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Abstract 

This paper analyzes the linkages and information transmission of similar Nikkei stock 
index futures contracts traded on three international exchanges, the OSE, SIMEX, and 
CME. Comparisons between the trading and nontrading time variances within individual 
markets and across markets indicate that relevant information is revealed during the trading 
hours of the OSE and SIMEX, but not the CME. An approach of variance decomposition 
and impulse response functions exploring the common stochastic trend in the cointegration 
system is employed. The common factor is found to be simply driven by the last trading 
market in the 24-hour trading sequence. Specifically, each market, while it is trading, 
impounds all the information that will affect other markets, and tides on the common 
stochastic trend. Granger-causality also runs from the market(s) that is placed in the last 
trading order within 24 hours in the vector error correction model but this causal 
relationship is shorter than one day. On balance, the three markets are informationally 
efficient on a daily basis. 
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1. Introduction 

Nikkei 225 futures are now the most actively traded stock index futures 
contracts in the world, though their trading history is shorter than other stock index 
futures contracts. This paper investigates the international transmission mechanism 
in three Nikkei 225 futures markets contained in the Osaka, Singapore, and 
Chicago exchanges. Bacha and Vila (1994) document that the introduction of 
Nikkei futures has no significant effect on the volatility in the Japanese stock 
market. Moreover, Bacha and Vila (1993) report no evidence of lead-lag relation- 
ship between the Nikkei futures traded on the Chicago exchange and those traded 
on the Osaka and Singapore markets. Nevertheless, no previous paper has 
explored the common stochastic trend within the cointegration system of these 
three futures markets. A better understanding of the transmission mechanism by 
using this approach may provide investors with more efficient strategies for 
hedging or speculating the risk associated with Japanese stocks. 

The Nikkei Stock Average (NSA) comprises 225 top-rated Japanese companies 
listed in the First Section of the Tokyo Stock Exchange (TSE), which is the largest 
stock market in the world in terms of both of the value of listed stocks and daily 
trading volume. In September 1986, the Singapore International Monetary Ex- 
change (SIMEX) introduced futures contracts on the NSA. After two years, in 
September 1988, Nikkei futures started trading in the Osaka Securities Exchange 
(OSE) following financial reforms in Japan. One of the most dramatic changes in 
recent years in the U.S. markets has been the increase in market value of non-U.S. 
equities. In response to the increasing demand for diversification and risk manage- 
ment among U.S. pension funds, mutual funds, and institutional and individual 
traders, in September 1990, the Chicago Mercantile Exchange (CME) began 
trading futures contracts on the NSA. Since that time, Nikkei futures at the CME 
has become the second largest (next to S&P 500) equity index contract traded in 
the U.S. 2 Moreover, the interrelationship between the Nikkei futures at the 
SIMEX and CME is strengthened by the mutual offset arrangement between 
them. 3 

Although Nikkei futures at the OSE was launched later than the SIMEX, they 
are currently more actively traded at the OSE. The 1993 annual trading volume in 
value of Nikkei futures traded at the OSE was 170 trillion yen (1.5 trillion U.S. 
dollars), and was about three times that traded on the SIMEX and 30 times that 
traded on the CME. These three Nikkei futures markets differ in several aspects. 
In particular, (1) the OSE is more regulated and has much higher transaction costs 

2 Source: An introduction to Nikkei stock average futures and options, Chicago Mercantile Ex- 
change Publication. 

3 The mutual offset arrangement means that Nikkei futures positions established at the CME may be 
offset at the SIMEX, and vice versa. 
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(commissions, margins, and price limits) than the other two markets (Bacha and 
Vila, 1994); (2) the SIMEX and CME use open outcry auctions with a large 
number of brokers-dealer, while the OSE adopts the computer-assisted trading 
system without a designated market maker; (3) the OSE has a greater proportion 
of investors who are large institutional investors and corporations; (4) the CME 
contracts is dollar denominated, while the SIMEX and OSE contracts are denomi- 
nated in yen; and (5) the contract size and settlement dates are different (Bacha 
and Vila, 1993). Hereafter, for simplicity, OSE, SIMEX, and CME are used to 
represent the corresponding Nikkei futures, and results are presented in this order, 
which is in the descending order of trading volume. 

In Tokyo time, the OSE trades from 9:00 a.m. to 3:00 p.m. (6 hours) with a 
lunch break from 11:00 a.m. to 12:30 p.m., the SIMEX trades from 9:00 a.m. to 
3:15 p.m. (6.25 trading hours), and the CME trades from 10:20 p.m. to 5:15 a.m. 
(7.25 trading hours). 4 Thus, the OSE and SIMEX futures contracts are traded 
almost simultaneously, except for the two-hour lunch break at the OSE and the last 
15 minutes at the SIMEX, while the contracts at the CME are traded exclusively 
when the former markets and the spot market (NSA) are closed. More importantly, 
two possible orderings of the trading sequence within 24 hours can be constructed 
among these three futures markets. Note that on a calendar basis, the OSE and 
SIMEX open earlier than the CME. Denote t as the trading day index. Sequence 1 
represents the trading sequence as the usual way with the CME as the last trading 
market within a 24-hour interval, i.e., {OSE,, SIMEX,} and CME,. Sequence 2 
represents the trading sequence with the CME as the first trading market, i.e., 
CME I and {OSEt+ i, SIMEXt+ ~}. The importance of these two trading sequences 
is evinced in Sections 5 and 6. 

