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Abstract

We propose an alternative procedure for modelling exchange rates behaviour, which is a linear combination of a long-run function and a short-run function. Our procedure involves modelling of the long-run relationship and this is followed by the short-run function. Among all the possible combination of modelling techniques, we proposed the simplest form, namely modelling the long-run function by the well established purchasing power parity (PPP) based model and setting up the short-run function based on its time series properties. Results of this study suggests that our procedure yields powerful forecasting models as they easily outperform the simple random walk model--which is rarely defeated in the literature of exchange rate forecasting--in term of out-of-sample forecasting, for all the forecast horizons ranging from one to fourteen quarters. This study provides us with some hope of achieving a reasonable forecast for the ASEAN currencies using the fundamental monetary model just by a simple adaptation.
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1.
Introduction


Most currency exchange rate markets in the floating exchange rate regime have experienced continuous and sometimes dramatic fluctuations and volatility. The broad features of exchange rate behaviour are summarized in a widely cited paper by Mussa (1996). In this paper, Mussa argued that (i) exchange rate are extremely volatile, with deviation of about 3 percent per month for the US dollar-Japanese yen and US dollar-Deutschemark rates; (ii) changes in exchange rates are very persistent, and the exchange rate closely approximate a random walk; (iii) there is correlation of almost unity between real and nominal exchange rates on high frequency data; and (iv) the variability of real exchange rates increases dramatically when a country moves from fixed to floating exchange rates. Thus, the researches of exchange rate behaviour and exchange rate forecasting have become perennial topics in international economics since the floating exchange rate regime was established in March 1973. As a result, many theories and models were developed.


The existing models of foreign exchange rates are developed under the linear framework and the non-linear framework. Models based on the linear framework include the simple efficiency market approach (Fama, 1965; Cornell, 1977; Hsieh, 1984), simple random walk approach (Giddy and Duffey, 1975; Hakkio and Rush, 1986), the linear fundamentals approach (for example, Dornbusch, 1976; Frankel, 1979; Meese and Rogoff, 1983; Mark, 1995; Clark and MacDonald, 1998), the time series approach (for instance, Keller, 1989; Cheung, 1993; Palma and Chan, 1997; Brooks, 1997; Parikh and Williams, 1998; Baharumshah and Liew, 2000), the conditional heteroscedasticity approach (Engle, 1982; Bollerslev, 1986), among others. 

There is a growing consensus among researchers that exchange rates and other financial variables are non-linear in nature (Weigend, 1994 and Brooks, 1996) and they are linearly unpredictable (Boothe and Glassman, 1987 and Diebold and Nerlove, 1989, Plasmans, Verkooijen and Daniels, 1998). Hence the non-linear structural models are regarded more relevant in modelling these variables. Models in conjunction with this more recent view are commonly estimated through the non-linear fundamentals approach (see for example, Meese and Rose, 1991; Lin and Chen, 1998; Ma and Kanas, 2000; and Coakley and Fuertes, 2001), the Exponential GARCH approach (Nelson, 1991), the SETAR approach (Kräger and Kugler, 1993), and the neural networks approach (Franses and Homelen, 1998; and Plasmans et. al., 1998), among others.

Nevertheless, after three decades of research, exchange rate theory that provides a satisfactory and empirically consistent theory of the exchange rate remains to be uncovered (p. 22, Hallwood and MacDonald, 1994). Besides, foreign exchange rates, just like any other financial instruments, are difficult to forecast with any precision and the bulk of evidence has so far been proven illusive (Berkowitz and Giorgianni, 1997; Lin and Chen, 1998). In their survey on empirical work of exchange rate, Frankel and Rose (1998) make the following remark: ‘We, like much of the profession, are doubtful of the value of further time series.’ This has motivated us to search for an alternative method to model exchange rates.

This study attempts to model exchange rates and the focus is on ability of the model to yield reliable forecast in the intermediate run. The model that we consider is a linear combination of a long-run and a short-run functions. The long-run component of the model is set to capture the relationship between any exchange rate and its fundamental variables (relative price, interest differential etc.), whereas the short-run function captures the short-run deviation of the exchange rate from its long-run course at any particular point of time. Thus, our procedure involves modelling of the long-run function followed by the short-run function. To this end, we propose the simplest form of the structural model (purchasing power parity) model to trace the long-run relationship between exchange rate and its determinant and the short-run component of the model is based on time series properties of the exchange rate behaviour. We have no intention to verify whether one fundamental model is better than the other in the current study, but intuitive by the general consensus that adding more information to our model might bring about gain in forecast accuracy, we therefore attempt to replace the PPP model by the interest rate differential (IRD) model in this respect.

The rest of this paper is organized as follows: In Section 2, we construct the proposed model. Section 3 describes the data and methodology. Results and interpretation are presented in Section 4 and finally Section 5 concludes this paper.

2. 
Derivation of the Model

The estimation of model is based on a two-step procedure. First, the long-run component of the model is considered and second the deviation of the actual observations from its long-run equilibrium path is considered to model the short-run component of the model. In this way, we belief that our forecasting model will not only trace the long-run movement of the exchange rates, but is also capable to deal with any short-run misalignment that may occur in the short-run. This strategy is also in line with the argument that exchange rates can be more volatile than the fundamentals, in our case it is the relative price.

