A Service of

ECOMNZTOR pr

Make Your Publications Visible.

Leibniz-Informationszentrum
Wirtschaft

Leibniz Information Centre
for Economics

Eickmeier, Sandra; Moll, Katharina

Working Paper

The global dimension of inflation - evidence from factor-

augmented Phillips curves

ECB Working Paper, No. 1011

Provided in Cooperation with:
European Central Bank (ECB)

Suggested Citation: Eickmeier, Sandra; Moll, Katharina (2009) : The global dimension of inflation -
evidence from factor-augmented Phillips curves, ECB Working Paper, No. 1011, European Central

Bank (ECB), Frankfurt a. M.

This Version is available at:
https://hdl.handle.net/10419/153445

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/153445
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

&

EUROPEAN CENTRAL BANK

EUROSYSTEM

WORKING PAPER SERIES



=4

EUROPEAN CENTRAL BANK

EUROSYSTEM

WORKING PAPER SERIES
NO 1011 / FEBRUARY 2009

THE GLOBAL DIMENSION
OF INFLATION - EVIDENCE
FROM FACTOR-AUGMENTED

PHILLIPS CURVES'

by Sandra Eickmeier? and Katharina Moll®

In 2009 all ECB This paper can be downloaded without charge from

publications . -
feature a motif http://www.ecb.europa.eu or from the Social Science Research Network
taken from the A .
€200 banknote. electronic library at http://ssrn.com/abstract_id=1260905.

I We are grateful to Jorg Breitung, Matteo Ciccarelli, Stefan Gerlach, Heinz Herrmann, Johannes Hoffmann, Mathias Hoffmann,
Massimiliano Marcellino, Dieter Nautz, Fabrizio Zampolli, an anonymous referee as well as participants of the |0th
Bundesbank Spring Conference on “Central Banks and Globalisation” and of a seminar at the Reserve

Bank in New Zealand for helpful comments and discussions. Parts of the paper were written while

Sandra Eickmeier was visiting the ECB. The views expressed in this paper are those of the

authors’ alone and do not necessarily reflect the views of the Deutsche Bundesbank,

its staff or the European Central Bank.

2 Corresponding author: Deutsche Bundesbank, Economic Research Center, Wilhelm-Epstein- StraBe 14,
60431 Frankfurt am Main, Germany; e-mail: sandra.eickmeier@bundesbank.de

3 Johann Wolfgang Goethe-Universitat Frankfurt, Senckenberganlage 31, 60325 Frankfurt am Main,

Germany; e-mail: kmoll@wiwi.uni-frankfurt.de. This paper was written while the

author was visiting the Deutsche Bundesbank.



© European Central Bank, 2009

Address
Kaiserstrasse 29
60311 Frankfurt am Main, Germany

Postal address
Postfach 16 03 19
60066 Frankfurt am Main, Germany

Telephone
+49 69 1344 0

Website
http://www.ecb.europa.eu

Fax
+49 69 1344 6000

All rights reserved.

Any  reproduction,  publication and
reprint in the form of a different
publication,  whether  printed  or
produced electronically, in whole or in
part, is permitted only with the explicit
written authorisation of the ECB or the
author(s).

The views expressed in this paper do not
necessarily reflect those of the European
Central Bank.

The statement of purpose for the ECB
Working Paper Series is available from
the ECB website, http://www.ecb.europa.
eu/pub/scientific/wps/date/html/index.
en.html

ISSN 1725-2806 (online)



CONTENTS

Abstract

Non-technical summary

1
2
3

0 39 N W

Introduction
Methodology

The international comovement
of inflation rates and their determinants

Baseline regression results
4.1 Mean group estimates
4.2 Individual countries

Robustness checks and other variables
Globalization and estimated coefficients
Factor-augmented monetary policy rules

Conclusion

Appendices

References

Tables and figures

European Central Bank Working Paper Series

N o 1 B

3
3
14

5
19
21
23
25
28
32
42

ECB

Working Paper Series No 1011

February 2009




Abstract

We examine the global dimension of inflation in 24 OECD countries between 1980 and 2007
in a traditional Phillips curve framework. We decompose output gaps and changes in unit
labor costs into common (or global) and idiosyncratic components using a factor analysis and
introduce these components separately in the regression. Unlike previous studies, we allow
global forces to affect inflation through (the common part of) domestic demand and supply
conditions. Our most important result is that the common component of changes in unit labor
costs has a notable impact of inflation. We also find evidence that movements in import price
inflation affect CPI inflation while the impact of movements in the common component of the
output gap is unclear. A counterfactual experiment illustrates that the common component of
unit labor cost changes and non-commodity import price inflation have held down overall
inflation in many countries in recent years whereas commodity import price inflation has only
raised the short-run volatility of inflation. In analogy to the Phillips curves, we estimate
monetary policy rules with common and idiosyncratic components of inflation and the output
gap included separately. Central banks have indeed reacted to the global components.

Key words: Inflation, globalization, Phillips curves, factor models, monetary policy rules

JEL classification: E31, F41, C33, C50
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Non-technical summary

The global dimension of inflation recently attracted major interest among academics and
policy makers due to two observations: low inflation rates in many countries in recent years
(and until very recently) which coincided with an ongoing globalization process and strong

international comovements of inflation rates.

In this paper we shed light on the global dimension of inflation. We decompose inflation and
its determinants in 24 OECD countries between 1980 and 2007 into common and
idiosyncratic components using factor analysis. Of the determinants of inflation we consider,
among others, the output gap and changes in unit labor costs. (We also consider movements
in import prices as global determinants and distinguish between commodity and non-
commodity import prices.) We assume that movements in the common components can result
from global shocks or from foreign shocks that are transmitted to the domestic economy. We
assess the relevance of the common components. We then examine the impact of global

determinants on inflation in a traditional backward-looking Phillips curve framework.

The main contribution of the paper is to introduce the common and the idiosyncratic
components of the output gap and changes in unit labor costs separately in the regression
equations. Unlike previous studies which directly introduce for example the foreign output
gap in Phillips curves, we allow global forces to affect inflation also indirectly through (the

common part of) domestic demand and supply conditions.

We find relatively small effects of movements in import price inflation and the common
component of the output gap on inflation. A greater impact comes from movements the
common component of changes in unit labor costs. Coefficients vary considerably across
countries. A counterfactual experiment illustrates that the low rates of changes in the common
components of unit labor costs and non-commodity import prices have held down overall
inflation in several countries in recent years. Evidence that the importance of global/national

determinants of inflation rises/decreases with a country’s degree of openness is weak at best.

Our results imply that monetary policy makers need to carefully monitor global forces when
assessing and predicting inflation. In analogy to the Phillips curves, we estimate monetary
policy rules with common and idiosyncratic components of inflation and the output gap
included separately. Central banks have indeed reacted to the global components in recent

times.
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1. I ntroduction

Due to two observations the global dimension of inflation has recently attracted major public
interest. (1) The first observation is that inflation rates in many countries were quite low by
historical standards in the last few years and until very recently. At the same time,
globalization — defined as an ongoing process of integration through trade, financial markets
and labor markets — proceeded. Observers speculate about whether globalization is
responsible for low inflation rates and provide several arguments in favor of this hypothesis
(see IMF 2006, Thrig et al. 2007 and Deutsche Bundesbank 2007 for comprehensive
overviews). The increased entry of emerging countries in global markets which are able to
produce at low costs could have held down import price inflation. Technological advances are
spurred by international competition, which puts pressure on firms to innovate. Moreover,
open economies specialize in relatively efficient sectors, which should lead to productivity
gains. In addition, greater international competition, together with mobile labor and the
possibility for firms to relocate production abroad, will contain wage claims and, hence,
inflation. (i1)) The second observation is reflected by Figure 1 which shows quarterly CPI
inflation rates in 24 OECD countries since the 1980s. During the entire sample period,
inflation rates are strongly correlated across countries with mean and median bivariate
correlations of 0.56 and 0.61, which clearly suggests that inflation has a global component.
These two observations initiated research in academic and policy institutions which tries to

understand the global dimension of inflation, and the present paper fits in this research.

We analyze the global dimension of inflation in a traditional, backward-looking Phillips curve
model. Such a model typically explains inflation with domestic demand and supply conditions
such as the output gap and cost push terms capturing productivity developments, input prices
and labor market developments. Work based on closed-economy Phillips curve models,
however, disregard that these factors are not only determined nationally but also globally. IL.e.
they are typically affected by national shocks, but also by global shocks which hit different
economies simultaneously or with some lag or by shocks that occur in one country but are
then transmitted to other countries. The impact of global or foreign shocks on domestic
inflation varies with the type of shocks (e.g. supply, demand or monetary shocks) and their
relevance (also in relation to national shocks) with their (relative) frequencies and size, but
also with the strength of transmission. The latter in turn depends a country’s integration in the

world economy.

