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Abstract: This paper examines the degree and timing of convergence among seven 
national stock markets using standard, recursive and rolling cointegration techniques. 
The group of countries consists of Australia, Hong Kong, Japan, New Zealand, 
Singapore, UK and US. The sample period covers monthly observations of real gross 
stock market indexes over the period 1970 to 2002. Results obtained over the entire 
sample period indicate that there are three cointegrating vectors and four common 
trends driving the price indices of these markets. Exclusion tests suggest that the US 
market may not be included in the cointegration space. We find three cointegrating 
vectors in the subgroup, which includes Australia, Hong Kong, Japan, New Zealand, 
Singapore and UK. Recursive cointegration tests indicate increased stock market 
integration after 1990. In addition, there is evidence to suggest convergence for the 
Australian and New Zealand markets. We use rolling tests to assess the robustness of 
the recursive cointegration results. The rolling tests suggest that the there was a 
convergence process underway for the six markets from 1984 to 1992 but it appears to 
have come to a halt after that period. The rolling tests also suggest a marked 
convergence trend between Australia and New Zealand from the mid-1980s up to 
1998. The finding that none of the markets cointegrates individually with the US 
market is surprising and is likely to be driven by the speculative bubble forces that 
prevailed in the US market during the 1990s.  
 
1. Introduction  
 
There is considerable evidence indicating that capital markets throughout the world 
have become increasingly integrated in the last three decades (see Jeon and Chian 
(1991), Kasa (1992), Rangvid (2001), among others). Market integration has been 
driven by the forces of international portfolio diversification greatly facilitated by 
widespread progress in financial deregulation and the variety of products transacted 
through capital markets. There may be both positive and negative effects resulting 
from market integration (see Obstfeld 1998). International capital market integration 
is largely expected to have a positive impact on economic growth. It facilitates access 
to finance, lowers the cost of capital and alleviates aspects of risk management for 
individual investors and businesses alike.  However, capital flows can in certain 
instances cause short-run instability problems and lead to or exacerbate financial 
crises as recent experience (eg, the 1997 East Asian financial crisis) from individual 
countries and regions around the world suggests. Furthermore, international market 
integration can contain the benefits of international diversification. The scope of long 
horizon international diversification may be limited when national stock markets 
become increasingly integrated to the extent that price variables exhibit long-run 
linkages that cannot move arbitrarily far away and over extended periods from each 
other. 
 
Providing further evidence on trends associated with the globalisation of trading in 
equity markets is a motivation for this study. Our specific focus, however, is on an 
analysis of stock price movements in the Australian and New Zealand markets. This 
will provide background analysis on common stochastic trends in the event the case 
for a merger of the two stock exchanges opens up again. Such merger could 
potentially bring about several benefits driven by economies of scale associated with 
the creation of an enlarged market. It may be argued that the merger will have a better 
chance to succeed provided that the two markets exhibit a trend of closer integration. 
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This would not only enhance the robustness of the integrated market to adverse 
shocks but also mitigates concerns for loss of cross-market diversification 
opportunities. To gain a broader perspective on this issue, it is also important to 
analyse the process of convergence across the two markets in relation to 
developments in other markets of influence in global and regional trading or markets 
with which formal linkages either exist or may be established (note that the Australian 
stock exchange has recently entered a co-trading link with the Singapore stock 
exchange). 
 
The methodology used to assess the degree of market integration and convergence is 
based on the cointegration analysis of Johansen (1988, 1991) and Hansen and 
Johansen (1999). It recognises that stock prices are generally non-stationary time 
series and market convergence is a gradual process. If two or more non-stationary 
price series are not cointegrated, they cannot converge. Thus cointegration of a group 
of non-stationary series is a necessary condition for convergence (Bernard and 
Durlauf, 1995). Note that standard cointegration analysis is not adequate to carry out 
testing of the process of convergence. This is because convergence is a gradual 
process and tests which do not account for the time-varying nature of the underlying 
data generation process may be biased towards rejecting convergence (see Durlauf 
and Quah (1999) and Rangvid and Sorensen (2001)). The recursive test of stock 
market integration proposed by Rangvid (2001) is employed to study the timing of the 
convergence process. Recently, Pascual (2003) suggested that using a recursive 
approach may provide misleading results as the power of the test increases with the 
sample size. We employ a rolling estimation approach to check the robustness of the 
results obtained from recursive tests. Rolling estimates also provide information on 
the degree of market convergence during different time periods of equal length.  
 
The paper is organized as follows. Section 2 reviews the literature on this topic. 
Section 3 describes the methodology used in this study. Section 4 describes the data. 
Section 5 presents the results. Section 6 concludes the study.  
 
2. Literature Review  
 
Stock market integration has been extensively investigated in the literature. Early 
studies focused on correlations among different national markets, see for example, 
Levy and Sarnat (1970), Agmon (1972), Solnik (1974) and Panton et al. (1976). Their 
findings suggested that possibilities exist to diversify portfolios internationally. 
However, evidence from short-term cross country correlations may be misleading if 
investors have long horizons and stock markets share a common stochastic trend (see 
Kasa, 1992). 
 
