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Thisstudy examinesthe cointegrating and long-term causal rel ationships of
equity market prices in equity markets of Chinese states namely, Shanghai,
Shenzhen, Hong Kong, Taiwan and Singapore. | cover the period between
October 5, 1992 and March 20, 2006, taking into account both the Asian
financial crisis and the opening-up of China's equity markets in recent years.
First, | analysis the cointegration by utilizing Johansen’s (1988) cointegration
tests. | find that along-term equilibrium rel ationship measured by cointegration
has been established among Shanghai, Shenzhen, Hong Kong and Taiwanese
markets and, to a lesser degree, between these markets and the Singapore
market since 1998. Secondly, this study examines causality by exploring the
bootstrapped TodaY amamoto non-causality tests. | find that there is strong
evidence of abi-directional causality between Shanghai and Shenzhen markets
after 1998. Furthermore, | also find that there are more causal linkages between
the Chinese states equity markets: two mainland Chinese markets, Hong Kong,
Taiwan, and Singapore became more dependent on each other. The robustness
of the abovefindingsisconfirmed by the use of abootstrap test employed to test
the validity of my results.

Keywords. international financial markets; causality testing in VaRs with
bootstrapping, cointegration

l. Introduction
Economicintegration between four ethnically homogeneouseconomies,

China, Hong Kong, Taiwan and Singapore, emerged in the late 1970s
as Chinagradually opened her marketsto international trade and direct
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foreign investment and implemented market-orientated economic
reforms. These four economies complement each another, with China
providing land and labor for manufacturing at low costs, and Taiwan,
Singapore and Hong Kong providing capital and technical expertise.
Economic ties have been strengthened within this region by improved
rel ationships between these economies, coupled with thereturn of Hong
Kong to the PRC on July 1, 1997.

In addition to strengthened real economic links, interaction among
financial markets within the region started to develop as early as the
early 1990s and has accelerated in recent years. This financial
interaction took place in two opposing ways: both local investment in
overseas markets and foreign equity investment in local markets. First,
Chinesefirmsareallowed to enter international marketsto raise capital
aswell asawareness of their brands, particularly in the Hong Kong and
Singapore markets because they are more developed and most
importantly less regulated than the Taiwan market. A year after issuing
A-sharestoitsdomesticinvestorsin 1992, Chinaissued itsfirst H-share
Tisngdao Beer listed in the Stock Exchange of Hong Kong (SEHK) on
July 1993. Besides the H-share, there are * cross-border’ listings taking
place among the Hong Kong registered mainland Chinese companies
(‘Red chips’). The number of these H-shares and Red-chips has been
growing rapidly, stabilizing at around 38 and 28 respectively in recent
years. Some of these shares are thetop trading sharesin the SEHK, and
have taken a dominant role in the SEHK. For example, China Mobile
accounts for 16% of the total market capitalization of the Hang Seng
Index at the time of this being written. Following the SEHK, the Stock
Exchange of Singapore (SGX) became another important venue for
Chinese firms to be listed. These Chinese listed companies are called
“dragon chips’ in Singapore and have been actively traded since 2001.
Thenumber of companiesfromthe Chinese mainland listed on the SGX
has increased significantly since 2003. As a result, a total of 103
Chinese companies are listed on the SGX, accounting for more than 14
percent of all companies listed on the market (Shanghai Daily, May 25
2006). Most recently in May 2006, China implemented the QDII
(Qualified domestic Institutional Investor) policy by allowing its
domestic investorsto invest foreign equities.

Secondly, in addition to alowing its local firms to be listed on
international markets, after issuing A-shares to its domestic investors
China started issuing B-shares to foreign investors as early as 1992.
However, the operation of the B-share marketswerenot very successful
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at attracting foreign equity investment, because these B-shares were
thinly traded and the total capitalization of B-share markets was less
than about five percent of their counterpart A-share markets.* In abold
step, China introduced the QFII (Qualified Foreign Institutional
Investor) program as a provision for foreign capital to access its
A-share market, including bond markets, on 5 November 2002. Dueto
the growing importance of the Chinese equity markets and the
acceleration of the real economic integration within the region, the
mainland A-share markets have attracted increasing interest from
international investors for their long-term portfolio diversification as
well as short-term speculative purposes.? It is expected that the recent
opening of A-share markets (with the introduction of the QFII
regulation) and the deregulation of local firmsinvestment and listingin
overseas markets, will alow for the progressive interaction between
Chinese and global markets.

