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INTRODUCTION 

International portfolio diversification has long been advocated as an effective way to achieve higher risk-

adjusted returns than domestic investment alone. One can safeguard one's investment from country-specific 

risks, but this diversification benefit depends crucially on the relative size, frequency, and persistence of 

idiosyncratic and common shocks (Jorion 1985).  

Since returns on securities have less correlation with other countries than within a country, there is a weak 

correlation due to different economic, institutional, political, and even psychological factors. But these factors 

have to be studied in order to assess their impact on international diversification. This study also helps 

investors to examine and analyse the efficiency and reaction of the market to favorable and adverse local and 

international news. 

International diversification has opened a new area of optimum Currency area, which discusses the 

interlinkage of economies for reviewing the suitability for creation of a monetary union, as discussed by 

Mundell (1961), Baele et al (2004), and Goetzmann et al (2002). Along with this issue, volatility transmission 

is very critical for policymakers and regulators. Authorities around the world have been collaborating with 

each other in order to reduce and minimize the effects of volatility transmission. Piesse and Hearn (2005), 
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Janakiraman and Lamba (1998), and Hamao et al. 

(1991) have argued in favor of collaboration between 

different countries as it reduces the risk and increases 

the investment opportunities, resulting in the 

prosperity of the region. 

In the study, our main objective was to examine the 

level of co-integration of the above-mentioned 

countries and whether there is any evidence of 

volatility transmission from these markets to 

developed markets such as the USA, UK, Japan, and 

Singapore. One of the main reasons for studying the 

above-mentioned markets is that they are located in 

the same region, and economies like China and India 

are turning into a few of the most important economic 

powers of the developing world. Besides that, these 

four countries command a huge number of resources 

in the form of working-age population, vast land 

areas, and natural resources as well. Economic 

progress seems to be the only common ground 

between these countries. 

LITERATURE REVIEW OF CO-

INTEGRATION ANALYSIS 

Several studies explore the relationship between 

regional markets all over the world. Only a few 

studies have been conducted to explore the long-run 

relationship among equity markets of South Asia. 

The possible reason is the historical and geopolitical 

situation of the region, which is marred by conflicts 

and a credibility deficit. However, now these 

countries have started realizing that better economic 

and trade cooperation can help to alleviate the 

poverty of the region.  

Elfakhani Said, Arayssi Mahmoud and Smahta Hanin 

A (2008) researched the equity markets of some Arab 

countries and the USA to examine whether 

international diversification was possible despite the 

rapid growth of globalization. They gathered the data 

from these markets from 1997 to 2002. They 

employed ADF and JMA tests to examine the co-

integration and diversification among the markets. 

The results of the tests showed that the markets of 

Kuwait were co-integrated with the markets of 

Jordan, Tunisia, and Saudi Arabia, and the markets 

of Tunisia and Jordan were co-integrated. Thus, they 

provided opportunities for diversification to the 

investors. Only the markets of Morocco, Kuwait, and 

Jordan were co-integrated with that of the USA.  

Azad Sohel A.S.M. (2007) conducted research to 

examine whether any contagion effect existed 

between three major stock markets of South Asia, 

like China, Japan, and South Korea. He also checked 

if these markets are individually and jointly efficient. 

He used the random walk hypothesis to find out the 

individual efficiency of markets, and for joint 

efficiency of markets he depended on contagion and 

co-integration. The results of the research presented 

that the hypothesis of individual market efficiency 

failed in the case of Chinese markets, but it remained 

successful in the case of the markets of Japan and 

South Korea. The test for co-integration failed in all 

the markets; however, the test for contagion was not 

rejected. 

Glezakos, Merika, and Kaligofiris (2007) 

investigated the long-run and short-run relationships 

among Greek stock exchanges and major world 

equity markets. They employed Cointegration 

Analysis and the Granger Causality Technique to 

check long-run equilibrium relationships by taking 

monthly data of ten equity markets. They found a 

significant relationship with the USA stock market 

with all other markets. They also noticed a strong 

influence of Germany and the DJ index on the Athens 

stock exchange.  

Choudhry and Lin (2007) find that the Asian crisis 

affected the dominance of Japan and US stock 

markets on Far East countries' markets. The effect of 

the Asian crisis 1997-98, the crash of the Thai baht, 

and depreciation of currencies in the region is 

analyzed by researchers. The data from January 1988 

to December 2002 are taken from eight countries and 

the USA. Empirical investigations are carried out by 

applying the fractional unit root test and the Johansen 

multivariate co-integration test.  The co-integration 

of markets of Far East countries is found in both post 

and pre periods of the Asian crisis. The domination 

of US and Japan stock markets is also found in the 

markets of these countries. 

 Aggarwal and Kyaw (2005) examined the 

integration of three equity markets before and after 

the NAFTA agreement. The data set is taken from 7 

years before NAFTA and after from 1988-2001. The 

data is taken on a daily, weekly, and monthly basis. 

