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Abstract. The aim of this paper is twofold. First, after defining core inflation, in
line with the recent literature, as the long-run component of the rate of change of
the Consumer Price Index (CPI), we address the general problem of establishing
a set of conditions under which, given the assumption of inflation as an I(1)
process, it is possible to identify an indicator of trend inflation. We show that
some criteria recently proposed in the literature (e.g. Marques et al. (2002))
are unnecessarily restrictive. Second, an empirical investigation, for the period
1983-2001, reveals that these conditions are met in the US economy both for the
traditional measure of core inflation, which is obtained by subtracting food and
energy components from CPI, and for the weighted median of the CPI proposed
by Bryan and Cecchetti (1994).
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1. Introduction

In recent years, growing attention has been devoted to the question of identify-
ing the low frequency component of inflation (e.g. Bryan and Cecchetti, 1994;
Freeman, 1998). The main motivation is that one important objective pursued
by central banks is to maintain price stability. Moreover, many central banks
are introducing explicit inflation targets. As a consequence, it becomes crucial
to compute measures of core inflation which aim at separating transitory from
permanent movements in the Consumer Price Index (CPI).

A traditional measure of trend inflation is computed by the Bureau of Labor
Statistics and is obtained by subtracting food and energy components, compo-
nents which exhibit high volatility, from CPI. It is well known that this core
inflation indicator is widely used by central banks. Nevertheless, it has recently
been criticized by various authors (e.g. Freeman, 1998; Marques et al., 2002) who
present some evidence against the reliability of this indicator.

A different strategy to remove high frequency noise from inflation data has
been proposed by Bryan and Cecchetti (1994). It consists in the computation of
a weighted median of the CPI which aims at avoiding the inclusion of large price
change from the CPI basket.

The aim of this paper is twofold. First, after defining the core inflation, in
line with the recent literature, as the long-run component of the CPI, we address
the general problem of establishing a set of conditions under which, given the
assumption of inflation as an I(1) process, it is possible to identify an indicator of
trend inflation. Second, we show that if we consider the period 1983-2001 these
conditions are met in the U.S. for the traditional measure of core inflation.

As far as the first question is concerned, we show that the criteria recently
put forward in Marques et al. (2002) are unnecessarily restrictive since they re-
quire (i) cointegration between the core measure and inflation, with cointegrating
vector (1, -1); (ii) unidirectional causality at all frequencies: core inflation should
Granger-cause inflation but not be Granger-caused by it.

Instead, in this paper we maintain that if the core inflation measure and
inflation are taken as I(1) processes, then (i) they should be cointegrated with
cointegrating vector (1, -1); (ii) the error-correction term should not cause core
inflation’ at very low frequencies. With respect to the conditions stated by Mar-
ques et al., this implies a milder restriction concerning causality relationships
between the two series since we require one-way causality only at frequency zero.

It is worth noticing that the criteria we establish in order to identify a con-
sistent measure of core inflation are closely related to the more general question
of obtaining a decomposition of an I(1) series into a permanent, I(1), and a
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transitory, I(0), component. Stock-Watson (1988) and Gonzalo-Granger (1995),
among others, propose different identifying procedures to isolate the common
trend component in cointegrated systems.

The paper is organized as follows. In section 2 a set of conditions is estab-
lished which allows the core inflation component in the context of cointegrated
systems to be identified. Section 3 presents an empirical investigation for the
period 1983:1-2001:12 concerning the US economy in which it is shown that both
the traditional measure of core inflation and the measure proposed by Bryan
and Cecchetti can be interpreted as the trend component of inflation. Section 4
concludes.

2. Notation and definitions

Let us assume that the year on year inflation rate, m¢ = (In(P;) —In(P;-12)) %100,
is an I(1) variable. Then, it is possible to decompose inflation in a permanent,
I(1), and a transitory, I(0), component. Let us indicate with 7* the permanent
(core) component of inflation.

We state that any measure of core inflation should satisfy the following two
conditions:
(i) m and 7} are cointegrated with cointegrating vector (1, -1);
(ii) There exists an error correction representation given by:

Arny = A1(L)Ani_1 + A12(L)Ami—1 + €1t

1
Amy = Agl(L)AW:__l + Azz(L)A’Irt_l — a(w;‘_l - 7Tt_1) + €9¢ ( )

where A = I — L and L is the lag operator, ¢; = (€14, €a¢)’ is the (2x 1) vector of
reduced-form disturbances such that E(e;) = 0 and E(e€;) = Q.

