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Abstract

According to purchasing power parity (PPP), the nominal exchange rate between the two
currencies should be equal to the ratio of the total price levels between the two countries. In
other words, it is a simple theory that argues that countries' currencies will have the same
purchasing value. In this study, 25 OECD countries is aimed to test the validity of the
purchasing power parity hypothesis. The validity of the hypothesis was tested with the
monthly data of 1980-Q1 2018-Q12 and Fourier KPSS unit root tests. As a result of the
analysis, the validity of the purchasing power parity hypothesis was provided in Brazil,
France, Italy, Sweden, Iceland, Ireland, Spain; It has been determined that the purchasing
power parity hypothesis is not valid in the countries of Australia, Austria, Belgium, Canada,
Germany, Japan, Malaysia, Mexico, Switzerland, USA, Chile, Colombia, Finland,
Luxembourg, Netherlands, New Zealand, Norway, Portugal.
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OECD ULKELERINDE SATIN ALMA GUCU PARITESI
HIPOTEZININ GECERLILIGI: FOURIER TESTINDEN KANITLAR

Oz

Satin alma gticti paritesi (PPP)’ne gére iki para birimi arasindaki nominal déviz kurunun iki
tilke arasindaki toplam fiyat seviyelerinin oranina esit olmast gerekir. Diger bir deyisle
tilkelerin para biriminin ayni satin alma degerine sahip olacagini savunan basit bir teoridir.
Bu calismada da 25 OECD ltilkesinde satin alma gticti paritesi hipotezinin gecerliligini
stnamak amaglanmistir. 1980-Q1 2018-Q12 dénemine ait aylik veriler ile Fourier KPSS birim
kék testleri ile hipotezin gecerliligi sinanmistir. Analiz sonucunda Brezilya, Fransa, Italya,
Isveg, Izlanda, Irlanda, Ispanya tilkelerinde satin alma giicii paritesi hipotezinin gecerliliginin
saglandigy; Avustralya, Avusturya, Belcika, Kanada, Almanya, Japonya, Malezya, Meksika,
Isvicre, ABD, Sili, Kolombiya, Finlandiya, Luxemburg, Hollanda, Yeni Zelanda, Norvec ve
Portekiz tilkelerinde ise satin alma giicti paritesi hipotezinin gecerli olmadig: tespit edilmistir.
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1. Introduction

Purchasing power parity emerged among industrialized countries after
massive inflation in the years after World War I. The idea that purchasing power
parity can be valid is related to the Law of One Price. The Law of One Price is a
law that recognizes that the price of a commodity that is subject to international
trade should be the same all over the world (Taylor and Taylor, 2004). According
to this law, a PPP exchange rate between the respective countries is considered to
be valid if the goods are included in each country's basket with the same weight
used to establish the total price level.

The existence of purchasing power parity (PPP) has been an important
debate among economists for many years. With the PPP theory, the exchange rate
is expected to adapt over time to the inflation differences between the two
countries (Anoruo, Braha and Ahmad, 2002). Whether the two countries are
financially compatible is an indicator of the validity of the PPP. PPP is used both
to measure the long-term equilibrium value of the currency and to evaluate the
efficiency of the foreign exchange market. Therefore, it is extremely important to
measure the validity of the PPP.

Since the purchasing power parity is used for the long-term value of the
exchange rates, it determines whether the exchange rates are permanent,
therefore, the tendency to return to the average in the long run is related to the
validity of the purchasing power parity hypothesis when determining the exchange
rates between countries (Anoruo, Braha and Ahmad, 20029. In countries where
purchasing power parity is valid, income differences can be measured and welfare
levels can be compared.

It is possible to test the validity of the PPP in absolute and relative terms.

Absolute purchasing power parity means that the equilibrium exchange rate
between currencies is equal to the ratio between the prices of different countries
(Frenkel, 1978). It depends on price indices consisting of weighted averages of
more than one commodity. The representation of absolute purchasing power
parity is as follows:

P = St X P; or St=Pt/Pt*

Here, S: denotes the nominal exchange rate, P; and P;are the domestic and
foreign price index, which measures the weighted average of a particular basket
of goods, respectively (Copeland, 2005).

