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ABSTRACT 

	The objective of this paper is to study the causes of the dynamic integration between a set of emerging markets and the US market during the period January 2005 - January 2020. The dynamic conditional correlations are calculated using the DCC-GARCH model of Engle (2002). Our results suggest that these correlations vary over time and are stronger during the period of the 2007-2009 international financial crises. Based on the EGARCH model, the study of the causes of financial integration based on economic and financial factors reveals that exchange rate volatility, interest rate spread, trade openness and capitalization market are factors explaining the high correlations between the US and emerging markets.
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1. INTRODUCTION 

Several authors have sought to assess the interest offered by emerging financial markets in the context of international portfolio management. Indeed, given their level of development and low level of correlation, these markets should generate diversification potential compared to the markets of developed countries. The first to have included an emerging country in an international diversification strategy was Grubel (1968) who included South Africa in a panel of 11 countries. Nevertheless, it is with Levy and Sarnat (1970), Errunza (1977), Divecha et al (1992) etc ... that the impact of emerging markets on the efficiency frontier has been explicitly studied.

Errunza (1977) has shown that the returns of emerging countries are not higher than those of industrialized countries. However, their low correlation with other financial markets plays an important role in efficient portfolios. Divecha et al (1992) highlighted the low correlation between these markets, which reduces overall risk and gives rise to diversification gains. This result is explained by weaker economic ties and barriers to foreign investment, isolating emerging financial markets from outside influence.

Harvey (1995) drew the efficiency frontier for the period from March 1986 to 1992, of 18 industrialized countries, then that of 19 emerging markets. The efficiency frontier integrating emerging markets is located in the risk-return plane to the left and above the border limited only to developed markets, which shows the interest of emerging markets in international portfolio management.

Meriç et al (2016) study the global portfolio diversification opportunities for the investors of seven developed stock markets in twenty emerging stock markets for the period January 2003- 2014. Based on the Principal Components Analysis (PCA) method, the authors have shown that emerging stock markets are favorable investment fields for international investors.
Kellner and Rösch (2019) examine country specific potential in diversification under a non-parametric approach, allowing for flexibility regarding skewness, heavy tails and asymmetric dependencies for 12 emerging markets and 17 developed markets between 2002 and 2016. Their results show that Malaysia, Switzerland, Jordan, Chile or Singapore are markets with high diversification potential. However, other emerging markets like Argentina or Brazil exhibit lower diversification benefits than most of the developed markets.

However, other studies on market integration suggest that national stock markets have become much more correlated during financial crises. Samarakoon (2011) investigates stock market interdependence for a large sample of 62 emerging and frontier markets. The findings of the study suggest the presence of bi-directional (although asymmetric) interdependence between the USA and emerging markets during the 2008–2009 financial crises.

Jiang et al (2017) used a vector auto -regression (VAR) model and Granger causality tests to show that the 2008 financial crisis reinforces the interdependence among stock markets of China, Hong Kong, Japan, Germany, the UK and US, using a vector auto -regression (VAR) model and Granger causality tests.
In addition, several studies show that financial integration is a dynamic process that evolves over time. Indeed, Bekaert and Harvey (1995) used a conditional regime switching model in their study of the level of globalization between equity markets of several countries and found that the level of globalization changes with time.

Gupta and Donleavy (2008) used an Asymmetric Dynamic Conditional Correlation GARCH model to estimate time-varying correlations and include these correlation estimates in the portfolio optimization model. This study finds that, despite increasing correlations, there are still potential benefits for Australian investors who diversify into international emerging markets for the period of February 1988 to December 2005.

Christoffersen, Errunza, Jacobs and Jin (2013) develop a time-varying measure of international financial integration that is based on time-varying optimal portfolio weights and the dynamic correlations. Their results indicate that the level of international integration is still low in emerging markets, and that these markets thus still offer diversification benefits to international investors.

