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A POLICY-SENSIBLE CORE-INFLATION MEASURE FOR THE EURO AREA

by Stefano Siviero* and Giovanni Veronese*

Abstract

Although the concept of core inflation is apparently well defined and intuitively
appealing, its practical usefulness has often been questioned on at least two accounts: first,
existing core inflation measures are by and large exclusively based on statistical criteria and
thus lack a firm theoretical justification; second, there appears to be no generally accepted
and plausible criterion to assess the empirical performance of competing measures. Both
criticisms are indeed justified. In this paper we propose an approach to build a benchmark
measure of core inflation that aims to overcome those drawbacks. Our measure is based on
a criterion that explicitly treats core inflation as a wholly artificial concept whose usefulness
rests only on its role in defuse inflationary pressures that may be in the pipeline. Our measure is
obtained by conveniently combining disaggregate information coming from price sub-indices,
as is the case for the most popular core inflation measures. However, we depart from all other
approaches by combining the information available in price sub-indices in such a way so as
to provide the best guidance to a forward-looking monetary policy-maker. Accordingly, our
measure of core inflation is based on the solution of a standard monetary policy optimisation
problem. We illustrate our approach using a simple estimated model of the euro-area economy
and appraise the performance of a few of the most popular core inflation measures in use. We
find, generally speaking, that one cannot recommend that those measures be used to support
monetary policy-making.
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1. Introduction'

Overall inflation is often thought of as being the observable outcome of two distinct
sets of unobservable driving forces: on the one side, inflation reflects the developments in
a number of volatile components, whose effects are expected to vanish in a short time, and
hence are of no or little relevance for predicting future price dynamics; on the other, it is also
driven by relatively long-lasting factors which, unlike the previous component, are expected to
provide useful information as to the likely evolution of aggregate price dynamics in the future.
Core (or underlying) inflation is, broadly speaking, an indicator that, being unaffected by
the relatively high-frequency noise stemming from the more erratic components of currently
observed inflation, is able to cast light on future inflationary developments, proving useful

guidance for monetary policy-making purposes.

The justification for developing core inflation measures is thus explicitly normative: any
such measure is of interest to the extent that it makes it easier to keep future price dynamics

under control.

In the recent literature various measures of core (or underlying) inflation have been
proposed, which differ in the way transient noise is defined and removed; most, if not all
methods, however, share one main feature, in that they are constructed by applying (cross-

section or time-series) statistical filters to available information.

Although the concept of core inflation is apparently well defined and intuitively
appealing, its practical usefulness has often been questioned on at least two accounts: first,
being exclusively based on statistical criteria, existing core inflation measures lack a firm
theoretical justification; second, there appears to be no generally accepted and intuitively
plausible criterion to assess the empirical performance of competing core inflation measures.
Both criticisms are indeed valid. It is particularly striking that, while the main justification for
building core inflation measure rests on its ability to effectively support policy decisions, this
feature has never been used as the main guiding principle in the construction of indicators of

underlying inflation.

1 The views expressed are the authors’ own and do not necessarily reflect those of the Banca d’Italia.
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In this paper we propose an approach to build a benchmark measure of core inflation
that aims to overcome those drawbacks. Our measure is based on a criterion that treats core
inflation as an artificial concept whose usefulness rests only on its role in defusing inflationary
pressures that may be in the pipeline. In other words, we set out to select a core inflation
measure that explicitly acknowledges its essentially normative nature. A normative viewpoint
is also underlying the approach followed by Aoki (2001). However, unlike Aoki (2001) —
who finds that the socially optimal allocation may be achieved by targeting inflation in the
sticky price sector only, and dubs the latter "core inflation"— we do not ask which price index
should be targeted by a monetary policy-maker interested in maximizing the welfare of the
representative household; rather, for a given target, we ask on the basis of what synthetic

measure of current inflation should the monetary policy-maker make her interest rate decisions.

