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A NEwW CORE INFLATION INDICATOR FOR TURKEY

Necati Tekatl’

ABsTRACTThis paper has two main objectives. The first dibjecis to propose a ne
indicator of core inflation, which is obtained kgidsyncratic dynamics ancleaning
month on month relative price fluctuations from @leprice changes. We use a fa
model with the subcomponents of CPI inflation térast this new core indicator. T
second objective is to evaluate the performanciiefnev indicator and two wide
used core indicators for Turkey, H and I, by thiptad four criteria designed to ass
the informativeness and the predictive power of¢hseries for the analysisuadline
inflation. The results suggest that the new iatlic, Fcore, is a good measure of
inflation and a useful tool for policy analysis. Mover, the core indicator H is a m

informative measure of core inflation compareddcedndicator I.
JELE31, E58, C11
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oz Bu makalenin iki temel amaci varditk amag, enflasyonun analizi igin yeni
cekirdek enflasyon gostergesi ggtimektir. Bu yeni goOsterge, genel fi
degisikliklerinden sektére has fiyat dinamiklerini ve rgti fiyat dalgalanmalar
arindirarak eld edilmitir. Biz bu gostergeyi elde etmek icin TUFE enflasynun a
kalemlerini kullanan yeni bir faktér modeli ortakayuyoruz.ikinci amag ise bu ye
gosterge ve Tirkiye ekonomisi icin yaygin olarakitza H ve | gdstergelerin
performanslarini icelemek ve dgerlendirmektir. Bu dgerlendirmede kriterle
cekirdek gostergelerin genel enflasyon godsterggsi bilgilendiriciligini ve 6ngori
glcunl anlayacakekilde secilmgtir. Elde edilen sonuclar Fcore ismini vediiz
yeni ¢ekirdek enflasyon gtisgesinin iyi bir gosterge ve politika analizlegisinda
da faydah bir arac¢ oldiunu gostermektedir. Ayrica, sonuglardan H gosténges

gOstergesine gore daha bilgilendirici aiduda anlailmaktadir.
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1. Introduction

The term core inflation is widely used by academoentral bankers and
economic analysts as a measure of inflation theludes prices of certain
items or some components of price series with lelahovements. The
rationale is that unusual changes in prices arikelplto be related to the
overall inflation trend. The concept of core inifat was first introduced in
1975 by Robert J. Gordon, as the aggregate prmetgrexcluding food and
energy which is still one of the most commonly useesures. Although
the need for core inflation measures is widely ptae in the economic
literature, there is no consensus on how to medkere. The preferred core
and overall inflation measures by the Federal Reser the U.S. are the
core and overall Personal Consumption Expendit(fP€2E) price indices,
both of which are chained dollar indices. Befor®@20the Federal Reserve
Board’s semiannual monetary policy reports to Cesgmwere using the CPI
for the Board’s outlook for inflation. However, sm then, the Board
describes the inflation outlook in terms of PCE.

There are at least nine core inflation measuresighda every month for
the Turkish economy, each of which excludes differgems from the
basket of headline inflation. However, many poliakars depend on two of
these core measures, H and |. The core measureclddes unprocessed
food products, energy, alcoholic beverages, tobacoducts and gold from
the consumer price index (CPI) whereas the meaburrcludes food,
energy, beverages (both non-alcoholic and alcophdbbacco products and
gold.

In this study, we propose a new measure of codatioh based on a
factor model, an econometric modeling techniquehwirious possible
applications in economics these days. Then, togettike this new measure
which we callFcore, we analyze two most commonly used core inflation
measures for the Turkish economy, as mentionedeedd and |. We
provide a comparative performance analysis oftallthree core measures.
To this end, we apply some criteria to assess tinarmativeness and
usefullness for the analysis of overall inflatid¥e select the criteria mainly
to test their predictive ability and understand heamore measure’s
information content with respect to current andifatinflation.