Comparing the trading and nontrading time variances, the OSE and SIMEX 
markets are found to be more volatile when they are trading. In contrast, the 
Chicago market is more volatile when it is closed. These results are consistent 
with the notion that relevant information is revealed during the Japanese business 
hours and the trading hours of the NSA spot market, which are also the trading 
hours of the OSE and SIMEX. Moreover, the nontrading (trading) variance of the 
CME is close to the trading (nontrading) variances of the OSE and SIMEX. These 
results suggest that the three markets are driven by the same kind of information. 
The three Nikkei futures are shown to be cointegrated with a single stochastic 
trend. However, none of the markets Granger-cause the other two markets on a 
daily basis. Instead, causality runs from the last trading market(s) in the 24-hour 
trading sequence but this causal relationship is shorter than one day. The impulse 
responses and the fractions of forecast error variances in each market attributed to 
the common stochastic trend are computed. Employing an approach that explores 
this common factor and allowing for the nonsynchronous trading problem among 

4 More precisely, the OSE was closed at 3:15 p.m. before February 1992. 
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markets, the paper shows that the common factor is simply driven by the last 
trading market(s) in the 24-hour trading sequence. These results suggest informa- 
tional efficiency on a daily basis: the responses of all markets to an innovation to 
the common factor are fully settled within a day. Moreover, the paper provides 
some weak evidence that the tighter regulations and higher transaction costs of the 
OSE market may impede the information transmission mechanism in the market. 

The following section discusses the data and presents some useful summary 
statistics. Section 3 examines the trading and nontrading time variance of futures 
price changes. Section 4 analyzes the transmission mechanism among markets by 
employing cointegration methods. Using the results in Section 4 and identifying 
the common stochastic trend, Section 5 investigates the variance decomposition 
and impulse response functions. The causal relationship by examining the vector 
error correction model is studied in Section 6. The last section concludes the 
paper. 

2. Data and summary statistics 

Daily open and close futures prices of nearest contracts until the maturity 
month for the period after three months of the introduction of Nikkei futures at the 
CME - December 3, 1990 to May 18, 1994 (900 observations) - are obtained 
from Commodity Systems, Inc. (CSI). When trading day data are not available due 
to holidays, the index price is assumed to stay the same as the previous trading 
day. 5 Moreover, logarithmic transformation for the futures price is adopted. 

Table 1 summarizes the descriptive statistics of close-to-close futures price 
changes. Comparing the variance, skewness, and kurtosis, it shows that they give 
similar results - all futures price changes exhibit slightly positive skewness, and 
moderately "heavy-tailed" (with respect to the normal distribution), and the 
variances are almost the same. The last result implies that the markets incorporate 
information at the same speed, assuming that variances are directly related to 
information flow (Ross, 1989). The Ljung-Box Q-statistics show that all futures 
price changes are not significantly autocorrelated. The strong ARCH effects 
(Engle, 1982) are indicated by the Langrange multiplier ARCH tests. Together 
with insignificant means, the statistics suggest a martingale process with GARCH 
(Bollerslev, 1986) innovations in the Nikkei futures markets. Not surprisingly, 
Table 1 also indicates that the futures price changes of the three markets are highly 
correlated, with SIMEX and OSE having a correlation coefficient of greater than 
0.9 and with the other two coefficients being approximately the same. 

5 Results reported are qualitatively the same if these 73 different trading days are deleted. 
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3. Volatility during trading and nontrading hours 

63 

Numerous papers report that return variance for stocks are higher during trading 
than nontrading hours. See, e.g., Fama (1965), Oldfield and Rogalaski (1980), and 
French and Roll (1986) for U.S. stock markets, Barclay et al. (1990) and Chang et 
al. (1993) for Japanese markets, and Chart and Chan (1993) for Hong Kong 
markets. Three hypotheses have been proposed for this phenomenon: (1) greater 
amounts of public information revealed; (2) more private information released; 
and (3) a greater level of noise during trading hours. Specifically, if return 
volatility is mainly derived from private information and noise trading, return 
volatility is related to trading activities when the market is open. However, if 
volatility is caused by the release of public information, volatilities during trading 
and nontrading hours are only related to the information flow instead of trading 
activities. 

Comparisons between trading and nontrading time variances within individual 
markets and across markets may shed some light on the information, either private 
or public, transmission mechanism among the three Nikkei futures markets. Since 
relevant information is likely to be revealed during the Japanese business hours 
and the trading hours of the NSA spot market, which are also the trading hours of 
the OSE and SIMEX, volatilities of trading hours of these two markets are 
expected to be higher than those of nontrading hours. The opposite should be true 
for the CME, i.e., the nontrading time variance is higher, because the nontrading 

Table l 
Sample statistics of yield changes (c lose , -c lose ,_  ~): Table l summarises the descriptive statistics of 
close-to-close future prices changes for the period of December 3, 1990 to May 18, 1994 (900 
observations). Asymptotic p-values are contained in parentheses. 

AOSE ASIMEX ACME 

Mean - 1.57 × 10 -~ 
(0.743) 

Median 0.00 
Variance(o "2) 2.10X 10 a 
Skewness 0.112 

( 0 . 1 7 0 )  

Excess kurtosis 0.697 
( < 0.001) 

Ljung-box Q-stat, Q(12) 8.82 
(0.718) 

LM ARCH(12) test 74.9 
( < 0.0Ol) 

Correlation coefficients 
AOSE 
ASIMEX 

-- 1 . 5 7 ×  10 - 4  

(0.764) 
0.00 
2.46X 10 4 
0.201 

(0.014) 
2.47 

( < 0.001 ) 
9.82 

(0.632) 
52.9 

( < 0.001) 

0.912 

- 1 . 4 8 × 1 0  4 
(0.778) 
0.00 
2.10× 10 -4  
0.201 

(0.014) 
2.47 

(0.001) 
17.6 
( 0 . 1 3 0 )  

62.4 
( < 0.001 ) 

0.764 
0.818 
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Table 2 
A comparison of trading time (open-to-close) variances, o-~, and nontrading time (close-to-open) 
variance, o-~. 