To put this idea into practice, we consider a monetary policy-maker whose aim is to
optimise a standard welfare function whose arguments are overall inflation and, possibly,
the output gap and a measure of instrument volatility. In most of the literature, the policy-
maker is assumed to react to the state of the economy using a simple Taylor-type rule whose
standard arguments are the current inflation rate (or its future expected values), the output
gap and lagged values of the policy instrument. We depart from that standard specification
and assume instead that the policy-maker may selectively respond to sectoral inflationary
developments. We therefore allow for more flexibility in the way the information conveyed by
the components of overall inflation may be exploited for policy-making purposes. Specifically,
in our framework the monetary policy instrument is allowed to react differently to the main
inflation sub-indices. Once the policy-maker’s optimisation problem has been solved, we
build our core inflation measure as a linear combination of the various inflation components,
the weights being a function of the optimised values of the parameters in the policy-maker’s
reaction function. This differs sharply from available core inflation measures, which are built
using weights that are selected on the basis of exclusively statistical criteria. By contrast, the
measure we propose is explicitly based on economic criteria and is therefore in principle more

sensible from a policy-making viewpoint.

The approach described above is then used to build a measure of core inflation for
the euro area, which we then mean to use as a benchmark to compare the performance of

popular core inflation indicators. We estimate a simple multi-sectoral model, which describes



separately price dynamics in four sectors: industrial goods, services, energy and food. The
model we use is mainly intended for illustrative purposes and is admittedly simple; however,
our approach can easily be applied to models more firmly founded on theory than the one
we use. We then optimise a standard loss function subject to the constraint that the monetary
policy rule be a sort of extended Taylor-type rule that includes sectoral inflation rates instead
of aggregate inflation only; this delivers the sets of weights on the basis of which we may then

compute our benchmark core inflation measure. A few sensitivity checks are also performed.

The rule derived as sketchily described above is then used as a benchmark to appraise
the performance of a few of the most popular underlying inflation indicators that can be
straighforwardly modelled within our simple multi-sectoral framework. To do so, we impose
the appropriate constraints on the specification of the extended Taylor-type rule, and compute
the optimal coefficients of the rule thus modified. We also compare the various competing
rules on the basis of statistical, rather than policy effectiveness based, criteria; in particular,
we compute measures of their ability to predict future inflation developments, and assess their

performance during the most recent past.

We find that it may be inappropriate to remove all erratic components from headline
inflation: by reacting to core inflation measures that do so, monetary policy effectiveness may
be seriously impaired, even if one’s reaction is designed so as to be optimal on the basis of
standard welfare criterion. In fact, headline inflation is arguably more useful for monetary
policy-making purposes (i.e. it results in monetary policy attaining a lower degree of inflation
volatility) than many of the most popular core inflation measures. For any given model, our
measure of core inflation is best by construction, as it is the only one that does not impose
any constraints on the specification of the monetary policy rule. However, if the restrictions
that other measures impose on the monetary policy rule were appropriate, our measure should
deliver trifling welfare gains. We find this not to be the case: our core inflation indicator
dramatically improves monetary policy effectiveness compared with its popular competitors.
Finally, our results also suggest that a finer disaggregation of price dynamics than the one we
can use (given data availability) is presumably needed in order to build reliable underlying

inflation indicators.

Given the model-dependent nature of an indicator such as the one we propose, we believe

that its robustness should be thoroughly tested, using a range of models, before it is used



in practice;* thus, by no means should we be taken to claim that the benchmark indicator
we build here provides the best core inflation measure possible (aside from the need to test
for robustness, we argue that it may be desirable, in practice, to rely on a finer sectoral
and/or country disaggregation). Rather, we intend to show that, once one takes a monetary
policy effectiveness perspective (in our opinion, the only sensible one in the present case),
the usefulness of popular core inflation indicators may be badly undermined, no matter how
appealing they may look from a strictly statistical viewpoint. We also find that a few largely
shared a-prioris (such as the desirability of getting rid of all that is volatile when building

underlying inflation indicators) may result in severely sub-optimal core inflation measures.

The paper is organised as follows: Section 2 presents a brief overview of the literature;
Section 3 describes our approach; Section 4 highlights the main properties of the model of the
euro-area economy that we use for our empirical application. Section 5 presents the empirical
results, first, discussing the properties of our measure, and then appraising the performance of

a few popular core inflation indicators relative to our measure. Section 6 concludes.

