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ABSTRACT

This paper investigates the implication of cointegration for foreign exchange market efficiency
using both quarterly and monthly data. By using the En gle-Granger representation theorem, it can
be shown that if two spot rates are cointegrated, then at least one may be used to predict the other.
In other words, the spot rate does not embody all available information and hence is inconsistent
with the weak form efficient market hypothesis. The results of our findings are consistent with the
proposition that the Malaysian spot exchange rate market is weakly efficient at least in the long-

run for the major currencies considered in the analysis .

INTRODUCTION

Malaysia’s market for foreign exchange has developed rapidly since the implementation of the
floating exchange rate in 1973. Prior to this period the exchange rate was pegged to the Pound
Sterling. The rapid development in the market was due to factors such as liberalisation of ex-
change controls, inflow of foreign investments, improvement in communication facilities and
exchange market operations, and the licensing of more foreign exchange brokers. Bank Negara
Malaysia in their report in 1993 showed that the monthly average currency transactions increased
from RM450 million in 1973 to more than RM37 billion in 1993. A forward exchange market
covering transactions of various maturities also emerged for banks and customers to hedge against
the exchange rate risk as volatility in the currency market increased in the early 1980’s. Although
most of the dealings in Malaysian foreign exchange are still spot transactions, the growth of the

forward market has been quite spectacular in recent years.

There are two types of foreign exchange markets, namely the inter-bank market and customer-

based market. Inter-bank market deals in transactions of the commercial banks either directly
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and Management, Universiti Pertanian Malaysia, We are grateful for the helpful comments made
by the referees on the earlier version of this paper. Any remaining errors are the authors' respon-
sibiliry.



2 Capital Markets Review Vol. 4 No. 1, 1996

among themselves or through brokerage firms. The inter-bank market has developed from the
purchasing and selling of currencies for ringgit to more sophisticated cross-rate arbitrage transac-
tions, where the U.S. dollar could be purchased and sold for other currencies in addition to the
ringgit. The customer-based market, however, involves dealings between commercial banks and
their customers for transactions involving payments and receipts from trade, investment and serv-

ices.

The currency transactions can be either in spot or forward, with the forward market still at its
infancy stage as it was started in the late 1980s. The market is regulated by Bank Negara Malaysia
under the Exchange Control Act of 1953. Under the Act only commercial banks (including Bank
Islam) are allowed in exchange dealings. Apart from these banks, some 40 finance companies and
about 459 licensed money-changers are allowed to operate in market (Bank Negara Malaysia,
1994). The major function of the central bank is to ensure that the market is not over exposed to

risk, by monitoring the activities of the money and foreign exchange markets.

A summary of foreign exchange earnings from 1988 to 1992 by major commercial banks in Ma-
laysia is given in Table 1. As shown in Table 1, domestic banks earned about 20% of “other
income” or more than 2% of interest income in the form of foreign exchange earnings in 1992. In
general the earnings have increased over the period. For example, the contribution of foreign
exchange earning to Ban Hin Lee Bank increased from 6.74% in 1988 to 21.39% in 1992 (See
Table 1). It is also obvious from Table 1 that foreign banks earned a higher percentage of foreign
exchange earnings against other income as well as interest income compared to the local banks.
Two reasons may be provided for this phenomena. First, foreign banks are not allowed to establish
branches in the country, and as such their business operations are rather limited. The foreign
exchange operations provide a profitable off-balance-sheet activity for these banks. Second, for-
eign banks are better equipped with sophisticated telecommunication technology, and their asso-
ciation with their respective parent companies enable them to be more informed about current

development in the international capital markets.

The primary purpose of this paper is to test the efficienct market hypothesis (EMH) in the foreign
exchange market. In particular, we intend to investigate if commercial banks in Malaysia can use
some simple “trading rules” to make abnormal profits in the spot market in the long-run. In other

words, we intend to show if it is possible to profit by trading across currencies, exploiting the
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movements in one exchange rate to predict the movements of the other exchange rates. We em-
ployed the tests of cointegration to examine the EMH. Specifically, the two-step procedure sug-
gested by Engle and Granger (1987) is used in our analysis. The approach has several interesting
features. First, it exploits the non-stationarity properties of economic variables: in the case of
EMH, they are the spot rates. Second, the approach is most useful when examining long-run
relationships implied by economic theory. Recently, similar approach has been used by MacDonald
and Taylor (1989), Coleman (1990), Copeland (1991) and Tronzano (1992) to test for efficiency

in currency markets.