Conditions (i) and (ii) are the necessary conditions which allow 7} to be
identified as the permanent component of 7;. In particular, condition (ii) implies
that core inflation does not adjust to long-run equilibrium, i.e. there is one-way
causality at frequency zero. We want to stress that it is not necessary to impose
further restrictions on causality relationships, for condition (ii) ensures that only
the innovation term in the core inflation equation, €3, can influence the long-run
-forecast of inflation. In other words, if condition (ii) holds, then:

. OFy(miyn)
am —p — 70 2)
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Hence, the conditional expectation Em4p for long forecast horizon with respect
to the past history, depends only on ;.
Let us invert (1) in order to obtain the reduced-form Wold representation:

(57 = (Guity Gty (=) @

The total multiplier of An} with respect to Am; is given by Ci2(1) and
the assumption of unidirectional causality at frequency zero (inflation does not
Granger-cause core inflation in the long run ) implies that C12(1) = 0. Notice
that if C12(1) = 0, then the long-run forecast of core inflation does not depend on
inflation. Moreover, the cointegration assumption implies that also Ca2(1) = 0
and hence it follows that only 7} can influence the long-run forecast of ;.

Remark 1. Marques et al. (2002) establish that 7} is an appropriate measure
of core inflation if condition (i) is satisfied and, moreover, if C12(L) = 0, i.e.
if inflation does not Granger-cause the core inflation index at all frequencies’.
Yet, we have shown that if core inflation is interpreted as an indicator of the
permanent trend in inflation® this condition is not necessary. Note that if core
inflation follows a random walk, then of course Ci2(L) = 0, but there is no
reason to restrict the dynamic shape of the permanent component of inflation to

a random walk process.

Remark 2. Gonzalo and Granger (1995) propose a method to identify the com-
mon long-memory components in cointegrated systems. They build upon Quah’s
(1992) notion of permanent-transitory decomposition for difference-stationary
processes and provide an extension to the multivariate case. Starting with large
systems, they impose that the permanent components be linear combinations of

1 It is well known that, given a bivariate cointegrated system, the presence of strong ex-
ogeneity, i.e. Ci2(L) = 0, is a sufficient condition for unidirectional causality at frequency
Zero.

2 It is worth pointing out that this is a widely shared definition of core inflation (e.g.
Freeman, 1998) and it is also utilized by Marques et al. (2002).
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all the set of estimated variables. It is easily verified that our conditions (i) and
(ii) met all the conditions established by Gonzalo and Granger in order to obtain
a permanent-transitory decomposition of an economic variable in the context of
cointegrated systems. Yet, it is important to stress that condition (i) and (ii) iso-
late a particular case, very interesting from an economic point of view, in which
the trend component is associated with a directly observable economic variable.

Remark 3. Another important trend-cycle decomposition for cointegrated sys-
tems was proposed by Stock and Watson (1988). It represents an extension of
the univariate decomposition proposed by Beveridge and Nelson. They identify
the permanent component by imposing a random walk process for the trend. Let
us notice that if conditions (i) and (ii) are satisfied then the common trend of
the Stock-Watson decomposition is given by the random-walk component of core
inflation. Moreover, we want to stress that also the Stock-Watson identification
does not require the restriction Ci3(L) = 0, i.e. unidirectional Granger-causality
at all frequencies is not necessary.

Remark 4. It is possible to give a structural interpretation of the shocks affecting
this bivariate system. We can think of (4) as a reduced-form relation of the
following structural model:

(AWI> _ (Hn(L) H12(L)) (ﬂlt) (5)
Ay Hyi(L) Hp(L) ) \ n2t
where: H(0) is the Cholesky factor of ), i.e. is the unique lower triangular
matrix such that H(0)H(0)' = Q.. Moreover, H(L) = C(L)H(0), n: = H(0) ¢
and E(nm;) = 1. ne = (n1t,m2¢)’ is a (2x1) vector of structural disturbances.
Thus, we have an exactly identified system. More precisely, we impose a
Wold causal form with trend inflation orderered first in the causal ordering, i.e. we
impose H32(0) = 0. Nevertheless, since the error correction term does not cause
core inflation at very low frequencies, then it follows that a shock to inflation,
holding core inflation fixed, has only a transitory effect on both variables, i.e.
in this case H12(0) = Hi2(1) = Ha2(1) = 0. Hence, only shocks affecting .the
variable which is ordered first (core inflation) have long-run effects on inflation?.
Another (and related) important conclusion which can be drawn from this Wold