' B O S E  JSIMEX ACME 

Panel A: Trading time cariances (10 - 4) 
Total variance, crr 
Variance per hour, o- r ~, o - f /  
(no. of trading hours) 

1.39 2.01 0.298 
0.232 0.322 0.041 

Panel B: Nontrading time t,ariances (10 4) 
Total variance, o-,~ 

With weekends and holidays 0.708 
No weekends and holidays 0.555 

Variance per hour, ~ *, o~v/(no, of nontrading hours) 
With weekends and holidays 0.039 
No weekends and holidays 0.031 

Panel C: Trading time and nontrading time L:ariances ratio 
Total variance ratio, o-f/o-# 

With weekends and holidays 1.96 
No weekends and holidays 2.50 

Variance per hour ratio, o" r ~/~'~ * 
With weekends and holidays 5.95 
No weekends and holidays 7.19 

0.707 2.25 
0.490 2.12 

0.040 0.134 
0.028 0.126 

2.84 0.132 
4.10 0.141 

8.05 0.306 
11.5 0.325 

Panel D: Bartlett's test statistic.['or homogeneit3' of  rariance " 
H0: err* of ACME = o-~* of ASIMEX 
H0: o- r of ACME=os~ x of AOSE 

H0: o~ ~ of ACME = err* of JSIMEX 
H0: o-~* of ACME=cr r* of AOSE 

0.223(0.64) 
0.030(0.86) 

164.5( < 0.001 ) 
56.6( < 0.001) 

The Bartlett's test statistic has an approximate X2(l) distribution under the null hypothesis of equal 
variances. Asymptotic p-values are contained in parentheses. 

hours o f  the C M E  over lap the trading hours o f  the O S E  and S IMEX.  O f  part icular  

interest, the paper  compares  the nontrading (trading) t ime var iance of  the C M E  

market  with the trading (nontrading) t ime variances o f  the other  two markets.  If  

these three markets  are dr iven by the same kind o f  information,  the nontrading 
(trading) t ime var iance per hour o f  the C M E  should be close to the trading 

(nontrading)  t ime var iances  per  hour  o f  the O S E  and S I M E X  markets.  

3. I.  E m p i r i c a l  r e s u l t s  

Table  2 Panel A demonstra tes  that the trading t ime (open- to-c lose)  var iance per  

hour, o-~*, of  A C M E  (0.041) is much  smaller  than those of  A O S E  (0.232) and 
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ASIMEX (0.322). In contrast, in Panel B, the Chicago market gives the greatest 
nontrading time (close-to-open) variance per hour, <~*. The per hour trading and 
nontrading time variance ratios, o ' r * / o -  x*,  are presented in Panel C. Panels B 
and C report both of the results when the weekends and holidays are included and 
when they are not included. Since the weekends and holidays do not affect the 
results qualitatively as shown, only the results with the weekends and holidays are 
discussed. The results show that the trading time variances are greater than the 
nontrading time variances in the Osaka and Singapore markets with the ratios of 
5.95 and 8.05, respectively; but the opposite is true for the Chicago market with a 
ratio of 0.306. The results are consistent with aforementioned argument that the 
relevant information is released in Japanese business hours. 

It is worth noting that although noise trading may explain the low trading time 
variance of the CME (the trading volume of which is much smaller than the OSE 
and SIMEX), it cannot describe with the high nontrading time variance of the 
CME. Moreover, the trading volume of the OSE is three times that of the SIMEX, 
but the trading time variance per hour of the OSE is smaller. These results are 
consistent with Bacha and Vila (1994), who find that the intradaily variance using 
daily high/ low prices is higher at the SIMEX Nikkei futures market for the period 
September 1986 to August 1991. Examining why the trading time variance of the 
OSE is smaller than that of the SIMEX is beyond the scope of the paper. Bacha 
and Vila (1994), however, point out that these results may be caused by the tighter 
regulation and high transaction costs and the two-hour lunch break of the OSE. 6 

Of particular interest, the first two rows of Panel D show that the trading 
variance per hour, cr~ *, of ACME (0.041) is statistically equal to the nontrading 
variance per hour, o-~,~*, of AOSE and ASIMEX (both 0.04). Moreover, the 
magnitude of O'u 2~ of ACME (0.134) is close to err* of JOSE (0.223) and 
ASIMEX (0.322), though the last two rows of Panel D indicate that o- N* of 
ACME is statistically different from both of them. As mentioned before, the 
nontrading (trading) hours of the CME overlap the trading (nontrading) hours of 
the OSE and SIMEX. These results not only further support the argument that 
information is revealed during the trading hours of the OSE and SIMEX, but also 
imply that these three markets are driven by the same kind of information. 

4. Unit root and cointegration 

Table 3 presents the unit root results using the augmented Dickey-Fuller (ADF) 
(Dickey and Fuller, 1979; and Dickey and Fuller, 1981) tests and the Phillips-Per- 

6 Bacha and Vila (1993) also suggest that the existence of intraday price limit and the absence of a 
market maker in the OSE may make it less efficient in processing information. 
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Table 3 
Augmented Dickey-Fuller and Phillips-Perron unit root tests: Table 3 presents the results of the ADF 
and Phillips-Perron unit root tests. The null hypotheses of both tests are H0: 1(1) or unit root. Consider 
the series {x~}. The ADF tests are based on the following OLS regression: 

P 

A x t  = co q- cj x t _  I -- c2 t -~ E Oi ~ x t _  i ~- e t ,  
i - I  

with H0: c t = 0. The Phillips-Perron tests involve computing the following OLS regressions: 

X t = /[Z* -~- b'l* Y t _ I ~- Et* 

X r = l ~ + V z ( t - T / 2 ) + ~ ' r x t  t+e~, 

with H0: u~*= 1. The statistics are computed with 1 lag for the ADF tests and 1 non-zero 
autocovariance in Newey and West (1987) correction tor the Phillips-Perron tests. The lag length is 
selected by the AIC and similar results are given for higher lags up to 20. The critical values for both 
statistics, which are asymptotically equivalent, are available in Fuller (1976, p. 373). The 5% critical 
values are -2.86 (no trend) and -3.41 (with trend). 