The NAFTA agreement increased trading 

liberalization and minimized barriers between the 

USA, Canada, and Mexico. Previous studies failed to 

find the co-integration of financial markets in the 

NAFTA region. But this analysis tried to find this 

integration on different frequencies. Aggarwal and 

Kyaw used a co-integration test for trends in 

methodology. They concluded the study with the 

result that the formation of NAFTA increased the 

integration of the stock markets between the USA, 
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Canada, and Mexico; in post-NAFTA time, the 

removal of trade barriers and restrictions integrated 

the region. 

Aggarwal et al. (2005) tried to find the integration of 

the European stock market by using Co-integration 

Analysis and Haldane and Hall (HH) Kalman filter 

methodology. The formation of the European bloc 

after long periods of cold wars and conflicts was 

important for the region to compete with American 

and Asian economies in the era of globalization. This 

study checked how much European markets are 

integrated. Different analysts tried to find the result 

of equity markets integration in Europe, but because 

of different bank centered, market controlled and 

mixed systems in countries create difficulties for 

general decision-making. The data from 1983-2002 

is taken from the full set of European equity markets 

daily and checked its convergence with the UK, 

USA, and Germany markets. The conclusion showed 

that the European markets' integration increased with 

the passage of time after taking actions from the euro 

zone. 

Lamba (2005) examined the short- and long-run 

relationship between the stock markets in the South 

Asian region and other major developed markets. The 

main emphasis of this research is whether South 

Asian stock markets have any short- and long-run 

relationships with each other and the impact of the 

Asian financial crisis and the September 11, 2001, 

attacks on these stock markets. Cointegration and 

vector error correction mechanisms have been used 

to examine the existence of these relationships. 

The author selected India, Pakistan, and Sri Lanka to 

represent the South Asian markets. The countries that 

were taken from the developed markets were based 

on the financial and economic influence of the 

developed markets on these South Asian markets: 

France, Germany, Japan, the UK, and the US. The 

data on daily stock prices from July 1997 to 

December 2003 were taken.  

To investigate the presence of long-run relationships, 

Johansen’s and Juselius cointegration model have 

been used. The results indicate that there is the 

existence of at least one cointegrating equation 

among South Asian countries and major developed 

markets. While for India, the results were conflicting; 

he used a 1% significance level, and he found one 

cointegration equation.  

He also found that the US, UK, and Japan have a 

strong influence on the Indian stock market, and this 

influence continued even after September 11, 2001. 

On the other hand, Pakistan and Sri Lanka are found 

to be isolated from the other major developed 

markets during the whole period covered in the 

sample size. However, when the interdependence of 

South Asian countries was checked, they concluded 

that these countries are coordinating with each other 

but at a very slow rate. 

Suchismita and Mukherjee (2005) analyzed the 

correlation among the Indian stock market and major 

stock markets of Asia in recent years and also the 

relationship among Asian stock markets and the US 

stock market. After liberalization of the Indian capital 

market, its integration with the other Asian financial 

markets has increased through different ways like 

foreign portfolio investment and AGR/GDR method. 

They investigated the relationship between two 

developed stock markets, namely the US and Japan, 

and seven other Asian financial markets: India, Hong 

Kong, Malaysia, Korea, Singapore, Taiwan, and 

Thailand. The daily data set used was for six and a 

half years, commencing from 1st January 1999 to 30th 

June 2004, and all the stock prices were converted 

into US dollars with a base at 1st January 1999, and 

this was done to include the effect of exchange rates. 

The authors used Co-integration and Granger 

Causality test techniques to investigate the 

correlation among stock markets. The results of the 

bivariate co-integration indicate that there is no 

evidence of bivariate integration of the Indian stock 

market with any one of the Asian stock markets or 

the US stock market. On the other hand, when all the 

markets were considered, the authors found evidence of 

a single co-integration between all markets and the 

DJIA, but there is evidence of no cointegration between 

the S&P 500 and all markets. But when all the Asian 

markets were taken into account, including Japan, there 

is evidence of a single co-integrating equation. 

Causality results of this study illustrate that the US 

market has a strong influence on all markets, but S&P 

500 returns do not have any strong impact on the 

Japanese market. Whereas Japanese market returns 

seem to have led all the markets, including US stock 

indices. Existence of bi-directional causality is 

observed between Indian, Japanese, and Korean 

stock returns. 

On the whole, the results of this study show that 

Indian stock markets were strongly integrated with 

Singapore, Malaysia, South Korea, Taiwan, and 

Thailand but cointegrated at a very low rate with the 

US S&P Index. Suchismita (2005) examines the 

presence of long-run relationships of the Indian 

equity market with the Asian equity markets and the 

US by using multivariate cointegration analysis and 
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the Granger causality test. Results indicate that the 

Indian equity market is not found isolated from Asian 

equity markets. Moreover, the US equity market is 

found integrated with the Indian equity market. The 

Indian equity market is also found to exert some 

influence on Asian equity markets. The Indian equity 

market appears to belong to the group of Asian 

markets cointegrated with them and with the US 

equity market. However, the level of integration 

among Indian and Asian markets is generally low, so 

the possibility of portfolio diversification still exists, 

and there is no threat of capital flight in case of a 

financial crisis in the region. 

