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Abstract

Using a number of unit root tests including a new test designed for heterogeneous panels, this paper tests for mean reversion in US Dollar and Japanese Yen based real exchange rates using monthly data for six East Asian countries that were severely affected by the 1997 Asian financial crisis. The period after the 1997 crises was characterized by major adjustments in Asian exchange rates and a move away from inflexible exchange rate arrangements. Indeed, the empirical results indicate that mean reversion in real Asian exchange rates is a feature of the post-crises sub-period 1998-2002 but not of the pre-crisis period (1976-1997). We observe a half-life of less than three years for these East Asian countries, with the speed of convergence to PPP rates increasing with time.     

JEL Classification: C12; C23; F31; F40 

Keywords: Purchasing power parity; Panel unit root tests; Asian financial crisis

1. Introduction

Purchasing power party (PPP) is one of the oldest hypotheses in economics and one of the most widely tested hypotheses. The hypothesis states that the price levels in two countries expressed in the same currency, determine the fundamental exchange rate. However, while PPP is an elegant hypothesis, there is much controversy regarding the empirical validity of PPP. Empirical studies of PPP for developed and developing countries have documented evidence both in favor of and against PPP. 

The argument that prices in different countries move toward equality in common currency terms is of potential interest to policy makers especially in the emerging economies for at least two reasons. First, PPP becomes a prediction model for exchange rates and a criterion for judging over- and under valuation of currencies (Holmes, 2001). This is particularly relevant for the Asian countries whose currencies were seriously affected by the recent financial crises. Second, many exchange rate theories utilize some notion of PPP in constructing their models. Long run PPP is a standard but important assumption of modern theories of exchange rates and open macroeconomics. A large number of theoretical and empirical models of exchange rate behavior have been built around PPP. Thus, the reliability of the policy advice based on these theories may depend on the working assumption of PPP (Liu and Burkett, 1995). 

According to the theory of cointegrated process, if PPP holds, then the real exchange rate is mean revering and not driven by stochastic trends. But, a great debate surrounds the question of stationarity of real exchange rates. The consensus in the profession is that PPP does not hold continuously, and perhaps does not hold even over long periods (Froot and Rogoff, 1995)
. There have been some efforts to verify the relationship predicted by PPP for the developing economies. A partial list of studies that examine the PPP relation includes, McNown and Wallace (1989), Bahmani-Oskooee (1993), Baharumshah and Ariff (1999), Chinn (2000) and Azali et al. (2000). Overall, the empirical evidence obtained using either the univariate or panel approach on the hypothesized link has been mixed, a finding that is consistent with the large number of studies conducted for the major industrialized countries (Wu, 1996; Oh, 1996; Papell, 1997, 2002). 

In one set of studies in spite of the use of numerous statistical techniques and over sample periods ranging to 25 years, there has been little evidence to support the PPP hypothesis for the emerging countries. For example, the article by Bahami-Oskooee (1993) overwhelming rejects the stationarity of real exchange rates for most of the LDCs. That is to say, in our present context, real exchange rates in these countries are persistent over the generalized floating exchange rate period. Similar finding were also documented in, for example, Gan (1991) for Malaysia; in Baharumshah and Ariff (1997) for the ASEAN-5 countries (ASEAN-5: Malaysia, Indonesia, Thailand, Singapore and the Philippines), and in Aggarwal and Mougoue (1996) for the Asian Tigers and the ASEAN countries.  

In contrast, another set of studies finds in favor of PPP. For example, evidence in Chinn (2000), found favorable evidence of PPP for Hong Kong, Indonesia, Korea, Malaysia, Singapore, Thailand, Taiwan and the Philippines. However, the evidence reported in this paper is rather specific to the numeriare (dollar, yen or multilateral) or the choice of deflator utilized in the analysis (producer price index: PPI or consumer price index: CPI). Authors like, Phylaktis and Kassimatis (1994) and Fukuda and Kano (1997) find in favor of mean stationarity in PPI deflated bilateral rates of the won and peso. Lee (1999) also found mean reversion for PPI deflated rupiah, won, ringgit, peso and Singapore dollar (expressed against the US dollar). In a sample of ten Latin American countries from the 1940s and 1950s to 1989, Liu (1992) found evidence of PPP based on the Johansen (1988) technique.  

The consensus that emerges from the bulk of the exchange rates literature is that real exchange rates are stationary, but highly persistent (Rogoff, 1996; Lothian and Taylor, 1996). Indeed, it has been argued that the observed failure of the PPP relationship is due to the low statistical power of conventional unit root tests used in earlier studies (Engle, 1998). A similar view is expressed in Caner and Kilian (1998) and Wu (1996), where they point out that tests of the stationary null might suffer from severe size distortion in small samples. The mean-reversion pattern of real exchange rates is slow. 

Research in this area has progressed by either considering longer data spans or by combining time-series with cross-sectional observations (panel unit root tests). For the developing countries, reliable data is mostly unavailable for long periods and so we have to rely on the latter approach to conduct tests on the PPP hypothesis. Based on panel data tests, Papell and Theodoridis (1998), Frankel and Rose (1996), and Levin and Lin (1993) provide stronger evidence in favor of the PPP hypothesis for the developed economies in the post-Bretton Woods period. Meanwhile, the results reported by O’Connel (1998) and Papell (1997) are at odds with this economic model. Most of these panel data studies have been conducted for the major industrialized countries, with a notable exception by Azali et al. (2001). This study is able to reject the random walk model for the Asian countries using the Japanese yen as the reference currency over the pre-crisis period.

