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Abstract 

The Purchasing Power Parity (PPP) theory simply refers to a rate of exchange that 
eliminates price level differences between countries, equalizing the purchasing power of 
different currencies. The theory provides some essential tools in determining exchange rates 
and equilibrium conditions. This study investigates the long run validity of the PPP in five 
Nordic countries over the monthly data in the 1976-2019 period. We use a panel LM unit 
root test to detect sharp breaks as well as a novel method based on the Fourier 
approximation taking into account gradual shifts in the real exchange rates. Firstly, despite 
the past evidence, results of the panel unit root test with sharp break are mostly consistent 
with the PPP relationship in the group of Nordic countries. Secondly, we obtain mixed results 
from the Fourier panel stationarity test based on the number of frequencies, implying notable 
evidence for the PPP in the whole and pre-Euro periods. Taking together results of the two 
tests, it is possible to conclude that an empirical approach which captures the nature of 
structural change in price adjustments is more preferable as compared to conventional tests. 
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1. Introduction 
The Purchasing Power Parity (PPP) theory simply refers to a rate of exchange that 
eliminates price level differences between countries, equalizing the purchasing power of 
different currencies. The theory has its modern origins in Cassel's (1918) study on the 
determination of official exchange rates. In absolute version, the PPP requires the 
equalization of exchange rate between two countries with the ratio of average price levels, 
based on the “law of one price”. This implies that if there is no cost for merchandise trade, 
the price level of an identical good in two countries will be equal as it expressed in the same 
currency. The relative form of PPP holds, underlining terms of trade, as so long as the 
percentage change in the exchange rate offset the differential between inflation rates in two 
economies. Accordingly, all movements in the currencies are transitory and the real 
exchange rates are stable in the long run (Rogoff, 1996; Sarno and Taylor, 2002). The PPP 
has been a highly discussed concept (Yeager, 1958; Balassa, 1964; Samuelson, 1964) in 
respect to the limitations to reveal a precise mechanism between exchange rates and 
relative price levels. One of the discussions is related to data aggregation and construction 
in calculating price indices. Keynes (1930) states that price indices in which traded goods 
are predominant constitute a weak basis for the PPP. Also, deviations in exchange rates 
owing to trade restrictions such as transaction costs, tariffs, and nontariff barriers, and 
speculation in the foreign currencies may cause a divergence from the PPP (Officer, 1976). 
Despite the current debate, the PPP is inherently an important tool for open economies in 
terms of providing a benchmark to judge the level of exchange rate against under or 
overvaluation and serving as a policy guidance to predict long run fluctuations and potential 
economic impacts (Shapiro, 1983; Dornbusch, 1985).  

There is a little consensus in the literature on whether the PPP is valid in the short and long 
run. In the short run, it is argued that the various forms of rigidities arising from sticky goods 
prices, high degree of capital movements, the existence of nontraded goods and services, 
and differential speeds of adjustment in the commodity markets can lead to a substantial 
deviation in the exchange rates (Zhou, 1997). Such an event ultimately distorts the short run 
validity of PPP. However, empirical evidence suggests that the bilateral exchange rates tend 
to move together during the long time periods (Abuaf and Jorion, 1990; Frankel and Rose, 
1996; Devereux, 1997; Taylor and Taylor, 2004). Along with the recent advances in 
econometric techniques, these arguments are largely related to the use of various unit root 
tests which have different power and size properties. In this context, the most common way 
to examine the PPP is to test the real exchange rate for stationarity and to determine the 
presence of mean reversion in data series. Therefore, a non-stationary real exchange rate 
also rejects the long run validity of the PPP (Breitung and Candelon, 2005; Bahmani-
Oskooee et al., 2015). Another important issue for a relatively long-time span is the existence 
of structural breaks or shifts in equilibrium as real exchange rates depend on different 
exchange regimes. If structural breaks are neglected, a stationary real exchange rate does 
not necessarily constitute evidence of PPP (Adiguzel et al., 2014). Such parametric changes 
may result not only from sudden and sharp shocks in the trend or level, but also from a slow 
and gradual process, especially in low-frequency data (Hegwood and Papell, 1998; 
Leybourne et al., 1998). Earlier versions of unit root tests (Perron, 1989; Amsler and Lee, 
1995; Lee and Strazicich, 2001, 2003; Im et al., 2005, 2010; Kim and Perron, 2009) are able 
to detect the sharp structural breaks by using dummy variables. In the latter case, a novel 
Flexible Fourier approximation can also capture the smooth transition in the unknown form 
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of large swings in the exchange rate (Becker et al., 2006; Enders and Lee, 2012; He et al., 
2014; Nazlioglu and Karul, 2017).  