2. Core inflation in the literature

With the introduction of explicit inflation targets in many countries, the last decade whas
witnessed a sizeable growth in the number of core inflation indicators routinely monitored
by central banks; at the same time the degree of sophistication underlying their construction
has increased. Nonetheless, the ultimate goal of these indicators has remained the same,
namely, to extract a signal regarding the underlying inflation trend that embodies the most
relevant information from the perspective of the monetary policy-maker, and which may be

more informative than the change in the official consumer price index (CPI).

The approaches suggested in the literature to extract the core inflation measures differ
mainly with respect to the information set deemed relevant for the extraction of the underlying
signal. In the more standard approach, core inflation computation relies on some form of
refinement of the CPI, which is derived by systematically excluding some classes of products;
their exclusion is typically justified on the grounds that the signal to noise ratio in their

price changes is just too small to convey useful information on the underlying inflation

2 Note, however, that while the benchmark indicator proposed here is model-dependent, its relatively supe-

rior forecast ability, documented in Section 5.2, is not, and thus provides substantial empirically-based support
for our indicator.



dynamics. The best known core inflation indicator is indeed the CPI Excluding Food and
Energy indicator, originally used by Blinder (1982) to estimate underlying inflation in the US
in the 1970s and 1980s.

In the same class we can place more sophisticated core inflation measures that rely on the
so-called limited influence estimators first introduced by Bryan and Cecchetti (1994). Their
computation requires a rather high level of disaggregation of the CPI, since the full cross-
section of the distribution of price changes is used to remove the most extreme observations in
every month.> These measures, unlike the more traditional CPI Excluding Food and Energy,
do not a priori exclude specific classes of products, as they do not make the assumption that
certain items are guaranteed never to contain relevant information regarding trend inflation.
In a similar vein, Diewert (1995) proposes instead to exploit the full distribution of price
changes in every month weighting each price observation by its information content. In
practice, rather than discarding the information contained in the tails of the distribution of
price changes, Diewert (1995) proposes assigning to individual price changes weights that are

inversely related to their historical variance.

Univariate time series models have also been used to remove high frequency noise from
CPI-inflation series and the resulting smoothed series taken to provide an estimate of core
inflation. The year-on-year rate of inflation, which constitutes the standard reference measure
for the inflation outlook, may itself be viewed as a very crude measure of core inflation; the
signal extraction achieved by adopting the year-on-year rate removes seasonal fluctuations,
but suffers from to two well-known drawbacks: it is still affected by a sizeable amount of
short-run volatility and, furthermore, being a 12-month moving average of the month-on-
month changes, it makes severely inefficient use of most recent (and arguably most valuable)
information. Other forms of univariate filtering typically involve the use of the Kalman filter,
which requires an assumption on the functional form of the underlying core inflation process.
More recently, Cogley (2002) has obtained a univariate one-sided filter designed to estimate

the persistent component of inflation resulting from monetary policy regime changes.

Bryan and Cecchetti (1993) were the first to apply the dynamic factor index model of
Stock and Watson (1991) in the context of inflation analysis. Their approach exploits the

3 These measures, like the median, the weighted median, or the trimmed mean, aim to capture the central

tendency of the distribution of price changes in a more efficient way than the mean does. For a detailed description
and evaluation of these measures see Vega and Wynne (2001).



cross-section and time-series information on a small set of price indices to extract the common

component of price changes, which is interpreted as core inflation.

A more recent extension of the factor index approach may be found in Cristadoro et
al. (2005), who construct a core inflation indicator for the euro area. Unlike Bryan and
Cecchetti (1993), they use a large panel of euro-area time series containing national/sectoral
price variables as well as monetary and real variables. Their core inflation measure is then
constructed by projecting the medium- and long-run component of monthly inflation on a set

of common shocks, estimated from the panel using a dynamic factor model.