Overall, the segmentati on/integrati on between the mai nland markets
and other regional markets, as well as international markets deserves
more attention and vigorous empirical investigation. There are two
hypotheses to be investigated. First, that the mainland markets have
become moreintegrated with the other regional markets and even with
maininternational marketsincludingthe U.S. and the Japanese markets,
since these four regional economies have strengthened their economic
relationships with each other and the Chinese government’s recent
gradual relaxation of restrictionsupon foreign and domesticinvestment.
Secondly, that the mainland markets have become influenced by the
Hong Kong/Singapore and other international markets, as research has
found that the Hong K ong/Singapore markets lead the emerging Asian
markets, whilethe U.S. market influencesamajority of therest markets

1. Thetota capitalization of B-sharesismuch smaller thanthat of A-shares. Attheend
of 2003, therewere only 111 B-shares with atotal of capitalization about RMB 166 billion
($U.S. 20 billion), which was about only 4% of combined total market capitalization of two
exchanges at the same time. Besides, the market for B shares is very thin. Furthermore, in
February 2001, the restriction to B-shares for domestic investors was relaxed. It became
permissible for domestic investors with foreign currency holdings for trading B-shares. The
difference between A and B shares diminished thereafter. Therefore, this study doesn’t cover
B-shares due to their negligibility and insignificance. Instead, | use the A share indices as
more closely capturing the dominant trends in these mainland stock markets.

2. Chind s stock exchanges started as relatively new playersin the region just recent
years and have expanded rapidly interms of capitalization, turnover, and the number of firms
listed since their establishment; with the result being China's stock market becoming the
second largest in Asig, behind only Japan (Groenewold, Tang and Wu [2004]).
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in the world.

A number of researchers have applied cointegration tests and
Granger no-causality test to address the issue of equity market
integration between mainland China and other markets.® Both Huang
and Y ang (2000) and Groenewold, Tang and Wu (2004) found evidence
of cointegration between the two mainland indicesfor the period before
the Asian crisis, while Groenewold, et al. (2004) found that
cointegration disappears after the crisis and during the post-crisis up to
November 2001. Thereis no evidenceto suggest in the existing studies
that there is any cointegration existing between the mainland markets
and any other markets.

As far as the causality tests are concerned, Chan and Lo (2000),
Huang, Y ang and Hu (2000) and Groenewold et al. (2004) find astrong
but relatively isolated |ead-lag relationship between the two mainland
markets. Groenewold et al. (2004) also find that, after the Asian crisis,
there is evidence to suggest that Hong Kong has a weak predicative
power fromreturnsinthemainland in additiontoitsstronginfluenceon
Taiwan. By adding the Singapore market to their dataset, Hatemi-J and
Roca (2004) found that before the Asian crisis, the causality ran from
Singaporeto the markets of Taiwan and Hong Kong. However, after the
Asian crisis, Singapore and Taiwan became more influential as they
affected the other markets including the Hong Kong and Chinese
markets. Although there are some differences among the research, all
the above-mentioned studies conclude that Chinese stock markets are
still relatively isolated even from their neighboring markets.

This study examines the cointegration and the long-term causal
linkages within the Chinese states and between the region and major
international markets. The paper departs from previouswork in severa
ways, and contributes to the following areas:

The existing studies have mainly utilized statistics and econometric
methods which are based on asymptotic methods. This can lead to biased
inferencesin the presence of non-normality and ARCH effects, mainly in
the daily data, which is well known to characterize financial variables
(Hatemi-J and Roca [2004]) particularly for newly established emerging
markets such as the Shanghai and Shenzhen markets. First, as far as
causality testsare concerned, thisstudy addressesthisgap in theliterature
through the use of the TodaY amamoto (1995) causality test which |

3. Thesepublicationsinclude Kimand Shin (2000), Laurence, Cai and Qian (1997), Lo
and Chan (2000), Poon (2000) and Sjoo and Zhang (2000).
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bootstrap. The robustness of the results of the Granger causality testsis
confirmed by the use of a bootstrap test employed to test the validity of
the results. Secondly, this paper uses weekly logarithm price data for
cointegrationtests, whichlargely improvesthenon-normality foundinthe
daily data and mostly passes the post-estimation diagnostic tests.