Other studies have used variations of ARCH and time-varying parameter models to 
investigate short horizon aspects of stock markets integration associated with time-
varying risk and volatility spillovers, as in Eun and Shim (1989), Hamao et al. (1990), 
Koch and Koch (1991), Roll (1992), Chan et al. (1992b), Lin et al. (1994), Susmel 
and Engle (1994), Bekaert and Harvey (1995), Koutmos and Booth (1995), Login and 
Solnik (1995), Booth et al. (1997) and Santis and Gerard (1997). A related strand of 
literature has considered long-term relationships among equity markets and tested 
whether integration occurs over time. Research in this field has taken into account the 
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unit root property commonly found in stock prices and has applied cointegration 
methods to assess integration trends in international equity markets.  
 
Studies of stock market integration using cointegration techniques are numerous. 
They include Taylor and Tonks (1989), Jeon and Chiang (1991), Becker et al. (1992), 
Chan et al. (1992a), Kasa (1992), Malkamaki (1992), Arshanapalli and Doukas (1993), 
Chorhay et al.(1993), Blackman et al.(1994), Arshanapalli et al. (1995), Richards 
(1995), Choudhry (1996), Masih and Masih (1997), Serletis and King (1997), Roca 
(1999), Ghosh et al.(1999) and Pan et al.(1999). Taylor and Tonks (1989) were the 
first to apply bivariate cointegration to the UK and US markets to test integration after 
the abolition of the foreign exchange controls in 1979. Arshanapalli and Doukas 
(1993) used bivariate cointegration to study the dynamic interactions among national 
stock market indices following the October 1987 market crash. Kasa (1992) was the 
first to apply multivariate cointegration methods to five major international stock 
markets to determine the number and relative importance of common stochastic trends 
driving the long-run comovement of market prices and dividend payments. Kasa’s 
findings suggested the presence of a single common stochastic trend driving prices 
(and dividends), thus casting doubts over the benefits of long horizon international 
portfolio diversification. He did, however, draw attention to (i) that while extra lags in 
the VAR are better suited to capture the effect of mean reversion in equity prices, they 
also give rise to a larger number of cointegrating vectors (see also Richards, 1995) 
and (ii) that (transitory) deviations from the common stochastic trend are likely to 
persist over long periods, thus enabling diversification benefits for finite horizon 
investors. 
 
Recent work on stock market integration using cointegration techniques includes 
Masih and Masih (2000), Chang (2001), Ostermark (2001), Chen et al. (2002), 
Sharma and Wongbangpo (2002). Compared to earlier applications of multivariate 
cointegration, these studies report fewer cointegration vectors among equity markets 
around the world and therefore a larger number of common stochastic trends. For 
example, Masih and Masih (2000) found there was a single cointegrating vector 
among price indices of South Asian stock markets. Chen et al. (2002) also reported 
the presence of a single cointegration vector among indices from a number of Latin 
American stock markets.  
 
These findings are suggestive of segmented market globalisation trends. They 
possibly relate to the emergence of the stock market bubble in the US during the 
1990s and the various episodes of regional (emerging) market instabilities during the 
last decade. They derive from models that use fewer lags in their VAR specifications 
than those used in earlier studies. Heimonen (2002) found one cointegration vector 
between the US, UK, German, Japan and Finnish stock markets. His results suggested 
that the UK and German stock markets have accommodated changes in US stock 
prices, whereas the Finnish and Japanese stock markets appear to be segmented. He 
also suggested the benefits from international diversification may have been 
overestimated. Manning (2002) studied eight stock markets in South East Asia and 
reported that increasing convergence trends were evident during the 1990s. He draws 
attention to the sensitivity of the cointegration rank results to the choice of the VAR 
lag length, ranging from rank one when the VAR lag is one to six cointegration 
vectors when a twenty-six period lag is used.  
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Studies on the dynamics of stock market convergence are rather limited. Most 
convergence work has been associated with studies involving long-run relationships 
of real economic variables, e.g., productivity or GDP per capita. Convergence studies 
in a time series context typically employ the Johansen approach to determine the 
number of cointegration vectors (and common stochastic trends) and test parameter 
(pair-wise difference) restrictions on the cointegration vectors that give rise to an 
equally weighted common trend driving convergence in international output. Stock 
market studies typically focus on international market integration and do not always 
make clear the distinction between market integration and the more restrictive 
condition of market convergence. The specific interest on the degree and timing of 
stock market integration is mainly due to its implication for international portfolio 
diversification.  Serletis and King (1997), for example, have argued that cointegration 
analysis does not consider whether convergence is occurring or when it occurred, and 
that markets have converged if they are described by a single common trend. Their 
results showed that the link between EU stock markets has been strengthening over 
the period 1971 to 1992 but that convergence was still in the process of being 
achieved.  
 
