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A possible relationship between the Consumer Price Index and the Wholesale Pr

has been analyzed for long and short-run relationships. Conventional Engle and

[Estimation Test Econ. 55(1987) 2251–276] and Johansen’s [J. Econ. Dyn. Control

231–254] cointegration tests give mixed evidence for a possible long-run relationship

those two series. The model-free and seasonally robust periodogram-based test fails

the null of no-cointegration relationship. However, these two series move togeth

short run.
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different baskets to implement their policies.
The price indices are the weighted averages of the prices of individual item

prices are not all affected in the same way by the policies of central ban
example, central banks’ exchange rate policies are more likely to affect the
tradable than non-tradable goods. Moreover, central bank interest rate
affect the prices of goods and services differently (services are less like
affected by the interest rates relative to goods prices). Therefore, the selectio
price index could be detrimental to the credibility of the central bank policie
as to their success.

The purpose of this study is to assess any long- and short-run relat
between two widely used indexes: the Consumer Price Index (CPI)
Wholesale Price Index (WPI) series. The CPI includes both tradable goods a
tradable goods/services in its composition; however, the WPI consists
tradable goods. It might be the case that these two indexes are affected differ
exchange rate and interest rate-based policies. Therefore, it is plausible th
two indexes do not move together. If these two indexes are not cointegrated—
no long-run relationship, then this means their values may diverge persisten
time. Therefore, the announced inflation target might be reached for som
price indexes but missed for some others. This will threaten the credibilit
Central Bank. In order to avoid that, the selection of the price index is vita
implementation and success of any inflation target-based monetary policy. H
if there is a short-run relationship, this means their long-run deviation will n
their respective behaviors in the short run.

To the best of our knowledge, there is no other study that looks at the rela
between different price indexes. On the other hand, there are various stud
suggest that these series are affected differently by various economic sho
example, technology shocks and increasing return to scale [1]; different stick
intermediate product prices [2]; tight monetary policy [3]; oil price shocks
real exchange rates [5] affect the prices of different products differently. The
of this paper is to analyze the dynamic relationship between these two series
rather than assessing the third variable effect on these two series.

This paper studies a direct relationship between the two most popul
indexes (WPI and CPI) using Turkish data, which has various adv
Firstly, Turkey has been experiencing a high and persistent level of
without running into hyperinflation since the mid-1970s. The high variabili
level of inflation allows us to minimize the type 2 error—an error mad
an incorrect null hypothesis is not rejected. Secondly, unlike some centra
the Central Bank of the Republic of Turkey used both exchange r
interest rate-based stabilization policies to hamper inflation. Therefore, th
on prices of both central bank policy tools do exist for the Turkish data.
Turkey has relatively well-developed and liberal markets; therefore, pric
with market forces rather than being regulated by price controls or
All these allow the use of the Turkish data for any relationship that cou
among price indexes.
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CPI series for the period January 1987–August 2004 in Turkey by using conv
cointegration tests such as Engle and Granger’s [6] single equation, Johan
multivariate cointegration tests as well as the periodogram-based cointegrat
The main contribution of this paper is to use this third test to determine if t
(long run) relationship between these two indexes. Note that both the CPI
WPI are quite seasonal series. Maravall [8], Hecq [9], Cubadda [10] and Che
Westermann [11] argue that addressing the seasonality in the data could
basic inference gathered from the data. In order to account for this, we
periodogram-based cointegration tests as developed by Akdi [12], and A
Dickey [13]. This method has the advantage of being model free and se
robust. The next section introduces the data and the conventional as we
periodogram-based testing methods, Section 3 presents the empirical evide
the last section concludes the paper.
2. Data
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The WPI and CPI indexes for the period from 1987:01 to 2004:08 were
from the Central Bank of the Republic of Turkey data delivery system
//tcmbf40.tcmb.gov.tr/cbt.html). In our analysis, we used 1994-based WPI
indexes. The WPI index includes 678 goods chosen according to the share
values that are produced domestically and supplied to the domestic mark
current prices of those goods are followed from 1287 firms with the highest d
endorsement. The prices, except for the agriculture sector, are the final good
For the agriculture sector, prices are taken from wholesale food markets. T
based WPI uses ISIC Rev.3. classification and is calculated by employin
weight Laspeyres formulation. The 1994-based CPI index, on the other
calculated for seven geographical provinces and 19 cities by employing fixe
Laspeyres formulation. It covers 410 goods and services whose prices are
from 35 residential areas and uses Classification of Individual Consump
Purpose.