In section 2 of this paper, we explain the methodology. In section 3, we document the
international comovement of inflation rates and of major determinants of inflation in 24
OECD countries between 1980Q3 and 2007Q1. We decompose them into global or common
components and idiosyncratic components using factor analysis and assess how much of the
variance is explained by the common factors. In section 4, we then estimate modified

traditional Phillips curves. In our baseline specification, inflation is regressed on past inflation
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and non-commodity and commodity import price inflation. Moreover, we include the
common and idiosyncratic components of output gaps and unit labor cost changes separately.
We focus on the coefficients of global variables/components in the inflation equations, i.e.
import price inflation and the common components of the output gap and changes in unit
labor costs, and address questions such as: Are global variables/components able to explain
domestic inflation? How important are they relative to country-specific determinants of
inflation? In various robustness checks, we also consider in section 5 other possible

determinants such as a proxy of foreign competition and monetary credibility.

Sections 2 to 5 constitute the main part of our paper. They are complemented by two
additional exercises. In section 6, we examine whether the influence of global/national
components/variables increases/decreases with openness. We provide cross-sectional and
time-series evidence. In section 7 finally, we estimate, in analogy of the Phillips curves,
monetary policy rules with common and idiosyncratic components of inflation and the output
gap included separately to assess whether monetary policy makers have in the past reacted to

the global components of inflation and output.

Our paper is related to several papers which have analyzed empirically the global dimension
of inflation. Based on traditional or micro-founded New Keynesian Phillips curve
frameworks, previous papers have investigated the role of foreign output gaps (or capacity
utilization), import price inflation and/or other global variables such as changes in the terms
of trade, exchange rates and other measures of relative prices, foreign inflation, a measure of
foreign competition and import shares for domestic inflation (which allows to verify the first
observation (i)). Borio and Filardo (2006), Ihrig et al. (2007), Pain et al. (2006), Mody and
Ohnsorge (2007), Gerlach et al. (2008), Ball (2006), IMF (2006), Calza (2008), Gamber and
Hung (2001), Tootell (1998) apply traditional Phillips curve frameworks to panels of
developed countries or individual developed countries. Batini et al. (2005), Balakrishnan and
Lopez-Salido (2002), Gali and Lopez-Salido (2002), Razin and Yuen (2002), Gadzinski and
Hoffmann (2008), Calza (2008), Dées et al. (2008), Leith and Malley (2007) and Rumler
(2007) all employ New Keynesian setups.

Borio and Filardo (2006) find positive and significant effects of foreign output gaps on
domestic inflation between 1985 and 2005 in almost all 15 industrial countries they consider
(an exception being Germany) and the euro area. Their finding is confirmed for the US and
the sample period 1971 to 1999 by Gamber and Hung (2001). Thrig et al. (2007) and Gerlach
et al. (2008) show that this result is, however, not robust with respect to the measurement of
the foreign output gap, to other variables included in the equation and to the estimation period
considered. It is therefore not surprising that the other papers find either no or only a very

weak influence of foreign output gaps on domestic inflation or results which are not robust
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with respect to the specification. Results regarding import price inflation' and other global
variables” are also not robust with respect to the sample period and the specification. Based on
Phillips curve setups, some papers also analyze whether the parameters, for instance the
sensitivity of inflation to fluctuations in the domestic and foreign output gaps (cf. IMF, 2006,
Gadzinski and Hoffmann 2008, Ihrig et al. 2007, Ball 2006) or in import price inflation (cf.
Ihrig et al. 2007, IMF 2006) have changed over time and whether globalization is responsible

for these changes, with inconclusive results as we will discuss below.

Another literature strand has recently emerged (dealing with observation (ii)). Ciccarelli and
Mojon (2008), Mumtaz and Surico (2008) and Monacelli and Sala (2007) employ dynamic
factor models to assess the degree of international comovements of inflation rates by
decomposing inflation into common (or global) and idiosyncratic components. They find

considerable synchronization between inflation rates.

The main contribution of our paper is to divide major inflation determinants — namely the
output gap and changes in unit labor costs in our baseline specification — into common and
idiosyncratic components and to include these two components separately into the Phillips
curve. Given the very inconsistent results from the Phillips curve literature on the impact of
global determinants on domestic inflation, we believe that it is useful to provide additional
evidence. Moreover, to that extent, we merge the two literature strands presented above (the
Phillips curve literature and the factor applications). The common components may reflect
global shocks (as defined above) or spillovers. The possibility that the common components
are governed by correlated shocks, for instance similar policies, cannot be ruled out, either.
Movements in the common components of the output gap or changes in unit labor costs hence
have to be interpreted as movements in the domestic output gap or changes in unit labor costs
due to global forces (or correlated shocks). It is important to notice that this is different from
including the foreign and the domestic output gaps in the equation, where both can vary due
to global forces. In this respect, we do justice to those who criticize the literature which
includes foreign output gaps in Phillips curve equations and who argue that foreign demand

conditions should affect domestic inflation through their effect on the domestic output gap or

! Positive effects of import price inflation on domestic inflation are found by Balakrishnan and Lopez-Salido
(2002) for the UK, Gali and Loépez-Salido (2000) for Spain, Gamber and Hung (2001) for the US, IMF (2006)
for a panel of eight developed countries, Pain et al. (2006) for 21 developed countries and Rumler (2005) for
nine euro-area countries and the euro-area aggregate. Ihrig et al. (2007), Gerlach et al. (2008) and Batini et al.
(2005) show that these results are not robust.

2 While Balakrishnan and Lopez-Salido (2002) and Mody and Ohnsorge (2007) find a significant impact of
changes in the terms of trade and the nominal effective exchange rates on inflation in the UK and in 25 members
of the European Union, respectively, Batini et al. (2005) shows that real oil price inflation does not robustly
affect inflation in the UK across specifications. The latter authors also find that foreign competition significantly
lowers inflation in the UK in only one out of six specifications. Dées et al. (2005) find no significant role of
foreign inflation for domestic inflation in their entire sample of 26 developed and developing countries and the
sample period 1980-2003, but they find a significantly positive impact when Latin American countries are
excluded from the sample as well as for the US. The latter findings, however, disappear when domestic interest
rates are introduced in the equation. Romer (1993) shows a significantly negative effect of the import share on
inflation for his sample of 114 developed and developing countries between 1973 and 1992. The import share
turns, however, insignificant when a reduced sample of OECD countries is considered only.
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on import prices (Gerlach et al. 2008; see also the discussion in Ihrig et al. 2007) or that
inflation depends on firms’ marginal costs which depend on their own output and not foreign
output (Ball, 2006). Our approach allows global shocks to affect domestic inflation through

domestic demand and supply conditions.

Another advantage over previous approaches is that common and idiosyncratic components
are orthogonal by construction, which alleviates the multicollinearity problem. Moreover, our
approach allows us to consider additional international dimensions of inflation. Besides
business cycle fluctuations due to common shocks we focus on global movements in labor
markets and productivity by including the common component of changes in unit labor costs
in our baseline equation. Later on, we will also consider the role of monetary credibility and
disentangle common and idiosyncratic components of this measure and foreign competition
(which affects the markup).

2. M ethodology

Our empirical analysis is based on quarterly data for N =24 OECD countries observed from
1980Q3 to 2007Q1.° In a traditional backward-looking Phillips curve framework a la
Rudebusch and Svensson (1999, 2002), inflation can be described as:

4 _ 4 4 4
Ap, = Z aUApn_j +By, + Z yijAulcit-j + Z @inmcit_j + Z ¢iinmncﬁ_j +e,, (1)
=1 j=0 Jj=0 j=0

where Ap, is the log (quarter-on-quarter) difference in the CPI of country i which is
regressed on past inflation, on the output gap (measured as the Hodrick Prescott (HP)-filtered
real GDP) (y,), log differences of unit labor costs (Aulc,) and commodity and non-
commodity import prices (Aimc, and Aimnc,). A detailed description of the data can be
found in Appendix A. We follow most of the literature and consider the output gap at only

one point in time. The results do not change much if we include output gaps at lags 0 to 1 —4.

Such a framework was originally designed to describe the inflation process, and variations of
it are popular in the literature. Past inflation captures the persistence in the inflation process
that could potentially be caused by structural rigidities or inflation expectations of backward-
looking agents. Demand conditions are reflected by the output gap and supply shocks by
changes in unit labor costs and import price inflation. We have included commodity and non-
commodity import price inflation separately since the effects of globalization on inflation
through these two channels can differ: production from low-cost countries lowers non-
commodity import prices, whereas the increased demand from emerging markets raises

commodity import prices, the net effect being unclear.

3 We are unable to conduct the analysis for a longer sample. Longer time series are not available for many
countries we consider.
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It should be kept in mind that the traditional Phillips curve framework is a reduced-form
model and hence needs to be interpreted with care. In spite of this drawback, we prefer a
traditional Phillips curve model to a fully micro-founded forward-looking New Keynesian

Phillips curve model since the latter has been shown to be a poor fit with the data.*®

Let us, nevertheless, consider the relationship between our specification and the New
Keynesian Phillips curve. In the latter setup inflation depends on real marginal costs. Real
marginal costs are often approximated by the output gap, since they have been shown to be,
under certain circumstances, proportional to the output gap (Rotemberg and Woodford 1997).
However, potential output, and therefore the output gap, are measured imperfectly. This as
well as labor market rigidities and imported intermediate inputs in production may break
down this relationship and make the output gap an imperfect proxy of real marginal costs.
Moreover, as argued by Gali and Gertler (1999), while marginal costs directly account for the
effects of productivity gains on inflation, this is often not the case for the simple output gap
measure. This provides a rationale for including, besides the output gap, changes in unit labor
costs and import price inflation in the equation. Other papers including the output and
changes in unit labor costs are, for example, Mody and Ohnsorge (2007), Lown and Rich
(1997), Batini et al. (2005) and Borio and Filardo (2006). Below, we provide robustness
checks with respect to the exclusion of either of the three measures.