Our results indicate that all three candidates tnd Fcore are good
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measures of core inflation in terms of tracking ithféation trend, display a
close relationship with headline inflation, and éaredictive power within
a two year horizon. Moreover, each indicator is kiye@xogenous. That is,
when headline inflation deviates from core inflatigcall this “trend
inflation”), it converges back to the core inflatiochowever this is not true
when core inflation deviates from the headlineatiéin. These results are
important for policymakers, academics and analgstee all rely on core
measures to understand the underlying trend iretadrglation and future
inflation movements. Since changes in monetarycpdiffect inflation and
also economic activity with a lag, monetary poleythorities are forward
looking and policy makers can not influence inflatiand economic activity
in the short-run. Therefore policy makers want noerstand the changes in
inflation trend and future inflation dynamics inettmedium-run and long-
run.

In the literature, there are a few studies simitarours. Clark (2001)
compares five measures of core inflation suchiasred mean, median CPI
and CPI excluding a basket consisting of differiggms. He finds that the
CPI excluding just energy and the trimmed mean apgpeperior to the rest.
The closest work to ours is Reis and Watson (2@lgre they derive a
factor-based core inflation and relative price esri and explore
interpretations for each of these components. Tesuilts indicate that their
core measure is barely correlated with money growttile it has a
correlation of around 0.5 with nominal interestesat Cristadoro, Forni,
Reichlin and Veronese (2003) also use a factor inodextract a common
component that can represent a core inflation meaddowever, their
extraction methodology is different from ours. Altilgh there are more
papers such as Bryan and Cecchetti (1994), RichStachdel (2007) on
comparison of measures of core inflation, theiufos somewhat different.
Their main focus is problems with measuring cofféafion comparison of
popular measures of core inflation whereas we @e@onew core inflation
indicator for the Turkish economy and provide a pamative analysis with
existing measures which policy makers widely ustn@ir policy decisions.

The paper is organized as follows. Section 2 ceslithe factor model and
discusses the first results. Section 3 presentsm#jer findings of this study.
The concluding remarks make up the final section.

2. Using Factor Models for Measuring Core Inflation A New Core
Inflation Indicator for Turkey
In this section, we explain the methodology to viera new measure of

core inflation. The method is a version of a faatovdel, an econometric
modeling technique applied to many practical qoestiin economics these
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days. Before describing the model, we want to gvbrief discussion to
clarify why deriving a core indicator from a factorodel makes sense and
how this core indicator can be useful.

2.1. Why Use Factor Models?

Why do we use a factor model to extract a fact@edacore inflation
indicator? First, the Reis and Watson (2010) pajsscribes a theoretical
model that can support the idea of factor modelscore and relative
inflation analysis. They show that the structuralcno models give rise to an
analogous representation we will describe in tleistisn for studying the
components of inflation, where the components depen the various
shocks in the macro model.

Second, as discussed in Reis and Watson (2010%0thponent of core
inflation in the model corresponds to the famousught experiment that
economists have used for more than hundred yeianagine that all prices
increase in the same proportion, but no relativeepchanges.” An example
of how this proportionate increase can happen isea&agenous but
anticipated increase in the money supply. Thisease in money supply
will lead the price-setters to raise their prickaast in the same proportion.
In addition to the Reis-Watson’s paper, Cristaddforni, Reichlin and
Veronese (2003) shows empirical evidence to suphmse ideas. Todd
(1997) and Bryan and Cecchetti (1993) also agre¢hisnconcept, saying
that core inflation should capture just the commpored the price change that
is common to all items and exclude changes in ¢fetive prices of goods
and services.

Third, Bryan and Cecchetti (1993) give statisticehsons why a factor
model can be a solution method to measure thetiorilan a simple but
useful manner. They pro-vide solutions for the twoblems associated with
using the CPI to measure inflation. The first peoblis related to the
transitory noise due to nonmonetary shocks, formgle, sector-specific
shocks and sampling errors. The second problemecosdwo potential
biases: The first is the weighting bias that cofmes the expenditure-based
weighting method in the CPI inflation and the set@a measurement bias
that is created by persistent errors in measur@ntaim prices. In Bryan and
Cecchetti (1994), they study the first of thesebprms. In Bryan and
Cecchetti (1993), their objective is to computeeduced-bias estimate of
inflation from the CPI series and they apply a daghodel to handle the
second of the given problems because the indexetkefrom a factor model
is an unbiased estimate of the common componesa¢h of the individual
price changes. In both papers, their reasoningdeudissions apply to the
measurement of core inflation as well.
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2.2. The Factor Model

