost is affected by import prices
and external competition. They present affirmagwepirical evidence with the UK data for

their model. Rumler (2007) extends the marginal @yscosts of intermediate inputs (both

®> Their model assumes a complete exchange-ratelpasgh (ERPT) and producer’s currency pricing wherea
most empirical studies find that the ERPT is incatgle.g. Gagnon and lhrig, 2004), which is coastsivith
consumer currency pricing.



domestic and imported). He finds that such modsl hetter fit for EU countries. He claims
that the presence of imported inputs (with moretit@ prices than the domestic ones) presses
upon the domestic firms to adjust their prices mbeguently. Other empirical studies
guestion the validity of the NKPC for open econasnie.g. Balakrishnan and Lopez-Salido
(2002) for the UK, Sondergart (2003) for Germamarfee and Spain, Dufour et al. (2006) for
Canada or Genberg and Pauwels (2005) for Hong-Kong.

The research aimed at inflation dynamics in the Ni§ISery scant. Some papers study
inflation persistence using disaggregated or mitata (e.g. Babetski et al., 2007, Konieczny
and Skrzypac, 2005). Stavrev (2009) uses genedatiy@amic facto model to decompose
inflation in the 10 NMS into common and country-sifie components. Va&ek (2009)
estimates a simplified open economy PC for the MSNinding difference in conditional
inflation variance according to monetary and exgearate regimes.

Studies that directly test the NKPC for the NMXfimostly negative results (e.g. Masso
and Staehr, 2005, Debusinskas and Kulikov, 200TherBaltic countries). Arlt et al. (2005)
rejects the validity of the NKPC for the Czech Relpuusing cointegration methods. Ledvai
(2005) claims that the hybrid NKPC (augmented byoaned goods) gives a reasonable
account of the Hungarian inflation dynamics. Howeveonvincing evidence of the
significance of the marginal cost is not providedanta et al. (2007) analyze the importance
of inflation persistence in the NMS by means ofapaetric statistical measures (AR model
with constant and time varying mean, ARFIMA) andistural measures (the hybrid NKPC).
They find that the NKPC does not adjust to datamf country (CZE, POL, SVK) and that
the inflation in the NMS is more persistent than the countries of the Euro area.
Hondroyiannis et al. (2008) use panel data of éwes NMS claiming that once the NKPC is
estimated by means of time-varying model, inflattamns to be a purely forward-looking
phenomenon. However, his study builds upon probliemassumption of coefficient
homogeneity across dissimilar countries whereasdhngple poolability is not tested.

Previous studies for the NMS use data starting iil-mmneties, when the price
liberalization that was still under way, which hadguably more substantial effects on
inflation dynamics than optimizing behavior of mpedistic firms. Moreover, the NKPC is
an equilibrium relation departing from model logdarized at zero inflation steady state. Not
only that the steady state inflation were positivg important changes in policy framework
lead to varying steady state inflations. Theseasduecame subject to research interest (with

application to the US data) only very recently. @gcgand Sbordone (2005) derive the NKPC



with positive steady state inflation. Zhang et @008) documents that the NKPC is not
structurally stable across regimes with substdptiifferent inflation levels. Benati (2008)

and Cogley and Sbordone (2008) claim that estimatiothe NKPC across different policy
regimes and across periods with varying inflatioentl leads to overestimation of the
backward-looking component. Consequently, we stsoiglieve that it is reasonable to
center the analysis only on the post-transitiomalqal with settled monetary policy regimes

and inflation rate at one digit lev&l.
3. Econometric approach

We use the hybrid version of the NKPC as develdpe@G and GGL as a benchmark.
However, we extend the empirical framework to réwveame additional evidence on the
nature of inflation dynamics in the NMS. To thisderwe employ alternative model
specifications, variables, its measures and auyil@diagnostic tests. We aim at single-
equation estimation of different versions of the K in closed form for each analyzed
country. There are several reasons why the esbmafithe underling structural parameters is
not very reasonable in our case. (i) The structumadel requires estimation of several
additional parameters, which is unfeasible withilalée data sample. (i) The estimates of
structural parameters are sensitive to normalinatd the orthogonality conditions (GG,
GGL). (iii) Some of the parameters cannot be diyeestimated and must be calibrated by
plausible values coming from other studies, whigh ot available for the NMS. (iv) GGL
(2005) show that estimation of overall slope par@nsein the reduced form is equivalent to
their calculation from the estimated structural goaeters. (v) Since our empirical
specification is augmented by additional (potelyalinflation-driving variables, the
structural relations do not hold anymore and timerés simple procedure mapping the overall
slope coefficients with structural parameters efllenchmark NKPC.

We use the marginal cost-based NKPC developed byG&h as a benchmark:

TG = Yy + Y E[ 7, ] + Amg + €, (4)

® Although the inflation target that can be considea proxy of steady state inflation was steadégredasing
even during the last decade, it was well announcéle public and it is reasonable to assume Hetriflation

expectations adjusted accordingly. Similarly, etlewugh inflation rates have decreasing trend dversample,
for sake of comparability with previous studies aadsistency with the original model we use ravadather
than implementing ad-hoc measures such as inflatarending. The data span clearly does not allswguof
time-varying model. However, given that the NKPQistructural model, its parameters should be tsiraity

stable at least with the same policy regime (setnfue 9.).



both with the backward- and forward-looking terna an represent the residual. Note that the
residual & can be autocorrelated for different reasons:rilation shocks (e.g. cost-push
shocks) are autocorrelated, (i) the predictiororery,, and the random disturbangg that
form the error ternx, = ¢, - yi7,,, are correlated ang, is autocorrelated (up to first order) by

construction (Mavroeidis, 2005), (iii) there are itied variables (e.g. various external

variables for small open economies). The margir@dt eenters the empirical model in

deviation from its steady state. We use the sammp&an and the HP trend for its

approximation. However, given uncertainty aboutttiue value of steady state and the noise
that can be introduced by demeaning or detrendieguse also the original series of the
marginal cost.

A known shortcoming of the GMM estimator is its siinity to instruments. In case of
the NKPC, Rudd and Whelan (2005, 2007) show thttefinstrument set includes inflation-
driving variables that are not included as regnesdbe estimate of the forward-looking term
is upwardly biased. Therefore, we test for altemeatlomestic forcing variable that GG

suggested only as instruments:
7%= Vol + Y E[ 7]+ Ain + €, 5)
wherein, stands for the output gap and the nominal wadatioh. Note that the instruments

are in all empirical studies selected in rathehad-way given that the theory is not clear
about them.

We have suggested that inflation dynamics of simpdéin economies can be affected by
external variables unrelated to price setting ofndstic firms® Therefore, instead of
modifying the domestic variables (e.g. adjustinggimaal cost for imported inputs), we test

the effect of variables that can directly affea thflation dynamics of small open economies:

TT = W Ty + Y E[ 7, + Amg + A, in+ A, ex+ e, (6)

" Consistently with GG, we proxy the real marginastcby the unit labor cost. It is rather puzzlingahto
estimate the steady state level since we haverratteet data spam (10 years vs. 30 years in G&refbre,
neither deviation from the sample mean nor fromHRetrend has to provide a reasonable approximaBoren
this uncertaintly, we use also the original seiriethe marginal cost (the log of unit labor cost).

