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 Background:A low correlation between returns of cross-border stock market indices 
allows investors to minimize portfolio risk through international diversification. Due to 
high comovement among conventional stock indices, international investors are looking 
for different cross-border or asset classes such as ethical and Shari‟ah-compliant 
investments to reap the benefits of diversification. Objective: This paper investigates 
the comovement of conventional and Islamic stock indices in the daily returns among 
conventional and Islamic stock indices in East Asia and selective Islamic countries 
through the application of cointegration analysis. Our study is focused on investigating 
the following empirical question:  Are the Islamic stock indices less cointegrated with 
the US market compared to that of the conventional indices with the US? Results: Our 
findings based on several cointegration techniques tend to suggest: the stock indices of 
Islamic countries cointegrated with the US stock index is weaker compared to that of 
the non-Islamic countries. This observation is based on the number of cointegrating 
vectors in Islamic countries with the US being much less compared to the number of 
cointegrating vectors in the non-Islamic countries with the US. Conclusion:The 
evidence of less cointegration between the stock indices of Islamic countries (compared 
to non-Islamic countries) with the US stock index, indicates the possibility of potential 
gains through diversification of Islamic investment portfolios with the US market. 
Knowledge of financial cointegration among stock indices is important for portfolio 
diversification by international investors. 
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INTRODUCTION 
 

 When we analyze linkages among international stock indices, it is important to know if there is any 
common force driving the long-run movement of the stock indices or if each individual stock index is driven 
purely by its own fundamentals; cointegration analysis can capture this relationship. When stock indices are 
determined to share a single common stochastic trend, it reveals that these stock indices are perfectly correlated 
over the long-run and, therefore, benefits of international diversification will diminish or disappear over the 
long-time horizon. A low correlation between returns of cross-border stock market indices allows investors to 
minimize portfolio risk by international diversification. 
 As a major development in econometric literature in the late of 20

th
 century, the theory of cointegration has 

led to a leap in the understanding of the non-stationary time series data, which was previously not addressed or 
considered to be not important (Huang, 2008). The error correction representation simply means that the two 
variables can diverge in the short run (represented by the error correction term) but will converge in the long run 
(represented by the cointegration relationship). 
 The rationale behind is quite understandable: even though short-term dynamics may make two variables 
react more independently in the short period of time; however, these two variables will keep their own 
movements within a boundary because of the bounding economic underlying forces. For example, long-run and 
short-run interest rate, stock market indices, and prices of the similar goods in markets that are transacted in 
different countries.  
 Trade and financial liberalization since the late 20

th
 century enhanced the process of globalization, with 

increased trade ties and economic synchronization, international stock market indices have become integrated. A 
decision by a country‟s government to permit foreigners to buy stocks in that country‟s stock market is called 
stock market liberalization. The rational behind financial liberalization is to restore growth and stability by 
raising saving and improving economic efficiency. Following the collapse of the Bretton Woods system, the 
developed countries initiated the international financial liberalization process.  
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 Watson et al. (1988) documented this development in terms of internationalization, securitization, and 

liberalization. In the case of internationalization, in the major industrial countries the speed of activity in 

financial markets has grown faster than real output, but this has been accompanied by even faster growth in 

offshore financial market activity. As far as securitization is concerned, there has been a move away from 

indirect finance, through intermediaries such as banking, to direct finance by means of international bond 

markets. Liberalization gave birth in the removal of domestic quantity and price controls, better international 

involvement in domestic financial markets, more cross-border capital flows, and, finally, new financial 

instruments (Kearney, 1996). As a result, business cycle synchronization and stock correlations are anticipated 

to rise over time and across countries.  

 There is plenty of literature on stock market interdependence and integration. But, depending on the data, 

methodology, and theoretical models employed, there is no clear resolution of the issues as yet. These issues 

have been addressed by numerous studies (Errunza and Losq, 1985; Hietala, 1989; Masih and Masih, 1997, 

1999, 2001). However, because of the inconsistent results, they are placed under critical exanimation. For 

example, Wheatly (1988) argued that even without market integration, assets that are diversified internationally 

could be „mean-variance efficient.‟ According to Marashdeh and Shrestha (2010),market integration refers to 

“there are no impediments such as legal restrictions, transaction costs, taxes and tariffs against the trade in 

foreign assets or the mobility of portfolio equity flows”. If there is a common long-term relationship among 

stock markets, the benefits of diversifying portfolios in international assets is doubtful. A common long-run 

relationship indicates relatively high long-term cross-market correlations, thereby reducing any possible 

diversification benefit over the long-run. Any potential achievement from international diversification of a 

portfolio is inversely correlated to the extent of stock market integration. A low correlation between returns on 

stock market indices allows investors to minimize portfolio risk by international diversification. According to 

Masih and Masih (1997, 1999, 2001), another significant implication of integrated markets is that assets 

associated with similar degrees of risk in different countries should also lead to a similar degree of return. 

Therefore, an analysis of the long-run comovement of stock market prices and their short-run temporal 

relationships is significant for dealing with an international portfolio. 

 One of the fundamental principles underlying financial market integration is the law of one price (LOOP). 

According to this law, when transaction costs and taxes are ignored, the same price should reflect in similar 

securities across all cross-borders where such securities are transacted. Put differently, assets with similar cash 

flows should compensate the same returns within both markets if two or more stock markets are integrated. 

From the stock market integration perspective, all assets with similar risk profiles and maturity have the 

potential to attract the same returns across different financial markets. Additionally, if there are no barriers such 

as country risk and exchange rate premium, financial assets of similar level of risk and liquidity are anticipated 

to gain similar yields, irrespective of location (Von Furstenberg and Jeon, 1989; Narayan et al., 2004, 

Marashdeh and Shrestha, 2010). 

 More recently, Rua and Nunes (2009), by utilizing wavelet coherency approach, found that since the end of 

the 90s, the high degree of comovement has been extended to all frequencies. Prior to this date (end of the 90s) 

the strong comovement was confined only to long-run fluctuations while after that the comovement is visible for 

all sorts of short and long fluctuations. This finding indicates an additional input that there has been an overall 

rising comovement.  