Relative purchasing power parity argues that the percentage change in the
exchange rate will equal the percentage change in the price level of countries
(Gandolfo, 2002). It deals with the changes that will occur in the exchange rates
since a certain starting year. The representation of relative purchasing power
parity is as follows:

= (8P APp)

AS: i
(1+AP;)
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Here, AS: is the annual percentage change in the nominal exchange rate,
and P; and P} are the annual percentage changes in domestic and international
prices (Mike, 2018).

It is stated that the absolute purchasing power parity and the real exchange
rate are a fixed number. However, the absolute purchasing power parity condition
is not fulfilled for many reasons (Gerek and Karabacak, 2017).

In real life, it is seen that international price indices vary and different
weights are given to goods. Since the weights given to the goods in each country
are different, it is clear that the increase and decrease in the price of the goods
with the higher weight in the price indexes of the countries will have asymmetric
effects on the price indices of the countries. For this reason, many studies are
based on relative purchasing power parity, which does not require identical
baskets of goods or price indices with the same weight.

Since the PPP hypothesis forms the basis of open economy macro models,
its validity is of great economic importance (Sarno and Taylor, 2002). PPP is also
an important criterion in terms of foreign competition since it can evaluate the
foreign competitiveness of countries under the real exchange rate criterion. The
fact that PPP is closely related to exchange rate parity and exchange rate policies,
is an effective measurement tool in international comparisons and is used in policy
applications has made it extremely important to test the validity of this theory
(Sener et al., 2015).

Studies on purchasing power parity are important for both empirical
researchers and policy makers. It is very important in determining whether the
PPP exchange rate is low, taking appropriate policy decisions, adjusting exchange
rate parities, and comparing whether there is a difference between the domestic
price and the foreign price (Sarno and Taylor, 2002). The validity of the PPP is
evaluated as a criterion in comparisons of the level of development, the reliability
of the economic decisions taken and the estimation of real exchange rates (Guris
et al., 2016).

The purchasing power parity hypothesis is important to economic policy
authorities for two main reasons. These; It is to analyze whether the exchange rate
is overvalued in countries where domestic inflation is higher than foreign inflation,
to reveal the basic structure of how exchange rates are determined, and to accept
the validity of the purchasing power parity hypothesis as the main assumption
when determining the exchange rate within the framework of the relevant model
(Karoglou and Morley, 2012).

According to Chortareas and Kapetanios (2009), the validity of PPP is an
important piece of information for analyzing the effects of devaluation. PPP is also
a necessary condition for maintaining the integrity of the market and equalizing
its marginal utility. In the literature, cointegration tests and unit root tests are
used to evaluate the validity of PPP (Chortareas and Kapetanios, 2009). The most
common way to test the validity of PPP is unit root analysis. If the unit root can
be rejected, deviations from purchasing power parity are said to be temporary
(Lopez and Papell, 2002).
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In this study, the validity of PPP was tested with Fourier unit root tests,
which are considered among the current econometric techniques and are not yet
very common in the literature. In addition, the purchasing power parity in this
study differs from many studies in the literature in terms of both the number of
countries and the length of time dimension. For this purpose, the study is
discussed in four parts. In the first part, the introduction part, the theory of PPP
is explained, and in the second part, a literature review is given. In the third part,
the data set and econometric methodology are explained and in the fourth part,
the findings are interpreted. In the last part, an evaluation was made.

2. Literature Review

The theory of validity of purchasing power parity has a very intensive study
area. This test is done with unit root tests and cointegration tests. While the first
studies used linear tests, recent studies have focused on nonlinear tests. In
addition, due to the lack of data and the lack of development of econometric
methods, it is observed that the first period studies were generally carried out in
line with short-term analyzes. The findings obtained in this period mostly indicate
that the theory is not valid. However, it can be seen that the findings on the validity
of the theory have increased with the development of tests that will allow for the
ease of data acquisition and long-term analysis. This situation contributes to the
formation of a very dense literature on the theory today.

Telatar and Kazdagli (1995) using monthly data for the period 1980:10-
1993:10, they investigated the validity of purchasing power parity for Turkey,
France, Germany, England and the United States with PP (1988) and ADF (1979,
1981) unit root tests. It was observed that the long-term PPP hypothesis was not
valid in the countries studied.

