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Abstract
Some recent time series studies testing the stationarity of real exchange rates (RERs) produce conflicting results. Using nonlinear unit root tests and recursive analysis, this paper tests whether the evidence on the stationarity of RERs is sensitive to different numeraire currencies, different sample periods covering regional and global crises, and the inclusion of countries with different levels of economic or regional integration. The results indicate that evidence for a stationary RER could be substantially sensitive to sample period changes, but not so for the currencies of the countries involved in forming the euro area. We also find that financial crises have a notable impact on testing the stationarity of RERs, depending on the numeraire currency used. We discuss the policy implications of the findings. 
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1. Introduction

Purchasing Power Parity (PPP) has been an important building block in many macroeconomic models, representing a constant long-run equilibrium real exchange rate. The significant fluctuations in exchange rates since the beginning of the post-Bretton Woods period have been an important concern for policy makers, requiring a deeper understanding of the underlying relationships driving real exchange rates. In addition, the recent institutional changes, such as the launching of the euro area and frequent financial crises have added to these concerns. For example, there have been wide fluctuations in the euro exchange rate since its establishment in 1999 and several financial crises took place in the recent past, including the Asian crisis and the more recent global crisis. It is therefore particularly important for policymakers to know whether and when exchange rate changes constitute movements towards or away from some long-term equilibrium level. As a result, PPP has been subject to a significant amount of empirical testing using various time series models.

Recent reviews of empirical research on the validity of PPP (see, for example, Taylor and Taylor, 2004; Murray and Papell, 2005; Bahmani-Oskooee and Hegerty, 2009) show that whether PPP holds is still a subject of heated debate in academia. As these studies indicate, earlier tests of PPP focused on conventional linear unit root tests, which are followed by recent unit root studies accounting for nonlinearity in exchange rates. After taking nonlinearity in real exchange rates into consideration, recent studies provide more evidence for the stationarity of real exchange rates, supporting PPP, than earlier studies. For example, compared with previous work using conventional linear unit root tests, studies employing the unit root tests developed by Kapetanios, Shin, and Snell (KSS hereafter) (2003) based on exponential smooth transition autoregressive (ESTAR) models generally show more supportive results for real exchange rates to have stationary properties than other studies.
Taking a closer look at some recent studies, one may find some inconsistency in results, however, especially in the findings associated with the yen real exchange rates. For instance, using the KSS tests for a sample of period 1960-2000 as well as for a sub-sample period 1974-2000, Chortareas and Kapetanios (2004) found that “the yen real exchange rate may be stationary after all.” Similar findings are also reported in Liew et al. (2004) with the sample period over 1968 to 2001. On the contrary, with the same test for a sample of period 1957-1998, KSS (2003) were not able to reject the nonstationarity in the real yen-dollar exchange rate. On the other hand, Zhou, Bahmani-Oskooee and Kutan (hereafter, ZBK) (2008) obtain some evidence for the yen-dollar, yen-French currency, or yen-German currency real exchange rates to be stationary when applying the KSS tests to a sample of period 1973-1998, yet no such evidence is found for a sample of period 1973-2006. 
It is known that all unit root tests may have low power in revealing the stationarity of time series for small samples. Failure to reject the null of nonstationarity with the data of a shorter time span but rejecting the null with a longer time span of data could be viewed as evidence for the series to have stationary behavior. However, when there is a rejection of the null of nonstationarity for the yen real exchange rates for a shorter time span but failure to do so for a longer time period, it would be the evidence against the stationarity of the yen real exchange rates.

Another likely problem associated with some recent studies is the impact of the financial crisis of 1997–98 in Asia and large changes in the values of the yen and US dollar during the recent global crisis on the unit root test results. Innovation outliers and large changes can be observed in a number of yen, dollar and Asian real exchange rates. The effect of outliers and break changes could be in dual direction. While it is widely recognized that the outliers and breaks in data may lower the power of unit root tests and lead toward over-acceptance of the unit-root hypothesis,
 Franses and Haldrup (1994) demonstrate that the presence of outliers may also generate large size distortion in the unit root tests and causes them to reject a unit root too often. This implies that the findings of stationary yen and dollar real exchange rates of Asian currencies by Chortareas and Kapetanios (2004) and Liew et al. (2004) could be the outcome of over-rejecting the unit-root hypothesis due to the use of a sample period ended shortly after the 1997-98 Asian crisis.

The inconsistency in the results of the studies and the possible impact of outliers and breaks in data on the test results cast doubt upon the recent findings in favor of stationary real exchange rates. They imply that the conclusions of the studies might not be reliable if the results are rather sensitive to small changes in the sample periods utilized in the studies. Further investigation for the robustness of these findings is therefore required in order to clarify the issue.
The present study intends to contribute to this area of research by seeking the answers to the following questions. First, do the findings for real exchange rates being stationary endure a robustness examination? Failure to show sustainability in the stationarity of real exchange rates may overturn the conclusion in support of PPP. Second, how different are the results of robustness examination for the real exchange rates with different numeraire currencies?
 Third, are the results sensitive to employing data from developing countries versus industrial economies or to whether countries belong to an economic union such as the European Union (i.e., to countries with different levels of economic integration)? Finally, how significant are the effects of the Asian financial crisis in 1997–1998 and large changes in the value of the yen and US dollar in the recent global crisis on testing a unit root in the real exchange rates?

The study re-examines the stationarity of real exchange rates by focusing on the bilateral rates against three main currencies: the US dollar, Japanese yen, and a European currency. These rates have been studies for years in the existing literature for testing the PPP hypothesis on the bilateral basis. Among the recent studies, a comprehensive investigation has been carried out in Chortareas and Kapetanios (2004) for the yen real exchange rates and in ZBK (2008) for the US dollar and the European currency real exchange rates. These two studies show contrary results for the rates of yen-dollar and yen-European currency. We re-investigate the real exchange rates employed in these two articles with updated data in attempt to shed light on the sources of contradiction in their test results. 