8 This claim seems especially plausible for CPI iidla Although the producer price inflation or valadded
inflation (proxied typically by the GDP deflator the appropriate measure of inflation per GG maetginomic
agents and monetary authorities unquestionablyeparcather CPI inflation. CPI inflation is espdigiaelevant
in small open economies, which import substangat pf its consumption basket.



where ex stands for the oil prices, the import prices, tbeeign inflation rate and the

exchange rat&.The previous relationship links together the itifla equation used in VAR
studies on exchange-rate pass-through (e.g. Gagmbihrig, 2004) with empirical studies on
the NKPC. The former literature includes routinétyeign variables (as determinants of
domestic inflation rate) but ignores entirely ttwer of inflation expectation. On the other
hand, the latter studies usually do not contemplaepossibility that external variable have
feedback in domestic inflation that is entirely elated to domestic price setting. Given the
limited sample size and the fact that the extevaakhbles can be correlated, we include them
one by one. All estimations are performed by meain&eneralized Method of Moments
(GMM).* In closed economy specification we use similatrimaents as GGL (2005): two
lags of the inflation rate, the marginal cost, tlieput gap, the nominal wage inflation and the
(log) the unemployment raté The external variables are treated as endogermalisaa lags

of each one are added as instruments. The useedbkhM estimator controls for potential
reversed causality from inflation rate to explieatvariables (e.g. the exchange rate).

A traditional check of the model validity in therdext of GMM is Sargan-Hansen J-test

of over-identifying restrictions. We report its plues together with the adjust&®f and p-
value of Ljung-Box Q-test for the first-order resad autocorrelation. However, the J-test test
might not provide reliable results in model withioaal expectations (Mavroeidis, 2004). The
first problem is the ability of the test to detetlisspecification when the number of
instruments is very large. As we have pointed wat,use only two lags of the instrumental
variables as to maintain the test power. Secondeiss related to the identification. In
particular, if the structural model has forwarddow solution, a model for the forcing

variable must be specified (Mavroeidis, 2005). Soddel can be used for testing the under-

° This seems to be empirically more reasonable thelnding the change in the terms of trade (Miha#b\al.,
2009): (i) the terms of trade only reflect the afges in underlying factors such as the exchangeoratereign
prices, (ii) without introducing the factors exjitlig, one cannot evaluate their differential effe(@) while the
proposed relation links the inflation to expectéamge in the terms of trade relative to observethga in the
terms of trade (de-facto second difference of éms of trade), it does not contemplate possihitiit inflation

in economies such as the NMS (with very high degfeepenness) has feedback from foreign sectoreiynti
unrelated to agents’ expectations (moreover, isdu® seem plausible that agents form expectatbosit the
change of the terms of trade), (iv) the terms adiérare endogenously effected by domestic infldéoel.

19 We use Newey-West (1994) heteroscedasticity artdcarrelation (HAC) consistent covariance matrix
estimator. The correlation in moment conditionsdaked up by means of previous VAR(1) estimationlfor
(pre-whitening). The Bartlett kernel is used to gietithe covariances with Newey-West fixed bandwidkbr
the sake of comparability with previous studies,tiaé results were obtained by means of commonej-st
(iterative) GMM estimator. However, the main finginhold also with continuously updated GMM estimato
(CUE) that is superior in small samples.

1 Additional lags of instrumental variables usediG can both bias the results in small sample arakerethe
Sargar-Hansen overidentification test.



identification in the structural model (the NKP@ccordingly, we estimate an auxiliary
regression that links each of the domestic forsiagables (the marginal cost, the output gap

and the wage inflation) to their lagged values tnidgged value of inflation:
int :Zipzlloiint—i *Z?Z1¢j 7?—1' (7)
wherep = g = 4 and the under-identification can not be regatdren g =¢, =0 for alli>1

and allj>2.?

Another problem inherent to country-level analysisthe limited size of the sample.
Therefore, besides single-equation estimation, meley panel analysis. The use of panel
techniques has become popular in macroeconomitmugih it is not free of critics. Given
the importance of idiosyncrasies of each countng bas to be very cautious when assuming
that a country represents a single cross-sectionial Although the idiosyncrasies can be
accounted for by country fixed effects, an incorresssumption on the coefficients
homogeneity can induce a bias. The reduces-forifficieat can be different if the underling
structural equations differ country by country. Eaample, the pricing behavior of firms can
vary across countries, in particular the degre@hef backward-lookiness” and the frequency
of the price setting are related to institutionetiires of national labor markétsOn the
other hand, the single-equation estimates may bgauto small sample bias and the panel
analysis can be a viable alternative. We speciypiinel NKPC as:

T =W Vi E[ T, [+ Ame +A, in, + 4, ex +&, ®)
where the sub-indexstands for each cross section. We use the GMM aBimwith cross-
section SUR corrections of standard errors and ramvees. The instruments are again two
lags of all variables in the regression. As for tiebustness check, we employ different

versions of panel estimators for dynamic panelelfAno and Bond, Arellano and Bover,
1995)1

2 See Theorem 3.1 in Mavroeidis (2005).

13 Imbs et al. (2007) provide evidence that whenhbgerogeneity is not taken into account, in paldicthe
heterogeneity of pricing in different sectors, tfaggregate) NKPC estimates are biased in favorhef t
backward-looking term.

14 Note that the first version of GMM panel estimadoes not control for country specific characterss{cross-
section fixed effects are not used) but the resuishetter comparable to country-level estimatginen that: (i)
the empirical NKPC (used in country-level analysss3pecified without a constant term, (ii) pangig lagged
dependent variable and fixed effects require sjpeestimators that transform the estimated equatignfirst
differences or orthogonal deviations), while theroy-level analysis relies on estimation in levels

10



4. Data and time series analysis

4.1 Data description

Our dataset consists of quarterly data ranging fd®88/1.Q until 2007/3.Q but some
series are slightly shorter. We note that thisquers posterior to major transitional reforms
when the monetary policy acted in a very discretioway and diverse administrative
measures such as price liberalizations effectedntitegion rates. The principal source of the
data is OECD (Main Economic Indicators) and Euros&mme series were obtained from

additional sources. The details on the data aréigeed in Appendix.

