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Abstract

The purpose of this study is to re-examine Taiwan’s progress in entering the inter-
national financial arena and achievement in the liberalization of the banking industry by
implementing a GARCH error correction model incorporating the missing-data effect. The
evidence show that the causality relationships with consideration of missing data are dras-
tically different from those without taking into account of them, confirming the existence of
the missing- data effect. Bi-directional Granger causality relationships are supported for all
pairings of markets when both heteroscedasticity and mis-specification of models are con-
sidered. In addition, Taiwan’s liberalization of the banking industry is more successful than
previously believed, being proved by its long-term co-movements with Singapore and London.

1. INTRODUCTION

World financial markets, including capital and money markets, have be-
come increasingly integrated over the past two decades. This development has
been accelerated by the need to establish a 24-hour global market and the ease
of political tension between Super Powers. Tremendous opportunities have
also been created by this trend for both international investors and borrowers
through reduction in capital market imperfections and the flow of capital and
information worldwide.

Following the integration trend, many studies have been conducted in the
area of offshore money market. These studies, including Hendershott (1967),
Kwack (1971), Giddy, Dufey, and Min (1979), Hartman (1984), and Swanson
(1987), focused primarily on the relationship between the U.S. and the Eurodol-
lar market. For instance, using a stock adjustment model, Hendershott (1967)
concluded that the Eurodollar rate adjusted completely to changes in the U.S.
bill rate. Giddy, Dufey, and Min (1979) supported the view that U.S. rates
show greater stickiness than Eurodollar rates and the Eurodollar rates respond
more efficiently to information. In addition, Swanson (1987) found that the
degree of integration between the U.S. domestic market and the Euro market
had increased throughout the period studied and that the direct causality was
found to be stronger than the reverse causality.

Other studies extended the issue to include more offshore and domestic
money markets. Argy and Hodjera (1973) explored financial integration and
interest rate linkages in ten industrial countries. Primary findings were that
the movement in the Eurodollar rate tended to be dominated by conditions
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in the U.S. and that the U.S. and Eurodollar markets were highly integrated.
Subsequently, Swanson (1988) investigated the relationships between yields on
various currency denominated deposits. Results indicated that changes in do-
mestic and offshore yields for the same currency moved closely and primary
direction of causality is from the national to the offshore markets. In a recent
study, utilizing the error correction model, Lin and Swanson (1993) extended
the integration investigation by incorporating the Asiancurrency markets of
Singapore and Hong Kong. Their results showed that major domestic markets
and included ofshore markets are partially segmented and domestic markets
are not immune from outside influences.

Over the past decade, establishing Taipei as a regional international fi-
nancial market has been a “must-be-executed” policy of Taiwan. Supporting
actions, including reopening of the forward market, enacting new laws to en-
hancing banking operating environment, allowing more foreign capital to invest
in financial markets, and many others, have been implemented by the govern-
ment, especially directed by the Central Bank of Taiwan. Another prominent
effort is the establishment of the Taipei Offshore Money Market (TOMM) on
August 7, 1989.

Since its inception, the TOMM has grown fast. One of the milestones is
the completion of synchronous transaction linkages with Singapore, Hong Kong,
and Japan. It is believed that this establishment symbols the success of Taiwan
in joining the global banking transaction network, implying offshore money
market integration between Taiwan and well-developed financial markets. This
issue had been examined by Lin and Leu (1994). Their results indicated that
three offshore money markets examined (Taipei, Singapore, and London) are
not fully integrated. Singapore and the London Eurodollar market have much
more integrating relationship (long-term co-movement) than those with Taipei,
showing weak evidence of Taiwan’s achievement in joining the global banking
society.

In the real world, when examining information transmission or integration
of two financial markets, one often confronts with the problem of missing data
due to different time zones and diverse market operating times. If data which
are missing occur on both markets, then it creates no problem since one can
just delete these missing observations on both markets. For instance, records
of asset prices usually do not contain data of Sunday since no market trades
on this. However, it is quite frequent that one market is operating while the
counterpart market is closed due to particular holidays in that country.® Under
this circumstance, one typically deletes the missing points of one market as
well as the informative data from the other.? In other words, lack’ of price
information in one market on some dates would tempt researchers to throw out
useful information of corresponding calendar dates in the counterpart market.
This missing-data effect is magnified if models of autoregressive nature, such
as Granger and Sims models and error correction model which were utilized
widely in previous integration studies, are employed.®

The purpose of this study is to re-examine Taiwan’s progress in enter-
ing the international financial arena and achievement in the liberalization of
the banking industry by implementing a GARCH (Generalized Autoregres-
sive Conditional Heteroscedasticity) error correction model incorporating this
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missing-data effect. The evidence show that the causality relationships with
consideration of missing data are drastically different from those without taking
into account of them, confirming the existence of the missing-data effect.