This empirical work is important for at least two reasons. First, most of the literature on integra-
tion of financial markets and on the behaviour of foreign exchanges has focused on the experi-
ences of developed economies. Very few studies on the efficiency of the developing markets have
been undertaken” . It is unclear if the results obtained for the developed countries could be gener-
alised for the markets of developing countries where the volume of transactions is relatively small
compared to transactions in the major markets, and intervention by the central bank is not uncom-
mon. Second, the results obtained from this study can be useful to policy-makers. In particular
when asset and commodity markets are efficient (that is, their prices reflect the relevant informa-
tion), economic agents who make decisions on the basis of observed prices will ensure an efficient
allocation of resources. Thus price in this case is a sufficient statistic for decision making (see

Levich 1989).

LITERATURE REVIEW

The behaviour of exchange rates has long been researched by economists. Focus has been on the
issue of whether past exchange rate movements can be used to make meaningful predictions of the
future spot rates. Examples of some of the more recent investigations include those by Alexander
and Johnson (1992), Baillie and Bollerslev (1989), Tronzano (1992), Lajaunie and Naka (1992),
Copeland (1991), Coleman (1990) and Karfakis and Parikh (1994), among others. While all these

studies were based on cointegration theory, the results obtained were mixed.

Alexander and Johnson (1992) found that currencies like the Pound Sterling, the French Franc,

? Examples of studies that have been undertaken to examine the exchange markets of developing
countries include de Macedo (1979) and Blejer and Khan (1980).
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the Deutsche Mark, Swiss Franc and the Japanese Yen are inefficient, that is, the movement in one
of these currencies may be used to predict the other. By using Johansen (1988) maximum likeli-
hood procedure on daily data, Baillie and Bollerslev (1989) concluded that spot rates shared a
common stochastic trend and were, therefore, linked together by an underlying long-run relation-

ship.

Levich (1989) in his article points out that efficiency depends on the availability of information. If
larger banks (or other financial institutions) have access to more recent information then they can
consistently earn larger profits. He also argued that intervention by the Central Bank will only
result in market inefficiency. Speculators may use some trading rules in regulated markets to earn
abnormal profits. However, we will explain later that under certain conditions this may not neces-

sarily be true.

By contrast, Tronzano (1992) found that the market for these currencies is efficient, implying that
market information is efficiently disseminated and there exist no opportunities for speculators to
systematically make abnormal profits in the spot market by using rules or price relationship. Lajaunie
and Naka (1992) using both the bivariate and multivariate models showed that the Tokyo spot
market is consistent with the EMH. The four currencies are the Japanese Yen, Duetsche Mark, the

British Pound and the Canadian Dollar, all in terms of the US Dollar” .

Copeland (1991) tested five daily spot exchange rates for consistency with EMH. In the paper he
provides two important reasons for preferring to use spot over forward rates to test for EMH. First,
new information is readily incorporated in the spot market. Second, the spot rate is not obscured
by the existence of time yarying risk premium. The test results which are based on Johansen’s
(1988) method support the absence of cointegration between all pairs of spot rate and hence is
consistent with the hypothesis that spot rates are determined in a weakly efficient market. Karfakis
and Parikh (1994) also applied the multivariate VAR framework to the Australian foreign ex-
change market. Their results rejected the non-cointegration between the Australian dollar and the

other leading currencies.

3 The test procedures developed by Phillips and Ouliaris (1990), Johansen and Juselius ( 1990)
and Johansen (1991 ) were used in this study.
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COINTEGRATION AND MARKET EFFICIENCY

The fundamental theoretical aspects of efficient capital markets have been discussed in the well
known work by Fama (1970). The essence of the efficiency hypothesis is that in an efficient
market, the price of an asset should reflect all available information so that no simple trading rule
may be used to earn abnormal profits. Subsequent studies have explored the efficiency hypothesis
for different auction markets (spot and forward foreign exchange market; treasury bill market
etc.). The test for foreign exchange efficiency which we proposed is based on an application of
cointegration theory which is useful for examining long-run relationship between economic vari-

ables.