This study extents its investigation into the period up to 30 March
2006, which covers the period when the Chinese government sped up
itsrelaxation on capital restriction of both foreign equity investment and
domesticlistinginternationally sincethe end of 2002. It isexpected that
there was a cointegrating and causal relationship being established
between the Chinese stock markets and the regional stock markets and
possibly international stock markets during this period.

This study also differs from other studies by using both Shanghai
and Shenzhen A share market indices rather than combining these two
indices into one portfolio index. | believe two separate indices reveal
much more information than the one artificially combined in regardsto
cointegration and causality relations. Furthermore, this study extends
the previous study on greater China stock markets to Chinese states
equity markets by including the Singapore market dueto its strong link
to the other four marketsin theregion. Thus, the present study provides
asignificant contribution to the existing literature.

The remainder of this paper is organized as follows: Section Il
discussesthe characteristics of the dataand presentstheresults of some
diagnostic tests; Section Il sets out model specification and
methodology issues; Section IV demonstrates empirical results, and
finally in Section V, conclusions and a discussion of the economic
implications are presented.

II. Market Characteristics and Data Properties

We collected daily dataof five stock marketsin the Chinese statesaswell
as Japan and the U.S. These are Shanghai’s A shareindex (DataStream
code: CHSASHR), or ShA, Shenzhen' s A share Sub index (SHZASUB,
SzA), the Hang Seng Index of Hong Kong (HNGKNGI, HKSI),
Taiwan's value-weighted index (TAIWGHT, TWII), Singapore' s new
Straits Time (SNGPORI, SGP), Nikkei 225 stock average (JAPDOWA,
JAP) and Standard and Poor’ s 500 index (S& PCOMP, SP). All of these
indices are based on closing prices. Datais obtained from DataStream
International and covers the period between 5 October 1992 and 20
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March 2006, the starting date being the earliest date for which the
information of the Shenzhen market was available.

Table 1 provides some descriptive statistics of our sample. To
analyzethe extent of market integration over time, they arereported for
thetwo subsamples: pre-financial crisisbetween 5 October 1992 and 30
June 1997 and post-financial crisis between 1 July 1998 and 20 March
2006. | asoreport theresultsfor the post-financial crisisbetween 1 July
1998 and 1 September 2001, which were used in the previously
published articles, in order to compare with them. The crisis period
between July 1997 and June 1998 was omitted in order to isolate the
effects of the Asian financial crisis. Trading over that period only
reflected noise and overreaction trading.

Although the returns for all markets including both the Chinese
markets were higher after the crisis than they were before, volatility
between mainland and non-mainland markets showed different trends.
While skewness, excess kurtosis and normality statistics in
non-mainland markets remained at a similar level after the financial
crisis, al these indicators for the relatively isolated mainland Chinese
markets substantially declined during the post crisis period. Greater
kurtosis values for the Chinese markets during the pre crisis period
indicate a relatively short history of the two markets in which a great
maj ority of the price changes occurred around that period. Theseresults
are consistent with thefinding by Bekaert and Harvey (1995) that return
volatility in emerging marketsisgreater thanthat of devel oped markets,
and that volatility istime varied.

The correlation matrix for the pre and post-crisis sub-periods are
reported in table 2. Thetop panel of the table displays the correlations
between the pre-crisisindex returns, while the lower panel displaysthe
corresponding correlations for the post-crisis period. As expected, the
correlations among various stock index returns are mostly positive. A
comparison of thecorrelation coefficientsfor all market pairsacrossthe
pre and post crisis period reveals an increase in correlations over the
post crisis period. However, there are substantial increases in the
correlation coefficients between mainland markets and other regional
markets over the same period of time. The correlation coefficient
between these two Chinese markets themselves was much higher than
that of the rest of the markets for al the periods. This correlation
coefficient increased from 0.69 during the pre-crisis period to 0.94 over
the post crisis period.
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[11. Statistical M ethodology
A. Multivariate Cointegration Analysis