The remaining of this paper is grouped into four sections. The next section
demonstrates algebraically the impact of the missing-data effect. Section two
provides the testing procedures of the conventional models and of the GARCH
error correction model. Section three describes the data utilized and reports the
empirical results. Finally, concluding remarks and implications are discussed.

2. MISSING-DATA EFFECT

Detecting lead-lag relationship between two variables typically uses the
Granger causality test. However, as discussed above, the missing data in one
market on some dates might tempt researchers to delete data points of cor-
responding calendar dates of another, and thus throw out useful information.
The impact of this effect is magnified in an autoregressive model such as the
Granger causality or Sims test. To illustrate, assume that a true underlying
yield relationship of two financial markets is AR(1), then a Granger causality
test could be implemented as

)/t =agy + Clrlyvtﬂl -+ let—l + e (1)

Assume that one observation of Y is missing on a particular day, ¢t — 1, then,
the true model at day t becomes

Y; = ag + ay(missing) + b1 X1 + e (2)

If one deletes this missing point,Y; 1, as well as X;_1, then the following match
is created

Y; = CL; + CLIYtﬁz + bIXt_2 + 6: (3)

which is -a misspecified estimation model since the correct relationship between
Y; and Y;_; and X;_5 is

Yi=ay+a1Y1 + 01X 1+ e
=ap+a1(a+a1Ys o+ 01 Xs o +e1)+ 01X 1 +ey (4)
= (ap + a1ap) + a2Y;_y + a1b1 Xy + w;

where e} in Equation (3) is equal to w; = b1 X;—1 + a1€:-1 + €.

Equations (3) and (4) illustrate the potential impact from missing data
on an autoregressive model when estimated by OLS. That is, the true model
is Equation (4) but Equation (3) is used erroneously. Since E(X; 5, w;) in
Equation (4) is probably not equal to zero owing to the correlation between
X;_1 and X;_,, the OLS estimations in Equation (3) are thus biased. In addi-
tion, note that residuals, e;, in Equation (1) are white noise, but residuals of
Equation (3),e;, become serially correlated and possibly display conditional het-
eroscedasticity. Thus, mis-specification arising from the missing data renders
OLS estimators both biased and inefficient. The GARCH-miss model consid-
ered shortly can overcome both problems successfully and simultaneously.
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3. ESTIMATION METHODS

Three estimation methods are introduced in order to make a compari-
son with the GARCH-miss model. The OLS method, which is used by Lin
and Leu (1994), is employed first. Since the residuals exhibit conditional het-
eroscedasticity, the generalized method of moments is applied next to take the
heteroscedasticity into account. Further, the GARCH model, an alternative
method to remedy the heteroscedasticity, is utilized to investigate the sensitiv-
ity. Finally, the GARCH-miss model is introduced.

3.1 Conventional OLS Error Correction Model

The causality models such as Granger, Sims, and error correction models
are the popular ones used in previous market integration studies  Among
them, the error correction model which combines the cointegration concept
and an autoregressive modelling had been proved to be more effective.* The
first step of this approach is to examine if included series are stationary with
the same order of integration (unit root test) by using the augmented Dickey-
Fuller stationarity test. In the ADF test, the first difference of the variable is
regressed on a time trend, on its own level lagged one period, and on lagged
first differences of the variable.

P
AY; =g+ alTD + Ole,g_l + Z ’)’iAY;,_i + e (5)

=1

where TD is the time trend variable and p is chosen so that the residuals are
white noise. If Y; contains a unit root, the estimated coefficient, a3, should be
zero, suggesting non-stationary. The conventional t test statistic for as is used
and the critical values can be obtained from Fuller (1976).

If two series, X; and Y}, are non-stationary with the same integration order
and a vector of d can be found such that a linear combination, Y; — dX; = U,,
is stationary, then X; and Y; are said to be cointegrated and this linear combi-
nation is termed the cointegrating equation. A cointegrating equation implies
a long-run relationship between the two series. One widely used method of de-
tecting cointegration is to employ the augmented Dickey-Fuller cointegration
test which is implemented as:

AU, = —foUs—1 + f1AUz1 + -+ - + B AU + €4 (6)

The test statistic is the t calculated value for §y and critical values are from
Engle and Yoo (1987). A large t value will support the existence of cointegra-
tion.