Nordic countries have the same characteristics in terms of demography, social and cultural 
structures, and economic conditions. They are among the leading open economies after the 
liberalization policies of the 1980s and 1990s. Despite the financial crisis that partially hit 
these countries in the early 1990s, the Nordic group achieved a remarkable rate of economic 
growth in the late 20th century. Their long run economic performance, often referred to as 
the "Nordic Model", is based heavily on rapid industrialization, expansion of international 
trade, the advancement of the market economy, and sound economic institutions (Krantz, 
2006; Kaytaz et al., 2019). Considering the significant level of trade openness and thus 
susceptibility to fluctuations in Nordic economies, policies regarding price adjustments 
become more essential. Therefore, it may be of interest to reexamine the arguments put 
forward to the validity of the PPP with more sophisticated methods across Nordic countries. 

In the context of PPP, many researchers conducted empirical tests to investigate the theory 
in datasets containing all or part of the Nordic countries. The time series studies (Bessec, 
2002; Akram, 2006; Sollis, 2009; Aloy et al., 2011; Cuestas and Regis, 2013; Güriş et al., 
2016) and some panel data studies (Kalyoncu and Kalyoncu, 2008; Lau, 2009; Christidou 
and Panagiotidis, 2010) provide mixed results for the validity of PPP in the Nordic countries. 
However, very little attention was paid to cross country dependencies in testing PPP in such 
a closely related country group. In this sense, it can be argued that the examination of PPP 
along with the cross-section dimension can provide a better insight into the structural 
relations that take place in the long run rather than time series analysis (Salto and Turrini, 
2010). 

The main goal of this study is to investigate whether the PPP holds in the long run in the 
Nordic countries. We use monthly real exchange rates for the 1976-2019 period in the panel 
of Denmark, Finland, Iceland, Norway and Sweden. The originality of the study is twofold. 
Firstly, to our knowledge, there is no study considering the structural breaks for examining 
the PPP in the Nordic group. We conduct a panel LM unit root test (Im et al., 2005, 2010) to 
take into account sharp breaks in a data set over a relatively long time period. Secondly, we 
use a novel method based on Fourier panel stationarity test (Nazlioglu and Karul, 2017) that 
could better capture the nature of structural changes in the form of gradual shifts as well as 
robust to the cross-sectional dependency.  

The remainder of the paper is as follows. Section 2 introduces the dataset and econometric 
methodology. Empirical results and a brief discussion are presented in Section 3; and the 
last section concludes the paper.  

2. Data and Methodology 
In order to investigate the validity of the PPP relationship, we use the monthly end-of-period 
nominal exchange rate and consumer price index (2010=100) data to generate real 
exchange rate series in five Nordic countries. The dataset covers 1976:M1-2019:M10 period 
which yields 526 observations. All the data are obtained from the IMF (2020) “International 
Financial Statistics” database. Since the accession of Finland to the Economic and Monetary 
Union of the EU as of January 1, 1999, the dataset is also examined with two subperiods 
including “pre-Euro” and “post-Euro” periods. Therefore, we test a total of 3 models: Model 
(A) (1976:M1-2019:M10), Model (B) (1976:M1-1998:M12), and Model (C) (1999:M1-
2019:M10). 



