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Testing the Relative PPP Hypothesis in CEE 
States – Does the ‘PPP Puzzle’ Still Keep up?

Testování relativní verze parity kupní síly 
v zemích střední a východní Evropy 

– hádanka stále existuje?

VÁCLAV ŽĎÁREK

Abstract
this paper is focused on testing the relative version of the purchasing power parity (PPP). 
it tries to shed light on this so called “PPP puzzle” for a set of transition countries – twelve 
new Eu member States. Since results of similar studies in the literature have been am-
biguous, a set of econometrics methods is employed: univariate (standard) tests (urts), 
robust versions of urts including high-powered ones – the non-linear Kapetanios, Sollis 
(non-linear adjustments) and Bierens’ test (non-linearities in trends). three definitions of 
exchange rates (bilateral currency pairs) are utilised: for the euro, the uS dollar and the 
CPi-based real effective exchange rate (rEEr). due to limitations as regards to the avail-
ability of the data for our set of countries, quarterly data for the period 1995:Q1–2011:Q1 
are used. the results of conventional linear do not provide a crystal-clear answer, more 
robust urts at least partially do in favour of the PPP hypothesis. in addition, once the 
source of non-linearities has been controlled for (structural changes), the results show 
stochastic stationarity of all three series.
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Abstrakt
Článek se věnuje testování relativní verze parity kupní síly (PPP). Cílem je pokus o objasnění 
„PPP hádanky“ pro skupinu tranzitivních ekonomik – 12 nových členů Eu. z důvodu velmi 
rozdílných výsledků předchozích studií je použito několik ekonometrických postupů: 
jednoduché (standardní) testy jednotkového kořene a jejich robustní verze zahrnující 
i nelineární Kapetaniosův test a Sollisův test (nelineární přizpůsobování) a Bierensův test 
(nelineární trendy). tři definice měnového kurzu jsou použity (bilaterální páry): eurové, 
dolarové a reálný efektivní měnový kurz (na bázi CPi). Vzhledem k omezené dostupnos-
ti data pro tuto skupinu zemí jsou použity čtvrtletní pozorování pro období 1995:Q1–
2011:Q1. Výsledky standardní lineárních testů nejsou jednoznačné, avšak robustní veze 
testů již alespoň částečně potvrzují PPP hypotézu. Pokud je při testování zohledněna 
přítomnost nelinearit (strukturální změny) v časových řadách, výsledky potvrzují existenci 
stochastické stacionarity časových řad.
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Introduction

the exchange rate economics and empirical studies attempting to verify the related hy-
potheses have attracted much attention of both empirical and theoretical economists. 
the reason for that may be very simple; this particular field has experienced rapid theo-
retical development recently, or it is particularly attractive for empirical economists due 
to ambiguous results. real exchange rates belong to the well-known six main puzzles in 
macroeconomics mentioned in a seminal paper written by rogoff (1996). one of these 
puzzles is the purchasing power parity (PPP) puzzle. this may also be a reason why one of 
the most frequently empirically tested hypotheses are those associated with PPP.1

there have been a large number of studies on PPP in the literature, both for developed 
and to a lesser extent on developing countries. Empirical results seem to have been 
in favour of supporting PPP in developed countries.2 therefore, recent articles have fo-
cused on developed countries such as selected oECd countries (e.g. Chortareas and Ka-
petanios, 2009) or Eu15 countries (e.g. Christidou and Panagiotidis, 2010). However, the 
findings have been mixed for the developing and transition countries, depending on the 
set of countries, time period, price indices and applied econometric techniques. Some 
studies have even rejected the PPP hypothesis using univariate unit root tests (herein-
after referred to as urts) and more recently panel unit root tests (hereinafter referred to 
as purts).3 while the former are exposed to criticism due to low power, the latter have 
solved some problems but simultaneously created new ones (see (e.g. Bahmani-oskooee 
et al., 2008). Some authors cast doubts on the PPP theory, and its empirical testing, as 
PPP is a long run concept of exchange rate determination (in the horizon of decades for 
instance), which may span different exchange rate regimes and monetary policy envi-
ronments.4

a relevant question is why there has not been enough attention devoted to the transition 
countries in Europe. this might be for a number of reasons. for example, the availability 
of data has been limited and the radical and deep structural changes during the 1990s 

1 It is a well-known fact that at several points in history, the PPP concept has been used as a guidance for 
restoring exchange rate parities (The most prominent case seems to be in the 1920s, when some countries 
restored their pre-war exchange rate regimes (gold parities), following recommendation of Gustav Cassel 
(see Cassel, 1922).) The reasons why it is relevant to study PPP in transition countries and in Europe in par-
ticular (see e.g. Alba and Park, 2005; Chortareas and Kapetanios, 2009).

2 Even though some authors cast doubts on the results of older studies for developed countries pointing out 
that an overwhelming majority of studies use a very specific time samples (the Post-Bretton Woods era); they 
make use almost exclusively of USD currency pairs and their model specification mainly reflect theoretical 
reasons and not taking into account alternative models’ specifications, see Chini (2010).

3 LLC (Levin, Lee and Chu) and IPS (Im, Pesaran and Shin) tests have been extensively used in the literature to 
test PPP hypothesis as a response to problems of URTs, see e.g. Alba and Papell (2007).

4 For a brief discussion see e.g. Alba and Papell (2007).
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make any analysis difficult.5 additionally, some countries did not exist before 1993, which 
puts limits on available time series. Several studies have tried to overcome this problem 
by using data for the black market. However, given characteristics of the former regime in 
most of the new Eu member States (hereinafter referred to as NmS),6 it is not certain how 
valid these data and their results are. there have also been studies covering selected NmS 
countries, which focused on issues related to the process of joining the Eu rahn (2003) or 
discussed selected problems associated with the adoption of the euro (frait et al., 2006).

additional issues are related to assumptions required for PPP to hold. in reality, it is not 
possible to trade currencies without any transaction costs. this may result in observing 
“corridors of inactivit”, i.e. if deviations from the PPP are not large enough, any adjust-
ment process will not take place and an exchange rate will show non-linear behaviour. 
this may also be a problem for standard methodologies (approaches) for testing PPP. 
therefore, one way of testing PPP is based on employing non-linear models that may 
capture transaction costs, such the exponential smooth transition autoregressive (EStar) 
models, see e.g. taylor et al. (2001). EStar models unlike autoregressive (ar) models 
(univariate urts) allow for varying autoregressive parameters that depend on a lagged 
value (a previous lag) of the time series Sollis (2009). additionally, both types of models 
assume symmetrical changes in exchange rates leading to the restoration of an equilib-
rium, i.e. a PPP parity holds (mean reversion) regardless of the sign (positive or negative) 
for the same size of a deviation. this assumption may not be defensible in the context of 
exchange rates since appreciations and depreciations lead to different implications for 
economic subjects and their behaviour. developing and transition countries that rely 
on export-led growth may not be willing to see a real appreciation of their currencies, 
but their policymakers may be more supportive of a long-lasting real depreciation. for 
example Sollis et al. (2002) find asymmetrical adjustments for the uS dollar currency 
pairs, however, empirical evidence for developing and transition countries and/or other 
currency pairs is very scarce.

as shown above, there are a number of reasons for having a look at PPP that are rather 
of a more general character. in addition, PPP is one of the necessary assumptions for 
exchange rate modelling (e.g. for monetary models from the 1970s). it is also tacitly as-
sumed to be satisfied in many macroeconomic models, which may be true in the long 
run, but not necessarily in the short and/or medium run with implications for results of 
these models. therefore, we test the relative version of PPP in this paper for the NmS 
countries. Since an exchange rate is an economic variable, it can influenced by various 
factors depending on many determinants and structural characteristics of an economy. 
this leads to the need to employ various approaches and tests to try to verify or refute 

5 The same does hold true for developing (transition) countries in general, for an overview see e.g. Bahmani-
Oskooee et al. (2008).

6 Through the text we will use either NMS12 or simply NMS as synonyms for all the NMS countries. NMS10 
consists of countries from the 5th (2004) wave of enlargement (i.e. without Bulgaria and Romania); NMS8 
encompasses only Central and Eastern European transition countries (i.e. without Cyprus and Malta) and 
NMS5 is the Visegrad group of countries (the so-called core of the NMS countries): the Czech Republic, Hun-
gary, Poland, Slovakia and Slovenia.
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suggested hypotheses. in a similar vain, different approaches and tests are utilized in 
this paper. using two approaches allows us to employ various robust techniques al-
lowing for different potential sources of influences, factors that may influence results. 
Several definitions of real exchange rates are also used: rEr in two definitions following 
two main world currencies – the uS dollar ( uS) and the euro and real effective exchange 
rate (rEEr).7

to date there has been no empirical study that would use both approaches and the com-
plete set of NmS countries as far as we are aware of. the main contributions of this study 
can be summarised as follows: PPP is tested vis-à-vis the euro currency8 and both the urts 
and the purts are employed, including high power ones compared to conventional adf 
(the EStar models and the Bierens (1997) tests), while focusing on quarterly instead of 
monthly data for all NmS countries. this allows us to do more robustness tests (country 
characteristics, various exchange rate regimes, etc.) without losing too many degrees of 
freedom due to lack of data. we also distinguish between time periods before and after 
the ongoing financial crisis.

the paper is structured as follows. the second section aims at summarizing the literature 
and explaining main problems and our empirical strategy. the third section describes the 
dataset. the next section presents and discusses the results of our empirical analysis. the 
last section concludes and offers possible extensions of this study.