Berger and Pozzi (2013) measure the time-varying degree of financial market integration of five developed countries, over the period 1970–2011. Their measure is based on the conditional variances of the country-specific and common international risk factors in asset excess returns. The empirical results suggest that stock market integration has increased in all developed countries examines except Japan.

In the context of this article, we will first try to assess the degree of financial integration of the American financial market in emerging markets during the period January 2005-January 2020 and secondly explain the causes of this financial integration based on the EGARCH model.
The article is organized as follows: In the second section, we present a description of the data and variables that identify the drivers of international financial integration. In the third section, we will present the DCC-GARCH model of Engle (2002) devoted to the analysis of the integration of emerging markets into the US market. In the fourth section, we will present the econometric model to be estimated. Next, we will perform the multicollinearity test as well as the econometric analysis: heteroskedasticity test and autocorrelation error test.  Finally, we will study the results of the estimation and close with a conclusion in the fifth section.


2. Sample presentation and Variable Description 

2.1 The Dependent Variable

The dependent variable of our study is denoted by  which reflects the time-varying correlation between an emerging country i and the United States at time t. To calculate this variable, we used monthly data from MSCI equity indices expressed in US dollars from 12 emerging markets and the US market during the period between January 2005 and January 2020. These data are taken from Thomson Reuters DataStream and are divided into 4 regions: Latin America (Brazil, Mexico, Chile and Colombia), Asia (China, India, Indonesia and Korea), Europe (Greece and Hungary) and Middle East and Africa (Turkey and South Africa).

2.1 The Dependent Variables

The independent variables used to explain the time-varying correlation are as follows:

· The Exchange Rate Risk (ER)
Bilateral exchange rate risk is seen as a source of uncertainty for investors. Indeed, according to Bracker et al (1999), Kim et al (2005) and Büttner and Hayo (2011), exchange rate volatility slows down correlations between financial markets. Data on the exchange rates of national currencies against the US dollar are taken from International Financial Statistics (IFS) and Federal Reserve Economic Data (FRED). In addition, the volatilities are calculated using the GARCH model (1,1).So, our first hypothesis assumes that greater the volatility of exchange rates, the more the co-movement between emerging markets and the US market will be reduced.

· The Interest Rate Differential (I)
 Bracker et al (1999), Büttner and Hayo (2011) and, Bekaert et al (2013) and Narayan et al (2014) have shown that the higher the interest rate spread, the greater the integration between financial is weak. The data used to calculate the gap between the short-term interest rates of emerging countries i and that of the United States are taken from the Organization for Economic Co-operation and Development (OECD) and the IFS. Our second hypothesis assumes that the interest rate differential has a negative effect on the time-varying correlations of the US market with emerging markets.

· The Inflation Differential (P)
Several researchers including Bracker et al (1999), Mobarek et al (2016) and Niţoi and Pochea (2019) have shown that the inflation differential is a determining factor that negatively influences the time-varying correlations between stock markets.

To calculate the difference between the inflation rate of emerging country and that of the United States, we used data on consumer price indices, taken from the International Monetary Fund (IMF Data). Our third hypothesis assumes that the inflation differential has a negative effect on the time-varying correlation.
· Bilateral Trade Relations (BTR)
This variable, which measures bilateral trade between a pair of countries, is calculated as the total exports of emerging country i to the United States as a percentage of the total exports of country i. Data is obtained from International Financial Statistics of the IMF. Indeed, the greater the bilateral trade relations between two countries, the higher the correlation (Wälti (2011), Mobarek et al (2016) and Niţoi and Pochea (2019). Thus, our fourth hypothesis assumes that the expansion of Bilateral trade relations between all emerging markets and the US market increase time-varying correlation.

· Trade Opening (Open)
This variable is measured as the total exports of country i as a percentage of its GDP. The data are taken from the International Financial Statistics and World Development Indicators respectively. In the literature, it has been shown that trade openness has a positive impact on the integration of stock markets (Carrieri et al (2007), Didier et al (2012), Narayan et al (2014) and Caporale et al ( 2019). Consequently, our fifth hypothesis assumes that the commercial opening of the emerging market helps to increase the correlation with the US market.