If X; and Y; are proved to be cointegrated with a cointegrating vector of
d, then they can be expressed as an error correction model (ECM).

nl n2
AY; =05+ 01U + Z cAY; ; + Z fjAXt_j T &; (7)
g=1 §=1

Equation (7), usually estimated by conventional OLS, provides a basis for
the testing of money market integration. A yield series of a market, Y, could
be affected by a yield series from another market, X;, through two channels.
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The conventional way of explaining Granger causality is the past changes of
Xt causing a significant move in Y; if some of {;s are statistically significant. A
second avenue of impact is through the lagged residual term (error correction
term) from the cointegrating equation. If the coefficient of the error correction
term is significant, then a diverging Y;_; from X,_; will drive Y; to move closer
to X, displaying a correction from past disequilibrium.

3.2 Generalized Method of Moments

As discussed earlier, autoregressive models with missing data could cre-
ate possibly the heteroscedasticity problem. In order to avoid negative im-
pact caused by heteroscedasticity, White’s (1980) heteroscedasticity- correction
method is employed to yield a consistent covariance matrix estimator. Since
it is a special case of Hansen’s (1982) generalized method of moments, the
estimator here will be referred as GMM for simplicity.

If Equation (7) is further presented in matrix notions, then

'=7ZB+n (8)

where Z is the matrix for T observations of regressors and I' is the corresponding
dependent variable. Hansen (1982) proved that the estimator of B based on
OLS is still consistent but its variance-covariance matrix needs to be modified.
The asymptotic distribution of B is then

TY*(B - B) ~ N(0O,%) (9)
where
Y= (M, W1'M,)" (10)

and M,, =1im(Z'Z/T) and W = lim(Z'ny'Z/T). Although W is unknown, it
would not cause a serious problem. The asymptotic distribution of B would
remain unaffected if W is replaced by a consistent estimate which is

T m

W T80 30 1205 Zes (11)

t=lt=—m

where Z; is the tth row of Z and 7 is the consistent estimate of 7. OLS dis-
turbances from Equation (8) are substituted into Equation (11) to obtain a

consistent estimate of W, which is then placed back to Equation (10). Re-
strictions on B = By can be tested by the conventional Wald test with a test

statistic of § ) -
Wald = (B — By)/W™Y(B — By)

3.3 GARCH Model Without Missing Observations

The motivation of using GARCH modelling is similar to that of GMM,
that is, residuals are possibly heteroscedasticity. However, the GARCH model
is more appealing than GMM in that it specifies an explicit conditional error
function and incorporates this function into estimation. If this specification is
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correct, the GARCH estimation is much more efficient than that of OLS. Based
on GARCH (1,1), the error terms of Equation (7) can be specified as

gtIQt—l ~ N(O, ht) (12)
h,t = do + dlé‘?_l + dzht_l (13)

where h; is the conditional variance and §;_ is the information set up to ¢ —1.
The likelihood estimate is

T
L=7Y L (14)
=1
and
1 o
L= —=Inhs — =L
§ = gt oy (15)

where T is the sample size. The algorithm of Berndt et al. (1974) is used
numerically to obtain the estimates by maximizing the likelihood function.

3.4 GARCH Model with Missing Data

The EM algorithm, proposed by Dempster et al. (1974), is the standard
method to deal with missing data problem. The EM algorithm includes two
steps. The first step, called the E-step, is to set up an expected likelihood func-
tion to replace the conventional likelihood function, which is incomplete due to
the missing data. Maximizing this expected likelihood function is the second
step, also called the M-step. The estimates are obtained after implementing
the M-step and the by-product of new expected value of missing data is thus
yielded. The expected value of the missing data are then substituted back
into the expected likelihood function. The M-step then again maximizes this
new expected likelihood function. The procedure repeats until the estimates
converge.

