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Alternative indicators of core inflation for Norway

Morten Jonassen® and Einar Wgien Nordbg®®

Abstract

This paper is an empirical assessment of different indicators of core inflation for Norway. In
addition to investigating indicators that are already in use by the central bank of Norway, we
present some new indicators that give less weight to, or exclude completely, prices that have
been relatively volatile in the past. Our results show that no measure of core inflation
performswell in all empirical tests. The policy implications we draw from thisis that a centra
bank should monitor various measures of core inflation and not rely on only one indicator in
the assessment of the underlying price pressure.

1 Introduction

Several central banks have an objective of maintaining low and stable inflation, and the
numerical inflation targets are usualy specified in terms of the headline consumer price
indices (CPIs). But headline CPIs are typically subject to a number of transitory shocks and
show substantial short-lived fluctuations. Thisisillustrated in figure 1, here we have graphed
the 12 month growth in headline CPI for Norway in the period from 1993 to 2005. We note
that there were particularly large fluctuations in headline inflation in the first years of this
decade. Thiswas due to substantial changesin VAT rates and extreme variations in electricity
prices, but these developments only had a short run effect on headline inflation. A forward
looking, inflation targeting central bank would be correct in disregarding these large
fluctuations. But at a given moment in time, it is always difficult to determine which price
developments that will persist, and which developments that will only have atemporary effect
on headline inflation. For this reason a number of central banks focus on measures of core
inflation - indicators that attempt to remove transitory noise from the headline inflation rates.
Indicators of core inflation may also be helpful when evaluating past policy.
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Figure 1 12 month growth in headline CPI in Norway, 1993m1 - 2005m12
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But evenif it appears to be an agreement that measures of core inflation are useful, there is no
consensus on what is to be understood as core inflation. In the literature core inflation has
been defined in several ways. Eckstein (1981) originally defined core inflation as"... the trend
increase in the cost of the factors of production”. According to adefinition presented in Bryan
and Cecchetti (1993), coreinflationis"... the long run, or persistent component of the
measured price index, which istied in some way to money growth". These definitions
explicitly disregard cyclical movementsin the inflation rate. Bryan et d. (1997) define core
inflation as the inflation indicator that best track movements in smoothed average of headline
inflation. Smith (2004) defines core inflation as the best forecaster of inflation.

Quah and Vahey (1995) define coreinflation "... as that component of measured inflation that
have no medium to long-term impact on real output”. As monetary policy is considered to be
neutral to output in the long run, coreinflation will be that part of inflation which can be
influenced by monetary policy. In aNew Keynesian macroeconomic model with aflexible
price sector and a sticky price sector, Aoki (2001) interpret coreinflation asinflationin the
sticky price sector; "Inflation in the sticky-price sector represents arelatively persistent
component of aggregate inflation because it responds to smoothed expectations of future
output gaps and relative price changes'.

The main part of this paper is an empirical evaluation of different indicators of core inflation.
The tests we have performed and the test results are described in section 4. But before we go
into that, in the following section we present some desirable properties of a measure of core
inflation and the various approaches that have been used when constructing an indicator of
core inflation. The indicators we have studied are described in more detail in section 3. Our
conclusion is presented in section 5.

2 Measures of core inflation

Roger (1998) and Wynne (1999) discuss several desirable properties of indicators of core
inflation. The requirements they suggest can be summarized in five points.

A good indicator of core inflation should have the following properties:

- Beunbiased relative to the target measure of inflation.



- Becomputableinreal time. The measure should be available simultaneoudy with the
headline inflation figure and should not be subject to revisions when new observations
arrive. Measures of core inflation cd culated by atwo-sided filter are examples of
measures that will not be computable in real time, as the value in period t depends on
future observations.

- Beforward looking in the sense of having some predictive power for future headline
inflation. Core inflation should be a good |eading indicator of targeted inflation.

- Becredibleinthe sense that its calculation can be easily verified outside the central
bank. If used to motivate and communicate monetary policy decisions, coreinflation
and its deviations from headline inflation ought to be easily understood by the public.

- Have some basisin monetary theory.

With a spectrum of definitions and desirable properties there will be several ways to measure
core inflation. One approach is simply to take some kind of average of past inflation rates.
Averaging reduces the volatility of the inflation series. When many central banks choose to
focus on 12 month changes in the inflation rate rather than 1 month changes, this may be
thought of as a measure of core inflation.

All prices are not equally informative about trend inflation. Several methods try to weigh
price changes of single products and services according to their assumed information content.

1. Permanent exclusion of certain components. The components that are excluded may
be chosen by some statistical criteria - e.g. the components that have been most
volatile in the past - or the exclusion may be based more on subjective judgement.
When a number of countries permanently exclude food and energy prices, it is
probably because these prices have been volatile in the past, but also because food and
energy prices are thought to be more influenced by supply side shocks than other
pricesin the CPI. In Norway, the consumer price index adjusted for tax changes and
excluding energy products (CPI-ATE) is often used as a measure of core inflation.
Permanent exclusion may be problematic if the information content of the different
components changes over time.