4.2 Unit root testing

Many empirical studies on the NKPC either do nodrads the properties of the time
series used or simply assume their stationarityvéd@r, nonstationarity can be pronounced
in macroeconomic series of emerging economies, emd@trall the variables to throughout
unity root analysis. Both single-equation and pamet root tests point to stationarity of all
variables except the inflation rate, the wage tidtaand the (log of) marginal cost. The result
for these variables depends on the test used anleoassumption about the deterministic
component$® Of particular interest is to compare the degre@asistence of the inflation
and the marginal cost. We find that the marginat @ more persistent than inflation (just the
opposite finding than for developed countries). €&muently, we test the cointegration
between these two variables because its long-temoeement is the main precondition for
the reasonability of the NKP.We apply common Augmented Engle-Granger (AEG) test
(Engle and Granger, 1987) consisting in estimatiban auxiliary regression with the 1(1)
variables (by OLS) and testing the stationaritythe#f error term by means of ADF test (with
specific critical values). If the residuals aretistaary, it means that either both variables are
[(0) or that they are both I(1) and cointegratelde RDF statistic is reported in Table 1 below

5 Many macroeconomic series from transitional cdestcan be subject to structural breaks. Conselyyent
traditional unit root test can have low power amit woot test allowing for structural breaks shoilel used
instead. Unfortunately, the power of these tests. (eanne et al., 2002) can be also distorted inllssamples.
Given limited sample size, it does not seem redslerta apply test with structural break. In anyegasur time
series cover de-facto post-transitional period whemajor event occurred that could drive any $tmat break
in the data. Babetskii et al. (2007) find for theeCh Republic that structural breaks in time sevfesectoral
inflation rates occurred mostly around 1998-99 nkaaet al. (2007) document that inflation persiséein the
NMS changes as a consequence of changes in mopetay. The implementation of inflation targeting the
Czech Republic (1997), Poland (1998) and Hunga®d@12is the principal event.

16 GGL show for several OECD countries that GDP irdlatand the (log) unit labor cost closely co-moves i
the long-term (See GGL, Fig.3).
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(the 5% critical value is -3.34). The test rejeitis cointegration of the yearly inflation rate
and the (log) marginal cost for the Czech Repudntid Poland.

Table 1: Results of AEG cointegration test betweeHCPI inflation rate and marginal cost

CZE HUN POL SVK
n (yearly) -2.90 -4.06 -2.79 -3.38
n (quarterly) -5.84 -4.52 -4.04 -6.02

4.3 Identification in forward-looking model

We have resumed that the traditional tests of ifleation in the GMM estimation
framework turn unreliable in the context of forwdodking model with rational expectations.
Therefore, to test ex-ante the reliability of th®1Kd estimates we use simple test proposed in
Mavroeidis (2004). Table 2 provides the resultstioé F-test for the joint coefficient

restriction thatp, = ¢, =0 for alli>1 and alj>2 in equation (7). The rejection of this restocti

Is a necessary condition for the identification. Végort the test using year-on-year HCPI
inflation rates and quarter-on-quarter inflatiotesafrom both HCPI and GDP deflator against
the main domestic forcing variables (the margimsitcthe output gap, the wage inflatidh).

The results confirm that under the model for theifegy variable (7) the second measure
of the real marginal cost (the ratio of nominabhtaompensation to employees to the nominal
GDP) meets the necessary condition for identificatin all countries, no matter what
measure of inflation is used. The reported resuksfor the untransformed series of the (log)
marginal cost. The results using its deviation fiihe sample mean and the HP trend are very
similar. As for the output gap series, the gapwbetiby the HP filter is preferable to OECD
gap in all countries but Slovakia (the OECD gap $twvakia is only available from 2001).
Finally, both measures of wage inflation have peofd to meet the necessary condition for
identification.

I All our empirical results are driven upon the (yea-year) HCPI inflation. We test also the quaderquarter
inflation rates from HCPI inflation and GDP deflasm as to see that our measure of inflation dogsffect the
test results.
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Table 2: F-test of the necessary condition for ideiftcation in the forward-looking model (p—values)

CZE HUN POL SVK Panel

-1 tt-1* -4 -1 t-1* tt4 tel velr th-4 vl tel* vt4 tit-l te-l* w4
RULC1 0.00 0.03 0.01 0.01 0.02 0.01 0.00 0.000.20 0.50 0.17 0.45 0.00 0.00 0.00
RULC2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.00 0.00 0.00 0.00 0.000.00
WAGE1 0.20 0.67 0.04 0.07 0.00 0.44 0.10 0.03 0.11 0.00 0.00 0.12 0.00 0.000.00
WAGE2 0.08 0.00 0.00 0.00 0.00 0.19 0.19 0.00 0.19 0.00 0.00 0.00 0.00 0.000.00
GAP1 0.00 0.00 0.000.02 0.00 0.00 0.01 0.200.07 0.11 0.19 0.00 0.00 0.000.00
GAP2 0.00 0.00 0.000.23 0.03 0.30 0.05 0.79 0.120.00 0.00 0.00 0.00 0.000.00

Note: t/t-1 — quarterly inflation rate (HCPI), #t-— quarterly inflation rate (GDP deflator), t/t-dyearlyinflation
rate (HCPI), RULC1 — the (log) unit labor costéndleflated by HCPI (OECD), RULCZhe ratio of the nomin
total compensation to employees and the nominal @Rfostat), WAGEL - the ratiof (nominal) total labor co
and the real output (OECD), WAGEZ2the labor cost index (the total labor costs, n@mponents wages a

salaries and non-wage costs (Eurostat), GAP1 — GipPbg HP filter (OECD), GAP2 GDP gap by productic
function (OECD)

4.4 Cross correlations

Another important issue is the temporal effect loé tvariables. While traditional PC
assumes that the output gap (or other cyclical oreaseads inflation, the opposite pattern is
consistent with the NKPC (see eq. 8 in GG).

The dynamic cross correlations of the (log) real lador cost and the output gap with the
HCPI inflation rates are reported in Tablé®3he negative correlation for lagged values of
inflation and positive for leading values impliést the variable leads inflation. This pattern,
found for the output gap for the Czech Republic desbk significantly for Slovakia, is
consistent with the traditional PC but not the NKRID) the other hand, the output gap has
very strong contemporaneous correlation with irdlatin Poland, consistently with the
NKPC. Finally, for Hungary the correlations of thatput gap with both lags and leads of
inflation are negative. As for the real unit lalmmst, it is very strongly contemporaneously
correlated with inflation in Poland, consistentlitmthe findings of GG with the US data. For
all the other countries, both lags and leads d&iioin are negatively correlated with inflation.
To save the space, we again do not report thetsessing the deviation of the marginal cost
from its mean or trend. The marginal cost deviatisom its mean turns highly
contemporaneously correlated with inflation for lgary and Slovakia and the marginal cost

deviation from the HP mean is negatively correlatéti inflation for all countries.

18 We test only the second measure of the real margvst (RULC2) and the HP output gap (GAP1) because
they performed better in the identification testl ane used for the empirical estimation of the NKPRe results
for quarterly inflation rates are rather similar.
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Table 3: Dynamic cross-correlations of the (log) r& unit labor cost (RULC2) and the output gap (GAP)
with lags and leads of yearly HCPI inflation

CZE HUN POL SVK Panel

a b~ wWNPEFEO

RULC2 GAP1 RULC2 GAP1 RULC2 GAP1 RULC2 GAP1 RULC2 GAP1
lag lead lag lead lag lead lag lead lag lead lag lead lag lead lag lead lag lead lag lead
-0.45-0.45 0.05 0.05-0.56-0.56-0.19-0.190.70 0.70 0.620.62-0.15-0.15-0.30-0.30-0.02-0.02 0.08 0.08
-0.54-0.37-0.06 0.15-0.58-0.54 -0.27-0.150.73 0.59 0.47 0.68 0.00-0.25-0.33-0.17 0.02 -0.030.04 0.15
-0.56-0.29-0.16 0.20-0.62-0.52-0.32-0.140.76 0.51 0.310.65-0.01-0.33-0.38-0.02 0.02 -0.03-0.01 0.20
-0.51-0.22-0.210.19-0.68-0.46-0.28-0.130.77 0.44 0.18 0.56-0.01-0.33-0.37 0.12 0.00 -0.00-0.04 0.23
-0.42-0.19-0.210.13-0.75-0.39-0.18-0.110.74 0.38 0.18 0.45 0.03-0.41-0.38 0.32 -0.02 0.06 -0.06 0.26
-0.33-0.16-0.170.05-0.74-0.31-0.05-0.100.69 0.34 0.18 0.35 0.06-0.45-0.38 0.49 -0.04 0.06 -0.08 0.27

Note: see Note of Table 2

These preliminary findings indicate caution in gsthe marginal cost. The only country
where alternative measures of the marginal costcargemporaneously correlated with
inflation is Poland. On the other hand, the ougpap pattern in the Czech Republic points to
the traditional PC.