Narayan, Smyth and Nandha (2004) examined the 

linkages between the equity markets of Pakistan, Sri 

Lanka, India and Bangladesh. They used the Granger 

Causality Approach and the Multivariate 

Cointegration Framework. In the long run, stock 

prices of Sri Lanka, India and Bangladesh Granger-

cause stock prices in Pakistan. They also found that 

uni-directional Granger causality flows from the 

Pakistan equity market to the Indian equity market. 

This happens from Pakistan to the Indian and Sri 

Lankan equity markets in the short run. 

Unidirectional causality is also observed between 

equity prices in Sri Lanka and equity prices in the 

Indian equity market. However, the equity market of 

Bangladesh is found exogenous. 

They also investigated the linkages of the Pakistani 

equity market with international equity markets. 

These linkages are very important for the 

Government of Pakistan, which wanted to attract 

foreign investments, and also to international 

investors who sought to maximize return via 

diversification. They have explored the linkages of 

the Pakistan equity market with the seven most 

influential markets: the USA, the UK, Japan, France, 

Hong Kong, Singapore, and Germany. For this 

purpose, Correlation analysis, co-integration 

analysis, and the Error Correction Model have been 

employed to check the integration by using weekly 

country indices from January 1988 to December 

1993.  They found Pakistan equity market has a low 

correlation of returns with other markets. Thus, it is 

an attractive prospect to international investors for 

optimizing returns by diversifying risk. They also 

concluded that the Pakistani equity market is not 

integrated with other markets.  

Hassan (2003) investigated the long-run relationship 

between share prices in the Gulf region by applying 

the cointegration technique developed by Johansen 

(1988, 1991, 1992) and Johansen and Juselius (1990). 

By using a vector error correction mechanism, this 

study also analyzed the existence of short-run 

dynamics of prices by applying intertemporal 

Granger causality. The data used in this study were 

collected from the Arab Monetary Fund. The focus 

was mainly on GCC countries including Kuwait, 

Bahrain, Oman, and Saudi Arabia. Of these four 

countries, three countries were selected on the basis 

of the availability of weekly data on share prices. 

The results of the ADF indicated that the variables 

are integrated of order one at level, whereas the 

cointegration test results suggest that Kuwait and 

Bahrain both possess a long-term and constant 

relationship. For the existence of short-run 

relationships, the Granger-causality test is used. The 

results point out that, except for Oman, which causes 

Kuwait, the variables are not related in the short run 

at any significance level. So, the short-run changes in 

Kuwait and Bahrain are affected only because of their 

trend values. 

On the basis of the results obtained from this study, 

one can conclude that investors from Gulf countries 

can have a potential benefit if they invest in other 

stock markets. In turn, these countries will have 

greater efficiency by removing the ownership 

constraint, at least for the Gulf Countries (GCC 

citizens. In order to achieve their objectives, GCC 

will need to work on the liberalization of their 

domestic stock market and coordinate with the stock 

market of other GCC countries to establish a single 

stock market in the region.  

Dekker et al. (2001) dealt with the short-term 

dynamics and proved that the influence of the US 

market on daily stock price movements at several 

Asian markets is much more than that of the Japanese 

market. He made use of a generalized VAR (Vector 

Autoregressive Approach) approach. In this paper, 

nine Asian equity markets have been taken to 

investigate the transmission of equity returns and 

volatility among them. Six of these markets are 

emerging markets (Malaysia, Indonesia, Taiwan, the 

Philippines, Thailand, and Korea), while the 

remaining three are regarded as developed (Japan, 

Singapore, and Hong Kong). Data have been taken 

from 1988 to 2000. 

Roca (1999) examines the co-integration among 

financial markets of Australia, Japan, USA, UK, 

Hong Kong, Korea, Singapore, and Taiwan. He 

employed the Johansen Cointegration Technique by 

using weekly stock prices to check interlinkages 

among these equity markets. He also used the 

Granger Causality Test to investigate the direction of 
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causality. Results showed that Australian markets 

have a significant long-run relationship with USA 

and UK markets. However, there is no evidence of 

the existence of co-integration between Australian 

and other equity markets.  

Masih and Masih (1997) also investigate the 

association and causation among various US stock 

indices in relation to the stock market crash of 1987. 

They choose five major indices, including the Dow 

Jones from the US, the NIKKEI from Japan, the 

FTSE from Britain, the CAC7 from France, and the 

German stock index, the DAX8. They employ a 

series of econometric methodologies, including 

Granger causality and the error correction 

mechanism for determining the short-term 

relationship among these five indices. They also 

employ the Vector Autoregressive (VAR) model and 

impulse-response functions and conclude that not all, 

but some scrips from the stock markets of Thailand 

Granger-cause the volatility in the Philippine 

financial markets. 

Kasa (1992) explores common stochastic trends in 

the stock markets of the U.S., the U.K., Japan, 

Germany, and Canada. By using monthly and 

quarterly data from 1974 to 1990, and applying the 

Johansen co-integration technique, he found a single 

common stochastic trend driving these countries’ 

stock markets. He concludes that integration in these 

financial markets exists. In other words, the stock 

markets of these countries move together. 

