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Introduction

The purpose of this paper is to examine traditional propositions in exchange rate economics through an empirical multi-country analysis and to explore modern univariate methods of forecasting short run exchange rates.  A data set consisting of 51 developing and advanced economies covering the floating exchange rate period from 1971 to 1997 is used to determine conclusions to several hypotheses dealing with long run nominal and real effective exchange rate behavior.  A monthly data set covering the period from 1989:01 to 2000:12, made up of the Thai Baht/US dollar, is used to forecast short run movements of the real effective exchange rate.  This paper takes another look at earlier results that were obtained for a group of advanced economies and gives new insights to real exchange rate behavior in developing countries.

The purchasing power parity (PPP) hypothesis is re-examined using unit root tests.  Although there are many versions of the PPP hypothesis, I focus on the long-run PPP hypothesis.  It states that the real exchange rate (i.e. the nominal exchange rate adjusted for the relative price level) reverts to a constant long-run average (Balassa, 1964).  This version of PPP is based on two important assumptions: law of one price and long-run money neutrality.  These two assumptions are necessary assumptions but not sufficient.  It is true that real shocks may need relative price adjustments that violate the PPP hypothesis.  This means that long-run real exchange rates should be stationary.  Im, Pesaran, and Shin use panel root tests that exploit cross-section variation to increase the ability to reject the null hypothesis that real exchange rates are non-stationary (Im, Pesaran, & Shin, 1997).  This provides more robust support for PPP than single equation tests that are conducted over a similar span.

The results found by Im, Pesaran, and Shin (IP&S) based on these panel tests suggest that PPP does not hold for all countries, but it does seem to hold for the advanced economies and high-inflation economies in the data set.  This finding makes it interesting to discover which other factors account for constant real exchange rate trends.  The Balassa-Samuelson effect is a good historic explanation for such trends (Balassa, 1964).  It states that under reasonable conditions the real exchange rate of faster-growing economies would tend to appreciate.  Permanent shifts in the terms of trade and measures of the size of the public sector may be additional factors that will help to account for long-run real exchange rate developments.  IP&S use recently developed panel data techniques such as mean group and pooled mean group estimation to determine long-run parameters in several real exchange rate models that lend support to the Balassa- Samuelson effect and to the affects of the terms of trade on real exchange rates.  The effect of the public sector (measured by the ratio of government consumption to GDP) is not so clear.

The results of this study are found to heavily depend on the sample of countries being regressed.  Countries differ and are classified according to their long-run average inflation rate, stage of development, and openness to international trade.  Also, it is often found that panel data usually contain some degree of cross-section correlation, often showing the presence of common factors which could affect both the result of unit root tests and long-run parameter estimates  (MacDonald, 1996).  These tests are therefore carried out using both the unadjusted data series and those series for which the cross-sectional mean has been removed at each point in time.

This paper is based on and relies on real effective exchange rates that are weighted by trade.  In theory, they are more likely to conform to PPP than bilateral real exchange rate indices, since effective rates are more representative of countries’ actual trade patterns.  All other variables are also in relative/effective terms as in the test of the Balassa-Samuelson hypothesis.  

Historical focuses on Purchasing Power Parity 

There has been a great evolution in empirical testing for PPP in the last few decades.  It is due to the continuous discovery of new econometric techniques and the increasing number of studies testing various versions of PPP.  In the beginning, studies focused on absolute PPP, which states that the equilibrium nominal exchange rate is such that the domestic and foreign purchasing powers of a currency are equal (Krugman, 1978).  This means that under absolute PPP that the real exchange rate was fixed and in the strictest interpretation, equal to unity.  The focus shifted to theories of relative PPP during the 1970s, which states that the equilibrium percentage rate of currency depreciation must equal the inflation differential between the home economy and the foreign economy, implying constancy of the real exchange rate (Krugman, 1978).