5. Empirical results

5.1 Individual country analysis
By virtue of comparability, we use the same speatfons and instruments for all four
countries. Some country-specific choices, espgciaith respect to the measures of the

variables, are noted below.

5.1.1 Czech Republic

The estimates of the marginal-cost based hybrid GliPovide rather mixed evidence.
The mean-deviation and trend-deviation of the nmaigcost are each statistically significant
but hold a “wrong” negative sign. On the contrahg untransformed marginal cost (the log
of the real unit labor cost) is significant and igge (though we cannot interpret its
coefficient size given that this variable is nohsistent with the underlying theory). However,
we note that this correlation can be spurious ascthintegration test and dynamic cross-
correlations indicated. The fit of the model substdly decreases if we in the spirit of the
pure forward-looking NKPC exclude the inflation 1&g line of Table 4). The Ljung-Box test
shows that serial correlation is present in sevapatifications, though as we noted before, it
does not automatically disqualify the result. Wivea alternatively use the output gap, its

coefficient is significant and positive and theialecorrelation disappears. Additional lags of
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inflation in the spirit of the traditional PC do tneeem to provide any information and the
overall fit remains the sant@.More interestingly, the additional inflation lags not affect
the size and the significance of the forward-logkierm. The coefficient of wage inflation is
also significant. The fit of the model is similar fall domestic forcing variables.

The middle panel shows the results of using adghildtion expectation by the financial
market instead of implicitly assuming rational esjaions (and using realized value of
inflation together with the GMM estimator). In thease, endogeneity should not arise and the
OLS shall provide consistent estimates. The maatufe of the hybrid model is that the sum
of the inflation coefficients is significantly abewnity and the fit of the model is substantially
lower. The GMM estimates used for a robustness l¥erent magnitude but retain their
significance. This means that the endogeneity i ah issue even when inflation
expectations are used (e.g. due to prevision erfdi@ Figure A.2 demonstrates what lies
behind the previous result; the realized inflation fact significantly deviates from the
expectations by financial market's participantsrt@aely, this issue should be studied more
carefully.

The lower panel reports the results of the hybrikPi€ when we retain the (log) marginal
cost and the output gap (two variables that peréarinest in the close economy model) and
stepwise add the external variables. As the fortmey variables are not significantly
correlated in any country, the multicollinearityegonot arise. Here we find something very
interesting. The coefficients of all external vates are significant and have the expected
sign?’ The oil prices have positive (but limited) effem yearly inflation and the same
applies to import prices. The effect of the inftatiin the Euro area seems to be especially
relevant. Finally, the currency depreciation (daseeof NEER) leads to an increase of CPI
inflation (the size of the coefficient point to yancomplete exchange rate pass-through). The
residual autocorrelation does not appear in thrfebour specifications, which can be an
indication that these variables were previouslyrmectly omitted. While the output gap is
significant and correctly signed in three cases rédal marginal cost is only in one. The effect

of forward-looking term is generally reduced.

19 The reported estimate of the backward-looking tesrthe sum of the estimates of four lagged valdes o
inflation. The reported standard error is a simpéan of the four estimated standard errors.

%0 Note that the external variables are includedthar ad-hoc way, therefore we cannot simply imegrihe

size of their coefficients.
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Table 4: GMM estimates of different versions of cleed economy hybrid PC (upper panel) and the
specification augmented by external variables (lowepanel) for the yearly HCPI inflation rate — the Czech
Republic

Forcing variable 7o % y) Ain Aex R2 LB J-stat
(m.2) (1) (rulc)  (YeaWr*) (X1, X*)
RULC (dev. mean) 0.43 0.55 -0.07 0.90 0.09 0.35
(0.02) (0.03) (0.02)
RULC (dev. HP trend) 0.43 0.54 -0.08 0.90 0.08 0.26
(0.02) (0.03) (0.02)
RULC 0.42 0.61 0.21 0.90 0.07 0.33
(0.02) (0.03) (0.07)
RULC 0.98 0.14 0.58 0.00 0.78
(0.10)  (0.36)
GAP 0.56 0.37 0.23 0.89 0.19 0.43
(0.05)  (0.03) (0.04)
GAP (4 lags of infl.) 059  0.46 -0.17 0.79 0.21 0.20
(0.08)  (0.03) (0.03)
WAGE 0.43 0.47 0.05 0.88 0.66 0.33
(0.02)  (0.04) (0.01)
RULC + infl.exp.(OLS) 1.25  2.37 0.42 0.00
(0.26)  (1.07)
RULC + infl.exp. (GMM) 1.90 4.75 0.44 0.00 0.94
(0.28)  (1.20)
RULC +infl.exp.(OLS)  0.70 057  1.42 0.73 0.07
(0.11) (0.21) (0.74)
RULC + infl.exp. (GMM) 0.53 0.99 2.70 0.76 0.05 0.68
(0.08) (0.18) (0.71)
RULC + GAP 0.52 0.41 -0.19 0.39 0.90 0.06 0.31
(0.02) (0.06) (0.14) (0.10)
RULC + GAP + OIL 0.69 0.21 0.23 0.52 0.01* 0.85 0.62 0.68

(0.08) (0.14) (0.16) (0.20) (0.00)
RULC + GAP + IMP2 0.75 0.10 -0.80 0.59 0.18 0.72 0.04 0.72
(0.12) (0.22) (0.53) (0.28) (0.07)
RULC + GAP +mgpmy 0.55 0.36 1.66 -0.14 0.80 0.89 0.58 0.57
(0.04) (0.06) (0.39) (0.06) (0.16)
RULC + GAP + NEER 0.51 0.24 -1.36 0.35 -0.12 0.88 0.99 0.49
(0.04) (0.12) (0.42) (0.12) (0.03)
Note: Standard errors in parenthesis. Coefficietdtistically sigrificant at 5% in bold. Yearly change
HCPI is always the dependent variable. In the fastumn, thereare the forcing variables in e¢
specification. Domestic forcing variables: RULC — loigthe ratio of the nominal total compensatio
employees and the nominal GDP (EurostafP (y..1) - GDP gap by HP filter (OECDWAGE (w;)
— yearly change dhe labor cost index (EurostaBoreign forcing variablesc(): OIL — yearly change «
crude oil price, IMP — yearly change of import grindex,mgyy — yearly change of HCPI in the Euro grea
NEER - yearly change of nominal effective excharade.r_B is p-value of Ljunggox test for 1. order seri
correlation. J-stat is p-value of Sargan-Hansemidestification test.