In the current study, we utilize both conventional unit root tests versus the alternative hypothesis of linear stationarity and recently developed tests for a unit root versus the alternative of nonlinear stationarity. This allows us to uncover that whether or not the presence of nonlinearity in the convergence toward PPP is likely to occur for certain groups of countries.

The examination for the robustness of linear or nonlinear stationarity in the real exchange rates is carried out through a recursive analysis. By conducting the tests for a unit root recursively with gradually extended sample periods, the pattern of varying test statistics may clearly reflect the sensitivity of the test results to small changes in the time span of the sample. This procedure not only is a robustness check, but also may provide the information regarding the effects of large local and/or global crisis on the evidence for PPP.

The next section describes the methodology and empirical testing procedures utilized in the study. The empirical results are presented in Section III. In Section IV, we provide additional statistical analysis to further explain the factors that may cause deviations from PPP or generate instability of the test results. The last section provides a summary of main findings and conclusions. 
2. Methodology and test procedures
In this study, we re-examine the stationarity of bilateral real exchange rates (RERs) of three main currencies: the US dollar, Japanese yen, and French currency. The reason of using French instead of German currency as numeraire is based on the concern that the 1990 German unification may have had an impact on, probably slowed down, the European convergence to PPP. In fact, ZBK (2008) discover that evidence for stationary RERs is stronger for the European rates versus the French franc than those versus the German mark.

Both a conventional unit root test, the augmented Dickey-Fuller (ADF) test, and a more recently developed test by KSS (2003) are utilized for the study.
 The two tests have the same null hypothesis of a unit root, but the alternative hypothesis of the ADF is linear stationarity while KSS allow for nonlinear stationarity in the alternative. For yt being the de-meaned or de-meaned and de-trended series of interest, the KSS tests are based on the following auxiliary regression:
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which is obtained from a first-order Taylor series approximation of an ESTAR model specified in KSS (2003). The null hypothesis of nonstationarity to be tested with (1) is H0:  = 0 against the alternative of (nonlinear) stationarity H1:  < 0.  The augmentations
[image: image2.wmf]1

r

-

=

D

å

tj

k

j

j

y

are included to correct for serially correlated errors.
 KSS (2003) use the t-statistic for = 0 against < 0, referred to as the KSS statistic, and tabulated the asymptotic critical values of the KSS statistics via stochastic simulations. 
In order to make our test results comparable with those of previous studies, the tests are performed with the beginning of the sample periods being the same as that in Chortareas and Kapetanios (2004), i.e., 1960, for the yen RERs, as well as that in ZBK (2008), i.e., 1973, for the RERs with French currency or US dollar as numeraire. The US dollar RERs are computed by

reri,us = si − pi + pus 

where si is the log of country i’s currency price of a dollar. pus and pi are the logs of the price indices of the US and country i, respectively. The RERs with yen or French currency as numeraire are calculated by

reri,jp = si − pi − sjp + pjp    or   reri,fr = si − pi – sfr + pfr 

respectively, where pjp and pfr are the logs of the price indices of Japan and France. sjp and sfr are the logs of yen and French currency prices of a dollar, respectively. For 1999–2009, the dollar exchange rates of the euro area countries (including France) are obtained by si = seuro + sj, where seuro is the log of the euro price of a dollar and sj is the log of a euro-zone country’s currency conversion rate of a euro (irrevocably fixed at the rates set on January 1, 1999).


To be consistent with previous studies, a time trend is included in the model of testing a unit root in the yen RERs as such a trend is observable in the data. The tests for a unit root in the RERs with French currency or US dollar as numeraire are exercised using both the models with and without a time trend. The rejection of the null of a unit root in RER by a model without a time trend may indicate a level stationary RER. Rejecting the null with a model including a time trend but failure to do so with a model of no time trend would point to a trend stationary RER.  

It is recognized that a level stationary RER is consistent with PPP in a strict form, while a trend stationary RER may be in line with a modified view of PPP, which allows a linear trend in the long-run (equilibrium) RERs. The presence of such a trend in RERs may reflect the well known Balassa–Samuelson type effects, resulting from the differential rates of productivity growth in traded and nontraded goods sectors of a country relative to that of the country whose currency is used as a numeraire currency in measuring RER. A trend stationary RER may also be an indication for the relative prices of the two relevant countries to move from wide dispersion to get closer to each other in the process of convergence toward PPP (ZBK, 2008, p. 142).

The empirical investigation is conducted first by applying the ADF and KSS tests to the bilateral RERs that are examined in previous studies for the full sample period to expose how sensitive are the test results of earlier studies to the extension of the sample periods to recent years. Following Chortareas and Kapetanios (2004), the lag order of the augmentation in the models of testing for the yen RERs is set as 4, as well as selected by a sequential testing procedure to determine the optimal lag order starting from a maximum lag order of 4. It is found that the test results are not sensitive to the lag order set by either ways. For the RERs with French currency or US dollar as numeraire, using the same method as that in ZBK (2008), the number of augmented terms is selected by the sequential testing procedure with a maximum number of 8. 


The examination of the robustness of the test results is then carried out by a recursive procedure. The ADF and KSS auxiliary regression equations are estimated repeatedly such that the test statistics are allowed to vary with slightly different sample sizes. Because PPP is supposed to be a long-run equilibrium relation and the focus of the present study is on the robustness of recent findings in favor of PPP, the first round of estimation for recursive analysis uses a sub-sample from the beginning of the full sample to the first quarter of 1993 instead of using a shorter sample. Each additional round of estimation is carried out by adding one more observation to the sample and provides updated test statistic. This process is repeated until all the observations have been used.
3. Data and empirical test results