One important implication of cointegration is that two non-stationary time series data are said to
be cointegrated when a linear combination of the two is stationary (see Granger, 1986; Engle and
Granger, 1987). A cointegrated series will move together in the long-run, and any shock will allow
the series to return to their mean. In other words, a cointegrated series will not drift apart without

being bound by each other (that is, self-correcting) in the long-run.

According to Granger (1986), if X, and Y, are a pair of prices from a jointly efficient speculative
market (e.g. spot market), they cannot be cointegrated. This is simply because if the two processes
are cointegrated, one can be used to forecast the other. Hence this would violate the efficient
market hypothesis. Thus, an important implication of cointegration theory is that there can be no
cointegration of asset prices in a weakly efficient market, In the present context this means that

two spot rates cannot be cointegrated, otherwise one spot rate can be used to forecast the other.

In the cointegration analysis, the series involved must be of similar statistical characteristic, that
is, they must be of the same order of integration. Following Granger (1986), a variable X, is said to
be integrated of order d, if X, achieves stationarity after differencing  times, denoted X, ~ I(d).
Consequently, if X, is stationary after differencing once, then we may denote X, ~ /(1) and its
changes AX, ~ I(0). A stationary series is obviously integrated of order zero, I(0). Many of the
economic variables (including exchange rates) are known to be /(1) and as a result the conven-

tional method of regressing one /(1) variable on another as in the case of the conventional method

*In general a set of series, all of the same order d, are said to be cointegrated if and only if some
linear combination of the series - with non-zero weights only-is integrated of order less than d.
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of testing market efficiency tend to be biased towards rejecting the null hypothesis of no relation-
ship even when the relationship does not exist (see for example Granger and Newbold (1'974) and
Phillips (1986)).

A set of series must be integrated of the same order in order to be cointegrated. Granger (1986)
shows that if two variables X, and ¥;, both are ~I(1), it is generally true that any linear combination
of these series is also ~I(1). However, if there exists a constant A, such that Z,=X, ~AY,, is [ (0), then
X, and Y, are said to be cointegrated with A called the cointegrating pau'arne:tcr4 . In this special
case, X, and Y, are said to be cointegrated of order (/,/) and by the Engle and Granger representa-
tion theorem”® (see Engle and Granger, 1987) there exists an error correction representation of the
form
(X,-X.;) = -piZ.; + lagged ( AXs, AYs ) + & (1)

and

(Y,-Yy) = -p2Z.; + lagged ( AXs, AYs ) + & (2)

where Z,; = ( X..; - AY,;), p; #0and p, #0. The first term on the right sides of equations (1) and
(2) are the error correction terms. ECM may be viewed as a description of how the economy
eliminates equilibrium error. It is obvious from the error correction model (ECM) that there are
two possible series of causation of X; by Y,, either through the Z,; term, that is, if p;#0, and

through lagged AY; terms if they are present in the equation.

In the currency market, the implication is that no exchange rate should be cointegrated with any
linear combination of other currencies against which it floats freely. Otherwise, given the low cost
of transaction in currency markets, arbitrage opportunities would exist. Thus, the cointegration
analysis suggested by Engle and Granger (1987) is sufficient to test the weak form market effi-

ciency hypothesis.

TESTS OF UNIT ROOTS AND COINTEGRATION
The first step in the cointegration analysis is to determine the order of integration in the data

series. If the data series do not follow the same order of integration, then there can be no mean

5 The constant term A measures the long-run relationship between the two variables and Z indi-
cates the extent of any divergence from the relationship. If the relationship between the two vari-
ables is positive, Z being I(0) implies that they cannot drift apart.
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ingful relationship between them. The order of integration may be determined by using the Dickey

and Fuller (1981) test for unit root, for both level and first-difference form of the series.