Beginning in the 1980s, up to present, with the adoption of standard ordinary least squares, econometricians focus on the dynamic properties of real exchange rates.  Long-run PPP is said to hold so long as the real exchange rate is stationary.  The most recent focus has been on investigations of cointegration PPP.  Prakash Apte, Piet Sercu, and Raman Uppal provide an extensive study on cointegration tests and the constant relative risk aversion hypothesis.  In their paper, “The Equilibrium Approach to Exchange Rates”, they conclude that standard regression or cointegration tests of PPP suffer from missing-variables biases and ignore variations in risk aversions across countries and over time.  Cointegration PPP requires only that the nominal exchange rate and the domestic and foreign prices exhibit a stable relationship over time.  The problem is that exchange rates often mirror differences in growth rates of real spending which are often time-varying and differing across countries.  Therefore, a stable relationship does not exist over time.

(Apte, Sercu, &Uppal, 1996)

Statistical Methods


While early evidence was not too supportive of the PPP hypothesis and even though absolute PPP was strongly rejected by Balassa’s work, recent empirical literature has been much more supportive of PPP.  The current overall consensus is that real exchange rates are definitely slowly mean reverting and given a long enough time span, (approximately fifty to seventy years), the hypothesis that they are nonstationary is often rejected.  Going even further, tests based on cointegration analysis tend to confirm that there even exists a stable long-run relationship between nominal exchange rates and relative prices for several countries.  PPP also appears to hold for the core ERM countries when bilateral real exchange rates are in terms of the deutsche mark more regularly than when bilateral rates are constructed with the US dollar as the direct basis.


This traditional literature has focused, however, on advanced countries and on evidence on long-run behavior of real exchange rates, in which developing countries is still quite scarce.  Most single country studies of developing countries face data limitations when requiring long time series.  The alternative is to magnify the information in cross-sectional variation to further increase the power of the common statistical tests.  The best-known panel unit root tests have been developed by Levin and Lin (1993) and Im, Pesaran, and Shin (1997) (Pesaran & Shin, 1998).  In order of simplicity, I will abbreviate these by LL and IPS.  The economic interpretation of the LL test and the IPS test is the same in the case of individual country studies.  The rejection of the unit root hypothesis is evidence that real exchange rates revert to long-run means at a very rapid rate, as required by PPP.


In the IPS study, Monte Carlo simulations show that the small sample properties of the IPS tests are superior to the tests in the LL study.  This is particularly true for the t-bar test, which is shown in the next paragraph.  Their simulations covered several different cases, notably serial correlation or a lack there of it in the Dickey-Fuller (DF) regressions, with and without a time trend.  The studies on Augmented Dickey-Fuller (ADF) regressions without residual serial correlation indicated that with a sample consisting of 25 periods of data from 50 groups (i.e. T=25 and N=50), the LL test has a higher size than the t-bar test, but with less power.  The ADF regressions consisting of serial correlation (both with and without trend terms) indicated that errors in the choice of the number of lags could have a large effect on these tests.  If one uses ADF(0), when the correct number of lags is greater than zero, the significance and use of these tests is zero.  The LL tests also suffer from significant size distortions, especially as N increases in relation to T, while the IPS t-bar test does not.  Finally, the IPS t-bar test can be made more robust to correlation between groups by demeaning the relevant series across groups.  The IPS t-bar test is therefore a better overall test to use for the following empirical analysis (O’Connell, 1998).


As shown by Pesaran, Im, and Shin the IPS t-bar test averages the test statistics for the individual countries while standardizing this average test statistic by its expected value and variance under the null hypothesis, which they have computed through simulations for different combinations of sample length T, and ADF lag order.  The standardized test statistic, denoted (-bar statistic, has a standard normal distribution for large N, and the formula is:

(=[N^.5(tNT – 1/N(E(tiT))]

(1/N(VAR[tiT])^.5

where tNT is the average of the N individual ADF test statistics; and E(tiT) and VAR[tiT] are the empirical first and second moments of the ADF test statistics under the null.  To compute the (-bar statistic, ADF regressions are ran for the N countries, choosing the ADF regression lag length based on an information criterion (in this case AIC), to obtain the cross-section average, and then constructing the test statistic shown above using the empirical expected values and variances (Pesaran & Shin, 1998).

The Test Results


The following test results are based on a sample of the 51 largest market economies in the world.  These economies jointly stood for approximately 80 percent of the world output, covering the period 1971-1997.  The real exchange rates are based on consumer price indices and were calculated in effective terms (i.e. trade-weighted).  The sample included 26 developing countries and 25 developed countries.