Quarterly consumer price indices and end-of-period bilateral nominal exchange rates are collected from the International Monetary Fund (IMF)’s International Financial Statistics (IFS) online. The sample period runs from 1973Q1 to 2009Q2 for the RERs with the French currency and US dollar as numeraire. For the yen RERs, with the exception of Hong Kong, Indonesia, Korea, Singapore and Thailand, the sample period runs from 1960Q1 to 2009Q2. Due to the availability of the data in the IFS, the sample periods for Hong Kong, Indonesia, Korea, Singapore and Thailand begin with 1981Q1, 1968Q1, 1970Q1, 1961Q1 and 1965Q1, respectively, and end at 2009Q2 for all cases. The yen RERs are calculated for G6 (Canada, France, Germany, Italy, the United Kingdom, and the United States) and 10 Asian-Pacific countries (Australia, Indonesia, Korea, Malaysia, New Zealand, Pakistan, Philippines, Singapore, Sri Lanka, and Thailand). The RERs with French currency as numeraire are obtained for 14 European Union (EU) countries (Austria, Belgium, Denmark, Finland, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden, and the United Kingdom) and 7 non-EU industrial countries (Australia, Canada, Japan, New Zealand, Norway, Switzerland, and the United States). Those with US dollar as numeraire are constructed for 15 EU countries, 6 non-EU industrial countries, and 8 Asian countries.

Table 1 reports the unit root test statistics of the yen RERs for the sample periods of 1960-2009 and 1974-2009 whereas Chortareas and Kapetanios (2004) did the tests for 1960-2000 and 1974-2000. ADF4 and ADFS are the ADF test statistics that include a constant and a time trend in the model, with fixed 4 lags of augmentation and with the lag length selected based on the sequential testing procedure, respectively. KSS4 and KSSS are the KSS test statistics for de-meaned and detrended data with 4 augmented terms and with the number of augmented terms chosen by the sequential testing procedure, respectively. The test statistics in Table 1 reject the null of nonstationarity for few cases, sharply different from those in Chortareas and Kapetanios (2004) and Liew et al. (2004), and overturn their conclusions in support of PPP.
Table 1 goes about here
The test statistics for the RERs with the French currency and the US dollar as numeraire are displayed in Table 2 and Table 3, respectively. In these two tables, six test statistics are reported. ADF1S presents the ADF test statistics that only include a constant in the model, with the lag order of the augmentation chosen by the sequential testing procedure. KSS10 and KSS1S are the KSS test statistics for de-meaned data without augmented terms and with the number of augmented terms selected using the sequential testing procedure, respectively. The comparable statistics of the ADF test with a constant and a trend in the model are ADF2S, and those of the KSS tests for the de-meaned and de-trended data are KSS20 and KSS2S, respectively. The results in Table 2 and Table 3 for the RERs of industrial countries are generally consistent with those in ZBK (2008), indicating that the findings in ZBK (2008) are not sensitive to a sample period extension by a few more years. The results for the US dollar real exchange rates of Asian currencies reject the null for all countries except Philippines, similar to those in Liew et al. (2004). The test statistics in Table 2 for the variables with no time trend signify that the French currency RERs of Belgium, Denmark, Germany, Italy, Luxembourg, the Netherlands, who are the core members of European Exchange Rate Mechanism (ERM), appear to be level stationary. If these results can pass a robustness examination, they may shed light on the argument for PPP to be more likely to hold for what groups of countries.
Tables 2-3 go about here
To show the robustness or weakness of the results in tables, a recursive test procedure is performed and the obtained test statistics are plotted in figures 1-5. For the yen RERs, because there is little evidence for the ADF tests to reject nonstationarity in Chortareas and Kapetanios (2004) and in Table 1 here, only the KSS statistics are plotted in Figure 1. The lag orders of the augmentation selected by the sequential testing procedure for the full sample are used in the recursive tests for the French currency and US dollar RERs. The lag order is set as 4 in the tests for the yen RERs as the results in Table 1 are not sensitive to the numbers of augmentation chosen by different procedures. A horizontal line for the 5% critical value of the corresponding tests is given in all graphs. A test statistic below the critical value line indicates a rejection of the null at the 5% significance level. 
Figures 1-5 go about here
The plots exhibit dramatic changes in the test statistics for most of the RERs in the study. For the yen real exchange rates of G6 countries, the test results in Figure 1 reject the null of nonstationarity for a sample ended in the early 2000s. This matches the finding in Chortareas and Kapetanios (2004). However, the test statistics fail to reject the null when the sample includes the data of recent years. Similar results are found for the yen RERs of Asian and Pacific economies. It can be noted that, in the graphs of both 1960- and 1974-, there is a sudden fall in the test statistics toward rejecting the null for the yen RER of Indonesian rupiah after including the 1998Q3 observation in the sample. This change in the test statistics coincides with an outlier in the data series: a large fall in the real value of rupiah versus the yen in the first and second quarters of 1998 followed by a big jump in 1998Q3. According to the analysis of Franses and Haldrup (1994), such a sharp change in the test result (toward rejecting the null) by adding one or few more observations to the sample is likely the outcome of large size distortion in the unit root tests due to the presence of outliers in data following the crisis in the economy. Similar sudden falls and/or rises in the test statistics are also observed in figures 4 and 5 for the US dollar RERs of Indonesia, Korea, Malaysia, Philippines, and Thailand. All these five countries were hit severally in the Asian crisis and have outliers in their data of the US dollar RERs. The results imply that the rejection of nonstationarity in the RERs of the Asian countries suffered a large financial crisis is likely an over-rejection of the unit-root hypothesis due to the size distortion in the tests using the samples with outliers in the data. This implication could be extended to the existing literature of testing PPP for other countries that have experienced crisis in their economy along with sharp changes in their RERs.
There is also a notable impact of the 1997-98 crisis on the test statistics of the yen RERs of other currencies. A rise and fall in the test statistics with the inclusion of the data of 97-98 can be seen in Figure 1 for most of the yen RERs. But the impact seems to be short lived with only slight differences in the test statistics before and after the crisis for the yen RERs of most of countries. Relatively long last effect seems to exist only in the yen RERs of Hong Kong, Indonesia, and Malaysia.
Other than the influence of the 1997-98 Asian crisis, graphs in Figure 1 demonstrate large rises in the test statistics for the yen RERs in the early and mid 2000s from rejecting the null to failure to reject the null and then, since 2007, falling back to be closer to the 5% critical values. Such a pattern coincides with large real depreciations of the yen starting from the early 2000s and then real appreciations of the yen during the recent global crisis. One may interpret this pattern as showing that real depreciations of the yen in the early and mid 2000s generated large deviations from PPP, and current real appreciation of the yen is in the direction of moving toward PPP. But we cannot view such remarkable changes in the test statistics as conclusive evidence in support of PPP for Japan. The graphs in figures 4 and 5 also show some impact of the recent global crisis on the test statistics for the US dollar RERs of industrial countries. But in figures 2 and 3, with the exception of the yen-French RER, the effect of the recent crisis on the French currency RERs appears to be minor.

