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Real Exchange Rate Volatility and Mean Reversion: Asia versus Latin America from 1976 to 2006.



André Varella Mollick*



Abstract: Recent cross-country or individual studies have shown that high nominal exchange rate volatility is associated with slower deviations from purchasing power parity (PPP). Adopting such working hypothesis, we implement panel data methods of East Asian versus Latin American countries. The underlying feature of PPP adjustment relies on real exchange rate volatility. Using quarterly real exchange rates from 1976 to 2006 and the East Asian currency crisis as a meaningful event-study, we document the following results: First, Asian currencies are much more volatile than Latin currencies with Indonesia, South Korea, and Thailand displaying a higher than 200% increase in the volatility growth rate in the post-crisis period compared to pre-crisis. The comparable figures for Latin American currencies are reductions of between 15% and 61% in volatility growth rates, except for Colombia. Second, measured by the half-lives, the panel of all Asian currencies shows a markedly different degree of mean reversion across periods: from 8 quarters to 12 quarters in the overall period; of about 35 quarters in the precrisis; and only 2 quarters in the post-crisis. The corresponding figures for the panel of all Latin American currencies vary by much less (from 7 to 12 quarters) across periods. Third, restricting the panel to the most volatile Asian currencies makes the results even more striking. We conclude that the most volatile Asian currencies imply a significantly higher speed of adjustment towards PPP. JEL Codes: F31. Keywords: Currency Crisis, Half-Lives, PPP, Real Exchange Rates, Volatility.
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1. Introduction Following the German hyperinflationary experience of the 1920s in Frenkel (1978), several papers have examined postwar inflation and found that higher inflation rates help the purchasing power parity (PPP) paradigm in a variety of countries. Examples include: McNown and Wallace (1989), Mahdavi and Zhou (1994), Choudhry (1999), Salehizadeh and Taylor (1999), Bleaney et al. (1999), and Mollick (2007). While the application of a general theory of PPP by Coakley et al. (2005) to panel data sets reveals that inflation differentials are on average reflected one-for-one in long-run nominal exchange rate depreciation, the conclusion seems to be, at best, a “guarded confidence in the long-run PPP in the late 1990s and early 2000s.” Taylor (2006, p. 1). Structural change and non-linearity form yet another possibility of why domestic and foreign prices do not converge to PPP-based rules.1 This paper argues that an important feature of PPP adjustment relies on real exchange rate volatility. A burgeoning literature has recently emphasized that country characteristics can help explain deviations from PPP. Alba and Papell (2006), for example, use panel data methods to test for unit roots in U.S. dollar real exchange rates of several countries. They find that country’s features, such as: openness to trade, distance to the U.S., inflation levels, nominal exchange rate volatility, and economic growth rates, contain important information on the likelihood of convergence to PPP levels. In particular, countries with low nominal exchange rate volatility would exhibit the longer deviations from PPP.2 1



Taylor (2006) contains an up to date survey of this vast literature. To name just a few studies on non-linearities, Bessec (2002) employs a Markov-Switching Error Correction Model and finds that the European exchange rates of the exchange rate mechanism (ERM) members display mean reversion towards the central parity in the credible regime, whereas they adjust to the PPP during the volatile regime. Narayan and Prasad (2005) have argued that allowing for structural breaks help find strong evidence in favor of PPP for eleven Middle Eastern countries. Holmes and Wang (2006) find evidence for asymmetries in Asian economies during the post-Bretton Woods floating era. 2 Measuring nominal exchange rate volatility as the average of the absolute value of the annual percentage changes of a country’s bilateral exchange rate against the U.S. dollar (USD), Alba and Papell (2006) reject the unit root hypothesis on real exchange rates at the 5% level for the panel of countries with higher nominal exchange rate



3 A recent study by Hausmann et al. (2006) has documented that the real exchange rate of developing countries is approximately three times more volatile than the real exchange rate in industrial countries. A floating real exchange rate has important policy implications, most notably on real output. There is now evidence that exchange rate flexibility helps the economy adjustment to real shocks. As documented by Ramcharan (2007), the mechanism seems to operate through the differences in the behavior of the export sector, while Burstein et al. (2005) argue that the primary force behind the large drop in real exchange rate that occurs after large devaluations is the slow adjustment in the prices of nontradable goods and services. They use five large devaluation episodes to prove their point, including South Korea and Thailand of 1997. Together with real exchange rate volatility, another important feature of this study is the focus on East Asian countries. This has the advantage of identifying an important experiment (the currency crisis of mid-1997) that generates two clear sub-periods of analysis: a pre-crisis and a post-crisis. This approach follows from the fact that studies of groups of countries may shed light on the links between trade competitiveness and growth as in Cook and Devereux (2006). Recent studies employing a a pre-crisis versus post-crisis strategy include Kim and Ying (2007) and Baharumshah et al. (2007) for East Asian countries, and Kim and Kim (2007) for additional countries. For a description of the exchange rate regimes of East Asian currencies, see Ito et el. (1998), Radelet and Sachs (1998), and Esaka (2003). One natural way to view the pre-crisis versus post-crisis strategy is to think in terms of exchange rate regimes. Previous researchers have dealt with the exchange rate regime in the context of PPP. Following the pioneering study by Enders (1988), Henricsson and Lundbäck



volatility and at the 10% level for the panel of countries with lower nominal exchange rate volatility. They can not reject the null at the 10% level for the panels with the highest and lowest nominal exchange rate volatility. They conclude that this is in line with the hypothesis that countries with moderate nominal exchange rate volatility will have more evidence of PPP than countries with high or low nominal exchange rate volatility.