Lastly, it should be kept in mind that the parameters in equation (1) are reduced-form
parameters. They are, however, functions of the structural parameters. Most importantly, the
slope of the New Keynesian Phillips curve depends negatively on the degree of price
stickiness, which can be affected by openness. This will be relevant when we assess

parameter changes below.

We now turn to our baseline specification in which we include the idiosyncratic and the
common components of the output gap and changes in unit labor costs separately in the
equation. A price-setting firm from country i may respond differently to economic
fluctuations that affect all international competitors than to fluctuations affecting only
national firms. In the former (unlike the latter) case, the firm plausibly takes into account

possible repercussions of its foreign competitors’ reactions and spillovers from abroad.

Our baseline equation is as follows:

4 4 4
Ap, = 2 0D, + By + 7y + D SyAule  + 3 g Aulc +
Jj=1 J=0 J=0

4 4 , 2)
z XAime, ; + Z @;Aimne,_; +e,

J=0 Jj=0

* As argued by Gali and Gertler (1999), the New Keynesian Phillips curve cannot fully capture the persistence of
inflation. Moreover, it implies certain lag-lead-relationships between inflation, the business cycle and the labor
income share which are at odds with the data. In addition, as already argued by Rudd and Whelan (2005, 2006)
expected future inflation is a black box. For this reason, we omit expected inflation from the equation.

> We would have liked to consider survey-based inflation expectations. Those are, however, only available for a
too short time span in most countries.
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where y and y:° are the idiosyncratic and the common components of the output gap, and

Aulcl and Aulc the corresponding components of changes in unit labor costs.

The common and idiosyncratic components of a specific series x, — in our baseline case, x,
can be y, or Aulc, — are obtained by factor analysis. Let us suppose that x, can be described

as follows:
__ ..cc ic _ax1pex ic
Xip = Xy +xit - }”i ft +xit > (3)

where f* and A are rxl vectors of common (global) factors and factor loadings,
respectively. The common components x;° are orthogonal to the idiosyncratic components
x, . The common factors of x, =[x, - x,]|' are estimated as the first r principal
components of XX', where X = [xt XT]', ie. £ =Tv , Where T' denotes the number
of observations, v is the T xr matrix of eigenvectors corresponding to the first »
eigenvalues of XX', an esﬁi\mate of the »x N matrix of factor loadings Xf Z[/L’f /1;}' is
given by X/T .° Hence, X, = 71;‘ ‘ftx. Estimates of the idiosyncratic components are obtained
as ;j} =X, -;,‘t\‘ . The common and idiosyncratic components in equation (2) are replaced by

their estimates.

The principal component analysis is applied, as usual in the factor literature, to the de-meaned
and standardized (variance =1) data. After decomposing the variables into common and
idiosyncratic components, those components are re-multiplied by the standard deviation of the
corresponding series. This allows us to interpret the coefficients of equation (2) as elasticities.
Some series contain missing observations. The unbalanced panels are converted into balanced
panels by employing the expectation maximization (EM) algorithm, as suggested by Stock
and Watson (2002a). For more details on the EM algorithm, the reader is referred to
Appendix A.

Equations (1) and (2) are estimated as a system using a Seemingly Unrelated Regression
estimator (SUR) (Zellner 1962).” This takes possible correlation between the residuals into
account but allows the coefficients to vary across countries.® A panel estimation which would
require all coefficients to be equal across countries would clearly be more efficient. However,
based on a likelihood ratio test, we had to reject the null of all coefficients being the same
across countries for our baseline equation (2).? Since the data have been demeaned prior to the

estimation, we do not need to include constants in the regression.

6 <A> denotes estimates here and in the following.

7 In spite of having lagged inflation included on the right-hand side, we estimate the equation with least squares
(or SUR). The Nickell bias in dynamic panel analyses is small if T is relatively large, since the bias has the size
O(1/T). For this reason, the bias can be neglected (Judson and Owen, 1999).

¥ In our baseline equation, the absolute correlations of the residuals range from 0.00 to 0.48, and the mean and
median absolute correlations are at 0.16 and 0.15 supporting the estimation with SUR.

® The likelihood ratio test statistic can be computed for our baseline equation (2) as
-2(4, —4,) =-2(10055.70—-11124.55) = 2137.70 , where A, and A, are the log likelihoods of the restricted and the

unrestricted models, respectively. In the restricted model, coefficients do not differ across countries, whereas in
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For the sake of brevity, here and throughout most of the paper (except for subsection 4.2.
where we focus on individual countries’ coefficients) we do not report coefficients for each of
the N countries and lags in our sample. Instead, we provide the mean group (MG) estimators
of all countries’ coefficients and the sums of the lags. Let us suppose the aim is to compute
the MG estimator 6 of any Nx1 coefficient vector 0 = [él éN]' where 9: can be any
estimated coefficient from equations (1) or (2). Let H be a Nx1 vector
H= [N N . N "]J'. Then #=H'6, which corresponds to the simple arithmetic
average of the coefficients, and the r-statistic of @ is computed as 6/ [H'QH]U2 , where Q is

the estimated covariance matrix of 0.

3. The international comovement of inflation rates and their
deter minants

To estimate the common and idiosyncratic components, we need to determine », the number
of common factors driving our panels of variables. Bai and Ng (2002) have suggested formal
information criteria for selecting » which, however, will work only in a setup where
N,T — . Since our N =24 is rather small, we rely on informal criteria and focus on the
variance share explained by the first » factors. Table 1 provides the variance shares explained

by the first five factors of CPI inflation, the output gap and unit labor cost changes.

There is considerable comovement between CPI inflation rates. The bulk (59%) of the
variation is explained by the first factor. The second factor still accounts for 11%, but the
third to fifth factors contribute less to the overall variance of inflation, with shares at 5%, 4%
and 3%, respectively. Table 1 also shows variance shares for individual countries’ CPI
inflation rates. The variance shares explained by the first factor vary notably, from 0.17 in
Mexico to 0.89 in Italy. The second factor explains a relatively small share of inflation in
most countries, but accounts for more than 10% in Australia, Austria, Germany, Iceland,
Korea, Mexico, the Netherlands, Norway and Switzerland, and the third factor still explains
more than 10% in Belgium, Greece, Ireland, Japan, Korea and the Netherlands. Figure 2 (a)
shows the first five factors of (standardized) CPI inflation. Factors are not uniquely identified,
but clearly, the time series of the first factor shows that the disinflation is indeed a global
phenomenon. The first factor is also highly correlated with the simple unweighted average of

all inflation rates; the correlation coefficient is 0.9995.

We now turn to the determinants of inflation. The bulk of the overall variation of the output
gap and changes in unit labor costs is also explained by the first factor. Interestingly, the share
explained by the first factor is lower for the output gap (35%) than for CPI inflation. The

second factor still accounts for 16% and is perhaps not negligible when explaining inflation.

the unrestricted model, all coefficients are allowed to vary across countries. The test statistic exceeds the critical
values at all usual significance levels. This is in line with previous studies; cf. IMF (2006), Borio and Filardo
(2006), and Pain et al. (2006).
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This suggests that there are other reasons for inflation comovements besides business cycle
comovements. Changes in unit labor costs in the various countries also comove quite
strongly: one factor explains 41% of the variation. The second factor still accounts for 8% of
the variation. The second factors of the output gap and changes in unit labor costs also play
some role in a number of countries explaining more than 40% in Australia, Canada and the

US (output gap) as well as in the Netherlands (unit labor cost changes).'’

Overall, one factor accounts for the bulk of variation in CPI inflation and its determinants, but
the second factor seems to explain a non-negligible part as well, in particular of the output
gap and for some countries also of changes in the unit labor costs. Therefore, in the following,
the output gap and changes in unit labor costs are decomposed into common and idiosyncratic
components based on two factors. Another rationale for doing so is that common and
idiosyncratic components are still estimated consistently if the number of factors is
overestimated, as opposed to underestimated (Stock and Watson, 2002b; Kapetanios and
Marcellino, 2003). Finally, when decomposing the output gap and unit labor cost changes into
common and idiosyncratic components based on one factor and estimating equation (2) based
on this decomposition, it turns out that the common component of the output gap is
insignificant in the baseline regression equation, whereas — as we will see in the next section —
it is significant when the decomposition is made based on two factors. This indicates that the
second factor of the output gap has some explanatory power for inflation and supports our
decomposition based on two factors. Notice that our focus on two factors differs from
Ciccarelli and Mojon (2008), Mumtaz and Surico (2008) and Monacelli and Sala (2007) who
only consider the first factor of inflation; however, those authors also mainly focus on

inflation itself and not so much on the determinants of inflation.