Consider the model
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where
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that cause the short-run deviation of the exchange rate from its long-run path.

A few words about the long-run and short-run determinants are worth mentioning here. Long-run determinants always exert their forces on the movement of the exchange rate. Any variable, which exhibit long-run relationship with the exchange rate, should fall in this set of long-run determinants. On the other hand, different subsets of the short-run determinants influence the exchange rate each time so that exchange rate can deviate from its long-term course. Similar subset may be allowed to exert its force over more than one time period, consecutively or not, but no single subset is allow to exert permanent force otherwise it should be captured in the set of long-run determinants. There is no conclusive evidence on the long-run and short run determinants of exchange rate in the literature. For instance, Frankel (1979) sets the long-run determinants as the relative interest rates. Others suggest, in their monetary based model (Dornbusch, 1976; Chin dan Meese, 1995) identify the set of long-run determinants to be the money supply, income and inflation rate, however. Clark and MacDonald (1998) include interest rates, government debt ratio, term of trade, price levels and net foreign assets to model the exchange rates. Nevertheless, as our main objective is to find a parsimony model and in this case the relative price as the long-run determinant of the exchange rates. Hence, we model
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 based on the well-known purchasing power parity (PPP) hypothesis. PPP states that the price of a basket of goods should be equated across countries when evaluated in a common currency. The PPP relationship has been broadly tested and recent studies have shown that the model fits well for data in floating exchange rate era and therefore it is reasonable to derive the expected value of 
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 from it. Recent studies on the long-run determinants of real exchange rate seem to provide support for PPP. The work of Nagayasu (1998), among others, found support for a “semi-strong’ version of the long-run PPP hypothesis in a sample of 16 African countries, whereas Coakley and Fuertes (1997) provided strong support for long-run PPP in the context of G-10 plus Switzerland. Azali et al. (2001) also found evidence that PPP holds between Asian and Japan economies.
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If 
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or its equivalent
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Modelling short-run function 
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 is much more complicated as the subsets of short-run determinants may change over time. One way out of this dilemma is to think of 
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 as generated by time series mechanism, whatever the macroeconomic determinants may be. For instance, one may think of 
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 as represented by the ARIMA, ARFIMA or GARCH processes and the like. The GARCH process involves modelling the square of residuals, in our case,
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. However, McKenzie (1999) have argued that by squaring the residuals one effectively imposes a structure on the data, which potentially reduces forecasting performance of the model. In this study, we assume that it is sufficient to regard 
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with 
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< 1 if 
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 is stationary and 
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Substitute (5) into (4) and upon simplification we obtained our final model that is
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Hence it is clear that estimation of Equation (6) involves procedures in solving for 
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 and searching for optimal 
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value.  

3.
Data and Methodology


In this study we attempt to apply the model to the ASEAN currencies including Malaysia ringgit (MYR), Singapore dollar (SGD), and Thailand baht (THB) against United States dollar (USD) and Japan yen (JPY). These countries are categories under countries that have exchange rates pegged to a basket of currency or to a single currency, according to the IMF’s classification. Our sample period covers from the first quarter of the year 1980 to the fourth quarter of the year 2000 (1980:1 to 2000:4). All the bilateral exchange rates series are the end of period market rate specified as line ae in the International Monetary Fund’s International Financial Statistics (IMF/IFS), with the exception of Malaysia ringgit per US dollar (MYR/USD). For the case of MYR/USD rate, we choose the series from line aa, of the same source which is calculated on the basis of SDR rate, to avoid the problem of zero denominator that may arise during the assessment of forecast performance. 

Besides the bilateral exchange rate series, empirical data on relative price and interest differential are also utilized in this study. Relative price is constructed as the ratio of domestic price to foreign price. We use consumer price indices (CPI 1995 = 100) as the proxy of prices. Interest rate differential is computed by dividing the domestic market rate over the foreign market rate. All the data series are taken from various monthly issues of IMF/IFS. The full sample period is divided into two portions. The first sub-period that begins in 1980:1 and ends in 1997:2 is used for the model estimation purpose whereas the rest are kept for assessing the out-of-sample forecast performance of the model. Following García-Ferrer et al. (1997), our data are purposely treated in such a way that they showed a break in the trend (due to the 1997 Asian financial crisis) during the forecasting period, making the prediction exercise more difficult. With this we are actually testing the predictability of our proposed model in a more stringent manner.

To avoid spurious regression, it is important to establish that our time series data is stationary before econometric modelling is attempted. Unit root tests are normally used for this purpose. We tested all series for stationarity and order of integration by the commonly employed Augmented Dickey Fuller (ADF) and also non-parametric Philips-Perron (PP) unit root tests. If the time series contain a unit root and are integrated of the same order, we may proceed to investigate whether these nonstationary time series establish long-run relationship. To this end we utilise the Johansen and Juselius (1990) cointegration multivariate test. The results of unit root test are summarized in Table 1.