2. Exclusion of components on a period-by-period basis. The exclusion may be based on
adtatistical criteriaor more judgementa. An example of the second approach isthe
underlying inflation indicator published by the Reserve Bank of New Zealand until
1997, where it was corrected for shocks on arelatively ad hoc basis.* Frequently used
core inflation measures as the trimmed mean and weighted median are examples of the
first approach.

3. Lessweight given to volatile components. No items are excluded under this approach.
One example is the core inflation measure CPIW, published by the Canadian central
bank, which assigns each of 54 components aweight inversely proportional to its
variability.

* . This practice was discontinued in 1997, partly because the Reserve Bank felt uncomfortable with calculating
the measure on which its performance was going to be judged.



4. Model based methods. These methods are based on some economic theory and are
identified by econometric techniques. One example is the indicator suggested by Quah
and Vahey (1995), where they use a structural VAR model for inflation.> Problems
with core inflation estimates based on econometric techniques are among others that
history may change every time a new observation is added, and that the measures are
sensitive to model specifications. They are aso difficult to understand for the general
public.

3 Core inflation indicators used in this paper

We evaluate core indicators from the three first groups of indicators mentioned above in the
next section. We have not studied any model based methods. We begin by describing the
indicators from the first group, where certain elements are excluded permanently.

CPI-ATE belongs to the first group. Anindicator that resembles CPI-ATE is CPI-AT, where
prices on energy products are included, and the only adjustment is for tax changes.® We have
chosen to study the empirical properties of this indicator, which is published monthly by
Statistics Norway, due to the recent debate on whether it is gppropriate to exclude energy
prices permanently from measures of coreinflation.’

Two inflation measures that are caculated and regularly published by Norges Bank in the
Inflation Reports, but are normally not referred to as indicators of coreinflation, is CPI-
ATED, the "domestic" part of CPI-ATE, and CPI-ATEIMP, the "imported” part of CPI-ATE.
CPI-ATED isincluded because some theoretical papers conclude that it may be optimal for a
central bank in an open economy to stabilize domestic prices only.2 CPI-ATEIMP isincluded
mainly because we wanted to study its properties.

We also present a number of indicators where we have excluded the components that have
been most volatile in the past. We have analysed as much as 15 new indicators based on this
principle. The high number is because we have experimented with how much of the CPI-
weights to remove, what measure of volatility to focus on, and which period to base the
volatility measure on. We have excluded prices corresponding to from 5 to 30 percent of the
CPI weights. The volatility measures we have employed are the standard deviation of the
difference between the inflation rate of the respective subindice and headline inflation and the
standard deviation of monthly changesin the inflation rates. Inflation is measured either asthe
change from the previous month (m/m) or as the change from the same month the year before
(yly). Thefirst measure of volatility, V1, Sngles out the subindices that have deviated the
most from headline CPI, whereas the second measure, V>, selects the subindices that is most
volatilein itself. Fortunately, indices that are ranked among the most volatile according to one
of the measure are usually also volatile according to the other measure.” We have estimated
the volatility in the period from 1993 to 2005 and from 1999 to 2005.

® Bjgrnland (2001) has suggested a similar indicator for Norway.

® The officid series for the 12 month growth in CPI-ATE and CPI-AT begins in August 2000, but we have used
data back to January 1983 in this paper. The data prior to August 2000 is based on Norges Bank's own
caculations.

" See for instance the February 2006 Inflation Report from the Bank of England, page 27.

8 See for instance Claridaet al. (2001).

® The rank correlation between the two volatility measures based 12 month rates in the period from 1993 to 2005
is for instance as high as 0.92.



Vl = Sd(ﬂ'tcpl _ﬂ'tl) V2 = Sd(ﬂ'tI _”ti—l) (1)

In the tables the indicators are referred to as Excluded, and numbered from 1 to 15. The
details about how much of the CPI weights that are excluded from each indicator, what
measure of volatility the exclusion is based on and what period the volatility is estimated
over, isgiven in the appendix. The overall 12 month inflation is calculated by taking a
weighted arithmetic average of the 12 month inflation rates for the remaining subindices, see
equation 2. We have studied 96 subindices in the CPI atogether. Thisisthe complete set of
subindices at the coicop4 level. The weights we have used in the aggregation are the standard
CPI weights, of course readjusted to sum to 1 as some subindices are removed.

I, = Zwi”it (2)

i=1

We will not reproduce headline CPI exactly with this procedure, as the CPI is calculated as
chained indices. But it is agood gpproximation in most cases.*

The next set of indicators we have examined belong to the second group mentioned above,
where components are removed on a period-by-period basis. The three indicators in this group
are the trimmed mean - 10 percent and 20 percent - and the weighted median. These
indicators are based on 146 subindices in the CPI (the complete set of subindices at the
coicop5-level). The trimmed mean (x percent) is calculated by ordering the respective
inflation rates for 146 subindices each month in ascending order, from the prices that dropped
the mogt to the prices that saw the largest increase. Then prices corresponding to x percent of
the CPI weights in the upper and lower part of the distribution are removed. The price growth
as measured by the trimmed mean is computed as a weighted average of the remaining price
observations, using the formulain equation 2. Weighted median is a special case of the
trimmed mean. Here we remove all price observations except the middle observation when
the price changes each month are ranked in ascending order, taking the CPI weights into
account. The trimmed means and weighted median is calculated by Statistics Norway,

but published by Norges Bank.