Given the many studies on the empirical validity of PPP, it is important to asses the value added contribution made by this paper. First, the data source used here is more recent. Specifically, we have extended the works of Chinn (2000) and Azali et al. (2000) by including data ending in 2002 and, thus, examining the role of the 1997 Asian crises on PPP in Asia. Second, we did not rely on only one or two testing procedures, but instead we examined the data using a variety of different methodologies. For example, we test for mean reversion using both univariate as well as panel frameworks. We used this wide range of methodologies, including recently developed panel approaches, to arrive at a conclusion regarding the Asian validity of PPP that is as robust as is currently possible.   

This paper contributes to the literature on PPP by implementing the newly developed Im et al. (1997) panel unit root test based on the mean of unit root statistics
. This test is more powerful than the corresponding Levin ad Lin (1993) procedure used in previous studies. Moreover, in exchange rate panels one might expect cross-sectional inter-dependence in real disturbances especially when the exchange rate is defined using a common currency (US dollar). We allow for this by demeaning adjustment proposed by Im et al. (1995). Thus, besides overcoming the problem of low power associated with conventional unit root and cointegration tests, the test proposed by Im et al. takes into account heterogeneity across panel units. Additional panel unit root tests advocated by Harris and Tzavalis (1999) and Breiitung (2000) are also included in the study. Second, our 1973–2002 data period offers a longer span than existing studies for developing economies covering the current float period. 

In this paper, we investigate the PPP hypothesis using monthly data for the period 1973-2002 for six Asian countries (Asian-6: Malaysia, Thailand, Indonesia, Singapore, South Korea, and the Philippines)
. The Asian-6 nations are increasingly becoming key players in global markets based on their high levels of exports and imports. Singapore, for instance, is now the forth-largest foreign exchange trading center in the world. Moreover, the economic turmoil that engulfed these Asian countries has focused worldwide attention on several issues, including exchange rate dynamics in the region. 

Most of the pervious studies used the Johansen procedure and to avoid the issues related to structural breaks in the cointegrating relationship due to the Asian financial crises, these studies have often exclude the post-crisis period. It is now a well-known fact that structural breaks bias cointegration tests, in favor of finding a non-cointegrating relationship. In this study, the overall period was divided into two-sub-periods: (i) 1973:M1 to 1997:M6, a period of financial deregulation and fast growth in these East Asian countries; and (ii) 1997:M7 to 2002:M9, a period which incorporates the post crisis period along with the major structural and financial reforms undertaken by the crisis-affected East Asian countries. 

The remainder of this paper is structured as follows. In the next section we provide a brief discussion of PPP. In section 3 we introduce the methodology adopted in the study.  Section 4 we report our empirical results. A final section concludes the paper. 

2. Theoretical Foundation 

All variants of PPP postulate that the real exchange rate reverts to a constant mean. Evidence of long run PPP can be provided by test of a unit root in real exchange rate. If the unit root null hypothesis can be rejected in favor of a level stationary alternative, then there is long-run mean reversion and, therefore, long-run PPP holds (Froot and Rogoff, 1995; Rogoff, 1996). On the other hand, if the real exchange rate follows a random walk without reverting back to the constant mean, nominal exchange rates and relative price levels
 will not converge in the long run and thus PPP will not hold. The real exchange rate is often obtained if we let 
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The estimation of real exchange rate is apt to justify PPP as it allows one to compute the half-life of a random disturbance to measure the degree of mean reversion (deviation from PPP). The common approach in investigating the speed of convergence to PPP employs the following linear autoregressive model of order one, AR (1),
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where 
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 is a white noise innovation. For annual data, the half-life of deviations from PPP (τ) is the number of years (or months, for monthly data) required for the initial deviation from the long-run level to dissipate by half (with no future shocks). Suppose the long-run PPP level 
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where 
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 in (7). By construction, the speed of adjustment, or the half-life, does not depend on the initial level of real exchange rate 
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. However, because arbitrage depends on the relative size of international price differentials and trade costs, the speed of adjustment is likely to be slower when the deviation from PPP is smaller (see Shintani, 2002).

Are Asian exchange rate dynamics different in the aftermath of the currency crisis? Surprisingly, there has been relatively little work done on this issue. We observed that all of the currencies used in this study (except for the Malaysia ringgit) display a high degree of variability in the post crisis era. Figure 1 displays this observation for these East Asian countries. Thus, there is a strong prima facie case for the proposition that the currency crisis have altered the dynamics of Asian exchange rates. In what follows we will show in this study that the countries that were severely affected by the crisis had to abandon the soft peg and move more towards market rate floating exchange rates that are closer to PPP rates.

[Please insert Figure 1 about here]

3. Data and Methodology 

Exchange rate and consumer price index data were taken from International Financial Statistic (IFS) database. We construct the US dollar monthly bilateral real exchange rates for six East Asian countries: South Korea, Thailand, Indonesia, Malaysia, Singapore and the Philippines. To show if the outcome of the analysis is sensitive to the numeraire currency, we also construct the yen-based bilateral rates. The US and Japan are the two most important trading partners of Asian-6. In addition, several authors have also documented the importance of structural breaks in influencing the PPP outcome. The sampling period is therefore divided into two sub-periods. These are (i) January 1973 - Jun 1997 which is the period before the Asian financial crisis and coincides with the fast growing phase of the Asian economies; and (ii) July 1997 – September 2002 which constitutes a period of macroeconomic instability and sharp fall in the currencies of crisis-affect countries due to the Asian financial crisis. The post-Asian financial crisis period, a time when many countries had to abandon the pegging of their exchange rate, provides a useful episode for examining PPP.                 

In the next sections we present our empirical results in the following ways: First, we report the mean-reversion behaviour of ASIAN-6 real exchange rates. To authenticate the stationarity process, we rely on two types of unit root tests: the single-equation unit root test, including the Zivot-Andrews (1992) structural break tests, and the non-stationary panel-based unit root tests. 