OSE SIMEX CME 

ADF (no trend) - 1.547 - 1.531 - 1.500 
ADF (with trend) - 1.66l - 1.697 - 1.648 

Phillips-Perron (no trend) - 1.598 - 1.628 - 1.553 
Phillips-Perron (with trend) - 1.726 - 1.718 - 1.598 

ron (PP) (Phil l ips,  1987; and Phil l ips and Perron,  1988) tests. 7 Both tests do not 

reject  the null hypothes i s  o f  unit roots.  These  results  show that OSE, ,  S1MEX t, 

and C M E ,  can be charac te r ized  as I(1) p rocesses  and, accordingly ,  they can 

wande r  extens ively .  Since these three futures contracts  are very similar,  their  

futures pr ices  should  m o v e  toge ther  and should not d iverge  f rom each other  in the 

long run. Cointegra t ion,  which  can descr ibe  the ex is tence  o f  this equi l ibr ium (or 

stat ionary) re la t ionship  a m o n g  nonsta t ionary  series,  is used to analyze the informa-  

tion t ransmiss ion  o f  the three futures  markets .  The theory o f  cointegra t ion  is fully 

deve loped  in Granger  (1986) and Engle  and Granger  (1987). 

Johansen  (1988, 1991) has deve loped  the m a x i m u m  l ikel ihood es t imator  for a 

co in tegra ted  sys tem.  Let  Y, = (OSE,  S I M E X ,  C M E t ) ' ;  n = the n u mb er  of  vari- 

7 Consider the series {xt}. The ADF tests are based on the following OLS regression: 
P 

A X t = C o - ~ C l X t _  ] + C 2 t +  E O i x ~  i + e t  , 
i - I  

with the null hypothesis Ho: c t = 0. The Phillips-Perron tests involve computing the following OLS 
regressions: 

X t = ].L* --  Vl ~ X t_  I "- Et* 

x, = / z +  v 2 ( t -  T / 2 ) +  ~'lxt_ I + e,, 

with H0: u( = 1. 
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a b l e s  in t h e  s y s t e m ,  t h r e e  in t h i s  c a se .  I f  Yt is c o i n t e g r a t e d ,  it c a n  be  g e n e r a t e d  b y  

a v e c t o r  e r r o r  c o r r e c t i o n  m o d e l  ( V E C M ) :  

k - I  

k Y , = / . t +  ~__~GiAY,_i+GkY , , + e , ,  ( 1 )  
i = 1  

w h e r e  /.t is a 3 × 1 v e c t o r  o f  dr i f t ,  G ' s  a re  3 × 3 m a t r i c e s  o f  p a r a m e t e r s ,  a n d  g,  is  

a 3 × 1 w h i t e  n o i s e  vec t o r .  T h e  J o h a n s e n  t r ace  t e s t  s t a t i s t i c  o f  t h e  nu l l  h y p o t h e s i s  

t ha t  t h e r e  a re  a t  m o s t  r c o i n t e g r a t i n g  v e c t o r s  0 _< r < n ,  a n d  t h u s  ( n  - r )  c o m m o n  

s t o c h a s t i c  t r e n d s  is 

t r a c e =  - ( T - n k )  ~_~ I n ( 1 - , ~ i ) ,  ( 2 )  
i = r + l  

w h e r e  ,~ [ s  a re  t h e  n - r  s m a l l e s t  s q u a r e d  c a n o n i c a l  c o r r e l a t i o n s  o f  Y, ~ w i t h  

r e s p e c t  to AY, c o r r e c t e d  fo r  l a g g e d  d i f f e r e n c e s  a n d  T is t he  s a m p l e  s i ze  a c t u a l l y  

Table 4 
Johansen cointegration tests: Table 4 reports the cointegration results of the Johansen trace and Area x 
statistics for the three futures prices. The Johansen trace test statistic of the null hypothesis that there 
are at most r cointegrating vectors 0 _< r < n, and thus (n - r) common stochastic trends is 

tl 

,r,,ce = ~ r -  nk) Y" ln ( l -  ~ ) ,  
i = r + l  

where Ai's are the 17 - r smallest squared canonical correlations of Y, i with respect to JY, corrected 
for lagged differences and T is the sample size actually used for estimation. The Johansen maximum 
eigenvalue (Area ~) test statistic of the null hypothesis that there are r cointegrating vectors against 
r + l  is 

A m a x = - ( t - n k ) l n ( l - A r + l ) ,  

where A,.+ i is the (r  + l)th greatest squared canonical correlation. The lag length k in the VECM is 
determined by the SIC and AIC. 

AIC = lnl~,., ,l+Zf/T; and SIC = ln]~ . , , l+f ln(T) /T .  
where ~,.,, denotes the Johansen ML estimate of the residual covariance matrix and f = n2(k - 1)+ n 
+ 2 n r -  r 2 is the number of freely estimated parameters of the VECM. Results reported for k = 2 
chosen by the SIC are qualitatively the same for k = 3 to 6. The critical values are obtained from 
Osterwald-Lenum (1992). 

