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Abstract

Many central banks often focus on underlying measures of inflation when assessing

inflation trends. This paper compares the accuracy of underlying measures of inflation

relative to the headline rates by using Australian data. It is found that the underlying

measures did have smaller errors in predicting the long-term trend in inflation than the

quarterly headline rate in the sample period 1977—2001 and the inflation targeting sub-

period starting from 1993, due to the large volatility of the headline rate. As compared

to the year-ended headline rate, the statistical test results , however, support only the

measure of market prices excluding volatile items, not the others. There is some weak

evidence of the weighted median measure outperforming the headline rate in the sub-

period after 1993. With respect to directional accuracy, the test statistics cannot reject

the null hypothesis of an equal probability correctly predicting the moving direction of

the inflation trend, though the headline rates have a higher probability.



1 Introduction

Accurate and reliable measures of inflation have become increasingly important as the

focus of monetary policy in many countries shifts to explicit inflation targeting. Since the

aggregate price index in an economy is often affected by short-run movements in some

volatile components, such as fruit and fuel, it is difficult for policy makers to determine

whether a change in the aggregate price index reflects movements in the fundamental

determinants of inflation and also how persistent the change is likely to be. As a result,

a number of central banks focus on underlying (or core) measures to help determine the

outlook of inflation. The idea is that these measures may provide a better indicator of

long-term trends in inflation.1

There are two types of underlying measures: exclusion (such as the CPI excluding

food and energy), and statistical (such as the weighted median). In Australia, although

the inflation target is expressed in terms of the consumer price index (CPI), the Reserve

Bank of Australia believes that ‘it can be useful when assessing inflationary trends to

focus on underlying measures which abstract from short-run volatility’.2 These under-

lying measures are the ‘CPI excluding volatile items’,3 the ‘market goods and services

excluding volatile items’, the ‘(30 per cent) trimmed mean’ and the ‘weighted median’.

As central banks adopts underlying measures of inflation, economists have started

to evaluate these measures. Freeman (1998) tests the information contents of core

inflation measures on US data by using Granger causality tests in forecasting the headline

rate. While considering a wider set of underlying measures, Le Bihan and Sedillot

(2000) compare the accuracy of these measures in forecasting the headline inflation rate

of France. The authors of these two papers seem to give some empirical support to

statistical measures.

1Wynne (1999) provides a critical review of the literature on measuring core inflation, and Cecchetti
and Groshen (2000) surveys the measurement of underlying inflation.

2See Box D in Reserve Bank of Australia (2002). In RBA’s reports, the long-term trend in inflation
is usually called the ‘underlying trend of inflation’. To avoid the confusion between underlying trends
and underlying measures, this paper uses ‘the long-term trend in inflation’ to replace the term of ‘the
underlying inflation trend’.

3Volatile items are defined as fruit, vegetables and automotive fuel by the Australian Bureau of
Statistics.
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After constructing an approximation of the long-term trend in inflation for the US,

Cecchetti (1997) examines the efficiency (small sample variance) of various inflation

measures by using a Monte Carlo experiment based on actual data. When comparing

monthly changes of the measures, he finds that a trimmed mean measure is the most

efficient estimator. With respect to deviations from the long-term trend in inflation, his

results show that the headline rate averaged over 12 months does have a slightly bigger

confidence interval than the 10 per cent trimmed mean, but smaller than all the other

alternative measures.

By conducting a series of trials for trimmed means, Kearns (1998) finds that the

100 per cent trim (i.e., the weighted median) is the best trimmed mean measure of

inflation in Australia. Dixon and Lim (2003) evaluate various underlying measures used

by Australian authorities against a set of criteria about their time series relationship

with the headline rate, such as cointegration and Granger causation. They conclude that

the majority of the underlying measures are not satisfactory in that they are excluding

useful information.

From a different perspective, this paper compares the performance of the CPI head-

line rates and underlying measures in Australia by assessing their relative accuracy in

predicting the long-term trend in inflation. The paper is structured as follows. Sec-

tion 2 provides a simple framework for analysis, while Section 3 briefly introduces the

alternative indicators and presents the methods to assess their performance. Section 4

reports the relative performance of the various underlying measures with respect to the

headline rates. Section 5 concludes the paper.