3.1 Univariate Unit Root Test

The ADF procedure extends the Dickey-Fuller test by allowing a higher order of autoregressive process. As this test is commonly used in the literature and to conserve space, we do not discus the details of this test here. Unlike the ADF, the Kwiatkowski, Phillips, Schmidt, and Shin (1992, KPSS hereafter) tests assume the series to be (trend-) stationary under the null hypothesis. The KPSS statistic is based on the residuals from the OLS regression of 
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with the LM statistics defined as:
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where 
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 is an estimator of the residual spectrum at frequency zero and 
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 used by GLS detrending since it is based on a regression involving the original data, and not on the quasi-differenced data. The reported critical values for the LM test statistic are based upon the asymptotic results presented in KPSS, Table 1.

Recently, Ng and Perron (2001) construct four test statistics that are based upon the GLS detrended data
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and the GLS-detrended modified statistics are written as
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where 
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3.2 Panel Based Unit Root Tests

Testing for unit root in time series studies is now a common practice among applied researchers. However, testing for unit roots in panels is recent
. The present article incorporates the non-stationary panel unit root tests advocated by Im, Pesaran and Shin (1997, IPS hereafter), Harris and Tzavalis (1999, HH hereafter), and Breiitung (2000, UB hereafter). The null hypothesis of these tests states that the panel series has a unit root. Rejection of the null hypothesis would imply that real interest exchange rates exhibit mean reverting at level form, which is I(0). In other words, PPP holds.

By allowing for greater degree of heterogeneity, IPS proposed a testing procedure based on the mean group approach: the t-bar statistics and the group mean Lagrange Multiplier test (LM-bar). Conceptually, IPS test is a way of combining the evidence on the unit root hypothesis from the N unit tests performed on the N cross-section units. Through Monte Carlo experiments, the average LM and the t-statistics have better finite sample properties than the Levin-Lin (1993) test. Briefly, the test statistics are given by:
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and
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such that  
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NT is average across group. Both means E(tiT | (i = 0), E(LMiT | (i = 0) and both variances Var(tiT | (i = 0), Var(LMiT | (i = 0) are obtained from the Monte Carlo simulations with i= 1,2,…,N.

Alternatively, Harris and Tzavalis (1999) developed an asymptotic unit root test for first-order autoregressive panel data models with serially uncorrelated errors, under the assumption that N ( (, while T is fixed. The HH work is an extension of the Levin and Lin (1993) and Quah (1992) based on pooled statistics (homogenous panel), which is opposed to the IPS test (heterogeneous panel). More specific, the tests are based on the normalized least squares (LS) estimators of the autoregressive coefficient and allow for fixed and individual deterministic trends. The corresponding models are:
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Model (11a) is simply the homogenous panel. Model (11b) is a unit root process with heterogeneous drift parameters under the null hypothesis, and a stationary process with heterogeneous intercepts under the alternative hypothesis. Model (11c), which includes heterogeneous fixed effects and individual trends, provides a test with better power to distinguish between the null hypothesis that each series follows a random walk with drift, and the alternative hypothesis that each series is stationary around a deterministic trend.

More recent, Breitung (2000) studied the local power of LL and IPS test statistics against a sequence of local alternatives. Breitung found the losses of power due to bias correction in LL and detrending bias in IPS. In consequent, a class of t-statistics ((UB) that do not require bias corrections is propounded. Through the Monte Carlo experiments, the power of UB test is substantially higher than that of LL or the IPS tests. The simulation results indicate that the power of LL and IPS tests is very sensitive to the specification of the determination terms. By defining the T ( 1 vectors 
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under the assumption of 
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4. Empirical Results on the Convergence to PPP

To facilitate the discussion, we first present the results of the univariate and panel unit root tests. Next, point estimates of the relationship are provided for both the pre-and post-crisis data. We compare the size of the half-lives from the univariate and panel methods. The main purpose is to show whether the estimated half-lives are in the range of Rogoff’s 3-5 years. It is worth to find out if the half-lives of these currencies have somewhat shorten in the aftermath of the Asian currency crisis.       

If real exchange rates are non-mean reverting, PPP hypothesis is no longer valid representation of the long run equilibrium relationship between the exchange rate and relatives prices. There is always inherent difficulty when testing for persistence of shocks in finite sample, especially with slow evolving series such as exchange rates. Since we are dealing with a short data span over the 29 years, our response to this issue is to implement a variety of different tests, rather than relying on a single methodology.

In the interest of covering some of the major shortcomings often discussed in the literature, we employ tests which; (i) have a unit root test as the null hypothesis (ADF and Ng-Perron test); (ii) have stationarity as the null (KPSS test); (iii) that incorporate structural change at unknown point in the sample in order to retain robustness in the conclusion; and (iv) methodology that has more power than the univariate approach to distinguish between finite and infinite live shock (panel unit root test). 

The results of the ADF and Ng-Perron unit root test as shown in Table 1 appear to support that the data are nonstationary for the sample of six countries for the first sub-period (1973: M1-1997: M6). In addition, the null hypothesis of the KPSS ημ test that real exchange rate is stationary around (a potentially non-zero mean) is strongly rejected by the data. All the three-univariate tests reached at the same conclusion for all the countries currencies in the pre-crisis period. Taken together, the results suggest that there is little evidence of mean reversion in the data prior to the Asian financial crisis when either the Japanese yen or the US dollar are used as the numeraire currencies. While it is still possible that the tests conducted so far simply may reached at the wrong conclusion especially as many of the univariate tests are prone to type 1 error, a point made by Engle (1998) and Cancer and Kilian (1998), among others. However, given the unanimity of the test results across different types of test this is unlikely to be the case. 

