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Abstract 
 

In this article, we measure the degree of interdependence between the Abidjan Stock Exchange on the one 

hand and the Paris Stock Exchange, the New York Stock Exchange and the Shanghai Stock Exchange on the 

other. The Dynamic Conditional Correlation, Generalized Autoregressive Conditional Heteroskedasticity 

(DCC-GARCH) standard procedure proposed by Engle (2002) is used in this study to estimate time-varying 

conditional correlations between Abidjan Stock market and its trading partners, namely France, China, and 

USA. We used weekly returns data of BRVM Composite (for Abidjan), CAC40 (for France), S & P500 (for 

USA) and Shanghai Stock Exchange Composite Index (China) for the period 2007-07-09 to 2020-03-16. The 

results of the study highlighted that the liberalization process has led to a very small increase in correlations 

with the world market. The Abidjan Stock Exchange remains weakly integrated into global financial markets. 

Therefore, it is a positive sign for national and international investors to diversify their portfolio among the 

stock markets of Abidjan and its trading partners. 
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1. Introduction 
 

The purpose of this study is to measure the degree of integration of the Abidjan Stock Exchange into 

international financial markets. The Abidjan stock exchange, also called the regional securities exchange 

(BVRM) opened in Abidjan in September 1998. It is a transnational stock exchange which currently brings 

together the eight countries of the West African Economic and Monetary Union (WAEMU): Benin, Burkina, 

Côte d'Ivoire, Guinea-Bissau, Mali, Niger, Senegal and Togo. Its main characteristic is the use of the same 

currency: the franc of the African Financial Community (FCFA) which is issued by the Central Bank of West 

African States (BCEAO). The creation of a financial market has been presented as a pre-requisite for the 

success of the financial liberalization policy in many developing countries in general, and the WAEMU 

countries in particular. 
 

Stock market integration dynamics remain a central and continuous issue in economics and finance 

principally due to its practical implications for international investment strategies in general and portfolio 

diversification decisions in particular. A widely held view currently is that the degree of integration among 

stock markets around the world has increased significantly over the years (Forbes and Rigobon(2002), Gupta 

and Guidi(2012), Neaime(2012), Giovannetti and Velucchi(2013)). A major factor underlying this 

development is the decision by most developing countries to undertake various market-oriented reforms to 

liberalize their financial markets. According to Bekaert and Harvey(2003), is the relaxation of controls on 

capital movements and foreign exchange transactions, deregulation of the financial sectors, and advancement 

in communication and technological innovation in financial products.  
 

As a result, there has been significant increase in cross-border activities and capital flows especially to 

developing and emerging countries, leading to a corresponding rising importance of these markets within the 

global financial markets. Yet, the increasing integration of the world’s stock markets has considerable 

ramifications for economies and financial markets generally. Integration allows for international risk sharing, 

lowers cost of capital and promotes capital flows, enhances stock prices, encourages technology transfers, and 

improves financial systems and economic growth (Prasad et al., 2003); these advantages are non-existent in 

segmented markets. 
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Stock markets in Africa, and Abidjan stock market in particular, have indeed responded positively to 

these global changes evidenced by improved market performance in terms of market size, liquidity and 

trading and to some extent, improved informational flow and efficiency in these markets. In particular, the 

question of whether financial liberalization has made African markets more integrated with the rest of the 

world and whether market integration facilitates stock market development and efficiency in Africa has often 

come up in both academic and policy discussions. 
 

Integration can however result in significant short-term costs to companies and markets as greater 

interdependence is closely associated with spillover effects. These concerns are triggered by the destructive 

effects of return and volatility spillovers on markets and market participants such as investors, fund managers, 

and hedge fund managers. The correlation and volatility transmission between stock markets is important for 

risk managers and policy makers for the following reasons. The correlation of stock markets is useful to 

design a well-diversified portfolio for investors. Markowitz(1952,1959) suggests diversifying the portfolio to 

reduce the risk. This concept of portfolio diversification was further strengthened by Grubel(1968), who 

suggested diversifying the portfolio to international markets with a low correlation among them. The study of 

existing volatilities and correlations among the assets is of fundamental consideration for the investors 

(Graham et al.(2012)).The benefits potentially available from sector and geographic diversification may be 

limited in the presence of greater co-movements or dependence. 
 