Trace Critical values A,nax Critical values 
at the 1% level at the 1% level 

r = 2 2.30 I 1.65 2.30 11.65 
r = l 327.5 a 23.52 325.2 ~ 19.19 
r = 0 712.0 ~ 37.22 384.5 ~ 25.75 

Residual diagnostics 

OSE SIMEX CME 

p-values of 0.704 0.215 0.16 
Ljung-box Q(12) test 

Significant at the 1% level. 
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Table 5 

Johansen tests and cointegrating vectors for bivariate systems: Table 5 reports the cointegration results 
o f  e v e r y  tw¢, markets in a hivariate system. See Table 5 for  the description and critical values of  the 
trace and  Am~,~ test statistics. Panel B presents the results of  the hypotheses that the cointegrating 
vectors for the error correction terms are (1 o~)' wi th  a - 1, i.e., the futures price differentials. The 
hypothesis testing H0: ce = 1 aga ins t  H, , :  o~ :¢= 1 in Panel B fol lows Johanseu (1991), and the test 
statistic is given as 

r 

o .  = g ,n[ (  ; ,  ) / (  . -  
i = 1  

where )t, and ~-i are the eigenvalues associated with the H 0 and H ,  specifications. In these bivariate 
cointegration systems, r = 1 and QH is distributed asymptotically as a x 2 ( l ) .  Results reported for  

k = 2 in the VECM are qualitatively the same for k = 3 to 6. 

( O S E ,  S I M E X )  ( O S E ,  C M E )  ( S I M E X .  CME) 

Panel A: Johansen tests 

Trace 
r = 1 2 .19 2 .30 2.35 

r = 0 388 .0  ~ 356.6  " 329.7  ~ 

~'max 
r = 1 2.29 2 .30 2.35 

r = 0 385.7  a 354.3 ~' 327.5 ~ 

Panel B: Cointegrating cectors, ( 1 -  c~ )' 

& 1.00 0.99 0 .99 

p-value of  HII:  ~ = 1 (0 .99)  (0 .99)  (0 .99)  

a S i g n i f i c a n t  at the  I %  level .  

used for estimation. Following the correction suggested by Reinsel and Ahn 
(1992), ( T -  nk) instead of T is used in Eq. (2) (and Eqs. (3) and (4) below). The 
Johansen maximum eigenvalue (Am~,x) test statistic of  the null hypothesis that 
there are r cointegrating vectors against r + 1 is 

Am x = --(T--  ,,k)ln(1 - L + , ) ,  (3) 
where ,~,.. ~ is the (r + 1)th greatest squared canonical correlation. 

The results of the Johansen (1991) cointegration tests are reported in Table 4. It 
demonstrates that the futures prices of the three markets are cointegrated with 
r = 2, indicating that there is one common stochastic trend. The lag length k equal 
to 2 (i.e., one lag of AY t) in the VECM (1) is chosen by the Schwarz information 
criteria (SIC) (results not reported). Reimers (1991) finds that the SIC does well in 
selecting k and the residual diagnostics shown in the table iHdicate that the 
residuals from each equation in the VECM are not significantly autocorrelated. 
Results reported in this paper are qualitatively the same for k = 3 to 6; the lag 
length chosen by A1C is 6. 

Table 5 reports the cointegration results of every two markets in a bivariate 
system, (OSE r, SIMEXt), (OSE~, CME,), and (SIMEX~, CME,). Significant 
cointegration results reported in Panel A are obtained in each bivariate system. 
Moreover, Panel B presents the results of th,: hypotheses that the cointegrating 
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vectors for the error correction terms are (1 - a ) '  with oe = 1, i.e., the futures 
price differentials. These results will be used in Section 6. The hypothesis testing 
H0: c~ = 1 against H,,: o~ v a 1 in Panel B follows Johansen (1991), and the test 
statistic is given as 

r 

Q H : ( T -  nk) g l n [ ( l -  A : ) / ( I -  AI)], (4) 
i = 1  

where ~.[ and Ai are the eigenvalues associated with the H 0 and H ,  specifica- 
tions. In these bivariate cointegration systems, r =  1 and QH is distributed 
asymptotically as a X2(I). The null hypothesis that a = 1 is not rejected in each 
case. 

5. Variance decomposition and impulse response analysis 

Variance decomposition and impulse response analysis put forth in Sims (1980) 
have been widely used to examine how much movement in one market can be 
explained by innovations in different markets and how rapidly the price move- 
ments in one market are transmitted to other markets. (See Eun and Shim, 1989; 
and Jeon and yon Furstenberg, 1990, for the international transmission of stock 
market movements, and Booth et al., 1996, for stock index futures markets.) This 
paper, following King et al. (1991), explores the common factor within the 
cointegration system. The cumulative impulse functions of Nikkei futures prices 
and the fractions of the forecast error variances attributed to the shocks to the 
common factor are computed. Note that the shock is innovation to the common 
factor, instead of each individual series as is the usual way in the conventional 
VAR literature. Since a common factor naturally exists among markets for similar 
products, this approach may provide a more in-depth analysis of international 
transmission mechanism for Nikkei futures markets. 

5,1. Identification of the common stochastic trend 

Since there is only one common factor in II, -= (OSE, SIMEX, CME,) ' ,  1I, may 
be considered to be generated from the following common factor representation 

Y~= Yo + txt + Jq, + ~7~, (5) 

where Yo = (OSE0 SIMEX0 CME0)', /x is a 3 × 1 vector of drift, J = ( 1  1 1)', q, 
is the scalar I(1) common stochastic trend, and Y, is a 3 X 1 vector of I(0) 
transitory components. 

Let (it  = Aq,. The response of Y, to the shock ~ , ,  i.e., OYJO~l,, I for l = 0, 
1, 2 ..... is computed as follows. From Eq. (5), 

lim,~:~c)YJC?~l., 1 = J '  (6) 

as q, = A l~l ,. Thus the long-run multiplier of sel, is unity. Since ~lt is the 
innovation process to the common permanent component, it may be considered the 
permanent shock. The fractions of forecast error variances of  A y, due to the 
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permanent shock which yields information about the relative importance of the 
common stochastic trend in each series are also estimated. 