4. Baselineregression results

4.1. Mean group estimates

We start by estimating equation (1) (specification (1), ‘NO FACTORS’). Table 2 shows that
all variables are highly significant and enter with the expected sign. Specification (2),
‘BASELINE’ is our baseline specification, into which common and idiosyncratic components
of the output gap and changes in unit labor costs are included separately. The common
components of both the output gap and unit labor cost changes enter the equation
significantly. The coefficients are positive and exceed the coefficients of the idiosyncratic
components. While differences between the coefficients of the two components of changes in

unit labor costs are significant as suggested by a Wald test (test statistic: 67.50), the null

1% The correlation between the first factor of the output gap and changes in unit labor costs and their simple
unweighted averages is also very high: 0.9800 and 0.9983, respectively.
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hypothesis of equal coefficients cannot be rejected for the two components of the output gap
at the 5% significance level (Wald test statistic: 3.36).

The remaining variables also affect inflation significantly. The pass-through of commodity
and non-commodity import price changes to inflation amounts to 0.03 and 0.10, respectively,
which is rather low, but magnitudes are in line with those found in other studies (Gerlach et
al. 2008, Thrig et al. 2007; Borio and Filardo 2006). The difference between the coefficients of
the two import price inflation variables is significant: the Wald test statistic is at 27.80. This
result is consistent with Pain et al. (2006). Finally, inflation is quite persistent with a
coefficient of past inflation of 0.41. Overall, global forces seem to affect domestic inflation
through the common components of changes in unit labor costs and the output gap as well as

movements in import price inflation.

4.2. I ndividual countries

As pointed out in section 2, the likelihood ratio test suggests that coefficients differ across
countries. It may therefore be instructive to look at regression results for individual countries.
Let us focus on the global variables/components. Table 3 shows that the coefficient of the
output gap‘s common component is positive and significant in Australia, Canada, Denmark,
Finland, New Zealand, Norway, Switzerland and the UK. These countries dominate
insignificant or — in the case of France — even negative significant coefficients of the common
components in the other countries and lead to a positive and significant mean group
estimator.'' The common components of unit labor cost changes enter the equations
significantly and with a positive sign in all countries except for Austria, Denmark, Germany,
Ireland, Italy, Korea, the Netherlands and the US. We also find a significant commodity
import price pass-through in Austria, Belgium, Canada, Finland, France, Germany, Greece,
Iceland, the Netherlands, Portugal, Sweden and the UK. Non-commodity import price
inflation significantly explains domestic inflation in Australia, Austria, Belgium, Canada,

France, Greece, Iceland, Korea, New Zealand, Portugal, Spain, Sweden and the US.

Next, we examine, in a counterfactual experiment, how much the various regressors have
contributed to estimated inflation over time. We are mostly interested in recent years when, so
the argument goes, globalization and in particular low import price inflation, but also
favorable productivity and labor market developments were responsible for the low inflation
rates. Figure 3 shows, for each country, the contribution of global variables/components for
inflation, measured as the variables/components of interest times the corresponding

coefficient estimates.'> The contribution of the global component of the output gap is

1" Also, our finding of a significant mean group estimator of the coefficient of the idiosyncratic component of the
output gap is due to very large positive and highly significant coefficient estimates for only 4 out of 24 countries
(Finland, Norway, Spain and Great Britain). Idiosyncratic components of the output gaps are insignificant in all
other countries.

"2 It has been taken into account that past inflation is a function of the other explanatory variables in equation (2).
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negligible in all countries except for Australia, Denmark, Finland, Norway, Switzerland and
the UK, where effects are small (panel (a)). By contrast, in a number of countries, the
common components of changes in unit labor costs seem to explain the relatively high
inflation in the first half of the period and the relatively low inflation in the second half of the
sample (panel (b)). This finding is particularly pronounced in Australia, Canada, Finland,
France, Greece, Iceland, Italy, Mexico, New Zealand, Norway, Portugal, Spain, Sweden,
Switzerland and the UK, but not at all present in Korea, the Netherlands and the US. The
decline in unit labor cost changes and its effect on inflation may be due to common
globalization-related trends such as increased migration flows, actual and feared production
relocation as well as other worldwide common structural developments such as composition
shifts away from unionized manufacturing towards services, institutional changes in labor

markets such as lower wage indexation, common technological developments, etc.

Commodity import price inflation shows no major systematic influence on overall inflation in
recent years but only raises the short-run volatility of inflation (panel (c)). By contrast, we
find that non-commodity import price inflation can explain the relatively low inflation rates in
the last few years in Australia, Austria, Belgium, Canada, France, Germany, Greece, Iceland,
Ireland, Korea, Mexico, New Zealand, Portugal, Spain, Sweden and the UK (panel (d)). The
effects are, however, relatively small."® As usual, counterfactual experiments in reduced-form
settings are not without controversy. The Lucas critique applies also here, and interpretation

should not be pushed too far.

5. Robustness checks and other variables

Table 4 shows the results of various robustness checks. Moreover, we have included other

variables which have been considered in the literature and which may also explain inflation.

Removing the components of the output gap and of unit labor cost changes as well as import
price inflation in specifications (3), ‘WITHOUT Y’, (4) ‘WITHOUT AULC’ and (5)
‘WITHOUT AIM’, respectively, leaves the remaining coefficients basically unaffected. This
suggests that possible collinearity due to the simultaneous inclusion of the output gap,

changes in unit labor costs and in import prices is not a problem.

In specification (6), ‘GDP WEIGHTS’, we have used GDP weights instead of equal weights
to compute the MG estimators from individual countries’ coefficients, i.e. H now equals
[a)l_1 o, a)N_l}' where @, denotes the GDP weight of country i and GDPs were
averaged over the period 1980Q3-2007Q1. All coefficients but the constant decline slightly,

and the components of the output gap turn insignificant.

1 Balakrishnan and Lopez-Salido (2002) have also pointed out the fact that traditional Phillips curves (with no
global variables or components included) have tended to overpredict inflation in the recent low inflation, low
unemployment era in the US, the UK and the euro area and have found that taking into account imported
intermediate goods helps to mitigate the problem.
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Previous studies have shown that the US economy leads the rest of the world and that US
shocks are transmitted to other countries to a great extent (cf. Canova and Marrinan 1998;
Monfort et al. 2003; Artis et al. 2007; Dées et al. 2007; Eickmeier 2007; Gerlach et al. 2008).
It may thus well be that movements in the global factors of the output gap and unit labor cost
changes are due partly to US shocks. In this case, the US economy’s common components
would reflect domestic (US) rather than external forces, and this might affect (misleadingly)
mean group estimates of idiosyncratic and common components’ coefficients. We exclude the
US from our sample and re-estimate our baseline equation with 23 countries (specification
(7), ‘WITHOUT USA’). The results barely change. Another interesting question is whether the
US cycle dominates our baseline results. In specification (8), ‘WITHOUT USA AND WITH
US y’ we have inserted in specification (7) the contemporaneous US output gap to capture US
influences and to separate them from other global cyclical developments. The US output gap
does not enter the equation significantly, and the remaining coefficient estimates are basically
unaffected.

One possible problem is that common and idiosyncratic components are generated regressors
which may lead to unreliable standard errors. Stock and Watson (2002a) and Bai and
Ng (2002) have argued that the uncertainty associated with the factor estimates can be
neglected if the factors are extracted from a dataset with large cross-section and time
dimensions. Based on Monte Carlo studies, Boivin and Ng (2006) have shown that factors can
already be estimated very precisely from datasets with about 40 or more variables. Due to
data limitations, we are unable to work with more than 24 countries. To assess the severity of
this problem, we use a bootstrap to take account of the uncertainty associated with the factor
estimates. For details on the bootstrap, see Appendix B. The 95% confidence interval for the
coefficients is provided in specification (9), ‘BOOTSTRAP’. The results remain unaffected.
This suggests that the uncertainty involved with the estimation of the common and

idiosyncratic components is negligible.

As is apparent from Figure 1, most countries have experienced a disinflation which basically
came to an end in the mid-1980s. In order to assess to what extent our results are driven by
the downward trend during the early 1980s, we started our estimation in 1985 in specification
(10), ‘1985-2007°. The overall message remains unaffected. Most coefficients only slightly
decline, except for the coefficient of the common component of the output gap which
increases. However, the idiosyncratic component of the output gap turns insignificant. An
interpretation of the disinflation until the mid-1980s often provided in the literature is that
inflation rates (and other nominal variables) have experienced structural breaks in their means
(cf. Benati and Kapetanios 2003, Corvoisier and Mojon 2005). We follow this literature and
identify structural breaks in the means of CPI inflation, import price inflation and unit labor

cost changes using the sequential multiple breakpoint test suggested by Bai and Perron (1998,
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2003)." In specification (11), ‘STRUCT BREAK’, we account for these shifts by removing the
possibly shifted means from these variables prior to estimation. The equation can also be
interpreted as explaining only higher frequency movements of inflation since the declining
trend will be reflected in the mean series. It is often argued that globalization’s effect on
inflation is merely transitory since, in the medium and long run, monetary policy brings
inflation back to its target. One may therefore expect international influences to have a greater
shorter-run impact. This is only partly confirmed by our estimation results. The coefficient of
the common component of the output gap rises. By contrast, the coefficients of the common
component of unit labor cost changes and non-commodity import price inflation decline.
However, all variables and components remain significant, suggesting that our baseline
results remain robust even after accounting for structural breaks in the means of inflation and

nominal regressors.