3 An interesting implication of this result is that there is equivalence between long-run and
short-run identifying restrictions in VEC models (cf. Ribba, 1997). Cochrane (1994) provides a
recursive VAR interpretation of the joint dynamics of consumption (C) and income (Y). Since
C and Y are cointegrated (1, -1) and Y does not cause at frequency zero C, Cochrane concludes
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causal structure is that in composing the forecast-error variance of inflation at
low frequencies, only shocks affecting core inflation matter.

3. An Empirical Investigation for the US Economy

In this section we consider two different bivariate VARs, for the period 1983:1-
2001:12. The first model includes the year on year rate of change of CPI ex food
and energy (77) and the year on year rate of change of CPI (7). The second
model considers an alternative measure of core inflation which is obtained by the
weighted median of CPI (73)%. We take the series as I(1) processes® and estimate
VARs with two lagsS.

As far as cointegration analysis is concerned we utilize the framework de-
veloped by Johansen (1991), in which tests for the presence of long-run relations
among the series are based on a maximum likelihood procedure. Table 1 shows
the results concerning the first model and we conclude that it is not possible to
reject the null hypothesis of one cointegrating vector at the usual significance
level”. In table 2 we report the normalized coefficients and also show the loading
(adjustment) coefficients. The coefficient on inflation is close to -1.0 and given
the standard error we can infer that it is not statistically different from -1.0 at
the 5 percent level. Moreover, the likelihood ratio test of the joint restriction
that the cointegrating vector has form (1, -1)’ and that 7; does not cause 7, at
frequency zero is distributed as a x2(2) and has a value of 5.37 with an associated
p-value of 0.07. Thus, as a whole, the tests show that the cointegrating vector has
predictive power for change in Consumer Price Index, but not for change in CPI
ex food and energy. This long-run exogeneity result for the traditional measure

that consumption is a good indicator of the permanent income. An estimation of the permanent
component of the Italian aggregate output, based on the joint dynamics of consumption and
output, is provided in Ribba (2000).

4 The series of Median CPI is taken from the database of the Federal Reserve Bank of
Cleveland. The other series are taken from FRED at the St. Louis Web site.

5 Of course, a battery of unit root tests has been conducted (both univariate and multivariate

Y

tests) and the results do not reject the hypothesis that the series can be represented as difference-
stationary processes. The same conclusion is reached by Freeman {1998) and by Marques €t
al. (2002). Yet, it is well known that such tests suffer from low power as against a sufficiently
close alternative.

6 As for lag length selection, both the Hannan-Quinn and the Schwartz criterion suggest 2
lags for the VARs in levels.

7 We also computed likelihood ratio tests for restrictions on the deterministic trend coeffi-
cients. The tests (not reported) largely support the restriction that the constant is zero.
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of core inflation, reveals that its use as a predictor of the trend component of
inflation is legitimate.

Marques et al. (2002) show that the hypothesis of strong exogeneity for this
core inflation measure is rejected for the period 1987:1-2000:12. Moreover, they
maintain that the null hypothesis that the error-correction term does not signif-
icantly enter the core equation is also rejected. As far as the strong exogeneity
assumption is concerned, we have emphasized in section 2 that it is not necessary.
As for long-run exogeneity, we stress that we have considered only a slightly dif-
ferent period (1983:1-2001:12), and hence an explanation for this different result
could rest upon the different approach we employed in the empirical investigation.
For, Marques et al. adopt a strategy of testing which is based on uniequational
estimations but it is well known that other multivariate based strategies, such as
Johansen’s approach, are more powerful.

Table 3 and 4 show that the same conclusions hold for a bivariate VAR in
which the trend inflation measure proposed by Bryan and Cecchetti is considered.

The final step of this empirical investigation is a Forecast Error Variance De-
composition (FEVD) analysis. We aim to provide complementary information on
the dynamic relationships between the variables included in the bivariate cointe-
grated VAR models. In particular, given orthonormal innovations, we impose on
the estimated VAR the condition of unidirectional Granger-causality in the long
run and try to determine to what extent the joint behaviour of core inflation and
inflation is affected by the two structural innovations at different horizons. We
stress that this identifying restriction is supported by the cointegration analysis
which was conducted in this section. Moreover, recall that unidirectional causal-
ity at frequency zero implies equivalence between a recursive ordering, with core
inflation ordered first, and long-run identifying restrictions. (cf. Ribba, (1997)).