Policy makers are also interested in volatility transmission across markets because of its implications 

for the stability of the global financial system. For instance, if volatility spillovers are significant between 

markets, a shock originating from one market may have a destabilizing impact on other markets.  
 

Indeed, at the macroeconomic level interdependence relationships are closely linked to systemic risk 

whose disastrous consequences on the economy have led prudential authorities to demand greater 

transparency of the links that may exist between two financial assets. This is why the main international 

regulatory body represented by the Basel Committee reiterated, within the framework of Basel III and through 

the concept of systemic risk, the importance of identifying the relationships between different financial assets 

and more widely between countries. Interdependencies between countries, symptomatic of strong financial 

integration, are said to be long-term and the nature of these relationships remains unchanged regardless of the 

study period. The consistency of these relationships requires a perfect identification of the links in order to 

integrate them into the risk assessment. 
 

Hence, it is important for policy makers to understand the returns relations and volatility spillovers 

between financial markets. 
 

Thus, the identification of interdependencies has a different aim depending on whether it is required 

by a regulatory body or wanted by an investor. In the first case, this is a mandatory necessity which is part of a 

general objective, namely the stability of the international financial system. In this case, the aim is to limit the 

risks by highlighting the existing interdependencies. For an investor, the identification of interdependencies 

can be motivated by various reasons, including the evaluation of the risk and gain. So, the essential question is 

how to measure financial integration. 
 

No single approach exists in the literature to determine the extent of international financial market 

integration. Kearney and Lucey(2004) suggest three basic approaches, each of which is either a direct or an 

indirect measure of international financial integration. While the first approach is a direct measure, the last 

two approaches are indirect. 
 

International financial integration is as higher as the international mobility of capital is greater, and as 

it is easier to move geographically from one financial market to another financial market or from one country 

to another country. Capital mobility can be quantified by establishing a correlation between national savings 

and investment rates: a weak correlation suggests a strong financial integration of countries (Feldstein and 

Horioka (1980)). As a result of the second advantage there are three other possible measures. First, following 

Obstfeld(1986a, 1986b), capital mobility can be quantified by establishing a correlation between national 

consumption and world consumption: a perfect correlation is synonymous with perfect capital mobility. 

Kindleberger (1987) defines the integration of financial markets on the basis of the law of one price, which 

stipulates that identical assets must be traded at a single price regardless of their country of issue (see also 

Aliber (1978) or Argy and Hodjera (1973)). Thus, highly integrated countries will tend to determine their 

national interest rates from those existing abroad, and the higher the degree of integration, the lower the 

interest rate differentials between countries.  
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Financial integration can therefore be estimated by examining the degree of convergence of interest 

rates. Harmonization of rates between countries would be a sign of financial market integration. Finally, rate 

equalization can also be tested using the different concepts of interest rate parity. 
 

We can also find in the economic literature, an alternative measure of international financial 

integration based on its main drawback: the international financial instability that accompanies it. The 

mobility of capital promotes the amount and reversibility of capital exchanges. Bekaert and Harvey (2003) 

points out that in times of high financial integration, these volatilities tend to converge. Such convergence is 

synonymous with the internationalization of financial crises: a financial accident on a market leads to an 

increase in its volatility which is transmitted to other markets through the mobility of capital. This 

transmission will be as stronger and faster as the markets have similar structures and modes of organization. 
 

For the purposes of this study, even though stock market co-movement is a specific dimension of 

stock market integration, we use the two interchangeably. We measure co-movement by the extent of 

correlation or interdependence between stock markets and how the interaction evolves over-time and in space. 
 

Although the literature on financial market integration is abundant, most empirical studies have been 

conducted on developed countries; the integration of Africa’s stock markets has received little attention in the 

literature (some of these studies include Alagidede(2010), Agyei-Ampomah(2011), Boako and 

Alagidede(2016)).This gap motivates the present study. We would like to investigate the evolution and 

strength of WAEMU stock market integration with the global market by estimating Engle’s(2002) dynamic 

conditional correlation-generalized autoregressive conditional heterosckedasticity (DCC-GARCH) model to 

determine time-varying volatilities and correlation between global stock market (proxied by USA, Europe, 

and China) and WAEMU stock market. 
 