4 (1995) find mixed results with the support for the relative version of PPP in only three cases and at different time periods. The evidence is thus hardly conclusive in this case. Dibooglu and Koray (2001) use data from the Bretton Woods and the modern floating periods and find that real demand shocks are an important source of RER movements under both fixed and flexible rates. While supply and oil shocks seem to be more important under Bretton Woods, capital flows shocks explain a relatively higher proportion of RER fluctuations under the modern floating. Still, the response of real output to exchange rate volatility may suggest a more important mechanism across periods. Kim and Ying (2007) verify whether the hypothesis of contractionary devaluations shown by Kamin and Rogers (2000) for Mexico also holds true for seven East Asian countries under trade-weighted exchange rates. They find that when the pre-1997 crisis data are used, no evidence is found of contractionary devaluations but that currency devaluation appears to be strongly expansionary in several countries. Their results suggest that contractionary devaluations can not be ruled out in East Asia, especially when the post-crisis data are included in the estimation. One possibility is that with financial liberalization and improvement in information technology, devaluation may be more likely to be contractionary than before as it worsens the balance sheet of firms with heavy foreign currency liabilities. Finally, we use methodologically the half-life, defined as the number of periods required for a unit shock to dissipate by one half, as a measure of persistence. A very influential study by Rogoff (1996) refers to the “remarkable consensus” of 3-5 year half-lives of deviations from PPP in long-horizon data for currencies of industrial countries. Akram (2006) studies the Norwegian trade-weighted real exchange rate under quarterly data from 1970 and 2003 and finds that convergence towards PPP is relatively rapid: the half-life of a deviation from parity is just about 1.5 years.



5 In most of the above studies, the no-rejection of the unit root null implies nonstationarity, while the alternative hypothesis comprehends the stationary autoregressive process. Any half-life figure must be based on the estimate of the autoregressive parameter, which may be imprecise as emphasized by Murray and Papell (2002) and Cashin and McDermott (2003). Along these lines, Mollick (2007) finds that half-lives contrast markedly even for Latin American economies: at 5 years or infinity for the Chilean peso and between 1 and 3 years for the Mexican peso. Cheung and Lai (2000) employ panels of countries and estimate most of the half-lives for developing countries as less than 3 years, considerably less than for industrial countries. For East Asian currencies, Baharumshah et al. (2007) find for the post-crisis period very small persistence of PPP deviations as indicated by very small half-lives (less than 7 months) and narrow confidence intervals. Their approach is based on time series estimation for individual countries. This paper, on the other hand, contrasts the East Asian currencies that suffered a currency crisis to Latin American currencies that did not. While the latter group responded to a certain extent to the Asian crisis of 1997, some of the adjustment was very temporary. Under Latin American currencies as an interesting contrasting group, we implement a panel data methodology in order to gain statistical power.3 With the underlying feature of PPP adjustment relying on real exchange rate volatility, we present three main results for quarterly real exchange rates from 1976 to 2006. First, Asian currencies are much more volatile than Latin currencies. Indonesia, South Korea, and Thailand display, in fact, a higher than 200% growth rate in volatility in the post-crisis period compared to



3



As reviewed by Caporale and Cerrato (2006), a panel approach offers various advantages over traditional time series data in addition to the larger number of observations: i) the problem of multicollinearity is likely to be reduced when the explanatory variables vary in time and space; ii) panel data are more informative about long-run behavior than time series; and iii) they may alleviate spurious regression problems.



6 pre-crisis against reductions of between 15% and 61% in volatility growth rates for Latin American currencies, except for Colombia. Second, as measured by the half-lives, the panel of all Asian currencies show a markedly different degree of mean reversion across periods: from 8 quarters to 12 quarters in the overall period (1976-2006); of about 35 quarters in the pre-crisis (1976-1997); and only of 2.3 quarters in the post-crisis period (1997-2006). The corresponding figures for the panel of all Latin American currencies vary by much less across periods: from 8 quarters in the overall period, to 7 quarters in the pre-crisis; and to 12 quarters in the post-crisis. Third, restricting the panel to the three most volatile Asian currencies and least volatile Latin currencies the results are even more striking with an extremely fast degree of mean reversion in the post-crisis sub-period: only 1.8 quarters in the post-crisis. Using the East Asian currency crisis as an experiment, we conclude that the most volatile currencies imply a higher speed of adjustment towards PPP. This paper contains four more sections. Section 2 presents the data employed and section 3 reviews the empirical models to be implemented. Section 4 summarizes our main findings and section 5 concludes the paper and indicates extensions for further work.