The results of the unit root test overwhelmingly suggest that all the series are first difference stationary, that is I(1), with one exception. The interest differential of Singapore against Japan is found to be stationary in its level and hence is I(0). Since exchange rates and relative price exhibit the same order of integration, we proceed to investigate whether the pairwise exchange rate and relative price variables are cointegrated. Berkowitz and Wickham (1997) showed that if spot exchange rates were independent of  economic  fundamentals, then 

long-horizon regressions behaved like spurious regressions. Hence, performing cointegration tests are crucial prior to our model estimation. The Johansen and Juselius cointegration test results are tabulated in Table 2. Table 2 suggests that all the exchange rates (except THB/USD) in this study are cointegrated with their corresponding relative prices, at least at 5% significance level and thus long-run relationship between them exists. Hence the cointegration test results are consistent with the PPP hypothesis at least for the MYR/USD, SGD/USD, MYR/JPY, THB/JPY and SGD/JPY rates. Hence, the outcome of the tests allows us to proxy the long-run component of our forecasting model by using the well-established PPP hypothesis for these five rates. 

Table 1

Unit Root Tests Results

	Countries
	Intercept Without Trend
	Intercept With Trend

	
	X
	∆X
	P
	∆P
	I
	∆I
	X
	∆X
	P
	∆P
	I
	∆I

	Augmented Dickey – Fuller Test

	Malaysia – US
	–0.658
	–5.079*
	–1.445
	–5.170*
	–2.001
	–3.923*
	–2.763
	–5.088*
	–0.780
	–5.434*
	–1.980
	–4.043*

	Thailand – US
	–0.562
	–5.377*
	–0.479
	–3.866*
	–2.131
	–4.801*
	–1.691
	–5.377*
	–1.482
	–3.971*
	–2.782
	–4.802*

	Singapore – US
	–1.000
	–5.114*
	–2.492
	–6.148*
	–3.104#
	–4.768*
	–0.544
	–5.131*
	–1.729
	–6.583*
	–3.142
	–4.738*

	Malaysia – Japan
	–0.362
	–4.958*
	  1.989
	–5.537*
	–2.148
	–4.815*
	–2.696
	–4.953*
	–0.040
	–6.260*
	–2.802
	–4.657*

	Thailand – Japan
	  0.179
	–6.336*
	  1.237
	–3.541*
	–1.758
	–5.566*
	–2.489
	–6.482*
	–0.985
	–3.920*
	–2.494
	–5.533*

	Singapore – Japan
	–0.211
	–3.712*
	  0.054
	–5.551*
	–3.633#
	–3.076*
	–0.575
	–3.989*
	–1.172
	–5.744*
	–4.066#
	–2.721

	Philips – Perron Test

	Malaysia – US
	–0.661
	–10.70*
	–1.948
	–10.83*
	–2.448
	–7.097*
	–2.973
	–10.09*
	–1.152
	–11.19*
	–2.251
	–7.106*

	Thailand – US
	–0.731
	–9.827*
	–0.414
	–7.479*
	–2.084
	–7.227*
	–2.161
	–9.828*
	–1.351
	–7.572*
	–2.354
	–7.171*

	Singapore – US
	–1.370
	–9.930*
	–3.626#
	–8.823*
	–3.072#
	–6.957*
	–0.987
	–9.930*
	–1.817
	–9.906*
	–3.117
	–6.903*

	Malaysia – Japan
	–0.528
	–8.653*
	  3.726
	–11.67*
	–2.998
	–11.54*
	–2.987
	–8.653*
	  0.233
	–12.86*
	–3.726#
	–11.44*

	Thailand – Japan
	–0.576
	–11.10*
	–1.360
	–9.811*
	–1.787
	–7.014*
	–3.107
	–11.10*
	–0.757
	–10.13*
	–2.541
	–6.948*

	Singapore – Japan
	  0.240
	–5.811*
	  0.991
	–11.18*
	–3.439#
	–10.79*
	–0.832
	–5.811*
	–0.842
	–11.43*
	–4.042#
	–10.70*


Notes:
X, P and I denote exchange rate, relative price and interest differential respectively. Variable with ∆ in front mean its first difference.

Optimum lag length is automatically given by Eviews based on Newey and West (1987).

Critical values are given by McKinnon (1991). Test-statistics with *  and # denote reject null hypothesis of unit-root at 1% and 5% level respectively.

Table 2

Cointegration Test Results

	Pairwise Variables
	Exchange Rate and

Relative Price
	Exchange Rate, Relative Price and

Interest Differentiala

	Countries
	Lagc
	Likelihood Ratiob
	Lagc
	Likelihood Ratiob

	
	
	r = 0
	r ≤ 1
	
	r = 0
	r ≤ 1
	r ≤ 2

	Based Country: United States
	

	Malaysia
	8
	  21.646#
	8.189
	6
	   33.576#
	   11.412
	1.363

	Thailand
	10
	  12.573#
	4.765
	3
	   28.346
	   13.435
	4.066

	Singapore
	12
	  38.982*
	8.871
	2
	   33.610#
	   10.058
	0.568

	Based Country: Japan
	

	Malaysia
	10
	  24.369#
	5 061
	12
	   89.299*
	   21.391*
	1.359

	Thailand
	11
	  23.884#
	9.080
	12
	   36.579*
	   13.122
	2.106

	Singapore
	12
	  24.559#
	2.817
	--
	--
	--
	--

	Critical Values
	

	5% 
	19.90
	  9.24
	
	29.68
	15.41
	3.76

	1% 
	24.60
	12.97
	
	36.65
	20.04
	6.65


Note: 
aFor SGD/JPY, the three variables are not integrated of the same order, hence cointegration does not exists by definition.

b  r denotes the hypothesized number of cointegrating equation.

c Optimum lag-length is determined by the AIC statistics.   