The remainder of this paper is organized as follows. Section 2 presents a brief discussion of the 

related literature concerning Africa. Section 3 explains the econometric methodology, and Section 4 unveils 

the results obtained. 
 

2. Literature review 
 

There is enough evidence in support of the view that developed stock markets are highly integrated 

(Berger, Pukthuanthong, and Yang(2011)). Bekaert and Harvey(1995), Bekaert et al. (2005), and Errunza et 

al.(1992) suggest that the world market, not only developed countries’ stock markets, is mildly segmented and 

that the degree of global market integration varies throughout time. The integration of international financial 

markets in general has gradually increased, but the emerging markets are still more segmented than those in 

developed countries. Given the change in the world financial market, an intertemporal study in international 

diversification benefits would be useful. 
 

Various authors have focused on the study of the dynamics of financial integration between the 

United States and the euro zone. Let us quote Chinn and Frankel (2005) who are interested in the influence of 

the American interest rates on the European rates by using the theory of cointegration. They show that the 

analysis of short rates tends to validate the thesis of growing financial integration between the United States 

and the euro zone, while the results of the analysis of long-term rates are more ambiguous. The work of 

Bekaert et al. (2005) does not confirm the existence of an upward trend in financial integration in the stock 

markets. Thus, by studying the co-movements of stock market returns at the international level (23 countries 

over the period 1980-2003), the authors do not highlight an upward trend in the correlations, except in the 

case of European countries. In general, if we exclude studies on euro-zone countries, work on the dynamics of 

financial integration at the international level does not lead to unanimous results (see in particular Karolyi 

(2003)). 
 

While financial market integration has been extensively documented in developed countries and 

emerging Asian countries, the integration of Africa’s emerging and frontier stock markets has received little 

attention in the literature. This is expected given the size, illiquidity and erratic nature of the markets. 

However, the degree of integration of some African markets into global financial markets tends to change 

over time as a result of increased liberalization and efforts to promote integration of these markets into the 

global economy. Still, researchers such as Hatemi-J. and Morgan(2007) in their study of17 emerging markets 

including Nigeria and Zimbabwe found that the liberalization efforts of the markets towards the world market 

appear insignificant. The Nigerian and Zimbabwean markets, in particular, are less globally integrated.  
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Pukthuanthong and Roll(2009) found that integration has improved in South Africa, Mauritius and 

Egypt but declined in Ghana, Nigeria and Zimbabwe. Bekaert et al.(2011) studied segmentation in equity 

markets. They found that the US, Australia, UK, Switzerland and Denmark are the least segmented countries, 

while Ghana and Ivory Coast are the most segmented emerging markets in their sample. Berger, 

Pukthuanthong and Yang(2011) found little evidence of integration in some African countries including 

Kenya, Mauritius and Nigeria, whereas Botswana, Ghana, and Tunisia exhibit some level of positive world 

market integration. Also, on integration of African markets, Agyei-Ampomah(2011) found that African stock 

markets except South Africa are still segmented from global markets despite recent structural improvement. 

They also found low correlation between the African markets themselves, for example, the markets within the 

ECOWAS bloc: these are Nigeria, Ghana and Ivory Coast.  Agyei-Ampomah(2011) also found that the 

markets experienced time-varying integration that has diminished over time making the markets more 

segmented in recent times. Boamah(2014) investigates the integration of 11 African markets relative to the 

world and emerging markets over the period March 1997 to January 2013. Boamah’s sampled countries 

include; Botswana, Ivory Coast, Egypt, Ghana, Kenya, Mauritius, Morocco, Nigeria, South Africa, Tunisia 

and Zambia, Africa value weighted and Africa equally weighted. The study shows a stronger relationship 

between South Africa and the world market compared with other African countries, which implies that South 

Africa is the most accessible and integrated market in Africa. The findings also support the hypothesis of 

partially integrated African markets relative to the world and emerging markets and that the integration of 

African markets has changed through time. 
 

Despite the growth of African stock markets, they are still generally perceived to be weakly integrated 

with developed markets. 
 

3.Econometric methodology 
 

The correlations between returns of stock market indices can be used to show periods when co-

movements have evolved. Stock market return correlations have been found to be time-varying with the 

majority of the evidence pointing to increased levels of correlation (Kearney and Lucey(2004), Chelley-

Steeley(2005)). Multivariate GARCH-type models are standard estimation procedures used to capture time-

varying relationships between time series. The Dynamic Conditional Correlation, Generalized Autoregressive 

Conditional Heteroskedasticity (DCC-GARCH) standard procedure proposed by Engle(2002) is used in this 

study to estimate time-varying conditional correlations. 
 