The Dickey-Fuller unit root test is conducted on the following regression equation, say for US
Dollar (US):

AUS, = oy + pUS,; + "Zai-dUS,_,- + L, (3)
i=l ’
and used to test the null hypothesis Hy :US, is I( 1), which is rejected (in favour of I(0)) if p is found
to be negative and significantly different from zero. The t-ratio of p, calculated is compared to the
approximate critical value given in MacKinnon (1991 )6 . The number of lag lengths of the lagged
dependent variable (n) that appears on the right side of equation (3) is chosen to ensure that the
disturbance term, g, follows a white noise. The order of lag, n is set as the highest significant lag
order from either the autocorrelation function (ACF) or partial autocorrelation function (PACF) of
the first difference. Note that if each o; is equal to zero then the test reduces to the Dickey-Fuller
test (DF), otherwise we have the Augmented Dickey-Fuller (ADF) test. The ADF test provides a
generalisation of the DF test to allow for the possibility of higher-order autoregressions. The

above tests were also carried out for first-difference of the variables and to do this we estimate

& US; = Po + pAUS, ; + IB; £US,; + 7, (4)
i=]
where the null hypothesis is Hy :US, is I(2), which is rejected (in favor of I(1)) if p is found to be
negative and statistically significant from zero. If this is the case the US; is said to be non-station-

ary in levels, but stationary in first differences.

The second step of cointegration involves testing whether linear combination of the variables are
integrated of the same order as the individual variables. If they are, then the variables are not
cointegrated. The residuals from the cointegrating regression are subjected to both the Dickey and
Fuller (1979 and 1981) and Sargan and Bhargava (1983) cointegration regression Durbin-Watson
(CRDW) test statistic. The power of these tests in small sample is limited and in view of this a 10

. Vg s . . 7
percent or 5 percent level of significance is commonly used in the analysis’ .

¢ The MacKinnon (1991) critical values is now preferred to the original Dickey-Fuller tables
because it is based on more replications.
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DATA

Data used in our analysis are both monthly and quarterly spot exchange rates, spanning the period
January 1973 to August 1992. The exchange rates series used in the analysis are, Ringgit Malaysia
(RM), Pound Sterling (BP), Duetsche Mark (DM), Japanese Yen (JY), Singapore Dollar (SD) and
Swiss Franc (SF). The monthly (quarterly) rates are quoted at last dealing day for the month
(quarter). All exchange rates are expressed in terms of foreign currencies per unit of US dollar.
The primary source of data is the Quarterly Bulletin published by Bank Negara Malaysia. The
efficienct market hypothesis was tested on the logarithm of prices rather than on the level of
prices. The advantage of using logs in the analysis is that it makes the analysis independent of
whether exchange rates are expressed as units of currency i per unit of currency j or unit of j per
unit of currency i. The sample size for each series in the monthly and quarterly observations is

237 and 79 respectively.

EMPIRICAL RESULTS

Results of the unit root tests using both quarterly and monthly data for all the currencies are
presented in Tables 2 and 3. Table 2 reports the ADF statistics for all the variables in level and
first-difference forms. The results strongly suggest that the variables are non-stationary in their
level form. In all cases, the null hypothesis of /(1) could not be rejected. However, when the first-
difference of the variables was tested, the null hypothesis that the currencies are /{2) was rejected.
In most cases lagged dependent variables are needed in the auxiliary regression given by equation
(3) to induce white noise. For example, the number of lags entering the auxiliary regression for

Ringgit Malaysia (RM) and Pound Sterling (BP) are 8 and 10 respectively (See Table 2)

Similar results were reported for the quarterly frequency data in Table 3. The Table shows that
higher order differencing is not required for the logarithm of all the spot rates except for Pound
Sterling (BP). For the Pound Sterling, the null hypothesis that the series is ~I(1) could not be
rejected only at the 10 percent significant level. Nevertheless, we continue to report the results for
comparison purposes. Therefore, the evidence in Tables 2 and 3 suggest that all the variables in

the logarithm of the nominal foreign currencies series contain a unit root, that is, they are ~I(1)

7 The methodology employed is based on Engle and Granger (1987), and the interested reader is
referred there for details. The procedure was chosen to redice the computational burden. How-
ever, the procedure suffers from several shortcomings, when n>2. An alternative procedure is
discussed in Johansen (1988) and Johansen and Juselius (1990).
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processes. Our findings are consistent with those reported, among others, by Baillie and McMahon
(1989) and MacDonald and Taylor (1989).