In the above discussion, we reviewed different 

studies regarding the presence of volatility 

transmission among different countries regionally 

and globally. We have also discussed different 

methodologies used by researchers in their studies to 

investigate this issue. Only few studies discussed this 

matter for some countries of this region. in this 

respect. That’s why we aimed to comprehensively 

study the regional volatility transmission within stock 

markets of Pakistan, China, India and Sri Lanka and 

also with major developed stock markets (USA, UK, 

Singapore and Japan) by using VAR. 

Transmission of information and movement of prices 

across equity markets can be examined by using two 

broader approaches. 

GARCH Approach 

(a) VAR Framework 

This study uses these methodologies to test the long-

run association among the equity markets of 

Pakistan, China, India, and Sri Lanka via (a)Bivariate 

Exponential GARCH Methodology and  

(b) VAR Framework 

Univariate time series models attempt to predict and 

forecast the future on the basis of their own previous 

information. That is why these are commonly called 

atheoretical models. Financial econometrics 

literature generally discusses two types of 

classifications in this regard. One is an autoregressive 

process (AR), and the other is a moving average 

process (MA). 

An AR process can be defined as the current value of 

a variable. w  depends upon its own past values. 

That is  

0 1 1 2 2 .............t t t p t p tw w w w    − − −= + + + + +
 

 Whereas according to the MA process, the value of 

variable w is a function of its current and past error 

terms, which are white noise.  

0 1 1 2 2 .............t t t t q t qw u u u u   − − −= + + + + +
 

If both AR and MA processes are combined, then the 

output is an ARMA model, which shows that. w  is 

a function of its own historical values and also of its 

white noise error terms.  

1 1

p q

t i t i i t i t

i i

w w u u  − −

= =

= + + + 
 

Where 0 0  = +
 

Financial models are generally linear in their means 

but nonlinear in their variances. Policymakers, 

regulators, and people from academia remain more 

interested in risk. It might be due to the saying that 

“take care of risk; profit will take care of itself.  

Risk is generally measured with the help of volatility 

in financial markets. In finance, volatility is the most 

important and widely discussed area. Different 

reasons can be attributed to this importance. When 

investors find the price fluctuations over a very short 

period of time, which may be as short as a day or a 

few hours, they may not be in a position to have any 

logical reasoning for this. Most financial and 

economic literature is based on the risk-averse nature 

of investors. A risk-averse investor is one who always 

avoids taking risks. So, if risk is increased, a reduced 

level of economic activity is likely to happen.  

There are some other reasons responsible for the 

importance of volatility. It is changeable of some 

underlying variable, for example, stock prices, 

exchange rates, etc. The more variables fluctuate 

over a period of time, the more volatility will remain. 

There are various reasons with which volatility can 

be associated. Policymakers, regulators, and 

academia have always tried to identify and provide 
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rectification for such lacuna causing volatility. But in 

recent history, we have been witnessing another 

category of volatility which does not arise from 

domestic reasons but results from the transmission of 

shocks across regions and international stock 

markets.  It has acquired an important place in the 

literature of international finance, international 

economics, and international financial architecture. 

This study also relates to the transmission of shocks 

that transfer from one market to another. Various 

methodologies have been suggested through the 

literature. We have decided to employ more than one 

methodology as per the needs of the analysis, such as 

bivariate EGARCH to check volatility transmission 

from one market to another market and Johansen 

methodology to check the long-run relationship. 

Additionally, various descriptive statistics have been 

provided to augment the analysis. 

One of the most important conditions to analyze any 

financial time series is to check its stationarity. If 

financial data is non-stationary, then regressing a 

variable on other variables generally results in 

spurious or twaddle regression. Financial time series 

like stock prices are said to have random walk 

phenomena, which predicts that the price today is a 

function of the price yesterday and a random shock. 

This concept makes forecasting of financial data a 

wasteful exercise. In the same way, various 

autoregressive moving average (ARMA) models 

assume time series to be stationary. Therefore, first 

of all, we test the financial time series for stationarity. 

To test the stationarity of data, unit root tests 

proposed by Dickey and Fuller (1979) and Phillips 

and Perron (1988) are used. The Augmented Dickey-

Fuller test investigates the presence of a unit root in 

an autoregressive model. A simple AR (1) model is 

yt = ρyt − 1 + ut, where yt is the variable under study, t 

is the time period, ρ is a coefficient, and ut is the error 

term. The regression model can be written as Δyt = (ρ 

− 1)yt − 1 + ut = δyt − 1 + ut, where Δ is the first 

difference operator. This test assumes that the errors 

are statistically independent and have a constant 

variation. This assumption is very strict and may not 

be true for some data, whereas the Phillips-Perron 

test is more flexible and, therefore, is also used.  

In the Phillips-Perron test, the error terms can be 

weakly dependent and heterogeneously distributed. If 

two series are nonstationary, then there is a 

possibility that a linear combination of these may be 

stationary. If it happens, then these series are called 

co-integrated. Financial time series are not generally 

following normal distribution. Therefore, we use the 

Jarque-Bera test for normality and acquire the 

statistical values for kurtosis and skewness as well. 