Table 1 shows the individual-country ADF test results under two specifications for the independent terms.  It also shows data on the half-life and tenth-life of deviations from the long-run means.  The last row includes cross-section averages.  As seen, the individual country tests do not provide support for PPP overall.  This result is consistent with other previous test results in past literature.  When including constant terms in the model, the null hypothesis of unit root being present can be rejected only 14 out of 51 times.  Furthermore, it can only be rejected 10 out of 51 tests that use both the constant and the trend specification.


The average half-life of PPP deviations is 4 years and the average tenth-life is 12 years.  It is easily seen that the range of half-lives of PPP deviations is very wide, ranging from 1 to17 years, while the range of tenth-lives is even wider.  They range from 2 to 64 years.  The average half-life of deviations from PPP for developing countries is approximately five and one-third years and is even smaller for advanced countries at three and one-half years.  Another interesting point is that the tenth-lives of PPP deviations are 50 percent higher in developing countries compared to the advanced countries.  The advanced countries possess 18 out of 24 of the rejections of the unit root null hypothesis.  The most likely explanation is that on the whole, the advanced countries tend to be more open to foreign trade than developing countries.  This type of open economy is more encouraging to rapid arbitrage in markets of tradable goods.  This leads one to think that the probability of rejecting the null of unit root (supporting PPP) is greater in a sub-sample of advanced countries.  Therefore, it seems logical that the panel tests should be applied to both the full sample and to sub-samples of advanced and developing countries as well.


The results show that six countries are in fact found to be stationary (Algeria, Chile, Israel, the Netherlands, Norway, and Singapore).  It is important to note that these countries possess high inflation economies (Chile and Israel) and highly open economies (the Netherlands and Singapore).  This suggests that high inflation and openness are associated with greater deviations from PPP.  There are two reasons why this is true: 1) unless there are severe trade and exchange restrictions, the exchange rate in high inflation economies must adjust frequently to prevent a great weakening and loss of competitiveness, and 2) arbitrage in tradable goods markets will have a more significant role in the open economies.  For these reasons, the panel tests are also applied to sub-samples of high and low inflation economies, and open and closed economies. 


Table 2 consists of the IPS t-bar tests for the models with a constant but without a trend term.  The top part of Table 2 uses the unadjusted data series and the lower portion uses group demeaned data.  The null and alternative hypotheses are as follows:  all real exchange rate series under consideration contain a unit root; some of the real exchange rate series are in fact stationary.  


The purpose of demeaning is to remove cross-sectional correlation when the full sample is tested.  The correlation is usually related to large degree worldwide economic shocks.  Tests that are based on the original data tend to reject the null, while the tests that are based on demeaned data typically cannot reject the null.  It is also noticeable that the test results depend significantly on the characteristics of the country.  An example is that results for demeaned data show that the unit root null can be rejected for advanced countries, high inflation economies, and those countries with open economies.  The opposite is true for the full sample however.


In Table three, both a constant and the trend term are included.  The null and the alternative hypotheses are the same.  It is found that the unit root null is rejected for both the full sample unadjusted data and the full sample demeaned data.  The demeaned data results tell us that the distinction between low and high inflation economies is not significant, but on the other hand, the real exchange rates do in fact behave differently in advanced and open economies.  Therefore, it appears that the Table 2 results, particularly the demeaned results, may more completely support the classical notion of PPP.  The panel tests collectively show a significant amount of support for the PPP hypothesis, particularly for the sub-samples of advanced and open economies.  They do not however, seem like a very relevant assumption when dealing with developing or closed economies.  It should be noted however, that even if the real exchange rate is found to have a unit root, this may simply reflect too short of a sample period to observe long-run mean reverting behavior.  On the other hand, when a unit root is rejected, this may only show that shocks to the exchange rate were relatively dormant during the sample period.

Long-run Exchange Rate Models


The previous results show us that evidence supporting the purchasing power parity hypothesis is mixed.  This makes a person ask whether there are other stable long-run relationships between some other independent variables and the real exchange rate, if real exchange rates are truly nonstationary and deviating from PPP in the long-run.  The three most often used explanations for long-run deviations from PPP are the Balassa-Samuelson hypothesis, differing sizes of the country’s public sector, and changes in the terms of trade.  Of the three explanations, the Balassa-Samuelson hypothesis is the most influential, stating that price levels are higher in advanced countries, and their real exchange rate is therefore more appreciated relative to developing countries; because the tradable goods sector is comparatively more productive giving them relatively lower tradable goods prices.