* and # denote rejection of hypothesis at 1% and 5% significance level respectively. 

Similarly, the pairwise bilateral exchange rate, relative price and interest differential variables for all cases except SGD/JPY are tested for cointegration. Johensen and Juselius cointegration test results are also summarized in Table 2. As shown in Table 2, there is no evidence of cointegration between the pairwise data series for Thai baht against US dollar. On the other hand, there exists at least one cointegrating vector in the rest of the exchange rates, at 5% significance level. Thus, we also estimate the long-run component of MYR/USD, SGD/USD, MYR/JPY and THB/JPY rates by using the IRD model.

Next, we proceed with the forecasting model as described in Equation (6), two steps are involved. In step one, we firstly estimate the PPP model by regressing the exchange rate (
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In step two, we estimate the function 
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 as suggested in Equation (5). In this study, we could employ computer search algorithm to look for optimum 
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 such that the in-sample forecasting error is the minimum with respect to the selected criteria, such as the commonly used MD, MAD, RMSE, RMPSE, MAPE and Theils’ U. We chose to minimise the MAPE of the in-sample forecasts as we found that it is more reliable in the sense that the selected optimum 
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 for the in-sample period is a better estimator for the optimum 
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 value of the out-of-sample period (results not shown but are available upon request). 

The optimum model is then subjected to a battery of diagnostic test. We diagnose our models in two aspects, namely the forecast efficiency of the model and the stationarity of the residuals, 
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. If the model is capable of capturing the long-run and short-run movements of the actual exchange rate behaviour, the residuals must a random errors and thus stationary. Besides that, since model incorporating the time series data is generally perceived as contaminated with autocorrelation problem, we also check to see the residual terms are free from autocorrelation problem using the standard Durbin-Watson (d) and Lagrange Multiplier autocorrelation tests.

Upon passing the diagnostic tests, the model could be used as forecasting model.  Otherwise, the diagnostic tests procedure has to be repeated with the next optimum model. The flow of the whole process can be summarized as follows: 

Step One: (1) Regress sample exchange rate, 
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Step Two: (1) Search for optimum 
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 with respect to selected criteria;  (2) Diagnostic tests on residuals and efficiency of model; and (3) Forecasting.

In order to forecast 
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 is also not available, the fastest way of obtaining reliable estimator for it is to do forecasting using the ARIMA methodology. The reason why we chose not to forecast 
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 directly using the ARIMA methodology is that although this method could provide excellence forecasts (see for examples, Montogomery et. al., 1990; Mad Nasir, 1992; Fatimah and Gaffar, 1987; Lupoletti and Webb, 1986 and Litterman, 1986), it is not capable of outperforming the simple naïve model of the ASEAN countries’ exchange rates; see Baharumshah and Liew (2000). 

The performance of our forecasting models over the forecast horizon of n =1, then n = 2 and so forth until n =14 quarters are evaluated by taking the naïve models of predicting no change as the benchmark. The criteria involved are Mean Square Forecast Error (MSE) and Mean Square Percentage Error (MSPE) and Mean Absolute Percentage Error (MAPE) ratios of the two competing models, with the appropriate error criterion of the naïve model as denominator. If the ratio is greater than one, it implies the naïve model is better. If the ratio is less than one, it means the forecasting model has defeated the naïve model and the researchers’ effort is at least paid-off. It is worth to note that the closer the ratio to zero, the more excellence is the forecasting model.  In contrast with most other similar studies, which rally consider the formal statistical significance of their ratio ratios, we quote the statistical significance of the MSE ratio in our current study. This is done through computing one of Meese and Rogoff  (1988) formal test statistics (denoted by MR for our latter reference) for finite sample as 
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where 
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, i = 1, 2 is the jth  forecast error of model i; and n is the number of forecasts.

Following Wu and Chen (2001) we also apply Fisher’s sign test (FS) in this study. FS test compares the forecast accuracy of two competing models term by term on the basis of loss differential, whereby the accuracy criterion could be MSE, MSPE, MAPE or the like. The Fisher’s sign test is the total number of negative lost differential (
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) observations in a sample size n. Under the null hypothesis of “equal accuracy of two competing forecasts”, FS has a binomial distribution with parameter n and 0.5. The significance of test is assessed using a table of the cumulative binomial distribution.


In this study we also estimate our model by using the same procedure as described above but different long-run fundamental model that is the interest rate differential (IRD) model. This is achieved by adding the interest rate differential series to the original relative price series as explanatory variable, hoping that additional information would further improve over our proposed model. The results and interpretation of this study is contained in the next section.