The third set of indicators we have considered belong to the third group above. No
components are excluded, but volatile items are given lessweight. Thisis donein two
different ways. In the first approach the standard CPI weights are simply replaced with
weights that are inversely related to the components past volatility. We have estimated the
volatility of the different subindices with the same methods, data and sample periods as for
the indicators where we have excluded volatile components. This approach is sometimes
described as an Edgeworth-index in the literature, as the general idea was vaguely formulated
by Edgeworth in a number of papersin the late 1800s and early 1900s. A more precise
formulation was presented by Diewert (1995). The consumer's budget share of the various
goods and services has no influence on the weights under this approach.

In the second approach the CPI-weights are retained, but they are adjusted according to past
volatility. Thisimpliesthat prices that are economically important for the consumer will
maintain some influence on the aggregate measure of inflation even if they have been very

19 The mean absolute error when we tried to reproduce the 12 month growth in CPI over the period from 1980 to
2005 by aggregating the subindices like this was 0.08 percentage points, and the median absol ute error 0.05.



volatile. This approach is sometimes described as doubleweighting. We take price on
electricity as an example. The price on dectricity is economicaly important for Norwegian
consumers, but thisis also aprice that has fluctuated largely in recent years. In the CPI the
electricity price had aweight of 4.0 percent in December 2005, but based exclusively on past
volatility, electricity isonly assigned aweight of 0.2 percent. When the CPI weights and
volatility weights are combined, electricity is assigned aweight of 0.5 percent.** }

We have produced 12 indicators where volatile items are given less weight altogether, and
they are referred to as Volatility 1 to Volatility 12 in the tables. Precise details about each
indicator are given in the appendix.

4 How to assess an indicator of core inflation empirically?

Since there is no agreement in the literature on the proper definition of coreinflation, there
will be no consensus on which criteriathat are most important in an empirical assessment of
various indicators. Keeping that in mind we will focus on some tests that have been used by a
number of other authors in this paper.*?

We will study whether the various measures are unbiased indicators of headline inflation,
investigate whether they are less volatile than headline inflation, check how they track trend
inflation, and examine their ability to explain future developments in headline CPI.

™ The volatility weightsin these examples are based on the standard deviation of the difference between 12
month changes in the respective subindice and aggregate CPI. The weights mentioned are from the two
indicators Volatility 1 and Volatility 3, respectively.

12 see for instance Catte and Slgk (2005) and Rich and Steindd (2005).



Table 1 M ean difference from the CPI

83-05 Rank 83 | 93-05 99-05
CPI-ATE -0.18 26 -0.34 -0.32
CPI-ATED 0.34 33 0.42 0.89
CPI-ATEIMP -1.56 34 -2.31 -3.26
CPI-AT -0.07 15 -0.16 -0.01
Trimmed mean
20% 0.00 1 -0.04 0.15
Trimmed mean
10% -0.06 10 -0.14 0.01
Weighted median 0.20 27 0.22 0.59
Exclude 1 -0.07 14 -0.15 -0.25
Exclude 2 -0.06 11 -0.17 -0.24
Exclude 3 -0.13 24 -0.28 -0.27
Exclude 4 0.09 17 0.05 0.22
Exclude 5 0.25 31 0.16 0.32
Exclude 6 0.15 25 0.13 0.37
Exclude 7 0.01 3 -0.01 -0.02
Exclude 8 0.06 9 0.01 0.15
Exclude 9 0.04 6 0.13 0.36
Exclude 10 -0.11 20 -0.26 -0.34
Exclude 11 -0.02 4 -0.09 0.00
Exclude 12 0.24 29 0.20 0.41
Exclude 13 0.09 18 0.15 0.17
Exclude 14 0.07 12 0.02 0.16
Exclude 15 0.24 30 0.17 0.33
Volatile 1 0.07 13 0.10 0.28
Volatile 2 0.12 22 0.25 0.57
Volatile 3 -0.05 8 0.09 0.10
Volatile 4 -0.10 19 0.08 0.17
Volatile 5 0.13 23 0.13 0.39
Volatile 6 0.28 32 0.35 0.82
Volatile 7 -0.08 16 0.09 0.17
Volatile 8 -0.04 7 0.21 0.51
Volatile 9 0.04 6 0.13 0.36
Volatile 10 0.03 5 0.19 0.05
Volatile 11 0.01 2 0.13 0.38
Volatile 12 -0.23 28 0.01 0.09

The table reports the mean difference between the 12 month growth in headline CPI and the variousindicators.
A negative number implies that the indicator has had alower mean than CPI. The third column contains the
relative rank of theindicator, measured according to the absolute mean difference in the period from 1983 to
2005. The indicators are described in section 3 and in the appendix.