Though EM algorithm is originally designed to solve the missing data
problem, the application of the algorithm to the GARCH model is not trivial.
For instance, when ¢, is missing, the first step of the conventional EM algorithm
is to derive the expected value of €;* as follows:

E(‘S:?IQt—l) = E(Y;ﬁ — G — aly;*_l - b1Xt_1‘Qt__1)2
= (Y; —ap — a1 B(Y{ Q1) — b1 Xs-1) (16)
+ Var(Y; —ao — a1¥y" — b1 Xe—1]|%-1)

where asterisk * denotes the missing variables. Equation (16) consists of two
terms. The first term is related to the mean where missing Y;_; is replaced
by its expected value. The second term is the calculation of the expected
variance which is inflated because of measurement error arising from missing
data. However, this standard derivation to solve missing data problem is chal-
lengeable. Since EM approach utilizes both the past and future information
and GARCH contains only conditional precise information, direct application
of EM to GARCH, when missing data exist, is impossible. Trevor (1994),
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thus, sug%ests a pseudo-EM algorithm which can successfully overcome this

weakness.
Assume that GARCH (1,1) follows the same pattern as Equations (12)

and (13) and thus unobservable ;% can be expressed as

E(5§~1{9t7175t~1 ENy) = E(EtZ_1|Qt—2) ==

Thus, the expectation of ;% is simply expressed as its conditional expecta-

tion rather than is separated into two components as shown in Equation (16).
Accordingly, the expected conditional variance can be shown as
ht = d() + dlE(€:31|Qt~1, Et—1 € Qt~1) + dzht._]_ (17)
= do + dlht—l + dght_l
Note that €; is not observable when either Y;_; or X;_; is missing (i=0,1 in the

illustrated model of Equation (1)). Similarly, the log likelihood term could be
computed in the same manner above.

1 o
Li=—=Inh, — -+ if & is observable
t 2 t 2ht t
il 1 Inh e if is not observable
= —— Inhy ——— € 1S n A%
t 9 ¢ o, t

4. EMPIRICAL TESTS

Three offshore money markets, laipei, Singapore, and London, are in-
cluded in the following tests.® Daily observations of U.S. dollar denominated
overnight yields during the period May 19, 1993 through November 2, 1994 are
collected from Taipei Forex Inc., totally 350 observations.

Table 1 sets forth the results of the ADF stationarity tests. Very con-
sistently, all overnight yield series are nonstationary in levels, but statistically
significant at the 1% level after being differenced once. Thus, all series fulfill
the necessary condition for further examination of cointegration.

Table 1
Results of Augmented Dickey-Fuller Stationarity Tests
AY; =g+ ouT + oYy 1 + X0 1iAY: s + e

Variables t Test Statistic of g
(Overnight

Yield) Level Lag 1st-Diff. Lag
Taipei -1.74 4 -13.59* 3
Singapore -1.22 4 -12.86** 3
London -2.41 3 -8.57** S

a: Critical values are from Fuller (1976).

**: significant at the 1% level



Results of the ADF cointegration tests are shown on Table 2. Test statis-
tics are all significant at the 1% level for all pairings, confirming the existence
of cointegrating relationships.”#?

Table 2
Results of Augmented Dickey-Fuller Cointegration Tests
AUy = —BoUs1 + B1AU—g + -+ -+ + BrAU;k + €
Variable Pairing t Test Statistic Lag®
Dep.V. Indep.V. of 4§ Length
Taiwan London -10.88** 1
London Singapore -10.10** . 1
Singapore  Taiwan -5.88** 4

a: Critical values are from Engle and Yoo (1987).

b: The number of lags needed to induce white noise in residual
series 1n the ADF test.

**: significant at the 1% level

Table 3 reports the results of OLS error correction models without con-
sidering the impact from missing data and heteroscedasticity. Four lags are
implemented in all models.’® Only a pair of markets, Singapore and London,
shows the existence of Granger causality relationship running from London to
Singapore with a coefficient of 2.44 significant at 5%. Strong error correction
terms are found for four out of the six market pairings. Very interestingly,
neither causality relationship nor correction for past disequilibrium is shown
for the pair of Taiwan and Singapore. When considering two impact channels
together, only two pairings are significant, Taiwan to London and Singapore
to London. These causality relationships are somehow different from those ob-
tained by Lin and Leu (1994) where they reported bi-directional causality for
all pairings except that of Taiwan and Singapore.