4. Results and Interpretation
The estimated PPP model and its adapted form are summarized in Table 3. As expected, PPP model only managed to capture the long-run movement of the actual exchange rate, but the adapted model has been adapted or trained to trace the short-run deviation of the actual exchange rate from its the long-run course (see Figure 1). The R2 values in Table 3 suggests that relative price, 
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 could account for 58.52%, 67.80%, 45.05% and 68.35% of the variation in MYR/USD, SGD/USD, MYR/JPY and THB/JPY rates respectively. For these four PPP models, the associated adapted models have been estimated and selected by the minimum MAPE criterion. Note that the R2 value of 17.96 for SGDJPY rate is unacceptably low and so we do not attempt to adapt it in this study. All the adapted models are subjected to diagnostic tests. However, we found that (results not shown but available upon request) the optimum model selected through this criterion (and in fact, other criteria like RMSE and Theils’ U) does not necessary pass through the diagnostic tests. We therefore choose the next best possible model that passes the diagnostic tests as the forecasting model. 

Table 3

Estimated Models 

	Exchange Rates
	Estimated Coefficientsa
	R2

Values
	Optimal α

Valuesb

	
	Intercept
	Relative Price
	Interest Differential
	
	

	PPP Modelc

	MYR/USD
	12.283 (13.54)*
	–8.881 (–9.94)*
	--
	0.585
	0.929

	SGD/USD
	–0.529 (–2.62)#
	  2.177 (11.96)*
	--
	0.678
	0.900

	MYR/JPY
	–0.010 (–3.12)*
	  0.028 (7.467)*
	--
	0.451
	0.935

	THB/JPY
	–0.178 (–6.14)*
	  0.448 (12.12)*
	--
	0.684
	0.940

	SGD/JPY
	  0.020 (  6.97)*
	–0.011 (3.564)*
	--
	0.180
	--

	IRD Model

	MYR/USD
	12.030 (11.17)*
	–8.669 ( 8.51)*
	  0.038 (  0.44)
	0.352
	0.929

	SGD/USD
	–1.468 (–5.52)*
	  3.113 (13.24)*
	–0.048 (–0.40)
	0.755
	0.900

	MYR/JPY
	–0.029 (–5.55)*
	  0.054 ( 8.38)*
	–0.001 (–4.66)*
	0.549
	0.995

	THB/JPY
	–0.295 (–6.69)*
	  0.659 ( 9.12)*
	–0.022 (–3.35)*
	0.729
	0.700


Notes:
a t–statistics are given in parenthesis. * and # stand for significantly different from zero at 1% and 5% level respectively.

b The adapted model is of the form
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) predicted by the adapted model and PPP Model or IRD Model respectively, and the optimal α value for each adapted model is obtained by a computer search algorithm. 


c Estimated PPP Model for SGD/JPY has very low R2 value and hence we do not attempt to adapt it.

The diagnostic tests of the adapted models’ (as reported in Table 3) results are depicted in Table 4. As we are also interested in assessing the gain in adapting the original PPP model, we diagnose the PPP models and the results are reported in the same table.

Figure 1

 Graphs of In-sample Forecasts


[image: image102.wmf]FIGURE 1A: MYR/USD RATE AND THE IN-SAMPLE FORECASTS (1980:1 TO 1997:2)

2.25

3.25

4.25

ACTUAL VALUES

PPP MODEL

ADAPTED MODEL
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[image: image105.wmf]FIGURE 1D: THB/JPY RATE AND THE IN-SAMPLE FORECASTS (1980:1 TO 1997:2)
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Table 4

Diagnostic Test for PPP Model and the Adapted Form

	PPP Model
	Adapted PPP Model

	1. MYR/USD
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 with the former from the PPP model and the latter from the adapted model. The standard error for each estimated coefficient is given in parenthesis. The Wald tests for the null hypotheses of strong (
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statistic (chi-squared distributed) is 21.03.

From Table 4, we can compare the PPP model and the adapted model on the basis of well-known simple efficiency market (SEM) hypothesis; see, for example, Lin and Chen (1998). In our case, if the model is efficiency, the model will give unbiased predictor of the exchange rate. McKenzie (1999) employed the same test to evaluate the forecasting efficiency of models. It appears from the Wald test results that the PPP model is a strong efficient model for the exchange rate. This is because for each exchange rate the constant term (
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) is not significantly different from zero and the coefficient of the estimator (
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) is not significantly differently from one at 5% level as suggested by the Wald (
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) statistic. Meanwhile, the adapted model is also a strong efficient model at 5% significance level. The in-sample forecasts of the PPP model and adapted model for the four exchange rate series are plotted in Figure1. It is obvious from this figure that while the PPP model predicts the long-run movement, the adapted PPP model follows the exchange rate behaviour closely.

From the aspect of residuals, the PPP model is contaminated with autocorrelation problem (positively correlated) as it has low Durbin-Watson d statistic. In our study, we have 70 in-sample observations and hence the actual decision region for the Durbin-Watson autocorrelation test of no autocorrelation in our model is 1.485≤ d ≤2.571, at 1% significance level. This finding is superimposed by the large values of Lagrange Multiplier statistics, which indicate that there exists serial correlation up to 12 lag-length. All adapted models are obviously free from autocorrelation problem on the basis of Durbin-Watson and Lagrange Multiplier tests. Another point worth mentioning is that the PPP model is found to exhibit nonstationary residuals [
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~I(0)]. As the earlier part of this study, stationary test is performed using the ADF and PP unit root tests. The residuals diagnostic tests suggest that the by adapting the PPP model, we can implicitly get rid of autocorrelation and nonstationary problems of the residuals. This is not surprising since we have indirectly introduced the lagged value of the exchange rate as explanatory variable during the second step of our modelling process; see Equation (6). This is one of the merits of adapting the PPP model.