[Please insert table 1 about here]

Some authors argued that long run PPP is a valid equilibrium relationship if the yen is used as the numeraire currency due to the close trade and financial linkage among the East Asian countries. On balance, the weight of evidence found in this study is not in favor of such an argument. Importantly, the results reveal conflicting findings in the pre- and post-crisis periods. Specifically, the KPSS statistic failed to reject the stationary null while ADF and Ng-Perron reject the nonstationary null in all but the yen rate for Singapore dollar in the post-crisis era while the opposite is true for the earlier period. On balance, the weight of evidence is more supportive of a mean reverting process for the real Asian exchange rates in the post-crisis period
. 

We also report the test statistics for the full sample period in Panel C of Tables 1 and 2. Out of the six US dollar bilateral rates, four offer consistent evidence as far as the three-univariate tests are concerned. Both the Indonesia rupiah and the Malaysia ringgit are mean reverting and in contrast the peso, the Thai baht and the Singapore dollar show no evidence of mean reverting pattern. The case of the Korean won, however is mixed. The mean-reversion property of the real exchange rate series when the yen is the base currency is reported in Table 2. The unit root tests suggest that the rupiah, bath and won follow a mean reverting behavior when the yen is used as numeriare currency. Again, there is no evidence to suggest that the Singapore dollar display mean reversion. 

[Please insert table 2 about here]

For the post-crisis period, the results are dramatically different. The real exchange rate in these countries exhibiting a stationary behavior, with short-run departure from PPP seeming to dissipate over time. This finding concurs with Azali et al. (2000) where it is shown using the panel data framework, that the East Asian currencies do not conform to the PPP hypothesis when the US dollar is used as a the reference currency. However, it is sharply in contrast with Chinn (2000) where he concluded that real exchange rate for most of the East Asian currencies are mean reverting over the 1975-1996 period. It is worth noting that Chinn’s results are based on the Horvath-Watson (1995) test procedure and considered CPI- and PPI-deflated rates (against the dollar, yen and multilateral). Chinn finds mean stationarity in CPI deflated HK$, rupiah, won, baht and NT$ (against the US dollar) but mean reversion only for PPI-deflated ringgit/yen and peso/yen rates. CPI-deflated ringgit/US dollar and Peso/Dollar rates did not show mean reverting behavior over the 1975-1996 periods.         

Some authors (e.g. Perron, 1989; Serletis and Zimonopoulos, 1997 among others) have speculated that in the case of unknown regime changes, say due to financial crisis, unit root tests are likely to be biased towards the null hypothesis of non-stationarity. Tests for unit roots that allow one break are consistent with the weak version of PPP, called quasi PPP (see among others, Hegwood and Papell, 1998). To allow for such a break, we deploy the Zivot and Andrews (1992) sequential unit root tests, which are robust to (a) an unknown mean, (b) an unknown break in trend, and (c) an unknown break in mean and trend. In the case of the Asian-6, the commodity crash in 1985 and the 1997/98-currency crisis are possible sources of breaks in the data
.

The test for one-off shift in the DGP underlying the real exchange rates for the full sample failed to find evidence of mean reversion in real exchange rates in all except for dollar rates for the rupiah, the ringgit and the baht. The median values of the breaks are 1985:M7 and 1999:M7 for the yen and dollar rates, respectively and they coincide with 1985 recession and commodity price crash and the recent Asian crisis. Again, the analysis based on sub-sample period (1997 M7-2002 M9) detects mean reversion with a break in both the intercept and slope in all except for the Philippine peso. However, the Zivot and Andrews tests place the break in the post crisis period (1999-2000). We may interpret the break as changes in exchange rate regime in Asian countries. These results are presented in Table 3.
[Please insert Table 3 about here]

The use of panel data in unit root testing is motivated by the advantage of increased power over the single equation tests that are based on limited time series. To compare the results with those reported above, Tables 4 and 5 shows panel unit root tests using the US dollar and the Japanese yen as the reference currency respectively. Interestingly, the results from the two models failed to reject the null hypothesis of unit root for the 1973-1997 period, except for group mean LM statistic [τ(LM)].  

[Please insert tables 4 and 5 about here]

As reported above, the univariate tests strongly reject the random walk model in the post-1997 period. Likewise, all panel unit root tests reveal that the behavior of real exchange rates after the Asian currencies as a group is noticeably different from the pre-crisis period. Hence, the post-1997 evidence offers a different conclusion. The entire panel unit root tests, except the Ht2 of the Harris-Tzavalis test find evidence that favor stationarity and so PPP is supported for the post 1997 crises period. A possible explanation is that the pegged exchange rate (with US) was removed instantaneously in the aftermath of the speculative attacks in 1997/98. Market adjustments have forced the exchange rates to depreciate to the levels that are explained fairly by relative price movements. Similar results were observed when the yen was used as a base currency in the panel analysis (see Table 5). 

To sum, the evidence in this paper demonstrates the difficulty of detecting robust evidence in favor, or against the mean reversion property of real exchange rates as suggested by the PPP hypothesis. Overall, the evidence is against PPP as a long run relationship in Asia during the pre-crisis period. On the other hand, we find sufficient evidence to support PPP as a long run relationship for the East Asian countries over the post-crisis period. The shocks and changes associated with the 1997 financial crisis in Asia seem to have led to the faster decline of deviations from the PPP after the 1997 crisis. 

4.1   Half-Lives of PPP deviations

The data from the two sub-periods has the advantage over the full sample period as it does not mix observation from the pre- and post-crisis periods. This is in contrast with studies that consider time spans that cut across structural break(s) in the series that might impact any half-life calculations. The single disadvantage is that the time span of the data is much shorter than many other studies. Estimated half lives for the two sub-periods and the overall period are presented in Table 6.