 If the comovement is visible for both short and long-run, then the investors would know how to diversify 

their portfolios. Investors would be looking for different cross-border or asset classes such as ethical and 

Shari’ah-compliant investments, commodities, derivatives, real estate, and private equity/hedge funds, etc.  

 Most researchers have focused on the interdependencies of conventional stock indices and empirical works 

on Shari’ah-compliant stock indices are either not available or inconclusive. Given the conflicting conclusions 

of the research in this field, further highlights should be available through an investigation of an alternative set 

of financial markets, particularly, a set of Shari’ah-compliant stock indices, at least, from an international 

diversification perspective. Shari’ah-compliant stock indices can most likely offer a far greater diversification 

potential for attracting global portfolios. Furthermore, investigations into the dynamic linkages of conventional 

and Islamic stock indices over time and across markets are of significant importance to investors and financial 

policy makers; the necessity for an investigation in the face of a turmoil event, such as the subprime crisis 2007-

2009, becomes all the more relevant. 

 Therefore, this analysis should reveal whether there is cointegration or theoretical relationship between 

conventional and Shari’ah-compliant stock indices. If there is evidence of lesscointegration between stock 

indices of Islamic countries and the US stock index, that would indicate the possibility of potential gains 

through diversification of investment portfolios internationally. 

 

Islamic Investment Criteria: 

 Shari’ah is a Divine Law which governs the practical aspect of a Muslim's daily life. In commerce, it can 

determine business style and indicate a desire to comply with 'halal'(lawful) and ethical investing. Shari’ah-
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compliant investing is growing rapidly as an alternative investment class for all investors, both Muslim and non-

Muslim, for its foundation in ethical business practices, social responsibility and fiscal conservatism. While 

Islamic investors may be mandated to invest only in a Shari’ah-compliant manner, other investors do so for the 

benefits they derive, including greater stability of returns, transparency and diversification. 

 In Islamic finance, any market is subject to Shari’ah constraint where the market is free from prohibited 

activities and elements such as riba (usury), maisir (gambling), gharar(ambiguity), and other prohibited 

activities like gambling, alcohol, and so on. To describe the Islamic principle in detail, riba technically is 

defined as the “premium” which should be paid by the borrower to the lender together with the principal amount 

as a condition in the contract of the loan or for an extension in the duration of loan” (Iqbal and Mirakhor, 2007). 

More specifically, both the premium and the principal are guaranteed regardless of the investment performance. 

Islamic stock  must not include firms that pay or receive interest of any form. However, the percentage of 

today‟s listed firms that are fully in compliance with the Shari’ahis in small number. Some degree of tolerance 

therefore is required. 

 The modern Shari’ah scholars have provided general rules for Shari’ah-compliant investors to evaluate or 

screen whether a particular company is halal (lawful) or haram (unlawful) for investment (Wilson, 2004; Derigs 

and Marzban, 2008).There are two types of stock screening approaches such as qualitative and quantitative 

screens. The first one is qualitative screen, the screening process that focuses on the activity of a company that is 

used as the main principle in Islamic investment criteria. For a company that does not comply with Shari’ah 

principles, for example, a company is involved in the production of alcohol for drinking, gambling, and riba-

based financial institutions, then, investment in this type of company is prohibited. The second one is 

quantitative screen, where Islamic scholars have applied a principle of tolerance associated with filtering 

criteria, namely: 

(1) Debt/equity ratio. If a company‟s debt financing is more than 33 percent of its capital, then it is 

impermissible for investment. 

(2) Interest-related income. If interest-related income of a company is more than 10 percent of its total income, 

then it is not permissible for investment. This income, however, should not come from its main business 

activities but from placing its surplus funds in investments that could yield interest income (Abdul Rahman et 

al,. 2010). 

(3) Monetary assets. This parameter refers to the composition of account receivables and liquid assets (cash at 

banks and marketable securities) compared to total assets. Various minimums have been set for the ratio of non-

liquid assets (assets that are not in the form of money) necessary to make an investment permissible. Some set 

this minimum at 51 percent while a few cite 33 percent as an acceptable ratio of non-liquid assets to total assets. 

 Chapra (2008) and Chapra, Ebrahim, Mirakhor, and Siddiqi (2008) who mention that there are four basic 

conditions in Islamic finance that may prevent the two main causes of crisis, which are excessive leverage and 

the formation of speculative bubbles in credit markets. Firstly, all transactions have to be based on real assets 

rather than merely fictitious or notional assets.  This may discourage all speculative transactions which involve 

excessive ambiguity or gambling. Secondly, the transaction must involve the possession of exchange objects on 

the seller/lesser where this condition may guarantee that, to obtain certain return, the owner will share the risk 

with his partner. Thirdly, the transaction must be genuine with full intention to give and take delivery which in 

turn will prevent the excessive speculation using imaginary assets. Lastly, the credit risk must be borne by the 

creditor up to the maturity, which is subject to the rule of prohibition of selling the debt except at par value.  

This is to ensure that the creditor cannot transfer the risk by selling the debt to the market within a speculative 

and derivative transaction and that prevents the excessive growth of the debt beyond reasonable limits. 

 

Literature Review: 

 One of the most important topics that have been studied extensively in conventional finance literature is the 

comovement of stock market indices around the world. Given one cointegration vector, it may also be of interest 

to know whether each variable enters the vector. The purpose of our study is to find out whether the selected 

stock indices of both conventional and Shari’ah-compliant are in the long run (cointegrating) relationship or not.  

 The study of the comovement of stock market returns is a main issue in international finance as it has 

significant practical implications in asset allocation and risk mitigation. Since the influential work of Grubel 

(1968) on the benefits of international portfolio diversification (see also, Levy and Sarnat, 1970; Lessard, 1973; 

Agmon, 1972; Agmon and Lessard, 1977 and Solnik, 1991), this subject has received much attention in 

international finance. The integration and interdependence of stock markets is a keystone of modern portfolio 

theory, handling the issue of diversifying assets. 