The VECM (1) is estimated and transformed to a vector moving average 
(VMA) model 

aYl= (7) 
where C(L) is a 3 × 3 matrix polynomial in the lag operator L, and Ee, e~ = X~. 
Since there is only one common factor in lit, C(1) is of rank 1 and there exists a 
3 × 1 vector D such that C(I)  = JD'. 

To identify the common stochastic trend ql, some identifying restrictions are 
imposed. Rewrite Eq. (7) as 

AYf= IZ + F (  L)~ l, (8) 

where F( L )  = C ( L ) F  o, Fo 1 exists, and ~:l = Po 'el. As P(1)  = C(1 )F  o = J D T  o 
is of rank one, and F o may be chosen so that 

C ( l ) =  1 0 • ( 9 )  
1 0 

Accordingly, if ~ = ({:lf ~:2I ~3i)', Sell is the persistent shock with the long-run 
multiplier J while ~:2i and ~:3l are transitory shocks with the long-run multiplier 
equal to 0. Since C(L)e  I = F(L)~l  and C(1)e  I = F( l )~ t ,  it can be shown that 
~:11 = D'el and E{:12t = D'XD.  The impulse response associated with ~ll are given 
by the first column of  F ( L )  and can be computed according to King et al. (1991). 

5.2. Empirical results 

As previously mentioned, two possible orderings of trading sequence exist. 
Consider Sequence 1 with the CME being the last trading market within a 24-hour 
interval. The percentage of the forecast error variances of BY, attributed to 
innovations ~1, in the common stochastic trend is presented in Panel A of  Table 
6. In computing these, the permanent shock is assumed to be uncorrelated with the 
transitory shocks, i.e., E ~ l l ~ 2 l  = E ~ t l ~ 3 l  ~ O. The point estimates suggest that at 
the end of a 50-day horizon, 99% of the forecast error variance in BCME, 73% in 
BOSE, and 75% in BSIMEX can be attributed to innovations in the common 
stochastic trend, sc~l. Even at the end of  a l-day horizon, the innovations in the 
common factor explain 99% of the fluctuations in ACME, but only 83% and 85% 
in BOSE and ASIMEX, respectively. 

The impulse responses of 11, to an innovation to the common stochastic trend 
are reported in Table 7. In response to a shock generated at day 0 (the same day), 
all markets fully respond in day 1 (next day). Specifically, at day 0, the Chicago 
market responds 108%, the Osaka market 83%, and the Singapore market 93%. 
Note that the long-run multiplier of the permanent shock is unity as shown in Eq. 
(6), i.e., 

liml~Oyi,/O'~l.~ t = 1, (10) 

where Nil is O S E  l, SIMEX t, or CME t. 
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Table 6 
Forecast error variance decomposition: Table 6 reports the fractions of  forecast error variance to 
forecast kyf  that are due to shocks to the common stochastic trend. The shock is innovation to the 
common factor, instead of  each individual series. Note that two possible orderings of  the trading 
sequence within 24 hours can be constructed among the three futures markets. Sequence 1 represents 
the trading sequence as the usual way with the CME as the last trading market within a 24-hour 
interval, and Sequence 2 represents the trading sequence with the CME as the first trading market. 

Horizon AOSE~ ASIMEX, JCME, 

Panel A: Sequence 1 {OSE,, SIMEX: } --+ CME, 
1 0.8264 0.8493 0.9924 
2 0.7315 0.7488 0.9894 
3 0.7297 0.7474 0.9882 
4 0.7297 0.7473 0.9882 
5 0.7297 0.7473 0.9882 
10 0.7297 0.7473 0.9882 
50 0.7297 0.7473 0.9882 

Panel B." Sequence 2 CME: ~ [OSE, +/. SIMEX, + : ] 
I 0.9737 0.9818 0.1162 
2 0.9318 0.9765 0.7008 
3 0.9307 0.9728 0.7000 
4 0.9305 0.9728 0.6993 
5 0.9305 0.9728 0.6993 
10 0.9305 0.9728 0.6993 
50 0.9305 0.9728 0.6993 

These results, both variance decomposition and impulse response function, may 
imply that the common factor is mainly derived from the Chicago market, and the 
Chicago market drives the information transmission mechanism among markets, 
assuming that the common factor impounds all the long-run information. Never- 
theless, these results are shown to be simply induced by the nonsynchronous 
trading problem by comparing the results of Sequence 2 reported in Panel B of 
Tables 6 and 7. In Sequence 2, the CME trades earlier than the OSE and SIMEX 
within a 24-hour interval, i.e., the OSE and SIMEX are the last trading markets in 
the trading sequence. Panel B of Table 6 shows that the percentages of the forecast 
error variance attributed by ~:~, at the end of 50 days and 1 day drop substantially 
to 70% and 12%, respectively. Oppositely, s~t, accounts for higher than 90% 
either at the end of 50 days and 1 day for both OSE and SIMEX. Analogous 
results are also obtained for the impulse responses. For Sequence 2, Panel B of 
Table 7 shows that at day 0, the Chicago market responds only 16% to an 
innovation to the common stochastic trend, while both the OSE and SIMEX 
responds higher than 90%. In essence, the common factor is more likely to be 
derived from the OSE and SIMEX (particularly the latter, see discussion below) 
because even in Sequence 1, the forecast error variance decomposition (at day 1 
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Table 7 
Responses to innovation to the common factor: Table 7 reports are the impulse responses of  )'it to one 

standard deviation stock to the common stochastic trend, Oyit/O~jt, , i, where ~t, is the shocks to the 
stochastic trend. See Table 6 for the description of the two trading sequences. 