Fig. 1(a) reports the time series plots of the logarithms of these two serie
series are similar regarding persistency and both have increasing trends. Th
of the calculated values of Autocorrelation and Partial Autocorrelation func
reported in Fig. 1(b) for the sample. Graphs of the autocorrelation functio
very slowly, which may suggest a possible unit root for each series. There
unit root tests are warranted.

Table 1 reports the conventional Dickey-Fuller, Phillips-Peron Unit Root
well as Dickey et al. (1984) seasonal unit root tests for these two series.
reports the series with an intercept term, Panel B gives the intercept term
time trend and Panel C reports the tests on the first difference of the s
the Dickey-Fuller, Phillips-Peron Unit Root Tests and the twelfth differenc
Dickey, Hasza and Fuller test. Table 1 suggests that we cannot reject the n
unit root in either series in levels (with and without time trend). However, w

http://tcmbf40.tcmb.gov.tr/cbt.html
http://tcmbf40.tcmb.gov.tr/cbt.html


reject the null of a unit root in the differenced of the series. Thus, we claim that both
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Fig. 1. (a) WPI and CPI figures. WPI (Solid line) and CPI (Dotted line). (b) Identification plots of WPI

and CPI.

Table 1

Unit root tests

A: Intercept B: Intercept with trend C: Difference with interecept

ADF PP DHF(12) ADF PP DHF(12) ADF PP DHF(12)

WPI �1.82 �1.88 �1.54 0.80 0.99 0.82 �5.26** �8.22** �5.92**

CPI �2.62 �2.37 �1.74 2.53 2.44 1.03 �4.25** �8.19** �7.99**

Note: * indicates the level of significance at 5% and ** indicates the level of significance at 1%. The critical

values are gathered from Hamilton [14] and Franses and Hobijn [15].

Y. Akdi et al. / Physica A 360 (2006) 483–492486
series are I(1).
Next, we will perform the Akdi and Dickey’s [13] periodogram-based unit

for each series. For this test, one may use the trigonometric transformatio
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model specification) is

InðwkÞ ¼
n

2
ða2

k þ b2
kÞ ,

where ak, bk are the Fourier coefficients and defined as

ak ¼
2

n

Xn

t¼1

ðY t � Ȳ Þ cosðwktÞ and bk ¼
2

n

Xn

t¼1

ðY t � Ȳ Þ sinðwktÞ .

Note that when wk ¼ 2pk=n, the following equality appears

Xn

t¼1

cosðwktÞ ¼
Xn

t¼1

sinðwktÞ ¼ 0

and this causes the Fourier coefficients to be invariant to the mean and there
periodogram ordinate is invariant to the mean. Moreover, periodogram-ba
root/cointegration tests have the advantage of being seasonally robust, an
free from the selection of the lag lengths (see Refs. [12,13]).1

In order to reject the null hypothesis of a unit root, one needs to obser
values of the periodogram ordinates. Therefore, the values of the test s
TðwkÞ can be used to test for a unit root where

TðwkÞ ¼
2ð1� cosðwkÞÞ

ŝ2
InðwkÞ .

The test statistic is distributed as a mixture of chi-squares exactly for AR(
under the assumption of non-stationarity. In this case, the normalized perio
will be distributed as chi-squares with two degrees of freedom asymptotical
the assumption of stationarity. In conventional tests, the power of the tes
exact. However, the power can be calculated analytically for the perio
method to test for a unit root (see Ref. [12]). For higher order series, t
distribution is obtained asymptotically; that is

TðwkÞ ¼
2ð1� cosðwkÞÞ

ŝ2
InðwkÞ �!