The factor model employed in this study is an esitam of Geweke and
Zhou (1996) and a Bayesian version of Stock andswa{1998) and Bai
(2003). A similar methodology defined in this sentto apply factor models
on core inflation analysis is introduced in Reigl &tock (2010). Lel =
(Y1, V2 ..., Vv ) be the Nx T matrix of observable variables that represent
inflation numbers in the sectoral groups i = 1,...THen the factor model is
formulated as

Yo =Bo+Bfi +& 1)
wherefo is N x 1 vector of deterministic coefficienfsis N x r matrix of
factor loadings,fis r x 1 vector of factors ang is N x 1 vector of
idiosyncratic factors. In this study, we define temmmon factors, = (f*°"®
)T a core inflation factor and a relative price éactrespectively. The
core inflation factor, f°°, represents the price changes that are common to
all sectoral groups and relative price factgf, fs only common to specific
sectoral groups. The idiosyncratic component ddtersnthe price-specific
or sector-specific dynamics. Since we identify thetors by core inflation
and relative price factors, we need to put somatifileation restrictions on
the factor loading matrix. The factor loading oe ttore inflation is unity by
definition; therefore, the first column ffis a vector of ones.

Common factors follow an autoregressive process:
fl =Bo + Bj(L)f-d + & 2
where j € {core, rel} and B(L) is a matrix of factor automegsive
coefficients.
We have the following further assumptions to congtbe model:

g ~iid N(0,Z),  e~iid N(0, D), E{e) =0 )
whereX and D are diagonal positive definite matrices.iAsnost of the
factor analysis literature, we also assume thabfacare uncorrelated and
their error variances are normalized to one as @one in Kose, Otrok and
Whiteman, (2003). We assume that only one lagefdkbtor is included.

One final note is about the estimation method. Beye methods are
applied to estimate the latent factors and modelmaters.

2.3. A Brief Look at the Core Measures

We employ twelve subcomponents of CPI inflationdarive the Fcore
series and use the H and | measures reported Iliyshustatistical Institute
(TUIK). All the CPI, H, | and Fcore series are swealy adjusted in all the
analysis of this study. The series used in theofactodel are the monthly
change in the twelve subcomponents and all theseve use range from
2003:M1 to 2010:M4.
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The first factor described in the model sectiothis core inflation factor
(f°"9 and the second factor is the relative price fa"). However, we
use a generic one-fit-for-all notation for all there inflation, which ist;*",
and relative price measures, which@&', in most of the sessions and
discussions of the paper. Our main interest inrigggarch is the first factor,
which is our new core inflation measure. Therefdhe, discussions in the
next sections are mainly based on the first factor.

To better understand what the core measures wedeordo, we would
like to present a discussion on the time serieth@fcore measures. Before
we start this discussion, it would be better to laxpthe two major
differences between the Fcore and two popular nmeasef core inflation.
First, the ingredients are different, that is, Hldnexcludes certain items
whereas Fcore excludes sector-specific or pricefspehanges or shocks
in the prices but includes all the items. Seconthr& assumes ‘almost’
equivalent increases in the price levels at aroined‘'same’ time period.
One should examine the results of this researclerutite light of these
differences.

In Figure 1, rather than presenting the monthlyesewe present three
month moving averages of the three measures, Hd IFzore, in order to
have less volatile smoothed series and easy tarstadd pictures. All three
measures have a close dynamic pattern over the @a3010:M4 period.
This figure can give us some useful informationwhibe prices. Between
May 2003 and March 2004, the core indicator | stigjner than H and Fcore
while the core indicator H is larger than | and fectsom September 2006 to
June 2008. Looking at the definitions of H and & @an see that the rise in
the prices of at least some of the items excludedthese measures
dominates the basket of the CPI prices so that stey above the level of
Fcore (remember that Fcore represents ‘almost'vatgnt price changes in
all items). In the rest of the months (from Aprd@% to August 2006 and
from July 2008 to April 2010), the new measure Edsrmostly higher than
H and I. This indicates —for these months— thatethe an overall rise in
almost all prices which also includes the itemsleded in H and |, that is,
including food, energy, beverages (both non-aldcha@ind alcoholic),
tobacco products and gold as well. Figure 2 pravitie annual rate of CPI
inflation, annual rate of H and implied annual rdta Fcore. The
comparison between H and Fcore in this figure msilar to three month
averages in Figure 1. In addition to this, one chserve that, since August
2005, in almost every month the core inflation Hh&dow the headline CPI
inflation. Nearly in these periods, Fcore is alssolv the CPI inflation
except for the period Jan 2009-May 2009. At thimpave skip the detailed
analysis on the figures to focus on the main puepad this study.
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Figure 1. Three Month Moving Averages for Three Measres of Core Inflation
from 2003: M4 to 2010:M4
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Figure 2. Annual Rates for CPI Inflation and Two Measires of Core Inflation,
H and Fcore, from 2004: M1 to 2010:M4
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3. Evaluating Measures of Core Inflation