These results indicate that the marginal cost bBi$&IC might not be suitable to describe
the Czech inflation dynamics and that the outpyt gauld be a better proxy of domestic
inflation pressures. The Czech inflation seemset@lso determined by external factors and it
is quite persistent. The results using quarterfiaiion rates (not reported here but available
upon request) are very similar with the exceptibat tho domestic forcing variables turns

significant.
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5.1.2 Hungary

The marginal cost measures are not significantHiangary. The coefficient of the output
gap is significant and negative. The additionalaitidn lags not significant and do not affect
the size and significance of the forward-lookingnte The wage inflation does have
significant impact either.

Table 5: GMM estimates of different versions of cleed economy hybrid PC (upper panel) and the
specification augmented by external variables (lowepanel) for the yearly HCPI inflation rate — Hungary

Forcing variable 7o % y) Ain Aex R2 LB J-stat
(meq) (mwq)  (rulc) (Ve W) (Xes, X5)

RULC (dev. mean) 0.60 0.40 0.02 0.98 0.76 0.39
(0.06) (0.08) (0.03)

RULC (dev. HP trend) 0.63 0.37 -0.09 0.98 0.54 0.46
(0.06) (0.06) (0.07)

RULC 0.59 0.43 0.28 0.98 0.93 0.44
(0.04) (0.06) (0.14)

RULC 0.99 -0.20 0.92 0.00 0.81

(0.06) (0.70)

GAP 0.53 0.47 -0.50 0.98 0.47 0.58
(0.04)  (0.04) (0.17)

GAP (4 lags of infl.) 059 041 0.17 0.97 0.01 0.64
(0.08)  (0.02) (0.08)

WAGE 0.62 0.42 -0.03* 0.98 0.85 0.42
(0.04)  (0.04) (0.02)

RULC + GAP 0.46 0.58 0.26 0.22 0.98 0.65 0.41
(0.04) (0.05) (0.14) (0.13)

RULC + GAP + OIL 0.54 0.50 0.58 -0.37 0.01* 0.95 0.40 0.59

(0.04) (0.05) (0.18) (0.18) (0.00)

RULC + GAP + IMP2 039 083 162 070 -00% 0098 0.42 0.65
(0.04) (0.06) (0.22) (0.19) (0.01)

RULC + GAP +1emy 055 049 1.74 -027 0.44 0098 0.93 0.63
(0.06) (0.08) (0.53) (0.15) (0.14)

RULC + GAP + NEER 046 054 -0.06 0.06 -0.03 0.98 0.99 0.59
(0.04) (0.07) (0.41) (0.24) (0.03)

Note: see Table 4

The lower panel of the Table 5 reports estimatah®NKPC with the external variables.
The oil prices as well as inflation in the Euroal@ave positive and significant impact on the
Hungarian inflation. The coefficient of import peE is contra-intuitively found significant
and negative. This can be related to some speiiificgproblem because the sum of the
backward and forward inflation coefficients is sfgrantly above unity. The exchange rate
does not have significant impact. Although the Ylogal unit labor cost is statistically
significant in three open economy specifications, shall recall that the cross correlations
with inflation rates were in fact negative. Unlike the former country, the relative size of
backward- vs. forward-looking term is not affeci®den the external variables augment the
model. We can again conclude that the inflatiorlimgary has a significant forward-looking

17



component but it is also quite persistent and drinagher by external than domestic factors.
The results using quarterly inflation rates confiras in the Czech case the predominance of

foreign inflation factors while neither the mardicast nor the output gap is significant.

5.1.3 Poland

Poland is the only country in the sample where btie real unit labor cost
(untransformed series in logs and the deviatiomfrihe mean) and the output gap are
strongly correlated with both lags and leads dfaiign. However, the AEG test pointed to the
possibility that the correlation between the inflatrate and the (log) marginal cost may be
spurious.

The estimation results for Poland are reported abld 6. The estimates of the hybrid
model resemble the findings for large closed ecaesrsuch as the US. That is, the marginal
cost is significant (both in the logs and in petoap deviation from the sample mean), the
forward-looking term is dominant and the serialretation can be rejected at 5% significance
level. The coefficient of the output gap is sigreint. The additional inflation lags again do
not seem to carry any additional information nag thage inflation. Although the fit of the
model is very decent, the Ljung-Box test pointsrésidual autocorrelation in all but one
specification.

The middle panel shows the estimates with surveg da inflation expectations of the
financial markets. The inflation expectations inld»al move very closely with the actual
inflation rates pointing either to very good preers realized by the financial markets or,
more likely, to problematic construction of thignadle. This feature is evident if we compare
the series with the expectations in the Czech Réaptiat more logically show pattern of
prevision errof* Strong correlation of inflation expectation wittetactual inflation seems to
drive the estimates provided in the middle pankk €oefficient of the forward-looking term
is always significant but the coefficient of the ngiaal cost has “wrong” negative sign. The
endogeneity seems to be again relevant issue #iec®LS and GMM point estimates are

slightly different.

2L The time series for both countries are plotted ttogrewith the actual HCPI inflation in Figure A.8 the
Appendix. Note that the series of inflation exp#otess are moved forward and in each quarter we libge
actual inflation realization together with the egteel value (one year ago).
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Table 6: GMM estimates of different versions of cleed economy hybrid PC (upper panel) and the
specification augmented by external variables (lowepanel) for the yearly HCPI inflation rate — Poland

Forcing variable b % y) Ain Aex R2 LB J-stat
(mea) (mws)  (rule)  (Vea W) (Xe1, X5)
RULC (dev. mean) 0.42 0.62 0.01 0.98 0.17 0.70
(0.03) (0.03) (0.01)
RULC (dev. HP trend) 0.46 0.55 -0.07 0.97 0.02 0.40
(0.02) (0.02) (0.02)
RULC 0.45 0.60 0.16 0.98 0.08 0.70
(0.02) (0.02) (0.05)
RULC 1.14 0.11 0.91 0.00 0.77
(0.04) (0.22)
GAP 0.55 0.46 0.07 0.98 0.03 0.68
(0.03)  (0.03) (0.02)
GAP (4 lags of infl.) 056  0.44 0.07 0.97 0.00 0.54
(0.05)  (0.02) (0.02)
WAGE 0.47 0.61 -0.02* 0.98 0.05 0.50
(0.02) (0.02) (0.01)
RULC + infl.exp.(OLS) 0.89  -0.30 0.97 0.74
(0.02) (0.15)
RULC + infl.exp. (GMM) 092 -0.16 0.97 0.66 0.80
(0.01) (0.07)
RULC + infl.exp.(OLS) -0.26 1.13 -0.37 0.98 0.82
0.13) (0.12) (0.15)
RULC + infl.exp. (GMM) -0.44 1.31 -0.47 0.97 0.84 0.82
(0.08) (0.07) (0.10)
RULC + GAP 0.50 0.54 0.15 0.00 0.98 0.04 0.57
(0.02) (0.04) (0.05) (0.02)
RULC + GAP + OIL 0.44 0.68 0.42 -0.05 0.00* 0.96 0.74 0.80