[Please insert Table 6 about here]

Several points in Table 6 are noteworthy: First, adding 6 years of post-crisis data to the sample reduces the average half-life from 2.48 to 1.55 years. The point estimates of the half-lives for the six countries are outside the range of Rogoff’s 3-5 years. Second, when the half-lives were calculated using data from the pre-crisis period, the yen real rate for the Baht is the largest (2.61). The yen real rates for the peso and won are slightly shorter (less than 2 years). Third, half-life for Singapore dollar/US dollar rate is the longest among the six currencies, showing the half-life equal 3.45 years. This is difficult to explain, as the Singapore dollar appears to be the most flexible currency in the region. For the other currencies, speculative attacks in fall 1997, forced the East Asian countries (Thailand was the first) to abandon the currency peg and their exchange rates display faster mean reversion against the currency of the major trading partners. 

Forth, using the sample period 1997-2002 generally yields lower half-lives, and the differences in half-lives between the pre-crisis (2.48) and post-crisis (0.28) periods are dramatic. It appears to suggest that the large deviations from PPP values experienced during the post crisis period and the abandonment of fixed pegs alters the speed of adjustments of the East Asian currencies. It is worth pointing out that in general our estimates are much closer to the periods reported in Papell (1997) and Wu (1996), where they find the half-lives to be 2.5 year for the post-1973 data. Cheung and Lai (2000) using monthly data from 1973:4 to 1996:12 on four US dollar exchange rates: the French franc, German mark, Italian lira and British pound, found the lower bound of the confidence interval for several post-1973 real exchange rates to be less than 1.5 years. These estimates according to some authors like Murray and Papell (2002) are low enough to be explained by models with nominal rigidities. Third, the speed towards PPP value is slightly faster when the yen instead of the US dollar is used as the numeraire before the financial crises but differs slight in the post 1997 period
. 

4.2
Discussion and Policy Implications
 The results presented here are consistent with a number of other findings related to Asian exchange rates. First, the exchange rates of the East Asian countries conform to the PPP rates especially in the post crisis era, indicating that all the East Asian countries are returning to some form of PPP-oriented rule as a basis for their exchange rate policies in order to maintain international competitiveness and to stabilize domestic economies. Supporting this interpretation is the article by Baharumshah et. al. (2003), which found that the current accounts of the severely affected East Asian countries are mostly moved form unsustainable to sustainable path following the financial crisis. 

Second, our results indicate that the PPP results may be time period dependent. One policy implication that arises from this finding is that exchange rates in the East Asian countries may have been misaligned during the pre-crisis period. Intervention that seeks to protect the tradable sector cannot be justified during the pre-crisis period. Meanwhile, the mean reverting behavior of these currencies over the post-crisis period suggests that departure from the equilibrium (or PPP) rates are temporary and that the exchange rate will eventually be corrected and therefore, indicates that intervention in the exchange rate market may have some justification (Dornbusch 1982; Gross; 1986; and Gan, 1991).

Third, we also consider the speed of adjustment of real exchange rates to one-off shocks. For monthly data with the CPI series, the average expected half-lives ranged from 2.14 (yen real rates) to 2.48 (dollar real rates) years for the 1973-1997 period. These estimates are within Wu’s (1996) estimates of 2.1-2.7 years for monthly data but well below the typical estimates of 3-4 years suggest in Rogoff (1996). Meanwhile, the estimated half-lives of PPP deviations are shorter using the post-1997 data – it is possible that the short span of this data set may have biased our results. With this in mind, we infer that the difficulties experienced by researchers to find a statistical association between exchange rate and relative prices may stem from the fact that movements in real exchange rate can be highly persistent as frequently asserted in the literature. The bottom line is that the evidence against PPP is fragile depending on the size of the deviations from PPP.   

Fourth, Frankel (1976, 1980) argued that exchange rates do in fact appear to be related to economic fundamentals (e.g., monetary model or simple PPP), particularly with large movements in the underlying fundamentals, such as hyperinflation. As exchange rate becomes increasingly misaligned with economic fundamentals as demonstrated by the currency crisis in the region, one might expect that the pressure to return to fundamental values both from the market and from policy makers would become increasingly stronger. In fact, the half-life over the two samples period decreased sharply, indicating that the pace of adjustment is much more rapid in the post-crisis era. Emerging theoretical models, which suggest that exchange rate deviations may be governed by nonlinear factors, supports this reasoning (e.g. Dumas, 1992, 1994). The evidence of fast mean reversion for large PPP deviations is consistent with the hypothesis of non-linear mean reversion (Papell, 2002). The paper by Taylor and Peel (2000), for example found evidence of nonlinear mean reversion during the post-Bretton Woods period for the currencies of the developed countries. Of course these issues are interesting and worthy of further research. 

5.0 Conclusions

Prior studies of PPP in Asia have provided mixed results. In this article we examine the mean-reversion hypothesis for the currencies of the Asian-6 countries using a wide range of unit root tests in an effort to obtain robust results for over a quarter century of data that includes samples both before and after the Asian financial crises. While most unit root tests, including the Im et. al. (1995) panel unit root tests, reject the unit root null for the pre-crisis period, our tests strongly reject unit roots using data for the post-crisis period. Thus, our results do not support unit root findings on PPP reported in Azali et al. (2001) for the pre-crises period (up to 1996:4, two quarters prior to the Asian financial crisis). However, we find strong new evidence, invariant to the numeriare currency, of mean reversion supporting PPP for the more recent post crises period (1997-2002). 