We provide a comparative performance analysis of tlalee core
indicators, H, | and Fcore. To this end, we appiys criteria to assess their
informativeness and predictive power for the arialg$ headline inflation.
We select the criteria mainly to test their prddet content and to

understand how much information each core indicegiories with respect to
current and future inflation.

How can we assess the usefulness of core inflatidicators? We apply
four criteria that answer four questions. How deash core indicator and
inflation relate to each other in the short-, mediand long-run? How well
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does each indicator track the inflation trend? He&ll does each indicator
predict future headline inflation? Can inflationegdict the core inflation
indicator, that is, is core inflation weakly exoges? We will try to answer
each of these questions for evaluating the perfocemaof each core
indicator.

3.1. Dynamic Correlation Analysis

We apply the dynamic correlation (a measure of cament for
economic variables) developed by Croux, Forni aecifin (2001) to the
relation between inflation and the core measure3able 1, we provide the
dynamic correlation results. The results can bel raa the short-run,
medium-run and long-run relations that correspamd4l.5 years, 1.5-8
years and 8-plus years, respectively.

Table 1. The Relation with Inflation

Dynamic Correlation Long-term B.Cycle Short-term
H 0.75 0.59 0.37
| 0.68 0.54 0.39
Fcore 0.76 0.70 0.68

The relation between the inflation from CPI indexdaore inflation measures is studied using
dynamic correlation definition of Croux, Forni andi¢tgin (2001).

The application of dynamic correlation reveals tting inflation and the
core measures are more related as time passedl #mel @re measures are
positively related with inflation in all horizonxgained above. According
to three horizons considered, H, | and Fcore haglgnamic correlation of
0.37, 0.39 and 0.68, respectively, in the shortwinereas these correlation
values rise to 0.59, 0.54 and 0.70 in the mediumvwrhich is also referred
as the “business cycle” period in the literatuteas Iquite clear that Fcore is
highly related to the CPI inflation. One reasontfds might be the content
of Fcore: because the subcomponents excluded indH are also included
in the derivation of Fcore, we can expect clos&tien between Fcore and
the CPI inflation. However, this is another advgetaf the Fcore measure
as well.

3.2. Deviation from Trend Inflation

Policymakers, economists and analysts prefer a icdlaion indicator
that neither understates nor overstates the lamg-iaflation trend and
excludes short-term relative price dynamics. If¢bee inflation satisfies the
following conditions, we can say it tracks the tteate of inflation well. As
discussed in Rich and Steindel (2007), a core atdicshould have a mean
comparable to the target inflation series over maglgeriod of time.
Moreover, the standard deviation of the core shbeldmaller than that of
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inflation because it is the smoothed measure datioh after omitting
relative shocks. Finally, a core measure shoulplaysa close coherence to
the underlying trend in the target inflation seri@&is final condition is
captured by the dynamic correlation method preserte the previous
section.

By definition, a good measure of core inflation liobe more stable and
less volatile than the inflation itself and the i@age rate of core inflation
should match the average rate of headline inflatiims can be seen in
Table 2. According to Table 2, the monthly inflatimmean is 0.78 and its
standard deviation is 0.55. H and | have a mean0.62 and 0.60,
respectively, and standard deviations of 0.36 aBfl. (Among the three core
indicators, Fcore has the mean (0.65) closest @b ah inflation and the
smallest standard deviation (0.33). Thus, Fcord \hie closest long-run
mean has also the smallest deviation from the tongnflation mean. Then
comes the core indicator H. Combining the resultslymamic correlation
analysis with these two results we can concludeRbare does a better job
in tracking the trend of inflation.