 As mentioned earlier, two major methodologies have 

been employed to investigate the volatility 

transmission and co-integration, which are 

     4.1 Bivariate Exponential GARCH 

     4.2 Co-integration Analysis 

Johansen Co-integration analysis (long-run 

relationship analysis) 

This study intends to examine the spillover volatility 

among the financial markets. This volatility spillover 

generally is supposed to exist among the markets 

already having long-term relationships. The co-

integration models are usually used to find out the 

long-run equilibrium among various variables. 

Although there are various techniques through which 

we can check co-integration, the bi-varied nature of 

this study provides directions to focus the discussion 

on Johansen's methodology. The null hypothesis is 

that “no relationship exists among the series”.  If 

long-run equilibrium is present, then these series are 

called co-integrated. Johansen (1988, 1991), and 

Juselius (1992) apply the maximum likelihood 

process to establish the occurrence of a co-integrating 

equation in several nonstationary time series. It 

greatly depends on the relationship between the rank 

of a matrix and its characteristic roots.  

To understand Johansen's method, have a look at the 

following general autoregressive representation for 

vector Y, which contains n variables, all of which are 

I(1), Yt =  + B1 Yt-1 + B2 Yt-2 + ........................+ 

Bk Yt-k + t {4.1} 

where is an (n x 1) vector of constants, k is the 

maximum lag, t is assumed to be a (n x1) vector of 

Gaussian error terms, and A is a (n x n) matrix of 

coefficients. 

The above vector autoregressive process can be 

retransformed as:  Yt =  + 1 Yt-1 + 2 Yt-2 + 

........................+ k-1 Yt-(k-1) +  Yt-k + t {4.2} 

Where 

i  = - [ I - B1 - B2 -.........- Bi ]   i = 1, 2, 3........, k-1 

 = - [I - B1 - B2 -...........- Bk  

Here, the three variables in Yt. The  Yt gives 

information regarding the nature of co-integration 

among the three variables.  

The main objective of Johansen's test is to test the 

rank of.. And in doing so, there can be three cases. 

C-I: Rank () = n, i.e., full rank, which means that its 

rank is equal to the number of linearly independent 

rows and that should equal the number of rows. So 

all elements/variables of Wt are stationary. 
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C-II: Rank () = 0 (i.e.,  is a null matrix); this 

implies that the variables in are not cointegrated, as 

there are no linear combinations of the variables in 

which are stationary.  Thus, there is no long-run 

relationship between the variables in Yt.  Equation 

{4.2} in this case reduces to the traditional VAR 

model in first differences, i.e. 

 Wt =  + 1 Wt-1 + 2 Wt-2 + 

........................+ k-1 Wt-(k-1) + t      {4.3} 

C-III:  Rank () = r, 0  r  n; this implies that  

Wt-k is I(0), that is, the variables in Wt are 

cointegrated.  Equation {4.2} thus takes the error-

correction form.  The rank r in this case determines 

the number of distinct cointegrating vectors that exist 

between the variables in Yt. 

They have suggested two likelihood ratio tests for the 

detection of the number of co-integrated vectors. One 

of them is known as the maximal eigenvalue test, 

which is used to evaluate the null hypothesis that 

there are at most r co-integrating vectors versus the 

alternative of r + 1 co-integrating equations. The 

maximum eigenvalue statistic is defined as; 

λmax = - T ln (1 - λr+1)   

Where λ r+1,…,λn are the n-r smallest squared 

canonical correlations (eigenvalues from the Π 

matrix) and T = the number of observations. 

The second test is based on trace statistics rather than 

cointegrated factors, which test the null hypothesis of 

r cointegrating vectors versus the alternative of at 

least r cointegrating vectors. This statistic is defined 

as λ trace = -T Σ ln (1 - λi)  

Schwarz Information Criterion (SIC) is used to select 

the number of lags required in the co-integration test. 

If the Johnston and Juselius test of co-integration 

provides evidence in favour of rejecting the null 

hypothesis that both stock series are co-integrated in 

the long run, then we can say that the observed 

equilibrium relationship between the two-stock series 

is driven by the same set of factors and is expected to 

continue. To test multivariate co-integration, the 

approach used is Vector Autoregressive (VAR). This 

assumes all the variables in the model are 

endogenous.  By inserting a Vector Error Correction 

Term, we capture the short-run divergence of prices 

from their respective equilibrium values. 

VECTOR Error correction mechanism (short 

run analysis) 

If the variables are co-integrated, then residuals from 

the equilibrium regression can be utilized for the 

estimation of the error correction model and to assess 

the long-run and short-run effects of the variables and 

have a look at the insight of the adjustment 

coefficient, which actually is the coefficient of the 

lagged residual term of the long-run relationship. 

The coefficient (statistic) of the error correction term, 

which is also the coefficient of adjustment speed, 

shows how strongly the deviation from equilibrium 

feeds back into the system. If it is significant, it shows 

long-run causality of variables and vice versa. 