The procedure based on Johansen (1988) is used for testing
cointegration. Johansen’s (1988) multivariate cointegration model is
based on the error correction representation given by:

k-1
AX, =D T\AX + 1+ @D, +¢, &)
i=1

where X, is a column vector of k variables, u is a (k x 1) vector of
constant terms, I and IT represent coefficient matrices, A isadifference
operator, k denotes the lag length, and & ~N (0,X). Johansen’'s
methodology requires the estimation of the VAR equation (1) and
residuals, which are then used to compute two likelihood ratio (LR) test
statistics that can be used in the determination of the unique
cointegrating vectors of X..

The next step is to specify the model, which involves determining
the optimal 1ag length of the levels of own and other variables in the
model. Two lag sel ection methods (Akaike Information Criterion (Al C)
and Schwarz Criterion (SC)) are used based on the recommendation
found in Giles and Mirza (1999). When the difference between the
resulting lag orders is large, and because there are sufficient
observationsinthiscase, | favor the Al C lag selection (Gilesand Mirza
[1999]). | then check to see whether the chosen lag orders from each
stock index pass the diagnostic tests. However, the chosen lag number
is not reported in table 3 in order to save space.

B. Causal Inferencein Toda- Yamamoto Level VarsIncluding Integrated
and Cointegrated Processes of Arbitrary Orders

The procedure for Granger no-causality tests developed by Toda and
Y amamoto (1995) utilizesamodified WALD test for restrictions on the
parameters of a VAR (K), or MWALD procedure (where k is the lag
length in the system). The advantage of this procedureisthat it does not
require precise knowledge of the integration properties of the system.
In addition, a standard vector autoregression in the levels of the
variables can befitted into the model. It can be applied even when there
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isnointegration and/or stability and rank conditionsarenot satisfied ‘ so
long as the order of integration of the process does not exceed the true
lag length of the model’ (Todaand Y amamoto [1995]). This technique
allows usto examine the interrelated nature of stock pricesin different
securities markets by using a multivariate VAR When there is no
cointegration other than a causal relationship existing among the stock
markets concerned.

However, the MWald test statistic is asymptotically »* distributed,
and conditional on the assumption that the error terms are normally
distributed, with the number of degrees of freedom equal to the number
of restrictions being tested. Hacker and Hatemi-J (2002) show through
Monte Carlo experiments that the MWald test statistic over rejects the
null hypothesis, especialy if the data generation process for the error
termsis characterized by non-normality and autoregressive conditional
heteroscedasticity (ARCH). Under such circumstances, a bootstrap
method is used to improve on the inference based on testsfor causality.
The bootstrap technique is based on resampling the date set to estimate
the distribution of atest statistic. Using this distribution can decrease
bias in an inference by providing more precise critical values. By
conducing the bootstrap simulation 1000 times and then producing the
MWALD test statisticeachtime, | can generatetheempirical distribution
for the MWALD test statistic.

V. Resultsand Analysis
A. Unit Root Tests

Prior to testing for cointegration and causal relationship between the
markets, it is necessary to test for stationarity and establish the order of
integration present in each data series. Table 3 presents unit root test
statistics for all data series. Results are reported for the augmented
Dickey and Fuller test, the Generalized least sguare
(DF-GLS)Dickey-Fuller tests, and Pillips-Perron (PP) test. The
DF-GLStest is similar to an augmented Dickey-Fuller t test, but it
substantially increased statistical power when there is an unknown
mean or trend present (Elliott, Rothenberg and Stock [1996]). All these
tests are consistent with the hypothesis of a unit root type of
non-stationarity in the data.
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Tosupplement theanalysis, two alternative unit root tests, including
the KPSStest by Kwiatkowski et al. (1992) and the Zivot and Andrews
(1992) test, havebeen computed. Thesealternative statisticsal so exhibit
nonstationary log stock indicesat the significancelevel of 5%. All these
traditional ADF-type tests and tests for unit roots with structure breaks
were carried out on both the leveled and differenced time series. Thus,
one can concludethat all thelog stock index seriesarel (1). Thereports
of the results of tests on the differenced forms will be available upon
request.