(0.07) (0.11) (0.15) (0.07) (0.00)

RULC + GAP + IMP2 059 040 005 012 0.02 098 0.05 0.65
(0.03) (0.04) (0.06) (0.03) (0.00)

RULC + GAP +7teyy 054 050 247 013 114 098 0.65 0.83
(0.06) (0.07) (0.40) (0.07) (0.17)

RULC + GAP+NEER  0.63 0.38 -0.04 015 -0.02 0098 0.18 0.69
(0.04) (0.05) (0.12) (0.06) (0.00)

Note: see Table 4

In the lower panel, we evaluate the effect of endkrvariables on Polish inflation
dynamics. While the oil prices do not have a sigaiit impact, the coefficients of all the
other external variables are significant and cdlyesigned. The effect of the foreign inflation
Is again the most substantial. The unreported tebalsed on quarter-on-quarter inflation rate
are similar to previous two countries. Neither ni@agcost nor the output gap has statistically
significant effect and all the foreign variables argnificant with the expected sign.

The results on the close economy NKPC show thdt tiet marginal cost and the output
gap have positive impact on the Polish inflatioterdhe external variables seems to have

significant impact either, even though Poland teeamiddle-sized economy.
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5.1.4 Slovakia

The series of HCPI inflation rate (both year-ontyaad quarter-on-quarter) for Slovakia
have different features as compared to the previbtee countries. HCPI inflation is less
similar to inflation from GDP deflator and it is meovolatile and spiky (see Figure A.1).
Possible explanations can be that the Slovak coesiprices are more affected by the
changes in imported consumer goods as Slovakithkeasghest share of import on the GDP.

The estimation results of the NKPC are reportedhim Table 7. The three different
transformation of the marginal cost series prowidey different results. The deviation from
the mean is insignificant, the deviation from thE tlend is significant and negative and the
(log) marginal cost is significant and positive.eTfit of the pure forward-looking model is
again substantially lower. The output gap entegsicantly with a negative sign similarly as
in Hungary. Neither the additional inflation lagst the wage inflation seem to play any role.

Table 7: GMM estimates of different versions of clsed economy hybrid PC (upper panel) and the
specification augmented by external variables (lowepanel) for the yearly HCPI inflation rate — Slovakia

Forcing variable 7o % y) m Ao R2 LB J-stat
(1.2) (i1 (rulc)  (YeaWr*) (X1, X*)

RULC (dev. mean) 0.55 0.46 -0.01 0.85 0.01 0.53
(0.03) (0.03) (0.01)

RULC (dev. HP trend) 0.48 0.52 -0.15 0.85 0.00 0.73
(0.02) (0.03) (0.06)

RULC 0.55 0.51 0.31 0.85 0.00 0.61
(0.02) (0.03) (0.15)

RULC 1.26 0.72 0.45 0.15 0.90

(0.08) (0.55)

GAP 0.55 0.46 -0.09 0.86 0.00 0.69
(0.03) (0.03) (0.03)

GAP (4 lags of infl.) 0.40 0.63 -0.15 0.84 0.00 0.65
(0.70)  (0.04) (0.02)

WAGE 0.49 0.59 -0.05 0.85 0.00 0.81
(0.02)  (0.04) (0.01)

RULC + GAP 0.54 0.45 -0.09 -0.11 0.84 0.01 0.57
(0.03) (0.03) (0.17) (0.04)

RULC + GAP + OIL 0.54 0.52 0.35 -0.07 0.0 0.84 0.00 0.69

(0.03) (0.03) (0.17) (0.04) (0.00)

RULC + GAP + IMP2 041 057 002 -0.08 008 088 0.02 058
(0.07) (0.06) (0.14) (0.05) (0.02)

RULC + GAP +7gyu 059 043 076 -0.05 034 084 0.02 0.65
(0.03) (0.03) (0.45) (0.05) (0.13)

RULC+GAP+NEER 035 074 017 -020 0.07 077 0.08 0.48
(0.05) (0.06) (0.24) (0.11) (0.07)

Note: see Table 4

In lower part of the table, we can see that thfdeur variables that underpin the external

factors are significant. The results using quasteiguarter HCPI series (not reported here)
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feature very low fit of the model, which can beatell to the fact that the quarterly inflation
series may be a subject to seasonality noise dwamgh the original HCPI series were

seasonally adjusted.

The previous country specific estimation allowsdagraw some general conclusions. Our
analysis provide some evidence in favor of the NKRflation rates in all countries hold
significant forward-looking components and therefdrseems plausible to claim the current
inflation is (at least partially) determined by ifsture expected value. However, the
backward-looking term (the first inflation lag) ®lso significant and often has higher
magnitude than the forward-looking term. Neverthg)ehere can be some positive bias in
favor of the backward-looking term because (i) tjuarterly inflation data are constructed
from monthly data, which include some degree obemitrelation and (ii) our empirical model
does not take into account slightly decreasingtidh trend (see Cogley and Sbordone, 2008,
Kim and Kim, 2008).

The estimates accompanying the forcing variablenasee ambiguous. The marginal cost
is significant only when we use its absolute vainelogs) rather than its deviation from the
steady state. Yet, as we pointed out, neither teanmmor the HP trend have to be a good
proxy of the steady state. In any case, the ubibrlaost is a good proxy of the aggregate
marginal cost only under several restrictive asdionp that in reality might not hold (e.g.
that the production technology is consistent witle tsimple Cobb-Douglas production
function).

The potential superiority of the output gap ovee tharginal cost found in the Czech
Republic and Poland has several interpretation® @ption is that it is the actual forcing
variable and inflation is driven by the cyclicalodwtion of the output, which is consistent
with the traditional PC. Yet, once we in the spafitthe traditional PC include additional lags
of inflation, they turn insignificant and their susinever close to the unity. As the forward-
looking term is significant as well, other interfatton of the result can be that the output gap
Is a better proxy of the unobservable marginal.chs¢ unit labor cost may not be sufficiently
representative as a measure of firms’ costs a® lahgre of their inputs is imported. The
relevance of the output gap is also reported byb&enand Pauwels (2005), Jondeaua and Le
Bihanb (2005), Henzel and Wollmershauser (200&hang et al. (2009).
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Our original claim that inflation dynamics of smalpen economies can be driven by
external impulses is confirmed by the NKPC augmeiite external variables. In particular,
the inflation in the Euro area and the exchangeae significant?

Our results are in overall consistent with previamalysis for the NMS. As Lendvai
(2005) and Franta et al. (2007) we find that imdlatis persistent in the NMS and that the role
of the marginal cost is unclear. Unlike Franta let(2007) we find that inflation holds a
significant forward-looking component. This canrb&ated to the fact that we aim only at the
post-transitional period (it is more plausible tesame the forward-looking behavior).
Besides, we detect that other forcing variables pty a role in explaining inflation

variability.