1 A Brief Review of Underlying Theory

Even though there has been a plethora of studies that have dealt with the determination 
of exchange rates, it is not certain whether our current knowledge is better than few years 
(or even decades) ago, see (e.g. alba and Papell, 2007). a reason may be that an exchange 
rate is one of the prices (or assets) in an economy. Such a price is determined by a great 
number of factors and since their influences may influence an exchange rate (generally 
a price) in both directions. movreover, a significant factor may be the role of psychological 
factors related to market participants (agents).

there are several approaches and concepts in the literature that put emphasis on the role 
of various factors (determinants), which may be important when determining the value 
of an exchange rate. Some of them are important in the short run, others in the long run. 
while a workhorse approach for the short run seems to be the uncovered interest rate par-

7 In the IMF IFS database that is the main source of the underlying data used in this paper. REER’s are missing 
for the Baltic States, and Slovenia.

8 Standard approach is to test PPP against the US dollar or a “synthetic currency” (real effective exchange rate, 
REER), see e.g. Bahmani-Oskooee et al. (2008) or Telatar and Hasanov (2009).
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ity (uiP), there are several alternative concepts with different determinants (equilibrium 
concepts):9

 purchasing power parity•	  (PPP) – it emphasises the importance of price levels (abso-
lute version of PPP) and the role of changes in price levels between countries (relative 
version of PPP)10;
 •	 fundamental equilibrium exchange rate (fEEr) – key variables determining the 
equilibrium exchange rate are national income and current account balance. it em-
phasises macroeconomic balances (both internal and external) and macroeconomic 
identities without explicitly giving any theoretical grounds for exchange rate deter-
mination (Clark and macdonald, 1998).
 •	 behavioural equilibrium exchange rate (BEEr) – using a set of economic indica-
tors to explain behaviour of an exchange rate. the key distinction between fEEr and 
BEEr is that the BEEr includes a part that can be described as “behavioural” (Gandol-
fo, 2001). the inclusion of individual (fundamental) variables rests upon theoretical 
underpinnings.11 Clark and macdonald’s study (1998) includes the ratio of domestic 

9 Another classification scheme (Bénassy-Quéré et al., 2009) works with the following time dimensions:
 -  The medium run – only prices of goods and services are flexible and therefore, they will drive an ex-

change rate towards the level that will result in adjusting trade balance and net foreign assets (NFA) to 
their “equilibrium levels”. This case is equivalent to the definition of FEER. 

 -  The long run – prices and stocks can change, an exchange rate is driven by these variables (differences 
in NFA positions and productivity gaps). This case is consistent with the definition of BEER. 

 -  The very long run – all variables can change as all adjustment processes have been completed. This 
case reflects the PPP definition. 

 A recent study written by Bussiére et al. (2010) distinguishes between three approaches (based on an IMF 
report):

 a)  the macroeconomic balance approach (a sustainable level of the current account for the long run 
is based on a regression including a range of variables); countries with similar characteristics are 
expected to have the same level,

 b)  the external sustainability approach (a sustainable level of the current account for the long puts 
emphasis on the net foreign assets position – a external-indebtedness level is stabilised) and

 c)  the reduced form equilibrium real exchange rate (a group of variables is used to estimate their con-
nection with the exchange rate). 

10 However, there have been discussions associated with price indices that may be used and mainly, theoreti-
cal assumptions that are not satisfied in reality. The approaches nos. 1 and 2 can be classified as the FEER 
concept (following Williamson (1994) as they rely on calculations of an exchange rate that closes gaps 
between a selected balance (various definitions – broader or narrower) of balance of payments and its 
“normal” value. In the former case they are estimated, in the latter, they are derived so that external debt is 
stable. The approach no. 3 consists of the PPP concept and its extensions.

11 In order to estimate BEER, the current levels of fundamental variables are used and variables that show 
cyclical behaviour (having a persistent, but vanishing effect over the course of time) may be employed as 
well. A refinement of BEER is PEER – the permanent equilibrium exchange rate – that makes use of the de-
composition of the BEER into permanent and transitory components. It can be also viewed as an example 
of the medium-term equilibrium exchange rate approach compared to the cyclical and current values of 
variables approach (the short-term approach), i.e. BEER.
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consumer price index to the producer price index (a proxy for the Balassa-Samuelson 
effect (B-S effect12), the stock of net foreign assets, terms of trade, and the fraction of 
the supply of domestic to foreign government debt (a risk premium factor). However, 
the list of potential variables is much longer (see e.g. Bénassy-Quéré et al. (2009).) 

Figure 1: Exchange rate determination

Note: RER – level of the real exchange rate. 
Source: Égert et al. (2005), p. 26, own adaptation.

figure 1 shows how one can interpret the link between individual approaches to exchange 
rate determination (with respect to one classification scheme – time dimension). the PPP 
concept with its assumptions can be viewed as guidance for the development of an ex-
change rate in the long run, in the horizon of decades (see wu et al., 2011). the fEEr can 
be used for medium run assessments (given its construction), the BEEr for short and me-
dium run. PPP is not indicated as one possible level (it does not equal to one) but rather as 
a band (1±Δ).13 the PPP does stand for the values of ErEr (equilibrium real exchange rate) 
that are compatible with the PPP definition. moreover, PPP hold not only for an exchange 
rate that moves around a constant, i.e. shows mean reversion, but also for an exchange 
rate that oscillates around a time trend.14

12 For details regarding the Balassa-Samuelson effect see e.g. Égert et al. (2005).
13  Due a number of problems ranging from different tax policies to various combinations of exchange rate 

pass-through in individual countries.
14 Similar information is provided by the ERDI (exchange rate deviation index). It relates a spot exchange rate 

and a particular PPP exchange rate. Values of the ERDI above (below) 1 indicate undervaluation (overvalu-
ation) of an exchange rate. In transition countries values of the ERDI are usually far from being equal to 1.
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under past political regimes, exchange rates oscillated within a band (if they oscillated at 
all) and they were reset at the outset of the transformation process in the NmS countries. 
in some countries it may have been close to the PPP value (given productivity, price and 
wage levels), while in others below or above this parity (i.e. between T' and T'' in the figure 
1). this deviation may have occurred unintentionally owing to a great deal of uncertainty 
at that time in NmS countries. However, the rEr was generally higher than one. Since 
then, the trend may have been following fundamental factors of an economy, i.e. show-
ing a trend appreciation.15 in addition, at least two important comments can be added: 1) 
exchange rate tends to converge towards its equilibrium level (PPP) at rather fast pace (an 
estimated half life is about 3–5 years, rogoff, 1996) even after allowing for heterogeneity 
and small sample bias, see Chen and Engel (2004). a faster pace has been found for transi-
tion and developing countries, see Solakoglu (2006); 2) rEr does fluctuate within a band 
around this equilibrium level even during the transition period (see the figure 1). as égert 
et al. (2005) mention, a trend in ErEr behaviour as long as 15–30 years may be observed 
due to changes in structural characteristics of transition economies.16

as regards the actual changes in exchange rates in the NmS countries, figures in the ap-
pendix present some evidence. Given the starting point (1. Q. 1995), there are not captured 
the very early stages of transition and therefore, the possible periods of “tâtonnement”. 
Nevertheless, it can be seen that the euro currency pairs in the figure a1 in the appendix, 
in some countries seem to show mean reversion (Cyprus, Hungary, latvia, malta and Po-
land), that follows after a period after “a shock” has occurred. in the remaining countries 
there does not seem to be mean reversion as “a shock” has been followed by a trend ap-
preciation or another shock17 or mean reversion followed by a non-mean reverting process 
(the Czech republic and Slovakia).

a somewhat different picture can be seen in the case of uS dollar currency pairs. mean 
reversion seems to be found in Cyprus, malta, Poland and Slovenia. Some countries seem 
to be mean reversion to a new level after ”a shock” (Bulgaria, Estonia, Hungary, latvia 
and romania) and mean reversion followed by a non-mean reverting process (the Czech 
republic, lithuania, and Slovakia). as regards the restricted sample of the NmS countries 
with available rEEr data, for most of the countries rEEr does not show mean reversion; 
some sort of mean reversion seems to be in the case of Cyprus, malta, Poland and romania 
(see Žďárek, 2010).