We also show that using a longer sample encompassing both the pre-and post-crisis periods in Asia (full sample) increased the evidence of detecting mean reversion, a point also made in Fujii (2000). Further, we find that while the speed of convergence increases in recent times, the overall speed of convergence to PPP values in East Asia seems consistent with the findings regarding the speed of adjustment for other currencies. In view of the large adjustments in Asian exchange rates after the 1997 crises and the move away from inflexible exchange rate regimes, the evidence presented here appears to support the emerging consensus in favor of PPP as not merely a statistical artifact of increasing sample information, but also as being consistent with and seemingly driven by economic fundamentals.
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Table 1: Stationarity Tests of Real Exchange Rates (US = base country)

	
	lag
	ADF
	
	KPSS
	
	
	NP (MZa)
	NP (MZt)
	

	PANEL A
	
	
	
	
	
	
	
	
	

	INDO
	2
	-2.77
	
	0.22
	***
	
	-2.96
	-1.22
	

	MAL
	1
	-2.57
	
	0.27
	***
	
	-3.60
	-1.33
	

	PHI
	4
	-1.81
	
	0.27
	***
	
	-4.80
	-1.51
	

	THAI
	4
	-1.91
	
	0.29
	***
	
	-4.17
	-1.43
	

	SNG
	4
	-1.65
	
	0.43
	***
	
	-3.53
	-1.31
	

	SK
	1
	-1.62
	
	0.20
	**
	
	-4.36
	-1.46
	

	
	
	
	
	
	
	
	
	
	

	PANEL B
	
	
	
	
	
	
	
	
	

	INDO
	1
	-3.24
	**
	0.07
	
	
	-16.08
	*           -2.81
	*

	MAL
	1
	-5.52
	***
	0.09
	
	
	-24.53
	***       -3.50
	***

	PHI
	1
	-3.30
	**
	0.10
	
	
	-13.93
	-2.62
	*

	THAI
	1
	-4.22
	***
	0.09
	
	
	-18.91
	**         -3.07
	**

	SNG
	1
	-2.82
	*
	0.11
	
	
	-19.6
	**         -3.07
	**

	SK
	1
	-3.44
	**
	0.08
	
	
	-15.48
	*           -2.76
	*

	
	
	
	
	
	
	
	
	
	

	PANEL C
	
	
	
	
	
	
	
	
	

	INDO
	3
	-3.14
	*
	0.10
	
	
	-14.54
	*           -2.69
	*

	MAL
	1
	-3.25
	*
	0.10
	
	
	-14.62
	*           -2.67
	*

	PHI
	4
	-2.80
	
	0.13
	**
	
	-13.38
	-2.51
	

	THAI
	7
	-2.61
	
	0.17
	**
	
	-9.89
	-2.11
	

	SNG
	1
	-2.19
	
	0.24
	***
	
	-4.02
	-1.30
	

	SK
	11
	-2.23
	
	0.09
	
	
	-15.12
	*           -2.71
	*

	
	
	
	
	
	
	
	
	
	


Notes: 

Asterisks *, ** and *** denote rejection of the null hypothesis at 10%, 5% and 1% significant level respectively. For the ADF (1981) and Ng-Perron (2001) tests (MZa and MZt), the null hypotheses are series contain unit root whereas for the KPSS (1992) test, the null hypothesis is series without unit root. The optimal lag of respective model is determined based on modified AIC. The following notations apply in all the forthcoming tables: INDO=Indonesia, MAL=Malaysia, PHI=Philippines, THAI=Thailand, SNG=Singapore and SK=South Korea. Also, Panel A, B and C represent different sample period of analyses for 1973M1-1997M6, 1997M7-2002M9 and 1973M1-2002M9.

Table 2: Stationarity Tests of Real Exchange Rates (Japan = base country)

	
	lag
	
	ADF
	
	KPSS
	
	
	NP (MZa)
	
	NP (MZt)
	

	PANEL A
	
	
	
	
	
	
	
	
	
	
	

	INDO
	1
	
	-2.16
	
	0.17
	**
	
	-4.30
	
	-1.44
	

	MAL
	3
	
	-2.13
	
	0.13
	*
	
	-10.04
	
	-2.17
	

	PHI
	1
	
	-2.08
	
	0.15
	**
	
	-9.37
	
	-2.06
	

	THAI
	1
	
	-1.76
	
	0.12
	*
	
	-7.05
	
	-1.78
	

	SNG
	3
	
	-1.95
	
	0.13
	*
	
	-9.44
	
	-2.09
	

	SK
	1
	
	-2.49
	
	0.12
	*
	
	-12.03
	
	-2.43
	

	
	
	
	
	
	
	
	
	
	
	
	

	PANEL B
	
	
	
	
	
	
	
	
	
	
	

	INDO
	1
	
	-3.44
	**
	0.09
	
	
	-17.42
	**
	        -2.91
	**

	MAL
	1
	
	-2.92
	**
	0.08
	
	
	-24.69
	***
	    -3.49
	***

	PHI
	1
	
	-3.07
	**
	0.08
	
	
	-31.57
	***
	       -3.95
	***

	THAI
	1
	
	-3.92
	***
	0.10
	
	
	-18.03
	**
	        -2.99
	**

	SNG
	1
	
	-1.68
	
	0.13
	
	
	-6.37
	
	-1.74
	

	SK
	1
	
	-3.12
	**
	0.07
	
	
	-33.97
	***
	       -4.10
	***

	
	
	
	
	
	
	
	
	
	
	
	

	PANEL C
	
	
	
	
	
	
	
	
	
	
	

	INDO
	1
	
	-3.22
	*
	0.09
	
	
	-14.46
	*
	           -2.66
	*

	MAL
	3
	
	-2.46
	
	0.10
	
	
	-15.55
	*
	           -2.73
	*

	PHI
	1
	
	-3.00
	
	0.09
	
	
	-15.43
	*
	         -2.77
	*

	THAI
	3
	
	-3.15
	*
	0.08
	
	
	-20.59
	**
	      -3.20
	**

	SNG
	3
	
	-2.16
	
	0.21
	**
	
	-12.14
	
	-2.43
	

	SK
	2
	
	-3.52
	**
	0.07
	
	
	-24.62
	***
	    -3.46
	***

	
	
	
	
	
	
	
	
	
	
	
	


Note: 

See Table 1 for detail notes.