Table 2. All Inflation Measures

Inflation H | Fcore
Mean 0.78 0.62 0.60 0.65
Standard Deviation 0.55 0.36 0.39 0.33

Mean of the core should represent the mean oftiofiasince relative shocks are mezero
Moreover, standard deviation of the core shouldimaller than the inflation because it is
smoothed measure of inflation after omitting refatshocks.

3.3. Predicting Future Inflation

In addition to tracking trend inflation, a good reeee should help predict
future headline inflation. One widely accepted aagh to study the
predictive ability is based on the idea that ifrent inflation deviates from
the underlying trend rate, headline inflation sklo@turn back to the path of
trend inflation. While the formulation of the modele present for
predictability analysis is simple, it is consistanith the beliefs of some
policymakers, economists and analysts who takeggsaim core inflation as
signals of future changes in headline inflation.

The ability of core inflation to predict future rdme inflation is
guantified by using monthly data to estimate tlgression:

Teh — T =0+ A(m — %) + g 4
wheremn; denotes the inflation computed from the CPI indagn;**®is the
core inflation measure. Moreovey,is the error and h denotes the horizon.
What does this regression model tell us? Assuntiag the core inflation
corresponds to the underlying inflation model tremgadline inflation
should fall (rise) when current inflation is abdelow) the core.
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The predictive content in alternative measures ak dnflation can be
evaluated from this regression and is presentedailes 3 and 4. The
regression R squares are given in Table 3. Theroewsures H and | offer
significant explanatory power for future inflatioHowever, the core
measure with the most predictive content for fuinfation is Fcore. Fcore
has an average R square of 0.38 for the horizofis?2df months and 0.44 for
the horizons of 12-24 months. These numbers are &8 0.39 for H, and
0.31 and 0.35 for I.

Table 3. Predicting Inflation — Regression RValues

Horizon H | Fcore
1 0.32 0.25 0.32
3 0.26 0.20 0.35
6 0.39 0.35 0.39
12 0.36 0.38 0.41
18 0.38 0.32 0.42
24 0.37 0.29 0.48
1to24 0.34 0.31 0.38
12t024 0.39 0.35 0.44

Each entry is th&® square for different horizons from the regressibfuture deviations of inflation on current detoms
from core inflation. Last two rows are the averagé®n from h = 1 to h = 24 and also from h = 1A to24. Horizon |
h months.

A nice attractive feature of equation (4) is thaing some ideal or
credible definitions of successful measure of dofiation, one can obtain
restrictions on the equation parameters. As disclgs Rich and Steindel
(2007), for example, suppose Bryan and Cecchgttid®4) definition of
core inflation is adopted as the ideal core meagshed is, “the component
of price changes that is expected to persist ovedimm-run horizons of
several years.” This definition implies®™® = E(u.h|l) where E is the
expectations operator andd the information on price changes through time
period t. Bryan and Cecchetti’'s definition will kolunder the joint
restrictionsa = 0 andA = 1. The value of. indicates whether the core
deviation is correctly measuring the magnitudehef transitory changes in
inflation. If the value o is greater (less) than unity (in absolute valtren
the deviation from corer{ — ") understates (overstates) the magnitude of
current transient because it understates (oves$téte changes in inflation.

In Table 4, the regression coefficients are reporfdl coefficients are
highly significant and have values changing aroundy. If we follow the
definition of Bryan and Cecchetti (1994), the cogdicator Fcore
understates whereas the indicator | overstates tithesitory inflation
movements. However, the indicator H has a bettptuca of the transitory
movements in inflation.
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Table 4. Predicting Core Inflation — Regression Coétients

H | Fcore
Horizon o A o A o A
1 0.11 -0.74 0.10 -0.64 0.10 -0.88
(0.06) (0.12) (0.06) 0.12) (0.06) (0.14)
3 0.07 -0.74 0.06 -0.63 0.08 -1.03
(0.07) (0.14) (0.07) (0.14) (0.06) (0.15)
6 0.10 -1.02 0.11 -0.93 0.10 -1.21
(0.07) (0.14) (0.07) (0.14) (0.07) (0.17)
12 0.07 -1.04 0.09 -1.02 0.08 -1.33
(0.08) (0.16) (0.08) (0.15) (0.08) (0.19)
18 0.01 -0.91 0.03 -0.82 0.05 -1.18
(0.07) (0.14) (0.07) (0.15) (0.07) (0.17)
24 0.01 -1.06 0.02 -0.92 0.07 -1.40
(0.08) (0.18) (0.09) (0.18) (0.08) (0.19)