 If there is a common long-term relationship among stock markets, the benefits of diversifying portfolios in 

international assets is doubtful in the long-run. A common long-run relationship indicates relatively high long-

term cross-market correlations, thereby reducing any possible diversification benefit over the long-run. Any 

potential achievement from international diversification of a portfolio is inversely correlated to the extent of 

stock market integration. A low correlation between returns on stock market indices allows investors to 
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minimize portfolio risk by international diversification. According to Masih and Masih (1997, 1999, 2001), 

another significant implication of integrated markets is that assets associated with similar degrees of risk in 

different countries should also lead to a similar degree of return. Therefore, an analysis of the long-run 

comovement of stock market prices and their short-run temporal relationships is significant for dealing with an 

international portfolio. This has led economists and finance experts to examine the correlation structure and 

interdependencies among international stock market indices in some considerable detail. 

 There is mush literature on stock market interdependence and integration. However, findings appear to 

depend on the data, methodology, and theoretical models used. Thus, there is no clear resolution of the issue. 

The analytical tool of cointegration is a useful method to investigate the long-run trends of stock market 

movements. 

 A large body of literature is available on stock market integration. Since the seminal work of Grubel (1968), 

which justified the advantages of international portfolio diversification, the relationship among national stock 

market indices has been examined in many studies such as Granger and Morgenstern (1970), Ripley (1973), 

Lessard (1974,1976) and Panton, Lessig and Joy (1976) among others. Following the influential works of Engle 

and Granger (1987), Johansen (1988) and Johansen and Juselius (1990), many studies beginning with Taylor 

and Tonks (1989), Kasa (1992) and, subsequently, Masih and Masih (1997, 2002), Chowdhry (1994) and 

Chowdhry et al (2007), have employed the cointegration hypothesis to identify the international integration of 

financial markets. When examining linkages among international stock markets, it is worth to identify if there 

are any common forces pushing the long-run movement of the data series or if each individual stock index is 

driven exclusively by its own fundamentals; this relationship can be identified by cointegration analysis. 

Empirical work on conventional stock market integration and interdependencies can be classified into two main 

groups.  

 One group of researchers looked at the comovement of stock market indices around the world by employing 

the correlation and cointegration tests (see, for example, Taylor and Tonks 1989, Jeon and Chiang, 1991; Kasa 

1992, Chung and Liu 1994, Corhayet al. 1995; Floros, 2005). 

 The second group of researchers employed time series techniques that have allowed a more rigorous 

analysis to be conducted, such as “cointegration tests, vector autoregression (VAR) modelling, vector error 

correction modelling (VECM), Granger causality, variance decomposition and impulse response analysis” (see, 

for example, Masih and Masih 1997,1999, 2001;  Ratanapakorn and Sharma 2002). Instead of just simply 

measuring the co-movements of stock price indices, this group of studies examined both the long-term and 

short-term aspects of market linkages and to further explore the structure of these linkages, such as the speed 

and persistence of the interaction among markets. 

 When markets are believed to share a single common stochastic trend, it implies that these markets are 

perfectly correlated over the long-run and the benefits of international diversification will weaken or disappear 

over the long horizon.  

 The issue of applying the Granger causality in such a scenario has been the topic of extensive recent 

research. Engle and Granger (1987), Sims, Stock and Watson (1990), Toda and Phillips (1993), Toda and 

Yamamoto (1995) and Rambaldi and Doran (1996) have suggested methods that can be employed to test the 

Granger causality. 

 The main investigation of empirical research work has been on the conventional stock markets of emerging 

countries. Previously, the Asian stock markets received more attention from researchers, partly because of their 

high economic growth rates and the 1997 Asian financial crash. In this regard, Masih and Masih (1997, 1999, 

2001) have made significant contributions to conventional finance literature, not only by covering the 

fundamental issue of stock market interdependencies, but also by providing further understanding of the trends 

of these linkages and the nature of the propagation mechanism driving the Asian stock market fluctuations. 

 In the study of Masih and Masih (1997), the cointegration results showed that all the Asian Newly 

Industrializing Countries (NIC) of Hong Kong, Singapore, South Korea and Taiwan share long-run relationships 

with the more established markets (Japan, U.S., U.K. and Germany). Further analysis by employing the dynamic 

VECM consistently revealed the relatively leading role of all the established markets in driving the fluctuations 

in the Asian NIC stock markets. Baig and Goldfijn (1999) provided evidence of contagion effect within 

currency markets and within stock markets in Asia. However, they disallowed for overlapping markets, which 

implies that they considered currency and stock markets to be isolated from each other. Therefore, their analysis 

did not look into the impact of cross-market linkages. Masih and Masih (1999) utilized a sample of four Asian 

and four industrialized countries. They arrived at evidence of a cointegrating relationship in stock markets of the 

sample countries and hence employed the VECM approach to test the causality. They also utilized Wald 

procedure as an alternative. Their results indicate that none of the Asian markets (Singapore, Malaysia, Hong 

Kong and Thailand) had any impact on the changes in the other regional markets. However, by using a larger 

sample of Asian and industrial countries, they concluded that there was a support for cross-country linkages 

with the US being the leading stock market. Masih and Masih (2001) examined the dynamic causal linkages 

among nine major international stock indices. One of the interesting statistical findings is the growing role of the 
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Japanese market as a long-term leader in influencing the propagation mechanism driving international stock 

market linkages, including emerging Asian stock markets. 

 Girard and Ferreira (2004) examined cointegration and spillovers for a group of Middle East and North 

Africa (MENA) countries and found no common long-term movements, although sensitivity to intra-regional 

shocks increased through the period of study, January 1990-December 2001. Further, Shachmurove (2005) used 

VAR and BVAR to examine the dynamic linkages between daily returns of Middle East (Egypt, Israel, Jordan, 

Lebanon, Morocco, Oman and Turkey) and the US stock markets. He reported small dynamic linkages. Meric et 

al. (2007) examined the co-movements of the Egyptian, Israeli, Jordanian, Turkish, UK and the US stock 

markets for the period 1996-2006. The results show that there is a low correlation between the Egyptian, Israeli, 

Jordanian and Turkish stock markets. Therefore, these markets offer attractive portfolio diversification benefits 

for international investors. 