Lee (1999) used the generalized error correction model to test the validity of
purchasing power parity in 13 emerging and industrialized Asia Pacific economies.
It concluded that for the countries included in the analysis, the PPP is valid in the
long run.

Erlat (2003) used the data for the period 1984.01-2000.09 to investigate the
persistence of two exchange rates in Turkey, the German DM and the US Dollar.
Unit root tests and ARFIMA models were used in the analysis. According to the
results obtained, almost all series were found to be stationary. Thus, the validity
of the "half' purchasing power parity hypothesis was accepted.

Alba and Papell (2007) examined the validity of the PPP hypothesis in a total
of 84 developed and developing countries for the period 1976-2002 with Panel unit
root tests. As a result of the analysis, it has been determined that the PPP
hypothesis is valid in Europe and Latin America, but not in Africa and Asia.

Abumustafa and Feridun (2010) The validity of the purchasing power parity
hypothesis in Egypt, Jordan and Turkey between 1976:01-2000:01 was examined
with (ADF), (PP) and (KPSS) unit root tests. While the ADF and PP tests showed
that PPP failed in all three countries, the KPSS test only showed that the SGP was
successful for all three countries in the trend. This situation revealed that the PPP
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results will vary according to the preferred empirical method, not according to the
countries.

Bozoklu and Yilanci (2010) investigated the validity of purchasing power
parity for seven developing countries with data from January 1995 to December
2009. At the end of the analysis, they concluded that PPP is valid only in China
and Mexico, while PPP is not valid in the remaining five countries, Brazil,
Indonesia, India, Russia and Turkey.

Liu, Su and Zhu (2011) in this study, it is aimed to determine whether the
real exchange rate is stable for 7 European countries with the nonlinear threshold
unit root test, Caner and Hansen (2001). As a result of the analysis, it has been
determined that the PPP is valid for Slovakia, Romania and Bulgaria.

Holmes et al. (2012) the validity of the PPP hypothesis in OECD countries
with the data for the period 1972-2008 was examined by Hadri and Rao diffraction
panel unit root tests. It was concluded that the PPP hypothesis is valid in 26 OECD
countries.

Ozcan (2012) tested the validity of the PPP hypothesis for the G-7 countries
by using data from 1980-2010. According to the PANKPSS test results, PPP was
accepted as valid.

Cuestas and Regis (2013) investigated whether the PPP hypothesis in OECD
countries is valid for the period 1972:01-2010:01 using linear and nonlinear unit
root testing. While it is valid in 11 countries according to empirical results, it is
invalid in Turkey.

Haji-Othman and Yahaya (2014) The validity of PPP was tested with DF and
ADF unit root tests in Chile, Uruguay, Turkey, Sierra Leone, Suriname, Mexico,
Malaysia, Singapore, Netherlands, Switzerland with annual data between 1973-
1996. It is concluded that only Mexico and Sierra Leone support the PPP theory
among the five selected high inflation countries, and that there is no cointegration
between the exchange rate and PPP in Turkey. It was found that the PPP theory
was not supported in any of the selected low-inflation countries. It was also
concluded that as a country's inflation rate increases, the PPP may be valid.

He et al. (2014) investigated the validity of PPP with the Fourier Panel
SURKSS unit root test using data from December 1994 to February 2010 in their
study. According to the results of the Fourier Panel SURKSS test, they stated that
PPP is valid in 15 Latin American countries except Honduras.

Jiang et al. (2015) for 34 OECD countries, for the period January 1994-
August 2013, to verify the validity of PPP through the sharp breaks and smooth
shift panel unit root test proposed by Bahmani. They have shown that PPP is valid
in 17 OECD countries.

Vasconcelos and Junior (2016) tested the validity of purchasing power parity
in Argentina, Brazil, Chile, Colombia, Mexico, Peru and Venezuela with linear and
nonlinear unit root tests. At the end of the analysis, it has been determined that
purchasing power parity is valid for Mexico, Chile and Peru.
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Ma, Li and Park (2017) tested the validity of the purchasing power parity
(PPP) hypothesis for China, Japan, and South Korea using quantile unit root and
quantile cointegration methods. When traditional methods are used, the PPP
hypothesis is strongly rejected for all three countries. However, the PPP hypothesis
is valid for China at the quantitative levels and is valid for Japan at the lower and
upper quantitative levels. In addition, the PPP hypothesis for South Korea is valid
at all quantitative levels when the consumer price index (CPI) is used as the price
variable.