15  Based on productivity differentials and increase in price levels reflecting usually faster economic growth in 
transition countries compared to developed ones.

16 ERER can fluctuate too as it is based on level of net foreign assets (NFA) reflecting current account sustain-
ability. It may also exhibit a kind of overshooting behaviour – lower values in the medium run adjusting 
current account so that it strengthens in the long run.

17 A financial crisis in Bulgaria between 1996–1997, an economic turmoil in Hungary in 1995, a period of 
appreciation owing to a gradual process of price deregulation leading to increases in domestic price level 
(Estonia, Latvia and Lithuania), a hyperinflation in Romania. The case of Slovenia is more complicated, but 
several events (deregulation of prices, liberalization of capital transactions) may have affected the Slovenian 
exchange rate; e.g. see EBRD (1999).
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2 Review of Literature

there are two main strands in the literature: a) studies that have focused on individual 
countries (e.g. thacker (1995), rejecting PPP for Poland and Hungary) and b) on groups of 
countries. However, they differ in many aspects: Bahmani-oskooee et al. (2008) test PPP 
inter alia for 25 European countries (24 post-communistic European countries and turkey). 
two univariate urts (adf and Kapetanios et al. (2003)’s test, the KSS test or EStar model) 
are applied to the rEEr. they signal non-linear mean reversion to a constant trend for 
Bulgaria, Slovak republic, Slovenia, and to a trend for the Czech republic and romania.

twelve CEE countries (the NmS without Cyprus and malta, but with Croatia and macedo-
nia) are analysed by telatar and Hasanov (2009). they apply two conventional urts (adf, 
KPSS) and also two urts accounting for non-linearities (KSS) and asymmetric adjustment 
(the Sollis’ test). they use monthly time series of rEEr from 1990 to 2007 (with different 
starting points). they find that PPP holds for five countries with conventional urts, for 
seven countries when nonlinear purts are employed and for all countries if asymmetric 
adjustment is allowed. Bilateral PPPs (CPi based) between the Czech republic, Hungary 
and Slovenia and their main trading partners (austria, Germany, france and italy) were 
analysed by Bekö and Boršič (2007).

they employ univariate urts (adf and KPSS) and the Johansen cointegration approach, 
using monthly data on individual currency pairs for this set of countries over the period 
of 1992–2006. they do not find any significant evidence for PPP. Sideris (2006) focuses on 
the PPP for 17 CEE countries (without Cyprus and malta but with selected CiS18 and Balkan 
countries) against the uS dollar. He makes use of cointegration approaches (Johansen for 
individual countries and larson’s for a panel). He finds support for both weak and strong 
versions of PPP.

Cuestas (2009) applies non-linear urts to data (KSS and Bierens test – a generalisation of 
the adf test, see explantions in the appendix) to rEEr calculated by the imf and rEr for 
the uS dollar and the euro/ECu (monthly data 1992/1993–2006/2007) for eight CEE coun-
tries (without Cyprus and malta and the Baltic States). while conventional urts reject PPP, 
KSS and Bierens test do the same for most countries and currency pairs (exceptions are 
Bulgaria, Croatia and romania). Koukouritakis (2009) focuses on all NmS countries over the 
period mid-1990s to 2006 (monthly data and the euro) and uses the Johansen cointegra-
tion method. He finds that PPP holds for Bulgaria, Cyprus, romania and Slovenia.

acaravci and ozturk (2010) focus on eight European countries (six NmS and two candidate 
countries – Croatia and macedonia fyr) during the period 1992:1–2009:1 (monthly data 
of the rEEr). this study utilizes two urts – adf, KPSS – and two tests allowing for struc-
tural breaks (lee and Strazicich, 2003, 2004). PPP hypothesis is rejected for all countries 
for conventional urts , and it does hold for two countries (Bulgaria and romania) for the 
other pair of tests.

18  The Commonwealth of Independent States (CIS) is a group of new independent states established after the 
break-up of the former Soviet Union.
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maican and Sweeney (2006) investigate the PPP hypothesis in ten NmS countries (apart 
from Cyprus and malta) for the time period 1993:1–2003:12 (monthly data) and for the 
uS dollar currency pairs (uS CPi and PPi based) and the euro currency pairs (German CPi 
and PPi based). univariate urts allowing for structural shifts and outliers (simple adf and 
modified tests based the “first” generation urts such as zivot and andres, 1992) and purts 
are employed (Sur based on levin et al. (2002) allowing for structural breaks and time 
trends). the results of the adf show some support for PPP in the Baltic States, Poland and 
Bulgaria and romania (uS CPi based), half lives are in many cases over 10 years. the results 
of modified tests are also mixed; however, half lives are closer to 3–5 years found in the 
literature. the results of purts give support to the PPP hypothesis in all the countries.

2.1 Further Notes on Methodology

there are two version of PPP.19 the relative PPP that is a generalization of the “law of one 
price” (loP) and it is a simplification since it approximates changes in individual prices by 
changes in price indices). the loP can be expressed as:
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19 Sometimes these forms are referred to as to the “weak” and “strong” version of the PPP hypothesis, see Taylor 

and Taylor (2004).
20 LOP says that one commodity (an asset) has the same price in two countries when the level of their exchange 

rate is used. If it were not the case, it would enable an arbitrage process leading to equal prices (ceteris 
paribus). It is a reformulation of the absolute version of the PPP.

21 The same can be shown for relative PPP if inflation rates replace price levels and cross term stemming from 
multiplication is omitted.
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There are two version of PPP.19 The relative PPP that is a generalization of the “law of one 
price” (LOP) and it is a simplification since it approximates changes in individual prices by 
changes in price indices). The LOP can be expressed as: 

i
tftfd

i
td PEP ,,/, = ⋅  (1) 

where tdP ,  is the domestic price level, tfP ,  is the foreign price level both for a good i , 
expressed in the domestic and the foreign currency respectively and tfdE ,/  is the spot exchange 
rate. 

The absolute version of the PPP is based upon the law of one price (LOP) that is usually tested 
for individual commodities or baskets of commodities.20 It can be formally written (assuming 
inter alia that price baskets in both countries are the same, for discussion see below) as  

tftfdtd PEP ,,/, = ⋅  (2) 
where tdP ,  is the domestic price level, tfP ,  is the foreign price level, expressed in the 
domestic and the foreign currency respectively and tfdE ,/  is the spot exchange rate. The 
subscript 't̀  may be dropped as it is assumed that this relationship holds over time. 

The PPP assumes that some theoretical assumptions are satisfied for it to hold perfectly (see 
e.g. Kanamori and Zhao, 2006). However, this is not the case in reality. Apart from these 
prerequisites that are usually not satisfied, there are other explanations why it does not hold: 
measurement errors, non-economical factors different from trade barriers, imperfect 
information and information costs leading to existence of non-equalised prices, various market 
participants (volume of currency trade associated with trade flows is only a tiny fraction of total 
transactions in foreign markets). That means that the exchange rate may be driven by other 
factors such as interest rate differentials (capital flows) and the power of empirical methods 
used for testing PPP (for details and review of studies see e.g. Sarno and Taylor (2003); 
MacDonald, 2007). If that were the case, it would hold that changes in an exchange rate would 
fully reflect the price differentials between domestic and foreign country over a period of time 
and real exchange rate ( tq ) would equal to one. That means (if absolute PPP holds and the real 
exchange rate is given by the ratio of price levels)21  

                                                 
19 Sometimes these forms are referred to as to the “weak” and “strong” version of the PPP hypothesis, see Taylor 

and Taylor (2004).
20 LOP says that one commodity (an asset) has the same price in two countries when the level of their exchange 

rate is used. If it were not the case, it would enable an arbitrage process leading to equal prices (ceteris 
paribus). It is a reformulation of the absolute version of the PPP.

21 The same can be shown for relative PPP if inflation rates replace price levels and cross term stemming from 
multiplication is omitted.
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dollar – $  US), i
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country, rc  is the foreign country price level – the euro area level or the US level) and t  is 
the time (for details see data descriptions below).23 A generalization of the model in the 
equation (5) (the “strong” PPP hypothesis) is the “weak” PPP hypothesis, whose model takes 
the form:  
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where the variables are the same as in the previous model, sign´ is used for distinguishing both 
approaches and the coefficients 0β  and 1β  reflect the existence of measurement and 
transaction costs (such as transport costs). Throughout the text the model (5) is used following 
the literature. Nevertheless, transaction costs are allowed for indirectly and therefore the so 
called ESTAR models are employed in the empirical part of this paper. 