From Table 4, the R2 values between the actual observations and the PPP model predicted values are 79.30%, 75.23%, 42.33% and 66.44% for MYR/USD, SGD/USD, MYR/JPY and THB/JPY respectively. In the case of adapted model, the R2 values, in the same order, are 93.17%, 97.10%, 90.50% and 95.33%. Bearing in mind that the R2 values of the former case should be interpreted with care due to the autocorrelation problem (otherwise the R2 values would be smaller; see p. 411, Gujarati, 1995), it is still valid to say that the adapted model has improved dramatically the explanatory power of just the original PPP model. This might be the most attractive beauty of our proposed adapted model. 

This improvement as mentioned above is also revealed in the FS test. Table 5 shows the results of comparing the in-sample forecast performances of the two models term by term using the FS test. We use MSE, MSPE and MAPE to measure the performance. However only the results first criterion values are reported as the other two criteria show indifferent outcome. It appears that adapting the PPP model would increase the total loss differentials from 15, 9, 7 and 10 to 32, 24, 24 and 33 out of a total of 65 forecasts for MYR/USD, SGD/USD, MYR/JPY and THB/JPY correspondingly. This implies that the adapted model is at least twice as good as the original PPP model. Such an improvement is realised not only in the in-sample forecasts but also out-of-sample forecasts. Out-of-sample forecasts will be discussed in greater detail shortly.

Table 5

Forecasting Performance of PPP Models and Adapted PPP Models by Fisher’s Sign (FS) Testa
	PPP Model Vs. Random Walkb
	
	Adapted PPP Model Vs. Random Walkc

	MYR/USD
	SGD/USD
	MYR/JPY
	THB/JPY
	
	MYR/USD
	SGD/USD
	MYR/JPY
	THB/JPY

	

	In-sample (Forecast Horizon = 65 Quarters)

	15 (0.000)
	9 (0.000)
	7 (0.000)
	10 (0.000)
	
	32 (0.098)
	24 (0.011)
	24 (0.010)
	33 (0.098)

	

	Out-of-sample (Forecast Horizon = 14 Quarters)

	0 (0.000)
	3 (0.022)
	4 (0.061)
	5 (0.122)
	
	8 (0.183)
	10 (0.061)
	8 (0.183)
	6 (0.183)


Notes:
a Total numbers of negative lost differential is reported with marginal significance value (msv) given in parenthesis. The null hypothesis of FS test is 2 forecasting models have equal accuracy.

b Lost differential = 
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Exchange rate misalignment due to macroeconomic fundamentals has been regarded as a major factor in the currency crisis and a number of empirical studies have led to the conclusion that overvaluation is a statistically significant key factor of financial crisis; see Kaminsky and Reinhart (1999) and Goldfajn and Valdes (1999), among others. Assuming the adapted PPP model gives the equilibrium exchange rate, we utilize our adapted model to evaluate the position of observed exchange rate for a period of 8 quarters just before the outbreak of the 1997 Asian Financial Crisis. This task is accomplished by calculating the mean deviation (MD) of the observed rate from its equilibrium position, in which a negative value of MD by definition implies overvaluation and a positive value means otherwise. Meanwhile, MD=0 means no deviation and the observed rate is effectively in equilibrium. Mean percentage error (MPE) is also computed so that the over or undervaluation of exchange rate could be compare across currencies. Interpretation of the sign of MPE is similar to that of MD. Fisher’s sign (FS) test is included to test the statistical significance of the evaluation results. These test results are summarised in Table 6.

It is obvious from Table 6 that both the MD and MPE values are all negative for the four exchange rates. This suggests that all four exchange rates were overvalued prior the crisis. This finding is consistent with the prominent view that the 1997 Asian Financial Crisis was due to exchange rate overvaluation. Furthermore, the MPE values reveal that THB/JPY (–7.6889%) is the most overvalued rate, followed by MYR/JPY (–4.9811%), SGD/USD (–0.6966%) and MYR/USD (–0.1348%). We believe this most overvalued situation has caused Thai baht to be the first currency susceptible to market correction process in term of crisis. FS values show that overvaluation is statistically significance at 5% level in the yen-based currencies (MYR and THB) but dollar-based currencies (MYR and SGD), however.

In a nutshell, even though not all overvaluation are statistically significant, our adapted PPP model is supportive of the prominent explanation that the Asian Financial Crisis was due to overvaluation of currencies in this region.