4.1 Are the core indicators unbiased?

We now turn to the empirical analysis. The first question we address is whether the various
possible measures of core inflation have been unbiased indicators of headline inflation. In
table 1 we report the estimated difference in mean from headline cpi over different time
periods. Asinthe rest of the paper, we have focused on 12 month growth rates.



We note that the indicator most frequently referred to by Norges Bank, CPI-ATE,* is among
theindicators that have differed the most from headline CPI. Over the period where we have
datafor dl indicators, 1983 to 2005, the mean 12 month inflation rate of CPI-ATE is0.18
percentage point below that of CPI. The difference is caused by increases in the general tax
level and energy prices. The difference between CPI and CPI-ATE has been even more
pronounced in recent years. From 1993 to 2005 the growth in CPI was on average 0.34
percentage points above CPI-ATE.

Of the other indicators Norges Bank regularly publishesin the inflation reports, the trimmed
mean (20%) stands out with an identical mean to CPI from 1983 to 2005. The trimmed mean
(20%) is close to the CPI also in the more recent subperiods. The weighted median has
generally been above the CPI. The domestic part of CPI-ATE, CPI-ATED, is not surprisingly
theindicator that has had the highest growth. Imported consumer prices, CPI-ATEIMP, has
the largest negative difference, due to the shift of Norwegian imports towards low-cost
countries that begun in the mid 1990s.

Among the various indicators weighted by volatility or where volatile items are excluded,
thereisno clear picture. Some indicators have had a higher mean than CPI, whereas others
have had alower mean. But the majority have been closer to CPI than CPI-ATE.

4.2 Are the core indicators less volatile than CPI?

The next question we will address is whether the various measures we have considered are
less volatile than CPI. We will focus on two measures of volatility: The standard deviation of
the 12 month growth of the respective indicators, and a measure of volatility at a higher
frequency - the standard deviation of the change in the 12 month inflation rate from month
to month. The results are shown in table 2.

3 Statistics Norway has only published official figures for the 12 month growth in CPI-ATE since August 2000.
The data for CPI-ATE we have used prior to that are cal culated by Norges Bank.



Table 2 Volatility of indicators of core inflation

Sd 83 05 Sd 9305 | Sd m/m 8305 | Sd m/m 93 05

CPI-ATE 2.60 0.71 0.26 0.18
CPI-ATED 2.41 1.02 0.28 0.22
CPI-ATEIMP 3.61 1.55 0.52 0.46
CPI-AT 2.53 1.01 0.40 0.44
Trimmed mean

20% 2.39 0.69 0.28 0.25
Trimmed mean

10% 2.44 0.73 0.29 0.26
Weighted median 2.35 0.79 0.41 0.32
CPI-6

Exclude 1 2.46 0.73 0.32 0.27
Exclude 2 2.55 0.66 0.29 0.24
Exclude 3 2.59 0.66 0.29 0.24
Exclude 4 2.49 0.64 0.28 0.23
Exclude 5 2.53 0.66 0.28 0.24
Exclude 6 2.43 0.67 0.28 0.23
Exclude 7 2.43 0.88 0.38 0.39
Exclude 8 2.48 0.64 0.27 0.21
Exclude 9 2.37 0.67 0.27 0.21
Exclude 10 2.58 0.65 0.28 0.23
Exclude 11 2.51 0.61 0.28 0.23
Exclude 12 2.54 0.68 0.28 0.22
Exclude 13 2.29 0.72 0.32 0.27
Exclude 14 2.50 0.64 0.28 0.23
Exclude 15 2.53 0.70 0.30 0.26
Volatile 1 2.31 0.66 0.28 0.25
Volatile 2 2.22 0.71 0.27 0.24
Volatile 3 2.24 0.63 0.25 0.21
Volatile 4 2.21 0.63 0.26 0.23
Volatile 5 2.33 0.69 0.27 0.24
Volatile 6 2.25 0.87 0.27 0.26
Volatile 7 2.23 0.57 0.25 0.20
Volatile 8 2.14 0.62 0.24 0.20
Volatile 9 2.34 0.67 0.30 0.25
Volatile 10 2.23 0.86 0.34 0.32
Volatile 11 2.34 0.67 0.31 0.26
Volatile 12 2.21 0.60 0.26 0.22

Sd isthe standard deviation of the indicators, over the periods 1983 to 2005 and 1993 to 2005. Sd n/misthe
standard deviation of the monthly change in the inflation rate, over the same time periods. Theindicators are

described in section 3 and in the appendix.

According to the first measure, the ssimple standard deviation, a number of the indicators we
have studied have actudly been more volatile than headline CPI. Thisis particularly the case
if welook at the entire period from 1983 to 2005. We aso observe that the standard deviation
for dl indicators in the subperiod from 1993 to 2005 is substantially lower than in the entire
period. Thisis because inflation has been stable at low level since the early 1990s, whereas it

was high and variable in the 1980s.
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The second measure, the standard deviation of monthly changes in the 12 month growth for
the various indicators, is probably a better measure of volatility for our purposes. According
to this measure, CPI-ATE has been among the least volatile indicators, and from 1993 to 2005
it in fact had the lowest standard deviation of all indicators. Its standard deviation of monthly
changes was only 39 percent of that of CPI inthis period. Most of the indicators have by the
way been substantially less volatile than CPI in this period. Two exceptions are CPI-
ATEIMP, imported consumer goods, and CPI-AT, the CPI adjusted for tax changes. The
standard deviations of monthly changes in these indicators were respectively 98 percent and
93 percent of that of the CPI. Thisillustrates that including energy prices and only adjusting
for tax changes in a measure of core inflation would lead to an indicator that is very volatile.
It is however important to remember that volatility in itself is not abad characteristic of an
indicator of coreinflation. The key question is whether the volatility isaresult of relevant
new information or just reflects transitory disturbances. Simple measures of volatility

cannot answer this question.