 In this study, we follow the traditional methods to identify the comovements of conventional and Islamic 

stock indices, namely, Engle-Granger approach and Johansen approach. The former allows us to identify only 

one cointegration at the maximum, it does not give us all possible cointegrating vectors in the model. However, 

the latter is able to provide us all possible cointegrated vectors in the model based on Trace and Eigen-value 

statistics. 

  

Methodology:  

 To examine the extent of comovement between the US conventional MSCI stock index and other 

conventional andShari’ah-compliant MSCI indices, two different techniques are applied, these are i) the Engle – 

Granger approach and ii) the Johansen approach. 

 

Cointegration Test: 

 The cointegration methodology was developed by Engle and Granger (1987) and Johansen (1988). The 

technique resulted in numerous studies of long-run comovements between stock indices, which have important 

policy implications for the portfolio theory and the diversification issues. 

 The cointegration test is very crucial in that it checks whether all variables are theoretically related or not. If 

they are cointegrated, it means that there is a comovement among these variables in the long term and get back 

to the equilibrium, even though they move differently in the short term.  Cointegration also means that a linear 

combination of the variables in their original form will lead to a stationary error term.  This test is very useful 

because it will prove the untested hypothesis or theory.  

 The Engle – Granger approach and Johansen approach are employed to test the existence of cointegrating 

(long-run equilibrium) relationships. Developments in the cointegration literature (Engle and Granger, 1987) 

have made several contributions towards improving tests for discerning the causal direction in the Granger 

sense.  According to Granger, if the variables are cointegrated, the finding of Granger non-causality is ruled out. 

Masih and Masih (1995a, 1996a, and 1996b) describe applications of these techniques in different disciplines. 

 

The Engle – Granger Approach (Residual Method): 

 The concept of cointegration was first introduced by Granger (1981). Engle and Granger (1987) propose a 

procedure for testing the cointegration hypothesis. A level-form regression is performed to generate residuals 

which may be thought of as equilibrium pricing errors. Residuals are then subjected to tests for cointegration. 

The ADF test for cointegration is used for this purpose. With p time series x1t, …,xpt, each of which is I(1), the 

cointegration regression equation is 

𝑥1𝑡  =  𝜂0 + 𝜂𝑗𝑥𝑗𝑡

𝑝

𝑗=2

+  𝑠𝑡  

A test of no cointegration is given by a test for the significance of 𝜒 in the model 

Δ𝑠𝑡 =  𝜒𝑠𝑡−1 + 𝒲𝑖Δ𝑠𝑡−𝑖 

𝑘

𝑖=1

+ 𝑒𝑡  

 which is equivalent to a test for a unit root in the estimated residual st. If the residual st is found to be 

stationary, the null hypothesis of no equilibrium relationship between stock prices of two markets is rejected. 

 Tests for cointegration proposed by Engle and Granger (1987) rely on a super convergence result and apply 

an OLS estimation to obtain parameter estimates of the cointegrating vector. 

 Engle – Granger (1987) introduced a very simple test for the existence of cointegrating relationships.  

y = α +  βx + e 

 If the gap between y and x is wider, the variable is non-stationary which implies that there is no 

cointegration. If the gap is narrower, the variable is stationary; therefore, there is a cointegration. This method 

assumes only one cointegration at the maximum. So this method does not give us all the possible cointegrating 

vectors in the model.  
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The Johansen Approach: 

 We employ the Johansen and Juselius (JJ) procedure (1988, 1990) of testing for multiple cointegrating 

vectors. 

 Johansen (1988) and Johansen and Juselius (1990) derive maximum likelihood estimators of the 

cointegrating vectors for an autoregressive process with independent Gaussian errors and a likelihood ratio test 

for the number of cointegrating vectors. 

 Unlike its predecessor, Masih and Masih (1997) summarized that the JJ procedure poses several advantages 

over the popular residual-based Engle-Granger two-step approach in testing for cointegration. They may be 

summarized as follows (Masih and Masih, 1997, p.870): 

  (i) the JJ procedure does not a priori assume the existence of at most a single cointegrating vector, instead 

it explicitly tests for the number of cointegrating relationships; (ii) unlike the Engle- Granger procedure, which 

is sensitive to the choice of the dependent variable in the cointegrating regression, the JJ procedure assumes all 

variables to be endogenous; (iii) similarly, when it comes to extracting the residual from the cointegrating 

vector, the JJ procedure avoids the arbitrary choice of the dependent variable in the Engle-Granger approach and 

is insensitive to the variable being normalized; (iv) the JJ procedure is established on a unified framework for 

estimating and testing cointegrating relations within the VECM formulation; (v) the JJ procedure provides the 

appropriate statistics and the point distributions to test a hypothesis for the number of cointegrating vectors and 

also tests any restrictions upon the coefficients of the vectors. 

 The JJ procedure involves the identification of rank of maximum p x p matrix II in the specification given 

by: 

Δ𝑋𝑡 = 𝛿 +  Γ𝑖

𝑘−1

𝑖=1

Δ𝑋𝑡−𝑖  +  ΠΔ𝑋𝑡−𝑘  + 휀𝑡  

 where, X, is a column vector of the number of MSCI stock indices. If II has zero rank, no stationary linear 

combination can be identified. In other words, the variables in Xt are non-cointegrated. If the rank is r, however, 

there will now existr possible stationary linear combinations. 

 Johansen (1988, 1990) proposes two different methods for assessing the number of cointegration vectors 

such as the trace test and the maximal eigenvalues test. The trace test is a likelihood ratio test for maximum 

rcointegration vectors against the alternative equal to n. The maximal eigenvalues test has an identical null 

hypothesis, while the alternative is (r +1) cointegration vectors. Both tests have a non-standard asymptotic 

distribution and the critical values for the trace test are tabulated in Johansen and Juselius (1990). The maximal 

eigenvalue test tends to give better results when the trace tests are either large or small. 