The DCC-GARCH model is a flexible yet parsimonious parametric model that has seen wide 

empirical implementation (Hwang et al.(2013)). It provides a number of advantages over alternative 

estimation procedures (Chiang et al.(2007)). First, the DCC-GARCH model directly accounts for 

heteroskedasticity as it effectively estimates the correlation coefficients of the standardized residuals. It allows 

direct inference on the cross-market conditional correlations. Second, the model allows additional regressors 

to be included in the mean equation to capture the influence of a common factor. Third, the DCC-GARCH 

model is good at examining multiple-asset returns without using too many parameters. Thus, the resulting 

estimates from the DCC-GARCH procedure provide dynamic trajectories of correlation behavior for stock-

market-index returns within a multivariate setting (Chiang et al.(2007)). This information facilitates the 

analysis of the correlation behavior of stock market indices in the presence of multiple-regime shifts due to 

shocks, crises, and other exogenous changes. 
 

We briefly present the two-step model of dynamic conditional correlations proposed by Engle (2002). 

As an example, consider 𝑁 dependent financial asset markets. On the market 𝑖, 𝑖 = 1,2 ⋯ , 𝑁, denote by 𝑌𝑖 ,𝑡  

the rate of return of asset 𝑖 at date 𝑡. For convenience, assume that the returns follow a joint normal and 

conditional variance covariance matrix Η𝑡  time-dependent distribution. Each variable depends on a constant 

and its own past values. Thus, the reduced form of the autoregressive process is written: 

Φ(𝐿) 𝑌𝑡 = Θ(𝐿) 𝜖𝑡  with  𝜖𝑡~𝑁(0, Η𝑡),∀𝑡 = 1,2,3, ⋯ , 𝑇                           (1)  
Where Φ(𝐿) and Θ(𝐿) are polynomial lags, 𝑌𝑡 = (𝑌1,𝑡 ,𝑌2,𝑡 ,𝑌3,𝑡 ,⋯ , 𝑌𝑁,𝑡) and 𝜖𝑡 = (𝜖1,𝑡 , 𝜖2,𝑡 , 𝜖3,𝑡 ,⋯ , 𝜖𝑁,𝑡) is a 

vector of residuals resulting from the estimation of the process specific to each variable whose variance-

covariance matrix is described by Η𝑡 =  ℎ𝑖 𝑡 . 
 

The Dynamic Conditional Correlation (DCC) model imposes positive definiteness on Η𝑡  and achieves 

a large reduction in the number of parameters by specifying univariate conditional GARCH variances  𝜎𝑖,𝑡
2  

together with a parsimonious conditional correlation matrix, 𝑅𝑡 . The conditional covariance matrix is 

recovered from 
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Η𝑡 = 𝐷𝑡𝑅𝑡𝐷𝑡                                                                              (2) 

where 𝑅𝑡  is a (𝑁 × 𝑁) conditional correlation matrix and 𝐷𝑡is a diagonal matrix containing the conditional 

standard deviations along the main diagonal 

𝐷𝑡 =  
 ℎ1,𝑡 ⋯ 0

⋮ ⋱ ⋮

0 ⋯  ℎ𝑁,𝑡

                                                       (3) 

and the matrix 𝐷𝑡can be obtained by estimating a univariate GARCH(p,q) model with ℎ𝑖 ,𝑡  on the i-th diagonal 

as follows: 

ℎ𝑖,𝑡 = 𝛼0,𝑖 +  𝛼1,𝑖𝜖𝑖,𝑡−𝑖
2

𝑝

𝑖=1

+  𝛽𝑗𝜎𝑖,𝑡−𝑗
2

𝑞

𝑗=1

                  (4𝑎) 