Institute for Economic Forecasting 

 Romanian Journal of Economic Forecasting – XXV (2) 2022 168

Im et al. (2005, 2010) suggest two types of unit root tests based on the Lagrange Multiplier 
(LM) statistics that allows for a sudden break in both level and trend. As stated by Amsler 
and Lee (1995), the most important advantage of the LM-type tests is that while dealing with 
structural breaks, adding dummy variables to the unit root regression model does not affect 
the asymptotic distribution of the test. Also, the asymptotic distribution of the LM test does 
not depend on the size and location of the breaks. Another feature of the test is that it allows 
heterogeneous breaks in both the level and trend of the series under the both null and 
alternative hypothesis4. 
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Im et al. (2010) correct the cross-sectional dependency as suggested by Pesaran (2007). In 
addition, the dependence of the asymptotic distribution of the test on unnecessary 
parameters is removed by performing the transformation in equation (5). 
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The following regression model is estimated for each cross-section unit of the panel unit root 
test based on LM test statistics. 
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4 See Im, et al. (2005, 2010) for details. 
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In order to test the null hypothesis of 0:0 H  for each cross-section unit, the Panel LM 

test is used as the standardized form of the following average test statistic. 
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The standard normal distribution of the panel LM test is given as, 
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In equation (9),  iiM ~,~
 is derived from the lag and break parameters in each cross-

sectional regression. Thus, the method allows different numbers of lags and breaks for 
cross-section units (Im et al., 2010). 

As in this case, the earlier versions of the unit root tests are able to detect the structural 
breaks through dummy variables, considering only the sudden changes rather than smooth 
shifts in the series. Such an approach is often incapable of catching the natural form of 
breaks when the large swings in the series occur in an unknown form. Based on Gallant 
(1981), Becker et al. (2006) demonstrate that the behavior of an unknown function can be 
captured by a Flexible Fourier transformation. Following the study of Becker et al. (2006), 
Nazlioglu and Karul (2017) propose a Fourier panel stationarity test that takes into account 
gradual shifts as well as cross-sectional dependency and heterogeneity across cross-
sections in the panel. The data generating process of the test is as follows: 
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In equation (10), itS  refers to the random walk process with an initial value of zero for each 

cross-section, and iF  denotes to the unobservable common factor. i  represents the 

loading weights of each cross-section, while )(ti  is the deterministic term as a function of 

time (Nazlioglu and Karul, 2017). As pointed out by Becker et al. (2006), the Fourier 
approximation can mimic the structural changes regardless of specifying break dates, the 
number of breaks, and the form of the breaks. The Fourier transformations, which shows 
both level and level and trend changes in the deterministic term, respectively, are described 
as, 
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where: i1  and i2  are the amplitude and displacement of shifts, respectively, and k  is 

the Fourier frequency. The individual Fourier KPSS test,  based on Becker et al. (2006), 
where the null hypothesis of stationarity against the alternative hypothesis of unit root is 
defined as, 
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long run variance of error term. Thus, the Fourier panel statistic is obtained by the avarage 
of individual statistics (Nazlioglu and Karul, 2017). 
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Nazlıoğlu and Karul (2017) argue that while the asymptotic distribution of )(ki  as 

T , it depends on k   and is invariant to other parameters during the data generating 

process. The panel stationarity test ( kFZ ) can be defined as 
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where: )(k  and )(2 k  are the average of the mean and variance, respectively, of the 

individual )(ki  statistics. The test has a standard normal distribution when first T  

and then N . The test statistic performs good size and power even in small samples 
when the error terms are i.i.d. However, if the error terms are serially correlated, the test has 
reasonable power and size properties (Nazlioglu and Karul, 2017). 