For over 60 bilateral RERs in the study, relatively steady move of the test statistics toward the rejection of the nonstationarity in RERs is found for only about 1/3 of the cases. The plots of the recursive ADF test statistics in Figure 2 and Figure 4 show a stable convergence toward a level or trend statitionary RER for the RERs of Norway, Switzerland, Singapore and Sri Lanka with US dollar as numeraire, and for the RERs of Austria, Denmark, Germany, the Netherlands, Sweden and most of non-EU industrial countries (with the exception of Japan and Switzerland) with French currency as numeraire. Taking account of the possibility of nonlinearity in the adjustment process, the KSS statistics plotted in Figure 3 and Figure 5 illustrate a gradual convergence to a level or trend statitionary RER for Italy, New Zealand, Sweden, Singapore and Sri Lanka with US dollar as numeraire, and for Australia, Austria, New Zealand, Portugal and six ERM core members with French currency as numeraire.   

Because the recursive test statistics for the RERs of the six core members of European ERM vary in a similar way, they are plotted together in the top graphs in figures 2-5. It is apparent that, for the six RERs of ERM core members versus French currency, the evidence in Table 2 for a level stationary RER is robust through the recursive testing. For all these six rates, the recursive KSS statistics in Figure 3 present a smooth move in the direction of rejecting the null in favor of the alternative of level stationary, suggesting that the strict form of PPP is more likely to hold for this group of countries.
 The results also indicate that convergence toward PPP between the ERM core members tends to be nonlinear, as the KSS tests show more evidence and more significant test statistics than the ADF tests for a stationary RER of the ERM core members against the French currency. 
4. A regression analysis of the recursive test results

To provide further economic insights for the findings based on the plots of the recursive results in figures 1-5, some regression analysis is carried out.
 In order to compare the results across the RERs with different numeraire currencies for a similar sample period, the regression analysis for the yen RERs only includes the test statistics for the sample periods beginning with 1974. As the plots in figures 1-5 show that there is a time trend in the recursive statistics of most of RERs, the first set of regressions is to run the plotted test statistics of each RER on a constant and a time trend. The standard errors of the estimated coefficients of the constant and trend from this regression, which are denoted by SEC and SET respectively, reflect variations in the recursive test statistics. 

Table 4 lists the average SEC and SET in the groups of all included countries (ALL), G7 (i.e., Canada, France, Germany, Italy, Japan, the U.K., and the U.S.), industrial countries (IND), Asian less developed countries (LDC), euro-zone countries (EUeuro), non-euro EU countries (EUnon-euro), and non-EU industrial countries (Non-EU IND). The results in Table 4 show different variations in the recursive test statistics for different groups of RERs with three different numeraire currencies. It is illustrated that there are greater fluctuations in the test statistics of the yen RERs, especially those in the RERs of IND, than those in the French currency or US dollar RERs. For the US dollar RERs, the variations in the test statistics for the RERs of LDC are apparently larger than those of IND. Note that the average SEC and SET in the regressions of the ADF1 and KSS1 test statistics are smallest for the French currency RERs of euro-zone countries, only about half of those of any other groups of RERs or the RERs with any other numeraire currencies. They indicate relatively steady test statistics for a unit root in the RERs among a highly integrated group of countries.
Table 4 goes about here
To see the factors that may interpret the large rises and falls in the recursive test statistics, another set of regressions is run with the output reported in Table 5. In these regressions marked ADF or KSS, the dependent variable is the stack of the difference of each recursive ADF or KSS test statistic, respectively, from the corresponding 5% critical value. A positive (negative) value of the dependent variable indicates a failure to reject (a rejection of) the null of nonstationarity in RER. Because the power of the ADF or KSS tests tends to increase with longer time span of the sample, a variable for the number of observations in each round of recursive tests (Nobs) is included as an explanatory variable in the regression. The other explanatory variables are all dummies. Some of them are country-group dummies, where LDC is 1 for Asian less developed countries and 0 otherwise; EUcore is 1 for the ERM core members and 0 otherwise; EUother is 1 for EU countries other than ERM core members and 0 otherwise. DumT is for the impact of accounting for a trend in the data in the tests, which is 1 for ADF2 or KSS2 statistic and 0 otherwise. 

Table 5 goes about here
Because the recursive test results in Figure 1 indicate a switch of the test statistics from rejecting the null to failure to reject the null in the mid-2000s for most of the yen RERs, Dum05 is constructed with 1 for the sample of recursive test ended after 2004Q4 and 0 otherwise. It may reflect the effect of several factors on testing the stationarity of RERs, including the recent global turmoil in the financial and foreign exchange market, the recent change in China’s exchange rate policy since 2005, changes in foreign exchange intervention policies and others.
 For the influence of 1997-98 Asian financial crisis, Dum973 is included in the regression with 1 for the sample of recursive test ended after 1997Q2 and 0 otherwise. In addition, the regressions for the test results of US dollar RERs include the impulse dummies ID973, ID974, ID981, or ID982 with 1 for the sample of recursive test ended at 97Q3, 97Q4, 98Q1, or 98Q2, respectively, and 0 otherwise.
 These impulse dummies are also included in the regressions for the results of the yen and French currency RERs, but are removed as none of them appeared to be statistically significant. 
Displayed in Table 5 in the columns below JY, FC, or USD are the estimated coefficients of the corresponding variables for Japanese yen, French currency, or US dollar based real exchange rates, respectively. A variable with a significantly negative (or positive) coefficient implies that it may partly explain the falls (or rises) in the test statistics toward the rejection of (or the failure to reject) the nonstationarity of RER. Nobs is found to be significantly negative for all cases, except for the ADF of the USD RERs, reflecting increased power of the unit root tests using the sample of longer time span. Dum05 is significantly positive in the KSS test results of the yen and USD RERs, but is significantly negative in the ADF statistics of the USD RERs. Dum973 appears to be significantly negative in the test results of the yen and USD RERs while the ID974 and ID982 impulse dummies are significantly positive in the KSS regression for the USD RERs. None of these period-specific dummies has significant impact on the test results of French currency RERs. The significance of the dummies associated with the 97-98 period indicates that the inclusion of the data covering the Asian financial crisis period tends to reject the null of nonstationarity more often for the yen and USD RERs and generates large down-up movements in the test statistics. The results imply the possibility of large distortion in the unit root tests due to the presence of outliers in RER data following the crisis in the economy.