Rangvid (2001) proposed a different methodology, based on recursive cointagration 
techniques, to analyse the dynamics of stock market convergence. He suggests that 
the increasing number of cointegrating relationships can be regarded as an indicator of 
whether stock markets have become more integrated, i.e. whether the markets have 
experienced a process of convergence. He demonstrated that the degree of integration 
among three major European stock markets increased during the period 1960 to 1999. 
Pascual (2003) argues that Rangvid’s recursive estimation results can be misleading 
as the power of the test is a function of the sample size used which is updated 
recursively.  He used a rolling trace test to show there was no evidence of an 
increasing number of cointegrating vectors in the European markets studied by 
Rangvid. He also proposed an alternative approach to measure increasing market 
integration, based on the speed of the adjustment coefficients in the error correction 
model. He reported no evidence of a significant change in the degree of integration for 
the UK and German stock markets but increasing integration of the French market 
with those of the UK and Germany. 
 
3. Methodology 
 
3.1 The autoregressive analysis of the cointegration system 

The long-term relationship between equity market price indices is analysed in this 
study using the cointegration techniques of Johansen (1988, 1991) and Johansen and 
Juselius (1990). Their approach is to use maximum likelihood estimators of the 
cointegrating vectors for a vector autoregressive process with Gaussian errors. This 
procedure has the advantage of taking into account the whole error structure of the 
underlying multivariate process. It incorporates different short- and long-run 
dynamics of a system of economics variables. It allows an analysis of the equilibrium 
relation among non-stationary series while abstracting from short-term deviations 
from equilibrium.  

We consider an n-dimensional vectors autoregressive model: 

 5



∑
=

− +Ψ++=
k

i
ttitit DXcX

1
επ ,                                   (1) 

where Xt is an n vector of I(1) variables, 1× iπ  is an nn× matrix of parameters and c 
is a constant. The vector tε  is i.i.d with N(0, Σ  ). Dt is a vector of non-stochastic 
variables, such as seasonal dummies or intervention dummies, Dt can also contain 
stochastic variables that are weakly exogenous which can be excluded from the 
cointegration space. As stated by Hansen (1992), not all the individual variables 
included in Xt need to be I(1). A stationary variable might a priori play an important 
role in a hypothetical cointegrating relation. In particular, variables with a high degree 
of autocorrelation, also called near-integrated variables, are often important in 
establishing a sensible long-run relation.  

The model can be written in the error-correction form: 
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Where is the short-run dynamics and I is an identity matrix. Γ Π  is known as the 
long-run matrix and the rank r determines the number of stationary linear 
combinations of Xt.  can be full rank. In this case, the assumed stationarity of the 
error item requires that the levels of the process, X

Π
t , themselves be stationary, 

implying there is no stochastic trends in the series, contrary to the original I(1) 
specification. Π  could be  of rank zero, which indicates there are no stationary long-
run relations among the elements of Xt. For 0 < r < n, there exist r cointegrating 
vectors. In this case, Π can be factorized as αβ ’, where both α and β are 

matrices. This model reflects a dynamic equilibrium relation, in which the 
expression 1−' tXβ represents the extent to which the system deviates from long-run 
equilibrium. The series are integrated together over time by the long-run relations 
in 'β . The elements of α are the error-correction term coefficients; the provide a 
measure of the speed of adjustment.  

rn×

 
As shown in Johansen (1988, 1991), the estimation procedure is simplified by 
reformulating model (2) as: 
 

errorRR tt += 10 'αβ ,                                   (3) 
 
The vectors and  are obtained as residuals from the auxiliary regressions: tR0 tR1

tptpttt RXXXX 01122110
ˆ...ˆˆˆ +∆+∆+∆+=∆ +−−−− ϑϑϑπ  
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These two equations can be estimated by OLS. The sample variance-covariance 
matrices of the OLS residuals and  are given by,  tR0 tR1
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The maximum likelihood estimator of β  in (3) is found by solving for the 
eigenvalues of the equation: 
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which gives the n eigenvalues, 1 and the corresponding eigenvectors 

normalized such that V . The eigenvalues correspond to the 
squared canonical correlations between the “levels” residuals and the “difference” 
residuals, as defined above. The eigenvectors v determine the linear 
combinations . 
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Johansen (1988, 1991) propose two methods for testing for the number of 
cointegration vectors: the Trace test and Maximal Eigenvalue test. The Trace test is a 
likelihood ratio test for maximum r cointegration vectors against the alternative of n 
vectors.  
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where are the (n-r) smallest eigenvalues of the squared canonical 
correlations as described above. 

nr λλ ˆ,.....,ˆ
1+

 
The Maximal Eigenvalues test has an identical null hypothesis, while the alternative is 
r+1 cointegration vectors.  
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The is the largest eigenvalue as described above. Both tests have a non-standard 
asymptotic distribution.  