There are many reasons for the importance of 

VECM. It measures the correction from 

disequilibrium in the period. Due to formulate in 

terms of first differences, which trend eliminates 

from the variables and resolves the problem of 

spurious regression. These models fit into a general-

to-specific approach to econometric modeling, which 

best fits the given data set. Two co-integrated 

variables imply that there is some adjustment process 

which prevents errors in the long-run relationship. 

So, concepts of co-integration and the error 

correction mechanism (VECM) are closely related. 

RESULTS AND DISCUSSIONS 

Before we check the linkages among the stock 

markets, the market index series is examined to 

determine whether they are stationary using the 

Augmented Dickey and Fuller (ADF) (1979, 1981) 

and Phillips-Perron (PP) (1988) tests on the market 

index levels and their first differences. No stock 

index was found to be stationary at levels. However, 

rejection of the hypothesis of non-stationarity in first 

differences for all markets implies that the variables 

are integrated of order one. 

This study intends to investigate portfolio 

diversification opportunities and volatility 

transmission with respect to Pakistan, China, Sri 

Lanka, and India. United States of America, Japan, 

Singapore, and the United Kingdom have also been 

taken to check the transmission of volatility from 

developed countries to each of the selected Asian 

countries.  From every country, one stock market 

index has been chosen as a proxy for their stock 

market performance. From Pakistan, the KSE 100 

index has been included in the sample; from China, 

the SSE; from Sri Lanka, the CSE Sensitive index; 

and from India, the BSE 200 index has been included. 

From the United States of America, Japan, 

Singapore, and the United Kingdom, we will use the 

S&P 500 index, NIKKEI 225 index, STI 100 index, 

and FTSE 100 index, respectively. All the indices are 

denominated in local currency units. In this study, we 

used daily data starting from July 1, 1997, to 

December 31, 2009. 
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Table 1: Correlation Matrix 

 
Source: Authors’ compilations 

The table above displays the results of correlation 

analysis among the equity markets of Pakistan, China, 

India, and Sri Lanka. There is no significant correlation 

exists among major South Asian equity markets. Indian 

equity market is more correlated with major world 

equity markets than Pakistan and China. 

Co-integration Analysis 

To check the dynamic relationships among the eight 

stock markets, we tested for long-term relationships in 

the logarithms of the eight stock indices. 

Table 2 Multivariate Co-integration Analysis Trace 

Statistics. (Pakistan, China, India and Sri Lanka) 

 
Trace test indicates 1 cointegrating egn(s) value at the 

0.05 level. 

*Denotes rejection of the hypothesis at the 0.05 level. 

**Mackinnon Haug-Michelis (1999) p-values  

Source: Authors’ compilations 

The above table displays the results of the multivariate 

co-integration analysis for Pakistan, China, India, and 

Sri Lanka. The model is applied under the assumption 

of a constant and linear trend in the co-integration 

vector. Lags are chosen to minimize SIC (Schwarz 

Criterion) and set at 1 in first-order differences. Trace 

test indicates one co-integrating vector at the 0.05 

level. Maximum Eigenvalue test also confirms the 

presence of one co-integrating vector at  = 0.05. 

Thus, the Trace test statistics lead to a rejection of the 

null hypothesis of no co-integrating relationship, but 

not the null hypothesis of at least one co-integrating 

vector. As they will move together in the long run, 

there can be a possibility of short-term deviation, yet 

when long-run relationships are present between those 

markets. We examined this between the Pakistani 

equity markets and other Asian markets by following 

the error correction model: 

0 1 1 2 3 4

1 1 1 1

p p p p

t t j t j j t j j t j j t j t

j j j j

PK Y PK CH IN SL      − − − − −

= = = =

 = + +  +  +  +  +   
 

Where 1 1 1 1 2 1 3 1.t t t t tY PK CH IN SL  − − − − −= − − −
 

Vector Error Correction Model is a restricted VAR for co-

integration analysis. It is designed for using non-stationary 

series that are known to be co-integrated. The VECM 

restricts the long-run behavior of variables to converge to 

their co-integrating relationships. The co-integrating term 

is known as the error correction term because the deviation 

from long-run equilibrium is steadily corrected through 

partial short-run modifications. The results from the co-

integration equation for Pakistan’s case with selected 

Asian countries are presented in Table 1 in the 

Appendices; it is found that with all selected countries, the 

coefficients of error correction are found positive and 

statistically significant. This means that, except for the Sri 

Lankan case, all the selected countries are showing no such 

signs of convergence and hence suggesting no long-run 

stability in the model.  

Table 3 Multivariate Cointegration Analysis Trace 

Statistics. (Pakistan, USA, UK, Japan and Singapore) 

 
Trace test indicates 1 cointegrating egn(s) value at the 

0.05 level. 

*Denotes rejection of the hypothesis at the 0.05 level. 

**Mackinnon Haug-Michelis (1999) p-values  

Source: Authors’ compilations 

When we investigated the integration of Pakistan's 

markets with developed countries- the United States, 

the United Kingdom, Japan, and Singapore- we found 1 

co-integrating vector at the 0.05 level. Max Eigenvalue 

test also confirms the presence of 1 cointegrating vector 

at  = 0.05.  