 If we have more than two variables in the model, then there is a possibility of having more than one 

cointegrating vectors in the model. There are sub-groups among the variables which are moving together. This 

method gives us all possible cointegrated vectors in the model. 

  

Data and Empirical Results:  

 We use close-to-close daily return data in USD for MSCI conventional and Islamic stock indices in Muslim 

(Malaysia, Indonesia, Turkey, GCC region ex-Saudi) and Far East countries (Japan, China, Korea, Hong Kong, 

Taiwan), plus the MSCI conventional index of US as proxy for the US-based investor.  

 Data are sourced from Datastream and cover the period, June 2005 to December 2011. These stock indices 

are transformed to compounded stock market returns by calculating the natural logarithmic differences of the 

daily stock prices, that is, rt = ln(
𝑝𝑡

𝑝𝑡−1
), where Pt and Pt−1 represent the stock price index at time t and t− 1, 

respectively. The list of indices and their symbols are given in Table 1. Consistent with other researchers (Kasa, 

1992; King et al., 1997, Masih and Masih, 2001), the raw index values and returns have been transformed to 

reflect real US dollars in order to adopt the perspective of the US investor.  

 

Empirical Results:  

 A necessary but not sufficient condition for cointegration is that each of the variables should be integrated 

of the same order (more than zero) or that both series should contain a deterministic trend (Granger, 1986). 

There are various unit root testing procedures, ranging from the classical Dickey-Fuller (DF) test, Augmented 

Dickey-Fuller (ADF) test, Pillips-Perron (PP) test, etc. In our study before proceeding with the cointegration 

test, we examine whether the variable is non-stationary or stationary by using the common test - Augmented 

Dickey-Fuller (ADF) test on each variable (in both level and differenced form).  

 A necessary but not sufficient condition for cointegration is that each of the variables should be integrated 

of the same order (more than zero) or that both series should contain a deterministic trend (Granger, 1986). 

There are various unit root testing procedures, ranging from the classical Dickey-Fuller (DF) test, Augmented 

Dickey-Fuller (ADF) test, Pillips-Perron (PP) test, etc. In our study before proceeding with the cointegration 
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test, we examine whether the variable is non-stationary or stationary by using the common test - Augmented 

Dickey-Fuller (ADF) test on each variable (in both level and differenced form).  

 
Table 1: List of Indices. 

Indices Symbol Level form Difference form 

Conventional Indices 

US MSCI  Conventional Index US LUS RUS 

China MSCI  Conventional Index CHINA LCHINA RCHINA 

Japan MSCI Conventional Index JAPAN LJAPAN RJAPAN 

Korea MSCI Conventional Index KOREA LKOREA RKOREA 

Taiwan MSCI Conventional Index TW LTW RTW 

Hong Kong MSCI Conventional Index HK LHK RHK 

Malaysia MSCI Conventional Index MY LMY RMY 

Indonesia MSCI Conventional Index INDO LINDO RINDO 

Turkey MSCI Conventional Index TURKEY LTURKEY RTURKEY 

GCC ex-Saudi MSCI Conventional Index GCC LGCC RGCC 

Islamic Indices 

China MSCI  Islamic Index ICHINA LICHINA RICHINA 

Japan MSCI Islamic Index IJAPAN LIJAPAN RIJAPAN 

Korea MSCI Islamic Index IKOREA LIKOREA RIKOREA 

Taiwan MSCI Islamic Index ITW LITW RITW 

Hong Kong MSCI Islamic Index IHK LIHK RIHK 

Malaysia MSCI Islamic Index IMY LIMY RIMY 

Indonesia MSCI Islamic Index INDO LIINDO RIINDO 

Turkey MSCI Islamic Index ITURKEY LITURKEY RITURKEY 

GCC ex-Saudi MSCI Islamic Index IGCC LIGCC RIGCC 

 

Unit Root Tests:  

 Dickey-Fuller tests (Dickey and Fuller, 1981) tries to account for temporally dependent and 

heterogeneously distributed errors by including lagged sequences of first differences of the variable in its set of 

regressors. We have applied this test in our study to test whether the variable is non-stationary or stationary. 

First, the ADF test was applied for the levels of each MSCI indices, followed by the same test in their first-

differenced form (Table 2 and Table 3).  

 
Table 2:  Tests of the unit root hypothesis of conventional MSCI indices. 

Augmented Dickey - Fuller 

 Test Statistic Critical Value 

Levels 

LUS -1.5582 -3.4161 

LCHINA -1.8485 -3.4150 

LJAPAN -2.5306 -3.4150 

LKOREA -2.0643 -3.4150 

LTW -1.7788 -3.4150 

LHK -1.8152 -3.4150 

LMY -1.4609 -3.4150 

LINDO -1.8642 -3.4150 

LTURKEY -2.1676 -3.4150 

LGCC -1.6169 -3.4150 

First-differences (∆) 

RUS -32.8550 -2.8637 

RCHINA  -2.8637 

RJAPAN -21.6905 -2.8637 

RKOREA -39.8444 -2.8637 

RTW -38.9518 -2.8637 

RHK -41.1273 -2.8637 

RMY -36.9378 -2.8637 

RINDO -37.1130 -2.8637 

RTURKEY -38.6709 -2.8637 

RGCC -16.4861 -2.8637 

Note: Data consist of close-to-close daily MSCI conventional stocks for both Islamic and non-Islamic countries [Sample: 1 June 2005 to 1 
December 2011]. The optional lag used for conducting the augmented Dickey-Fuller test statistic was selected based on an optimal criteria 

(Akaike‟s final prediction error) using a range of lags.  

 

 Results in Tables 2 and 3 tend to indicate that while both conventional and Shari’ah-compliant stock 

indices contain a deterministic trend, we accept the existence of a unit root for any of the indices. Overall, we 

could not find evidence that the variables are not I(1) i.e. variables were found non-stationary at the 'level' form 

but stationary after 'first-differencing' (∆). In other words, each of these MSCI indices is a non-stationary 

process in level form but stationary in their first differenced form.  
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 Given the consistency of results from this test, we conclude that these daily stock price indices are 

integrated at most of order one. This provides a requisite for the forthcoming cointegration analysis.  