2 A framework for analysis

Between any two periods, the changes in the prices of individual goods and services have

two elements, one is common to all goods and services that constitutes the long-term

trend in inflation (or sometimes called core or underlying inflation in the literature), and

the other is idiosyncratic for the local market. The problem in measuring the long-term
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trend is to isolate these two elements from observed price changes. Define ṗi,t as the rate

of change of an individual price i at time t, Πt = ln(Pt/Pt−1) as an aggregate inflation

component and xi,t a relative price change element, this can be written as

ṗi,t = Πt + xi,t (1)

Π is the object of interest. This is the long-term trend in all prices and is therefore the

target of monetary policy.

The ‘headline’ rate is normally constructed as a weighted average of individual price

changes, πt =
P

iwi,tṗi,t, where
P

iwi,t = 1. The weights are usually chosen on the

basis of expenditure shares. Since Πt is common to all prices, Equation 1 implies

πt −Πt =
X
i

wi,txi,t (2)

The term on the right side of the equation is usually nonzero and as a result the head-

line rate in any period is a poor approximation to the long-term trend. Following the

literature,4 this term can be decomposed into two parts, noise (nt) and bias (bt). The

noise is transitory and mean zero, implying that lengthening the observation interval

would eliminate this transitory noise. The bias, however, is permanent with a nonzero

mean, which is normally the consequence of weighting patterns, sampling techniques,

and quality adjustment employed in the calculation of the headline rate. Those biases

that result from actual errors in measuring the individual prices themselves can only be

dealt with in the compilation procedure, and are outside the scope of this paper.

Lengthening the observation interval over which inflation is measured, such as aver-

aging headline rates over many months and years, will gradually reduce noise, but this

will certainly decrease the usefulness to central bankers, who have to wait for noise to

be eliminated over time. Various underlying measures of inflation are therefore designed

to provide as much information on the long-term trend as possible from timely released

price indices. These measures minimise the transitory noise by using different informa-

4See, for example, Boskin and et al. (1997) and Cecchetti (1997).
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tion in the calculation of the index. The ‘CPI excluding food and energy’ approach,

for example, involves a simple re-weighting of individual prices of goods and services,

excluding food and energy, to obtain an underlying measure. As argued by Bryan and

Cecchetti (1994), the weighted median, as one of trimmed means, is able to reduce noise

in a number of ways, such as to downweight the importance of sector-specific shocks

likely to only eventually average to zero across all prices and to reduce the impact of

errors in price setting or measurement.

3 Data and methods

The data set used in this paper includes the year-ended and quarterly rates of the

following measures of inflation in Australia: the all groups CPI, the all groups CPI

excluding volatile items (fruit, vegetables and automotive fuel), the measure of market

prices excluding volatile items, the weighted median and the trimmed mean. The first

one is the headline rate and the rest are underlying measures. The data set is obtained

from the Reserve Bank of Australia web site (www.rba.gov.au) and covers the 1976-2003

period.5

As suggested above, the long-term trend in inflation (Πt) can be approximated by

a moving average of inflation rates. Similar to Cecchetti (1997), this paper uses a 13-

quarter centred moving average of actual inflation (the quarterly headline rate), and

as a result the effective sample period becomes 1977Q3-2001Q4.6 The choice of a 3

year window is not critical and this choice can also be compared to the choices made in

Kearns (1998) (5,7 and 9 quarters).7

The ability of various indicators of inflation to reduce noise are evaluated by their

accuracy in predicting this long-term trend in inflation. The question of accuracy is

5The sample period for the CPI excluding volatile items and the measure of market prices excluding
volatile items is 1987Q1-2003Q2.

6It seems that the seasonality of Australian inflation data is not strong as the difference between
seasonal-adjusted rates and non-adjusted rates is very small. The tests for the presence of seasonality
in the data are not significant.

7Changing to a 15-quarter centred moving average does not change the qualitative results reported
in the paper.
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Figure 1: Selected inflation measures and long-term trend, per cent per annum
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examined in two ways, predictive accuracy and directional accuracy. The first one

answers the question of whether indicators tend to be near the long-term trend and the

second one answers the question of whether they tend to correctly predict the direction of

any change in the inflation trend. Accuracy can only be judged relatively, and moreover

measurements of accuracy do not offer guidance on how to improve indicators.