One of the primary restrictions of GARCH models is that they enforce a symmetric response of 

volatility to positive and negative shocks (see Brooks(2014) or Francq and Zakoian(2019)). This arises since 

the conditional variance in equations such as (4a) is a function of the magnitudes of the lagged residuals and 

not their signs (in other words, by squaring the lagged error in (4a), the sign is lost). Black(1976) argued that a 

negative shock to financial time series is likely to cause volatility to rise by more than a positive shock of the 

same magnitude. In the case of equity returns, such asymmetries are typically attributed to leverage effects, 

whereby a fall in the value of a firm’s stock causes the firm’s debt to equity ratio to rise. This leads 

shareholders, who bear the residual risk of the firm, to perceive their future cash flow stream as being 

relatively more risky. An alternative view is provided by the volatility feedback hypothesis. Assuming 

constant dividends, if expected returns increase when stock price volatility increases, then stock prices should 

fall when volatility rises. Although asymmetries in returns series other than equities cannot be attributed to 

changing leverage, there is equally no reason to suppose that such asymmetries only exist in equity returns. 
 

The exponential GARCH model (EGARCH) proposed by Nelson(1991) allows asymmetric effects 

depending on the sign of the random innovation (error term). This follows the idea that volatility may rise in 

response to bad news and can be reduced after good news. The GJR-GARCH model, named after the authors 

Glosten, Jagannathan and Runkle(1993), also deals with the different asymmetric effects of past innovations, 

but in a simpler way.  
 

There are various ways to express the exponential GARCH model, but one possible specification is 

given by 

ln ℎ𝑡 = 𝜔 +  𝛼𝑖

𝑝

𝑖=1

 𝜖𝑡−𝑖 + 𝛾𝑖𝜖𝑡−𝑖

 ℎ𝑡−𝑖

+  𝛽𝑗

𝑝

𝑗=1

ln ℎ𝑡−𝑖                (4𝑏) 

The model has several advantages over the pure GARCH specification. First, by using the exponential 

formulation, the restrictions of positive constraints on the estimated coefficients in ARCH and GARCH are no 

longer necessary. Second, a weakness of the GARCH model is that the conditional variance depends on the 

magnitude of the disturbance term, but not its sign. GARCH fails to capture the negative asymmetry apparent 

in many financial time series. The EGARCH model lessens this problem by modeling the standardized 

residual as a moving average (MA) regressor in the variance equation while preserving the estimation of the 

magnitude effect. The ARCH/GARCH approach to modeling changing volatility also precludes the testing of 

Black's (1976) leverage effect. However, the EGARCH class of models capture the tendency for negative 

shocks to be associated with increased volatility. Second, leverage effect is allowed for under the EGARCH 

formulation, since if the relationship between volatility and returns is negative, 𝛾𝑖  will be negative.For 

asymmetries, we would see 𝛾𝑖 ≠ 0. 
 

The GJR-GARCH model is a simple extension of GARCH with an additional term added to account 

for possible asymmetries. The conditional variance is now given by 

 

ℎ𝑡 = 𝜔𝑖 +  𝛼1,𝑖𝜖𝑖,𝑡−𝑖
2

𝑝

𝑖=1

+  𝛽𝑗𝜎𝑖,𝑡−𝑗
2

𝑞

𝑗=1 𝑖

+      𝛾𝑖𝜖𝑖,𝑡−𝑖
2

𝑝

𝑖=1

𝐼𝑡−𝑖              (4𝑐) 

Where 

𝐼𝑡−𝑖 =  
1, if𝜖𝑡−𝑖 < 0

 0, otherwise
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The 𝛾𝑖  is known as the asymmetry or leverage parameter. In this model, good news (𝜖𝑡−𝑖 > 0) and the 

bad news (𝜖𝑡−𝑖 < 0) have differential effect on the conditional variance. Good news has an impact of 𝛼𝑖 , 

while bad news has impact of 𝛼𝑖 + 𝛾𝑖 . Hence, if 𝛾𝑖  is significant and positive, negative shocks (bad news) 

have a larger effect on 𝜎𝑡
2 than the positive shocks (good news). For a leverage effect, we would see 𝛾𝑖 > 0.  