3. Empirical Results and Discussion 
In the context of robustness of panel unit root tests, a failure to meet any assumptions may 
cause a considerable distortion in the size and power of these tests.  Based on the fact that 
the panel LM unit root test (Im et al., 2005, 2010) assumes the independence of individual 
cross-sections, we firstly employ some preliminary tests. In table 1, Breusch and Pagan 
(1980) LM test (CDLM1) examines the cross-section dependency with a chi-square 
distribution under the normality assumption. In case of large number of N and T, Pesaran 
(2004) asserts a scaled LM test (CDLM2) to diagnose cross-section dependence in a 
standardized form. Also, Pesaran (2004) suggests an alternative test (CD) which has the 
correct size in very small samples and satisfactory power. Lastly, Table 1 reports an 
alternative bias-adjusted LM test (CDadj) by Pesaran, Ullah, and Yamagata (2008), which 
ensures satisfactory power in panels with exogenous regressors and normal errors. 
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According to all test results, the null hypothesis of no cross-section dependency is strongly 
rejected at 1% significance level for both constant and constant and trend models. 

In order to conduct both types of unit root tests, we use the estimation procedure suggested 
by Nazlioglu (2018) in Gauss software. The results of the panel LM unit root test with sharp 
breaks are given in Table 2. In model (A), the stationarity at level shift is detected only for 
Iceland in one break (1981:M12), while the series of Finland (1998:M10, 1999:M5) and 
Iceland (1983:M4, 1989:M3) are stationary in two breaks. The trend shift stationarity in a 
single break is valid for Denmark (2009:M4), Iceland (1982:M1) and Norway (2007:M8). 
However, the null hypothesis of unit root is rejected in all series with trend shift in two breaks. 
Thus, in model (A), we reach significant evidence that PPP is valid in the long run as a whole 
data period. 

According to test results of Model (B) which involves the pre-Euro period, the PPP does not 
hold for any country in a single break in the level shift, whereas the results show that the real 
exchange rates are stationary series in all countries except for Sweden for two breaks in the 
level.  The null of unit root hypothesis cannot be rejected at the 10% level except for Iceland 
(1978:M9) in a single break for the model with trend, implying invalidation of the PPP 
relationship. On the other hand, we infer from the Model (B) with two breaks in the trend shift 
that the real exchange rates are stationary is still reinforced in the pre-Euro period. 

Regarding the last model associated with the post-Euro period in Table 2, findings of Model 
(C) show that the only stationary series belongs to Norway (2011: M4) in a single break in 
the level shift. Despite this result, it is observed that the PPP relationship maintains in all 
countries for two breaks in the level shift. In particular, Denmark and Finland are identical to 
the dates of break (2002:M11, 2008:M11), while Norway (2002:M9, 2012:M3) and Sweden 
(2002:M12, 2012:M3) follow a similar path in terms of structural shifts. We obtain same 
results in all exchange rate series with one and two breaks in the trend shift. Therefore, both 
panel statistics provide clear evidence for the PPP relationship in the post-Euro period. As 
a result of all empirical findings in Table2, it may be also argued that the panel LM unit root 
test which takes into account multiple sharp breaks gives more support to the validity of PPP 
in the Nordic countries. 

The results from the Fourier panel stationarity test with gradual shifts are reported in Table 
3. Considering the long-time period in the dataset, we use up to three Fourier frequencies 
(k) because of the possible cycles and large swings in the real exchange rates. According 
to model (A) with constant term, we cannot reject the null hypothesis of stationarity only for 
Denmark in all frequencies, indicating the presence of the PPP relationship. However, it is 
obvious from the model (A) with constant and trend that all the real exchange rate series 
except for Iceland are stationary for k=2. Thus, it can be concluded that the PPP is likely to 
be valid for the whole period in the panel. 
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Based on the Model (B) with constant term (pre-Euro period) in Table 3, we find that all the 
countries except for Sweden have stationary real exchange rate series when the Fourier 
frequency is equal to one. It is also noticed that the PPP relationship exists in Finland, 
Iceland, and Norway, when the number of frequencies is two, while the same is valid in 
Iceland and Norway for k=3. In the model with constant and trend, the PPP still holds for 
Iceland and Norway in all frequencies. Lastly, the validity of PPP in Denmark is only true if 
k=1. 