Table 6

Evaluation of the Position of Exchange Rates before Asian Crisis

	For 8 Quarterly Forecasted Values

	CRITERIA
	MYR/USD
	SGD/USD
	MYR/JPY
	THB/JPY

	MDa
	–0.0079
	–0.0097
	–0.0008
	–0.0177

	MPEb
	–0.1348
	–0.6966
	–4.9811
	–7.6889

	FSc
	5 (0.2188)
	5(0.2188)
	7 (0.0313)
	7 (0.0313)


 Notes: 
a MD = Mean deviation. Negative value implies overvaluation is detected.

b MPE = Mean percentage error. Negative value implies overvaluation is detected.

c FS = Fisher’s sign test. Total numbers of overvaluation is reported with marginal significance value (msv) given in parenthesis. The null hypothesis of FS test is the exchange rate is in equilibrium before crisis.

The estimated IRD models together with their adapted versions are tabulated in Table 3, whereas related diagnostic tests results are reported in Table 7. The Wald (
[image: image184.wmf]2

2

c

) statistics in Table 7 suggests that both models are strongly efficient in predicting the exchange rates behaviour, since 
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 are not significantly different from zero and one respectively for each model. Similar to the PPP models, the IRD models are found contaminated with autocorrelation problem as shown by the Durbin-Watson and Lagrange Multiplier tests results.  This autocorrelation problem disappears in the adapted IRD models as expected.  Note that the R2 values of the adapted IRD models are generally lower than the corresponding adapted PPP models (Table 3). This is a surprising result since the adapted IRD models have lower explanatory power despite of having extra information.

The adapted PPP and IRD models are used to generate the forecasted values of the exchange rate in the out-of-sample period. The out-of-sample performance of our forecasting models, as compared to the random walk model, is determined on the basis of MSE, MSPE and MAPE ratios. Our results suggest that there is little gain in discriminating between the three criteria, thus we report the MSE in order to conserve space (results on the other two ratios are available upon request). In Table 8, we compare the MSE of our estimated models with the MSE of the random walk model.


For the adapted PPP model, all the MSE ratios are found to be less than unity (Table 8A). This implies that all the forecasting models estimated based on the adapted PPP model outperformed the random walk, for the entire forecast horizon ranging from one to fourteen quarters. In particular, the forecasting models for SGD/USD and THB/JPY rates statistically outperforms the random walk model at 1% significance level regardless we are comparing on the basis of one forecast value, two forecast values or more. Meanwhile, the ratio for the MYR/USD and MYR/JPY rates are statistically significance at 10% or better up to at least 6 quarters. It is interesting to note that our forecasting models have defeated the competing random walk model, even in the presence of more stringent forecasting period. 

Table 7

Diagnostic Test for IRD Model and the Adapted Form

	IRD Model
	Adapted IRD Model

	1. MYR/USD
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	3. MYR/JPY
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Table 8

Out-of-sample forecasting performances of the adapted PPP and IRD models as measured by MSE ratio

	nc
	(A) Adapted PPP Model Vs Random Walka
	(B) Adapted IRD Model Vs Random Walka
	(C) Adapted PPP Model Vs Adapted IRD Modelb

	
	MYR/USD
	SGD/USD
	MYR/USD
	THB/JPY
	MYR/JPY
	THB/JPY
	MYR/JPY
	THB/JPY
	MYR/USD
	SGD/USD
	MYR/JPY
	THB/JPY

	1
	0.878***
	0.709***
	0.799***
	0.246***
	0.890***
	0.761***
	0.962
	0.451***
	0.986***
	0.932**
	0.831***
	0.546***

	2
	0.982**
	0.872***
	0.861***
	0.456***
	0.987***
	0.924***
	1.022**
	0.541***
	0.996***
	0.944***
	0.842***
	0.844***

	3
	0.935***
	0.863***
	0.890***
	0.708***
	0.939***
	0.899***
	1.026
	0.609***
	0.996***
	0.959
	0.868***
	1.163***

	4
	0.974
	0.895***
	0.887**
	0.711***
	0.977
	0.957***
	1.017
	0.629***
	0.997***
	0.958
	0.873***
	1.131***

	5
	0.955**
	0.890***
	0.912**
	0.729***
	0.958**
	0.928**
	1.023
	0.650***
	0.997***
	0.959
	0.892***
	1.121***

	6
	0.966**
	0.887***
	0.913
	0.714***
	0.968*
	0.924*
	1.005
	0.624***
	0.997***
	0.959
	0.909*
	1.144***

	7
	0.957***
	0.895***
	0.914
	0.723***
	0.960*
	0.932*
	1.006
	0.635***
	0.997***
	0.960
	0.909
	1.140***

	8
	0.955***
	0.898***
	0.913
	0.728***
	0.958**
	0.936
	1.005
	0.678***
	0.997***
	0.959
	0.909
	1.089***

	9
	0.967
	0.895***
	0.915
	0.754***
	0.970**
	0.933
	0.999
	0.670***
	0.997***
	0.960
	0.916
	1.125***

	10
	0.967
	0.895***
	0.915
	0.764***
	0.969
	0.933
	0.997
	0.664***
	0.997***
	0.960
	0.918
	1.150***

	11
	0.964
	0.895***
	0.916
	0.770***
	0.966
	0.931
	0.997
	0.668***
	0.997***
	0.961
	0.919
	1.153***

	12
	0.964*
	0.895***
	0.916
	0.767***
	0.966
	0.929
	0.997
	0.669***
	0.997***
	0.964
	0.919
	1.145***

	13
	0.959*
	0.895***
	0.916
	0.763***
	0.961
	0.928
	0.997
	0.669***
	0.997***
	0.965
	0.919
	1.141***

	14
	0.961
	0.895***
	0.948
	0.948***
	0.963
	0.928
	0.995
	0.665***
	0.997***
	0.965
	0.953
	1.169***


Notes:
a MSE ratio = MSE of estimated model ÷ MSE of random walk model. 

b MSE ratio = MSE of Adapted PPP model ÷ MSE of Adapted IRD model. 

            
c n denotes number of quarters forecasted.