In specification (12), ‘UNEMPL RATE’, we replace the output gap with the unemployment
rate. The components enter with the expected negative sign, but are insignificant. In
specifications (13) and (14), ‘PPI’ and 'GDP DEFL’, CPI inflation is replaced with PPI and
GDP deflator inflation, respectively. Interestingly, the import price pass-through is greater for
PPI inflation than for CPI and GDP deflator inflation. Moreover, the idiosyncratic component
of the output gap is insignificant in both specifications, and the corresponding common
component is only marginally significant in specification (13). Overall, the robustness checks
presented in this paragraph suggest that the finding from our baseline that the common
component of demand conditions has significant explanatory power for domestic inflation is

fragile.

We introduce in specification (15), FOR COMP’, imports over GDP as a measure of
exposure to foreign competition. One rationale for this is given by Batini et al. (2005) who
show that, in a New Keynesian Phillips curve framework, if the optimal price of a firm
depends on variable equilibrium markup, so will aggregate inflation. Direct markup measures
for the countries and the sample period considered here are difficult to obtain. Batini et
al. (2005) argue that the equilibrium markup has a cyclical element (which we have already
captured by the output gap) and is also influenced by the extent of competition faced by the
firm in the product market which depends on the weakness or strength of foreign competition.
We find that our proxy of foreign competition dampens inflation significantly.'> Batini et al.
(2005) measure foreign competition by relative prices and argue that, if the world price of
domestic GDP decreases because of an appreciation of the domestic currency, domestic firms
face increased international competition and will tend to lower their equilibrium markup.

They estimate New Keynesian Phillips curves for the UK and find that foreign competition

'* We used the Gauss routines provided by Pierre Perron on his website. The break dates are available upon
request.

' Pain et al. (2006) use a similar variable, the import penetration or import content of domestic demand, to
approximate foreign competition. We have also used their variable, and results are virtually the same.
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lowers inflation, although this result is not robust across various specifications. Following
their approach, we have, alternatively, approximated the degree of competition with a
measure proposed by the OECD which reflects a country’s competitive position and is based
on relative consumer prices (for details on the indicator see Appendix A). That measure has
the expected sign and is significant. In Table 4, we only provide results for imports over GDP,

but make results for the competitiveness indicator available upon request.

In specification (16), ‘OIL SUP’, we introduce oil supply shocks, constructed using a method
proposed by Kilian (2008), who explicitly disentangles oil supply and oil demand effects'®.
Movements in commodity import prices may not only be demand-driven (and therefore at
least partly globalization-driven), but may also reflect oil supply effects. Including oil supply
shocks should help us to isolate movements in commodity import prices related to
globalization from those unrelated to globalization. The oil supply shocks, however, do not
enter the equation significantly, and the coefficient of commodity import price inflation does

not change.

Exchange rate fluctuations are also a major determinant of import prices. To separate the
effects of movements in import prices due to exchange rate fluctuations from those of
movements in import prices due to other reasons, in specification (17),’NEER’ we include
changes in nominal effective exchange rates. We find that an appreciation of the domestic
currency tends to lower inflation, which is consistent with the finding by Honohan and
Lane (2003) and Mody and Ohnsorge (2007), but that the effect is insignificant. The
coefficient of non-commodity import price inflation is barely changed by the inclusion of the

exchange rate changes.

To control for shifts in central banks’ inflation targets and inflation expectations, we introduce
in specification (18), ‘MON CRED’, a measure of monetary credibility in the equation. That
measure is calculated from bond yields (for details see Appendix A) and has been proposed
by Laxton and N’Diaye (2002) and also used by the IMF (2006). We find that monetary
credibility has significantly dampened inflation in the past. The coefficients of most other
variables remain largely unaffected by the inclusion of monetary credibility in the equation.
However, the coefficient of the common component of unit labor cost changes declines

slightly, as does the coefficient of past inflation.

Finally, we also apply a principal component analysis to this measure of monetary credibility
and split it into a common and an idiosyncratic part. Monetary policy is increasingly similar
across countries. The simultaneous tendencies in many countries toward greater independence
of central banks, better communication strategies and improved techniques, as emphasized by
Rogoff (2003), are one aspect of the issue. The fact that central bankers exchange views on a

global level through official meetings, conferences and publications may have contributed to

' We are grateful to Lutz Kilian for providing us with his measure of real economic activity. For further details
on the construction of the oil supply shock measure, see Appendix A.
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a convergence of monetary strategies (Ciccarelli and Mojon 2008). Another aspect is that
globalization itself may have affected monetary policy. Greater competition may lead to more
flexible prices and wages, tempering the real effects of monetary policy. Moreover, it reduces
the wedge between employment and output and their competitive levels which is typically
created by monopolistic power in product and labor markets. Both factors may reduce the
incentive for a central bank to inflate, contribute to greater monetary policy credibility and
lower inflation targets (Rogoff, 2003, 2006). All this will be reflected in the common
component. We find an important global component of monetary credibility, with the first
factor explaining 79% of the variance. The second factor accounts for 7% of the total
variation, while the third to fifth factors explain much less (4%, 4% and 2%, respectively). To
investigate whether the common component or the country-specific component of monetary
credibility matters for inflation, we have included these components separately in the equation
(specification (19), ‘MONCRED F’). Both components enter the equation significantly and

with similar coefficients.'”

We have carried out further robustness checks not presented in Table 4. The results remain
robust (compared to the baseline regression) when we replace CPI inflation with core CPI
(excluding food and energy) or when we compute the output gap as deviations from a
quadratic trend. We have also separately included the common and idiosyncratic components
of past inflation in the equation and find that the persistence of inflation is common rather
than idiosyncratic. The coefficients are at 0.59 and 0.24, respectively. To address possible
endogeneity problems, we have removed the contemporaneous regressors and replaced the
contemporaneous output gap components with output gap components of lag #—1. The

results remain unaffected. These findings are available upon request.

6. Globalization and estimated coefficients

In this subsection, we consider explicitly the role of globalization and try to provide cross-
sectional and time-series evidence on whether the coefficients of global determinants (i.e. the
common components of the output gap, changes in unit labor costs and import price
inflation)/national determinants (i.e. the idiosyncratic components of the output gap and

changes in unit labor costs) increase/decrease with greater openness.

It is unclear a priori how globalization would affect the coefficients. Due to the increased
share of trade in GDP, one may expect the effects of global determinants on inflation to have
increased over time and those of country-specific determinants to have a smaller impact.
However, there are also arguments which lead us to expect that the effects of both global and
national components may change with the same sign. Greater competition makes it hard for

firms to raise prices during booms which would lower the sensitivity of inflation with respect

"7 The results are similar if we only average coefficients across EMU countries.
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to movements in marginal costs and hence flatten the Phillips curve (IMF 2006). By contrast,
if prices become more flexible as a consequence of greater competition, this should steepen
the Phillips curve, as is pointed out by Rogoff (2006). If global competition is more intense
than national competition, the global components’ coefficients can be expected to change
more. To understand the net effect of globalization on the coefficients an empirical

investigation is required.

There is some consensus in previous empirical studies that the sensitivity of inflation to the
domestic output gap has decreased, although no distinction is made between global and
idiosyncratic components. It is, however, unclear whether and to what extent this is due to
globalization. IMF (2006) and Ball (2006) find some support for this hypothesis. Ihrig et al.
(2007) and Mody and Ohnsorge (2007), however, do not confirm their findings. According to
the latter study, however, openness has a significantly negative impact on the effects of
changes in unit labor costs in its sample of European countries. Lastly, there is no consensus
on whether globalization has altered the import price pass-through. While IMF (2006) and
Pain et al. (2006) find evidence in favor of this effect, Thrig et al. (2007) emphasize that it is
unclear whether the coefficient of import price inflation has indeed increased and whether this
is due to globalization. The latter authors interact import price inflation with openness, but
find it to be positive and significant only if the interaction term, and not both the interaction

term and import price inflation itself, are included in the equation.

We first provide cross-sectional evidence based on our baseline estimates. Figure 4 shows no
clear relationship between openness — here measured by imports divided by GDP averaged
over our sample period — and coefficients of either global or country-specific determinants of

inflation.

We then depart from our constant parameter approach and re-estimate our baseline
equation (2) based on a rolling window.'® The reason for this is that globalization is an
ongoing process and may have altered parameter estimates. The time-varying MG coefficient
estimates are provided in Figure 5. We compute estimates based on both 10- and 15-year
rolling windows in order to examine whether results are robust with respect to the width of
the window. Based on the 15-year window it seems that the coefficient estimates are fairly
stable over time. Only the coefficients of import price inflation and the idiosyncratic
component of changes in unit labor costs seem to have come down somewhat. When
estimated based on a 10-year rolling window coefficients are more volatile and it is difficult
to identify clear trends. Only the coefficient associated to the common component of the

output gap visibly tends downward.