l AOSE~ ASIMEX, ACME, 

Panel A: Sequence 1 - {OSEr. S I M E X r } ~ C M E  t 

0 0.8285 0.9305 1.0807 
1 0.9994 1.0337 1.0131 
2 1.0033 0.9946 0.9973 
3 1.0001 0.9985 0.9981 
4 1.0007 1.0001 0.9982 
5 1.0011 1.0001 0.9980 
10 1.0011 1.0001 0.9980 
50 1.0011 1.0001 0.9980 

Panel B: Sequence 2 - C M E r ~ { O S E ~ +  I, SIMEXt+ i} 
0 0.9213 1.0328 0.1562 
1 0.9813 0.9992 1.0203 
2 1.0078 0.9994 0.9593 
3 0.9982 0.9977 0.9951 
4 1.0080 1.0009 0.9944 
5 1.0010 1.0008 0.9979 
10 1.0011 1.0009 0.9980 
50 1.0011 1.0009 0.9980 

and 5) and responses to innovation to the common factor (at day 0) are larger than 
80% for the OSE and SIMEX. 

A more detailed comparison between the results of OSE and SIMEX warrants 
further discussion. The percentage of forecast error variance decomposition and 
responses to innovation to the common factor is higher for the SIMEX either in 
Sequences 1 or 2: about 2% higher in the forecast error variance decomposition, 
and 10% higher in the response to ~:lt- Hence, the SIMEX responds to the 
common stochastic trend more quickly than the OSE. These comparisons may 
suggest that the tighter regulation and higher transaction costs of the OSE may 
reduce the informational efficiency of the market, though the evidence is not 
conclusive. It is also worth mentioning that the SIMEX is closed 15 minutes later 
the OSE, and therefore, the OSE close price may incorporate less information than 
the SIMEX. Nevertheless, investigating whether these market microstructure 
aspects will affect the informational efficiency of the OSE is beyond the scope of 
the paper and reserved for future research. 

On balance, results from Sequences 1 and 2 demonstrate that whichever is the 
last trading market(s) in the 24-hour trading sequence is the "dominant" market 
driving the common factor. Put in another way, none of the three markets can he 
described as the main source of information flow. Instead, each trading market is 
informationally efficient, on a daily basis, and embodies all the relevant informa- 



G.G. Booth et al. / Pacific-Basin Finance Journal 4 (1996) 59- 76 73 

tion. These results also suggest that the markets are driven by the same informa- 
tion mechanism that flows around each trading market. It is worth mentioning that 
these results are consistent with the results obtained in Section 3. Section 3 merely 
indicates that information is revealed during the nontrading hours of the Chicago 
market; here the results demonstrate that the Chicago market, as well as the other 
two markets, incorporates all the information when there is information flow. 

6. Granger causality among markets 

This section explicitly investigates the directions of Granger causality among 
the futures prices of  the three markets by estimating the following VECM. 

BOSE,. = a, + ]3 l l (OsE ,_  i - -  SIMEX,  ,) + /3 ,2 (OSE,  , - CME~_, ) 

+ b l l A O S E , . _ l  + b l 2 A S I M E X ; - I  + b l 3 A C M E s - l  +gL.; ( l l a )  

ASIMEX; = a 2 + / 3 2 ~ ( S I M E X , .  1 - -  OSE, 1 ) -~- /3:2(SIMEX, J 

- CME,_ 1 ) -t- b 2 1 A O S E ~ _  1 + b22 ASIMEX , -  I 

+ b 2 ~ A C M E ,  I + e 2 ,  ( l l b )  

J C M g s  = a3 - ] - / 3 3 1 ( C M g s  ! - O S E s - 1 )  -~- / 3 3 2 ( O N e s -  1 - S I M E X s  1) 

+ b31 A O S E s  1 q- b32 A C M E ,  1 -]- g 3 s ,  (1  l c )  

where /3i i, i =  1, 2, or 3 and j = 1 or 2, are the parameters for the two error 
correction terms of each equation, s Note that the subscript s refers to the index of 
trading-market series in each of the two 24-hour trading sequences instead of the 
calendar trading day denoted by t. That is, for Sequence 1 with the CME as the 
last trading market within a particular 24-hour trading hour, s is the same as t for 
each market. But for Sequence 2, s corresponds to t + 1 for the OSE and SIMEX. 
The cointegrating vectors of the error correction terms are (1 - 1)' as verified by 
the results shown in Table 5. 

Results of Sequences 1 and 2 are respectively presented in Panels A and B of 
Table 8. None of the own- and cross-market lagged futures price change terms are 
significant in Panels A and B. Therefore, the causal relationship discussed below 
only derived from the disequilibrium errors, i.e., the error correction terms. Panel 
A shows that the error correction terms including CME,  1 in the AOSE and 
ASIMEX models (/312 and /322 in Eqs. (1 la) and (1 lb), respectively) are strongly 
significant at any conventional significance levels, but both error correction terms 
in the ACME model (/331 and /332 in Eq. (1 lc)) are insignificant with t-statistics 
= - 1 . 0 8  and - 0 . 3 7 .  Simply based on this result, it is interpreted that CME 

If only one error correction term that incorporates all the three markets is included in the VECM, 
collinearity may be induced because the system contains two cointegration vectors. 
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Table 8 
Estimation of VECM: Table 8 presents the results of the vector error correction models (VECM). 
AOSE,=a ,+ /31 ] (OSE ,-SIMEX~ , ) + / 3 , 2 ( O S E , _ , - C M E  , , )+b ] ,AOSE,_ ,  

+bt2ASIMEX, I+bI3ACME, t+  el, 
ASIMEX,=a  2 + , 8 ~ ( S I M E X , _ ~ - O S E ~  ~)+/3_,?(SIMEX, ~-CME, ])+b_~AOSE~ 

+ b'_2'--1SIMEX~ I + b_'3JCME~ t + e2~ 
ACME,=a  3+/33~(CME, ] - O S E ,  ~)+/3,_,(CME~_~-SIMEX, ~)+b~AOSE,  

+ b32 ASIMEX, i + b33 ACME,_ i + e3,, 
where /3ij, i = 1, 2 or 3 and j = I or 2. are the parameters for the two error correction terms of each 
equation. The subscript s refers to the index of trading-market series in each of the two 24-hour trading 
sequences instead of the calendar trading day denoted by t. The cointegrating vectors of the error 
correction terms are (1 - 1)' as verified by the results shown in Table 5. t-statistics calculated by White 
(1980) are in parentheses. 