4.3 Do the core indicators track trend inflation?

The third empirical question we will discuss is which measure of coreinflation that tracks
trend inflation best. This corresponds to the definition of core inflation given in Bryan et al.
(1997). An obvious question is of course how to calculate trend inflation. In this paper we
have chosen to follow Catte and Slek (2005) and interpreted trend inflation as the centered 25
month moving average of 12 month headline inflation rates.** We compare how different
measures track the trend by comparing the respective mean square error (M SE) with the M SE
of headline inflation itself. The MSE is given by

T
Z ﬂ.tCore _ ﬂ.tTrend

MSE="2 )

¥ n order to get across check of our results, we have performed the same test with with a HP-trend (lambda
equal to 14 400) as the measure of trend inflation. The results are very similar.
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Table 3 M ean square error between trend and core inflation

Indicator Ma 83-04 Ma 93-04 Hp 93-04 | Ma dm 93-04
CPI-ATE 0.42 0.30 0.29 0.18
CPI-ATED 0.63 0.88 0.86 0.71
CPI-ATEIMP 6.01 7.65 7.66 2.43
CPI-AT 0.55 0.70 0.69 0.68
Trimmed mean

20% 0.26 0.22 0.21 0.22
Trimmed mean

10% 0.29 0.24 0.24 0.22
Weighted median 0.55 0.52 0.48 0.47
Exclude 1 0.43 0.33 0.33 0.31
Exclude 2 0.43 0.29 0.26 0.26
Exclude 3 0.44 0.36 0.32 0.27
Exclude 4 0.41 0.31 0.27 0.31
Exclude 5 0.49 0.31 0.27 0.29
Exclude 6 0.42 0.31 0.28 0.30
Exclude 7 0.50 0.57 0.55 0.57
Exclude 8 0.39 0.27 0.24 0.27
Exclude 9 0.42 0.28 0.25 0.27
Exclude 10 0.43 0.32 0.29 0.25
Exclude 11 0.39 0.29 0.26 0.27
Exclude 12 0.56 0.34 0.30 0.30
Exclude 13 0.43 0.33 0.33 0.32
Exclude 14 0.41 0.29 0.26 0.29
Exclude 15 0.51 0.37 0.33 0.35
Volatile 1 0.28 0.27 0.24 0.26
Volatile 2 0.34 0.41 0.38 0.36
Volatile 3 0.28 0.19 0.16 0.19
Volatile 4 0.34 0.25 0.22 0.25
Volatile 5 0.31 0.33 0.30 0.32
Volatile 6 0.52 0.68 0.67 0.59
Volatile 7 0.31 0.19 0.16 0.19
Volatile 8 0.39 0.33 0.28 0.31
Volatile 9 0.46 0.34 0.32 0.33
Volatile 10 0.45 0.45 0.45 0.41
Volatile 11 0.53 0.39 0.35 0.38
Volatile 12 0.52 0.24 0.21 0.24

The table reports the MSE of the various indicators and trend inflation. Trend inflation is calculated as amoving
average (ma) or by a HP-filter (hp). The last column contains the M SE when the series have been demeaned
before their ability to track trend inflation are investigated. The indicators are described in section 3 and in the

appendix.

Theresults are reported in table 3. Of the indicators that are already being used at Norges
Bank, the trimmed mean (20%) does by far the best job in tracking trend inflation. This holds
both in the period from 1983 to 2005 and in the shorter periled from 1993, and irrespective of
whether the benchmark trend is a moving average or HP-trend. Some of the indicators with
weights inversely related to past volatility have also been close to the inflation trend over
time. Thisisin particular the case for the two indicatorsreferred to as Volatility 3 and
Volatility 7 in the table. They are constructed by replacing the CPI-weights with weights
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inversely proportional to the standard deviation of the difference between the 12 month
growth in headline CPI and the subindices, and the standard deviation of the monthly change
in the 12 month inflation rate of the subindice, respectively. These two indicators belong to
the class of core inflation indicators referred to as Edgeworth index above.

With an exception for CPI-ATED and CPI-ATEIMP, all the indicators we have considered
track the inflation trend better than headline CPI. But some are only marginally better. Thisis
particularly the case for CPI-AT. Among the core indicators currently used by Norges Bank,
the weighted median does the worst job in tracking trend inflation.