1
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3.2 Common trend analysis of the cointegration system 
 
The study of a cointegrated system can be conducted in a dual way. This is because of 
a direct relationship between the number of stationary relations, r, of a n-dimension 
system, and the number of linearly independent non-stationary relationships, n-r, 
defined as common trends (Stock and Watson (1988)). While the autoregressive form 
is informative about the long-term relationship amongst the variables, which is useful 
to the structure of the cointegrated relation, the moving average form is informative 
about the underlying stochastic and deterministic trends and helpful in recognizing the 
underlying components driving the system. The moving average representation of 
model (1) is given by: 
 

))(()( 1
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0 tt
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i
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i
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==
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The second term on the right hand side contains the nonstationary components of Xt, 
while the third term consists of the stationary components. Given that 0 < r < n, C has 
rank n-r and can be written as: 
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where , is a non-singular matrix polynomial given by the 

parameters of the VAR model, 
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i
inI )(1 LC

⊥α and ⊥β are the orthogonal complements of α and 
β , respectively. The matrix ⊥α of order )( rnn −× , denotes the coefficients of the 
common trends indicating the contribution of each component to the stochastic vector. 
The matrix ⊥β of order , gives the loading factors indicating the effect of 
each common trend. The matrix C determines how the non-stationary part of the 
process X

)r(nn −×

t is generated from the underlying stochastic and deterministic trends. 
 
In this study, the moving average representation of the cointegrated system is 
estimated in order to extract information about the non-stationary or permanent 
components, which drive the group of stock market prices in the long-run. 
 
3.3. Recursive estimation of the trace test statistic 
 
Rangvid (2001) used a recursive approach to analyse the convergence process. He 
suggested that an increasing number of cointegration relationships can be regarded as 
an indicator of convergence. The recursive estimation employed is based on Hansen 
and Johansen (1999). It is a forward recursion procedure, and the parameters of the 
model are estimated based on a sub-sample covering t = 1, …., T0. The recursive 
formulas are used to update the parameter values stepwise from T0 to the full sample 
value. The time paths of the estimated parameters are presented graphically. There are 
two procedures, the “Z-representation” and the “R-representation” in this recursive 
estimation. If all parameters are estimated recursively, then the recursive estimation 
proceeds using ( Z-representation), whereas if the recursive estimation is )(tt

itij SS =
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based upon the concentrated likelihood function (with respect toΓ ), then the recursive 
estimation is performed with ( R-representation). )(tT
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In the “Z-representation” all the parameters of the VECM are re-estimated during the 
recursions that involve a reduced rank regression of Z on corrected for . The 
residuals and  of these regressions are given by:  
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In the “R-representation” the short-run parameters are fixed to their full sample values 
(the parameter Γ has been concentrated out) and only the long-run parameters are re-
estimated, 
 

ttt RR εαβ ~' 10 += ,        t = 1,…..,T.  
 
Then define the product moment matrices by 
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The r largest eigenvalues 1  are determined as solution to the 
equation  
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where ββ 11'S  and Soo are the asymptotic variances of tR1'β   and , respectively, 
and 

tR0

10'Sβ   is the asymptotic covariance matrix for tR1'β  and . The eigenvectors 
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for maximum r cointegration vectors against the alternative of n vectors.  
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where the (n-r) smallest eigenvalues are used for the test statistic. Non 

constancy of the estimates of α
nλ̂

i and βi will be reflected in the eigenvalue . iλ̂
 
Each statistic is scaled by the 90% quantile of the asymptotic (trace) distribution. Our 
interest is on the time paths of these statistics. For a given t, the rank r can be 
identified as the number of Tracei statistics that exceed unity.   
 
Note that closer integration defined by a reduced number of common stochastic trends 
is a necessary condition for convergence of a set of variables. Convergence requires a 
number of appropriate restrictions to be imposed on the cointegration space. There are 
several complementary and competing definition of convergence. In the time series 
context, Hobijn and Franses (2000) supply a definition of asymptotic convergence in 
relation to productivity. In this study, we adopt their definition into the stock price 
framework.  
 
Hobijn and Franses define three types of convergence based on the properties of the 
differences of the stock price indices between two markets, say i and j.  
 
a). Markets i and j are assumed to converge asymptotically perfectly, whenever 

is zero mean stationary. In another words, the long-run forecasts of 
price differentials between these two indices tend to zero as the forecasting horizon 
tends to infinity.  
 
b). Markets i and j are assumed to converge asymptotically relatively, whenever 

is level stationary. In another words, the long-run forecasts of price 
differentials will not be zero but a stationary series.  
 
Finally, convergence in stock return can be defined as: 
 
c). Markets i and j are assumed to converge asymptotically in stock return, whenever 

is zero mean stationary.  )jtx
 
Asymptotically perfect convergence implies asymptotically relative convergence 
which, in turn, implies convergence in stock returns. The convergence of stock returns 
is only a necessary but not a sufficient convergence condition because it does not take 
into account the possible existence of common stochastic trends.  
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4. Data and Preliminary Analyses 
4.1 Data 
 
The sample of countries examined in the paper includes: US, UK, Japan, Australia, 
Singapore, Hong Kong and New Zealand. The sample period is from January 1960 to 
June 2002 using monthly data. The data are stock market indices obtained from 
DataStream. The indices used are as follows: the Standard & Poor Industrial for US, 
the FTSE ALL for UK, the Nikkei 225 Stock market Average for Japan, the MSCI 
Australia for Australia, the Hang Seng index for Hong Kong, MSCI Singapore for 
Singapore and NZSE Barclays linked to the NZSE 40 (after August 1991) for New 
Zealand. We use gross market indices for two reasons: a gross index is likely to 
follow a martingale and is also a more representative measure of stock market 
performance in New Zealand. 
 