 

The specification of the conditional correlation matrix, 𝑅𝑡  is given by 

𝑅𝑡 = diag 𝑄𝑡 
−1/2 𝑄𝑡 diag 𝑄𝑡 

−1/2                           (5) 

In the original DCC model of Engle(2002), the dynamics of 𝑄𝑡has the GARCH(1,1) specification 

𝑄𝑡 =  1 − 𝑎 − 𝑏 𝑄 + 𝑏𝑧𝑡−1𝑧𝑡−1
′ + 𝑏𝑄𝑡−1          (6) 

which is a function of just two unknown scalar parameters 𝑎, 𝑏 ≥ 0, and 𝑎 + 𝑏 < 1, and 𝑄 the unconditional 

covariance matrix of the standardized residuals is a positive-definite matrix: 

𝑧𝑖,𝑡 =
𝜖𝑖,𝑡
𝜎𝑖,𝑡

 

is given by 

𝑄 =
1

𝑇

 
 
 
 
 
𝑧1,𝑡

2 𝑧1,𝑡𝑧2,𝑡 ⋯ 𝑧1,𝑡𝑧𝑁,𝑡

𝑧2,𝑡𝑧1,𝑡 𝑧2,𝑡
2 ⋯ 𝑧2,𝑡𝑧𝑁,𝑡

⋮ ⋮ ⋱ ⋮
𝑧𝑁,𝑡𝑧1,𝑡 𝑧𝑁,𝑡𝑧2,𝑡 ⋯ 𝑧𝑁,𝑡

2  
 
 
 
 

               (7) 

A special case of the DCC model is the constant correlation matrix that arises when 𝑎 = 𝑏 = 0. These 

restrictions can be tested using a LR test. 
 

4. Findings 
 

The data set comprises weekly market price index series: Abidjan (BRVM Composite), Paris 

(CAC40), United States (SP500), Shanghai Stock Exchange Composite (SSE). Our weekly data of four 

indices cover the period from 2007-07-09 to 2020-03-16. The weekly indices rather than daily data are used 

for avoiding representation bias from some thinly traded stocks, i.e., the problems of non-trading and non-

synchronous trading and to avoid the serious bid/ask spreads in daily data.We choose these foreign markets 

because these countries are important commercial partners for WAEMU countries. The BRVM Composite is 

obtained from the BCEAO website and the other series are retrieved from Yahoo!Finance. 
 

First, we have computed the returns of stock indices for all countries by using formula; 

𝑌𝑡 = 100 × ln  
𝑃𝑡

𝑃𝑡−1
  

where 𝑌𝑡  is the return, 𝑙𝑛(. ) is natural logarithm, 𝑃𝑡 is price today while 𝑃𝑡−1 is previousday price. Table 1 

presents the basic statistics relating to the returns.  

         Table 1: Summary Statistics 

 Mean (%) Skewness Kurtosis 

rbrvmc (BRVM C return) 0.0077445        -0.16521          23.836 

rcac40 (CAC40 return) -0.052977         -1.5821          10.391 

rsp500 (SP500 return) 0.068373 -1.3786 9.6266 

rsse (Shanghai C return) -0.036735 -0.38915 2.3000 
 

The statistics show that returns are negatively skewed, although the skewness statistics are not large. 

The negative skewness implies that the return distributions of the shares traded on these exchanges have a 

heavier tail of large values and hence a higher probability of earning returns. An easy way to measure the size 

of distribution tails is to use the kurtosis coefficient. This coefficient is defined, for a centred (zero-mean) 

distribution, as the ratio of the fourth-order moment, which is assumed to exist, to the squared second-order 

moment. This coefficient is equal to 3 for a normal distribution. In all four markets, the kurtosis values are 

very much larger than three. This result shows clearly that the distribution of returns has fat tails compared 

with normal distribution. It implies that much of the non-normality is due to leptokurtosis. 
 

In the next step we test whether both the return series are stationary or integrated to an order one. We 

consider the Elliot-Rothenberg-Stock(1996) (ERS) test with a lag length determined by the modified Akaike 

Information Criteria (MAIC). The ERS test has non-stationary as the null hypothesis. Before estimating a 

GARCH-type model, it is sensible first to compute the Engle(1982) test for ARCH effects to make sure that 

this class of models is appropriate for the data.The ARCH effect has been tested by taking first lag of all 

variable, and then by applying the ARCH test and checking the probability of chi-square.  
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The significant value of chi-square represents ARCH effect in the underlying variable.The unit root 

tests and ARCH effect tests results are shown in Table 2. 