Followingtheliterature (Todaand Y amamoto [1995]; Rambal di and
Doran [1996]; Zapata and Rambaldi [1997]), aV AR (k + dmax) model
isset up in order to examine whether thelead-lag rel ationships between
all these markets differ over the various periods. Given that the orders
of integration for all these time series of log prices are | (1), i.e., the
order of dmax is chosen to be one, the next step isto augment the VAR
by the maximum order of integrationinthe series. Herethelag selection
isthree, but a (k + 1=3) order VAR isthen estimated for non-causality
by using MWald test statistics.

The following VAR (k + dmax) model is used in investigating
|ead-lag relationships among these markets,

Isha, | CIsha, ;] [sha, ] | G=
|sza Isza, Isza_; | | Ci=a
Ihksi, ks | (lhks || e,
ltwii, | = Ay+ > A| ltwiiy |+ > A Twii [+ &ui, | (2)
Isgp R NE- W B 1 N N P
ljap, lipa,_, ap | | g
HE JEswy LIsecia] | g
L “lsp |

where Ay and A; — A, o are (7x1) and (7x4) matrices of coefficients
respectively and vector (&) iswhite noise.
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B. Cointegration Tests

The results of the cointegration tests are reported in table 4, which
include results for the two subsamples. Given the unimportance of
trends in stationary tests, the Johansen statistics with a model were
computed without a trend. | began with a test involving just the two
Mainland Chinese stock prices in order to examine the relationship
between these two markets in isolation. | next combined the two
Chinese indices with the price of Hong Kong Heng Seng index and
further added an additional index each time until the full set of seven
market indiceswasreached. Theresultsof all these seven cointegration
tests are reported in table 4. | found that there is evidence of only a
cointegration rel ationship between thesetwo mainland Chinese markets
at a 5% level of significance for the pre crisis period while this
cointegration relationship disappeared during the post crisis period up
to the late 2001. These results are consistent with the results from both
Huang et a. (2000) and Groenewold et al. (2004).

However, once the post crisis period was extended to early 2006,
evidence of cointegration between these two mainland Chinese markets
can befound at a5% level of significance. This contradicts the results
which Groenewold et al. (2004) achieved. Furthermore, | aso find
evidenceto suggest that cointegration existsnot only among the Chinese
and Hong Kong markets, but also among all markets within the region
including Taiwan and Singapore. The latter issignificant at a5% level
according to the trace test only.* | found no evidence to suggest that
cointegration exists among all seven markets, once the U.S. and Japan
isincluded. A plausible explanation for the different results | obtained
should bethat the dataset used wasfour yearslonger, whichisinclusive
of the period in which China has experienced a further opening of its
financial marketsto foreigninvestorsaswell asrelaxing the controlling
of domesticfirmslisting in overseas marketsin addition to the different
statistical methodologies applied in this research.

C. Causality Tests Based on Toda-Yamamoto Level Var

The results of the Granger non-causality and bootstrap tests are
presentedintable 5. Theresults between thetwo proceduresaresimilar.

4, It is pointed out that the trace test shows more robust results than the maximal
Eigenvalue test. The author appreciates one of the referees comments.
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There are long term rather than short term causality flows, sincein this
caseall variablesappear inlevels. Consistent with amgj ority of studies,
our results also indicate that two markets (the U.S. and J.P.) seemto be
weakly exogenous. Therefore, | do not report these two markets as
dependent variablesin the results. The dominance of the U.S. market is
clearly present, with its influence on equity marketsin Taiwan, Hong
Kong and Singapore. In addition, during the period before the Asian
crisis, Singapore Granger-caused Taiwan while it was influenced by
Hong Kong. Given that the U.S. had influence on both Singapore and
Hong Kong, it is therefore also possible that Singapore’s impact on
Taiwan and Hong Kong' simpact on Singapore could actually have been
aU.S. effect that was being transmitted. | found no evidence that Hong
Kong led Taiwan asdid in Huang et al. (2000). Thisresult is consi stent
with Hatemi-J and Roca (2004) who argued that Hong Kong wasin the
process of adjustment as it reverted back to China in 1997. The
Shenzhen market uni-directionally Granger-causesthe Shanghai market,
while these two Mainland markets have no causal links with any of
other markets. Theindependence of mainland marketswas attributed to
thefact that Chinawas arelatively new market having just reopened in
1992.