Figure 1 plots the long-term trend in inflation (i.e., the annualised rate of the 13-

quarter centred moving average), as well as two year-ended rates: the headline rate

and the weighted median. It is clear that the headline rate is more volatile than the

underlying measures, such as the weighted median. Since 1993, however, the volatility

of the headline rate seems to become smaller than before. The relative accuracy of the

headline rate and underlying measures in predicting the long-term trend in inflation can

be tested by formal statistical tests.

The paper performs the Diebold-Mariano (DM) (1995) test of predictive accuracy

between the indicators. Let cy1t and cy2t be two predictions of the long-term trend in
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inflation yt, and e1t and e2t be the associated predictive errors. If g(eit) is a direct

function of the predictive errors and dt = g(e1t)− g(e2t), then the equality of predictive

accuracy can be tested by the following statistic

S1 =
d̄p
V (d̄)

(3)

where d̄ is the mean of d, and V (d̄) is the variance of d̄. Asymptotically, a consistent

estimate of V (d̄) is

V (d̄) ≈ γ0 + 2
Ph

k=1 γk
T

(4)

where h is the truncation lag, and γk is the kth autocovariance of dt and can be estimated

by

γk =

PT
t=k+1(dt − d̄)(dt−k − d̄)

T
(5)

The truncation lag is often related to a familiar result that optimal (h+ 1)-step-ahead

prediction errors are at most h-dependent, implying all the sample autocovariances

beyond h are zero. The sample autocorrelation function of dt can also be used to

determine the truncation lag.

Harvey, Leybourne and Newbold (1997) note that the Diebold-Mariano test could

be seriously over-sized as the prediction horizon, h, increases, therefore they provide a

modified Diebold-Mariano test statistic

S∗1 = S1

r
T + 1− 2(h+ 1) + h(h+ 1)/T

T
(6)

where S1 is the original statistic (3). Harvey, Leybourne and Newbold also recommend

a further modification of comparing the statistics with critical values from the Student’s

t distribution with (T − 1) degrees of freedom, rather than from the standard normal

distribution.

The analysis of directional accuracy is to test the null hypothesis that the probability

of correctly predicting the moving direction of the long-term trend in the two consecutive

periods is the same for two indicators. The numbers of correct and incorrect predictions
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by two indicators are tallied in a contingency table, which are then used to construct two

alternative test statistics, a chi-squared test and a more conservative statistic introduced

by Yates (1934).8

4 Relative accuracy of underlying measures

This section analyses the relative accuracy of the underlying measures by applying

the methods described in the previous section. All the quarterly rates of underlying

measures will be compared with the quarterly headline rate, while the year-ended rates

of underlying measures will be compared with the year-ended headline rate. The long-

term trend in inflation, which is approximated by the 13-quarter centred moving average

of the quarterly headline rate, is annualised in the comparison of the year-ended rates.

This section reports the results of predictive accuracy first, then those of directional

accuracy.

For predictive accuracy, two direct functions of errors are used in this paper: absolute

error, g(e) = |e|, and mean squared error, g(e) = e2. Since the long-term trend includes

the information of future inflation in the next six quarters, all the inflation indicators are

implicitly six-step-ahead forecasts. The arguments in the previous section suggest the

need to allow for at least five-dependent predictive errors. This intuition is confirmed

by the sample autocorrelation functions, and the related Ljung-Box Q-statistics, of the

loss differentials, in which sizable and significant sample autocorrelations appear at lags

up to five, and nowhere else.

Table 1 presents the test results for the quarterly rates, while those for the year-ended

rates are reported in Table 2. These tables also report the results for the sub-period

since 1993Q1, when the Reserve Bank of Australia formally adopted inflation targeting.9

The test results in Table 1 clearly show that the underlying measures outperform

the headline rate in predicting the long-term trend in inflation. All the forecast errors,

8A detailed explanation of these two test statistics can be found in Conover (1980)
9The truncation lag h is chosen as 2 for all the tests conducted for this period. The sample auto-

correlation functions and associated Ljung-Box Q-statistics confirm that sizable and significant sample
autocorrelations appear at lag 1 and 2 and nowhere else.
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Table 1: Predictive accuracy relative to the headline rate: the quarterly rates

g(e) = |e| g(e) = e2

MAE S1 S∗1 RMSE S1 S∗1
1977Q3-2001Q4
Weighted median 0.70 2.60∗ 2.59∗ 0.72 2.37∗ 2.36∗