Estimation strategy 2.2.
 
Since the relative version of the PPP hypothesis will be tested in the empirical part of this 
paper, it means verifying properties of tq  (the equation (5), i.e. testing the tq  for a unit root). 
If it followed a non-stationary process (e.g. I(1), also described as random walk), then the PPP 
would not hold in the long run due to non-stationary properties.24 On the other hand, if a unit 
root is not present in a time series, it means that a deviation from equilibrium is only of a 
temporary nature and the PPP does hold in the long run (for a modified interpretation see 
below). 
There is no agreement among empirical economists which of the expanding set of URTs is 
“appropriate” for testing the PPP hypothesis. If the relative version of PPP is tested, it is 
verified that exchange rate oscillates within a “certain band”, i.e. around “1” (see above the 
Figure 1) being the very long-term level of an exchange rate in an economy if strict 
                                                 
22 Some studies have used one of the approaches, e.g. Juvenal and Taylor (2008) takes only the US economy as 

the benchmark country or the real exchange rate ( tq ) is split into two components, one being traded-goods, the 
other non-traded goods, see Maican and Sweeney (2006). Any further empirical analysis is applied to two 
separate time series. However, given a number of problems with classification of traded and non-traded goods 
in an economy, which has to be arbitrary, an interpretation of results, etc., this approach has not attracted much 
attention.

23 CPI indices are usually used in tests of PPP. However, CPI is a proxy for changes in national price level. 
Therefore broad price indices such as the GDP deflator may be preferred, for quarterly or yearly time series in 
particular. Here problems such as availability, methodological changes of such a time series come into the 
fore.

24 A shock influencing this time series would lead to disequilibrium that would not be restored due to increasing 
variance and non-existence of unconditional mean of this time series, see Fan and Yao (2003).
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approaches and the coefficients 0β  and 1β  reflect the existence of measurement and 
transaction costs (such as transport costs). Throughout the text the model (5) is used following 
the literature. Nevertheless, transaction costs are allowed for indirectly and therefore the so 
called ESTAR models are employed in the empirical part of this paper. 
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Since the relative version of the PPP hypothesis will be tested in the empirical part of this 
paper, it means verifying properties of tq  (the equation (5), i.e. testing the tq  for a unit root). 
If it followed a non-stationary process (e.g. I(1), also described as random walk), then the PPP 
would not hold in the long run due to non-stationary properties.24 On the other hand, if a unit 
root is not present in a time series, it means that a deviation from equilibrium is only of a 
temporary nature and the PPP does hold in the long run (for a modified interpretation see 
below). 
There is no agreement among empirical economists which of the expanding set of URTs is 
“appropriate” for testing the PPP hypothesis. If the relative version of PPP is tested, it is 
verified that exchange rate oscillates within a “certain band”, i.e. around “1” (see above the 
Figure 1) being the very long-term level of an exchange rate in an economy if strict 
                                                 
22 Some studies have used one of the approaches, e.g. Juvenal and Taylor (2008) takes only the US economy as 

the benchmark country or the real exchange rate ( tq ) is split into two components, one being traded-goods, the 
other non-traded goods, see Maican and Sweeney (2006). Any further empirical analysis is applied to two 
separate time series. However, given a number of problems with classification of traded and non-traded goods 
in an economy, which has to be arbitrary, an interpretation of results, etc., this approach has not attracted much 
attention.

23 CPI indices are usually used in tests of PPP. However, CPI is a proxy for changes in national price level. 
Therefore broad price indices such as the GDP deflator may be preferred, for quarterly or yearly time series in 
particular. Here problems such as availability, methodological changes of such a time series come into the 
fore.

24 A shock influencing this time series would lead to disequilibrium that would not be restored due to increasing 
variance and non-existence of unconditional mean of this time series, see Fan and Yao (2003).
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where the variables are the same as in the previous model, sign´ is used for distinguishing both 
approaches and the coefficients 0β  and 1β  reflect the existence of measurement and 
transaction costs (such as transport costs). Throughout the text the model (5) is used following 
the literature. Nevertheless, transaction costs are allowed for indirectly and therefore the so 
called ESTAR models are employed in the empirical part of this paper. 

Estimation strategy 2.2.
 
Since the relative version of the PPP hypothesis will be tested in the empirical part of this 
paper, it means verifying properties of tq  (the equation (5), i.e. testing the tq  for a unit root). 
If it followed a non-stationary process (e.g. I(1), also described as random walk), then the PPP 
would not hold in the long run due to non-stationary properties.24 On the other hand, if a unit 
root is not present in a time series, it means that a deviation from equilibrium is only of a 
temporary nature and the PPP does hold in the long run (for a modified interpretation see 
below). 
There is no agreement among empirical economists which of the expanding set of URTs is 
“appropriate” for testing the PPP hypothesis. If the relative version of PPP is tested, it is 
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where the variables are the same as in the previous model, sign´ is used for distinguishing both 
approaches and the coefficients 0β  and 1β  reflect the existence of measurement and 
transaction costs (such as transport costs). Throughout the text the model (5) is used following 
the literature. Nevertheless, transaction costs are allowed for indirectly and therefore the so 
called ESTAR models are employed in the empirical part of this paper. 
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Since the relative version of the PPP hypothesis will be tested in the empirical part of this 
paper, it means verifying properties of tq  (the equation (5), i.e. testing the tq  for a unit root). 
If it followed a non-stationary process (e.g. I(1), also described as random walk), then the PPP 
would not hold in the long run due to non-stationary properties.24 On the other hand, if a unit 
root is not present in a time series, it means that a deviation from equilibrium is only of a 
temporary nature and the PPP does hold in the long run (for a modified interpretation see 
below). 
There is no agreement among empirical economists which of the expanding set of URTs is 
“appropriate” for testing the PPP hypothesis. If the relative version of PPP is tested, it is 
verified that exchange rate oscillates within a “certain band”, i.e. around “1” (see above the 
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22 Some studies have used one of the approaches, e.g. Juvenal and Taylor (2008) takes only the US economy as 

the benchmark country or the real exchange rate ( tq ) is split into two components, one being traded-goods, the 
other non-traded goods, see Maican and Sweeney (2006). Any further empirical analysis is applied to two 
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below). 
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would not hold in the long run due to non-stationary properties.24 On the other hand, if a unit 
root is not present in a time series, it means that a deviation from equilibrium is only of a 
temporary nature and the PPP does hold in the long run (for a modified interpretation see 
below). 
There is no agreement among empirical economists which of the expanding set of URTs is 
“appropriate” for testing the PPP hypothesis. If the relative version of PPP is tested, it is 
verified that exchange rate oscillates within a “certain band”, i.e. around “1” (see above the 
Figure 1) being the very long-term level of an exchange rate in an economy if strict 
                                                 
22 Some studies have used one of the approaches, e.g. Juvenal and Taylor (2008) takes only the US economy as 

the benchmark country or the real exchange rate ( tq ) is split into two components, one being traded-goods, the 
other non-traded goods, see Maican and Sweeney (2006). Any further empirical analysis is applied to two 
separate time series. However, given a number of problems with classification of traded and non-traded goods 
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23 CPI indices are usually used in tests of PPP. However, CPI is a proxy for changes in national price level. 
Therefore broad price indices such as the GDP deflator may be preferred, for quarterly or yearly time series in 
particular. Here problems such as availability, methodological changes of such a time series come into the 
fore.

24 A shock influencing this time series would lead to disequilibrium that would not be restored due to increasing 
variance and non-existence of unconditional mean of this time series, see Fan and Yao (2003).
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where tq  is the time series (i.e. a real exchange rate) defined in the equation (5), (0,1)∈ρ  is 
an autoregressive parameter and tυ  is the error term (a sequence of normal variables, iid, with 
zero mean and standard variance 2

υσ ). Under the null (nonstationarity) 0=ρ  and for 0≠α
the real exchange rate tq  follows a random walk with drift (or with a time trend determined by 
the value of α ). Under the alternative, mean reversion occurs since 0)1,(-∈ρ  with ρ-
determining the speed of adjustment towards equilibrium. In order to observe PPP, a time 
series ( tq ) has to be stationary and it is not driven by any permanent shocks (see Maican and 
Sweeney, 2006). 
A generalisation of the model (7) explicitly models a time trend:  
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where the variables have the same interpretation, β  is the time-trend parameter. Due to 
difficulties with time series that can be used and their sensitivity to a large number of factors, 
“conventional” and also non-linear URTs are applied to our data. If a time series is stationary, 
the next step is to calculate the so-called half-lives.25 Invidual tests utilised in this study are 
described in Žďárek (2010, 2012). 