 
Table 3:  Tests of the unit root hypothesis of Islamic MSCI indices. 

Augmented Dickey - Fuller 

 Test Statistic Critical Value 

Levels 

LICHINA -1.8823 -2.8644 

LIJAPAN -1.8686 -2.8644 

LIKOREA -1.6483 -2.8644 

LITW -1.2903 -2.8644 

LIHK -1.4533 -2.8644 

LIMY -1.0962 -2.8644 

LIINDO -1.3969 -2.8644 

LITURKEY -1.5538 -2.8644 

LIGCC -.98299 -2.8644 

First-differences (∆) 

RICHINA -33.3906 -2.8645 

RIJAPAN -22.9962 -2.8645 

RIKOREA -32.9555 -2.8645 

RITW -32.4390 -2.8645 

RIHK -20.1966 -2.8645 

RIMY -31.7868 -2.8645 

RIINDO -31.3264 -2.8645 

RITURKEY -31.4798 -2.8645 

RIGCC -16.4732 -2.8645 

Note: Data consists of close-to-close daily MSCI Islamic stocks for both Islamic and non-Islamic countries [Sample: 1 June 2007 to 1 

December 2011]. The optional lag used for conducting the augmented Dickey-Fuller test statistic was selected based on an optimal criteria 

(Akaike‟s final prediction error) using a range of lags. Relevant test for all unit root testing procedures can be requested from the author.  

 

Selection of Optimal Order: 

 
Table 4: Selection of Optimal Order. 

 Choice Criteria 

AIC SBC 

No. of Lags 

All Islamic Indices with US 2 1 

All Conventional Indices with US 3 1 

Far East All Indices with US 2 1 

Islamic countries All Indices with US 3 1 

Far East Conventional Indices with US 3 1 

Far East Islamic Indices with US 3 1 

Islamic countries Conventional Indices with US 3 1 

Islamic countries Islamic Indices with US 2 1 

Note: AIC choice criteria is maximizing the optimal order whereas the SBC is minimizing the optimal order. The optimal lag structure for 

each of the VAR models was selected by maximizing the Akaike‟s information criteria. In the final analysis, we use a lag of 2. [Sample: 1 
June 2007 to 1 December 2011] 

 

 Again, before proceeding with the cointegration test, as another requisite for the forthcoming cointegration 

analysis, we need to determine „optimal‟ order for the vector auto regression (VAR), that is, the number of lags 

to be used. When we put all conventional and Islamic stock indices into the VAR, we cannot proceed with the 

test due to the fact that the VAR can only accommodate 12 variables at maximum. So we determined the 

„optimal‟ order to depend on regional and characteristics of indices. The discussions of these testing appear in 

Table 4. Results suggested that AIC (Akaike‟s information criteria) favors order of 2 or 3 while SBC favors one 

lag. In the subsequent analysis, we use a lag of 2 based on the average of lags.  

 

Cointegration Test: 

 The cointegration test is very crucial in that it checks whether all variables are theoretically related or not. If 

they are cointegrated, it means that there is a co-movement among these variables in the long term that gets to 

the equilibrium, even though they may move differently in the short term. Cointegration also means that a linear 

combination of all variables in their original form will lead to a stationary error term.  This test is very useful 

because it will prove the untested hypothesis or theory.  

 We employ both the Engle – Granger (1987) Method and Johansen and Juselius (JJ) (1993) procedure of 

testing for the presence of multiple cointegrating vectors. Gonzalo (1994) provides empirical evidence to 

support the Johansen procedure‟s relatively superior performance over other methods for testing the order of 

cointegration rank. In order to derive estimates of the long run coefficients of the cointegrating vectors, 
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however, we employ both the residual method developed by Engle – Granger (1987) and the MLE of the 

Johansen-Juselius. 

 
Table 5: Engle – Granger Method. 

Augmented Dickey - Fuller 

 Test Statistic Critical Value 

All Conventional Indices with US -5.8493 -2.8644 

All Islamic Indices with US -5.7473 -2.8644 

Far East All Indices with US -7.0445 -2.8644 

Islamic countries All Indices with US -4.9848 -2.8644 

Far East Conventional Indices with US -4.8975 -2.8644 

Far East Islamic Indices with US -3.8528 -2.8644 

Islamic countries Conventional Indices with US -3.8996 -2.8644 

Islamic countries Islamic Indices with US -3.5161 -2.8644 

Notes: in this method, we conducted augmented Dickey-Fuller test for variable „Residual‟. All the relevant tests can be requested from the 
author.  

 

 Going by the Engle – Granger Method, Table 5 shows that the test statistic is greater than critical value, 

which means the variable is stationary; it implies that the gap is narrower; therefore, there is a cointegration. 

However, this method could not give us all the possible number of cointegration vectors. As we described in 

methodology, according to Masih and Masih (1997) the Johansen and Juselius (JJ) method has a number of 

advantages over the popular residual-based Engle-Granger two-step approach in testing for cointegration. 

Therefore, we employed the Johansen method which gives us all possible co-movements.  

 The results based on Johansen's (Johansen, 1988; Johansen and Juselius, 1990) multivariate cointegration 

tests (Tables 6 –14) suggest that these variables are bound together by long-run equilibrium relationship except 

the stock markets of Islamic countries. Trace statistics imply that there exist cointegrating vectors in each of the 

models regardless of the market we take with the US market; however, maximum eigenvalue statistics at times 

failed to show any cointegrating vector for indices of Islamic countries with the US market.  We arrive at an 

interesting result that trace statistic reject the hypothesis of no cointegrating vectors for the entire sample period 

since the null of r=0 can be rejected at the 95% critical value. But this is not true for all eigenvalue statistics in 

the case of indices of Islamic countries. Thus, based on either the trace or eigenvalue statistics or both we reject 

the null hypothesis of no cointegration. A similar conclusion was arrived at by Masih and Masih (1997) in their 

analysis of NIC stock markets that incorporated the US market.  