In the SVAR-based approach to the estimation of core inflation, economic theory plays
a more direct role. These multivariate time series models attempt to decompose observed
inflation into a core and a non-core component. The identification of these unobserved
components relies on restrictions that are derived from economic theory. Among these, Quah
and Vahey (1995) resort to a structural bivariate VAR, where core inflation is defined as that
component of measured inflation that has no impact on output in the medium to long-run.
In practice, they estimate it as the component of overall inflation driven by a nominal shock,
which is identified using a restriction of long run neutrality on the activity variable. Blix (1995)
and Bagliano ef al. (2002) extend the Quah and Vahey (1995) methodology by modelling the

long-run neutrality of money within a cointegrated VAR framework.*

To date, lacking a clear theoretical definition, existing core inflation measures are
appraised empirically on the basis of three main criteria: their ability to track past movements
in overall inflation, their degree of smoothness, and their ability to predict future headline
inflation movements (Vega and Wynne, 2001, and Le Bihan and Sedillot, 2000). Only recently
Cristadoro ef al. (2005) have documented the empirical performance of their indicator by
comparing actual policy interventions with its dynamics, and showing that the latter tracked
well the first five years of interest rate decisions.” In this paper we explore the usefulness of
the most common core inflation indicators described above in the context of a well-defined

monetary policy optimisation problem.

4 Blix (1995) assumes stationarity of the velocity of money, implying a cointegrating relationship between

output, prices and money

5 This is also the approach suggested in Galr’ (2001)



3. A policy effectiveness-based approach

To describe our approach it is first appropriate to give our definition of core inflation: in
our framework, core inflation is given by an appropriate combination of available information
on disaggregate (sectoral) price developments, such that, by basing policy decisions on that
measure, the monetary policy-maker maximises policy effectiveness (i.e. minimises a standard
welfare loss). This definition explicitly recognises that, for any underlying inflation indicator
to be of any use, it must provide valuable information that facilitates the monetary policy-
maker’s task of keeping overall inflation under control in the future. Given that enhancing
policy effectiveness is, in the end, the only motivation behind the construction of core inflation
measures, it is natural explicitly to adopt policy effectiveness itself as the main guiding
criterion in the quest for such measures. Our indicator will thus by construction be immune
from the main criticism often levelled against other popular indicators, to the effect that their

performance as a tool to support policy decision-making is usually not demonstrated.

Since our focus is on the optimal way to combine available disaggregate information,
we mostly restrict our attention to rather standard Taylor-type rules — in which only
contemporaneous inflation and the output gap appear among the arguments, along with a
lagged interest rate term — and ignore a number of suggestions that have been made in the
literature (e.g. we are not interested in appraising the relative performance of forward-looking
rules such as the ones proposed in Batini and Haldane, 1998). However, we depart from the
standard framework by assuming disaggregate information on consumer price inflation to be
available, so that the policy-maker is not necessarily constrained to react to overall inflation
but may instead choose to react only to some components of it, or, more generally, to all
components, but not in the way that would be dictated by the sub-components’ weights in the

overall index of inflation.

We first need to define the policy-maker’s preferences. We assume the monetary policy-

maker to have the following standard quadratic time-separable loss function:
(1) Li=(1—06)E Y 6 [(4mr)® + Mgfyr + p(Dipyr)?,
7=0

where 7, is quarter-on-quarter inflation (so that 47, is annualised quarter-on-quarter inflation),

Yy, is the output gap, i; is the policy interest rate controlled by the central bank, ¢ is a discount
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factor, A\ and . are parameters that reflect the weights attached by the policy-maker to the
variability of the output gap and of the policy interest rate changes relative to the variability
of inflation around a target, assumed to be zero for simplicity. Note that the monetary policy-
maker is assumed to be interested solely in aggregate inflation; while, as shown below, our
approach requires a model that describes the dynamics of at least a few sub-components of
overall inflation, our choice of the loss function is consistent with the statutory provisions of

the Eurosystem.

For § — 1 the intertemporal loss function may be interpreted as the unconditional mean
of the period loss functions, which in turn is given by the weighted sum of the unconditional

variances of the target variables (see Rudebusch and Svensson, 1999):

) L; = 16var(m;) + Avar(y;) + pvar(Aiy).