3 Data 

Empirical studies have used different sorts of data as there is no prior information. While some 
have worked with monthly data Telatar and Hasanov (2009), others used quarterly Matei 
(2009) or even yearly data Solakoglu (2006). Due to the problems with data availability for the 
early 1990s, methodological changes in definitions of economic variables and a set of issues 
associated with exchange rate regimes in the NMS countries, this study relies on quarterly data. 
This type of data is sufficiently long and allows us to perform necessary robustness tests. This 
decision is also connected with some advantages and disadvantages. The time span is longer 
for quarterly data than it would have been for monthly data and it is a reasonable way of solving 
the problem of low number of yearly observations for our set of countries. On the other hand, 
some quarterly time series were not available for all countries and time series used in this 
paper, which led to reduction of the empirical part of this paper.26

Nominal exchange rates for individual pairs of currencies (against the euro and the $  US) are 
obtained primarily from the IMF IFS (quarterly periodic averages of market rates against the $
US), UNECE Statistical Database (United Nations Economic Commission for Europe, market 
rates against the euro), Database Eurostat (the irrevocable conversion rates for the euro) and 
DataStream. The calculation of cross exchange rates was avoided as there may be significant 
differences due to failure of perfect triangular arbitrage. Also official exchange rates are not 
used as they may not reflect market forces (for a discussion of some related issues see e.g. 
Giannellis and Papadopoulos, 2009). Since the euro exchange rate is not available before 
1999Q1 (only the ECU), an implicit proxy derived from bilateral exchange rates (UNECE) is 

                                                 
25 Half-life means a period of time necessary to halve the existing gap of one (economic) variable. A decay rate 

and a constant of decay are necessary to calculate a half-life.
26 Surprisingly, mainly for countries such as Malta or Cyprus that can hardly be characterised as transition 

countries. The problem can be the structure and size of these economies. 
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not available for all countries and time series used in this paper, which led to reduction of 
the empirical part of this paper.26

Nominal exchange rates for individual pairs of currencies (against the euro and the uS) are 
obtained primarily from the imf ifS (quarterly periodic averages of market rates against 
the uS), uNECE Statistical database (united Nations Economic Commission for Europe, 
market rates against the euro), database Eurostat (the irrevocable conversion rates for 
the euro) and dataStream. the calculation of cross exchange rates was avoided as there 
may be significant differences due to failure of perfect triangular arbitrage. also official 
exchange rates are not used as they may not reflect market forces (for a discussion of some 
related issues see e.g. Giannellis and Papadopoulos, 2009). Since the euro exchange rate 
is not available before 1999Q1 (only the ECu), an implicit proxy derived from bilateral 
exchange rates (uNECE) is used instead.27 the last time series is the rEEr that is CPi based 
and it is calculated by the imf. Seasonally adjusted data are used for calculations of the rEr 
time series since seasonal patterns may affects the results of urts or purts. for seasonal 
adjustments, the arima X-12 method is applied.28

Harmonised consumer price indices (HiCP) are taken from the Eurostat and uNECE data-
bases for individual countries (national CPi indices), with the base year 2005 = 100. the 
same data for the euro area stem from the Eurostat database and the ECB statistical data 
warehouse. the consumer price index reflects the demand side and can be viewed as 
a proxy for changes in the total price level of an economy.

the producer price indices (PPi) stem from the Eurostat, the imf ifS and uNECE databases 
(NaCE rev. 2, 2005 = 100). However, this time series is available for malta only since 2005, 
which means that this country could not be included in additional robustness tests. the 
PPi is based on the supply side as it measures changes in prices of tradable (partially non-
tradable) commodities. Selected summary statistics for our time series are included in the 
appendix (table a2 and table a3).

as regards the calculation of real exchange rates, the formula (5) is utilized. for countries 
that joined the euro area, the exchange rate is calculated as ei,ea,t = eea,t + ei, where ei is the 
euro area member’s national currency conversion rate of one euro. for the uS dollar (uS ), 
indices are in relation to the uS and also price indices are calculated against the uS price 

26 Surprisingly, mainly for countries such as Malta or Cyprus that can hardly be characterised as transition 
countries. The problem can be the structure and size of these economies.

27 As there have been denominations and changes of individual currencies, our data set includes comparable 
time series. Due to space constraints details from the author are available upon request.

28 As some time series were at monthly frequency, as the first step they were converted into quarterly time 
series (following the IMF IFS methodology) and in the next step, seasonally adjusted using the ARIMA X-12 
method. However, the main concern regarding seasonal fluctuations would be in the case of monthly time 
series. However, even for these series, some studies do not work with seasonally adjusted time series, see e.g. 
Alba and Papell (2007); Chortareas and Kapetanios (2009), even though the time dimension is not very large, 
but rather medium (T < 100). On the other hand some studies, e.g. Christidou and Panagiotidis (2010), use 
monthly seasonally adjusted values.
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index (pus,t).
29 in the case of the real effective exchange rate (rEEr) the same definition that 

the equation 5 states is used. However, due to data unavailability, rEEr time series based 
on CPi (the imf definition) are available only for eight out of twelve NmS countries.

4 Empirical Results

4.1 The Euro

Euro currency pairs for individual countries are employed to test the PPP hypothesis via 
urts. the main specification rests upon real exchange rates (rEr), based on harmonized 
consumer price indices (HiCP). the first step is to conduct conventional urts for our sam-
ple of countries. a starting point is to choose “right” lag lengths for urts, so that any result 
is not biased. this selection follows the Schwert (1989) criterion30 and is confirmed by 
checking values suggested by the Schwartz (Bayesian) information criterion (SBiC) and 
the Hannan-Quinn information criterion (HQiC). in the case of the PP, KPSS and df-GlS 
tests31, the optimum number of lags is selected automatically if this option is allowed. as 
we are not sure about the character of individual time series, models with a constant, drift 
or a constant and a time trend are employed. the results are presented in the table 1.

the adf test offers a mixed picture, as most of the time series seem to be non-stationary. 
the PP test indicates that three exchange rates may be stationary (Bulgarian, Estonian 
and lithuanian) – while for lithuania it does confirm the adf results, it is the very op-
posite for Estonia. the results of the KPSS test (the H0 is stationarity) indicate that almost 
all time series are non-stationary. ambiguous results for Cyprian, and Slovenian currency 
indicate rejections of the PPP hypothesis in the long run. the results of the df-GlS test 
does not allow us to reject the null hypothesis of i(1) in any specification except from 
the Slovenian exchange rate in one specification.32 if the df-GlS statistics rejects the i(1) 
hypothesis, PPP holds.33 as the results for the alternative price index (PPi) are similar, they 
are not shown.34

29 As it would be possible to argue that fixing conversion rates and applying them to data prior 1998 is artificial, 
the same set of tests is applied to exchange rates against the US

30 This rule rests upon a criterion that calculates the optimal number of lags ( Ł) as: Ł = INT 
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T  is the length of a time series, and INT  means that only the whole part of a number is considered. In our 
case for 65=T  is the value 101010.7748 ⇒≈  lags was the starting value; see e.g. [Greene (2008), p. 752]. 
The iterative procedure follows; if the last difference is not significant, the test is run for the same specification 

, where T is 
the length of a time series, and INT means that only the whole part of a number is considered. In our case for 
T = 65 is the value 10.7748 » 10 = > 10 lags was the starting value; see e.g. Greene (2008), p. 752. The iterative 
procedure follows; if the last difference is not significant, the test is run for the same specification with one 
lag less until a significant lag is found. Sometimes the numerator of the fraction is with T +1, however, this 
does not change for large number of observations T . In our case that value would be 10.8160, which means 
»10 lags as well.

31 Optimal lag values were based on the Ng-Perron seq t statistics (the general to specific method).
32 The DF-GLS statistics is superior to the ADF statistics as its power (lower probability of accepting wrong null 

hypothesis of non-stationarity) and size properties are better Wu et al. (2010).
33 The numbers of lags in augmented versions of both tests are chosen according to the Durbin-Watson and the 

Durbin's alternative test for autocorrelation. If one of them indicates presence of autocorrelation, another 
lag is added unless both indicate no presence of autocorrelation.