2. The Data and the Trends The



data



are



taken



entirely



from



Linda



Goldberg’s



dataset



(http://www.newyorkfed.org/research/economists/goldberg/papers.html) and originally covers the period 1973:1 to 2006:2 for quarterly data. In order to avoid the early period of the transition of the U.S. dollar into a floating currency around 1973-1974, we start the data in this paper from 1976:1. We employ logs on all series as in the standard equation (qt ≡ st - pt + p*t) in order to obtain the log real exchange rate. We select the major East Asian and Latin American currencies.



7 For graphical convenience, we choose to study all currencies under the base 1990 = 100. An increase in the index represents a weakening of the local currency and a strengthening of the U.S. dollar. Since there is no data for Brazil under the base 1990=100, we decide to drop Brazil from the sample. All other major countries are represented. An important criterion when constructing the pool of currencies deals with the uniformity of characteristics. The work on the three Caribbean currencies over 1980-2000 by Aggarwal and Simmons (2006), for example, documents PPP and that the real exchange rate series are nonstationary in levels but stationary in first differences. These economies are small island economies whose economic successes rely on external trade and investment flows. As such, they behave similarly with respect to prices and exchange rate adjustments. While representing a single group of emerging markets, it is natural to group Asian currencies as a separate group from Latin American currencies. Since all these currencies were affected by the Asian currency crisis of 1997, one can distinguish two important sub-periods: the pre-crisis running from 1976:1 to 1997:2 and the postcrisis running from 1997:3 to 2006:2. We expect a marked difference in volatility to occur within these two sub-periods. In order to check this, we calculate and report in Table 1 the measure of volatility used by Hausmann et al. (2006), which captures the standard deviation of the growth rate of the real exchange rate. Formally, VOLi = SD[ln(RERit) – ln(RERit-n)]/√n, where n is the number of quarters.4 Focusing on the one-quarter volatility measure: n = 1, one see three groups of currencies with different degrees of volatility. First, there are the very high volatility ones with more than 200% growth rate between the two sub-periods: Indonesia, South Korea and Thailand. Second, 4



In addition to documenting volatility, Hausmann et al. (2006) regress the deviation of the real exchange rate from its long-run equilibrium (captured by a linear trend) on various measures of shocks and on country’s characteristics.



8 Malaysia has a 111% growth rate between the two sub-periods. Third, a group of currencies had a lower growth rate in volatility between periods varying from only 21.5% to 34.9%: Philippines, Singapore and Taiwan. [Table 1 here] It is useful to compare this group of currencies to another which presumably had a lower rate of increase in the volatility of the real exchange rate. Latin American currencies provide an interesting contrasting group. Some of these countries changed completely the regime in the postcrisis period (Argentina in 2001-2002 decided to abandon the currency board and moved towards a floating regime) and Mexico have been since late 1994 operating under a floating exchange rate regime. Chile and Venezuela, however, did not change the regime in the late 1990s despite some speculation at the time. While these currencies reacted immediately to the turmoil in 1997 emerging market currencies, most of the volatility change (downwards) was similar to the range of the low volatility group of the Asian currencies: from -15.35% in Chile to +42.47% in Colombia. With the exception of Colombia, all other Latin American currencies had actually a reduction in volatility across the two sub-periods. Figure 1 displays the 3 Asian currencies with highest volatility: Indonesia, South Korea and Thailand. We check below the sensitivity of this panel of currencies to the inclusion of Malaysia. One can see the gradual change in the real exchange rate regimes in the 1980s, the prolonged volatility of the pegs for much of the 1990s and then the spikes in mid-1997.5 As typically documented in currency crisis, the real exchange rate overshot at the shock and then 5



Esaka (2003, p. 788) puts forward an alternative to the conventional view as follows: “At least officially, all of the East Asian countries or regions, except Hong Kong, had claimed to have a relatively flexible exchange rate policy during the period of at least 10 years leading up to the currency crisis. For example, according to the classification system of the International Monetary Fund (IMF), Thailand had a basket peg, Korea, Indonesia, Malaysia and Singapore had a managed float, and the Philippines even had an independent float. By casually looking at the behavior of many of these currencies, particularly the Indonesian rupiah and the Philippine peso, we find that the U.S. dollar exchange rate did fluctuate fairly substantially over this period.”



9 appreciated after some time. See Kim and Kim (2007) for the overreaction of investors due to financial panic during currency crises through data on interest rate differentials. In any case, these three currencies show a different degree of adjustment with the Indonesian currency peaking in mid-1997 and more resilient to adjust downwards after that. [Figure 1 here] Figure 2, on the other hand, suggests a very different behavior for the Latin American currencies. The Mexican peso sustained waves of gradual appreciation and sudden collapses with the devaluations of 1982, 1986, and late 1994. It is interesting to compare Mexico to an oilproducing nation such as Norway that devalued a number of times from 1972 to 1986 to counteract deteriorating competitiveness. Akram (2006) lists several factors which may have contributed to preserve the international competitiveness of the Norwegian economy over time given oil price shocks, such as: a stronger arbitrage pressure from abroad due to higher openness to international trade; and a larger share of commodity and non-manufactured exports. The Chilean peso has depreciated around the collapse of commodity prices in mid-1986 and then appreciated gradually in the 1990s. The Venezuelan Bolivar has fluctuated wildly and then depreciated following the Argentine currency crisis of 2002. Finally, the Argentine peso has been very volatile in the hyperinflation (most of the first period) and then remained constant at the time of the currency board in the 1990s. It then depreciated sharply with the collapse of the currency board regime in 2002. [Figure 2 here]