·  Global Financial Crisis (GFC)
Several researchers such as Assidenou (2011), Gupta and Guidi (2012), Narayan et al (2014) and Mobarek et al (2016) have shown that correlations between financial markets increase during periods of financial crises. We have assigned to the international financial crisis a dummy variable that takes the value 1 during the period between February 2007 and December 2009, and 0 elsewhere. So, the sixth hypothesis assumes that the global financial crisis is helping to increase the time-varying correlation between financial markets.

· Market Capitalization (MCAP) 
This variable determines the size of the stock market; it is calculated using market capitalizations of emerging financial markets, taken from the World Federation of Exchanges. Indeed this variable is considered as an indicator of the degree of development of the stock market. The larger a market, the more liquid it is and can diversify risks, which attracts foreign investors and increases the correlations between financial markets (Levine and Zervos (1998), Didier et al (2012), Guesmi and Nguyen (2014)). So our seventh hypothesis postulates that the size of the emerging markets acts positively on the dynamic correlations with the American market.

To calculate the difference between the inflation rate of emerging country and that of the United States, we used data on consumer price indices, taken from the International Monetary Fund (IMF Data). Our third hypothesis assumes that the inflation differential has a negative effect on the time-varying correlation.

· The Turnover Ratio (TURN)
This market turnover ratio is determined by the value of the shares traded relative to market capitalization. Data for this variable is obtained from the World Federation of Exchanges. Levine and Zervos (1998), Didier et al (2012) and Narayan et al (2014) have shown that the increase in the turnover rate of emerging markets raises the bilateral correlation with developed markets. Therefore, our eighth hypothesis postulates that the increase in the turnover ratio of the emerging market increases the dynamic correlation with the American market.

2. the dynamic correlation model 

2.1 Presentation of the DCC-GARCH Model (1.1)

To examine stock market integration between the American market and each of the emerging markets, we use the ARMA-DCC-GARCH framework to derive 12 pairs of dynamic conditional correlations using monthly returns of US stock market and 12 emerging markets The ARMA-DCC-GARCH (1,1) analysis suggests that correlations are time-varying and volatile, indicating that market correlations are dependent on exogenous shocks (crisis) and economic fundamentals.

The model "Dynamic Conditional Correlation Multivariate GARCH" (DCC-GARCH), developed by Engle (2002) comprises an estimation in two stages:
· The first requires the estimation of variances with an ARMA-GARCH process (1,1).
· The second step requires the estimation of the parameters capturing the dynamic nature of the correlations. The ARMA process is introduced into the equation of the mean to correct the serial correlation.

The DCC-GARCH model considers a multivariate series of monthly returns  that follows an Autoregressive Moving Average (ARMA) process:
                         (1)

Where;

 : A multivariate observation series;  and k elements
 : An error term
: The lag order for the Moving Average Process
: The lag order for the Autoregressive Process

The conditional variance of  is assumed to follow a time-varying structure:

                                              (2)
Where;
 : An error term of the ARMA process
 : A set of information

We denote by  the elements of variances of for k which varies from 1 to K and by  the elements of covariances 1≤ k ‹j ≤ K.  The conditional variance-covariance matrix  is written as follows:
                                                       (3)

Where;
: A  diagonal matrix of conditional variances whose diagonal element is 
 is the correlation matrix of ;
 is the conditional variance matrix. 

In the first step, the conditional variance of the monthly return series comes from the GARCH model (1,1) given by:

                                    (4)
Where;
 ,  and  are non-negative parameters
 +  < 1 for k =1, 2, ..., K.