It can be shown (see Obstfeld and Rogoff, 1996), that the ratio of the price levels in any two countries depends only on the ratio of  nontradable goods' prices.  The resulting expression found by Obstfeld and Rogoff implies that to the extent that countries have grown rich primarily through improvements in productivity in the tradable goods sector, the Balassa-Samuelson hypothesis may be tested by relating a country’s real exchange rate to the relative growth of its aggregate productivity, or per capita real GDP.


The differences in government spending explanation provides another possible explanation for long-run deviations from PPP.  This hypothesis argues that higher public spending shifts demand toward the non-tradable goods sector, which would raise the domestic price level and lead to an appreciation of the real exchange rate.  If however, increased government spending leads to lower long-run growth of per capita GDP, the effect on the real exchange rate could also be negative.  (Barro and Lee, 1994).


The third explanation is that an improvement in the terms of trade could possibly lead to an appreciation in the real exchange rate.  This possible appreciation would be caused by the wealth effect associated with the terms improvement causing consumption to increase (assuming that the country is a price taker in the world tradable goods market), which would in turn raise the price of nontradable goods and therefore the domestic price level. (Froot & Rogoff, 1994).

The Statistical Methods


As mentioned throughout this paper, this analysis is on the long-run behavior of exchange rates.  This means that the statistical methods used will therefore need to be adjusted toward allowing for the estimation of consistent long-run parameters in a regression of the exchange rate on the explanatory variables: real per capita GDP, government consumption relative to GDP, and the terms of trade.  This analysis takes a different approach than past models of long-run behavior analysis.  The parameter estimates are obtained by using two recently developed methods for the statistical analysis of dynamic panel data.  These methods are mean group (MG) and pooled mean group (PMG) estimation.  These more recent methods are well suited to the analysis of panels, which have both large time and cross-section data fields.


Pesaran and Smith state that MG estimation derives the long-run parameters for the panel from an average of the long-run parameters of autoregressive-distributed lag (ARDL) models for individual countries.  Given the following example, if:

(i(L) yit = (i(L) xit + (i zit + (it 

is the ARDL model for country i, letting i = 1,…,N, then the long-run parameter for country i is:



 ( = (i(1)/ (i(L)

and the MG estimate for the panel as a whole is:

( = 1/N*((i

When MG estimation is used with sufficiently high lag orders, it yields extremely consistent estimators of the long-run parameters.  This is true even when the regressors are I(1) (Pesaran & Smith, 1995).


In MG estimation, both the slopes and the intercepts are allowed to differ by country, and in classical fixed effects estimation, the slopes are fixed and the intercepts are allowed to vary.  In PMG estimation, only the long-run coefficients are held constant across countries, while the short-run coefficients are allowed to vary (Pesaran, Shin, & Smith, 1998).  If one wishes to estimate an ARDL model for i = 1,…,N countries and t = 1,…,T time periods, then:

yit = ( (ij yi,t-j + ( (’ij xi,t-j +(i + (it

Where xij is the vector of regressors for group i, (I represents the fixed effects, and the (ij and (ij are parameters.  T has to be large enough to allow separate estimation for each group.  This model can be reparametrized and the time series observations for each group placed into vectors as:

( yi = (i yi,-1 +Xi(I + ( (ij * ( yi,-j + ((Xi,-j(*ij + (i  t + (i 

Assuming that the model is stable (i.e. (i<0), there exists a long-run relationship between yit and xit which is give by:

yit = -((ixit/(i) + (it = (i xit + (it

for each  i = 1,…,N, where (it is a stationary process.  The assumption of long-run homogeneity is then simply:

(i  = (, i = 1,…,N

The above derivation can be found in “Pooled Mean Group Estimation of Dynamic Heterogeneous Panels,” by Pesaran, Shin, and Smith.