 

Table 2: Unit root and ARCH tests 

 ERS ARCH LM(14) 

rbrvmc (BRVM C return) -5.05 (cv=-1.94) 196.76 (p=0.00) 

rcac40 (CAC40 return) -2.54 (cv=-1.94) 60.68 (p=0.00) 

rsp500 (S&P500 return) -2.47 (cv=-1.94) 129.97 (p=129.97) 

rsse (Shanghai C return) -4.17 (cv=-1.94) 116.29 (p=0.00) 
 

Where cv and p denote respectively the critical values and the p-values. The results from the test 

statistics suggest that all the series are stationary. The LM-statistic are very significant, suggesting the 

presence of ARCH in all the returns. 
 

The first step in estimating a GARCH model is identifying the model, that is, to define the number of 

used lags in each part, the variance equation, and distribution parameters. The Bayesian information criterion 

(BIC) was employed to select optimal GARCH models for the sample of the data available. The best model is 

the one with the lower value of BIC (see, Tsay(2005)).  
 

Our starting model is ARMA (3.3) -GARCH (3.3) with the following specifications: 

 Maximum lag AR is 3 

 Maximum lag MA is 3 

 Maximum lag ARCH is 3 

 Maximum lag GARCH is 3 

 Errors distribution: normal or t-Student 

 Model type: sGARCH (vanilla GARCH),  eGARCH, or gjrGARCH 

By looking at BIC values, the preferred model for each stock market and the results of its estimation are 

shown in Table 3.  
 

Table 3: Estimated BIC values for selected GARCH models 

Variable rbrvmc rcac40 rsp500 rsse 

Modèle ARMA(1,2) 

-eGARCH(1,1) 

ARMA(0,0) 

-eGARCH(1,1) 

ARMA(0,0) 

-eGARCH(1,1) 

ARMA(0,0) 

-sGARCH(1,1) 

Error 

Distribution 

t-Student t-Student t-Student t-Student 

BIC 3.72 4.80 4.26 5.03 

Diagnostics Q(8)=1.70 

(1.00) 

Q(14)=4.19 

(0.96) 

ARCH(7)=0.15 

(0.99) 

Q(2)=0.53  

(0.67) 

Q(5)=1.02  

(0.85) 

ARCH(7)=1.03 

(0.91) 

Q(2)=1.79  

(0.30) 

Q(5)=1.95 

(0.63) 

ARCH(7)=2.18 

(0.69) 

Q(2)=5.67 

(0.03) 

Q(5)=7.57 

(0.04) 

ARCH(7)=1.45 

(0.83) 
 

In addition, the chosen model diagnostics reveal no remaining autocorrelation and no remaining 

neglected autoregressive conditional heteroskedastic effects. 
 

When estimating DCC models one basically estimates individual GARCH-type models (which could 

differ for each individual asset). Summary estimates of the t-DCC-GARCH models’ parameters are displayed 

in Table 4 presents the estimation results of the mean, conditional variance and conditional correlation 

equations. We note that the parameters of the conditional variance equations are significant. In other words, 

the coefficients viz., constant (𝜔), ARCH term (𝛼), GARCH term (𝛽), are highly significant at 1% level. The 

estimated 𝛽 coefficients are considerably greater than 𝛼 coefficients, which resembles that the markets have a 

memory larger than one period and that volatility is more sensitive to its lagged than it is to new surprises in 

the market values. All the sums of 𝛼 and 𝛽 are less than unity, which indicates that the GARCH(1,1) model 

fits the data well. Moreover, the degrees of freedom (𝜐) of the Student’s t-distribution are all significant at 1% 

level, suggesting that the tails of the error terms (𝜖𝑡) are heavier than those of the normal distribution. Thus, 

using the Student’s t-distribution to deal with these properties is appropriate. The sum of the parameters 𝛼 and 

𝛽 is 0.99 for China which is close to unity indicating that the shock will persist to many future periods. 
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This persistence is medium for the WAEMU zone and relatively strong for France and the United 

States. The leverage coefficient𝛾 is significant and positive indicating the absence of leverage effect, but the 

presence of asymmetric effect between good and bad news in all markets, except China.  
 