Let us now assume that monetary policy decision-making is supported by a model that
provides relatively detailed information on the functioning of the economy, in that it includes
not only aggregate inflation, but also models the evolution of a number of sub-components of
the aggregate inflation index. Let us assume that information on n such sub-components is

available.

The policy-maker is thus faced with the task of combining the available disaggregate
information into a measure of underlying inflation that provides the best possible guidance
when it comes to taking action now to keep price dynamics under control over the indefinite

future.

The most natural way to combine available information optimally is to postulate a
generic monetary policy reaction function in which all pieces of information enter separately,
and to let that the optimal combination of those disparate pieces of information be determined

by the solution of the policy-maker’s loss minimisation problem. Accordingly, we posit the
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following extended Taylor-type monetary policy rule:°
3) it = Zl V1,Tie + V2Yp + Vale-1-
j=

where T;; denotes year-on-year price changes in sector j, vy 1, .-, V1, Vo and 75 are n + 2
coefficients to be determined by minimising eq. (1) subject to the constraints given by the

available empirical model and to eq. (3). In the empirical application below, n = 4.

Let the optimal values of the n parameters 7, ; be 7, ;. We define core inflation 7¢ to be

the following linear combination of sectoral inflation rates:

‘Q)

n 17A
4) ml =3 =
=1 11

n
Tt = 21 W)t
J:

=)

where 7, is the (yet to be determined; see below) optimal policy-maker’s reaction to core
inflation itself. Thus, the optimal simple monetary policy rule is similar to the dynamic version

of the standard Taylor rule, except that overall inflation is replaced by core inflation:

(5) it = AT + Aoy + Aghior.

While the definition of core inflation above is rather natural from a policy effectiveness
viewpoint, it is not operational yet, as a value has to be chosen for the still undetermined
parameter 7,: only once the latter has been set is it possible to compute core inflation as
in eq. (4). One possibility is to choose 7, so that core inflation coincides with actual
headline inflation on average over the whole available sample period. A second straightforward
possibility is to impose Z?Zl wj = 1 in eq. (4). In the empirical application below we opt for

the first approach.’

6 Alternatively, one could compute the truly optimal rule, in which the instrument reacts to the whole set

of state variables in the model. We chose to stick to simple rules following the recommendations which may be
found in most of the literature on optimal monetary policy. Several authors have emphasised that the underper-
formance of the simple rules should be weighted against their simplicity, that can make them easier to use for the
monetary authorities and a more useful tool for communication with the public. Furthermore, simple rules are in
general found to be more robust than more model-dependent optimal rules. Thus, there may be a trade-off be-
tween performance in the context of a specific model and robustness (see, for instance, the papers presented at
the January 1998 NBER Conference on Monetary policy rules, published in Taylor, 1999).

7 Clearly, the choice of the normalisation criterion affects the level of our core inflation measure, but does
not affect its dynamics at all.
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There is a priori no guarantee that 7¢ built as described above will be a smooth series;
this contrasts with most, if not all, other measures of underlying inflation, which usually are,
and must be, substantially smoother than headline inflation. Indeed, Brian and Cecchetti
(1994) prescribe that core inflation measures be highly persistent and correlated with future
inflation. However, there is no clear reason why the policy-maker should be able to maximise
policy effectiveness by looking at (and reacting to) a smooth series: it could well be the
case that relevant information gets lost when filtering could actually help to prevent future
price accelerations. In any event, we also build a sort of long-run core inflation indicator by

approximating the infinite moving average representation that can be computed on the basis of

eq. (5):®

C, = T < =
(6) my b= 2}73(2“]’773',1‘,77»
T= i=

Whether or not other popular core inflation indicators are appropriate and desirable may
be assessed by measuring their relative performance with respect to the ideal measure built as
described above. A number of those indicators may be easily appraised within our framework,

simply by imposing the appropriate constraints on the coefficients of the optimal rule.

Consider first the case in which core inflation is given by current headline inflation,
so that the policy interest rate is assumed to be determined by a standard (optimal simple)
monetary policy rule. The policy effectiveness of relying on such measure may be explored
by imposing the following constraint: y,; = w,;7,, where w; represents the weight of the j-th
inflation component in the overall index (so that: > jw; =landm = > ;w;m; ). In this
case, the optimal values of just three coefficients of the rule are to be selected. This is done by

solving the same optimisation problem as above.