3. Unit Root Tests and the Analytical Framework



10 Under the assumption of I (1) individual series, empirical tests of long-run PPP are based on:



st = α + β1pt + β2p*t + εt



(1),



where: s is the logarithm of the nominal exchange rate (domestic price of foreign currency), p is the logarithm of domestic prices, p* is the logarithm of foreign prices, and εt is the error term. As Froot and Rogoff (1995) refer in their survey on the three stages of PPP tests, if the three individual series are I (1) and there is a cointegrating vector representing a linear combination of them, long-run PPP is found. See Taylor (2006) for the possibility of nonlinear adjustments. Imposing the restrictions α = 0, β1 = 1 and β2 = -1 on (1), the error term becomes a measure of the real exchange rate (qt), as discussed in Xu (2003). With these, deviations from parity appear as:



qt ≡ st - pt + p*t



(2),



All series of real exchange rates (q) are first tested for a unit root using the ADF test, following the “stage 2 of PPP tests” by Froot and Rogoff (1995). If one supposes long-run PPP, the real exchange rate should be stationary and the unit root null should be rejected in:



k ∆qt = α0 + α1t + β0qt-1 + Σ βj∆qt-j + νt j=1



(3),



11 where: α0 is a constant; t is the time trend whenever the time trend is included in the estimation in levels6; qt is the real exchange rate; ∆qt is the first-difference of qt; α1 and the β’s are parameters to estimate; and νt is the stochastic disturbance with white-noise properties. The null hypothesis of a unit root is represented by β0 = 0 and the ADF statistic is the value associated with the t-ratio on the β0 coefficient. In practice the optimal lag-length (k) in this paper is determined by the sequential procedure suggested by Ng and Perron (1995). The choice of k in this fashion is expected to yield the desired white-noise properties on νt. The DF-GLS test by Elliott et al. (1996) is also performed, as well as the KPSS test developed in Kwiatkowski (1992) with bandwidth set at 4 and Bartlett kernel and the tests by Ng and Perron (2001) when the autoregressive root is close to one or when there are negative moving average terms. The persistence of real exchange rate dynamics comes next. The unit root null hypothesis of the test procedures above is tested against the alternative of stationary autoregressive (AR) model. In order to estimate the speed of convergence to PPP, the first-order autoregressive model on qt is adopted under the assumption of independent identically distributed (i.i.d.) normal errors:



qt = α0 + α1qt-1 + νt



(4),



where the autoregressive parameter α1 lies in the interval (-1, 1]. The half-life (HL) measures the time it takes for a deviation from PPP to dissipate by 50% and is calculated by HL = ABS [ln 6



Zhang and Lowinger (2006) show that the linear time trend has an impact on the stationarity of the real exchange rate and that panel unit root tests imply a shorter half-life than those without the trend. Cheung and Lai (1998) argue that for countries undergoing dramatic income growth from a low level, substantial changes in the relative prices of tradables versus nontradables occur. Therefore, the real exchange rates for these economies are likely to be affected by trend shifts, which may affect unit root testing. This may be particularly important in Asian countries, which have grown faster than other countries. As Sabaté et al. (2003) put it, movements in the relative prices of traded over nontraded goods across borders due to Balassa-Samuelson effects may yield a demand side bias in favor of non-traded goods, which may be also be due to the non-stationarity of real exchange rate for traded goods because of menu costs of pricing-to-market strategies.



12 (0.5)/ln (α1)]. Survey papers on long-horizon data, such as: Froot and Rogoff (1995) and Rogoff (1996), report as the consensus in the literature that the HL of a shock to the real exchange rate lies between 3 and 5 years. This slow speed of reversion to PPP is difficult to reconcile with the observed large short-run volatility of real exchange rates. The problem with (4), however, is the presence of serial correlation. The AR (p) model may be used, incorporating lagged first-differences to account for serial correlation. The AR (p) model, for t = 1, …, T, is the special case of (3):



k qt = α0 + α1qt-1 + Σ βj∆qt-j + νt j=1



(5),



where we again use the general-to-specific lag selection procedure suggested by Ng and Perron (1995), with maximum lag set at k = 6 and 5% as the significance criterion for the last k term. On the HL calculation, we take into account the b (1) correction factor, which is equal to b (1) = 1 - Σβj (j = 1 to k) in the ADF-type regression. The b (1) correction factor enters the calculation of the HL as: h* ≡ max {ln (0.5 b (1))/ln (α1), 0}, which differs from ha ≡ max {ln (0.5)/ln (α1), 0}. Both half-lives (ha and h*) will be reported in the next section.7 The 95% confidence intervals for ha and h* (respectively, hal, hah, h*l, and h*h) are calculated using a delta method approximation: ha ± 1.96σα1 {(ln (0.5)/(α1)) [ln (α1)]-2}, where σα1 is the estimate of the standard deviation of α1. Since the HL can not be negative, we impose a lower bound of zero.8