Figure 1 

Fourier Series with Constant (k=1) 
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Finally, the Fourier panel stationarity test of Model (C) with constant shows that Iceland and 
Norway have stationary series, in case k=3. On the other hand, we reach similar results from 
the model with trend for Denmark (k=2) and Finland (k=2, k=3) in the post-Euro period. 
Taken together all three models in Table 3, it is possible to conclude that there is notable 
evidence for the PPP relationship in the Nordic countries particularly in the whole and pre-
Euro periods, when taking into account the gradual shifts in the real exchange rates. 

 

Figure 2 

Fourier Series with Constant (k=2) 
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Figure 3 

Fourier Series with Constant (k=3) 
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Figure 4. Fourier Series with Constant and Trend (k=1) 
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The break dates obtained from the analysis can be evaluated in three main periods: (i) the 
second half of the 1980s, (ii) the first half of the 1990s and (iii) the second half of the 2000s. 
In the first period, despite the rapid economic growth experienced in Sweden and especially 
in Finland, the overheated economy caused a recession in the early 1990s. In this period, 
the great decline in oil prices in Norway resulted in a slowdown in the economy, and its 
effects continued until the early 1990s. In addition, liberalization policies in the 1980s caused 
major financial crises in the economies of three countries (Finland, Sweden and Norway). 
Denmark has better coped with the effects of the crisis, while the external deficit has reached 
a significant level in Finland and Sweden. In the second period, Finland, Sweden and 
Norway adopted the floating exchange rate regime due to the speculative attacks during the 
crisis. Lastly, the subprime mortgage crisis, which emerged in the USA in the second half of 
the 2000s and had a global impact, caused a serious contraction in the Nordic countries as 
well as in other market economies (Honkapohia, 2009, 2012). 

Figure 5. Fourier Series with Constant and Trend (k=2) 
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Figure 6 

Fourier Series with Constant and Trend (k=3) 
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Based on the results and past evidence, the validity of the PPP for the Nordic countries 
varies according to the considered period and the method. Our results overlap with the 
studies of Akram (2006), Kalyoncu and Kalyoncu (2008) and Christidou and Panagiotidis 
(2010) while partially supporting the those of Sollis (2009), Lau (2009), and Cuestas and 
Regis (2013) for Iceland, Norway, and Sweden. However, we reach contradictory results 
across the Nordic countries compared to a recent study by Guris et al. (2016). 

4. Conclusion 
This study investigates the long run validity of the PPP relationship in a relatively long-time 
span for different periods. We use both LM-type and Fourier-based unit root tests together, 
which take into account sudden breaks and gradual shifts in the real exchange rates 
separately. Our analysis presents novel findings in the group of Nordic countries. 
Accordingly, the panel LM unit root test results are mostly consistent with the long run PPP 
relationship in the Nordic countries in all models. In particular, considering multiple shocks 
in exploring stationarity provides more support to the validity of PPP. However, we obtain 
mixed results from the Fourier panel stationarity test, implying notable evidence for PPP in 
the whole and pre-Euro periods. This result further suggests that stationarity of the real 
exchange rate series depends on the number of Fourier frequencies. Taking together the 
results of the two types of tests, mean reversion of the exchange rate series in the long run 
is much seen in case of sharp breaks. Divergence between the findings of these tests 
become more obvious in the post-Euro period. This result also corresponds to the existing 
literature based on the differences in power and size properties of the unit root tests. 
Regarding the past evidence, it may be argued that use of the panel unit root tests which 
take structural changes into account by sharp breaks and gradual shifts offers a more 
reasonable policy guidance rather than the conventional approach. 

In line with the PPP theory, a larger dataset with different subperiods or the ADF-type unit 
root tests based on time series or panel data with Fourier approximation can improve the 
evidence in future studies. 
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