Kaya and Celik (2018) in order to test the validity of purchasing power parity,
the data for the period 2002:10-2017:12 and the dollar rate and the euro rate
series are discussed. ARFIMA model was used in the analysis. As a result of the
analysis, it was found that both dollar and euro real exchange rates have long
memory properties. This showed that the PPP hypothesis is valid for Turkey.

Bozgeyik and Aydin (2019) analyzed monthly data covering the period
1994.01-2019.05 in order to examine whether PPP is valid in developing countries
in this study. According to the results of the Fourier ADF (FADF-SB) test developed
by Furuoka (2017), it has been determined that the PPP theory is valid for 16
developing countries, including Turkey.

Wang et al. (2019), evaluated whether purchasing power parity (PPP) is valid
in China by examining the dynamic link between the nominal exchange rate (NER)
and the relative consumer price (RCP) and found that PPP is not valid in China.
The sliding window causality method was applied for the dynamic causality
connection and as a result, they observed that the nominal exchange rate had
both positive and negative effects on the relative consumer price in some sub-
periods.

3. Dataset and Econometric Methodology

Ethics committee approval and/or legal/special permission were not
required in this study, and research and publication ethics were complied with.

In this study, in 25 OECD countries (Brazil, France, Italy, Sweden, Iceland,
Ireland, Spain Australia, Austria, Belgium, Canada, Germany, Japan, Malaysia,
Mexico, Switzerland, USA, Chile, Colombia, Finland, Luxembourg, Netherlands,
New Zealand, Norway, Portugal) Becker Enders Lee (2006) Fourier Stationarity
Test was used to test the validity of the purchasing power parity hypothesis.
Monthly data for the period 1980-Q1 2018-Q12 were compiled from International
Financial Statistics (IFS). Analyzes were carried out by taking the logarithm of the
real exchange rate used to represent purchasing power parity. Eviews10 and
WinRATS programs were used in the analysis.

Becker, Enders, and Lee (2006) developed a new stationarity test based on
the Kwiatkowski et al (1992) stationarity test using the Fourier function. In this
stationarity test, the main reason for using the Fourier function is that it can
model the motion of unknown functions, and in this test not only sudden changes,
but also slow changes can be detected, and the location, number and shape of the
structural break(s) are not important.
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In order to calculate the test statistics required for the application of the test
by defining the stationarity to the null hypothesis, the following models are
estimated by the Least Squares (OLS) method in the first stage, and the residuals
of the models are obtained. In the second step, the unit root is applied to these
residues:

. (ZEKtJ (27rktj
y,=a+y,sin - +y,C0S - +é,

ktj [2ﬂ'ktJ
+y,COS +é&,

The first model considers the constant term, the second model considers the
constant term and trend structure. T is the sample size, k is the number of
frequencies, and t is the trend term. The point to be considered when estimating
these models is to correctly determine the number of frequencies expressed as k.
Because the test statistic, that is, the distribution, changes according to the k
value. The appropriate frequency number is the frequency number that makes the
residual sum of squares of the models shown above the smallest.

. (2
yt=a+ﬁt+;fls|n[ z

To test the main hypothesis showing stationarity, residual values are
obtained from the above equations. The test statistic is found with the following
equation:

r,(k)veyar, (k)=

Although the test statistics are obtained as shown, in this test, it can be
decided whether the test statistic shown above can be used or not by placing a
zero constraint on the parameters in front of the trigonometric variables in the
models. If the stationarity hypothesis is not rejected, if the series is found to be
stationary, the significance of the Fourier terms should be tested. Accordingly, the
F test is used only for the series whose stationarity hypothesis is not rejected
(Becker, Enders and Lee, 2006).

If there is no nonlinear trend in the data generation process, the current
standard KPSS test gives stronger results than the Fourier KPSS test. Therefore,
the main hypothesis expressing the absence of nonlinear trend is calculated with
the following F-test statistic:

Hoi7i=7,=0 (k)= SSR, — SSR, (k) /2
| SSR, (k) /(T k)

H :y,zy,#0

Here, SSRy is the residual sum of squares without trigonometric terms,
SSRi(k) is the residual sum of squares obtained from fixed or constant-trend
models, and k is the number of explanatory variables. In case the null hypothesis
is rejected;
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7, (k) veya 7.(k)

test statistics can be used. Otherwise, if the null hypothesis cannot be
rejected, the test statistic gives the classical KPSS test statistic. For this case,
Becker, Enders and Lee obtained critical values.