In the second step, standardized residuals) are used to estimate the dynamic correlations.  is modeled as follows:
              (5)
                         (6)
Where ;
: An   definite and positive symmetric matrix;
: An N × N  unconditional variance matrix of standardized residuals;
 and  are non-negative scalar parameters satisfying the condition:  +  <1.

Assuming the normality of residuals  , the log-likelihood  of  is written as follows:
                           (7)

All model parameters are estimated by maximizing the log-likelihood function.

 3.2 ARCH and GARCH Effects

To verify the power of use of the DCC-GARCH model, we performed the serial correlation and time varynig heteroskedasticity test for the stock return series in order to test for the presence of the ARCH and GARCH effects. The Lagrange Multiplier (LM) test proposed by Engle (1982) allows detection of the ARCH process). To test for the GARCH effects, we estimated the Q-statistics (Ljung-Box ) for serial correlation using both returns and squared returns.

The ARCH LM test reveals the presence of the ARCH effects for most stock returns. Serial correlation found in squared returns suggests the possibility of GARCH effects in the series. The exceptions are for Colombia, Greece and Hungary.

Table 1.  Results of the DCC-GARCH model (1.1) for the monthly returns from January 2005 to January 2020 
	
	ARCH LM test
	Q-Statistics
	Q-Statistics Squared

	
	LM(1)
	LM(6)
	Q(12)
	Q(12)

	USA
	94.32*              
(0.00)
	22.75*
(0.00)
	21.33**
(0.04)
	142.97*
(0.00)

	Brazil
	9.77*
(0.00)
	2.02***
(0.06)
	9.87
(0.62)
	19.48***
(0.07)

	Mexico
	6.60**
(0.01)
	3.84*
(0.00)
	9.10
(0.69)
	38.39
(0.00)

	Chile
	11.70*
(0.00)
	2.11***  
(0.05)
	5.62
(0.93)
	23.59**
(0.02)

	Colombia
	1.14                                                        (0.28)
	2.06***                         (0.06)
	13.51
(0.33)
	17.95
(0.11)

	China
	15.48*                  
 (0.00)
	3.05*
(0.00)
	10.14
(0.60)
	51.51*
(0.00)

	Korea
	34.57*           
 (0.00)
	16.15*
(0.00)
	14.81
(0.25)
	120.38*
(0.00)

	Indonesia
	34.15*                  
(0.00)
	6.58*
(0.00)
	22.83**
(0.02)
	58.85*
(0.00)

	India
	14.92*              
 (0.00)
	6.83*
(0.00)
	9.94
(0.62)
	99.47*
(0.00)

	South Africa
	1.46
(0.22)
	3.52*              
 (0.00)
	7.06
(0.85)
	34.07*
(0.00)

	Turkey
	1.36           
   (0.24)
	2.25**                     (0.04)
	8.11
(0.77)
	25.34**
(0.01)

	Greece
	1.30
(0.25)
	1.14
(0.33)
	6.54
(0.88)
	14.00
(0.30)

	Hungary
	2.58
(0.10)
	1.79
(0.10)
	11.40
(0.49)
	16.21
(0.18)


*, ** and *** designate significance at the 1%, 5% and 10% levels
LM (k) represents the Lagrange multiplier test (LM), with : the lag order 
The Q(12) represent Ljung-Box statistics for serial correlation up to the 12th order for the standardized residuals or the standardized squared residuals
P values are given in brackets


3.3 Results of the DCC-GARCH model (1.1)

The results of the DCC-GARCH model for the monthly returns of 12 emerging markets and the US market for the period January 2005 to January 2020 (Table 2) indicate that the 12 pairs of bilateral correlations with the US market are significantly positive. Indeed, the largest coefficient concerns the Mexico / United States pair (0.70), followed by Korea / United States (0.65), suggesting that the Mexican market is more integrated with the American market during the period January 2005-2020. However, we note that the Colombia / United States, Indonesia / United States and Turkey / United States correlation pairs show coefficients less than 0.5.