34 Results for PPI based indices and alternative $ US currency pairs (HICP based) are available upon request 
from the author.
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Table 1: univariate unit root tests (euro currency pairs)

adfa) PPa) KPSSb) df-GlS
constant trend constant trend constant trend constant trend

Bulgaria -0.633 -1.441 -2.751* -6.362*** 1.530*** 0.198c) 1.028 -0.511
Cyprus -3.373** -2.908 -1.823 -1.670 1.340*** 0.36 0.399 -0.939
Czech republic -0.801 -3.425** -0.854 -3.250*** 1.430*** 0.293*** 0.072 -1.385
Estonia -1.710 -2.362 -4.140*** -5.354*** 1.560*** 0.216c) 1.055 -1.766
Hungary -1.482 -2.212 -0.880 -2.846 1.630*** 0.237*** 0.236 -0.8221
lithuania -5.316*** -4.557*** -5.462*** -3.824** 1.320*** 0.307*** 1.155 -1.519
latvia -2.186 -2.477 -2.915** -2.446 1.140*** 0.198c) 0.685 -1.789
malta -3.466*** -2.433 -2.420 -1.537 1.090*** 0.265*** -0.393 -0.976
Poland -2.174 -2.705 -2.287 -2.654 1.070*** 0.143* -0.651 -2.333
romania -1.528 -2.344 -1.432 -2.425 1.380*** 0.147** -0.145 -2.186
Slovenia -1.035 -2.756 -0.960 -2.628 1.430*** 0.119d) 0.117 -2.596*
Slovakia -1.760 -2.906 0.306 -2.549 1.700*** 0.220*** 1.176 -2.467

Note: a) Z(t) values reported. b) values of the test statistics. c) significant at 2.5% level. d) mar-
ginally insignificant. ***, **, and * significant at 1%, 5% and 10% respectively. Critical values 
for the KPSS test (level stationary): 10%: 0.347, 5%: 0.463, 2.5%: 0574 and 1%: 0.739; trend 
stationary: 10%: 0.119, 5%: 0.146, 2.5%: 0.176, and 1%: 0.216. Trend = a constants and a time 
trend included. 
Source: own calculation.

in the next step, we turn to robust and non-linear urts that may solve problems of breaks 
within time series due to changes of exchange rate regimes over time. first test is the Ng-
Perron test offers four results (mza, mzt, mSB and mPt), followed by non-linear test, the 
KSS test (EStar) and the Sollis test (aEStar). Ng-Perron test does not reject the for any 
currency pair (even though for some only marginally).

in the previous (methodological) part of this paper we showed a test that gives us answer 
what type of urts test is appropriate. results of this linearity test (see the table a1 in the 
appendix) that conventional urts are appropriate to test stationarity or non-stationarity 
of exchange rates in the Czech republic, Hungary, lithuania, latvia, malta, and Slovenia. 
therefore, we do report results of EStar and aEStar model for these countries in the table 
2 in parentheses since according to the test, they are not necessary.

if we now allow for the possibility of a non-linear model, there is some evidence against 
the null for two currency pairs (Cyprian and Polish). the figure is therefore slightly differ-
ent compared to previous results based on conventional urts. it gives much more sup-
port to PPP and it is similar to findings of other studies, e.g. telatar and Hasanov (2009). 
it also implies that barriers to adjustment processes exist. for example, transaction costs 
change the speed of mean reversion (larger deviations will be followed by faster gap nar-
rowing).
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Table 2: Non-linear unit root tests results (euro currency pairs, HiCP based indices)

mza mzt mSB mPt EStar aEStar
Bulgaria 1.115 2.415 2.167 309.073 -2.27 18.86***
Cyprus 0.336 0.276 0.822 43.114 -2.87* 1.25
Czech republic 1.231 1.074 0.873 57.121 (-1.60) -0.01
Estonia 1.240 2.162 1.743 207.645 -1.09 0.69
Hungary 0.618 0.509 0.823 45.855 (-1.80) -3.45
lithuania 0.803 1.245 1.551 151.378 (-3.01**) (7.77***)
latvia 0.396 0.308 0.777 39.741 (-1.73) -0.20
malta 0.164 0.163 0.994 57.531 (-3.40**) -0.20
Poland -0.734 -0.388 0.529 17.754 -2.87* 4.95
romania -1.053 -0.516 0.490 15.162 -2.29 0.03
Slovenia -0.390 -0.194 0.497 17.683 (-2.97**) (4.28*)
Slovakia 1.185 1.190 1.004 72.724 -0.77 1.43

Note: Ng and Perron tests include a constant, ESTAR & AESTAR models are in the demeaned 
version, the optimal number of lags selected by the general to specific method. Critical values 
for all tests are in the Table 3. Values in parentheses – see explanations in the text. 
Source: own calculation.

if exchange rates that are found to be stationary, it is possible to test whether adjustments 
are symmetrical or asymmetrical. as we reject the null of nonlinearity for Bulgarian curren-
cy using the aEStar test, it is possible to test the existence of asymmetrical adjustments. 
this can be done by testing a parameter in the aEStar model obtained through a twostep 
taylor approximation of the original EStar model (for details see e.g. Žďárek, 2012). the 
null hypothesis of a symmetric EStar can be rejected (at level).35 this means that a shock 
of the same magnitude affecting this exchange rate leads to different adjustments speeds 
towards equilibrium for an appreciation and for a depreciation.

Table 3: Critical values for Ng-Perron, EStar and aEStar tests

 mza mzt mSB mPt EStar aEStar
1% -13.8 -2.58 0.174 1.78 -3.48 4.037
5% -8.1 -1.98 0.233 3.17 -2.93 4.899
10% -5.7 -1.62 0.275 4.45 -2.66 6.889

Note: The critical values for Ng a Perron test taken from Ng and Perron (2001), the critical va-
lues for ESTAR are taken from Kapetanios et al. (2003), Table 1, F-test (AESTAR model), values 
for non-zero mean (simulated values) based on Sollis (2009).
Source: own calculation.

finally, we allow for the possibility of structural breaks in currency pairs; one and two both 
in the mean and in the trend. results of lee and Strazicich (2003) urts are in the table 4. 
Given the fact that the NmS countries are catching-up economies, undergoing structural 

35 Results are available upon request from the author.
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changes and more recently they have been hit by the financial crisis, structural breaks 
may have occurred. omitting them leads to problems in the case of conventional urts 
as shown above. if we allow for one structural break (the left side of the table), the null of 
non-stationarity can be rejected in two cases (Cyprus and Hungary). Surprisingly, there is 
no break around the outbreak of the financial crisis (2007/2008).

Table 4: lee and Strazicich (2003) urts – results, one or two breaks

 tB1 Statistics tB1 tB2 Statistics
Bulgaria 1999/3 -2.2364 2000/3 2006/4 -3.5129
Cyprus 1999/4 -4.7062** 1999/3 2007/1 -6.1928***
Czech republic 2000/3 -3.9800 2003/1 2007/2 -5.3399**
Estonia 2001/4 -3.6230 1998/4 2006/4 -4.8009
Hungary 2001/3 -4.5807** 2000/4 2005/2 -5.4938**
lithuania 2000/3 -3.4395 2000/3 2007/2 -5.9600***
latvia 2001/4 -3.2736 2001/4 2006/4 -5.1996*
malta 2001/4 -3.1865 2000/4 2003/3 -6.1769***
Poland 2002/4 -3.7584 2002/3 2006/2 -4.6207
romania 1998/4 -3.8248 2002/4 2007/2 -5.5972***
Slovenia 2004/4 -5.2685 2000/2 2006/4 -7.9427***
Slovakia 2003/2 -3.6443 2001/1 2007/4 -4.8879

Note: TB1 and TB2 – the time period when the first and the second structural break, respecti-
vely. The model assumes a change in the drift and in the trend. Critical values are based on Lee 
and Strazicich (2004), Table 1, Lee and Strazicich (2003), Table 1: TB1 test: 1%–5.10, 5%–4.50, 
and 10%–4.20. TB1 and TB2 test: 1%–5.823, 5%–5.286, and 10%–4.989. *, ** and *** means 
rejection at 10%, 5% and 1% level of significance, respectively. 
Source: own calculation.