Since all variables are of uniform order of integration, that is, they are ~/(1), we proceed by
examining whether their linear combination resulted in the stationarity of their residuals, that is,
whether they are cointegrated. As cointegration theory does not imply anything about causality,
we therefore report the results of the cointegration bidirectionally. In Table 4, the CRDW statis-
tics show that the null hypothesis of no cointegration is rejected in most cases (17 out of 30 cases)
at the five percent significant level. However, Engle and Yoo (1987) have cautioned the use of
CRDW in the analysis. Accordingly, they recommended the use of ADF statistic in the cointegration
analysis. The empirical results of the ADF test are not supportive of cointegration between any of

the spot rates.

Table 5 summarises the results of the cointegration tests using quarterly frequency. For ADF test,
in all cases, the computed test statistic is larger than the tabulated critical value at the five percent
level. The results of the cointegration test indicates that there is no evidence of cointegration for
the given pairs of exchange rates. Results of the cointegration using quarterly frequency do not

change our results significantly and we conclude that the spot market is efficient.

Recent articles by Dwyer and Wallace (1992) and Karfakis and Parikh (1994) argue that
cointegration of two spot rates in terms of a common currency is not a sufficient condition for
market efficiency. Accordingly, they argued that foreign exchange markets involve the simultane-
ous determination of several exchange rates through international arbitrage, and therefore a bivariate
framework as reported above may be inappropriate to test EMH. In this study we also employed
the multiple variable case to examine the absence of cointegrating relationship. We follow the
approach provided by Coleman (1990) and Lajaunie Naka (1992) to test for market efficiency for
the higher-order system and the results are given in Tables 6 and 7. Results from monthly fre-
quency data (Table 6) show no evidence of long-run equilibrium relationship among the six spot
rates. Similarly, in Table 7 we report that with the exception of the JER equatioﬁ, the results using
quarterly frequency data are consistent with the EMH based on the ADF statistics at the 10% level
of significance. We conclude that based on the empirical evidence the currency market is efficient

at least in the long-run. Our results are consistent with those reported by Copeland (1991), Coleman
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(1990), Tronzano (1992) and Lajaunie and Naka (1992) where they found no evidence of

cointegration among major currencies.

CONCLUSION AND POLICY IMPLICATIONS

While much has been researched on integration of financial markets among the developed econo-
mies, relatively few have examined the markets of the developing economies. The characteristics
of the developing markets differ from that of the developing countries. For example, the foreign
exchange market in Malaysia is characterised by high levels of government intervention as well as
incomplete forward trading. The market is also relatively small compared to those of the major

currency markets of the U.S., UK., Germany and Japan.

In this paper, the efficient market hypothesis was tested on the Malaysian foreign exchange mar-
ket. The spot rates of six key currencies were selected for our study. There are the Malaysian
Ringgit, Pound Sterling, the Deutsche Mark, the Singapore Dollar, the Swiss France and Japanese
Yen, all against the U.S. Dollar. These currencies are subjected to efficient market test using the
cointegration technique. The advantage of this method is that it accounts for nonstationarity prob-
lem often encounterd in economic time series analysis. The empirical results of the unit root test
suggest that all the exchange rate series appear to be non-stationary in level. The evidence also
suggests that the major currencies are not cointegrated, implying that the foreign exchange market
is efficient at least in the long-run. Both the univariate and multivariable tests confirm this result.

We also show that our conclusion is insensitive to the sampling frequency used in the analysis.

Despite the level of intervention by the central bank and the undeveloped forward foreign ex-
change market, the results tend to support the implication that the speculative market is efficient.
This is possible if the intervention by central bank results in less volatile exchange rate move-
ments. This is simply because if exchange rates become more volatile, more uncertainty will be
introduced to the market. This in turn could result in loss of information and contribute to market
inefficiency. It is also generally true that the authorities are reluctant to undertake large adjust-
ments in the market, and the nature of intervention is systematic and predictable. Further, the
major participants in the currency market are large traders (commercial banks) and they have
massive databanks as well as experts to analyse the information. The rewards of being right are
enormous and the penalties for being wrong are great. The spot market cannot be systematic and