7



Since the HL calculated from the value of α1 assumes that shocks to RERs decay at a constant rate, the HL calculated directly from the IRFs remedies this problem. The HL for the IRFs (hIRF) is defined as the number of periods required for deviations from PPP to subside permanently below one half in response to a unit shock, which looked very similar to those based on h*. 8 Using quarterly data from most non-EMU currencies of the floating rate period, Rossi (2005) reports point estimates of h* to be around 8 to 12 quarters. In addition to the correction factor, Rossi (2005) proposes a method to estimate confidence intervals for half-lives which are robust to the presence of high-persistence.



13 Exploring the panel data structure under the classification above (different panels of all Asian currencies, all Latin American currencies, most volatile Asian currencies, and less volatile Latin American currencies), we estimate panel data versions of (5) using the feasible generalized least squares (FGLS) fixed-effects model. Since the residuals did not appear to be cross-section heteroskedasticity and contemporaneously correlated, we choose no-weights for the variancecovariance matrix. Our approach therefore differs from the panel studies of several countries by Alba and Papell (2006) and from the time series of individual East Asian countries performed by Baharumshah et al. (2007).



4. Results Before implementing a panel data approach, we test individually for unit root on all Asian real exchange rates with respect to the U.S. dollar. These results are omitted for space constraints but are available upon request. The frequency of data is quarterly and the sample size is full: from 1976 to 2006. The ADF and DF-GLS tests equally do not reject the unit root null in levels and does reject it in first-differences. Similarly, the KPSS rejects the null of stationarity in levels but does not do so in first-differences. These results are insensitive to the inclusion of the deterministic trend in the regression. There is a weak rejection (at the 10% level) of the unit root null in levels for Malaysia under both ADF and DF-GLS tests. When running similar tests for the pre-crisis period, with sample ending in 1997:2, right before the onset of the Asian currency crisis, the results are mostly unchanged with all real exchange rates following I (1) processes at standard significance levels. The weak rejection of the null in levels for Malaysia is not present anymore and the whole set suggests strongly the presence of a unit root in all series. Proceeding with the same tests under the post-sample period,



14 right after the Asian currency crisis, running from 1997:3 to 2006:2, a different set of results emerges. While the power of the unit root tests in this case is admittedly low (N = 40), there are rejections for the ADF (k) in all cases. The DF-GLS tests do not always confirm these findings but the KPSS usually do, without very strong rejections of the stationarity null for the KPSS case. Following Froot and Rogoff (1995), autoregressive models form the alternative hypothesis for the unit root testing procedure in the literature on real exchange rates. As made clear by Murray and Papell (2002), it is important to verify the appropriate number of additional regressors to include such that the final estimation is devoid of serial correlation problems. We handle this issue by conducting an extensive search starting with maximum 6 lags of differenced terms and checking for information criteria and several specification tests. Table 2 contains the results on half-lives for the quarterly dataset using the largest possible pool of 7 Asian currencies and 5 Latin currencies. Several panels are estimated depending on the overall period, or on the pre-crisis or post-crisis sub-periods. Starting with the AR (1) process in (4), we conduct extensive search on additional autoregressive terms and employ the Ng and Perrron (1995) sequential test procedure to determine the optimal lag-length. We set the maximum number of lags in the quarterly case (in Tables 2 and 3) at k = 6 in the quarterly case. It is possible to obtain well-specified equations as there is no rejection of the null of no-serial correlation when autoregressive terms are included. There is no serial correlation according to Ljung-Box Q (.) tests (LM tests yield similar results) in these AR (p) specifications. In Table 2 the search procedure indicates, for the panel of all Asian currencies, four lags of differenced terms (labeled t-1, t-2, t-3, and t-6). The estimated α1 varies from 0.937 (with a



15 significant trend term) to 0.961, implying very slow mean reversion. The corresponding halflives are 17.42 (by application of conventional two-sided intervals ha) or 12.14 (by correcting for the values of additional regressors h*) if no trend is included. With the significant trend term (0.027), the half-lives become 10.65 or 8.03, respectively. Since the point estimates may be imprecise, we also report (in parenthesis) the 95% confidence intervals based on the normal distribution. When restricting the sample to the pre-crisis years, the estimated α1 varies from 0.971 (with a not significant trend term) to 0.974, implying an even slower mean reversion. In terms of half-lives these numbers correspond to 23.55 quarters and 26.31 quarters, respectively. When corrected for the values of additional regressors, however, the half-lives imply around 35 quarters of deviation from parity. This is a remarkably slow degree of adjustment to parity: around 9 years. In contrast, for the post-crisis sample the estimated α1 coefficient changes substantially: it varies from 0.655 (with a not significant trend term) to 0.636, implying a much higher mean reversion. The corresponding half-lives vary only between 1.5 and 2.3 quarters, suggesting very quick degrees of mean reversion for the post-crisis years. Note also that the confidence intervals are very small and suggest a good fit for the estimated half-lives at invariably between 1 and 3 quarters. When the currencies became more volatile after the 1997 exchange rate turmoil, there is thus more evidence towards convergence to PPP levels. These results are very much in line with Baharumshah et al. (2007) for an individual time series approach to half-lives for East-Asian countries. These half-lives are well below the lower band of the 3 to 5 years period discussed in Rogoff (1996) for industrial countries. [Table 2 here]