However, allowing for the possibility of two structural breaks (the right side of the table), 
the null of non-stationarity is rejected in eight out of twelve cases. it can be seen that 
first breaks are within the year 2000 (five) and years 2001 and 2002, each with two coun-
tries, which may be explained by changes in the global economy or as a result of the Eu 
enlargement. also the other breaks do not seem to be related to the on-going financial 
crisis and problems of major financial institutions as five breaks are found in 2006, five in 
2007 (mostly first half ).

the results of the last non-linear urts , the Bierens (1997) test, are shown in the table 5. as 
there are several size distortions in the case of this test, the critical values are based on the 
monte Carlo simulation with 10000 replications (a Gaussian AR (k) process for Δxt, where is 
determined by the SBiC or HQ information criterion from previous steps and initial values 
are taken from particular time series.) if individual tests are not concordant, more lags are 
included in the model. the order for the Chebishev polynomials (m) must be chosen long 
enough, as a lack of lags compared to structural breaks might result in lower power of the 
test Bierens (1997). However, there is no simple rule for its determination. in our case, we 
follow the suggestion of Cuestas (2009), i.e. the lag length m is chosen so that it yields 
more evidence against the null (H0).
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Table 5: univariate unit root test – the Bierens (1997) test (euro currency pairs)

  test  t. statistics  P-value   test t. statistics P-value 
Bulgaria t(m) -3.6418  [0.0872]  latvia 

 
 

t(m) -2.4084  [0.5067] 
a(m) -35.4625  [0.0690] a(m) -16.0053  [0.3798] 
f(m) 4.5400  [0.8676] f(m) 2.6407  [0.4125] 

Cyprus t(m) -2.8083  [0.3318]  malta 
 
 

t(m) -3.1148  [0.2527] 
a(m) -7.8568  [0.7410] a(m) -7.3638  [0.7358] 
f(m) 4.2629  [0.8186] f(m) 5.3624  [0.9143] 

Czech republic t(m) -3.6828  [0.0872]  Poland 
 
 

t(m) -3.0608  [0.2624] 
a(m) -39.6200  [0.0512] a(m) -18.3615  [0.2443] 
f(m) 4.5914  [0.8587] f(m) 3.2493  [0.6196] 

Estonia t(m) -2.9975  [0.3300]  romania 
 
 

t(m) -2.3211  [0.5600] 
a(m) -13.5896  [0.2976] a(m) -10.7264  [0.5125] 
f(m) 3.5431  [0.6161] f(m) 1.9724  [0.2690] 

Hungary t(m) -2.1269  [0.6221]  Slovenia 
 
 

t(m) -2.5934  [0.4251] 
a(m) -14.2108  [0.4547] a(m) -23.5015  [0.2579] 
f(m) 1.7697  [0.2132] f(m) 3.6785  [0.7190] 

lithuania t(m) -3.6737  [0.1017]a)  Slovakia 
 
 

t(m) -0.2688  [0.9796] 
a(m) -10.3602  [0.5680] a(m) -12.1045  [0.4316] 
f(m) 6.8976  [0.9714] f(m) 3.2174  [0.6418] 

Note: p-values in brackets. Rejection of the is in bold. a) Marginally rejected. 
Source: own calculations.

our results show a rejection of the left-sided hypothesis for the Bulgarian and Czech cur-
rency pairs, however, does not allow us to conclude whether they are (mean) stationary, 
stationary with a linear trend or a stationary around a nonlinear trend (see Bierens, 1997 
or Žďárek, 2010 for possible interpretations of various alternative hypotheses). there is 
only one significant result for the lithuanian, maltese and Slovakia currency pairs, some 
other ones are (marginally) insignificant. (following recommendations in Bierens (1997) 
as regards cases when only one out of three test statistics indicates that PPP holds.) in-
terestingly, the results for Bulgarian or Hungarian currency are found highly significant in 
Cuestas (2009),36 but results for other countries are similar.

our results for the urts are rather inconclusive, unless we check for possible sources of 
nonlinearities and even then, they seem to be in favour of rejecting the PPP hypothesis in 
most of the NmS countries. in addition, the values of test statistics may be affected by the 
properties of time series, so the next step of our analysis may be to employ the purts.37 
results for the two other currency pairs (the uS dollar and rEEr) can be obtained from the 
author upon request (results for a shorter time span, see in Žďárek, 2010).

36 It may have been due to inclusion of the time period including the early 1990s.
37 A recent study Telatar and Hasanov (2009) does not find much support for PPP in CEE with ADF test either.
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4.2 What May Have Influenced our Results?

as we have seen, the results are rather ambiguous and do not provide clear guidance 
regarding the PPP hypothesis for the group of NmS countries. what maybe the possible 
reasons for these findings? wu et al. (2010) and alba and Papell (2007) summarize the 
recent purts studies and highlight that there may be some country characteristics that 
determine whether the PPP holds or not. these are the inflation rate, openness, volatility 
of exchange rate, economic growth and distance. However, empirical studies have not 
confirmed any of these determinants beyond all doubts. the results in this study are not 
crystal clear, either. Possible problems and/or reasons for the lack of clear-cut evidence in 
the analysis of the PPP can be divided into three groups.

the first group includes problems and issues related to available data. for example, some 
of them can be labelled as problems of transition countries. our time span starts in the 
mid-1990s, which gives us enough observations in the time dimension, but may also be 
the reason why results are rather mixed due to the changes of exchange rate regimes in 
some countries. in a similar vein, the measures of inflation may have been exposed to 
similar kind of shocks. therefore, the problem may be due to the utilised price indices and 
not due to the exchange rates. Even though, there may be large discrepancies between 
official exchange rates and cross exchange rates calculated under the assumption of per-
fect triangular arbitrage.38 if the former is less volatile, it means possible central banks’ 
interventions in the foreign exchange markets.

another problem is well known in the literature – aggregation bias. it can be associated 
either with the data used Broda and weinstein (2008) or linked to empirical methods 
imbs et al. (2005) parameter heterogeneity). additionally, there may be a bias associated 
with “small samples” in the data Chen and Engel (2004) and this may have an impact on 
results.39

the second group encompasses various direct and indirect (non-market) measures ap-
plied in an economy. one of them can be in the form of exchange rate arrangements 
such as the Erm ii. this may have restricted the exchange rates of NmS countries and 
therefore, the results of urts or purts may be inconclusive. the euro as a benchmark for 
our analysis may also influence our results, as it was an artificial currency in the 1990s. 
However, this choice seems to be rational, since the uS dollar seems to have lost much 
of its importance in the NmS countries and the euro/ECu has gained significance due to 
European integration process. moreover, some authors argue that the RER are not I(1) 
but rather I(0) process that has a nonlinear (deterministic) trend or with structural breaks. 
this may give support to the notion of a ‘quasi-PPP’ or ‘a relaxed version of PPP’ (for a brief 
discussion see above; see also e.g. Cuestas and regis (2008).

another example is mentioned in the study by Brissimis et al. (2005). the authors claim 
that monetary authority’s interventions in the foreign market targeting a certain level 

38 Examples in the case of some NMS countries can be found in Giannellis and Papadopoulos (2009).
39 Robertson et al. (2009) surveys literature and discuss sources of these biases in depth. It also shows how 

important these biases for a development country are (Mexico compared to the US).
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of exchange rate may result in the inability to confirm PPP empirically even though it 
holds. additionally, taylor (2004) puts forward that interventions may lead to rEr display-
ing nonlinear behaviour, e.g. with i(1) type of behaviour within a certain band, and i(0) 
outside.40 for example, some countries have been using inflation targeting and exchange 
rate is an important part of this. an exchange rate has direct and indirect impacts on 
inflation.

finally, the last group incorporates empirical problems and problems of econometric 
methods that can be utilised. one of them may be a group of issues related to the problem 
called fractional integration of time series. this means that time series have a long memory 
(long range dependence).41 this poses a problem not only for urts and but also for purts. 
this would mean that conventional urts would not be suitable for those cases.

this group also includes more practical aspects as different specification of a non-linear 
adjustment process. for example, Bahmani-oskooee et al. (2008) argue that assumptions 
for PPP are not met in many countries and as a result, the PPP hypothesis is rejected. ad-
ditionally, some market interventions, friction or misbeliefs may hamper market forces 
from restoring equilibrium. this may lead to the necessity to account for these by em-
ploying nonlinear methods such as threshold models. the lag selection is a problem of 
non-linear tests such as the Bierens (1997) test.42 this is because the number of lags (k) can 
be determined by various methods, but the same cannot be easily done for the order of 
Chebishev polynomials m (however, the actual size of the test depends on it). Hence, the 
power may be low (see Bierens, 1997).

Even though it is not possible to list and discuss all possible problems and issues related 
to the tests of the PPP hypothesis, given the space limitations of this paper, the aforemen-
tioned ones can help us to answer the question stated in the title of this subsection. the 
‘PPP puzzle’ is still alive at least in the transition (and developing) countries and it is not 
clear when we will have such (empirical) tools that will give us a clear answer.

Conclusions

this paper focused on testing the relative version of the PPP in the NmS countries over the 
time span of 16 years. it tried to shed some light on the “old PPP puzzle” for a set of Euro-
pean transition countries, new member States of the European union. it was argued that 
the PPP concept plays a very important role in various fields – both theoretical concepts 
(exchange rate modelling) and policy-making (impacts of varios actions and measures). 
as there has been a large number of studies with rather ambiguous results, various econo-
metrics methods were employed. we made use of conventional urts and selected purts, 
and additionally, more robust versions of urts. 