The method we have chosen to assess how the various indicators track trend inflation will
systematically punish indicators that have a different long run mean than trend inflation. As
we noted above, CPI-ATE was one of the indicators that had differed the most from headline
CPI inthe period under consideration here. To get an idea of how important thisis for the
results we have obtained, we have demeaned all the series and recal culated the mean square
error over the period from 1993 to 2005. The results are reported in the fifth columnin table
3. We note that CPI-ATE now has the lowest MSE, whereas it ranked in the middle without
demeaning the series. Thisimplies that CPI-ATE has moved largely in line with trend
inflation, but been biased downwards.

4.4 Do the core indicators explain future changes in headline?

The fourth empirical test we have performed is atest of whether the candidate measure of
core inflation has the ability to predict future changes in headline inflation. This test isrelated
to the definition of coreinflation proposed by Smith (2004), that core inflation is the best
forecaster of future inflation. We use a smple regression equation for this purpose, where we
examine whether the deviation between headline CPI and the candidate core measure has had
the ability to explain future changesin headline CPI. The regression equation is specified as
follows.

(55 -T17) =+ AT -IIF7) +u, (D)

If the core measure is a good forecaster of future headline inflation, and headline inflationis
above core inflation in a given period, we would expect headline inflation to fall in the
periods afterwards. If it has been like this historically, the estimated 5 will be negative. The
empirical test here amounts to testing whether the coefficient 4 is negative and significant. By
including a constant term in the regression, indicators that have had a different mean than
headline CPI in the long run will not perform systematically worse in the test. In addition to
testing the significance of 5 we rank the core indicators according to their explanatory power
in the regression (R?).
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Table 4 Does core inflation explain future changesin headline?

6 months 12 months 18 months 24 months R? ggnk

B R? B R |8 R® |8 R® |av. |av.
CPI-ATE -0.95 0.42| -1.45| 0.58| -0.86|0.28| -0.59|0.17| 0.36 6
CPI-ATED -0.51 0.25| -0.79| 0.34| -0.37|0.11| -0.12|0.01| 0.18 30
CPI-
ATEIMP -0.23 0.11| -0.40| 0.19| -0.34| 0.18| -0.28|0.20| 0.17 32
CPI-AT -0.49 0.05| -1.05| 0.13| -0.36| 0.02| 0.30|0.02| 0.05 35
Tr.m.(20\%) | -1.05 0.33| -1.72| 0.53| -0.94| 0.22| -0.36|0.04| 0.28 15
Tr.m.(10\%) | -1.19 0.35| -2.01| 0.58| -1.06| 0.23| -0.39|0.04| 0.30 12
W.med. -0.55 0.18| -0.98| 0.34| -0.59| 0.17| -0.03/0.00| 0.17 31
CPI_-6 -0.14 0.02| -0.74| 0.31| -0.73|0.38| -0.37|0.12| 0.21 25
Excl. 1 -1.26 0.48| -1.65| 0.47| -0.97|0.23| -1.14|0.38| 0.39 4
Excl. 2 -1.10 0.42| -1.50| 0.46| -1.02|0.30| -1.17|0.43| 0.40 2
Excl. 3 -1.05 0.38| -1.46| 0.42| -0.98| 0.27| -1.02|0.34| 0.35 7
Excl. 4 -0.91 0.34| -1.25| 0.36| -0.74|0.18| -0.78|0.21| 0.27 17
Excl. 5 -0.92 0.32| -1.32| 0.38| -0.82|0.20| -0.81|0.21| 0.28 16
Excl. 6 -0.86 0.30| -1.26| 0.36| -0.76| 0.18| -0.64|0.13| 0.24 23
Excl. 7 -2.75 0.15| -3.98| 0.19| -3.54|0.21| -5.39|0.24| 0.20 26
Excl. 8 -0.96 0.35| -1.34| 0.39| -0.80| 0.20| -0.80|0.21| 0.29 13
Excl. 9 -0.85 0.29| -1.30| 0.39| -0.82|0.22| -0.59|0.12| 0.26 19
Excl. 10 -1.10 0.42| -1.52| 0.46| -1.04|0.30| -1.16|0.43| 0.40 3
Excl. 11 -1.00 0.38| -1.35| 0.39| -0.80| 0.19| -0.90|0.26 | 0.31 11
Excl. 12 -0.83 0.29| -1.22| 0.35| -0.75|0.19| -0.68|0.16 | 0.25 21
Excl. 13 -1.19 0.46| -1.52| 0.43| -0.76| 0.15| -0.94|0.24 | 0.32 10
Excl. 14 -0.96 0.35| -1.31| 0.37| -0.78] 0.18]| -0.86|0.23 | 0.29 14
Excl. 15 -0.88 0.30| -1.21| 0.32| -0.73|0.16| -0.77|0.19| 0.25 22
Vol. 1 -1.17 0.36| -1.59| 0.39| -0.92| 0.18]| -0.72|0.11 | 0.26 18
Vol. 2 -0.79 0.30| -1.08| 0.32| -0.52|0.11| -0.27|0.03| 0.19 29
Vol. 3 -1.17 0.36| -1.84| 0.52| -1.33|0.38| -1.24|0.36 | 0.40 1
Vol. 4 -1.16 0.31| -1.86| 0.45| -1.27|0.30| -1.07/0.25| 0.33 9
Vol. 5 -0.92 0.28| -1.28| 0.31| -0.72| 0.14| -0.46|0.06 | 0.20 27
Vol. 6 -0.55 0.21| -0.76| 0.23| -0.34| 0.07| -0.10/0.01 | 0.13 34
Vol. 7 -1.07 0.35| -1.66| 0.48| -1.17|0.34| -1.13/0.32| 0.37 5
Vol. 8 -0.77 0.28| -1.20| 0.38| -0.76| 0.21| -0.58|0.13 | 0.25 20
Vol. 9 -0.97 0.28| -1.32| 0.29| -0.70| 0.11| -0.56|0.07 | 0.19 28
Vol. 10 -0.96 0.18| -1.51| 0.26| -1.26| 0.25| -1.12|0.24| 0.23 24
Vol. 11 -0.87 0.24| -1.21| 0.25| -0.67| 0.11| -0.54|0.06 | 0.17 33
Vol. 12 -1.05 0.34| -1.54| 0.42| -1.04|0.27| -1.15/0.32| 0.34 8