DumT is significantly negative in the regressions for the FC RERs but is significantly positive in those of the USD RERs. It suggests that whether or not accounting for a time trend in the data in conducting the unit root tests for RERs has significant but different effects on the test results of RERs with different numeraire currencies. All the country-group dummies are statistically significant with different signs in different currency based RERs, implying that the test statistics are sensitive to the RERs of different groups of countries with different numeraire currencies. Consistent with the observation based on the plots in the top portion of figure 3, the coefficient of EUcore dummy is largely significantly negative in the KSS regression for the FC RERs. It may reveal that, taking the nonlinearity in RERs into account, the KSS test statistics are more likely to reject the nonstationarity in the French currency RERs of the core members of European ERM. In other words, PPP is more likely to hold among the ERM core members.


The overall results of the regression analysis confirm the two main findings of the recursive study: (a) the recent evidence for stationary RERs (or PPP) is rather sensitive to the sample period utilized in testing for most of RERs, and (b) among the RERs with different numeraire currencies, steady test statistics (with less variation) for a unit root are found for the French currency RERs of the euro-zone group. After accounting for nonlinearity in the RERs, evidence for PPP seems to be reliable for the European ERM core members. In addition, consistent with the findings in earlier studies, the results in Table 5 also suggest that the validity of PPP is sensitive to whether or not including a time trend in the tests and to what numeraire currencies being used.
5. Conclusions
This study revisits the highly controversial issue of the stationarity of real exchange rates using an extensive data set based on a long sample period and different numeraire currencies. The main purpose of the study is to test the sustainability of the accumulating evidence that real exchange rates may be stationary, supporting PPP. Our findings demonstrate that, while unit root tests may reject the null of nonstationarity for many RERs at some time points, sustainability in such results can be found only for a small number of RERs.
The results of the empirical analysis are in support of two key points raised by this study. One is that the recent evidence for stationary RERs (or PPP) is not sustainable for most of RERs in the study. There exist large fluctuations in the test statistics with the use of slightly different sample periods and substantial differences in the results of robustness examination for the stationarity of RERs of different groups of the countries with different numeraire currencies.
The test statistics for the yen and US dollar RERs are significantly affected by the inclusion of the data covering the period of regional or global economic and financial crisis. With the inclusion of the data of 1997-98 in the sample, some sharp rises and falls appear in the test statistics for the US dollar RERs of Asian countries that were hit severely by the 1997-98 financial crisis. Such results may reveal that the recent findings for stationary Asian RERs could be an over-rejection of the unit-root hypothesis due to the size distortion in the tests using the samples with outliers in the data. This possibility of over-rejecting a unit root in RERs should be taken into consideration in evaluating the results of existing studies and also in the future studies for PPP for countries that experienced crisis in their economy during the sample period. 

Another key point raised by the present study is that the strict form of PPP may hold stably only among the countries with high degree of economic and monetary integration. Relatively steady move of the ADF or KSS test statistics toward the rejection of the nonstationarity in RERs can be found only for a small number of RERs. Among them, evidence for a level stationary RER is particularly solid for the RERs of the European ERM core members with French currency as numeraire after accounting for nonlinearity in the RER. The results imply that PPP tends to hold better among countries in a union. However, the results further suggest that being in a union is not necessarily sufficient for PPP to hold, as we find that PPP holds sustainably only for countries involved in forming the euro zone since the establishment of the European ERM. In other words, reliable evidence for PPP tends to be obtained for countries that have been highly integrated for a long period of time.
The overall results of this study seem to be in the reverse direction of the current trend of showing more evidence in favor of PPP. The study points out that testing the stationarity of real exchange rates may produce conflicting findings if one tries different periods, numeraire currencies, or countries with different levels of economic development and degree of economic integration, and hence may have limited usefulness in furthering us to have a consensus on whether PPP holds or not. Furthermore, our results suggest that when one would like to consider datasets focusing on specific policy issues in particular individual currencies for a certain sample period, a through robustness examination using a battery of tests accounting for nonlinearities, the form of nonlinearities, breaks and potential other outliers should be performed in order to draw reliable inferences. 
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Table 1

Unit root test results for the yen real exchange rates

─────────────────────────────────────────────────────────────────────────────────────────

Country

ADF4           ADFS           KSS4           KSSS    
       ADF4           ADFS           KSS4           KSSS    
─────────────────────────────────────────────────────────────────────────────────────────

Sample period


        1960Q1 – 2009Q2




   1974Q1 – 2009Q2
Canada


-2.38            -2.38            -3.10          
-3.10

       -2.68            -2.68            -2.94            -2.94
France


-1.83            -1.80            -1.81           -1.78

       -2.53            -2.29            -2.98            -2.67
Germany           
-2.01            -2.04            -1.99           -1.98