Widely-used measures of core inflation are given by headline inflation net of the latter’s
most volatile components. Such measures are very easy to compute, which is the main reason
for their popularity. To appraise the performance of the indicator given by inflation net of, say,

the last m components, we solve the loss minimisation problem above subject to the constraint

8  Alternatively, the long-run core inflation indicator as descibed in the text may be justified on the ground

of the weak theoretical arguments for including the lagged policy-controlled interest rate as one of the items of
the rule.
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that the rule be given by:
. —[n—m+1,n .
(7 in =y T gy 4 g
where:
—[n—m+1,n = wj
(8) ) T

j=1 21:1 w;

Other popular measures may also be mimicked in a similar fashion (see Section 5).

In all cases, we require the reaction to the chosen core inflation indicator to be the best

possible one.

As a benchmark, in the empirical application below we also compute the fully optimal
rule (which we label FOR), which depends on all state variables of the multi-sectoral model

presented in the next section (see e.g. Chow, 1975).

4. A simple aggregate model of the euro area

The euro-area economy is described by a simple 5-equation model, consisting of an
aggregate demand equation (also referred to as IS curve) and four sectoral inflation equations.
The first equation relates the overall economy output gap to its own lags and the real interest
rate. The sectoral inflation equations instead relate inflation in each sector to its own lags and
to those of inflation in other sectors, as well as to the overall output gap.” The sum of the
coefficients on lagged inflation in each sectoral equation is constrained to be one (a restriction
not rejected by the data), so that an accelerationist Phillips curve type of relationship holds in

each sector.'

Sectoral inflation is given by the seasonally adjusted quarter-on-quarter rate of change

1

in the corresponding HICP series.!" Potential output is estimated by applying the Hodrick

Prescott filter to euro-area (log) GDP.

9 While it might be appropriate to assume that price dynamics in each sector depend on the output gap for

that particular sector, the available data prevented us from building reliable measures of sectoral output gap.

10" As the model allows for simultaneous cross-sectoral linkages, it was estimated with SURE.

11 Seasonal adjustment was performed using Tramo-Seats. CPI data for the 4 largest countries was used

before 1992 to reconstruct the euro-area HICP and its main sub-componennts
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The model is thus given by:

D 4 p P

_ J -

Titt1 = § QT T E E BjikTiti1k T E NixYeir—k + U1 J = 1,2,3,4
=1 i#j k=0 k=0

p p
Y1 = Z 0;kYr+1-k + Z Ul =4 g ) + 0y
k=1 k=1

The specification search entailed a general-to-specific approach: in the starting
specification, the first 4 lags of all relevant variables were included on the right-hand side
of each equation. After all insignificant lags were dropped, the parsimonious specification
shown in Table 1 was achieved. This framework is admittedly very simple; however, using a
more fully-fledged model of sectoral inflation determination, derived from well-defined micro-

foundations, would not require any changes to our approach.

Some insights into the main properties of the model can be obtained by looking at
the impulse responses of the model (Figures 1-6). The model is closed by using a standard
optimised stabilising monetary policy reaction function. For the aggregate demand and
sectoral inflation equations the shock amounts to 1 percentage point. In the case of the

monetary policy shock the nominal interest rate is raised for one period by 100 basis points.

The results are in line with the well-established stylised facts regarding the monetary
transmission mechanism in the euro area. In particular, as found in Angeloni et al. (2002)
a positive monetary policy shock results in a temporary contraction of output, reaching a
maximum at the end of the first year, while the greatest reduction in inflation occurs after
around 2-3 years. As shown by the impulse responses, the model is stable, although some
shocks may take the economy persistently (though never permanently) away from equilibrium.
Aggregate demand shocks as well as sectoral inflation shocks have persistent effects on output
and inflation. Given the assumption on the interest rate rule, the sectoral inflation shocks bring
about a response of the nominal interest rate, and the output gap, which is larger for those

categories with 