The estimates of § and the respective R? are reported in table 4. Italic |etters signifies that the
estimated coefficient was not significantly different from zero. To account for possible
heteroskedagticity and autocorrelation in the resduals, we have estimated the covariance
matrix using the method proposed by Newey and West (1987) when performing the
significance tests. We have further reported the relative ranking of the various core measures
based on the average R? over al horizons. We have examined how the deviation between
headline and core inflation has explained the change in headline inflation 6, 12, 18 and 24
months ahead (k=6, 12, 18, 24). The estimation period is January 1993 to December 2005.
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To get a cross-check of our results, we have included the headline inflation rate six months
ago as one of the candidate core measures. We get a sgnificant and negative f with this
indicator 12 and 18 months ahead, and the average explanatory power (F?) over al horizonsis
0.21. Coreinflation indicators that are to be considered as useful tools in predicting future
changesin headline inflation should at least do better than this.

For the horizons on 6, 12 and 18 months the estimated coefficients have the expected negative
sign for al indicators, and nearly all estimates are significantly different from zero. The
picture is more mixed with a horizon on 24 months. Of the indicators currently used by
Norges Bank it isonly CPI-ATEIMP, imported consumer goods, that is found to be
significant. On the other hand, among the new indicators introduced in this pgper, ailmost all
of the indicators where volatile prices are excluded get significant coefficients. Among the
indicators where all prices are included, but volatile prices are given less weight, thereisan
obvious difference based on the congtruction principles. All indicators based on
doubleweighting are insignificant 24 months ahead, and a number of them are insignificant
also with a horizon on 18 months. Of the indicators based on pure volatility weights, al
indicators using weights related to the subindices sandard deviation are found to be
significant at al horizons. The same is not the case for the indicators based on variance
weights. Accordingly, if the aim is to construct a core inflation indicator that forecasts
headline inflation well, and all items are included, but the more volatile have less weight, the
lesson from this study is straightforward: One should use pure volatility weights based on the
different subindices

standard deviation.

If we look at the average explanatory power over al horizons, much of the same picture
reemerges. The indicator named Volatility 3 has the highest average explanatory power,
followed closely by a number of indicators where volatile subindices are excluded. Volatility
3 did also track trend inflation closely, its mean was not significantly different from that of
CPI, and it was considerably less volatile than CPI. If we were to pick the best indicator of
core inflation based on the tests performed here, Volatility 3 would be a strong contender. But
as discussed above, the simple empirical test we have performed here cannot give a precise
answer on what core inflation indicators a centra bank should pay extra attention to. That is
partly because a number of the features that usually are required of an indicator of core
inflation cannot be tested empirically. In addition, even if the empirical tests performed here
have been used by a number of other authors, they are clearly controversial. See for ingance
Robao Marques et al. (2003) for acritical discussion. Two obvious drawbacks with Volatility
3isthat it is not easy to explain to the public, and the weights given to the various itemsin the
index is not related to their economic importance. It isthus very different from the CPI.

CPI-AT performsrelatively poorly as a core indicator. Itslong run mean is not very different
from CPI, but it isalmost as volatile, it tracks trend inflation poorly, and it has explained very
little of the future development in headline CPI. The weighted median did not perform very
well either.

We would neverthel ess argue that the main lesson from this study is that no mechanical
indicator of core inflation can provide areliable picture of the underlying price pressure under
all circumstances. As we have seen, evaluated against different empirical criteria, different
indicators have performed best, even if some indicators have performed better than others
overdl. The policy recommendation is therefore that a central bank should monitor a number
of indicators of coreinflation, and pay particular attention to the question of what the
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underlying price pressure is at a given moment if the different indicators deviate substantially.
This question can in any circumstance not be answered without using alot of judgement.