In order to avoid heteroscedasticity possibly induced by autoregressive
modelling, the error correction model is further estimated by implementing
the GMM procedure recommended by Hansen (1982). Results are presented
on Table 4. No Granger causality is found in all pairs. When considering
both causality avenues, the results are different from those reported on Table
3 in that an additional causal relationship, running from Singapore to Taiwan,
is identified. Error correction terms also show discrepancies. None of those
significant on Table 3 shows sign of existence on Table 4. However, Taiwan
reveals the tendency to follow Singapore’s movements with an error correction
coefficient of 2.32.
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Table 3
Estimation of Error Correction Models
Based on Conventional OLS
AY, =6y + 01Uy + Timy 6AYsi + 572 [iAXs; + &

7

Dependence  Independence Test Statistics for Hy:
Variable Variable 6p=0" f;=0 fi=6,=0°
Taiwan London -1.81* 2.28 1.85
London Taiwan -3.46" 1.94 3.36**
Taiwan Singapore 0.85 0.27 0.61
Singapore Taiwan -0.05 0.23 0.19
London Singapore -3.43*  2.09 3.76™*
Singapore London -1.74% 2.44% 2.00

a: t test for Hy: 60, =0, b: F test for Hy : fj=o, Vs
c: F test for Hy: f; =601 =0,Vj

**. significant at the 1% level

*: significant at the 5% level

Table 4
Estimation of Error Correction Models Using
The Generalized Method of Moments

Dependence Independence Test Statistics for Hy:
Variable Variable O =0l ] Foi 0P ifyreify= OF
Taiwan London -0.94 6.76 6.77
London Taiwan -1.81* 3.13 35.90**
Taiwan Singapore 2.32% 223 18127
Singapore Taiwan -0.14 2.69 2.76
London Singapore -2.05* 2.27 37.50**
Singapore London -1.04 4.21 4.22

a: t test b:z? test (Wald test) for Hy : f; = 0,V
c: 2 test (Wald test) Ho : f; = 61 = 0,Vj
**. significant at the 1% level

*

: significant at the 5% level
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Table 5 reports the evidence of GARCH testing without considering the
missing-data effect. In all pairings, the coefficients of lagged squared residu-
als. dy. are highly significant, indicating the existence of ARCH characteristic.
Furthermore, with the exception of the pair of London and Singapore, coeffi-
cients dys are also significant. The results of error correction term and causality
relationship are identical to those reported on Table 4.

Table 5
Estimation of Error Correction Models
with Implementation of GARCH Model Without Missing Data

Dependence Independence Test Statistics for Hy:

Variable Variable 01 =0% di = 0% dy=05n]; = 0° ezl =0°
Taiwan London 0.47  2.73**  2.00" 7.41 741
London Taiwan -4.52** 4,18 3.01** 3.30 83.39**
Taiwan Singapore 3.32** 2.23* 1.76* 2.56  21.54**
Singapore  Taiwan 0.92" =3.28"* 2.94** 4.55  4.94
London Singapore -4.78** 235" 1.63 2.95 69.87**
Singapore  London -0.27  3.11*  2.76** 5.9, {15:91

a: t test b: z? test (Wald test) for Hp : f; = 0,Vj
c: z2 test (Wald test) for Hy : fj=o,Vj

*¥: significant at the 1% level

*: significant at the 5% level

Table 6 shows the missing observation counts when markets are paired
with each other.!! The pair of Taiwan and Singapore shows 10 missing points,
equivalent to 2.86% of the total number, 350. The missing counts for pairings of
Taiwan and Singapore with London are much higher, 19 and 17, respectively.'?
As discussed previously, missing data could cause serious problem if autoregres-
sive models are used for estimation. For instance, the missing data percentage
for the market pair of Taiwan and London is 5.43%. If the ECM model is
implemented with 4 lags, then the impact could be magnified to more than
20% of data. Consequently, it is necessary to estimate the ECM by taking into
account of this effect.

The estimation results of GARCH with missing data adjustments are pre-
sented on Table 7. Table 7 shows a dramatically different picture from previous
Tables. Based on z? tests for fj—p, the hypotheses of bi-directional causality
cannot be rejected in all instances. By taking the long-turn adjustment and
causal relationship together, all pairings are significant at the 1% level, imply-
ing both short- and long-term relationships among these three offshore money
markets.
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Table 6
Missing Observations Counts for Different Market Pairings
Market Pairing Counts ~ Percentage®
Taiwan — Singapore 10 2.86%
Taiwan — London 19 5.43%
London — Singapore 17 4.86%

a: The total number of observation is 350.