D
Z2

1 þ 3Z2
2 ,

where Z1 and Z2 are independent standard normal random variables and
variance of the error term. Here, the notation ‘‘�!

D
’’ stands for conver

distribution. The critical values of this distribution are provided by Akdi and
[13]. The results of both types of series are given in Table 2.

Table 2 suggests that both series are again I(1).

1The periodogram-based method has certain advantages over conventional tests. Firstly, co
tests require the estimation of too many AR parameters to account for the dynamics/seasonality of the

series. Secondly, test results change with the sample size in conventional tests, while the periodogram-

based method requires no parameter estimation except for variance. Thirdly, the critical values of the test

statistics are free of sample size constraints. Thus, these might have considerable advantages, especially for

small samples.



3. Empirical evidence
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Table 2

Periodogram-based unit root test

Series Inðw1Þ ŝ2 Tnðw1Þ Critical values Conclusion

In level

WPI 974.803 0.00079 1083.79 0.178 Unit root

CPI 1064.58 0.00067 1395.60 0.178 Unit root

Difference

WPI 0.017692 0.00061 0.025716 0.178 Stationary

CPI 0.023725 0.00063 0.033391 0.178 Stationary

Y. Akdi et al. / Physica A 360 (2006) 483–492488
This section provides the test statistics for the long- and short-run relat
between CPI and WPI series.

3.1. Long-run relationships: Cointegration tests
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In the previous section, it was suggested that the two series are integrate
same order; in other words, they may have a common trend. In such ca
reasonable to search for a possible cointegrating relationship between CPI a
series. If a set of non-stationary multivariate time series has a stationar
combination, then that series is considered cointegrated. Briefly, if a series Y

stationary and there is a b vector (or matrix) such that W t ¼ b0Y t

stationary, then Y t is considered cointegrated and the vector b is ca
cointegrating vector.

In this study, it was suggested that both WPI and CPI are I(1). Thus, th
stationary series can be written as a linear combination of stationary a
stationary series as

CPIt ¼ a11Ut þ a12St ,

WPIt ¼ a21Ut þ a22St ,

where Ut and St represent the unit root and stationary component of thes
respectively. Since each component of the bivariate series includes the non-st
component Ut, both components of Y t are non-stationary. However
coefficients ðaij ; i; j ¼ 1; 2Þ in Eq. (5) are known, then

WPIt �
a21

a11
CPIt ¼ a22 �

a21a12

a11

� �
St ¼ cSt

is stationary and the system is cointegrated with the cointegrating
b ¼ ð�ða21=a11Þ; 1Þ

0. Since we do not know the coefficients, we need to esti
the coefficients in Eq. (5). Instead, it is sufficient to estimate the ratio a21=a11
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Fig. 2. Residual plots from OLS.

statistics.
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of WPI on CPI and hence if the residual series is stationary, then the bivaria
is cointegrated. Moreover, the OLS estimator of the parameter CPI obtain
that regression is a consistent estimator for the ratio a21=a11 (Ref. [6]).

The graphs of the residual of this regression are given in Fig. 2. The re
coefficient is calculated as 0.958707. Therefore, if this residual series is sta
then the cointegration vector will be ð�0:958707; 1Þ0.

We first performed the Engle–Granger cointegration test. The ADF test
for the residual term when the WPI is regressed on the CPI index is –2.035. T
rejected the no-cointegration at the 10% level but could not reject the nu
cointegration at the 5% level. Next, we performed the Johansen cointegrat
The test results are reported in Tables 3a and b.

Table 3a reports the results of Johansen’s cointegration tests. The test
suggest that we can reject the null hypothesis if there is no-cointegrating rela
between the two series with the l-trace test, but we cannot reject the null of
cointegration with the l-max test at the 5% level. However, we can reject th
no-cointegration at the 10% level for both tests. Thus, the results are mixe
3b reports the seasonal cointegration test statistics as suggested by Johan
Schaumburg [17] and Darné [16].2 The test statistics can reject the null hypo
no-cointegration at the 5% level.