Trimmed mean 0.70 3.24∗ 3.22∗ 0.73 2.45∗ 2.44∗

CPI ex. volatile itemsa 0.71 3.53∗ 3.50∗ 0.79 3.01∗ 2.99∗

Market prices ex. volatile itemsa 0.72 3.21∗ 3.19∗ 0.79 2.60∗ 2.58∗

1993Q1-2001Q4
Weighted median 0.76 2.69∗ 2.66∗ 0.84 3.46∗ 3.42∗

Trimmed mean 0.75 2.90∗ 2.86∗ 0.92 1.22 1.21
CPI ex. volatile items 0.81 2.61∗ 2.58∗ 0.88 3.01∗ 2.98∗

Market prices ex. volatile items 0.80 2.32∗ 2.29∗ 0.90 3.65∗ 3.60∗

Note: a the sample period for the CPI ex. volatile items and the Market prices ex. volatile

items is 1988Q3-2001Q4.

MAE and RMSE are mean absolute errors and root mean squared errors, relative to
those of the headline rate, respectively.

S1 and S∗1 are absolute values of the Diebold-Mariano test and its modified version.

The critical values at the 5 per cent significance level are 2.03 and 1.98 with 97 and 35

degrees of freedom, respectively. ∗ significant at the 5 per cent level.

either absolute errors or squared errors, of the underlying measures are smaller than

those of the headline rate in both sample periods, with almost all the test statistics

are significant. As demonstrated in the previous section, the headline rate is a poor

approximation of the long-term inflation trend and has much noise in it (see Equation

2). The underlying measures do have the ability to extract more information of future

inflation from the price data than the headline rate.

When the year-ended rates of the underlying measures are compared to the year-

ended headline rate, however, the results are different. While the means of forecast

errors, either absolute errors or squared errors, of the underlying measures are still

smaller than those of the headline rate (but not as large as the quarterly rates), the test

statistics cannot reject the null hypothesis of equal predictive accuracy overwhelmingly.

The only exception is the measure of market prices excluding volatile items, which rejects

the null in both sample periods. There is also weak evidence supporting the weighted

median in the inflation targeting period, with the test statistics for root squared means

errors significant at the 5 per cent level.
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Table 2: Predictive accuracy relative to the headline rate: the year-ended rates

g(e) = |e| g(e) = e2

MAE S1 S∗1 RMSE S1 S∗1
1977Q3-2001Q4
Weighted median 0.84 0.98 0.98 0.87 0.78 0.78
Trimmed mean 0.84 1.28 1.27 0.80 1.60 1.59
CPI ex. volatile itemsa 0.90 0.65 0.64 0.85 1.23 1.22
Market prices ex. volatile itemsa 0.76 2.35∗ 2.33∗ 0.73 2.76∗ 2.74∗

1993Q1-2001Q4
Weighted median 0.74 1.68 1.66 0.72 2.15∗ 2.12∗

Trimmed mean 0.81 1.24 1.22 0.81 1.59 1.58
CPI ex. volatile items 0.93 0.48 0.47 0.86 1.15 1.13
Market prices ex. volatile items 0.83 1.63 1.61 0.79 2.48∗ 2.45∗

Note: a the sample period for the CPI ex. volatile items and the Market prices ex. volatile

items is 1988Q3-2001Q4.

MAE and RMSE are mean absolute errors and root mean squared errors, relative to
those of the headline rate, respectively.

S1 and S∗1 are absolute values of the Diebold-Mariano test and its modified version.

The critical values at the 5 per cent significance level are 2.03 and 1.98 with 97 and 35

degrees of freedom, respectively. ∗ significant at the 5 per cent level.

Year-ended rates are essentially an average of the quarterly rates over the year,

therefore these year-ended rates are less volatile than the quarterly rates and may provide

more information of the long-term trend. The year-ended headline rate is able to reduce

the volatility in the quarterly rate, with a mean absolute error of 1.2 percentage points

per annum from the long-term trend, much smaller than 1.8 percentage points for the

quarterly headline rate. The results in Table 2 suggest that in terms of predictive

accuracy, the year-ended rates of the underlying measures and the headline rate are not

statistically different and they provide the same information of the long-term trend in

inflation.