Has globalization led to parameter changes? In specification (20), ‘PC SLOPE’, we interact

the components of the output gap and changes in unit labor costs with openness, measured as

'8 Factors were estimated based on the full sample.
"% Time-varying coefficient estimates for individual countries are available upon request.
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imports divided by GDP. To control for the influence of monetary policy, we also interact
these components with monetary credibility.”” The results are mixed. Openness indeed seems
to have increased the impact of fluctuations of the global component of unit labor cost
changes on inflation. However, it has reduced the impact of movements in the global
component of the output gap. The remaining interaction terms with openness involved,
however, are insignificant. Monetary policy credibility has lessened the sensitivity of inflation
to the global component of the output gap and the idiosyncratic component of changes in unit
labor costs, but — surprisingly — increased its sensitivity to the output gap’s idiosyncratic

component.

In specification (21), ‘IM PRICES’, we interact import price inflation with openness and
monetary credibility. Most interaction terms are insignificant except for the interaction term
between openness and commodity import price inflation, which is significantly negative. This
puzzling result suggests that globalization has not led to a greater import price pass-through,
but is compatible with the findings in Ihrig et al. (2007). To investigate whether this result is
driven by the decline in the exchange rate pass-through observed for many countries (cf.
White 2008), we have included exchange rate changes in the equation, yet the results remain
the same. We also re-introduce oil supply shocks in the equation to investigate whether
reduced oil dependence in many industrial countries could have driven this result. The
coefficient of the interaction term of openness with commodity import price inflation is now
insignificant. Lastly, following Ihrig et al. (2007), we have investigated whether
multicollinearity may be a problem and removed import price inflation from the equation,
only leaving the interaction terms; however, contrary to the authors’ findings, the result that
openness has not increased the commodity import price pass-through remains unaffected.
When focusing on individual countries, openness interacted with commodity import price
inflation is positive and significant at the 5% level only in Ireland and with non-commodity
import price inflation in the Netherlands and Sweden and at the 10% significance level in

New Zealand. This issue certainly deserves further investigation.

Overall, results are mixed. One interpretation of our results of sections 4 and 5 is that
spillovers which should depend on openness do not or not only lie behind the common
components, but rather global shocks or internationally correlated shocks, which is consistent
with what Ciccarelli and Mojon (2008) find.

7. Factor-augmented monetary policy rules

Our finding that inflation rates have an important global component and that both import price

inflation and the global component of unit labor cost changes have an important impact on

2 Due to data limitations, we do not capture other possible determinants such as tighter fiscal policy,
deregulation and technological progress here (Rogoff 2003).
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inflation implies that monetary policy makers need to carefully monitor common forces to
successfully assess and predict inflation. To illustrate whether central banks have in the past
(explicitly or implicitly) reacted to the global components of inflation and the output gap
when defining monetary policy, we estimate monetary policy rules for the 1980Q3-2007Q1
period. In analogy to our Phillips curve regressions, we do not estimate forward-looking
monetary policy rules.

We start by estimating a standard monetary policy rule:

Ve = Pitiq

+(1- 5,)83400Ap, +(1- 5,)E 100y, + W, , (4)

where the 7, is the short-term (3-month money market) rate and 400Ap, and 100y, the
annualized CPI inflation rate and output gap, both in percent. The estimation is carried out
with TSLS to avoid endogeneity problems. We follow Clarida et al. (1998, 1999) and use past
regressors (up to lag 4) as well as the past spread between long- and short-term interest rates
and changes in unit labor costs as instruments. The estimation is made for all OECD countries
which are not members of EMU since there has been a single monetary policy in the euro area
since 1999. Under the assumption that euro-area monetary policy is well approximated by
German monetary policy, we have repeated the estimation for all countries except for EMU
countries but including Germany. The results are similar and are available upon request.
Table 6 (specification (22)) shows the cross-country averages of the estimates for p,, gl and
¢,. The output gap and the inflation rate both enter the standard monetary policy rule
significantly. The coefficient of inflation exceeds unity, indicating that the Taylor principle is

satisfied.’!

In specification (23), we include the common and idiosyncratic components of the output gap

and inflation separately in the equation:

= pia + (1= p)(9,400Ap; +7,400Ap; ) + (1- p)(g, 100y +0,100y) +w,,  (5)

and in Table 6 the cross-section averages of the estimates for p,, &, 7,, g

1

and v, are
presented. We allow monetary policy to respond differently to common and idiosyncratic
components, which can be justified with possible repercussions of common shocks on other
countries and other central banks’ reactions to such common shocks on the domestic
economy. Interestingly, the coefficients of the common components of both inflation and the
output gap exceed the coefficients of the corresponding idiosyncratic components. The
standard error of the coefficient of the output gap’s common component, however, is large,

and that component is insignificant at the 5% level. Again, we can assess whether central

*! The output gap coefficient is greater than what is usually found (cf. Clarida et al. 1998, 1999). The reason is
that we compute the output gap throughout the paper as the HP-filtered GDP, whereas in those papers the output
gap is measured as deviations from a quadratic trend. When we replace our output gap measure with deviations
of GDP from the quadratic trend, the size of the coefficient declines and becomes consistent with the coefficients
estimated in Clarida et al. (1998, 1999), but the main message remains unaffected. We therefore continue to
compute output gaps as HP-filtered GDPs.
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banks’ reactions to common and idiosyncratic components are significantly different. The
Wald test rejects the null hypothesis of equal coefficients for the inflation components (test
statistic: 28.75), but not for the output gap components (test statistic: 0.66). We conclude that
central banks reacted significantly to movements in the idiosyncratic component of the output

gap and the common and idiosyncratic components of inflation.

One interpretation of the finding that monetary policy has in the past significantly reacted to
the common component of inflation is that it has reacted to global forces. Again, the
interpretation of our finding that global components matter in monetary rules differs from
findings of studies which augment monetary rules with foreign variables such as exchange
rates and terms of trade and generally do not find an important role for these variables (see
Rogoff 2006 and references therein). With regard to these studies, Rogoff (2006) argues that
“[i]t remains to be shown that there are large gains to separately incorporating the terms of
trade [or exchange rates], once output and inflation already enter the central bank’s rule”. Due
to our approach of considering common and idiosyncratic components of domestic inflation
and output gap, we allow global forces to affect monetary policy instruments through their

impact on the domestic output gap and inflation.

The significant coefficient of the common component of inflation in the monetary rule could,
however, also be due to the fact that the common component may represent a better signal for
monetary policy makers. The common factors have been estimated as weighted averages of
individual countries’ inflation rates. If high-frequency movements have been “averaged out”,
and given the medium-run orientation of central banks, a relatively large coefficient of the
common component may not come as a surprise. As shown in Figure 6, the spectral density
averaged over all countries of the (standardized) idiosyncratic components of both inflation
and the output gap exceeds the corresponding spectral density of the common components at
relatively high frequencies, whereas the opposite holds for lower frequencies. Which of the
two possible explanations for the differing coefficients holds cannot be ultimately clarified

here and is left for future work.

8. Conclusion

The paper has examined the global dimension of inflation in 24 OECD countries between
1980 and 2007 in a traditional Phillips curve framework. Its main contribution has been to
decompose output gaps and changes in unit labor costs into common and idiosyncratic
components based on a factor analysis and to introduce these components separately in the
regressions. This approach differs from previous studies which have included the foreign
output gap in addition to the domestic output gap in the regression, by allowing global forces
to affect inflation through (the common part of) domestic demand and supply conditions. Our
most important result is that the common component of changes in unit labor costs has a

notable impact of inflation. We have also found evidence that movements in import price
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inflation affect CPI inflation while the impact of movements in the common component of the

output gap is unclear.

Our analysis further suggests that coefficients vary considerably across countries. A
counterfactual experiment has illustrated that the common component of unit labor cost
changes and non-commodity import price inflation have held down overall inflation in many
countries in recent years, whereas commodity import price inflation has only increased the

short-run volatility of inflation.

What do our results imply for policy makers? Policy makers need to take global forces into
account when assessing and predicting inflation. As noted by Ciccarelli and Mojon (2008),
neglecting global conditions may severely worsen the quality of forecasts. We have estimated
monetary policy rules with common and idiosyncratic components of inflation and the output
gap included separately. Central banks have, indeed, reacted to the common components of
inflation and the output gap in recent times. Another implication is that policy makers, against
the background of their medium-term focus, should not worry too much about movements in

commodity import prices by itself which only raise short-run volatility.

This paper has uncovered scope for future work. First, the question arises what lies behind the
common component of changes in unit labor costs. The international dimension of labor
markets and productivity growth and their impact on inflation have been largely neglected in
the literature on globalization and inflation. An exception is Jaumotte and Tytell (2008), who
show that globalization has contributed to the decline of the labor income share worldwide.
However, technological progress, and especially the ICT revolution, are found to be another
determinant, although the authors also argue that technological progress and globalization are
not independent. Further work assessing the international forces driving unit labor costs
would be useful. It would also be interesting to embed the hypothesis that globalization has
lowered inflation and that one channel might be productivity and wage dynamics into a fully

micro-founded New Keynesian Phillips curve model, which would facilitate interpretation.
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Appendix A

We consider the following countries in our sample: Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Korea, Mexico,
the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the UK, and
the US.