16 Table 2 also contains in the bottom part the same exercise for the Latin currencies. It is easy to see that the estimated α1 coefficient hardly changes: it varies from 0.918 (with a not significant trend term) to 0.924. The corresponding half-lives vary from 8.10 to 8.77. When restricting the sample to pre-crisis years, the coefficient changes from 0.904 to 0.912, implying half-lives between 6.87 and 7.53. There is only a small change when focusing on the post-crisis years as the coefficient changes from 0.888 to 0.910. Contrary to Asian currencies, the Latin American currencies do not show any noticeable variation in the estimated α1 coefficient. This suggests that the degree of mean reversion does not change in any way. In order to see if volatility plays any role in this process, we construct a different panel of currencies to accentuate the 3 highest Asian volatility currencies: Indonesia, South Korea, and Thailand. The upper part of Table 3 reports these findings. In Table 3 the search procedure indicates as before for these three Asian currencies, four lags of differenced terms (labeled t-1, t2, t-3, and t-6). The estimated α1 varies from 0.920 (with a significant trend term) to 0.953, implying very slow mean reversion. When restricting the sample to the pre-crisis years, the estimated α1 varies from 0.975 (with a not significant trend term) to 0.976, implying an even slower mean reversion. For the post-crisis sample, however, the estimated α1 coefficient changes even more substantially than in the all currencies sample: it now varies from 0.462 (with a not significant trend term) to 0.545, implying a much higher mean reversion. The corrected half-lives turn out to be very short: varying from only 1.8 quarters (with the time trend) to 3.2 quarters (without the time trend). Note in this case a strongly negative coefficient for the trend term (0.467), which of course captures the downward adjustment in these exchange rates after 1997 depicted in Figure 1. Confining ourselves to the more volatile currencies after the 1997 exchange rate turmoil, there is even more striking evidence towards convergence to PPP levels.



17 We check the sensitivity of this panel of three currencies to the inclusion of Malaysia. It turns out not be that significant. When Malaysia is included, the N of the overall panel becomes 115 x 4 = 460 for the overall period; 84 x 4 = 336 for the pre-crisis period; and 36 x 4 = 144 for the post-crisis period. Employing the same strategy as above, we find the estimated α1 coefficient to vary now from 0.959 (without the trend term) to 0.919, implying a much higher mean reversion (with a strong term trend) in the overall period. For the pre-crisis period, the corresponding values varied from 0.968 (with a not statistically significant trend) to 0.977 (without the trend term) to 0.977. For the post-crisis period, the corresponding values varied from 0.568 (without the trend term) to 0.574 (with a very statistically significant and negative trend). Note in the latter a strongly negative coefficient for the trend term (-0.326), which of course captures the downward adjustment in these exchange rates after 1997 similar to those depicted in Figure 1. The inclusion of Malaysia, therefore, with a 111% increase in volatility across periods therefore does not change our main findings. As before, looking at the more volatile currencies after the 1997 exchange rate turmoil, there is supportive evidence towards fast convergence to PPP levels. [Table 3 here] The bottom part of Table 3 reports the 4 low volatility currencies of Latin America. As in Table 2, there is no difference relative to the larger panel as the estimated α1 coefficient does not move at all and remain around the 0.914 to 0.923 range regardless of time periods. Taken together, the evidence of mean reversion (α1 < 1) is clearly much stronger for the panel of Asian currencies which suffered currency crisis at around the same time in mid-1997. These new results add to the existing evidence in establishing varying degrees of mean reversion within emerging markets: Hitherto, Cheung and Lai (2000, p. 388) have concluded that: “Most



18 of the half-lives for developing countries are less than 3 years. Accordingly, the persistence of PPP deviations tends to be lower for developing countries than for industrial countries.” The results of this study suggest that emerging markets should not be treated in a similar fashion. When shocked by the collapse in the nominal exchange rate, the real exchange rate tends to respond towards the implied PPP value faster in a currency crisis than otherwise. There is an interesting parallel to Kim and Ying (2007), who have documented that output of East Asian countries increases with a real exchange rate depreciation, in sharp contrast to Mexico and, to a lesser extent, Chile. Devaluation could be, however, contractionary in East Asian countries, especially when the post-crisis data are included, possibly due to financial fragility mechanisms.9 See also Kim and Kim (2007) for tests of the hypothesis that overshooting reflects the overreaction of investors due to the financial panic installed during a currency crisis.