Our results also show that the correlations are dynamic given that the coefficient is close to 1 for the pairs Mexico / United States (0.94), India / United States (0.92), Turkey / United States (0.97) , Greece / United States (0.94) and Hungary / United States (0.95).

Table 2.	Results of the DCC-GARCH model (1.1) for the monthly returns from January 2005 to January 2020

	EM-USA
	Dynamic correlations
	
	

	Brazil-USA
	0.56***
 (0.00)
	0.17* 
(0.05)
	0.71*** 
(0.00)

	Mexico-USA
	0.70***
(0.00)
	0.07*
(0.06)
	0.86*** 
(0.000)

	Chile-USA
	0.54***
(0.000)
	0.06 
(0.265)
	0.79***
(0.00)

	Colombia-USA
	0.48***
(0.00)
	0.01
(0.64)
	0.81***
(0.00)

	China-USA
	0.60***
(0.00)
	0.03 
(0.47)
	0.84***
(0.00)

	Korea-USA
	0.65***
(0.00)
	0.06
(0.25)
	0.70*
(0.08)

	Indonesia-USA
	0.49***
(0.00)
	0.07 
(0.16)
	0.68***
(0.00)

	India-USA
	0.59***
(0.00)
	0.01
(0.70)
	0.91***
(0.00)

	South Africa-USA
	0.60***
(0.00)
	0.05
(0.33)
	0.80***
(0.00)

	Turkey-USA
	0.42***
 (0.00)
	0.02
 (0.17)
	0.95***
(0.00)

	Greece-USA
	0.65***
(0.00)
	0.01 
(0.502)
	0.93***
(0.00)

	Hungary-USA
	0.58***
(0.00)
	0.05*
(0.08)
	0.90***
(0.00)


*** and * denote statistical significance at the 1% and 10% levels respectively.
P values are given in brackets

4. THE CAUSES OF DYNAMIC CORRELATIONS

4.1 Presentation of the Econometric Model

Our model is inspired by the work of Bracker et al (1999), Forbes and Chinn (2004) and Didier et al, (2012). It consists in regressing the monthly time-varying correlations against various determinants of stock market integration. The model is as follows:

         
                          +                                                                                             (8)
Where ;  

: The time-varying correlation between the United States and an emerging market i at time ;
: The intercept ;
 : Exchange Rate Risk;
 : The interest rate differential between country i and the United States;
 : The inflation differential between country i and the United States;
 : Bilateral trade Relations;
 : Trade opening; 
 : The global financial crisis is a dummy variable which is equal to 1 during the period 2007-2009 and 0 elsewhere;
 : The ratio of market capitalization to GDP;
 : The turnover ratio.

4.2 Preliminary Tests

4.2.1 Multicollinearity Tests 
To detect the presence of the problem of multicollinearity between the explanatory variables, we use the correlation matrix and the VIF test (Variation Inflation Factor) which is the main test for determining this problem.

Indeed, according to Gujarati (2004), a multicollinearity problem arises when the absolute value of the correlation coefficient between two exogenous variables is greater than or equal to 0.8. Our results show that all the correlation coefficients are less than 0.8 which indicates the absence of multicollinearity problem.
Likewise, we calculated the variance inflation factor for each exogenous variable, under the null hypothesis of the absence of multicollinearity, against the alternative hypothesis of the presence of multicollinearity. If the value of VIF is less than 10, there is no problem of multicollinearity.

By performing the regression of each explanatory variable on the other variables, the test results show that all the values ​​of VIF are less than 10 for the 12 pairs examined. Thus, we admit the absence of multicollinearity problem.

4.2.2 Heteroskedasticity Tests

There are several heteroskedasticity tests such as those of White, ARCH of Engle, and Breusch and Pagan, but we preferred the use of the ARCH test since it is the most used in the case of time series. The hypotheses of this test are as follows:
·  : Homoskedasticity ().
· : heteroskedasticity (Il existe au moins un  significativement différent de 0).