Table 7
Estimation of Error Correction Models
with Implementation of GARCH Model Considering Missing Data

Dependence Independence Test Statistics for Hy:

Variable Variable 6, =0% dy =0% dy =0* f; = 0° fi=6=0¢
Taiwan London -0.46  5.69*  5.28% 37.99* 38.35™
London Taiwan -0.92 1.51 10.90** 119.27* 121.16*
Taiwan Singapore 6.40** 1.33 6.26"*  63.17 96.04**
Singapore  Taiwan -3.44* 487 597 118.43* 135.83™
London Singapore 20y 2 B68H | LEBET 2791 1 56, T8
Singapore  London 1.56  6.69**  4.76** 51.64™ 54.23™

a: t test b: z? test (Wald test) for Ho : f; = 0,Vj
c: z® test (Wald test) for Hy : f; = 0,Vj

**. significant at the 1% level

*: significant at the 5% level

5. CONCLUSION AND IMPLICATIONS

The purpose of this study is to re-examine Taiwan’s progress in entering
the international financial arena and achievement in the liberalization of the
banking industry by implementing a GARCH error correction model incorpo-
rating the missing-data effect. In addition, several methods, including con-
ventional OLS, generalized method of moments, and GARCH without missing
values, are included to help understand the impact of missing-data.

Based on the cointegration tests, long-term equilibrium relationships are
existing among three offshore markets. This finding is inharmonious with that
reported by earlier studies where the market pair of Taiwan and Singapore does
not show cointegrating relationship. This discrepancy could be due to the use
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of data set. Previous studies utilized a much shorter data period, May 19, 1993
to February 28, 1994. This paper utilizes a data set covering a longer period
(180 observations vs. 350 observations), thus, it is more likely to capture the
underlying long-term relationship.

In terms of the causality relationship, conventional OLS error correc-
tion model shows less evidence of existence. After adjustments for potential
heteroscedasticity, more causal relationships are identified, however, still not
complete through all three markets. Bi-directional causality relationships are
confirmed for all pairings of markets when both heteroscedasticity and mis-
specification of models are considered. Therefore, a much more strong linkage
is found among these three offshore markets.

The implications of this study are threefold. First of all, Taiwan’s liber-
alization of the banking industry is more successful than previously believed,
being proved by the long-term comovements with Singapore and London. Sec-
ond, since bi-directional causality relationships are shown, these examined off-
shore money market are still partially segmented. However, Taiwan’s degree
of integration with major financial market has increased. It is a encouraging
evidence to Taiwan’s government policy-makers. Third, missing data, to some
extent, do have impact on estimated results, especially autoregressive models.

Endnotes

1. A good example of this would be the Chinese New Year which is based on
the lunar calendar and normally would be observed in January or February.
For this, some Asian financial markets will be closed for three to five days,
such as Taiwan, Singapore and Hong Kong. However, western financial
markets do not recognize and celebrate this occasion.

2. This deletion treatment has been used in earlier money market integration
studies including Lin and Swanson (1993, 1995) and Lin and Leu (1994).

3. The missing-data effect on autoregressive models will be elaborate alge-
braically in the next section.

4. See Lin and Swanson (1993) and Lin and Leu (1994) for details of this
application and modelling.

5. Trevor (1994), however, did not show that the pseudo-EM has the same
property of increasing likelihood value as that of EM.

6. Although Taiwan had established transaction linkages with Hong Kong
and Tokyo, data for these two markets are not available.

7. Critics have argued that the ADF cointegration test may lead to a conclu-
sion of over-identifying cointegrating vectors; that is, accept cointegration
too often. The results are further checked by applying the Johansen MLE
cointegration test (see Johansen and Juselius, 1990). The Johansen test
statistics are 44.09 for the pairing of Taiwan and London, 42.22 for Lon-
don and Singapore, and 37.61 for Singapore and Taiwan. They are all
significant at the 1% level, confirming the results of the ADF tests.

8. Based on Table 2, all pairs of markets reject the null hypothesis of no coin-
tegrating vector, implying that each pair of markets shares one long -term
relationship. This further suggests that a cointegration test of including all
three markets should leave two cointegrating vectors with one coefficient
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10.
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close to zero. The Johansen test with three variables are employed and
the results confirm with this expectation.

. These evidence are different from those reported by Lin and Leu (1994)

where no cointegration relationship was observed for the pair of Taiwan
and Singapore in three different yield series (overnight, one-week, and one-
month).

Four lags plus the level is equivalent to one week. Previous studies have
shown that the offshore money market is rather volatile and efficient and
all information should be reflected within a week.

For every market pairing, when the information is missing in either of the
two markets, it is counted as missing. If data are missing in both markets,

we delete the data and do not refer them as missing.
. Taiwan and Singapore are in the same time zone and both are affected by

the same cultural history. Thus, it is no doubt that both countries have
similar holidays.
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