5. Concluding Remarks Using the East Asian currency crisis as an experiment, we employ a research strategy similar to Kim and Ying (2007) and Baharumshah et al. (2007) for East Asian countries, and Kim and Kim (2007) for additional countries. Our approach follows group-based studies shedding light on the links between trade competitiveness and growth as in Cook and Devereux (2006). With the major feature of PPP adjustment relying on real exchange rate volatility as defined by Hausmann et al. (2006), our results for quarterly real exchange rates from 1976 to 2006 suggest that the most volatile currencies imply a higher speed of adjustment towards PPP. 9



For most East Asian countries, Kim and Ying (2007) show that the evidence is more consistent with the hypothesis in which increases in real income cause the real exchange rate appreciation than the one in which devaluations cause economic contraction, as shown by Kamin and Rogers (2000) for Mexico. In any case, allowing for the crisis years may amplify some of the responses: “With financial liberalization and improvement in financial technology, devaluation may be more likely to be contractionary than before as it worsens the balance sheet of financial and nonfinancial business firms with heavy foreign currency liabilities and results in serious interruption of external financing through a loss of credibility with international financial investors.” Kim and Ying (2007, p. 281).



19 The degree of mean reversion of the three most volatile currencies is very fast (at about 1.8 quarters) during the floating regime compared to 40 quarters in the pre-crisis period. For the panel of all currencies, the corresponding figures are 2.3 quarters during the floating regime compared to 35 quarters in the pre-crisis period. A natural extension is to augment the panels to multivariate series. Elliott and Pesavento (2006) obtain greater power when modeling other economic variables with the real exchange rate. In the East Asian case and under the context of real exchange rate volatility discussed in this article, we speculate that trade-related variables should have an important role in the adjustment.
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24 Figure 1. Asian 3-High Volatility Panel: Bilateral Indonesian, South Korean and Thai Log Real Exchange Rate against the USD (base 1990=100). 350.00
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25 Figure 2. Latin 4-Low Volatility Panel: Bilateral Argentinean, Chilean, Mexican and Venezuelan Log Real Exchange Rate against the USD (base 1990=100). 180.00
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Table 1. Volatility of Real Exchange Rates under Quarterly Data from 1976:01 to 2006:2. 1976:01 to 2006:02



1976:01 to 1997:02



1997:03 to 2006:02



Growth Rate between the two Subperiods



Asian Currencies Indonesia Korea Malaysia Philippines Singapore Taiwan Thailand



0.0997 0.0454 0.0321 0.0428 0.0224 0.0259 0.0413



0.0543 0.0229 0.0225 0.0383 0.0208 0.0230 0.0217



0.1644 0.0762 0.0476 0.0517 0.0253 0.0310 0.0683



202.80% 232.66% 111.25% 34.93% 21.51% 34.51% 214.84%



Latin American Currencies Argentina Chile Colombia Mexico Venezuela



0.1609 0.0483 0.0398 0.0714 0.0811



0.1749 0.0507 0.0349 0.0827 0.0884



0.1208 0.0429 0.0497 0.0321 0.0614



-30.96% -15.35% 42.47% -61.14% -30.55%



Notes: We calculate the measure of volatility used by Hausmann et al. (2006), which captures the standard deviation of the growth rate of the real exchange rate. Formally, VOLi = SD[ln(RERit) – ln(RERit-n)]/√n, where n=the number of quarters. We focus on the one-quarter volatility measure: n = 1.



27 Table 2. Half-Lives under Quarterly Data: A Panel Approach for All Currencies. p



qit = α0 + α1qit-1 + α2trend + Σ βj ∆qit-j + εt j=1



Panels Time Period (Additional Regressors) Asian-ALL 1976:1 2006:2 ∆qt-1, ∆qt-2 , ∆qt-3, ∆qt-6 ∆qt-1, ∆qt-2 , ∆qt-3, ∆qt-6 1976: 1 1997:2 ∆qt-1 ∆qt-1, ∆qt-4 1997:3 2006:2 ∆qt-1 , ∆qt-2 , ∆qt-3 ∆qt-1 , ∆qt-2 , ∆qt-3 Latin-All 1976:1 2006:2 none none 1976: 1 1997:2 none none 1997:3 2006:2 ∆qt-1 ∆qt-1



α1



Standard Half-life (conf. int.)



Corrected Half-life (conf. int.)



0.961*** (0.011)



17.42 (7.60,27.25)



12.14 (2.31,21.97)



0.937*** (0.014)



10.65 (5.86,15.45)



8.03 (3.24,12.82)



0.974*** (0.008)



26.31 (10.23,42.39)



35.31 (19.23,51.39)



0.971*** (0.008)



23.55 (10.63,36.48)



35.24 (22.32,48.16)



0.636*** (0.045)



1.53 (1.06,2.00)



2.31 (1.84,2.78)



0.655*** (0.047)



1.64 (1.09,2.18)



2.31 (1.76,2.85)



0.924*** (0.015)



8.77 (5.24,12.30)



0.918*** (0.016)



8.10 (4.87,11.34)



0.912*** (0.020)



7.53 (4.01,11.04)



0.904*** (0.021)



6.87 (3.77,9.97)



6.87 (3.77,9.97)



0.910*** (0.023)



7.35 (3.49,11.21)



12.42 (16.28,8.56)



0.888*** (0.027)



5.84 (2.91,8.76)



10.09 (7.17,13.02)



α2



DW



Adj. R2



1.986



0.925



N (time vs. cross-sect.)