Now we apply the periodogram method proposed by Akdi [12] to dete
there is a cointegrating relationship between these two series. When the rea
the cross periodogram ordinate of the WPI and CPI series (say yk) is regresse
periodogram of the WPI (or CPI) series (say xk), the coefficient of xk i
consistent estimator for the ratio a21=a11 [12]. That is, when we consider th

yk ¼ aþ bxk þ Zk; k ¼ 1; 2; 3; � � � ; ½n=2�

the OLS estimator of b is a consistent estimator for the ratio a21=a11 and is ca
as b̂P ¼ 0:956865. Here, [n/2] denotes the integer part of n/2. If the ser
Y 2;t � 0:956865Y 1;t is stationary, then these two series are cointegrated.
stationary, we will conclude that the CPI and WPI series are cointegrated.

2To the best of our knowledge, this test is available only for l-max statistics but not l-trace
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Table 3b

Seasonal cointegration test results

Hypothesized no. of CE(s) Eigenvalue l max statistic l max test at 5%

Nonea 0.064087 13.71008 11.3

At most 1a 0.024934 5.22680 4.2

aThe critical values are gathered from Darné [16].

Table 3a

Johansen’s cointegration test results

Hypothesized

no. of CE(s)

Eigenvalue l-trace
statistic

l max statistic l trace test at

5%

l max test at

5%

Nonea 0.057408 17.53456 12.23829 15.49471 14.26460

At most 1a 0.025261 5.29626 5.29626 3.84147 3.84147

Y. Akdi et al. / Physica A 360 (2006) 483–492490
The value of the periodogram-based test is –1.985. The critical values are –3.
the 5% level and –3.12867 at the 10% level. Therefore, we clearly fail to r
null of no-cointegration.3

To sum up, even if the evidence for the conventional tests is mix
periodogram-based analysis suggests that the CPI and WPI indexes are ind
cointegrated. There might be various reasons for the discrepancy of the tes
One possible reason for this is that the conventional tests require estimatio
many parameters to address the dynamics of the series with AR par
Moreover, addressing seasonality requires estimating additional par
However, the periodogram-based method is seasonally robust and req
parameter estimation except for the variance (any consistent estimator
variance can be used in the test statistics). These may account for the differ
the test results (see, Ref. [12] for details).

3.2. Short-run analysis

In order to assess any short-run relationship between the CPI and the W
logarithmic first differences of each series were regressed on each other
logarithmic first difference of the WPI is regressed on the logarithmic first d
of the CPI, the estimated coefficient of the logarithmic first difference of th
0.8818 with a t-statistics of 20.46. This suggests that indeed there is a s
relationship between these two indexes. However, we reject that this relatio
one-to-one. That is, we reject the null hypothesis that the coefficient
logarithmic first difference of the CPI is one.

3One may look at Berument et al. [18] for the critical values.
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The evidence presented here suggests that the Engle and Granger [6]
Johansen [7] conventional cointegration tests give mixed results. Howe
periodogram-based analysis clearly suggests that there is no long-run rela
between these indexes. Thus, we may claim that these series are not coint
Having no long-run relationship is also parallel with the findings of Basu [2
[3] and Kim [5]. While there is also a short-run relationship between th
indexes, this relationship is not one-to-one.

There is a big debate concerning the price level targeting versus
targeting. It is argued that a policy that targets the price level generates to
volatility in output and prices in the short run. The reason for this is that pr
targeting requires that prices be returned to their previous level after ever
however, in the long run, prices are fully predetermined. On the other hand,
that targets the inflation rate produces less volatility in the short run be
accommodates unanticipated shifts in prices, and requires only that the infla
be returned to its previous level. Therefore, prices are highly uncertain in
run, resulting in a trade-off between price level targeting and inflation target
for example Ref. [19]). Not having a long-run relationship between the tw
indexes means that the existence of price stability in one index does not g
price stability in the other index. Therefore, committing to price level target
not bring the benefit of price targeting for the whole society, includin
and consumers. However, the existence of a short-run relationship (W
CPI-based inflations move together) brings the benefits of inflation ta
Therefore, the policy choice should be inflation targeting not price level targ
the Central Bank.
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