*, ** and *** denotes statistically significant at 10%, 5% and 1% level as suggested by Meese-Rogoff (MR) statistics .

Turning to the adapted IRD model, all the MSE ratios for the MYR/USD (significant up to 9 quarters), SGD/USD (significant up to 7 quarters) and THB/JPY (significant for all 14 quarters) rates are less than one (Table 8B). Hence, the adapted IRD model could also outperformed the random walk for these three rates. The ratio for MYR/JPY rate shows mixed result but the MR statistics suggests that adapted IRD is only comparable with the random walk with a minor exception that the former is significantly beaten.

The forecast accuracy of the adapted PPP and IRD models are compared and the results are also depicted in Table 8C. The adapted PPP models have smaller MSPE values as compared to the adapted IRD models and hence both the ratios are smaller than one in the MYR/USD, SGD/USD and MYR/JPY rates across all forecasting horizons. Statistically, adapted PPP model is better than the adapted IRD up to all the 14 quarters in MYR/USD, 2 quarters in SGD/USD and 6 quarters in MYR/JPY. However, the adapted PPP model is statistically better than the adapted IRD model only up to 2 quarters and for the rest of the forecasting horizon, the latter is statistically better. Generally, these results suggest that the adapted IRD model, which is incorporated with more information, does not improve over the adapted PPP model. Thus we have shown that the simple PPP model can adequately represent the long-run function of the exchange rate series in our proposed model. 

5. Conclusion


In this study, we proposed an alternative procedure to model exchange rates model. Specifically the model is a linear combination of a long-run function and a short-run function. We exploit the long-run information in estimating the exchange rates model from a simple but well-known PPP theories, whereas the time series properties of the short-run or temporary deviations from equilibrium is incorporated in our procedure. Our forecasting models are purposely allowed to forecast in the post 1997 crisis period, to make the task much more difficult. Our empirical results based on the bilateral exchange rates of Malaysia, Singapore and Thailand over the sample period of 1980:1 to 2000:4 suggest that our procedure has improved dramatically the explanatory power of the original PPP model. In addition, we find that the adapted model can implicitly get rid of the autocorrelation and nonstationary problems of the PPP model’s residuals. Further more, the out-of-sample performance of our forecasting model is found to be better than the random walk. What is more interesting is that even though we impose a much more stringent forecasting period, our adapted PPP model still could outperform the rally-beaten naïve model, for all the forecast horizons ranging from one to fourteen quarters. Giddy and Duffey (1975) noted that successful currency forecasting is premised on the satisfaction of at least one of the following criteria: (a) has used a superior forecasting model; (b) has consistent access to information; (c) is able to exploit small, temporary deviations from equilibrium; and (d) can predict the nature of government intervention in the foreign exchange market.


Thus, based on our empirical findings, we belief that our proposed procedure is capable of producing model that the first three of the above criteria. Specifically, in addition to the ability to access the long-run information from macroeconomic theory, our procedure is able to exploit small, temporary deviations from equilibrium and thereby yield a forecasting model superior to the naïve model. A reasonable conclusion that can be drawn from here is that the result of this study provides us with some hope of achieving a reasonable forecast for the ASEAN currencies. We have attempt to utilised additional information in our model by incorporating the interest rate differential in the long-run function. However, viewing from explanatory power and forecast accuracy in general, the marginal gain is negligible. Thus we maintain our proposed simple model as an excellence forecasting model.


Our procedure could be established to deal with other long-run determinants of exchange rates, besides the relative prices. Further research on modelling the short-run deviation function is also recommended. Our work could also be extended to utilise the procedure of this paper to other financial market instruments. 
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FIGURE B:  SIN/USD RATE AND THE IN-SAMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE C: MYR/JPY RATE AND THE IN-SIMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE A: MYR/USD RATE AND THE IN-SAMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE 1D: THB/JPY RATE AND THE IN-SAMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE B:  SIN/USD RATE AND THE IN-SAMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE C: MYR/JPY RATE AND THE IN-SIMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE D: THB/JPY RATE AND THE IN-SAMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE B:  SIN/USD RATE AND THE IN-SAMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE C: MYR/JPY RATE AND THE IN-SIMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE B:  SIN/USD RATE AND THE IN-SAMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE C: MYR/JPY RATE AND THE IN-SIMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE A: MYR/USD RATE AND THE IN-SAMPLE FORECASTS (1980:1 TO 1997:2)
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FIGURE 1D: THB/JPY RATE AND THE IN-SAMPLE FORECASTS (1980:1 TO 1997:2)
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