40 The Bierens (1997) test should account for this.
41 That is I (d) time series, where 0 < d < 1. The key threshold is the value of d = 1/2 dividing time series into two 

groups (stationary and non-stationary).
42 This seems to be the main problem for empirical analyses of time series, see Harris and Sollis (2005).
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while conventional univariate urts the results of the non-linear KSS test (EStar), the Sol-
lis test (aEStar) or the Bierens test do not provide a crystal-clear answer to our question 
as results significantly vary. in the case of the other currency pairs – the uS dollar and 
rEEr, the results of these tests are less significant and therefore, they seem to give more 
emphasis on the importance of the euro currency for the NmS countries. the results of 
non-linear test (lee and Strazicich, 2003) that take into account structural breaks, tend 
to favour the existence of PPP, once the source of non-linearities has been controlled 
for. the version allowing for two breaks gives support to PPP in eight out of twelve NmS 
countries, for the euro exchange rate pairs, nine out of twelve for the uS currency pairs 
and seven out of eight rEEr pairs. interestingly, the dates of individual structural breaks 
are not necessarily linked to the outbreak of the ongoing financial crisis, but they seem 
to reflect changes in the global economy or some important events (e.g. phases of the Eu 
integration process).

Sollis (2009) finds that for some developed countries their currency pairs (against the uS) 
show asymmetrical behaviour and real appreciations are long lasting compared to real 
depreciations for the same relative change in exchange rates. this has been also con-
firmed for a broader set of developed countries by other studies, e.g. by Sollis et al. (2002). 
an under-valued currency is usually associated with positive effects for exporters and 
policymakers may thus want to extend the period with favourable conditions for net ex-
ports. on the other hand, the experience of developing countries is different. according to 
dutta and leon (2002) policymakers seem to prefer having longer periods of appreciated 
currencies than depreciated, even though an economic rationale for mainly exporting 
economies would require the exact opposite. these authors argue that the reason may 
be associated with financial links of these economies – real depreciation increases costs of 
borrowing in foreign currencies and may have serious repercussions on foreign-indebted 
domestic firms.43 we found asymmetrical adjustments only in the case of Bulgarian cur-
rency pairs.

apart from many reasons related to the techniques and methodologies that can be ap-
plied, one of the key explanations for ambiguous results can be the length of time period 
used in this study. while exchange rates data are mostly available, problems arise with 
supplementary, however, necessary economic variables for testing the PPP hypothesis. 
moreover, the quality of the data from the early 1990s seems to be for many reasons rather 
questionable. in addition, in most of the NmS countries were subject to non-economic 
influences (interventions), which may invalidate any economic approach trying to capture 
underlying economic determinants and processes. without any doubt, it is possible to say 
that this area of research will remain one of the most attractive in the future.

there are many possibilities regarding the future research in this area. more detailed 
analysis based on individual subindices of the HiCP index should be conducted as one 
extension going beyond the scope of this paper.44 using selected price subindices that 

43 It thus touches the third generation of financial crisis models.
44 Additionally, due to lack of availability consumer price subindices for some countries and most of the 1990s, 

it would lead to radical reduction of our sample and therefore, the necessity to switch from quarterly to 
monthly time series so that one would gain some power for the URTs and pURTs.
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may solve problems associated with aggregation bias. However, these subindices are 
available only for a limited set of countries and/or time span is very limited, which limits 
their use.

Possible extensions of this paper could be done with respect to several aspects. an ex-
tension may be based on using disaggregated price indices (either for CPi or HiCP) for 
our group of countries, different indices (broad or narrow versions of rEEr) or different 
benchmark countries. moreover, more robust univariate urts such as the CBl test45 or 
methods based on panel smooth transition regression models (PStr, see e.g. González et 
al. (2005) that may solve some problems of non-linear adjustment processes or structural 
breaks due to their construction may be applied. they would also make possible to use 
longer time span or data of higher frequencies (e.g. weeks or months). 
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Appendix

Table A1: results of the terasvirta (1994) linearity test – time series (HCPi based)
Exchange rate p d  f-statistics  Probability  Conclusion
Bulgaria 9 1 30.776 0  Nl model
Cyprus 3 4 2.543 0.0178  Nl model
Czech republic 3 2 1.629 0.1332  l model
Estonia 4 3 3.622 0.0008  Nl model
Hungary 3 2 1.729 0.1075  l model
lithuania 1 1 1.395 0.2533  l model
latvia 2 2 0.471 0.8286  l model
malta 1 4 1.991 0.1258  l model
Poland 2 2 3.726 0.0036  Nl model
romania 2 4 4.492 0.001  Nl model
Slovenia 9 2 1.371 0.2407  l model
Slovakia 2 4 2.4936 0.0339  Nl model

Note: – the number of lags, – the value of the delay parameter. NL – non-linear model, L – linear 
model. 
Source: own calculation.

Figure A1: Exchange rates of the NmS countries against the euro
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Statistical appendix:

Table A2: Summary statistics – Euro (€) time series and rEEr

 ERa) hicpb) ppib) rer_hicpc) rer_ppic) reer_ppic)

Bulgaria mean 1.071 4.091 4.057 0.7813 0.7804 4.5138
SD 0.617 1.208 1.189 0.2852 0.2644 0.2358

Cyprus mean 0.581 4.533 4.504 -0.5242 -0.4955 4.5702
SD 0.006 0.12 0.12 0.0343 0.0669 0.0588

Czech Republic mean 31.969 4.533 4.525 3.4581 3.4716 4.5324
SD 3.787 0.16 0.117 0.1801 0.1484 0.1913

Estonia mean 15.588 4.507 4.55 2.7862 2.7457 ..
SD 0.197 0.226 0.227 0.1349 0.0725 ..

Hungary mean 241.575 4.399 4.454 5.6332 5.576 4.4753
SD 29.819 0.347 0.355 0.1587 0.0701 0.1656

Lithuania mean 3.9 4.584 4.493 1.3055 1.3902 ..
SD 0.632 0.151 0.167 0.2194 0.2375 ..

Latvia mean 0.656 4.523 4.537 -0.397 -0.4173 ..
SD 0.052 0.237 0.247 0.1509 0.1166 ..

Malta mean 0.429 4.537 .. -0.8294 .. 4.5603
SD 0.016 0.116 .. 0.0641 .. 0.0673

Poland mean 3.897 4.463 4.472 1.4424 1.4356 4.5446
SD 0.388 0.241 0.243 0.1254 0.0795 0.1227

Romania mean 2.535 3.816 3.723 1.4328 1.4727 4.463
SD 1.366 1.141 1.14 0.2216 0.287 0.207

Slovenia mean 213.682 4.432 4.461 5.481 5.452 ..
SD 29.172 0.256 0.204 0.034 0.027 ..

Slovakia mean 38.71 4.404 4.452 3.775 3.729 4.4941
SD 4.154 0.271 0.218 0.266 0.2197 0.2652
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Table A3: Summary statistics – $ uS time series

    ERa) cpib) ppib) rer_usdcpic) rer_usdhcpic) rer_ppiusc)

Bulgaria mean 1.5 4.057 4.057 0.5894 0.606 0.5754
SD 0.605 1.208 1.193 0.3262 0.3359 0.2901

Cyprus mean 0.502 4.521 4.504 -0.7022 -0.7019 0.7029
SD 0.076 0.12 0.149 0.1484 0.1441 0.1368

Czech Republic mean 27.9 4.515 4.525 3.2836 3.2808 3.2645
SD 6.63 0.16 0.116 0.2678 0.2608 0.2078

Estonia mean 13.472 4.487 4.55 2.6089 2.6086 2.5383
SD 2.172 0.225 0.154 0.2081 0.2094 0.1285

Hungary mean 209.22 4.375 4.454 5.4518 5.4556 5.3687
SD 44.506 0.347 0.263 0.2369 0.2399 0.1267

Lithuania mean 3.361 4.577 4.493 1.1191 1.128 1.183
SD 0.674 0.151 0.189 0.2375 0.2475 0.255

Latvia mean 0.562 4.503 4.537 -0.576 -0.5724 -0.6225
SD 0.044 0.237 0.218 0.1952 0.1956 0.1558

Malta mean 0.369 4.533 .. -1.0189 -1.007 ..
SD 0.048 0.107 .. 0.124 0.1274 ..

Poland mean 3.37 4.448 4.471 1.2626 1.2648 1.2281
SD 0.629 0.241 0.191 0.1738 1.1765 0.1226

Romania mean 2.156 3.763 3.723 1.2512 1.2549 1.265
SD 1.105 1.14 1.14 0.2701 0.2738 0.3248

Slovenia mean 184.096 4.418 4.461 5.2987 5.3029 5.2441
SD 34.852 0.251 0.204 0.1513 0.1535 0.12

Slovakia mean 33.829 4.391 4.452 3.5888 3.5973 3.5216
SD 8.382 0.273 0.218 0.3567 0.3515 0.2847