5.2 Panel analysis

In this section, we present the results of the pestamation. The consistency of the panel
estimates rests on the assumption that the slop#igents are the same for all cross-
sections. Strictly speaking, this can never be d¢hse in macro panels since important
idiosyncrasies exist between the countries. Thesefomposing homogeneity of the slope
coefficients can bias the estimates. On the othadhthe panel estimation is based on larger
sample and is an alternative to country-level agialgrguably subject to small sample bias.

The results are reported in Table 8. Unlike in cakeountry-level analysis, the panel
estimates demonstrate insignificance of all domefsticing variables (even the log of the
marginal cost, compare™ine in Tables 4-8). The same holds for three mfrfexternal
variables. The only external variable that is stetally significant is the inflation rate in the
Euro area. Interestingly, the (log) marginal casnhs significant in this specifications. The
forward-looking term dominates slightly the backdswoking in most specifications and the
sum of both terms is very close to unity. The ressof estimation with quarter-on-quarter
inflation rates are alike. The alternative estimatéor dynamic panels with fixed effects
(Arellano and Bond, 1991, Arellano and Bover, 19p&)vide very similar results. We can
conclude that panel analysis confirms that irdlatin the NMS is driven rather by external
than internal impulses and that substantial pacuofent inflation is related to future inflation
expectations.

2 The ERPT is confirmed by negative and significantffa@ient of nominal effective exchange rate butsit
incomplete. This is in line with the existing evidenshowing that the pass-through fades away albag t
distribution chain (McCarthy, 2007).
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Table 8: GMM panel estimates of different version®f closed economy hybrid PC (upper panel) and the
specification augmented by external variables (lowepanel) for the yearly HCPI inflation rate

Forcing variable Yo Y y) Ain A ex R2 LB J-statPanel
(m.1) () (rulc)  (YeaWe®)  (Xer, %) coint.

RULC (dev. mean) 0.45 0.56 0.00 0.97 2.54 0.10 0.10
(0.04) (0.05) (0.00) 0.20

RULC (dev. HP trend) 0.45 0.56 0.00 0.97 2.55 0.10 0.25
(0.05) (0.06) (0.03) 0.00

RULC 0.43 0.60 0.00 0.97 2.52 0.29 0.92
(0.05) (0.06) (0.00) 0.41

RULC 1.11 0.00 0.85 1.27 0.01 0.84
(0.04) (0.00) 0.34

GAP 0.45 0.55 0.05 0.97 2.87 0.12 0.04
(0.05) (0.05) (0.06) 0.00

GAP (4 lags of infl.) 0.32 0.71 -0.03 0.95 2.48 0.02 0.00
(0.18) (0.10) (0.06) 0.00

WAGE 0.43 0.60 0.00* 0.96 2.53 0.14 0.01
(0.05) (0.07) (0.00) 0.00

RULC + GAP 0.43 0.60 0.00 0.00 0.97 2.53 0.16 0.01
(0.05) (0.07) (0.00) (0.01) 0.00

RULC + GAP + OIL 0.44 0.59 0.00 0.01 0.00 0.97 2.53 0.16 0.01
(0.05) (0.07) (0.00) (0.07) (0.00) 0.00

RULC + GAP + IMP2 0.44 0.61 0.00 0.02 0.00* 0.97 2.47 0.14 0.07
(0.05) (0.06) (0.00) (0.07) (0.01) 0.00

RULC + GAP +ngwu 0.45 0.58 0.01 0.02 0.2 0.97 2.53 0.04 0.04
(0.04) (0.05) (0.00) (0.07) (0.11) 0.00

RULC + GAP + NEER 0.46 0.58 0.00 0.03 -0.01 0.94 2.89 0.23 0.03
(0.06) (0.09) (0.00) (0.07) (0.01) 0.00

Note: see Table 4. The value reported for Panetegiation test are palues of Pedroni test (above) i
Kao test (below). The value for Pedroni test is\arage pralue of 7 panel cointegrations tests prop:
in Pedroni (1999) assuming either individual inggts and trends or no deterministic componer
each cross section (average of 14 p-values). Kdadnteludes by construction a deterministic intptce

The last column of Table 8 reports the resultsarfgb cointegration test of Pedroni (1999)
and Kao (1999) as an additional check of the resuéliability. The results of both tests
usually coincide. The tests are generalizationhaf Engle-Granger (1987) test for panel
framework and test whether the residuals have woot. The main finding is that the
cointegration of variables in the marginal-costdth®NKPC is rejected (when no external

variable is included), which cast doubt on thedigfiof this modef?

6. Conclusions

In this paper, we have given some account of tflation dynamics of the four NMS

(Czech Republic, Hungary, Poland and Slovakia) leams of econometric estimation of the

% The results are not altered whether the statiomarables (the output gap, the exchange rate diftél) are
included in the test or not. The presence of thegimal cost (ambiguously result for its stationgriin the test
for open economy specification does not affectréseilts either.
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NKPC. The NMS are very specific among open emergognomies, given their previous
transitional experience, their high degree of eaampoopenness and their convergence
process to the EU. This is why it is very intemnegtto learn about the nature of inflation
dynamics of these economies. The existing empiegadence on inflation dynamics of the
NMS is scant. To our knowledge, this contributicgpresents the most comprehensive
analysis on the NKPC for the NMS. We accompanyetheirical framework of GG and GGL
by additional tests (cointegration, GMM identificat), use alternative definitions of
inflation, and employ both rational-expectationsdh GMM framework as well as survey
data (when available). We test the effect of sdvaltarnative forcing variables. Given the
recent contributions pointing to the instability ioflation dynamics across policy regimes
(Benati, 2008, Cogley and Sbordone, 2008), we famuspost-transitional period (1998-
2007), which was free of major changes in monepaticy regimes, and where the inflation
series were not subject to structural break.

Our results confirm some claims of the NKPC buttcadtict others. In particular, we have
found strong evidence that inflation is determitgdfuture inflation expectations. However,
the NMS exhibit higher degree of inflation persigte than that found for developed
economies. This finding is consistent with previstisdies based on disaggregated &atmn
intuitive explanation can be that many firms in tN&S still employ simple backward-
looking price setting, which is consistent with ptilge rather than rational expectations. This
can be caused by a lack of credible monetary paliayissing nominal anchor in some NMS.
When the monetary policy is unable to anchor thentg inflation expectations, they
logically prefer to use the past information. Onpldas and Williams (2004) suggested that
expectations formation can be conditioned by tlanlieg process about monetary policy.
This sheds some doubt on the suitability of thefidthework, where backward-looking price
setting is clearly suboptimal and the welfare lassreases with the rising share of the
backward-looking firnf>

The main puzzle seems to be the identificatiorhefibflation-forcing variable. We have
not found convincing evidence that the average meiginal cost (proxied by the real unit

labor cost) plays such a role. The performancéefoutput gap is better only marginally. We

24 Disaggregated evidence for the Czech Republicrasiged by Babetskii et al. (2007) and for Poland i
Konieczny and Skrzypac (2005).