The variables used throughout the paper are defined as follows. CPI, PPI, GDP deflator and
core CPI inflation are the log quarter-on-quarter differences of the consumer, producer, GDP
deflator price index and the consumer price index without food and energy. The output gap is
obtained by applying a Hodrick-Prescott filter to real GDP. Changes in unit labor costs and in

import prices are log (quarter-on-quarter) differences (of indices in the case of import prices).

The unit labor cost data we use refer to the manufacturing sector. The OECD provides so
called trend-cycle series which it obtains from applying TRAMO-SEATS to the raw series.
Those trend-cycle series can be seen as a smoothed series, where the degree of smoothing is
dependent on the underlying ARIMA model. The OECD recommends the use of trend-cycle
series, arguing that this treatment reduces the volatility of estimated quarter-on-quarter rates
of change and effectively extracts the underlying signal in the raw data. We follow the
OECD’s recommendation and use the trend-cycle data throughout our paper. For a few
countries, only annual data were available, which we interpolated using a quadratic matching
function. Our baseline results do not change if we use seasonal adjusted instead of trend-cycle
series nor if we use seasonal adjusted series for the total economy instead of only the

manufacturing sector.”” These estimations are available upon request.

Break points in the means of CPI inflation, changes in unit labor costs and import price
inflation were estimated using the sequential multiple breakpoint test procedure suggested by
Bai and Perron (1998, 2003). We accounted for the breaks in the means by removing
(potentially) shifted means prior to the estimation. Aneer is an appreciation of the log of the

nominal effective exchange rates. All series are seasonally adjusted.

The estimation of oil supply shocks is based on Kilian (2008), where the reader may want to
look for details. The shocks are estimated from a VAR(24) fitted to the log differences of oil
production, an index of real economic activity which was constructed and provided to us by
Lutz Kilian, and the log of the real price of oil which is also the ordering for the Cholesky

decomposition. The oil supply shocks are the shocks in the oil production equation.

Openness is measured as imports over GDP. As an alternative measure of foreign
competition, we have used the competitiveness positive based on relative consumer prices
provided by the OECD.

> We are grateful to David Brackfield for sending us the unit labor cost data. For details on the data, see
http://stats.oecd.org/metadata/publish.asp?ds=1&co=.ULQBBU.......&lvI=0&forma for details.
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Monetary policy credibility is constructed as in Laxton and N’Diaye (2002):
moncred,, = (rll., — 7l )2/ (rli, — 7l )2 +(rlﬁ —rlil”w)2 , where rl, is the long-term interest
rate in period ¢ for country i, r/"*" denotes the maximum yields of country i over the sample
period and 71" is set to 2%. As argued by Laxton and N’Diaye (2002) that measure is based
on the notion that long-term interest rates contain an inflation premium that may be useful for
identifying periods of low and high credibility of monetary policy. When long-term interest
rates are low (rli, = rlil”w) , the credibility of a low and stable inflation regime is likely to be
high and when long-term interest rates are high (rl,., = rlihigh), credibility is likely to be low.
The functional form is chosen so that the variable lies between 0 and 1. Notice that the
measure is based on the implicit assumption that most of the variation in long-term interest
rates between low and higher inflation regimes was the result of variation in inflation
expectations rather than of variation in the real interest rate. Laxton and N’Diaye (2002) show
for the UK that this is indeed the case. The IMF (2006) also uses that measure in a traditional
Phillips curve framework and argues that, in a sample of advanced countries, the measure
mostly reflects inflation expectations and therefore also the record of previous stabilization
policies and various institutional arrangements, including central bank independence,

transparency and accountability.

As we have pointed out in the main text, some series contain gaps where values are missing,
which we have filled using the EM algorithm. This algorithm involves, in a first step,
extracting factors from datasets which include all time series with missing values where the
latter are replaced with initial estimates. We have taken as initial estimates the unconditional
means of the series. These factors are then used in a second step to obtain improved estimates
of the missing observations. The estimation procedure is repeated until convergence. The EM
algorithm enables us to consider a large number of countries and periods. For more details on
the EM algorithm, the reader is referred to Stock and Watson (2002a). In our baseline
regression equation (2), values are missing only for import commodity and non-commodity
prices for Denmark between 1980Q3 and 1999Q4 which we replaced by estimates. To assess
whether this represents a problem, we repeat the estimation of equation (2) without Denmark.

The results remain the same, however.

German unification is accounted for by applying West German growth rates to the levels of
total German data backwards in the past. All time series are taken from the OECD Main

Economic Indicators and the Economic Outlook.
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Appendix B

This appendix describes the bootstrap used to assess whether and to what extent accounting
for the uncertainty involved with the estimation of the common and idiosyncratic components

matter for the coefficient estimates of the baseline equation (2).

It is assumed that common factors and the idiosyncratic components of the variable x, (here

the output gap and unit labor cost changes), f* and x°, follow VAR(1) and AR(1) processes:
£ =Bf", +¢&, (BI)

xy =b'xy +e&,Vi, (B2)

i “it-1 it>

with E(gf & ') =" and E((g; ) ) =o; . Estimation of equations (Bl) and (B2) yields

estimates for B*, ", I'" and o7 .

We start the bootstrap by drawing &° ~ N(0,1) and &' ~ N(0,67). We generate f* and X
recursively using £“and B*, & and l;l.x , respectively. The factors are normalized to have a
variance of 1. The common components are generated as X, = ?:f 'f* and the variables x, are

= _ gce —ic
generated as x, =X, +x, .

Next, we estimate common and idiosyncratic components of the output gaps and unit labor
cost changes generated in this manner. We then draw from the residuals of the baseline
equation (2), u,, thereby taking into account the cross-section correlation, yielding u, . u,,
the coefficient estimates of equation (2), the generated common and idiosyncratic components
of the output gap and changes in unit labor costs and the true series of commodity and non-
commodity import price inflation and past CPI inflation are used to generate hypothetical
inflation series, Ap,. We replace Ap, with Ap, and y.°, yi, Aulcy and Aulcl with the
corresponding generated components in equation (2). We re-estimate that equation and save
the coefficient estimates. This procedure is repeated 1,000 times. The lower and upper 2.5

percentiles of the coefficients are reported in Table 4 (specification (9)).
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Table 1. Variance sharesof CPI inflation, the output gap and changesin unit labor costs

explained by thefirst five factors

AUS
AUT
BEL
CAN
DNK
FIN
FRA
DEU
GRC
ISL
IRL
ITA
JPN
KOR
MEX
NLD
NZL
NOR
PRT
ESP
SWE
CHE
GBR
USA

Total

1

0.45
0.55
0.71
0.75
0.67
0.80
0.86
0.37
0.62
0.63
0.66
0.89
0.39
0.29
0.17
0.31
0.64
0.44
0.68
0.82
0.68
0.58
0.70
0.57

0.59

CPl inflation

2 3 4

0.21 0.00 0.03
0.14 0.00 0.02
0.02 0.10 0.02
0.00 0.00 0.10
0.01 0.06 0.03
0.01 0.00 0.00
0.00 0.06 0.00
0.34 0.00 0.02
0.04 0.12 0.07
0.11 0.02 0.03
0.01 0.16 0.02
0.00 0.01 0.01
0.06 0.16 0.03
0.15 0.16 0.16
0.57 0.03 0.01
0.38 0.11 0.00
0.09 0.00 0.08
0.19 0.00 0.07
0.04 0.01 0.14
0.02 0.01 0.02
0.00 0.09 0.02
0.10 0.08 0.01
0.01 0.04 0.00
0.08 0.03 0.08

0.11 0.05 0.04

5

0.05
0.01
0.01
0.00
0.02
0.03
0.01
0.04
0.01
0.04
0.00
0.02
0.05
0.13
0.00
0.00
0.00
0.07
0.00
0.00
0.00
0.11
0.01
0.02

0.03

0.16
0.42
0.80
0.32
0.06
0.53
0.56
0.36
0.09
0.08
0.53
0.69
0.28
0.01
0.09
0.62
0.00
0.00
0.36
0.57
0.65
0.69
0.20
0.24

0.35

Output gap

2 3

0.50 0.00
0.22 0.04
0.02 0.00
047 0.00
0.09 0.13
0.06 0.17
0.19 0.04
0.15 0.22
0.01 0.05
0.07 0.00
0.04 0.00
0.00 0.01
0.07 0.02
0.00 0.13
0.05 0.31
0.00 0.16
0.37 0.02
0.21 0.37
0.26 0.13
0.10 0.06
0.07 0.03
0.00 0.08
0.34 0.27
042 0.1
0.16  0.10

4

0.13
0.01
0.01
0.03
0.24
0.01
0.01
0.09
0.00
0.11
0.01
0.05
0.03
0.53
0.21
0.01
0.05
0.13
0.03
0.00
0.05
0.03
0.00
0.03

0.08

5

0.06
0.07
0.01
0.01
0.25
0.01
0.00
0.01
0.10
0.25
0.04
0.01
0.12
0.06
0.04
0.00
0.15
0.04
0.04
0.02
0.04
0.02
0.04
0.00