We report results using stock prices deflated by the CPI (results based on nominal 
price indices are reported in the appendix). We do not adjust the data for movements 
in exchange rates, i.e., we do not convert the series to a common currency. Such an 
adjustment may be reasonable from the viewpoint of an international. We have 
decided not to pursue this route here as our interest is on relative market trends and 
persistent movements in real exchange rates would introduce an extra dimension to 
the analysis, (i.e. by accounting for real exchange rate dynamics). Furthermore, we 
would expect stock prices to reflect an exchange rate factor as a result of increased 
globalised trading in equities including the larger share of listed companies across 
different exchanges. In fact, common practice of international fund management is to 
hedge international bonds but not international equities back to the home currency. 
All series are expressed in natural log form and normalized on the initial observation.  
 
4.2 Preliminary Analyses 
The visual inspection of the nominal and real stock price series is given in Figures 1a 
and 1b. It apparent that Hong Kong displays the best performance and New Zealand 
has the worst performance in real terms over the sample period (Japan is the worst 
performer when nominal prices are used).  
 
Figure 1a: Nominal Stock Price Indices 
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Figure 1b: Real Stock Prices 

 
 
Table 1 gives descriptive statistics of the real price series along with a listing of 
simple correlation coefficients. It shows all price indices have asymmetric distribution 
as the skewness coefficients are different from zero. The excess kurtoses of four series 
are smaller than zero indicating that the tails of their distribution are thinner than the 
normal distribution while the other three are fatter than the normal distribution. The 
sample variance suggests that the Hong Kong stock market is the most volatile. The 
highest correlation is the one between Australia and UK. The second highest is 
between Singapore and Hong Kong. It is interesting that the lowest correlation is 
between Australia and Hong Kong in this sample period. 
 
Table 1: Descriptive Statistics – Real Stock Prices 

 

 HK Australia NZ UK US SGP Japan 
        
Mean 1.322 0.775 0.714 0.808 0.960 1.132 0.953 
Standard Error 0.008 0.003 0.005 0.003 0.004 0.004 0.002 
Median 1.352 0.768 0.682 0.795 0.959 1.149 0.944 
Standard Deviation 0.156 0.065 0.094 0.069 0.076 0.070 0.040 
Sample Variance 0.024 0.004 0.009 0.005 0.006 0.005 0.002 
Excess Kurtosis -1.112 1.658 0.970 1.481 -0.683 -0.420 -0.570 
Skewness -0.355 1.140 1.409 1.400 0.392 -0.553 0.635 
Range 0.590 0.334 0.385 0.313 0.317 0.374 0.170 
Minimum 0.974 0.666 0.615 0.699 0.815 0.929 0.889 
Maximum 1.564 1.000 1.000 1.012 1.131 1.303 1.058 
 
CORRELATION MATRIX      
Hong Kong 1.000             
Australia -0.001 1.000           
New Zealand -0.745 0.572 1.000         
UK -0.121 0.914 0.661 1.000       
US 0.522 0.636 -0.065 0.614 1.000     
Singapore 0.846 0.047 -0.546 -0.010 0.414 1.000   
Japan 0.077 0.528 0.363 0.581 0.253 0.199 1.000 
 HK Australia NZ UK US SGP Japan 
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Before testing the cointegration relationship, the order of integration of stock market 
indices is checked. Table 2 reports the results of Dickey-Fuller and Phillips-Perron 
unit root tests in the levels and first differences. The results show that the null 
hypothesis of non-stationarity is not accepted for Australia. It seems that adjusting for 
CPI makes stock market indices near-stationary or even stationary (see appendix for a 
comparison with the nominal series properties). The results from the Dickey-Fuller 
and Phillips-Perron tests are quite consistent except for Hong Kong. Note the presence 
of a stationary series will increase the rank of the cointegration space.  
 
Table 2: Unit Root Tests 
 
  ADF test   Phillips-Perron test  

  Level 
First 
Difference Lags Level 

First 
Difference 

Truncation 
Lags  

Hong Kong  -4.2013 -5.2377 12 -3.0749 -18.343 1  
Australia  -3.2056 -4.8853 12 -3.3211 -19.236 1  
NZ -2.3425 -4.7485 12 -2.7405 -19.118 1  
UK  -2.4218 -5.3027 12 -2.4819 -16.742 1  
US -2.3003 -4.5669 12 -1.9023 -18.788 1  
Singapore  -4.7877 -5.2103 12 -3.4662 -17.314 1  
Japan  -2.2656 -4.5904 12 -1.4773 -18.178 1  
  
  *Critical Value at 10% is -3.13        

 
 
5. Empirical Results  
 
5.1 The analysis of the cointegration space 
 
As describe above, the Johansen (1988, 1991) maximum likelihood cointegration 
technique is employed in this study. The lag of the VAR system is chosen to be 2 
using AIC and SBC. There is an unrestricted constant and no trend in the 
cointegration space. 
 