Table 4: Results of the t-DCC-GARCH models 

 rbrvmc rcac40 rsp500 rsse 

Mean equation 

𝜇 0.075253 

(0.740963) 

0.055775 

(0.488672) 

0.233920 

(0.000147) 

0.055140 

(0.552574) 

φ
1
 0.967859 

(0.000000) 

   

𝜃1 -0.656257 

(0.000000) 

   

𝜃2 -0.224679 

(0.000000) 

   

Conditional variance equation 

𝜔 0.484510 

(0.000965) 

0.082591 

(0.000000) 

0.150744 

(0.010626) 

0.128858 

(0.104380) 

𝛼 0.001222 

(0.985787) 

-0.213094 

(0.000000) 

-0.266774 

(0.000019) 

0.128433 

(0.000093) 

𝛽 0.563776 

(0.000000) 

0.953030 

(0.000000) 

0.884049 

(0.000000) 

0.867023 

(0.000000) 

𝛼 + 𝛽 0.565 0.739 0.617 0.995 

𝛾 0.548678 

(0.000000) 

0.098043 

(0.000000) 

0.393273 

(0.000006) 

 

𝜐 3.240892 

(0.000000) 

7.503627 

(0.000670) 

6.767883 

(0.000145) 

12.702740 

(0.028000) 

Conditional correlation equation 

𝑎 0.008915 

(0.030797) 

   

𝑏 0.975253 

(0.000000) 

   

𝑎 + 𝑏 0,984    

Υ 6.980897 

(0.000000) 

   

 

The results of the conditional correlation equations (on the third part of Table 4) indicate that all the 

parameters of the conditional correlation (𝑎, 𝑏) are significant at the 5% level, indicating the high persistence 

of the conditional correlations. The degrees of freedom (Υ) of the Student’s t-distribution are significant at 1% 

level, suggesting that using the Student’s t-distribution is appropriate. Moreover, the sum of 𝑎 and 𝑏  (𝑎 +
𝑏 = 0.983) are less than unity indicating that the dynamic conditional correlation (DCC) hypothesis makes 

sense for the system of series. 
 

Figure 1 shows the three conditional correlations of the WAEMU stock returns with USA, France and 

China during the whole sample period. We can see that the conditional correlations increase after September 

2008 global financial crisis suggesting a probable contagion effect from the world markets to WAEMU.  
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Figure 1: Dynamic conditional correlations between WAEMU and international markets 
 

Between 2008 and 2010 WAEMU is more strongly integrated with China and more weakly with 

France. Then between 2010 and 2012 the strongest correlations were observed with the United States. Then 

we find China until 2015. From 2016 until 2018 it is with France that integration is highest. Since 2019 it is 

again with China that the integration is greatest. The WAEMU countries being in the Franc zone, we expected 

a stronger integration with France whatever the periods. On the contrary, we observe that the Abidjan stock 

exchange is more weakly integrated with France than with the two other regions of the world. 
 

We report in Table 5 below the summary statistics of conditional correlations. One can note that, over 

the study period, the levels of correlations between WAEMU and global stock markets are low. Countries in 

the WAEMU region remain weakly integrated into global financial markets. 
 

                        Table 5: Summary Statistics of Conditional Correlations 

Correlation Mean Median S.D. Min Max 

USA,WAEMU 0.010 0.204 0.029 -0.054 0.131 

China,WAEMU 0.011 0.018 0.030 -0.090 0.072 

France,WAEMU -0.002 0.002 0.025 -0.068 0.069 

USA, France 0.766 0.769 0.027 0.697 0.836 

USA,China 0.205 0.204 0.055 0.092 0.320 

France,China 0.235 0.227 0.049 0.152 0.352 

 

For the purpose of comparison, figure 2 reports the correlations between the three international 

markets. We note the strong integration between France and the United States, while China is also weakly 

integrated with these two countries. 
 

The results of the study highlighted that the liberalization process has led to a very small increase in 

correlations with the world market. Therefore, it is a positive sign for the national and international investors 

to diversify their portfolio among the stock markets of Abidjan and its trading partners. 



Journal of Business and Social Science Review                                                     Vol.2; No.3; March 2021 

 

38 

 
  Figure 2: Dynamic conditional correlations between international markets 
 

5. Conclusion 
 

In this study, we have examined the Abidjan stock markets’ degree of integration with the world stock 

markets from 2007 to 2020. The liberalization process has led to a very small increase in correlations with the 

world market. Countries in the WAEMU region remain weakly integrated into global financial markets. It is a 

positive sign for national and international investors to diversify their portfolio among the stock markets of 

Abidjan and its trading partners. 
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