After the Asian crisis, there were more causal linkages among the
Chinese states equity markets. Singapore, Taiwan and Hong Kong
became more dependent on each other. There were two-way Granger
causality relations between Singapore and Hong Kong, while the
Singapore market was also influenced by Taiwan. On the other hand,
thereweretwo-way Granger causality relations established between the
two Mainland markets. What ismoreimportant isthat thetwo Mainland
markets became influenced by all the other Chinese states equity
markets, except that both Japan and U.S. markets had no influence on
either mainland market. This result reinforced our findings in the
previoussession that during the post-Asian crisiscointegration had been
established among Chinese states equity markets, which is mainly
attributed to the fact the China has experienced afurther opening of its
financial marketsto foreigninvestorsaswell asrelaxing the controlling
of domestic firms listing in overseas markets particularly in its
neighboring markets.
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V. Conclusion and Economic Implications
A. Conclusion

Based on Johansen’s multivariate cointegration tests, | found that the
cointegration rel ationship between the SHSE and SZSE remained after
1997. | dso found that there is evidence to suggest that a new
cointegration emerged among the five Chinese states equity markets
during the period between 1998 and 2006. During the pre-crisis period,
only the Shenzhen market uni-directionaly Granger-causes the
Shanghai market, while Chinahad no causal linkswith any of the other
markets. Thissituation has changed dramatically sincethe Asian crisis.
I found evidence of a long-term feed-back (bidirectional) causal
relationship existing between the two mainland markets during the post
crisis period. What is more important is that the mainland markets
became influenced by all the other Chinese states equity markets
during the same period. Both the cointegration and causality tests
indicated that the Chinese mainland markets became more regionally
integrated, which can mainly be attributed to the fact that there are
increasingly huge amount of portfolio funds move either from overseas
into China domestic markets or from domestic firms into overseas
markets thanks to the new policies implemented in recent years.

B. Economic implications

Our findingshaveimplicationsfor both policymakersandinvestors. The
results suggest that broader economic integration developments and
liberalization in Chinese states' economies after the Asian financial
crisishave given riseto an integrated capital market within thisregion.
Meanwhile, China sWTO accession and further opening of itsdomestic
equity marketsfor foreign investors and overseas markets for domestic
firms after 2001 has resulted in the emergence of a cointegration
relationship between the markets in the region and other major
international markets, thoughthelatter isbased onfairly weak evidence.
I documented that Chinese markets experienced rapid growth in terms
of capitalization and the number of firmslisted along with asubstantial
declineintheir volatility indicatorsfor pricereturns(standard deviation,
skewness and excess kurtosis) after adecade’ sdevelopment, indicating
the markets are maturing. Besides the underlying economic integration
and liberalization, the Chinese markets' maturation isthe cause aswell
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asthe effect of their integration with other markets.

The implication of the established financial integration within the
region is far beyond the initial Chinese government’s motivation for
raising capital for its state-owned enterprises. As a magjor step after
China sWTO accession, the Chinese QFII program introduced in 2001
not only further opened China's securities markets, but aso gave
foreign investors opportunities to take positions on those markets and
buy stakesin Chinese companies, thus sharing in China's phenomenal
growth. This new QFII regulation has been a bold development in
China’'s financial markets and has allowed for progressive interaction
between the Chinese and global markets as suggested by some evidence
of a cointegration relationship found between Chinese markets and
major international financial markets. Meanwhile, the QFII’ ssupply of
long-termand stabl e capital and their targeting of companieswith strong
fundamentals, fiscal transparency and good governance, could
contributeto the further devel opment of the mainland Chinese markets.
My results suggest that overall both Shanghai and Shenzhen markets
have established long-term equilibrium relations with other markets
within the region. Our long-term causality results also show that the
Chinesemainland marketsareincreasingly influenced by other markets.
However, our results also suggest that investors could still benefit from
investing in mainland Chinese equity markets. Compared with other
more matured markets such as the Hong Kong and Singapore markets,
the potential benefits of diversification from investing in mainland
Chinese markets may still be quite large due to its relatively weak
linkage with international markets.
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