       -2.47            -2.40            -2.74            -1.98
Italy


-1.87            -1.78            -2.31           -2.19

       -2.77            -2.60            -3.12            -2.96

UK


-2.38            -2.50            -2.76           -2.84

       -2.78            -2.91            -2.56            -2.68
US


-2.32            -2.32            -3.21           -2.87

       -2.83            -2.83            -2.80            -2.67
Australia

-2.12           -2.12            -3.22            -3.22

       -2.21            -1.80            -3.38           -2.84
Hong Kong

-3.14           -3.05            -3.39            
-3.33

       -3.14            -3.05            -3.39           -3.33
Indonesia

-1.82           -1.89            -4.72**        -5.12**
       -1.50            -1.69            -4.33**       -4.79**

Korea

            -3.56*         -3.29            -3.35            -3.23

       -3.04            -2.64            -3.60*         -3.42*

Malaysia

-2.68           -2.68            -2.70            -2.70

       -2.66            -2.18            -2.97           -2.61
New Zealand

-2.16           -1.89            -2.65            -2.46

       -2.85            -2.48            -3.14           -2.69
Philippines
    
-3.34           -3.10            -3.61*          -3.61*

       -2.79            -2.30            -3.22           -2.76
Singapore
    
-2.88           -2.88            -3.13            -3.13

       -3.49*          -3.49*          -3.47*         -3.47*

Sri Lanka

-0.75           -0.75            -1.78            -1.45

       -3.04            -3.09            -2.62           -2.60
Thailand

-2.26           -2.26            -2.40            -1.93

       -2.27            -1.79            -3.00           -3.00
─────────────────────────────────────────────────────────────────────────────────────────

Note: ADF4 and ADFS are the ADF test statistics that include a constant and a time trend in the model, with fixed 4 lags of augmentation and with the lag length selected based on the sequential testing procedure, respectively. KSS4 and KSSS are the KSS test statistics for de-trended data with 4 augmented terms and with the number of augmented terms selected by the sequential testing procedure, respectively. The 5% and 1% asymptotic critical values for the ADF statistics are −3.41 and −3.96, respectively. Those for the KSS tests are −3.40 and −3.93, respectively, taken from Kapetanios et al. (2003, p. 364).
∗ Rejection of the null hypothesis at the 5% significance level.
∗∗ Rejection of the null hypothesis at the 1% significance level.
Table 2

Unit root test results for the real exchange rates with French currency as numeraire (sample period: 1973Q1 – 2009Q2)

────────────────────────────────────────────────────────────────

Country
      ADF1S         KSS10         KSS1S    
ADF2S         KSS20         KSS2S    
────────────────────────────────────────────────────────────────

EU countries

Austria

      -1.93            -2.60            -2.82

-4.08**        -3.95**        -5.39**

Belgium
      -2.53            -2.96*          -3.20*

-2.49            -3.18            -3.46*

Denmark
      -1.88            -3.16*          -3.36*

-4.15**        -4.69**        -5.65**

Finland
      -2.37            -2.31            -2.52

-2.90            -2.20            -2.46

Germany
      -3.15*          -3.73**        -5.16**

-3.38            -3.93**        -5.46**

Greece

      -1.07            -1.44            -1.63

-2.97            -2.11            -2.39

Ireland

      -1.75            -1.60            -1.83

-2.26            -2.49            -3.02

Italy
 
      -2.00            -3.43*          -3.57**

-2.36            -3.43*          -3.46*

Luxembourg
      -1.86            -2.51            -3.07*

-1.76            -2.97            -3.47*

Netherlands
      -3.44*          -3.49**        -4.94**

-3.52*          -2.96            -4.05**

Portugal
      -0.75            -1.53            -1.35

-3.14            -4.53**        -4.07**

Spain

      -1.78            -2.69            -2.24

-2.50            -2.22            -1.75

Sweden
      -0.84            -1.20            -0.61

-3.86*          -2.13            -1.61

UK

      -2.25            -1.85            -1.85

-2.17            -2.81            -2.81

Non-EU countries

Australia
      -3.10*          -2.91            -2.90

-3.39            -3.35            -3.35

Canada

      -3.34*          -1.78            -2.22

-3.68*          -2.06            -2.64

Japan

      -2.36            -2.40            -2.22

-1.71            -2.17            -1.96

New Zealand
      -3.14*          -3.45*          -3.17*

-3.91*          -4.09**        -4.06**

Norway
      -3.71**        -3.96**        -4.43**

-3.67*          -4.18**        -4.72**

Switzerland
      -2.71            -2.24            -2.16

-3.54*          -3.87*          -4.31**

US

      -2.97*          -2.07            -2.73

-2.91            -1.98            -2.61

────────────────────────────────────────────────────────────────

Note: ADF1S and ADF2S are the ADF test statistics without and with a trend, respectively, in the model for testing. KSS10 and KSS1S are the KSS test statistics for the de-meaned data using the models without and with augmentations, respectively. KSS20 and KSS2S are the KSS test statistics for the de-trended data using the models without and with augmentations, respectively. The number of augmented terms for either ADF or KSS is selected by the sequential testing procedure. The 5% and 1% asymptotic critical values for ADF1 are −2.86 and −3.43, respectively, and those for ADF2 are −3.41 and −3.96, respectively. The 5% and 1% asymptotic critical values for KSS1 are −2.93 and −3.48, respectively, and those for KSS2 are −3.40 and −3.93, respectively.
∗ Rejection of the null hypothesis at the 5% significance level.
∗∗ Rejection of the null hypothesis at the 1% significance level.
Table 3

Unit root test results for the real exchange rates with US dollar as numeraire (sample period: 1973Q1 – 2009Q2)

────────────────────────────────────────────────────────────────

Country
      ADF1S         KSS10         KSS1S    
ADF2S         KSS20         KSS2S    
────────────────────────────────────────────────────────────────