The Akaike information criterion was used to select the appropriate lag orders for the individual country equations.  This procedure considers all possible lag orders on all variables and selects the specification with the best AIC value.  In order to avoid biased results while using MG and PMG estimation, estimates are provided on data expressed as deviations from the group mean in each time period when the presence of common factors exist.  The variation in oil prices was the most important common factor during the period of this study.  The prices rose exponentially during the oil shocks of 1973 and 1979, and declined quickly in the middle of the 1980s.

The Estimation Results

 Three different models were estimated based on the three major arguments of PPP.  The first model was based on the Balassa-Samuelson effect.  In this model the real effective exchange rate was modeled as a function of relative real GDP per capita.  The second model builds on the first including the terms of trade variable and relative government consumption.  The third model builds on the first two models by including the relative price index as an independent variable.  The third model allows for a separate measurement of the effect of relative prices on nominal exchange rate movements.  If there were a coefficient equal to one on the relative price variable in this model, it would indicate that in the long run, relative price movements are passed completely on to the nominal exchange rate.  All three models were estimated using the full sample of countries and sub-samples of advanced and developing countries.  It was assumed that all long-run coefficients are the same, not just a subset.


Model 1 is summarized in Table 4.  The results provide support for the Balassa-Samuelson hypothesis.  That is, the PMG coefficients are significant and positive for both the advanced and developing countries, and the sample as a whole.  When the group- demeaned data are used, the estimated elasticity decreases, mostly due to the presence of a common factor.  The cause of this is the oil shocks that significantly affected developing countries to a greater degree, primarily due to oil imports consisting of a higher portion of their GDP.  The Hausman tests indicate that the data do not reject the restriction of common long-run coefficients.  Overall, using the PMG estimator appears to be an informative method of analysis.  The pooling restrictions cannot be rejected.


The Model 2 results are found in Table 5.  Model 2 also provides support to the Balassa-Samuelson hypothesis based on its PMG estimates.  As we would expect based on economic theory, the coefficient for the terms of trade effect is positive.  This result is even more pronounced when looking at the developing countries based on the demeaned data.  The effect of government spending on the real exchange rate is less significant and provides mixed results.  The coefficients are negative and tend to be insignificant for the advanced countries while the coefficients for the developing countries are positive.  In this model, the Hausman tests reject the pooling restrictions for the demeaned data.


The Model 3 results are found in Table 6.  They indicate that on average approximately 75 to 100 percent of relative price movements are passed on directly to the nominal effective exchange rate in the long run.  This model even provides support for the Balassa-Samuelson hypothesis for the advanced countries when looking at the unadjusted data.  In Model 3, the MG and PMG estimates are positive and significant, and the pooling restriction is again rejected for the terms of trade effect in the developing countries.

Short-run Univariate Forecasts


The real bilateral exchange rate between the Thai Baht and the US Dollar were examined using univariate methods to make short-run twelve-month forecasts.  The following four methods were used for the forecast:  12-period Simple Moving Average (SMA12), Single Exponential Smoothing (SES12), Decomposition, and Winter’s method.  The real monthly exchange rate covering the period 1989 to 2000 was examined, withholding the last twelve months of data for forecasting using the Decomposition and Winter’s method.  The last 36 months were withheld while forecasting the SMA12 and SES12 methods.  Winter’s method provided the best fit and forecast error statistics for the data.  This method minimized the fitted RSE at 1.9147 and the forecasted RSE at approximately 2.455 with an adjusted R-squared of .8642.  The Decomposition method provided the second best fit for the forecasted values.  It provided a forecast with a RSE of around 2.647 and an adjusted R-squared of .8421.  The 12-period Simple Moving Average method produced a good fitted model with a RSE of 2.4787 and a mean error of only .5642, but when changing to forecasting the RSE and mean error more than doubled.
  
Conclusion


My main conclusion after the analysis is that purchasing power parity holds to a substantial extent, but it seems that other factors like terms of trade and relative growth performance also affect the real exchange rate in the long run.  The coefficients of these variables usually indicate a positive long-run correlation with the real exchange rate.  A priori, this would also be the case.  It is also clear that even when examining short-run bilateral forecasts, other important independent variables should be included to tighten the fit of the errors around the predicted and fitted values.  Compared to other analyses of the real exchange rate, this study provides greater support for the Balassa-Samuelson hypothesis and the terms of trade effects.
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