0.06

0.26
0.29
0.27
0.35
0.49
0.54
0.66
0.37
0.43
0.52
0.35
0.68
0.16
0.33
0.20
0.19
0.30
0.41
0.70
0.54
0.53
0.72
0.21
0.32

0.41

A unit labor costs

2 3 4

0.10 0.00 0.14
0.10 0.18 0.00
028 0.01 0.04
0.04 017 0.13
0.04 0.03 0.07
0.09 0.05 0.00
0.06 0.02 0.03
0.12 0.08 0.14
0.09 0.14 0.00
0.19 0.03 0.03
0.01 002 0.13
0.04 0.00 0.08
0.01 0.16 0.00
0.04 0.00 0.00
0.09 0.02 0.41
049 0.03 0.00
0.02 0.28 0.02
0.01 0.02 0.12
0.02 0.10 0.00
0.01 0.15 0.00
0.00 0.14 0.00
0.01 0.00 0.00
0.03 0.03 0.00
0.06 0.00 0.19
0.08 0.07 0.06

5

0.02
0.03
0.00
0.06
0.00
0.00
0.01
0.04
0.00
0.01
0.02
0.00
0.05
0.28
0.01
0.03
0.09
0.02
0.02
0.02
0.00
0.08
0.39
0.00

0.05

Table 2: Baselineregression results—mean group estimates

(1) (2)
NO FACTORS |BASELINE
coeff tstat coeff
0.51 22.58 0.41
0.04 4.66
0.03
0.07
0.17 10.69
0.12
0.37
0.02 5.38 0.03
0.11 10.53 0.10
0.90 0.91

tstat
15.99

2.59
3.43

6.83
12.61
6.20
8.41

Notes: The sums of the coefficients associated with the indicated lags and the cross-country
average of the coefficients are provided. The estimation is carried out with cross-section SUR. For
details on the estimation and the variables, see the text.
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Table 3: Baselineregression results - individual countries

AUS AUT BEL CAN
coeff tstat coeff tstat coeff tstat coeff tstat
Dpy,...t4 0.46  3.01 047 448| 065 622 026 277
% 0.07 098/ 005 095 0.00 -0.04] -007 -1.29
¥y, 015 299 009 175 -0.03 -067| 007 230
AUIC® 11g 14 010 1.02] 017 259 -0.05 -062 023 3.89
Aulc® 1,14 035 217 016 147 025 277 051 535
AIMC .1, 14 0.03 148] 003 296 0.04 361 0.05 275
AImNe i1, 14 0.1 299 012 219 o011 247 0.09 246
DNK FIN FRA DEU
coeff tstat coeff tstat coeff tstat coeff tstat
APy, b 062 683 019 165 0.01 0.07| 060  6.90
v 0.03  0.91 0.07 3.19] -0.03 -0.48[ -0.01 -0.40
¥y, 022 258 012 502 -010 -2.65 0.06 1.60
AUIC® s 14 0.06 086 -026 -414| 056 6.16| 0.01 0.12
Dulc® 1. 14 009 126/ 046 570 066 643 012 160
NIme 14,14 0.00 023 002 284 002 303 003 271
AIimne t1.4, .14 0.11 127 -0.01 -0.32] 014 291 0.04  0.88
GRC ISL IRL ITA
coeff tstat coeff tstat coeff tstat coeff tstat
Dpy,...t4 046  4.62| 0.01 0.07| 074 10.11 077 952
% 0.06 1.90| -005 -0.87[ -0.03 -0.74| 003 0.77
¥y, 013  1.35 -0.11 -0.81 0.02 0.62| 0.01 0.26
AUIC® 11s 14 026 395 062 569 004 095 002 052
Aulc®™ 14q. 4 035 437 058 555 009 130 015 1.85
AIMC 4,14 0.05 221 010 2.88] 003 183 0.01 0.93
Aimne i1+, .14 016 328 028 389 007 124 002 1.16
JPN KOR MEX NLD
coeff tstat coeff tstat coeff tstat coeff tstat
APy, 14 038 273 052 572 013 092 060 678
v 0.05 0.97| 0.01 0.37| -0.09 -1.00/ 006 1.61
¥y, -0.04 -067| 033 120 -0.34 -167| 0.05 1.51
AUIC® s 14 0.08 132 015 227 o067 523 006 065
Aulc® 14 ca 033 229 -001 -009 085 449 009 157
DIMC 1,14 0.01 0.88] -0.02 -090] 006 128 0.03 3.86
AImne t1.4, .14 0.03 077 006 248 0.1 1.68[  0.01 0.30
NZL NOR PRT ESP
coeff tstat coeff tstat coeff tstat coeff tstat
Dpy,...t4 028 264 029 283 016 147 025 218
% 002 053] 028 444 -002 -0200 015 243
y, 0.15 2.22 0.55 3.95 0.07 121 -0.03 -0.62
AUIC® 11s 14 010 170 -022 -138 019 164/ 006 0.70
Aulc® 14q, 4 042 370 146 493] 042 369 060 4.1
AIMC 1,14 0.01 055 0.02 075 005 231 0.01 1.20
Aimne i1+, .14 0.09 235 002 027 034 530 019 560
SWE CHE GBR USA
coeff tstat coeff tstat coeff tstat coeff tstat
APy, 14 0.31 2.51 065 549 058 6.31 044  4.81
v -0.01  -0.11] -0.01 -0.25| 0.11 252 000 0.10
¥y, 0.04 053] 010 250 014 286 0.04 1.32
AUIC® s 14 0.09 103 -017 -1.34] o011 217 0.01 0.18
Dulc® 14, 14 036 277 023 222 038 279 009 115
DIMC g, 14 0.03 235 0.01 0.79] 0.03 205/ 0.01 1.42
AImne t1.4, .14 014 222 -005 -1.11 0.05 1.46| 007 1.99

Notes: The sums of the coefficients associated with the indicated lags are provided. The estimation
is carried out with cross-section SUR and refers to specification (2).
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Table5: Regression results—interaction terms

(20) (21)
PC slope IM PRICES

coeff tstat coeff tstat
APy, 025 799 042 1581
% 003 1.84| 002 154
v 008 302 005 271
AUIC® 11 4 013 497 012 6.89
AUIC® oy 14 048 1457 035 1287
AIMC o1 eq 003 722 003 570
AImNe 11, 14 013 934 o010 849
y" *imshare , -0.39  -0.62
y" ¢ *moncred, 0.25 2.82
y° *imshare , -1.70 -2.36
vy *moncred -0.31  -2.27
AUIc® 11 q*imshare s .4 022 019
Aulc®, s qa*moncred.s 4 035  -2.71
Aulc® 1.4 1qtimshare s 14 2.52 2.58
Aulc® g wq*moncred s cq -0.20 -1.55
Aimc 1 14 imshare v 14 -0.31 -2.35
Aimcpq, tq*moncredys o4 -0.02 -0.68
Aimncyq . rq*imshare s 14 -0.08 -0.19
Aimnc 4, r4*moncred ;s 14 0.00 -0.03
R2? 0.95 0.95

Notes: The sums of the coefficients associated with the indicated lags and the cross-country average of
the coefficients are provided. The estimation is carried out with cross-section SUR. For details on the
estimation and the variables, see the text.

Table 6: Monetary policy rules

(22) (23)

coeff tstat| coeff tstat
I 0.85 62.85 0.82 53.76
Ap, 1.00 11.25
Ap®, 038 3.25
Ap©, 1.26 13.97
Vi 0.87 2.76
ye 065 2.16
vy, 1.22 1.81
R? 0.86 0.85

Notes: TSLS estimation with cross section SUR weights. The instruments are lags 1 to 4 of the
explanatory variables and the short-term interest rate, the spread between long- and short-term interest
rates and changes in unit labor costs. The countries in the sample are our 24 OECD countries minus
EMU countries. Long-run coefficient estimates are provided. The sample period is 1980Q3-2007Q1.
For details, see the text.
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Figure 1: CPI inflation of all 24 countries

o

'
N

Notes: Standardized (mean = 0, standard deviation = 1) CPI quarter-on-quarter inflation rates of the 24 OECD
countries.

Figure2: Timeseriesof thefirst fivefactors
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(b) Output gap
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(c) Changesin unit labor costs
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Notes: The factors are normalized to be positively correlated with the corresponding US series.
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Figure 3: Contribution of global determinantsto inflation dynamics
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Figure 4: Coefficient estimates and openness
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Figure 5. Time-varying coefficient estimates—mean group

1992 1994 1996 1998 2000 2002 2004 2006

Aulc’®

1992 1994 1996 1998 2000 2002 2004 2006

Aimecp

1992 1994 1996 1998 2000 2002 2004 2006

1992 1994 1996 1998 2000 2002 2004

Aulc®®

2006

1992 1994 1996 1998 2000 2002 2004

Aimncp

1992 1994 1996 1998 2000 2002 2004 2006

Notes: 10-year rolling window (solid), 15-year rolling window (dotted). A coefficient estimate shown for a
specific point in time has been estimated based on the previous 10/15 years.
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Figure 6: Spectral densities of common and idiosyncratic components of CPI inflation
and the output gap
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Notes: Averages over all countries of the spectral densities of the standardized components.
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