% Sheedy (2007) shows that the intrinsic inflatiersistence appears in environment where newerspaoe
stickier than older ones. In this model, inflatip@rsistence can arise even if the price settimmisly forward-
looking. Cogley and Sbordone (2008) and Kim and K2908) find for the US that once the structuraais
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obtain some indications that the short-term inflatimpulses in the NMS can be exterffal.
This is not surprising in face of the economic apess of these countries. Nevertheless, most
of the current inflation variance seems to be msig, i.e. it is linked either to the past
inflation or to its future expectations. The stiatel insignificance of the forcing variable such
as the marginal cost or the output gap is probleniat the NKPC but does not automatically
disqualify it given that most variables are onlyigyoproxies of the model variables. Due to
the fragile statistical significance of some esti@sa we limit our attention to the reduced
form estimates rather than the structural parammetdrthe NKPC (e.g. Calvo’s price
staggering parameté).?’

Our findings have several potential implications fiee monetary policy. First, the fact
that inflation process in the NMS has a significhatkward-looking component calls for
rather inertial monetary policy. V&&k (2009) shows that the interest rate change$ian t
NMS have been substantially smoothed over timenflation is persistent, its decrease is
believed to go along with an output loss. Howewair results often cast doubt on the
existence of trade-off between inflation and out@econd, the structural model behind the
NKPC suggests that the effect of monetary policyirdtation goes via the marginal cost.
However, if the marginal cost (the output gap) daksct inflation, the monetary policy can
influence inflation only via its credibility andsiteffect on inflation expectations. This claim
seems plausible for the inflation targeteFsnally, if inflation dynamics of the current EMU
members is consistent with the NKPC, it is of aeatdifferent nature than inflation dynamics
of the NMS (at least the four countries that weralgzed here). While the former is marginal
cost driven and forward-looking, the latter hasmaportant backward-looking component and
is forced by external factors. Nevertheless, gitteat prices in the NMS seem to adjust to
prices in the Euro area and that the central bahkse NMS have gained credibility over the
last decade, it is likely that inflation dynamidstilke NMS will converge to the current EMU
members as well. Therefore, an interesting agead#é future research can be to evaluate
inflation dynamics of the NMS in time-varying framerk. This could allow testing whether
the forward-looking component truly strengthensd(amflation persistence decreases) as a
result of a more credible monetary policy or whetthe external inflation factors gradually

displace the domestic ones (as the globalizatigothesis suggests).

(e.g. changes in the steady-state inflation rateqdcounted for, the backward-looking inflation pament
dissipate.
%% This is consistent with finding of Stavrev (2009).
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Appendix: The data

The inflation rateis measured by the harmonized consumer price id&Pl, 2005=100,
Eurostat, quarterly data were obtained as averafjdse corresponding seasonally adjusted
monthly data). The quarterly inflation rate deriviedim the implicit GDP deflator (Eurostat,
2000=100), which is usually employed in empiricdudses, presents some unusual
developments (see Figure A?f)However, both monetary policy and inflation exjgdicins

of private subject are usually defined in termsafsumption based indices. Moreover, CPI
inflation is even more relevant in small open ecuies that are highly exposed to imports
(Gali and Monacelli, 2005 derive open-economy NKRGerms of CPI inflation). We use
yearly (year-on-year) and quarterly (quarter-onrtgra inflation rates. The analysis with the
latter is not presented here but it is commentecimah is available upon requédtor the
Czech Republic and Poland, we use additionallytierinflation expectations survey data on
the CPI inflation expectation of the financial matriparticipants (4 quarters ahead, quarterly
frequency calculated as simple mean of monthly)datata come from Czech and Polish
National BanksThe foreign inflation rates measured by the inflation rate in the Euro area.
The same source and procedures are used as iofdghsedomestic inflation rates.

The wage inflations approximated by two measures. (i) The unit |atmst index (OECD,
2000=100, total economy) that is calculated agatie of (nominal) total labor cost and the
real output (both in national currency). (ii) Thabor cost index reported by Eurostat
(2000=100) which includes the total labor costsirnt@amponents of wages and salaries (e.g.
bonuses) and non-wage costs (e.g. social conwiijti The wage inflation is calculated as

either yearly or quarterly change of each index.

The real marginatost is proxied by the real unit labor cost. We t¥8o measures of the real

unit labor cost: (i) the (log) unit labor cost ikd@ECD 2000=100, total economy) deflated
by price index (HCPI) and (ii) the (log) ratio dfet nominal total compensation to employees
and the nominal GDP (Eurostat, both series in eamd disaggregated from the annual

%8 See quarterly change of GDP deflator of Hungar2df2 and Poland in 1999. The series of yearly tiofia
rates from GDP deflator and HCPI are strongly dategl.

29 Assenmacher-Wesche and Gerlach (2008) arguentitetion-forcing variables can vary according téidtion

frequency. In particular, inflation at high frequgn(quarterly) is linked to the output gap whilee tlow-

frequency fluctuations (horizon of several years) driven by monetary factors. In our case, quigriaflation

rate may be influenced by price shocks while therlyenflation rates affected by the real econoagtvity (the
marginal cost, the output gap).
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frequency by Ecotrim software by Eurostat). Theiagen from the steady state is defined as
a deviation from the sample mean and as a devi&tom HP trend.

The output gaps measured as follows: (i) as the difference ketwthe logarithm of the
current value of the seasonally adjusted GDP (iians of euros in 1995 prices, Eurostat)
and the trend value obtained by Hodrick-Preschigrf(the smoothing parameter set to 1600)

and (ii) as direct measure calculated by the OE€mbans of production function approach.

The unemployment ratés standardized unemployment rate (Eurostat, takdi from
monthly frequency, seasonally adjusted).

The import pricesare proxied by two measures: (i) the ratio of impeaalue and import

volume indices (Eurostat, 2000=100, disaggregatech the annual frequency by Ecotrim)
and (ii) the ratio of imports in current pricesitaports in constant prices (OECD, in national
currency, quarterly data calculated as averageca$aally adjusted monthly series). The

yearly or quarterly change of each index are useddtimation.

The oil priceis measured by average quarterly world price afdbaof crude in USD
(quarterly prices are calculated as average froekiyevalues), data comes from US Energy

Information Administration. The yearly or quartedigange is used for estimation.
The exchange rates the nominal effective exchange rate index (Etatp against 12 main

trading partners, 1999 is the base year). The yeardjuarterly change of the index is used for

estimation.
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Figure A.1l: Yearly inflation rates (left) and annuaized quarterly inflation rates (right) derived from

HCPI (solid line) and GDP deflator (dotted line)

154

104

T T T T T T T T T
98 99 00 01 02 03 04 05 06 07

[— D(LOG(HCPI3POL_SA)400 - D(LOG(HCPI12POL))*400 |

35

30

254

20

154

104

T T T T T T T T T
98 99 00 01 02 03 04 05 06 07

[— D(LOG(HCPI3SVK_SA)*400 - D(LOG(HCPI12SVK))*400 |

32



14 16

T T T T T T T T T T T T T T T T T T
98 99 00 01 02 03 04 05 06 07 98 99 00 01 02 03 04 05 06 07

[— HCPu3iCZE —— HCPIGCZE | [— HCPu31POL - HCPIGPOL |

Figure A.2: Yearly rates HCPI inflation (solid line) and inflation expectations 12 months ahead by
financial markets (dotted line) — the Czech Repubti (left) and Poland (right)
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