Table 3: Stationarity Tests of Real Exchange Rates with Structural Breaks

	
	
	US based RER
	
	
	
	Japanese based RER
	

	
	lag
	Break
	Zivot-Andrew
	
	lag
	Break
	Zivot-Andrew

	PANEL A
	
	
	
	
	
	
	

	INDO
	3
	1986M6
	-4.72
	
	2
	1985M7
	-4.06

	MAL
	4
	1987M9
	-4.87
	
	2
	1985M7
	-3.51

	PHI
	2
	1989M9
	-4.24
	
	2
	1985M7
	-4.17

	THAI
	2
	1984M9
	-6.91 *
	
	2
	1985M7
	-3.24

	SNG
	2
	1985M10
	-5.50 *
	
	2
	1985M5
	-3.20

	SK
	2
	1979M10
	-3.30
	
	2
	1985M1
	-3.66

	
	
	
	
	
	
	
	

	PANEL B
	
	
	
	
	
	
	

	INDO
	6
	1998M4
	-5.80 *
	
	5
	1999M10
	-5.79 *

	MAL
	4
	1997M10
	-8.88 *
	
	1
	1999M7
	-5.25 *

	PHI
	2
	2000M3
	-4.80
	
	2
	1999M6
	-4.65

	THAI
	5
	1997M9
	-7.34 *
	
	7
	1999M7
	-5.06 *

	SNG
	5
	1998M4
	-5.37 *
	
	3
	1998M7
	-3.86

	SK
	3
	2000M8
	-5.66 *
	
	2
	1998M1
	-5.24 *

	
	
	
	
	
	
	
	

	PANEL C
	
	
	
	
	
	
	

	INDO
	7
	1997M11
	-5.14 *
	
	2
	1985M7
	-4.45

	MAL
	1
	1997M7
	-5.30 *
	
	2
	1985M7
	-4.16

	PHI
	2
	1993M8
	-4.44
	
	2
	1985M7
	-4.82

	THAI
	6
	1997M8
	-5.45 *
	
	2
	1985M7
	-3.97

	SNG
	1
	1990M3
	-4.63
	
	2
	1985M5
	-3.53

	SK
	3
	1997M7
	-3.71
	
	4
	1984M11
	-4.11

	
	
	
	
	
	
	
	


Notes: 

Asterisks * denote rejection of the null hypothesis at 5% significant level. The critical values of structural break unit root test are tabulated as -4.80 (break in intercept), -4.42 (break in slope) and -5.08 (break in both intercept and slope) respectively by Zivot and Andrews (1992). Our estimation considers the breaks in both intercept and slope. 

Table 4: Panel Unit Root Tests of Real Exchange Rates (US=base country)

	
	
	
	Im-Pesaran-Shin
	
	
	
	
	Harris-Tzavalis
	
	Breitung

	Period
	( (Zt)
	( (Zt)
	
	(  (LM)
	( (LM)
	
	Ht2
	Ht3
	
	UB (t)

	
	
	
	
	
	
	
	
	
	
	

	1973-1997
	0.67
	0.89
	
	-1.07
	-2.54***
	
	0.01
	0.73
	
	-0.83

	
	
	
	
	
	
	
	
	
	
	

	1997-2002
	-5.55***
	-5.60***
	
	-3.73***
	-4.71***
	
	0.09
	-9.13***
	
	-1.72**

	
	
	
	
	
	
	
	
	
	
	

	1973-2002
	1.07
	-1.98**
	
	-3.06***
	-4.15***
	
	0.13
	0.22
	
	-1.42*

	
	
	
	
	
	
	
	
	
	
	


Notes:

Asterisks *, ** and *** denote rejection of the null hypothesis of unit roots at 10%, 5% and 1% significant level respectively. For the IPS panel unit root test, the (Zt) and (LM) denote the particular t-bar statistics and the group mean Lagrange Multiplier statistics with constant (() and trend (() respectively.  As for Harris-Tzavalis test, the Ht2 allows for heterogeneous intercepts while the Ht3 includes heterogeneous fixed effects and deterministic trend. Lastly, the UB (t) denotes Breitung’s newly panel unit root test without bias corrections.

Table 5: Panel Unit Root Tests of Real Exchange Rates (Jap=base country)

	
	
	
	Im-Pesaran-Shin
	
	
	
	
	Harris-Tzavalis
	
	Breitung

	Period
	( (Zt)
	( (Zt)
	
	(  (LM)
	( (LM)
	
	Ht2
	Ht3
	
	UB (t)

	
	
	
	
	
	
	
	
	
	
	

	1973-1997
	0.87
	0.80
	
	-1.19
	-2.63***
	
	-0.16
	0.74
	
	-0.05

	
	
	
	
	
	
	
	
	
	
	

	1997-2002
	-3.68***
	-2.70***
	
	-1.69**
	-3.06***
	
	-0.06
	-9.88***
	
	-1.72**

	
	
	
	
	
	
	
	
	
	
	

	1973-2002
	-0.34
	-1.38*
	
	-0.22
	-1.86**
	
	-0.23
	0.03
	
	-3.09***

	
	
	
	
	
	
	
	
	
	
	


Notes:

See Table 4 for details.