Table 3: Cointegration Tests 
 

Eigenvalue  L-max Trace H0: r p-r L-max 90% Trace 90% 
0.1083 44.49 133.82 0 7 28.36 117.73 
0.0806 32.59 89.33 1 6 24.63 89.37 
0.0597 23.89 56.74 2 5 20.9 64.74 
0.0462 18.36 32.85 3 4 17.14 43.84 
0.026 10.22 14.49 4 3 13.39 26.7 
0.0096 3.74 4.27 5 2 10.6 13.31 
0.0014 0.53 0.53 6 1 2.71 2.71 

 
Table 3 presents Johansen tests using all market indices in our sample. The results are 
not straightforward. The Maximal Eigenvalue test suggests four cointegration vectors 
while the Trace test suggests one, though the second trace statistic is close to its 
critical value. To gain more information on the cointegration rank, we calculate the 
eigenvalues of the companion matrix. The number of common stochastic trends in the 
model corresponds to the number of roots close to unity in the companion matrix. As 
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shown in the Figure 2, the four largest roots are very close to the unit circle, which 
suggests that there are three cointegrating vectors in our full sample set. 
 
Figure 2 

The eigenvalues of the companion matrix
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Table 5: Exclusion Tests 
 
LR TEST CHISQ(r) 

r DGF CHISQ_5 US Australia UK 
New 
Zealand

Hong 
Kong Japan Singapore

1 1 3.84 3.49 7.3 5.28 0.19 3.02 7.96 0.03 
2 2 5.99 4.52 11.26 8.64 0.78 4.34 8.48 6.93 
3 3 7.81 5.5 13.35 10.77 7.20 9.33 8.49 12.39 
4 4 9.49 8.12 16.49 18.83 14.10 15.42 9.62 18.43 
5 5 11.07 14.57 22.96 25.22 19.83 21.82 11.23 24.55 
6 6 12.59 16.24 26.14 28.17 23.04 24.99 13.62 27.43 
 
It is possible when engaged in VAR analysis that only a subset of the variables are 
needed in the cointagration space. Table 5 presents the results of a long-run exclusion 
test. It should be read in the following way: select the row corresponding to the 
chosen value of r, and check whether any of the test statistics are smaller than the 
critical value in the CHISQ column. So if we select the r = 2, US, UK, New Zealand, 
Japan and Singapore will be excluded from cointegration space. And if r = 3, only US 
can be excluded, though New Zealand is on the edge. Thus we conclude that there are 
three cointegrating vectors and the US should be excluded from this cointegration 
space. (Note exclusion tests are sensitive to multicollinearity problems). 
 
We analyse next a sub-system which includes the UK, Australia, Japan, New Zealand, 
Hong Kong, and Singapore. The Johansen tests are reported in the Table 6. 
 
 
Table 6: Cointegration Tests 
 
Eigenvalue. L-max Trace H0: r p-r L-max90 Trace90

0.0991 40.47 114.48 0 6 24.63 89.37 
0.078 31.5 74.01 1 5 20.9 64.74 
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0.0568 22.7 42.51 2 4 17.14 43.84 
0.0393 15.56 19.82 3 3 13.39 26.7 
0.0058 2.27 4.26 4 2 10.6 13.31 
0.0051 1.99 1.99 5 1 2.71 2.71 

 
The Maximal Eigenvalue test suggests r = 4, and the Trace test suggests r = 2. Using 
the eigenvalues of the companion matrix shown in Figure 3, we conclude that there 
are three cointegrating vectors in this system.  
 
Figure 3 

The eigenvalues of the companion matrix
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Table 7 shows the estimated cointegration vectors (Beta) and loadings (Alpha) for the 
subset of national markets. 
 

Table 7: Cointegration Vectors 
 

BETA (transposed)       

AU UK NZ HK JP SG   

1 -0.475 -0.459 -0.289 0.508 -0.31   

-1.36 1 -0.146 0.627 0.206 -1.736   

-0.302 -0.375 1 0.564 -0.115 -0.379   

        

ALPHA                                       T-VALUES FOR ALPHA 

DAU -0.025 0.032 -0.052  -2.008 4.055 -3.023 

DUK 0.005 0.019 -0.02  0.483 2.84 -1.381 

DNZ -0.021 -0.001 -0.034  -2.773 -0.246 -3.181 

DHK 0.08 0 -0.126  3.494 -0.033 -4.016 

DJP -0.001 0.004 -0.013  -0.089 0.911 -1.303 

DSG 0.067 0.038 -0.044  3.533 3.232 -1.699 
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5.2. Convergence: Testing restrictions in the cointegration space 
 
Convergence requires that the series cointegrate with cointegration vectors involving 
pairwise differences between markets and that the common stochastic trend is an 
equally weighted average of all five markets (see Kasa (1992). So in the VECM 
framework, we can test the convergence by imposing restrictions on the cointegration 
vectors.  
 
The cointegrating space can be represented as the span of any five linearly 
independent vectors of pairwise differences between market indices, e.g.,[(1,-
1,0,0,0,0),(0,1,-1,0,0,0), etc.)]. In this case, a basis for ⊥β is just (1,1,1,1,1,1)’ which 
means that the common stochastic trend has an equal weight across the six markets.  
The test results are given below. 
 