The results from the co-integration equation for 

Pakistan’s case with selected developed block are presented 

in Table 2 in Appendices; it is found that with all selected 

countries the coefficients of error correction are found 

negative but statistically insignificant. This is inconclusive 

as far as long-term stability in the model is concerned. 

Table 4 Multivariate Cointegration Analysis Trace 

Statistics. (China, USA, UK, Singapore and Japan) 

 
Trace test indicates 1 cointegrating egn(s) value at the 

0.05 level. 

*Denotes rejection of the hypothesis at the 0.05 level. 

**Mackinnon Haug-Michelis (1999) p-values  

Source: Authors’ compilations 
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When we investigated the integration of China with 

developed countries, the United States, the United 

Kingdom, Japan, and Singapore, we found 1 co-

integrating vector at the 0.05 level. Max Eigenvalue 

test also confirms the presence of 1 cointegrating 

vector at  = 0.05. 

The results from the co-integration equation for 

China’s case with selected developed countries are 

presented in Table 3 in Appendices; it is found that 

with all selected countries the coefficients of error 

correction are found negative and statistically 

significant except for the US, whose VEC coefficient 

is found positive. This means that, except for the 

USA, all the selected countries are showing signs of 

convergence and hence suggesting no long-run 

stability in the model for China. 

Table 5 Multivariate Cointegration Analysis Trace 

Statistics of (India, USA, UK, Singapore and Japan) 

 
Trace test indicates 1 cointegrating egn(s) value at the 

0.05 level. 

*Denotes rejection of the hypothesis at the 0.05 level. 

**Mackinnon Haug-Michelis (1999) p-values 

Source: Authors’ compilations 

When we examined the integration of India with 

developed countries, the United States, the United 

Kingdom, Japan, and Singapore, we found 1 co-

integrating vector at the 0.05 level. Max Eigenvalue test 

does not confirm the presence of 1 cointegrating vector 

at  = 0.05.  

The results from the co-integration equation for India’s 

case with selected developed countries are presented in 

Table 3 (Appendices); it is found that with all selected 

countries, the coefficients of error correction are found 

negative and statistically significant except for the US, 

whose VEC coefficient is found positive (just like 

China’s case). This means that, except for the USA, all 

the selected countries are showing signs of convergence 

and hence suggesting no long-run stability in the model 

for India. 

Table 4 (Appendices) displays the results of the 

multivariate Co-integration analysis for Pakistan, 

China, India and Sri Lanka for data from 2005 to 2009.  

Lags are chosen to minimize SIC and set at 1 in first 

differences. Trace test indicates zero co-integrating 

vector at the 0.05 level. Max Eigenvalue test also 

confirms the absence of any co-integrating vectors at  

= 0.05. This shows that from 2005 to 2009, correlation 

among these Asian markets decreased. However, 

different studies showed increasing integration among 

markets of other regions. The reason for less integration 

of these four Asian Markets than before 2005 can be 

their political and regional issues, or it can be because 

of the International Financial Crises. 

When we break down the data and investigate co-

integration of Pakistani equity markets with major 

developed countries, USA, UK, Japan, and Singapore. 

The results are presented in Table 5 (Appendices). We 

found long-run equilibrium among these markets. This 

shows that portfolio diversification’s chances are 

decreasing among these equity markets. 

Results for China (2005-2009) are presented in Table 6 

(Appendices), with major developed countries USA, 

UK, Singapore, and Japan showing increasing 

integration among these markets. According to Trace 

statistics, there is 1 co integrating egn(s) at the 0.05 

level. Maximum Eigen value indicate test indicates 2 

co-integrating eqn(s) at the 0.05 level. That’s why 

international investors’ benefits of portfolio 

diversification, by reducing risk, in these markets are 

declining. 

A bivariate analysis has also been carried out to explore 

the possibility of pairwise long-term relationships 

among Stock market indices, and results are displayed 

in the table below.  

Table 6 Bivariate Cointegration Analysis Trace 

Statistics (Pakistan, China, India, Sri Lanka) 

 
Trace test indicates no cointegrating egn(s) value at 

the 0.05 level. 

*Denotes rejection of the hypothesis at the 0.05 level. 

**Mackinnon Haug-Michelis (1999) p-values  

Source: Authors’ compilations. 

Table7 Bivariate Cointegration Analysis Trace 

Statistics (Pakistan, USA, UK, Singapore and Japan) 

 
Trace test indicates no cointegrating egn(s) value at the 

0.05 level. 
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*Denotes rejection of the hypothesis at the 0.05 level. 

**Mackinnon Haug-Michelis (1999) p-values  

Source: Authors’ compilations 

We can see from the results displayed in the above 

Tables 5.17 and 5.18 that there is no evidence of 

bivariate co-integration among the four Asian markets, 

i.e., Pakistan, China, India, and Sri Lanka. We did not 

find pairwise co-integration among Pakistan and all 

four developed markets, USA, UK, Japan, and 

Singapore. Results show there is no pairwise long-term 

relationship between these markets. 

CONCLUSIONS AND POLICY 

RECOMMENDATIONS 

This study investigates the presence of volatility 

transmission and long-run relationship among regional 

equity markets of Pakistan, China, India, and Sri Lanka. 