EU countries

Austria

      -1.93            -2.60            -2.82

-4.08**        -3.95**        -5.39**

Austria

      -2.73            -1.85            -2.43

-2.88            -2.06            -2.70

Belgium
      -2.80            -1.72            -2.14

-2.72            -1.61            -2.27

Denmark
      -2.62            -1.50            -1.79

-2.75            -1.70            -2.00

Finland
      -2.78            -2.13            -2.91

-2.87            -2.30            -3.19

France

      -2.97*          -2.07            -2.73

-2.91            -1.98            -2.61

Germany
      -2.94*          -1.75            -2.45

-2.90            -1.68            -2.37

Greece

      -2.35            -1.30            -1.99

-2.84            -1.71            -2.48

Ireland

      -2.45            -2.16            -2.60

-3.03            -2.66            -3.14

Italy

      -2.73            -2.54            -3.22*

-2.88            -2.58            -3.24

Luxembourg
      -2.75            -1.75            -2.43

-2.67            -1.62            -2.28

Netherlands
      -2.97*          -1.79            -2.48

-2.92            -1.75            -2.42

Portugal
      -1.99            -1.34            -1.74

-2.84            -1.88            -2.39

Spain

      -2.91*          -1.72            -2.84

-3.17            -2.01            -3.27

Sweden
      -2.76            -2.02            -3.12*

-3.38            -2.40            -3.45*

UK

      -2.96*          -1.91            -2.15

-3.68*          -2.17            -2.52


Non-EU industrial countries

Australia
      -2.19            -1.69            -1.69

-1.94            -2.47            -2.47

Canada

      -2.10            -1.65            -1.84

-2.07            -2.21            -2.85

Japan

      -2.54            -2.13            -2.37

-2.55            -2.35            -2.66

New Zealand
      -3.26*          -2.26            -3.20*

-3.37            -2.17            -3.05

Norway
      -3.10*          -2.25            -2.46

-3.06            -2.23            -2.31

Switzerland
      -2.93*          -2.01            -2.47

-3.10            -2.38            -2.97







Asian countries
Hong Kong
      -2.83            -1.43            -3.73**

-2.44            -0.67            -2.65

Indonesia
      -1.43            -3.65**        -3.77**

-1.77            -4.47**        -5.90**

Korea

      -2.55            -4.45**        -4.89**

-3.05            -4.48**        -4.84**

Malaysia
      -1.76            -2.33            -2.44

-2.63            -3.95**        -5.25**

Philippines
      -1.54            -1.24            -0.83

-1.96            -3.03            -3.07

Singapore
      -3.14*          -3.17*          -3.70**

-2.93            -1.75            -2.30

Sri Lanka
      -4.67**        -3.88**        -4.10**

-3.54*          -2.98            -3.03

Thailand
      -1.49            -2.37            -2.11

-2.12            -4.74**        -5.32**
────────────────────────────────────────────────────────────────

Note: See note to Table 2.
Table 4

Variations in the recursive test statistics  

───────────────────────────────────────────────────────────────────────────────────────

 

          
    
       JY
             
      
    FC 





   USD

 


                        
───────────────────────────   ───────────────────────────

  
     KSS2   
 ADF1      ADF2         KSS1       KSS2  
 ADF1       ADF2        KSS1       KSS2     

───────────────────────────────────────────────────────────────────────────────────────

ALL
      

SEC
    0.1364
0.0313
     0.0382
0.0382
    0.0489
 0.0593      0.0645
0.0772      0.0806


      

SET
    0.0035
0.0008
     0.0010
0.0010
    0.0013
 0.0015      0.0017
0.0020      0.0021

G7  
      

SEC
    0.1613
0.0416
     0.0559
0.0475     0.0816
 0.0519      0.0412
0.0643      0.0551
  
      

SET  
    0.0042
0.0011
     0.0015
0.0012     0.0021
 0.0013      0.0011
0.0017      0.0014
IND  
      

SEC
    0.1613
0.0313
     0.0382
0.0382     0.0489
 0.0502      0.0441
0.0548      0.0475

  
      

SET  
    0.0042
0.0008
     0.0010
0.0010     0.0013
 0.0013      0.0011
0.0014      0.0012

LDC
      

SEC  
    0.1115






 0.0835      0.1182
0.1357      0.1674


      

SET
    0.0029






 0.0022      0.0031
0.0035      0.0043

EUeuro


SEC


0.0209
     0.0201
0.0198
    0.0361
 0.0432      0.0420
0.0468      0.0373




SET
    

0.0005      0.0008
0.0005     0.0009
 0.0011      0.0011
0.0012      0.0010
EUnon-euro

SEC


0.0413
     0.0272
0.0741
    0.0231
 0.0465      0.0376
0.0430      0.0433 




SET


0.0011
     0.0007
0.0019
    0.0006
 0.0012      0.0010
0.0011      0.0011
Non-EU IND 

SEC


0.0403
     0.0531
0.0489     0.0750
 0.0659      0.0515
0.0768      0.0701




SET


0.0010
     0.0014
0.0013     0.0019
 0.0017      0.0013
0.0020      0.0018
───────────────────────────────────────────────────────────────────────────────────────
Note: The results in the table are obtained from the regressions of recursive test statistics of each RER on a constant and a time trend. In columns below JY, FC, or USD are the output for Japanese yen, French currency, or US dollar based real exchange rates, respectively..SEC and SET are the average standard errors of the estimated coefficients of the constant and trend, respectively, in the groups of all included countries (ALL), G7 (i.e., Canada, France, Germany, Italy, Japan, the U.K., and the U.S.), industrial countries (IND), Asian less developed countries (LDC), euro-zone countries (EUeuro), non-euro EU countries (EUnon-euro), and non-EU industrial countries (Non-EU IND). Also see note to Table 2.