5 Conclusion

We have presented some indicators of core inflation not used at present at the central bank of
Norway, and evaluated new and traditional indicators empiricaly in this paper. Our main
conclusion is that no indicator can be expected to provide an accurate picture of the true
underlying inflation pressure under all circumstances. Therefore, the central bank should
monitor several indicators, and pay particular atention to the question of what the true
underlying inflation isif different indicators deviate substantially. The indicator that receives
most attention in Norges Bank's Inflation Reports, the CPI-ATE, performs reasonably well in
the empirical tests performed here, but has over time had a somewhat lower growth than
headline CPI.



16

References

Aoki, K. (2001). Optima monetary policy responses to relative-price changes. Journal of
Monetary Economics 48 55-80

Bjernland, H. C. (2001). Identifying domestic and imported core inflation. Applied
Economics 33, 1819-1831

Bryan, M., F., and Cecchetti, S., G (1993). Measuring Core Inflation. NBER Working Paper
No. 4303

Bryan, M., F., Cecchetti, S., G. and WigginslI, R., L. (1997). Efficient Inflation Estimation.
NBER Working Paper 6183

Catte, P. and T. Slgk (2005). Assessing the value of indicators of underlying inflation for
monetary policy. OECD Economics Department Working Paper No. 461

Clarida, R., Gali, J., and Gertler, K. (2001). Optimal Monetary Policy in Open versus Closed
Economies. Anintegrated Approach, American Economic Review, 91, No. 2, 248-252.

Diewert, W., E. (1987). Index Numbers, in John Eatwell, Murry Milgate and Peter Newman,
eds., The New Palgrave Dictionary of Economics. London: McMillan Press, pp. 767-80.

Eckstein, Otto (1981). Core inflation. Englewood Cliffs, NJ: Prentice Hall

Newey, W. and K. West (1987). A simple positive semi-definite, heteroscedasticity and
autocorrelation consistent covariance matrix. Econometrica 55, 703-708.

Quah, D. and S. Vahey (1995). Measuring core inflation. The Economic Journal 105, 1130-
1144.

Rich, R. and C. Steindel (2005). A Review of Core Inflation and an Evaluation of Its
Measures. Federal Reserve Bank of New Y ork Staff Reports No. 236.

Robao Marques, C., P. Neves and L. Sarmento (2003). Evaluating core inflation indicators.
Economic Modelling 20, 765-775.

Roger, S. (1998). Core inflation: Concepts, uses and measurement. Reserve Bank of New
Zedand Discussion paper No. 98/10.

Smith, J., K. (2004). Weighted Median Inflation: Is This Core Inflation? Journa of Money,
Credit and Banking, Vol. 36, No 2

Wynne, M. A. (1999). Core inflation: A review of some conceptual issues. ECB Working
Paper No. 5



17

Table Al Description of indicators

Name Description

CPI-ATE CPI adjusted for tax changes and energy prices excluded
CPI-ATED CPI-ATE from domestic sources

CPI-ATEIMP Imported consumer goods in CPI-ATE

CPI-AT CPI adjusted for tax changes

Trimmed mean 20% See section 3

Trimmed mean 10% See section 3

Weighted median See section 3

Exclusion of volatile components | Percent excluded, exclusion criteria, sample period
Exclude 1 5%, standard deviation of 12 m growth relative to CPI, 1993-2005
Exclude 2 10%, sd of 12 m growth relative to CPI, 1993-2005
Exclude 3 15%, sd of 12 m growth relative to CPI, 1993-2005
Exclude 4 20%, sd of 12 m growth relative to CPI, 1993-2005
Exclude 5 25%, sd of 12 m growth relative to CPI, 1993-2005
Exclude 6 30%, sd of 12 m growth relative to CPI, 1993-2005
Exclude 7 10%, sd of 12 m growth relative to CPI, 1999-2005
Exclude 8 20%, sd of 12 m growth relative to CPI, 1999-2005
Exclude 9 30%, sd of 12 m growth relative to CPI, 1999-2005
Exclude 10 10%, sd of monthly changes in 12 m growth, 1993-2005
Exclude 11 20%, sd of monthly changes in 12 month growth, 1993-2005
Exclude 12 30%, sd of monthly changes in 12 m growth, 1993-2005
Exclude 13 10%, sd of 1 m growth relative to CPI, 1993-2005
Exclude 14 20%, sd of 1 m growth relative to CPI, 1993-2005
Exclude 15 30%, sd of 1 m growth relative to CPI, 1993-2005

Less weight to vol. components Weights

Volatile 1 Doubleweighted, sd of 12 m growth relative to CPI
Volatile 2 Doubleweighted, variance of 12 m growth relative to CPI
Volatile 3 Sd of 12 m growth relative to CPI

Volatile 4 Var of 12 m growth relative to CPI

Volatile 5 Doubleweighted, sd of monthly changes in 12 m growth
Volatile 6 Doubleweighted, var of monthly changes in 12 m growth
Volatile 7 Sd of monthly changes in in 12 month growth

Volatile 8 Var of monthly changes in 12 m growth

Volatile 9 Doubleweighted, sd of 1 m growth relative to CPI
Volatile 10 Sd of 1 m growth relative to CPI

Volatile 11 Doubleweighted, sd of changes in 1 m growth

Volatile 12 Sd of changes in 1 m growth