 
Table 6: All Islamic indices with US index. 

Vector :  [LUS, LIGCC, LITURKEY, LIINDO, LIMY, LIHK,  LITAIWAN, LIKOREA, 

LIJAPAN, LICHINA] 

Critical Values (95%) 

H0: H1: Eigenvalue Trace Eigenvalue Trace 

r = 0 r=1 80.9671* 385.3446* 67.0500 265.7700 

r ≤ 1 r=2 64.0633* 304.3775* 61.2700 222.6200 

r≤ 2 r=3 60.0060* 240.3142* 55.1400 182.9900 

r≤ 3 r=4 48.9846 180.3082* 49.3200 147.2700 

r≤ 4 r=5 45.1102 131.3236* 43.6100 115.8500 

Note: The statistics refer to Johansen‟s log-likelihood maximal eigen value and trace test statistics according to cointegration with 

unrestricted intercepts and restricted trends in the VAR. r indicates the number of cointegrating relationships. * indicates significance at the 
5% level. [Sample: 1 June 2007 to 1 December 2011] 

 

Table 7: All Conventional indices with US index. 

Vector :  [LUS, LGCC, LTURKEY, LINDO, LMY, LHK,  LTAIWAN, LKOREA, 

LJAPAN, LCHINA] 

Critical Values (95%) 

H0: H1: Eigenvalue Trace Eigenvalue Trace 

r = 0 r=1 100.2701* 388.7053* 67.0500 265.7700 

r ≤ 1 r=2 61.8671* 288.4352* 61.2700 222.6200 

r≤ 2 r=3 59.7296 226.5682* 55.1400 182.9900 

r≤ 3 r=4 53.8906 166.8385* 49.3200 147.2700 

r≤ 4 r=5 32.5885 112.9479 43.6100 115.8500 

Note: The statistics refer to Johansen‟s log-likelihood maximal eigen value and trace test statistics according to cointegration with 

unrestricted intercepts and restricted trends in the VAR. r indicates the number of cointegrating relationships. * indicates significance at the 
5% level. [Sample: 1 June 2007 to 1 December 2011] 

 

 Evidence of cointegration among both conventional and Islamic stock indices has several implications. 

First, it rules out any 'spurious' or „accidental‟ correlations; there is a theoretical relationship among the 

variables and that they are in equilibrium in the long run. Second, the actual number of cointegrating (or 

equilibrium) relationships found in Table 14 shows that the stock indices of Islamic countries cointegrated with 

the US stock index is weaker compared to those of the non-Islamic countries. This observation is based on the 

number of cointegrating vectors in Islamic countries with the US being much less compared to the number of 

cointegrating vectors in the non-Islamic countries with the US. Finally, the evidence of cointegration implies 
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that there is a common force such as the arbitrage activity which brings the stock indices together in the long-

term (Masih and Masih, 1997). Therefore, a test of cointegration can be considered as a test of the extent of the 

level of arbitrage activity in the long-run.  
 

Table 8:  Far East all indices with US index. 

Vector :  [LUS, LIHK, LITAIWAN, LIKOREA, LIJAPAN 

LICHINA, LHK, LTAIWAN, LKOREA, LJAPAN, LCHINA] 

Critical Values (95%) 

H0: H1: Eigenvalue Trace Eigenvalue Trace 

r = 0 r=1 124.6597* 440.1198* 72.5000 314.1100 

r ≤ 1 r=2 63.1146 315.4601* 67.0500 265.7700 

r≤ 2 r=3 56.0482 252.3455* 61.2700 222.6200 

r≤ 3 r=4 45.7967 196.2973* 55.1400 182.9900 

r≤ 4 r=5 42.7190 150.5005* 49.3200 147.2700 

Note: The statistics refer to Johansen‟s log-likelihood maximal eigen value and trace test statistics according to cointegration with 

unrestricted intercepts and restricted trends in the VAR. r indicates the number of cointegrating relationships. * indicates significance at the 

5% level. [Sample: 1 June 2007 to 1 December 2011] 
 

Table 9: Islamic countries all indices with US index. 

Vector :  [LUS, LGCC, LTURKEY, LINDO, LMY, 

LIGCC, LITURKEY, LIINDO, LIMY] 

Critical Values (95%) 

H0: H1: Eigenvalue Trace Eigenvalue Trace 

r = 0 r=1 56.4666 237.5766* 61.2700 222.6200 

r ≤ 1 r=2 41.1355 181.1100 55.1400 182.9900 

r≤ 2 r=3 37.2538 139.9745 49.3200 147.2700 

r≤ 3 r=4 35.3028 102.7207 43.6100 115.8500 

r≤ 4 r=5 25.0150 67.4179 37.8600 87.1700 

Note: The statistics refer to Johansen‟s log-likelihood maximal eigen value and trace test statistics according to cointegration with 

unrestricted intercepts and restricted trends in the VAR. r indicates the number of cointegrating relationships. * indicates significance at the 

5% level. [Sample: 1 June 2007 to 1 December 2011] 
 

Table 10:  Far East Conventional indices with US index. 

Vector :  [ LUS, LHK, LTAIWAN, LKOREA, LJAPAN, LCHINA] Critical Values (95%) 

H0: H1: Eigenvalue Trace Eigenvalue Trace 

r = 0 r=1 57.2062* 186.5422* 43.6100 115.8500 

r ≤ 1 r=2 42.6165* 129.3359* 37.8600 87.1700 

r≤ 2 r=3 40.7751* 86.7194* 31.7900 63.0000 

r≤ 3 r=4 25.3443 45.9443* 25.4200 42.3400 

r≤ 4 r=5 17.8497 20.6000 19.2200 25.7700 

Note: The statistics refer to Johansen‟s log-likelihood maximal eigen value and trace test statistics according to cointegration with 
unrestricted intercepts and restricted trends in the VAR. r indicates the number of cointegrating relationships. * indicates significance at the 

5% level. [Sample: 1 June 2007 to 1 December 2011] 

 
Table 11: Far East Islamic indices with US index. 