Table 6: Half-life of Real Exchange Rates with Respect to US and Japan

	
	
	US
	
	
	
	JAP
	

	
	(
	HL (M)
	HL (A)
	
	(
	HL(M)
	HL(A)

	PANEL A
	
	
	
	
	
	
	

	INDO
	-0.034
	19.79
	1.65
	
	-0.026
	26.39
	2.20

	MAL
	-0.035
	19.47
	1.62
	
	-0.025
	27.22
	2.27

	PHI
	-0.026
	26.11
	2.18
	
	-0.032
	21.49
	1.79

	THAI
	-0.023
	30.44
	2.54
	
	-0.022
	31.34
	2.61

	SNG
	-0.017
	41.34
	3.45
	
	-0.022
	30.49
	2.54

	SK
	-0.017
	41.38
	3.44
	
	-0.039
	17.45
	1.45

	Average
	
	29.76
	2.48
	
	
	25.73
	2.14

	
	
	
	
	
	
	
	

	PANEL B
	
	
	
	
	
	
	

	INDO
	-0.258
	2.33
	0.19
	
	-0.282
	2.09
	0.17

	MAL
	-0.328
	1.74
	0.15
	
	-0.200
	3.11
	0.26

	PHI
	-0.136
	4.74
	0.39
	
	-0.195
	3.20
	0.27

	THAI
	-0.253
	2.38
	0.20
	
	-0.295
	1.98
	0.17

	SNG
	-0.099
	6.64
	0.55
	
	-0.082
	8.09
	0.67

	SK
	-0.246
	2.45
	0.20
	
	-0.265
	2.25
	0.19

	Average
	
	3.38
	0.28
	
	
	3.46
	0.29

	
	
	
	
	
	
	
	

	PANEL C
	
	
	
	
	
	
	

	INDO
	-0.071
	9.42
	0.79
	
	-0.055
	12.24
	1.02

	MAL
	-0.050
	13.52
	1.13
	
	-0.031
	21.81
	1.82

	PHI
	-0.039
	17.22
	1.44
	
	-0.038
	17.71
	1.48

	THAI
	-0.038
	17.83
	1.49
	
	-0.047
	14.42
	1.20

	SNG
	-0.022
	30.56
	1.89
	
	-0.022
	30.47
	2.54

	SK
	-0.030
	22.69
	2.55
	
	-0.062
	10.75
	0.90

	Average
	
	18.54
	1.55
	
	
	17.90
	1.49


Notes:

To compute the half-life (h), the coefficient of mean reversion (() is taken account such that h = ln0.5/ ln ( where (=((-1). HL (M) and HL (A) denote the monthly and yearly unit measurements of half-life respectively.

Figure 1: ASIAN-6 Real Exchange Rates and Long Run Equilibrium, 1973-2002 
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� For previous works on the PPP hypothesis of the East Asian countries, refer to Phylaktis and Kassimatis (1994), Fukuda and Kano (1997), Aggarwal and Mougoue (1996), Bahmani-Oskooee (1993), Baharumshah and Ariff (1997), Chou and Shin (1995) and Chinn (2000). For more comprehensive surveys of the literature on PPP the reader may consult Rogoff (1996) and Taylor (2003).


    


� Panel unit root and panel cointegration tests have received great attention in empirical literature. The panel approach is much powerful than the traditional uinvariate methods which exploits cross-section as well as time series variation. For more discussion on these tests, the reader is referred to Wu et al. (2001) and the articles cited in there. Authors that used panel methods to test for PPP are Wu (1996), Papell (1997) and Pedroni (1995). In general, these studies report much stronger rejections of the unit root hypothesis fro real exchange rates during the post crisis period. 


 


� All six countries are member of Asian Pacific Economic Corporation (APEC). The same six economies, except South Korea, also belong to ASEAN trading bloc.  


� The price level is usually represented by the consumer price index (CPI), the wholesale price index (WPI), or the GDP deflator. 


� It was noted in Shintani (2002) that since the denominator � EMBED Equation.3  ��� (� EMBED Equation.3  ��� for a small value) can be interpreted as the speed of adjustment (in absolute value), τ becomes greater than unity only if the speed of adjustment is slower than that of the AR (1) model with � EMBED Equation.3  ���= 0.5. When � EMBED Equation.3  ��� approaches unity, the speed of adjustment � EMBED Equation.3  ��� approaches zero from the left, and half-life τ approaches infinity, implying the absence of convergence towards PPP.


� See for example Levin and Lin (1992), Im, Pesaran and Shin (1995, 1997), Harris and Tzavalis (1999), Maddala and Wu (1999), and Breiitung (2000), among others. Of all, Levin-Lin test is less preferable as it requires the coefficient (() of the lagged dependent variables to be homogenous across all cross-section unit of the panel which intimate that each series reverts to its respective unconditional mean over time at the same rate. This assumption could be restrictive in applied work. Additionally, O’Connell (1998) found the loss of power in LL test that suffered from significant size distortion in the presence of correlation among contemporaneous cross-sectional error terms.


� Hence, the conclusion reached by several authors regarding the Yen Bloc (e.g., in Aggarwal and Mougoue 1996), may be premature as the evidence we have presented here suggests that the East Asian goods and financial markets are increasingly becoming more integrated with US and the Japanese markets.    


� For more discussion of the Zivot and Andrews (1992) sequential unit root tests and its application to real exchange rates, refer to for example Henry and Olekalns (2002).  


� We make one further attempt by using the augmented Autoregressive Distributed Lag (ARDL) bounds testing approach. The results based on this approach are essentially the same, therefore, for brevity they have been excluded here. Full estimation results are available from the authors. 
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