Table 8 
 
The LR test, CHISQ(3) =  12.15 , p-value = 0.01    
        
BETA (transposed)       
AU UK NZ HK JP SG   
1 -0.484 -0.444 -0.289 0.503 -0.287   
-10.468 1 10.773 9.102 1.227 -11.634   
2.251 -3.019 1 0.523 -0.573 -0.183   
        
ALPHA                                       T-VALUES FOR ALPHA 
DAU -0.027 0 -0.013  -2.059 0.163 -2.119 
DUK 0.004 0 0.009  0.402 0.321 1.677 
DNZ -0.022 -0.002 -0.001  -2.779 -2.692 -0.33 
DHK 0.081 -0.007 -0.012  3.443 -3.125 -1.035 
DJP -0.001 0 -0.004  -0.121 -0.557 -1.027 
DSG 0.066 0.001 -0.009  3.396 0.632 -0.942 

 
The p-value shows that the restrictions are rejected. So we cannot find evidence to 
support relative convergence in the sample. However, there may have been relative 
convergence occuring in sub-samples or sub-periods. 
 
5.3. Common Trend analysis  
 
We estimate the moving average process of a cointegrated system in order to 
investigate the non-stationary common trend or permanent components, which drive 
these stock markets. The results are shown in the Table 9. 
 
Table 9:  
 
THE MA-REPRESENTATION AND DECOMPOSITION OF THE TREND 
       
The orthogonal complement to alpha     
The coefficients to the common trends (transposed)  ⊥a

 Australia UK New Zealand 
Hong 
Kong Japan Singapore 

Common trend 
1 1 3.681 -4.59 1.183 0.143 -2.804 
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Common trend 
2 -0.643 1 0.634 -0.108 0.354 0.018 
Common trend 
3 -0.017 1.425 1 0.131 -5.8 -0.011 
       
The loadings to the common trends ⊥β      

 
Common 
trend 1 

Common 
trend 2 Common trend 3   

Australia 0.147 0.373 0.035    
UK 0.156 0.756 0.02    
New Zealand -0.014 0.676 0.058    
Hong Kong 0.271 -0.471 -0.172    
Japan 0.046 0.286 -0.159    
Singapore 0.079 -0.05 -0.102    

 
As described above, the system of Australia, UK, New Zealand, Hong Kong, Japan 
and Singapore shares three cointegration vectors and three common trends in our 
sample period. The estimation of the trend mechanism is reported in two parts of 
Table 9. The first part of the table shows the estimated coefficients of each common 
trend, and the second part shows the loading factors for each common trend. The 
results suggest that the New Zealand stock market provides the major contribution to 
the first common trend, while the UK and Japan contributed the second and third 
trend respectively. The second part indicates that the Hong Kong market reacts most 
to the first common trend, and UK to the second and Hong Kong to the third. From 
the decomposition of the common trends, it seems that UK, New Zealand and Japan 
are the major driving forces of the system. A possible explanation is that New Zealand 
does not fit well in this system and contributes most of the variation whereas the UK 
is a more reasonable driving force.  
 
So from autoregressive and moving average analysis, we find three cointegration 
vectors and three common trends driving the sub-system. These results suggest that 
these stock markets at least appear to have achieved a form of closer integration. Note 
that cointegration tests can be used to test for convergence over the whole period 
under consideration, but such tests cannot detect the timing of a move from non-
convergence to convergence. Convergence is a dynamic concept but cointegration is a 
tactical technique. In the next section, we employ a recursive approach to study the 
process of integration among these stock markets.  
 
5.4 Recursive analysis of the cointegration relationship 
 
The recursive method proposed by Rangvid (2001) is employed to analyse the timing 
of market integration. It is based on the recursive cointegration tests proposed by 
Hansen and Johansen (1999). The recursive approach is to examine the time path of 
the trace statistics to find whether the stock markets in our sample are on a path of 
closer integration. Hansen and Johansen (1999) show that in the recursive 
cointegration analysis the n-r smallest eigenvalues will converge towards zero, while 
the r largest eigenvalues convergence towards the solution of  
 

0|''| 01
1

001011 =ΣΣΣ−Σ − βββλβ ,  
 
where ββ 11'Σ and 00Σ are the asymptotic variances of tR1'β and  respectively, and tR0

10'Σβ is the asymptotic covariance matrix for tR1'β and (see Theorem 1, Hansen tR0
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and Johansen, 1999). Based on the recursive estimations of the VAR-model, a 
sequence of likelihood ratio test statistics should be increasing for tests of hypotheses 
that the truly positive cointegration vectors equal to zero and should be constant for 
tests of he hypotheses that the truly non-significant cointegration vectors equal to zero. 
 
The recursive trace tests are shown in Figure 4, being the time paths of the Trace test 
statistics for the number of cointegration vectors.  
 