Similarly for directional accuracy, the quarterly and year-ended rates of the under-

lying measures are respectively compared to the corresponding headline rate, and the

results are reported in Tables 3 and 4. In every case, the probability of the headline

rate correctly predicting the direction of the change in the long-term trend is about 60

per cent, higher than those of the underlying measures, but the statistical tests cannot

reject the null hypothesis of no differences in the probability. This suggests that the
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Table 3: Directional accuracy relative to the headline rate: quarterly rates

Indicator and sample Correct Incorrect Percent Chi-Squared Yates
correct

1977Q3-2001Q4
Headline rate 63 34 65
Weighted median 55 42 57 1.38 1.06
Trimmed mean 59 38 61 0.35 0.20
CPI ex. volatile itemsa 27 32 46 2.18 1.67
Market prices ex. volatile itemsa 31 28 53 0.55 0.31

1993Q1-2001Q4
Headline rate 20 15 57
Weighted median 16 19 46 0.92 0.51
Trimmed mean 16 19 46 0.92 0.51
CPI ex. volatile items 14 21 40 2.06 1.43
Market prices ex. volatile items 17 18 49 0.52 0.23

Note: a the sample period for the CPI ex. volatile items and the Market prices ex. volatile

items is 1988Q3-2001Q4.

The critical value at the 5 per cent significance level is 3.84. ∗ significant at the 5 per cent

level.

The description of the tests can be found in Conover (1980, pp.144-151).

Table 4: Directional accuracy relative to the headline rate: year-ended rates

Indicator and sample Correct Incorrect Percent Chi-Squared Yates
correct

1977Q3-2001Q4
Headline rate 58 39 60
Weighted median 55 42 57 0.19 0.08
Trimmed mean 59 38 61 0.02 0.00
CPI ex. volatile itemsa 30 26 54 0.14 0.04
Market prices ex. volatile itemsa 31 25 55 0.04 0.00

1993Q1-2001Q4
Headline rate 20 15 57
Weighted median 16 19 46 0.92 0.51
Trimmed mean 19 16 54 0.06 0.00
CPI ex. volatile items 17 18 49 0.52 0.23
Market prices ex. volatile items 20 15 57 0.00 0.00

Note: a the sample period for the CPI ex. volatile items and the Market prices ex. volatile

items is 1988Q3-2001Q4.

The critical value at the 5 per cent significance level is 3.84. ∗ significant at the 5 per cent

level.

The description of the tests can be found in Conover (1980, pp.144-151).
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underlying measures and the headline rates are not different in predicting directional

changes in the long-term trend in inflation.

5 Conclusion

With the long-term trend in inflation approximated by the 13-quarter centred moving

average of actual inflation, this paper has compared the accuracy of underlying measures

of inflation relative to the headline rates. The comparison has been conducted in two

areas: predictive and directional accuracy, and the standards of predictive quality are

formally tested.

By using Australian data, it is found that while the underlying measures did outper-

form the quarterly headline rate, the predictive accuracy of the underlying measures is

not significantly different from that of the year-ended headline rate. The only exception

is the measure of market prices excluding volatile items, which has significant test results

in the whole sample period 1977-2001 as well as in the inflation targeting sub-period

starting from 1993. There is also weak evidence of the weighted median outperforming

the year-ended headline rate in the inflation targeting period. As regards directional

accuracy, though the headline rates had a higher probability of correctly predicting di-

rectional changes in the long-term trend than the underlying measures, the test results

are not statistically significant.

With no clear and overwhelming evidence of the underlying measures outperforming

the year-ended headline rate in the Australian data, the Reserve Bank of Australia

should not rely only on the underlying measures of inflation as the headline rate is

equally important in predicting the long-term trend in inflation. Moreover, since the

existing measures are not satisfactory (mean absolute errors of about 1 percentage point

from the long-term trend), it may be necessary to explore other approaches to measuring

the long-term trend, which can be statistical measures, such as the dynamic factor index

(DFI) measure proposed by Bryan and Cecchetti (1993), or based on economic models,

such as those suggested by Quah and Vahey (1995) and Stock and Watson (1999).
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