predictably wrong in the long-run.
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The behaviour of the foreign currency market is important to investors and multinational firms,
whether they are interested in making speculative profits or in protecting their investments from
changes in the value of currencies. This is especially true for an open economy like Malaysia's.
This study provides empirical support for the EMH and thus leads to the conclusion that investors
(or speculators) cannot earn large return from the foreign exchange market using some simple
trading rule. For the corporate managers, an efficient market means that the need to actively select
currencies and the timing of transactions are of lesser importance. This is because in an efficient
market, managers must formulate hedging policies to cushion the effect of exchange rate risk on
trade. Several studies have shown the negative effect of exchange risk on trade (see Maskus)
(1986) and Anderson (1988). However, managers could minimise decisions regarding currency
composition of their balance sheet and pursue other objective of the firm if the financial market is
efficient. The proposition that exchange rate volatility produces negative impact on trade has both
theoretical and empirical support (see Maskus (1986) and Anderson (1988), among others). They
could minimise decisions regarding the currency composition of their balance sheet and pursue

other objectives of the firm if the market is efficient.

At the macro level, a well functioning foreign exchange market is important to facilitate trade and
capital flows as well as inflows of foreign investments. When asset and commodity markets are
efficient then price serves as aggregators of information. Price becomes a sufficient statistic for

decision making since the observed price will ensure an efficient allocation of resources.

Finally, the findings of lack of cointegrating relationship among the major currencies exclude the
possibility of long-run abnormal profits. However, one cannot rule out the possibility that the
forex market may be inefficient if the short-run dynamics are considered in the analysis. If this is
the case then it is possible for speculators to gain in excess of normal profit in the short-run.
Clearly, more work on the short-run version of EMH is need. The band-spectral regression tech-
nique may be more appropriate here since it is able to separate the short-run and long-run aspects

of the hypothesis.
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Table 2 Test for Unit Root in Nominal Exchange Rate Series (Monthly)

Level First Difference

Variables ADF Lags ADF Lags
RM -1.53 8 -7.44 8
SD - 1.01 0 -7.60 3
Y -0.42 0 -5.81 4
BP -1.99 1 -4.03 10
DM - 1.64 2 - 4.60 10
SE -1.60 2 -7.19 -+

Notes: See the text for definition of variables.
Critical values for 237 observations are -3.46 (1%), -2.87(5%) and -2.57 (10%) [See MacKinnon
(1991)]. ADF stands for Augmented Dickey-Fuller.

Table 3 Test for Unit Root in Nominal Exchange Rate Series (Quarterly)

L]

Level First Difference
Variables ADF Lags ADF Lags
RM - 1.50 2 -3.62 4
SD 0.86 2 -3.32 5
JY -0.17 0 -3.37 3
BP - 1.96 0 -2.88 5
DM - 1.06 1 -4.17 3
SF -1.46 0 -3.46 3

Notes: See the text for the definition of variables. Critical values for 79 observations are -3.51
(1%), -2.90 (5%) and -2.59 (10%) [See MacKinnon (1991)]. ADF stands for Augmented Dickey-

Fuller.
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Table 4 Pairwise Cointegration Results (Monthly Frequency)
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Cointegrating Regressions CRDW ADF Lags
RM — SD

SD — RM 0.35 -1.85 8
RM —JY 0.09 0.12 8
JY — RM 0.42 -2.15 8
RM — BP 0.15 -1.17 8
BP — RM 0.30 - 1.48 8
RM — DM 0.08 -2.29 1
DM — RM 0.34 -1.80 8
RM — SF 0.31 -2.16 2
SF — RM 0.31 -1.75 8
SD —=1JY 0.14 -2.25 1
Y= SD 0.06 -2.08 0
SD — BP 0.04 -2.02 4
BP — SD 0.04 - 1.05 0
SD — DM 0.07 -1.88 1
DM —s SD 0.24 -1.07 3
SD — SF 0.46 -2.14 3
SF — SD 0.20 - 1.21 2
JY — BP 0.28 -2.22 2
BP = IY 0.02 -0.62 0
IY— DM 0.07 -1.97 1
DM —JY 0.37 -1.98 3
JY — SF 0.60 -2.71 3
SF—JY 0.25 -2.37 2
BP— DM 0.35 -3.09 2
DM — BP 0.06 -2.14 1
BP — SF 0.25 - 1.76 2
SF — BP 0.07 - 191 1
DM —s SF 0.11 -1.51 2
SF — DM 0.98 - 1.96 12