Table 5

Regression analysis of the recursive test results 

──────────────────────────────────────────────────────────────

Explanatory 
          
    JY
                          FC


               USD

  variables 

                       ────────────────     ─────────────────
         
   KSS
               ADF              KSS                    ADF               KSS

──────────────────────────────────────────────────────────────

Constant   
       
  0.480*             0.951**         1.120**              0.824**          2.690**

Nobs
           
      
-0.005*  
-0.006**        -0.006**    
  -0.001            -0.017**

Dum05
       
  1.119**           0.027             0.026     
  -0.237**         0.185**

Dum973     
      
-0.395**    
-0.037            -0.019                 -0.174**        -0.116*

LDC

       
  0.259**




   0.222**        -0.739**

EUcore              


  0.373**       -0.813** 
  -0.105**         0.246**

EUother              


  0.666**         0.435**   
  -0.236**        -0.168**

DumT            


        
-0.069**        -0.176**  
    0.286**         0.281**

ID973   


   



                0.006             0.108

ID974



   



                0.078             0.108**

ID981



   



                0.025             0.108

ID982



   



                0.076             0.107*

R2 


   0.248
   0.181
0.311
      
    0.151             0.291

Number of test

statistics included
   1056                2772             2772     
    3828   
  3828

in regression

──────────────────────────────────────────────────────────────

Note: The dependent variable in the regression marked ADF or KSS is the stack of the difference of the recursive ADF or KSS test statistic, respectively, from the corresponding 5% critical value. Nobs is the variable of the number of observations included in each round of recursive tests. The other explanatory variables are all dummies, where Dum05 is 1 for the sample of recursive test ended after 2004Q4 and 0 otherwise; Dum973 is 1 for the sample of recursive test ended after 1997Q2 and 0 otherwise; LDC is 1 for 8 Asian less developed countries and 0 otherwise; EUcore is 1 for EU core members and 0 otherwise; EUother is 1 for EU countries other than EU core members and 0 otherwise; DumT is 1 for ADF2 or KSS2 test statistic and 0 otherwise; ID973, ID974, ID981, or ID982 are 1 for the sample of recursive test ended at 97Q3, 97Q4, 98Q1, or 98Q2, respectively, and 0 otherwise. Also see note to Table 4. 

* indicates that the variable is significant at the 5% level.
** indicates that the variable is significant at the 1% level. 
Fig.1. Recursive KSS test statistics for the yen real exchange rates 
Sample period:
         1960Q1 - 1993Q1 till 2009Q2
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Fig. 2. Recursive ADF test statistics for the real exchange rates with French currency as numeraire (Sample period: 1973Q1 – 1993Q1 till 2009Q2)
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Fig. 3. KSS test statistics for the real exchange rates with French currency as numeraire
(Sample period: 1973Q1 – 1993Q1 till 2009Q2)
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Fig. 4. ADF test statistics for the real exchange rates with US dollar as numeraire
(Sample period: 1973Q1 – 1993Q1 till 2009Q2)
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Fig. 4. (Continued)
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Fig. 5. KSS test statistics for the real exchange rates with US dollar as numeraire
(Sample period: 1973Q1 – 1993Q1 till 2009Q2)
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Fig. 5. (Continued)
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� See Perron (1989, 1990) and Perron and Vogelsang (1992) for the proofs and demonstrations. Erlat (2003) and Kasman et al. (2010), among others, provide evidence about the sensitivity of PPP tests to structural breaks.


� Several studies show that inferences on PPP may be sensitive to sample period changes or using different numeraire currencies. See, among others, Papell and Theodoridis (2001), Koedijk et al. (2004), Serletis and Gogas (2004), Sarno and Valente (2006), and Kasman et al. (2010). 


� In a recent study, Nikolaou (2008) uses unit root test for non-normal processes based on quantile autoregression inference in semi-parametric and non-parametric settings to analyze the impact of different magnitudes of actual shocks on mean reversion in RERs.


� Another important branch of studies for PPP is based on panel data. Recent studies include Wu (1996), Alba and Papell (2007), and Chortareas and Kapetanios (2009). We focus on evidence using bilateral real exchange rates based on univariate unit root tests in order to (a) gain information on which particular bilateral real exchange rates are stationary, i.e., for which country pairs PPP hold, and (b) take nonlinearity in real exchange rates into account. Studies using panel data are often unable to do (a) and/or (b). In addition, Banerjee et al. (2005) show that, if important underlying assumption of panel unit root tests is violated, one may get wrong inferences on the validity of PPP. Hence, one needs to be cautious about using the inferences from panel unit root tests. Alternative evidence from non-panel time series model is useful and provides complimentary information to that from panel tests. 


� The results of a preliminary investigation indicate that using French or German currency as one of numeraire currencies would not make a qualitative difference in the conclusions of this study.


� See Kapetanios et al. (2003) for more details. 


� Note that wherever the French currency is mentioned in this paper, it is referred to the French franc before 1999 and the French conversion value of the euro since 1999. 


� Within the group of ERM core members, Denmark is the only country that chose not to join the European Monetary Union (EMU). However, it has met all the convergence criteria of the EMU and has kept pegging its currency value to the German mark and then the euro for many years. It is thus not surprising that the RER of Denmark would have the behavior similar to those of EMU core members.


� We are grateful to a referee who suggested further investigation of the findings along the lines similar to a meta analysis which may analyze various controversial issues (such as PPP) in a more statistically valid ways by using different sample periods, methodologies, and other means. Recent applications of the meta analysis in economics and finance can be found it in Anger et al. (2010), Bineau (2010), Brons et al. (2008), and Egert and Halpern (2006). This section relies on some of the regression analysis used in Bineau (2010) and Egert and Halpern (2006). We would like to thank Ike Mathur (the editor) for his guidance in helping us to find and use these references. Note that the data set and empirical tests utilized in this study cover those used in the studies of Chortareas and Kapetanios (2004), Liew et al. (2004), and ZBK (2008). Therefore, section 4 can be considered as a modest meta analysis with a brief statistical review of a few PPP studies in the recent literature. 


� Ito (2007), for example, argues that the influence of the new Chinese exchange rate policy on Asian currencies is likely to increase over time. In other words, these countries are likely to adjust their exchange rate policy including their intervention policies with possible reactions or retaliations to such policy changes by industrial countries like the US with heavy trade with Asia.  


� Some other impulse dummies, such as ID983 and ID984 with 1 for the sample of recursive test ended at 98Q3 and 98Q4, respectively, and 0 otherwise, were considered, but they did not show any statistical significance and thus were deleted from the regression.
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