Coefficients areeported for different horizons from the regressid future deviations of inflation
current deviations from core inflation. In parersiseare the standard deviations. Horizon is h hmnt

3.4. Predicting Future Core Inflation

In the previous section, we explored how well eaudticator predicts
future headline inflation. Now we need to reverfse question to make sure
that the headline inflation converges to core tidlabut not the other way
around. Can inflation predict the core inflatiordizator, that is, is core
inflation weakly exogenous?

Using the following equation, we can check if camflation is weakly
€X0genous:

core core _—_ _ core core cor core
Ten 0 = 0 = a2+ A (my — ") + g 5)
core ;

wheremr, is the CPI inflation ana;*°"©is the core inflation. Moreoveg;"°" is
the error and h denotes the horizon.

The results of this model are presented in Taldad Table 6. R-squared
values for Fcore, H and | are quite small, with quares of Fcore and |
slightly bigger. The coefficierit®" seems to be quite insignificant at almost
all the horizons h. Moreover, the estimates\@8f° are quite small as well
relative to those values in the predictive equafanheadline inflation in
(4). What do these results tell us? These reslitsig that none of the three
core indicators converge to the target inflatidrattis, each one is weakly
exogenous as expected from a core indicator adtiofi.
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Table 5. Predicting Core Inflation — Regression RValues

Horizon H | Fcore
1 0.03 0.05 0.03
3 0.04 0.09 0.00
6 0.00 0.01 0.03
12 0.03 0.05 0.01
18 0.00 0.00 0.01
24 0.00 0.02 0.04
1to 24 0.02 0.04 0.02
12t0 24 0.01 0.02 0.03

Each entry is the R square for different horizomsrfithe regression of future deviation:
core inflation on current deviations from inflatiohast two rows are the averages taken
h =1toh =24 and also from h = 12 to h = 24.iktwr is h months.

Table 6. Predicting Core Inflation — Regression Coétients

H | Fcore
Horizon o A [V} A o A
1 -0.03 0.10 -0.05 0.17 0.01 -0.13
(0.03) (0.07) (0.04) (0.08)  (0.04) (0.09)
3 -0.06 0.20 -0.09 0.33 -0.01 -0.08
(0.05) (0.10) (0.06) (0.11)  (0.05) (0.12)
6 -0.05 0.06 -0.06 0.11 -0.01 -0.19
(0.05) (0.11) (0.06) (0.11)  (0.05) (0.14)
12 -0.11 0.19 -0.12 0.25 -0.03 -0.11
(0.07) (0.14) (0.07) (0.13)  (0.06) (0.16)
18 -0.13 -0.02 -0.13 0.06 -0.07 -0.11
(0.06) (0.12) (0.06) (0.12)  (0.05) (0.14)
24 -0.18 0.07 -0.20 0.16 -0.07 -0.23
(0.07) (0.15) (0.07) (0.14)  (0.06) (0.14)

Coefficierts are reported for different horizons from theresgion of future deviations of core inflation curren
deviations from inflation. In parenthesis are ttendard deviations. Horizon is h months.

4. Concluding Remarks

Using monthly data on the subcomponents of CPlesefor Turkish
economy, we estimate a measure of core inflatiGedban a factor model.
Then we study the performance and usefulness of rélselting core
indicator, Fcore, and two popular core indicatét®nd I. The results of this
paper indicate that each core indicator performgeqwell in terms of
tracking the inflation trend, short-term and mediterm relation with
headline inflation and predictive content. Moregvere find that each
indicator is weakly exogenous. That is, when idlatdeviates from core
inflation, it converges back to the core inflatidogt not the other way
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around. One important finding is that the proposedsure of core inflation,
Fcore, does a better job than the core measuraedH, in almost all of our

analysis. An interesting future work will be to emtl the list of core

inflation measures and run a more comprehensivédysigausing more

sophisticated methods whereas we intend to usestgsssticated methods
because simple methods are more acceptable iroteerdlation studies of

central banks.
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