If the p-value of the ARCH test is less than the significance level α, the null hypothesis is rejected and we admit the presence of heteroskedasticity, otherwise we accept the hypothesis of homoscedasticity if the p-value is greater than α.
The results of the ARCH test described in Table (3) show that the p-values ​​are less than 1% for all the cases studied, which demonstrates the presence of heteroscedasticity of residuals.

4.2.3 Autocorrelation Error Tests

To detect possible error dependence, we use the Breusch-Godfrey test (Serial Correlation LM test). The null hypothesis means the absence of autocorrelation of errors. We reject , if the p-value of this test is less than 5%.
We note that the p-values ​​are lower than the threshold of 1% (0.000 <0.01) from where the null hypothesis is rejected and there is presence of autocorrelation of the errors.

Since the residuals are heteroskedastic, then the OLS estimator is not efficient; in other words it is a non "BLUE" estimator (Best Linear Unbiased Estimator), consequently, we will use the EGARCH (Exponential Generalized Autoregressive Conditional Heteroskedastic) model introduced by Nelson (1991) which allows to correct this problem. This model also allows us to test whether there is an asymmetry effect associated with the variance of the correlations under the hypothesis.
The variance of EGARCH (1, 1) can be written as:

         (9)

Where ;
: The conditional variance;
 : The intercept ;
and : denote the ARCH and GARCH effect.

When the parameter γ_1 is significantly different from 0, then there is an asymmetry effect. If  , negative shocks make correlations more volatile than positive shocks, while in the opposite case, ie positive shocks increase the volatility of correlations.
The EGARCH model does not correct the problem of autocorrelation of errors, to do so, we add in the econometric model the lagged endogenous variable of order 1.

Table 3.	Results of Heteroskedasticity and Autocorrelation Tests

	EM/USA
	ARCH LM Test
	Serial Correlation LM Test

	Brazil/ USA
	LM(1)     
	13.72***
(0.00)
	LM(12)     
	11.79***
(0.00)

	Mexico/ USA
	LM(1)     
	36.96***
(0.00)
	LM(12)     
	22.85***
(0.00)

	Chile/ USA
	LM(1)     
	92.29***
 (0.00)
	LM(12)     
	25.54***
(0.00)

	Colombia/ USA
	LM(1)     
	40.18***
 (0.00)
	LM(12)     
	22.58*** 
(0.00)

	China/ USA
	LM(1)     
	49.06***
 (0.00)
	LM(12)     
	22.75*** 
(0.00)

	Korea/ USA
	LM(1)     
	89.12***
 (0.00)
	LM(12)        

	10.37***
 (0.00)

	Indonesia/ USA
	LM(1)     
	10.31***
(0.00)
	LM(12)     
	7.49***
(0.00)

	India/ USA
	LM(1)     
	12.80***
(0.00)
	LM(12)     
	8.78*** 
(0.00)

	South Africa/ USA
	LM(1)     
	78.96***
 (0.00)
	LM(12)     
	18.34***
 (0.00)

	Turkey/ USA
	LM(1)     
	32.84***
 (0.00)
	LM(12)     
	15.51*** 
(0.00)

	Greece/ USA
	LM(1)     
	153.24***
 (0.00)
	LM(12)     
	27.60***
 (0.00)

	Hungary/ USA
	LM(1)     
	22.43***
 (0.00)
	LM(12)     
	7.64***
 (0.00)


Notes:	*** denotes statistical significance at the 1% level.
LM(k) represents the Lagrange Multiplier (LM) test, with k the lag order 
P values are given in brackets

4.3. Estimation Results

4.3.1 EGARCH Mean Regression Results

The results of the EGARCH mean equation regressions for each pair of correlations are shown in Table (4).