4. Findings

In the study, before proceeding to the unit root tests, it was desired to
investigate whether the series included a trend, graphics were created for the
countries included in the study in this direction, and the results are presented in
Chartl.

Chart 1: Movement of Purchasing Power Parity Over Time
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When the time series graphs are examined, it can be said that there are
structural breaks in purchasing power parity in all countries over time and that
the variables contain trends. Since it is observed that the series contain a trend,
the results are reported using the fixed and trended structure of the Fourier KPSS
unit root test.

According to the results of the Fourier KPSS test, the significance of the
trigonometric terms in the series found to be stationary is tested with the F test.
Accordingly, the validity of the Fourier KPSS or classical KPSS unit root test is
indicated. If the trigonometric terms are not significant, classical KPSS unit root
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test results should be reported. For this purpose, Fourier KPSS t statistical values
and F test statistical values are reported together in Table 1.

Table 1: Fourier KPSS Stationarity Test Results for PPP

Countries Frequency Min KKT FEPSS FRPSS

(k) t-statistic F-statistic
Australia 1 21698.73 0.06407 427.26238
Austria 1 2778.998 0.09339 130.75228
Belgium 2 6202.23 0.13793 70.98696
Brazil 2 59291 0.12463 131.06583
Canada 2 28915.29 0.5885 142.25055
France 3 4888.867 0.07339 64.94122
Germany 3 8380.464 0.37326 85.1764
Italy 2 9346.138 0.11311 268.75349
Japan 1 48584.91 0.06215 402.4479
Malaysia 1 41248.03 0.06653 251.5974
Mexico 1 71839.02 0.05813 107.78423
Sweden 2 20891.8 0.05994 87.97073
Switzerland 1 8402.27 0.0672 129.1844
ABD 2 28912.19 0.2005 255.1261
Chile 1 91793.81 0.16591 249.66745
Colombia 1 96290.25 0.11836 275.87551
Finland 2 19844.89 0.20341 110.19567
Iceland 3 57588.53 0.07563 113.90698
Ireland 2 7119.589 0.10857 517.90289
Luxembourg 3 3071.983 0.37865 82.16971
Netherlands 3 4185.993 0.18623 66.8846
New Zealand 5 20998.88 0.40064 119.54352
Norway 2 6097.074 0.17953 137.85424
Portugal 1 5514.986 0.10474 227.77483
Spain 2 8237.8 0.09829 284.37863

In the table, k represents the optimal frequency value giving the minimum
residual sum of squares. Appropriate critical values are found in Becker Enders
Lee (2006). Accordingly, the t statistic critical values for Becker Enders Lee fixed
and trended structure are;

N
0
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For k=1 and T=458, it is 0.0716, 0.0546, 0.0471 for 1%, 5% and 10%,
respectively.

For k=2 and T=458, it is 0.2022, 0.1321, 0.1034 for 1%, 5% and 10%,
respectively.

For k=3 and T=458, it is 0.2103, 0.1423, 0.1141 for 1%, 5% and 10%,
respectively.

For k=5 and T=458, it is 0.2177, 0.1484, 0.1201 for 1%, 5% and 10%,
respectively.

In addition, the critical values of F statistics for Becker Enders Lee constant
and trend structure are 6.873, 4.972 and 4.162 for T=100 for 1%, 5% and 10%,
respectively. For T=500, it is 6.315, 4.669 and 3.928 for 1%, 5% and 10%,
respectively.

The hypotheses for the Fourier KPSS in Becker Enders Lee (2006) article are
as follows:

Ho: Stationary
Hi: Unit Root

When the Fourier KPSS t statistical values and the critical values in the
Becker Enders Lee (2006) article were compared, it was determined that the null
hypothesis could not be rejected and the real exchange rate was stationary in
Brazil, France, Italy, Sweden, Iceland, Ireland, Spain. In other words, it has been
determined that the validity of the purchasing power parity hypothesis is provided
in these countries. On the other hand, it has been found that the purchasing
power parity hypothesis is not valid in the countries of Australia, Austria, Belgium,
Canada, Germany, Japan, Malaysia, Mexico, Switzerland, USA, Chile, Colombia,
Finland, Luxembourg, Netherlands, New Zealand, Norway, Portugal.