/lOSE ASIMEX ACME 

Panel A: Sequence 1 (OSE~, SIMEXr ~ CME t) 
a, - 5 . 5 × 1 0  4 ( -0 .24)  0.27<10 4 (0.047) - 0 . 3 × 1 0  4 (-0.051) 
/3i] -0.120 ( -0 .73)  -0.161 ( -0 .88)  -0.210 ( 1.08) 
3i2 -0.650 b (--6.49) --0.727 b (--6.22) 0.078 (0.37) 
b~ -0.039 ( -0 .38)  -0.086 ( -0 .63)  - 0.046 ( -0 .30)  
hi, - -0.013 ( -0 .11)  0.000 (0,00) -0.010 ( -0 .06)  
b~3 0.035 (0.48) 0.074 (0.88) 0.018 (0.20) 

Panel B: Sequence 2 (CME~ --+ OSE t + i. SIMEX~ + i ) 
a i - 4 . 4 ×  10 -4 ( -0 .93)  1.46× l0 4 (0.28) 0.9× 10 -4 (0.37) 
31t -0.500 b (--2.76) --0.451 ~' (--2.06) --0.269 ~ (--2.56) 
/3~2 -0.009 ( -0 .10)  0.013 (0.13) -0.589 b (--5.69) 
bil -0.148 ( -1 .22)  -0.199 ( -1 .28)  -0.054 ( -1 .11)  
b¢2 0.138 (1.16) 0.172 (1.11) 0.191 (3.77) 
bi3 0.038 (0.98) 0.034 (0.75) -0.027 ( -  1.59) 

Significant at the 5% level, b Significant at the 1% level. 

un id i rec t iona l ly  G r a n g e r - c a u s e s  O S E  and  S I M E X .  None the le s s ,  these  resul ts  are 

s h o w n  to be  induced  by  the p r o b l e m  of  n o n s y n c h r o n o u s  t rad ing  d i scussed  in the 

p rev ious  sect ion.  W h e n  the O S E  and  S I M E X  are the last  t rad ing  marke t s  as in 

S e q u e n c e  2, Pane l  B dem ons t r a t e s  tha t  bo th  er ror  cor rec t ion  t e rms  in the A C M E  

mode l  are now s igni f icant ,  and  the error  cor rec t ion  te rm inc lud ing  S I M E X ~ _  1 

(/332) has  a larger  (in m a g n i t u d e )  coef f ic ien t  and  t-s tat is t ics  than tha t  inc lud ing  

O S E , _  ] (/331). In contras t ,  the error  cor rec t ion  te rms  inc lud ing  C M E ,  1 in bo th  

the AOSE and  A S I M E X  are ins igni f icant .  Moreove r ,  the s ign i f ican t  e r ror  correc-  

t ion te rms  inco rpora t ing  S I M E X ~  ~ in the A O S E  mode l  (/311 wi th  t-s tat is t ic  = 

- 2 . 7 6 )  and  OSE~_ ~ in the A S I M E X  model  (/321 wi th  t - s t a t i s t i c = - 2 . 0 6 )  

indica te  a b id i rec t iona l  G r a n g e r  causa l i ty  re la t ionsh ip  b e t w e e n  the O S E  and  

S I M E X .  

In sum, none  o f  the marke t s  G r a n g e r - c a u s e  the o the r  two on a dai ly  basis .  

Causa l i ty  poss ib ly  runs  f rom the last  t rad ing  marke t ( s )  in the s equence  but  this  
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causal relationship is shorter than one day. The results of Sequence 2 also evince a 
bidirectional Granger causality between the OSE and SIMEX on a daily basis. 

7. Conclusions 

This paper investigates the international transmission of  information in Nikkei 
225 stock index futures markets. Comparing the trading and nontrading time 
variances, it is found that, in contrast to the other two markets, the nontrading time 
variance of  the Chicago market is higher than the trading time variance. These 
results are consistent with the notion that relevant information is released during 
the Japanese business hours. Moreover,  the nontrading (trading) variance per hour 
of the Chicago is close to the trading (nontrading) variance per hour of  the OSE 
and SIMEX. These results suggest that the three markets are driven by the same 
kind of information. Futures prices of three markets are shown to be cointegrated 
with a single stochastic trend. However, none of the markets Granger-cause the 
other two markets on a daily basis. Instead, causality runs from the last trading 
market(s) in the 24-hour trading sequence but this causal relationship is shorter 
than one day. 

An approach exploring the variance decomposit ion and impulse response 
functions of  the Nikkei futures series is employed to examine the common 
stochastic trend in the cointegration system. All markets respond to the shock 
generated from the common factor rapidly. Comparing the results with two 
different orderings of the trading sequence, each trading market is evinced to 
impound all of the relevant information. In this way, none of the three markets can 
be considered the main source of information flow, and each trading market is 
informationally efficient. Some weak evidence suggests that the SIMEX responds 
to the common factor more quickly than the OSE, although the trading volume of  
the OSE dominates the other two markets. Nevertheless, future research examining 
the influences of different market microstructures, i.e., tighter regulations and 
higher transaction costs of  the OSE, on the market efficiency may provide a better 
understanding of  international transmission of information among the Nikkei 

futures markets. 
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