Table 4.	EGARCH Mean Regression Results
	EM-USA
	
	ER
	I
	P
	BTR
	Open
	GFC
	MCAP
	TUR
	R2

	Brazil-USA
	0.11*
(0.00)
	0.01*
(0.00)
	-0.01*
(0.00)
	0.02* 
(0.00)
	-0.01* 
(0.00)
	-0.01* 
(0.00)
	0.02*
(0.00)
	-0.01* 
(0.00)
	0.00
(0.79)
	0.62


	Mexico- USA
	0.07*
(0.00)
	-0.00**
(0.01)
	0.00
(0.61)
	-0.00*
(0.00)
	-0.00*
(0.00)
	0.00** (0.01)
	0.00
(0.82)
	-0.00*
(0.00)
	0.00**
(0.01)
	0.84

	Chile/ USA
	0.10*
(0.00)
	0.00* 
(0.00)
	-0.02* 
(0.00)
	0.00* 
(0.00)
	0.01* 
(0.00)
	0.00*
(0.00)
	0.027* 
(0.00)
	-0.00
(0.51)
	0.01* 
(0.00)
	0.69


	Comombia/ USA
	0.10*
(0.00)
	0.00
(0.90)
	-0.00
(0.51)
	-0.00
(0.85)
	0.00
(0.64)
	0.00
(0.36)
	0.00
(0.37)
	-0.00
(0.70)
	-0.00
(0.88)
	0.72

	China /USA
	0.06*
(0.00)
	0.00
(0.38)
	0.00
(0.35)
	-0.00**
(0.01)
	0,00
(0.93)
	0.00
(0.10)
	0.00
(0.38)
	0.00*
(0.00)
	-0.00*
(0.00)
	0.66


	Korea/USA
	0.19*
(0.00)
	-0.00
(0.89)
	-0.00***
(0.09)
	-0.00
(0.56)
	0.00
(0.50)
	0.00
(0.49)
	0.00
(0.82)
	-0.00 
(0.47)
	0.00
(0.25)
	0.56

	Indonenisa/USA
	0.15* 
(0.00)
	0.01 
(0.11)
	0.00
(0.90)
	0.00 
(0.51)
	-0.00 
(0.15)
	-0.00
(0.57)
	-0.00
 (0.99)
	-0.01*
(0.02)
	-0.00
(0.87)
	0.63

	India/USA
	0.14*
(0.00)
	0.00*
(0.00)
	0.00* 
(0.00)
	-0.00*
(0.00)
	0.00
(0.79)
	-0.00***
(0.09)
	0.00
(0.29)
	-0.00**
(0.04)
	-0.00
(0.34)
	0.84

	Afrique du Sud
	0.15*
(0.00)
	0.00* 
(0.00)
	-0.00*
(0.00)
	-0.00
(0.83)
	0.00** 
(0.02)
	-0.00* 
(0.00)
	-0.00 
(0.23)
	0.00*
(0.00)
	-0.00
(0.31)
	0.75

	Turkey/USA
	0.031**
(0.01)
	-0.00** (0.01)
	-0.00
(0.34)
	-0.00
(0.94)
	0.00
(0.64)
	0.00
(0.99)
	0.01***
(0.07)
	0.00
(0.12)
	-0.00*
(0.00)
	0.91


	Greece/USA
	0.10*
(0.00)
	-0.00
(0.64)
	-0.00***
(0.08)
	-0.00
(0.28)
	0,00
(0.9845)
	-0.00***
(0.08)
	0.00
(0.12)
	-0.00
(0.17)
	-0.00 
(0.32)
	0.90

	Hungary/USA
	0.15*
(0.00)
	0.01* 
(0.00)
	-0.01* 
(0.00)
	-0.00**
(0.02)
	0.00
(0.48)
	0.00***
(0.07)
	-0.01*
(0.00)
	0.00*
(0.00)
	-0.00**
(0.03)
	0.93



*, ** and *** designate significance at the 1%, 5% and 10% levels.
The p-values are in the parenthesis.