China’s importance is growing exponentially for its 

neighboring countries as well as for the whole world. It 

has had very close relations with Pakistan for many 

decades. Whereas Pakistan’s relationship with India has 

shown many ups and downs since the independence of 

both countries (1947). We tried to find the integration 

of equity markets of Pakistan and China as well as 

Pakistan and India. These markets represent a 

significant part of Asian markets. Many studies have 

shown that regionally integrated markets progress more 

rapidly than isolated ones. If countries of the same 

region have a long-run relationship, then the chances of 

an optimum currency area increase, whereas a 

diversification strategy to reduce risk is not workable 

there. 

To check the long-run relationship and volatility 

transmission from developed stock markets, stock 

indices of four major developed countries, USA, Japan, 

Singapore, and UK, have also been taken. To examine 

the volatility transmission, two methodologies have 

been used. First of all, bivariate Exponential GARCH 

has been used to check the presence of transmission 

within each pair of all eight countries for the period 

from July 1997 to December 2009. Secondly, 

Multivariate as well as bivariate co-integration analysis 

has been employed to check co-integration among these 

equity markets. On the basis of these methodologies, 

mixed results have been obtained. 

• Johanson and Juselius Trace Statistics in this study 

indicated that Asian markets are integrated within a 

group. We found one co-integrating equation, which 

means a long-run relationship exists among these 

equity markets. Thus, according to multivariate co-

integration analysis, markets are integrated, and 

there exists a long-term association among these 

markets. However, bivariate analysis indicates that 

no pairwise co-integration exists among the equity 

markets of China and India, which are two major 

emerging markets of the region. This can be due to 

low trade between these countries. Thus, investors of 

these two countries can get the benefits of portfolio 

diversification by investing in these countries.  We 

also found that no pairwise long-run relationship 

exists between Asian markets (China, India, 

Pakistan, Sri Lanka), and they are not co-integrated 

pairwise with the equity markets of the USA, UK, 

Japan, and Singapore.  Therefore, fund managers of 

the US, UK, Singapore, and Japan can get the 

benefits of portfolio diversification by investing in 

Asian stock markets.  

• Results of shorten sample period 2005-2009 of 

multivariate and bivariate co-integration analysis 

show that Asian countries are becoming integrated 

with major developed countries but with low pace 

than the countries of other regions. Opportunities for 

portfolio diversification still exist here, hence need 

to regulate the financial sector and resolve political 

and other internal issues to attract capital inflow 

from all over the world. It’s the duty of the 

government to provide political stability, an 

investor-friendly environment, and security to 

international investors to gain foreign direct 

investment via this channel. 
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APPENDIX A    VECM (Short Run Analysis) 

 

Table 1 Causality in the VECM (Short Run Analysis) 

             (Pakistan, China, India and Sri Lanka) 

 
 

 

 

Table 2 Causality in the VECM (Short run Analysis) 

              (Pakistan, USA, UK, Japan, Singapore) 

 
 

 

 

 

 

Table 3 Causality in the VECM (Short run Analysis) 

              (China, USA, UK, Japan, Singapore) 

 
 

 

Table 4 Causality in the VECM (Short-run Analysis) 

              (India, USA, UK, Japan, Singapore) 
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APPENDIX B Multivariate Cointegration 

Analysis (2005-2009) 

Table 5 Multivariate Cointegration Analysis Trace 

Statistics of (Pakistan, China, India, Sri Lanka 2005-

2009) 

 
Trace test indicates 1 cointegrating egn(s) value at the 

0.05 level. 

*Denotes rejection of the hypothesis at the 0.05 level. 

**Mackinnon Haug-Michelis (1999) p-values 

Table 6 Multivariate Co-integration Analysis Trace 

Statistics (Pakistan, USA, UK, JPP, SGP) 

 
Trace test indicates 1 cointegrating egn(s) value at the 

0.05 level. 

*Denotes rejection of the hypothesis at the 0.05 level. 

**MackinnonHaug-Michelis(1999)p-values  

Table 7 Multivariate Cointegration Analysis Trace 

Statistics (China, USA, UK, Singapore and Japan 

2005-2009) 

 
Trace test indicates 1 cointegrating egn(s) value at the 

0.05 level. 

*Denotes rejection of the hypothesis at the 0.05 level. 

**Mackinnon Haug-Michelis (1999) p-values  

Table 8 Multivariate Cointegration Analysis Trace 

Statistics (India, USA, UK, Singapore and Japan 

2005-2009) 

 
Trace test indicates 1 cointegrating egn(s) value at the 

0.05 level. 

*denotes rejection of the hypothesis at the 0.05 level. 

**Mackinnon Haug-Michelis (1999) p-values  

 

 

 

Table 9 Bivariate Cointegration Analysis Trace 

Statistics 2005-2009 

 
Trace test indicates no cointegrating egn(s) value at 

the 0.05 level. 

*Denotes rejection of the hypothesis at the 0.05 level. 

**Mackinnon Haug-Michelis (1999) p-values 
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