115 x 7= 805 0.027*** (0.010)



1.979



0.925



2.037



0.980 84 x 7= 588



-0.004 (0.005)



2.021



0.979



2.023



0.790 36 x 7= 252



-0.100 (0.074)



2.038



0.791



1.986



0.896 121 x 5=605



8.10 (4.87,11.34)



0.011 (0.009)



1.980



0.897



2.092



0.884 85 x 5=425



0.017 (0.018)



2.081



0.884



1.971



0.949 36 x 5=180



0.058 (0.040)



1.982



0.949



Notes: Data are of quarterly frequency from 1976:1 to 2006:2. The Asian-All pool includes all 7 countries listed in Table 1 and the Latin-All pool includes all 5 countries listed. The symbols * [**](***) attached indicate rejection of the null at the 10%, 5% and 1% levels, respectively. The ADF tests are based on parsimonious models chosen by serial correlation tests, starting from a maximum lag length of 6. The implied standard half life is calculated according to HL=ln(0.5)/ln(1-α1). The corrected HL takes into account the b (1) correction factor, which is equal to b (1) = 1 - Σβj (j = 1 to k) in the ADF-type regression (5) in the text. The confidence intervals are the 95% confidence levels based on the normal distribution.



28 Table 3. Half-Lives under Quarterly Data: A Panel Approach for Selected Currencies. p



qit = α0 + α1qit-1 + α2trend + Σ βj ∆qit-j + εt j=1



Panels Time Period (Additional Regressors) Asian 3-High Vol. 1976:1 2006:2 ∆qt-1, ∆qt-2 , ∆qt-3, ∆qt-6 ∆qt-1, ∆qt-2 , ∆qt-3, ∆qt-6 1976: 1 1997:2 ∆qt-1 ∆qt-1 1997:3 2006:2 ∆qt-1 , ∆qt-2 , ∆qt-4 ∆qt-1 , ∆qt-2 , ∆qt-3 Latin 4-Low Vol. 1976:1 2006:2 none ∆qt-1, ∆qt-2 1976: 1 1997:2 ∆qt-1 ∆qt-1 1997:3 2006:2 ∆qt-1 , ∆qt-2 ∆qt-1 , ∆qt-2



α1



Standard Half-life (conf. int.)



Corrected Half-life (conf. int.)



0.953*** (0.018)



14.40 (3.33,25.47)



8.66 (0.00,19.74)



0.920*** (0.026)



8.31 (2.79,13.84)



5.72 (0.20,11.25)



0.976*** (0.010)



28.53 (4.95,52.12)



40.87 (17.29,64.46)



0.975*** (0.012)



27.38 (1.29,53.46)



39.32 (13.24,65.41)



0.462*** (0.075)



0.90 (0.53,1.27)



3.18 (2.81,3.55)



0.545*** (0.077)



1.14 (0.62,1.66)



1.82 (1.30,2.34)



0.921*** (0.018)



8.42 (4.50,12.34)



0.914*** (0.019)



7.71 (4.22,11.20)



0.914*** (0.023)



7.71 (3.48,11.94)



0.914*** (0.024)



7.71 (3.30,12.12)



6.72 (2.31,11.13)



0.923*** (0.025)



8.65 (2.92,14.38)



13.26 (7.53,19.00)



0.914*** (0.030)



7.71 (2.19,13.22)



12.08 (6.56,17.59)



α2



DW



Adj. R2



1.983



0.902



N (time vs. cross-sect.)



115 x 3= 345 0.043* (0.025)



1.970



0.903



2.012



0.984 84 x 3= 252



0.002 (0.008)



2.013



0.984



2.033



0.680 36 x 3= 108



-0.467*** (0.155)



2.080



0.702



2.050



0.892 121 x 4=484



8.29 (4.80,11.78)



0.008 (0.011)



2.019



0.894



2.008



0.882 84 x 4=336



-0.0006 (0.021)



2.008



0.882



2.008



0.947 36 x 4=144



0.026 (0.046)



2.005



0.947



Notes: Data are of quarterly frequency from 1976:1 to 2006:2. The Asian 3-High Volatility pool includes Indonesia, South Korea, and Thailand; and the Latin 4-Low Volatility pool includes Mexico, Argentina, Chile, and Venezuela. The symbols * [**](***) attached indicate rejection of the null at the 10%, 5% and 1% levels, respectively. The ADF tests are based on parsimonious models chosen by serial correlation tests, starting from a maximum lag length of 6. The implied standard half life is calculated according to HL=ln(0.5)/ln(1-α1). The corrected HL takes into account the b (1) correction factor, which is equal to b (1) = 1 - Σβj (j = 1 to k) in the ADF-type regression (5) in the text. The confidence intervals are the 95% confidence levels based on the normal distribution.
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