As shown in figures 1 and 2, the permanent shock, i.e. the core inflation
shock, explain the long-run behaviour of inflation®. Two important features of
this analysis are worth noticing: (i) the permanent shocks explain much of the
forecast error variance of 77 and 73 at all horizons and this is an expected property
of any trend indicator; (ii) although the permanent shocks also play a dominant
role in explaining the variability of inflation at all frequencies, the contribution of
the transitory shock becomes negligible only at medium-low frequencies whereas
it explains about one/third of variability at horizons of 1-2 years.

8 By definition, at each horizon and for each variable the FEVD parameters sum up to
unity. We show point estimates and asymptotic 95 per cent confidence bounds.
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4. Conclusions

This paper has shown that the traditional measure of core inflation, widely used
by central banks as an indicator of the permanent movements in inflation, is not
so unreliable an indicator as recently maintained by some authors (e.g. Marques
et al. (2002). Since, if we consider the US economy for the period 1983-2001, the
annual change of CPI excluding food and energy turned out to be cointegrated
(1, -1)’ with the rate of change of CPI and, moreover, it is not caused at low
frequency by the error correction term. This allows core inflation to be identified
as the trend component, in the sense of Gonzalo-Granger (1995), of the rate of
inflation measured by the CPI.

Our empirical investigation has shown that this conclusion also holds for the
trend inflation indicator, obtained by the weighted median of the CPI, proposed
by Bryan and Cecchetti.

It is worth stressing that, there may be, of course, other reasons which could
lead one to avoid the use of the traditional measure of core inflation. For exam-
ple, we did not address in this paper the important question of comparing our
selected measures with alternative indicators of trend inflation, such as measures
of core inflation based on more structural approaches, e.g. the Structural VAR
model with long-run neutrality restrictions proposed by Quah and Vahey (1995).
Instead, our objective was to define general conditions under which it is possible
to identify a trend inflation indicator, relate this discussion to the literature on
permanent-transitory decompositions for I(1) processes developed in recent years,
and test whether some indicators of core inflations satisfy these conditions.
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Table 1
Johansen’s Cointegration Rank Test (Trace test): Model 1

Eigenvalues H, H, Trace 95%
A =0.0661 r=0 r=1 16.39 12.53
Ay =0.0041 r<i r=2 0.94 3.84

Notes: Results for the period 1983:1-2001:12 are based on a reduced form
model which includes 7;*, and w, estimated with two lags. m;* is the rate
of change of the CPI ex food and energy.

Table 2
Analysis of the Cointegration Space: Model I

VARIABLE m* n
Normalized Cointegrating Vector 1 -1.088 (.055)
Loading Coefficients -0.021 (0.013) [ 0.057 (.022)
Hy: The Cointegration Space Contains

the Cointegrating Vector 1 -1

and

the Loading Coefficients 0 Y

¥*(2) = 5.37, p-value 0.07

Notes: The numbers in parentheses are standard errors. The null of a
cointegrating vector (1, -1)’ and of unidirectional long-run causality,
(0, v), is a joint test for conditions (i) and (ii) of section 2.



Table 3

Johansen’s Cointegration Rank Test (Trace test): Model II

Eigenvalues H, H, Trace 95%
Ar=0.0549 r=0 r=1 13.33 12.53
Az = 0.0026 r<1 0.58 3.84

Notes: Results for the period 1983:1-2001:12 are based on a reduced form
model which includes 7,*, and =, estimated with two lags. m,* is the
weighted median price change of CPI components.

Table 4

Analysis of the Cointegration Space: Model II

VARIABLE T, s
Normalized Cointegrating Vector 1 -1.093 (.068)
Loading Coefficients -0.019 (0.014) | 0.049 (.020)
H,: The Cointegration Space Contains

the Cointegrating Vector 1 -1

and

the Loading Coefficients 0 ¥

%*(2) = 4.16, p-value 0.12




Figure 1. Decomposition of Forecast-Error Variance: Model I
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Figure 2. Decomposition of Forecast-Error Variance: Model II
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