Vector :  [LUS, LIHK, LITAIWAN, LIKOREA, LIJAPAN, LICHINA] Critical Values (95%) 

H0: H1: Eigenvalue Trace Eigenvalue Trace 

r = 0 r=1 53.6805* 173.4410* 43.6100 115.8500 

r ≤ 1 r=2 44.5920* 119.7605* 37.8600 87.1700 

r≤ 2 r=3 35.2714* 75.1686* 31.7900 63.0000 

r≤ 3 r=4 21.4854 39.8971 25.4200 42.3400 

r≤ 4 r=5 15.5062 18.4118 19.2200 25.7700 

Note: The statistics refer to Johansen‟s log-likelihood maximal eigen value and trace test statistics according to cointegration with 
unrestricted intercepts and restricted trends in the VAR. r indicates the number of cointegrating relationships. * indicates significance at the 

5% level. [Sample: 1 June 2007 to 1 December 2011] 

 
Table 12: Islamic countries‟ Conventional indices with US index. 

Vector :  [LUS, LGCC, LTURKEY, LINDO, LMY] Critical Values (95%) 

H0: H1: Eigenvalue Trace Eigenvalue Trace 

r = 0 r=1 27.9963 89.8672* 37.8600 87.1700 

r ≤ 1 r=2 26.3928 61.8709 31.7900 63.0000 

r≤ 2 r=3 17.4896 35.4782 25.4200 42.3400 

r≤ 3 r=4 12.3207 17.9886 19.2200 25.7700 

r≤ 4 r=5 5.6679 5.6679 12.3900 12.3900 

Note: The statistics refer to Johansen‟s log-likelihood maximal eigen value and trace test statistics according to cointegration with 

unrestricted intercepts and restricted trends in the VAR. r indicates the number of cointegrating relationships. * indicates significance at the 
5% level. [Sample: 1 June 2007 to 1 December 2011] 

 

 An evidence of a lack of cointegration indicates the possibility of potential gains through diversification of 

investment portfolios internationally. However, in our study the evidence of financial cointegration implies that 

all conventional and Shari’ah-compliant stock indices are interdependent and integrated and hence the 

possibility of gaining abnormal profits in these cointegrated markets through diversifying investment portfolios 

is limited. Also, one should keep in mind that the Shari’ah-compliant index is typically a subset of the larger 
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conventional index. Cointegration among these markets, however, does not rule out the possibility of arbitrage 

profits through diversifying portfolios across these countries in the short-term.  
 
Table 13: Islamic countries‟ Islamic indices with US index. 

Vector :  [LUS, LIGCC, LITURKEY, LIINDO, LIMY] Critical Values (95%) 

H0: H1: Eigenvalue Trace Eigenvalue Trace 

r = 0 r=1 38.4003* 99.6514* 37.8600 87.1700 

r ≤ 1 r=2 24.7368 61.2511 31.7900 63.0000 

r≤ 2 r=3 21.1175 36.5143 25.4200 42.3400 

r≤ 3 r=4 11.0064 15.3967 19.2200 25.7700 

r≤ 4 r=5 4.3903 4.3903 12.3900 12.3900 

Note: The statistics refer to Johansen‟s log-likelihood maximal eigen value and trace test statistics according to cointegration with 

unrestricted intercepts and restricted trends in the VAR. r indicates the number of cointegrating relationships. * indicates significance at the 
5% level. [Sample: 1 June 2007 to 1 December 2011] 

 

Table 14: Summary of cointegrating Vectors. 

 Choice Criteria 

Eigenvalue Trace 

No. of Cointegrating Vectors 

All Islamic Indices with US index 3 5 

All Conventional Indices with US index 4 4 

Far East All Indices with US index 1 5 

Islamic countries All Indices with US index 0 1 

Far East Conventional Indices with US index 3 4 

Far East Islamic Indices with US index 3 3 

Islamic countries Conventional Indices with US index 0 1 

Islamic countries Islamic Indices with US index 1 1 

Note: all relevant tests can be requested from the author.  

 

Concluding Remarks and Implications:  

 We have applied both the Engle – Granger (1987) Method and Johansen and Juselius (JJ) (1993) 

cointegration tests. The concept of cointegration among a set of MSCI stock indexes of Islamic and non-Islamic 

countries was employed in order to examine whether they shared any degree of long-run relationship with an 

established market – the US.  

i) The Engle – Granger test shows that the test statistic is greater than the critical value, which means the error 

term is stationary; indicating that a linear combination of all non-stationary variables becomes stationary. This 

implies that the variables are cointegrated or theoretically related. 

ii) In the case of the Johansen test too, we find that the variables are cointegrated based on either the trace or 

eigenvalue statistics or both. In other words, the cointegration tests tend to suggest that the relationships among 

the variables are not spurious but are bound together by a long-run equilibrium relationship.   

 The analysis may have a number of implications. We may need to improve our understanding of the degree 

of integration shared by regional, conventional and Islamic stock indices within several scenarios with the 

presence of an established market such as the US. We may also need to enhance our insights into the dynamics 

driving these relationships and the contagion effect. These issues become all the more relevant in the light of the 

growth and potential expansion of the Shari’ah-compliant stock indices. We have applied both Engle – Granger 

(1987) Method and Johansen and Juselius (JJ) (1993) cointegration tests. The concept of cointegration among a 

set of MSCI stock indices of Islamic and non-Islamic countries was employed to examine whether they shared 

any degree of a long-run theoretical relationship with an established market – the US.  

 This result is of value in helping financial analysts who may use information optimally given that both 

conventional and Islamic stock indices are not mutually exclusive of each other. Knowledge of financial 

cointegration among stock indices is important for portfolio diversification by international investors. 

Furthermore, the evidence of conintegration or interdependence among these stock indices will also have 

important implications for macro stabilization policies in each of these countries and also for the financial 

policies of multinational corporations.  

 Finally, given the pace with which financial markets of the world are moving, knowledge of how integrated 

stock indices are and insights into the propagation mechanism or dynamics driving these relationships is of 

critical importance to the understanding of international financial integration.  
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