F test results should be reported for the series found to be stationary
according to the Fourier KPSS test results. It should be decided which Fourier
KPSS or standard KPSS test will be used. The hypotheses of the F test are shown
as follows:

H0:7/1=72:0
H:y#y,#0

Here, the null hypothesis defends the standard KPSS test, and the
alternative hypothesis defends the validity of the Fourier KPSS test.

Since the calculated test statistics are larger than the table value, the null
hypothesis is rejected and the Fourier KPSS unit root test should be used.
Accordingly, the results of the Fourier KPSS unit root test should be trusted.

Finally, the graphs were drawn to determine whether the real exchange rate,
which represents the purchasing power parity, is compatible with the Fourier
functions, and the results are shown in Graph 2.
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Chart 2. Modelling of Purchasing Power Parity with Fourier Terms
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When the graphs of all the countries subject to the analysis are examined,
it is seen that the Fourier functions are compatible with the real exchange rate
variable, the Fourier estimates are reasonable and they catch the long oscillations
in the series.

5. Conclusion

PPP is important for exchange rate forecasts. Therefore, PPP is one of the
oldest and most controversial doctrines of international finance. One of the
reasons is that policy makers, researchers, businesses and consumers want to
compare incomes and expenditures when prices change or differ. Comparing
incomes and measuring the change in incomes is one of the main tools to analyze
the success of economic policies and especially to question development.

The purchasing power parity theory, which began in the 1970s, has been
the crux of a lively debate. In most of the theoretical studies discussed in this
period, it has been suggested that the relative changes in the price levels of
exchange rates can only be related to deviations that may be minimal or
momentary. In recent years, more realistic results have been obtained by testing
the purchasing power parity hypothesis, especially as nonlinear models have been
included in theory and empirical studies.

The 25 OECD Countries covered in this study are Brazil, France, Italy,
Sweden, Iceland, Ireland, Spain Australia, Austria, Belgium, Canada, Germany,
Japan, Malaysia, Mexico, Switzerland, USA, Chile, Colombia, Finland,
Luxembourg, Netherlands. The validity of the purchasing power parity hypothesis
was tested in New Zealand, Norway, Portugal. The logarithm of the real exchange
rate used to represent the purchasing power parity is included in the analysis.
Before starting the unit root test, real exchange rate graphs were obtained on the
basis of countries. As can be seen from these graphs, it is understood that the
real exchange rate contains trend and structural breaks. In the Fourier KPSS test,
not only sudden changes, but also slow changes can be detected and the location,
number and shape of the structural break(s) are not important. For this reason,
it was decided to use the Fourier KPSS unit root test, which is a more advanced
technique, for the validity of the purchasing power parity hypothesis.

As a result of the analysis, it was determined that the purchasing power
parity hypothesis was met in Brazil, France, Italy, Sweden, Iceland, Ireland, Spain.

It has been determined that most of the economic shocks in these countries
do not cause permanent shocks on the real (effective) exchange rate series, and
they return to the averages of the series in the long run. For this reason, the
economic policy executors of these countries will be able to determine their foreign
trade strategies based on PPP, decide on the optimum level of the exchange rate
and implement monetary policies in a way that preserves the value of the national
currency.

On the other hand, it has been found that the purchasing power parity
hypothesis is not valid in the countries of Australia, Austria, Belgium, Canada,
Germany, Japan, Malaysia, Mexico, Switzerland, USA, Chile, Colombia, Finland,
Luxembourg, Netherlands, New Zealand, Norway, Portugal. Thus, it proves that
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the series are not stationary in these countries, in other words, they do not tend
to return to the mean, and therefore the effects of shocks on the series are
permanent. This is an indication that real exchange rates are incorrectly balanced.
According to the results of this study; It can be stated that the arrangements made
by considering the PPP hypothesis in the evaluations made while determining the
exchange rate rates may not yield healthy results. On the other hand, PPP in
international comparisons of national income and living standards. It can be said
that using it will lead to unreliable results.
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