Figure 4 
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The upper part of the figure shows the statistics in the “Z-representation” and the low 
part shows the statistics based on the “R-representation”. The technical details of 
these two representations have been described in Section 3. The figures do not show 
great difference between the two representations of the model.  It appears that from 
1970 to 1990, the cointegration relationship in this system is quite unstable and even 
show some downward tendency, but from 1990 onwards, there is an increase in the 
number of cointegration vectors with at least two trace statistics values eventually 
exceeding the critical value.  
 
5.5 Rolling tests of the cointegration space 
 
In a recent paper, Pascual (2003) suggests that the recursive approach to analyse 
market integration proposed by Rangvid (2001) may provide misleading results. He 
argues that the path of the test statistics may be biased due to the inclusion of 
additional observations to the sample. Based on a constant critical value for the 
particular hypothesis being tested, an increasing test statistic implies that the 
probability of rejecting a “false” hypothesis increases, in another word, the power of 
the test decreases.  
 
In the recursive estimations, an increasing path of the test statistics could thus be due 
to both (i) and actual increase in the number of cointegration vectors or (ii) adjustment 
towards the asymptotic properties of the particular tests. In such a situation, the rolling 
test makes it possible to evaluate whether a finding of increasing test statistics in the 
recursive tests is due to actual convergence and not the inclusion of additional 
observations. In particular, increasing test statistics for the rolling test will indicate 
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closer integration (i.e. an increasing number of cointegration vectors cannot be 
rejected), as the number of observations in each subsample is kept the same.  
 
 
Figure 5: Rolling tests 

 
 
Figure 5 shows the results of the rolling Trace test, the fixed window used is ten years 
(60 observations). The six lines in the graph are the Trace statistics against time and 
all statistics have been scaled by their 90 percent critical value. The first upper line 
shows the Trace statistics for )6|0ˆ( =≤ rrh , the second line shows the scaled 
statistics for , and so on. The solid line on l is the critical value for these 
statistics. If the scaled statistic exceeds unity, then one can reject the null hypothesis. 
The time scale on the horizontal axis should be viewed with caution. It shows the last 
date of the 10-year window. So if the scaled Trace statistic exceeds one, it means that 
the markets cointegrated in this 10-year sub-period, not just for the period up to this 
time point. The rolling test show some different results from the recursive test. Before 
the 1980s, it seems that these markets are going away from a highly cointegrated era. 
However, these stock markets are within a convergence process from 1984 to 1992, 
but the trace statistics are going down after that period. The results suggest the 
increase of the Trace statistics in recursive tests may be mainly due to the additional 
observations. An explanation may be given in relation to the unsettling times around 
the Asian financial crisis which was preceded by the collapse of the Japanese financial 
markets in the late 1980s/early 1990s.  

)6|1ˆ( =≤ rrh

 
5.5 The Convergence between Australia and New Zealand 
 
In this section we focus attention in the Australia and New Zealand markets. We 
repeat the procedure used above to investigate whether there is closer integration 
between the two markets. Table 10 shows the Johansen’s cointegration test results 
using the full sample. 
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Table 10 
 

Eigenvalue. L-max Trace H0: r p-r L-max 90 Trace90 
0.045 17.85 18.45 0 2 10.6 13.31 
0.0015 0.59 0.59 1 1 2.71 2.71 

 
The results suggest that there is one cointegration vector between Australia and New 
Zealand over the period from 1970:01 and 2002:06. The eigenvalues of the 
companion matrix also suggest that there is one cointegration vector. They are shown 
in figure 6. 
 
Figure 6 

The eigenvalues of the companion matrix
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Next recursive tests are employed to investigate the convergence path between 
Australia and New Zealand. The results are shown in Figure 7. 
Figure 7 
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The R-representation shows a steady increase in the Trace statistic from the 1970s 
onwards.  
 
We also use rolling tests to check the robustness of the results from the recursive test. 
The results of the rolling test are shown in figure 8. They suggest different timing 
pattern. As in Figure 4, the two lines are scaled Trace statistics values, the upper line 
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shows the path of test for )2|0ˆ( =≤ rrh . If it exceeds unity, there is one cointegration 
vector between Australia and New Zealand in the associated sub-period. 
 
Figure 8: Rolling tests 
 

 
 
It is clear that there is a peak between 1996 and 1998, where the Trace Test suggests 
that these two markets have in essence achieved a perfect convergence. This is 
followed by a process of divergence.  
 
6. Conclusion  
 
This paper examines the degree of convergence among seven stock markets using 
recursive cointegration techniques. The sample in this study includes stock market 
indices of US, UK, Australia, Japan, New Zealand, Hong Kong, and Singapore. 
Provisional results over the entire sample period indicate that there are three 
cointegration vectors among these countries. Exclusion tests suggest that the US 
should not be included in the cointegration space. We find three cointegrating vectors 
among the New Zealand, Australia, UK, Hong Kong, Japan and Singapore markets. 
Recursive cointegration tests indicate increased stock market integration after 1990.  
We also use a rolling test to assess the robustness of the recursive cointegration results. 
The rolling tests show that the there is a onvergence process underway from 1984 to 
1992 that appears to have come to a halt after that period. Similarly, rolling tests 
indicate there is convergence process between Australia and New Zealand from mid-
1980s which peaked in 1998.  
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