0.84 -2.83 12

Notes: See the text for definition of variables. * Critical values for 237 observations are -3.94
(1%), -3.36 (5%) and -3.06 (10%) [MacKinnon (1991)]. Critical values for CRDW for 200 obser-
vations are 0.29 (1%), 0.20 (5%) and 0.16 (10%) [see Engle and Yoo (1987)]. ADF and CRDW
stand for Augmented Dickey-Fuller and Cointegrating Regression Durbin-Watson respectively.
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Table 5 Pairwise Cointegration Results (Quaterly Frequency)

Cointegrating
Regressions CRDW ADF Lags
RM — SD 0.23 -1.71 2
SD — RM 0.23 -0.71 6
RM —JY 0.27 -2.03 2
IY - RM 0.17 - 1.56 0
RM — BP 0.15 -1.33 8
BP — RM 0.10 -2.57 7
RM — DM 0.23 -1.81 2
DM — RM 0.29 -2.30 0
RM — SF 0.21 -1.72 2
SF — RM 0.14 -1.95 0
SD —»JY 0.42 -1.25 2
JY — SD 0.31 -2.53 0
SD — BP 0.18 0.43 2
BP — SD 0.14 -1.94 0
SD — DM 0.37 - 1.55 1
DM — SD 0.44 -2.15 1
SD — SF 0.36 -1.44 1
SF — SD 0.30 -2.29 1
JY —» BP 0.06 -0.91 5
BP =Y 0.12 -1.97 0
JY - DM 0.30 -1.89 1
DM —JY 0.48 -2.29 1
JY — SF 0.14 -2.14 0
SF—>JY 0.18 -2.84 0
BP — DM 0.08 -2.08 0
DM — BP 0.19 - 1.06 1
BP — SF 0.12 - 1.89 0
SF — BP 0.10 -1.45 0
DM — SF 0.66 -2.63 1
SF — DM 0.53 -2.84 1

Note: See the text for definition of variables. Critical values for 79 observations are -4.04 (1%),
-3.41(5%) and -3.10 (10%) [See MacKinnon (1991)]. Critical values for CRDW are 0.39 (100
obs) and 0.78 (50 obs). ADF and CRDW stand for Augmented Dickey-Fuller and Cointegrating
Regression Durbin-Watson respectively.
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Table 6 Multiple variable Cointegration Results (Monthly Frequency)

19

Cointegrating Regressions CRDW ADF Lags
MAL — SIN, JAP, UK ,JER, SWIT 0.68 -2.08 12
SIN — MAL, JAP, UK, JER, SWIT 0.08 -1.14 1
JAP — SIN, MAL, UK, JER, SWIT 0.37 -2.76 11
UK — JAP, SIN, MAL, JER, SWIT 0.56 -2.60 12
JER — UK, JAP, SIN, MAL, SWIT 1.41 -3.45 12
SWIT — JER, UK, JAP, SIN, MAL 1.07 -3.67 12

Note:See the text for definition of variables. Critical values for 237 observations are -5.35 (1%),
-4.78 (5%) and -4.48 (10%). [See MacKinnon (1991)]. Critical values for CRDW is 0.57 (200
obs). ADF and CRDW stand for Augmented Dickey-Fuller and Cointegrarting Regression Durbin-

Watson respectively.

Table 7 Multiple variable Cointegration Results (Quarterly Frequency)

Cointegrating Regressions CRDW ADF Lags
MAL — SIN, JAP, UK ,JER, SWIT 0.4238 -2.9109 8
SIN — MAL, JAP, UK, JER, SWIT 0.4520 - 1.8263 1
JAP — SIN, MAL, UK, JER, SWIT 0.2929 - 2.8755 0
UK — JAP, SIN, MAL, JER, SWIT 0.7959 -3.6917 1
JER — UK, JAP, SIN, MAL, SWIT 1.3480 - 4.5626 1
SWIT — JER, UK, JAP, SIN, MAL 1.8246 -3.7292 1

Note:See the text for definition of variables. Critical values for 79 observations are -4.71 (5%) and
-4.42 (10%). [See MacKinnon (1991)]. Critical values for CRDW are 1.28 (50 obs) and 0.76 (100
obs). ADF and CRDW stand for Augmented Dickey-Fuller and Cointegrarting Regression Durbin-

Watson respectively.