The results indicate that the coefficient of determination R2 of all the regressions is between 0.561867 and 0.930531, which shows that the model is well specified.

For the exchange rate volatility variable, it is significant at 5% for 7 bilateral correlations. Indeed, the coefficient associated with this variable is positive for the pairs: Brazil-USA, Chile-USA, India-USA, South Africa-USA and Hungary-USA, this means that an increase in the exchange risk leads to an increase correlation between the 2 countries, which is in agreement with the results of Narayan et al (2014) and those of Caporale, You and Chen (2019). However, this variable has a negative impact on the correlations for the Mexico-USA and Turkey-USA cases, so a high volatility of the exchange rate slows down integration which confirms the results of Bracker et al (1999), Kim et al. (2005), Arouri et al (2009), Büttner and Hayo (2011) and Garali and Othmani (2015) who reveal that bilateral exchange rate volatility is negatively associated with stock market co-movements.

The results also indicate that the short-term interest rate differential is a significant determinant at 10% for the correlation of 7 bilateral relationships. In accordance with our expectations, the coefficient of this variable is negative for the Brazil-USA, Chile-USA, Korea-USA, South Africa-USA, Greece-USA and Hungary-USA pairs. Indeed, these results are in agreement with those of Narayan et al (2014) and Caporale et al (2019) who stipulate that the greater the interest rate spread, the less the stock markets are integrated, with the exception of the India-USA pair, which recorded a positive sign.
The differential inflation variable has a significant effect at 5% for 6 bilateral correlations. For the Mexico-USA, China-USA, India-USA, and Hungary-USA pairs, the coefficients obtained are negative, which agrees with the expected sign, so we accept the third hypothesis. A high inflation differential causes the correlations between these stock markets to weaken. In fact, our results corroborate those of Bracker and Koch (1999), Narayan et al (2014) and Mobarek et al (2016), with the exception of the two pairs Brazil-USA and Chile-USA, whose coefficient is significantly positive at the 1% level.

We note that the bilateral trade relations variable is only significant for 4 bilateral correlations at the 5% threshold. Thus, we accept the fourth hypothesis for the Chile-USA and South Africa-USA pairs, whose coefficient is positive, a strong time-varying correlation between the emerging markets of Chile and South Africa and the American market comes from a strong bilateral trade relationship between countries. These results corroborate those of Pretorius (2002), Beine and Candelon (2011), Wälti (2011), Mobarek et al (2016) and Niţoi and Pochea (2019) who found a positive relationship between trade relations and the correlation between two markets. However, the Brazil-USA and Mexico-USA pairs show a negative sign, which is in agreement with the results of Caporale et al (2019) and Narayan et al (2014) who reported that the correlations between the emerging Asian markets and developed markets have shrunk in the face of strong trade relations between countries.

The trade openness variable is a significant determinant for 7 pairs of countries at the 10% level. We find that the Mexico-USA, Chile-USA and Hungary-USA pairs show a positive sign, so our fifth hypothesis is verified for these three pairs, indicating that a market more open to trade, registers a significantly important correlation with the American market. These results confirm those of Carrieri et al (2007), Chambet and Gibson (2008) and Caporale et al (2019) who have shown a positive link between the degree of trade openness and the integration of financial markets. With the exception of Brazil-USA, India-USA, South Africa-USA and Greece-USA whose results indicate that the coefficient is significant with a negative sign. Thus, this finding reaffirms the results of Bracker and Koch (1999) which reveal that the trade variable has a negative influence on the correlation.

With regard to the global financial crisis, we notice that this variable is only significant for 4 pairs of correlations, at the 10% level. We note that the international financial crisis contributes to increase the correlation between the pairs Brazil-USA, Chile-USA and Turkey-USA, which confirms our sixth hypothesis. These results are in agreement with Gupta and Guidi (2012) and Mobarek et al (2016) who proved that bilateral correlations were stronger during the crisis, except for the Hungary-USA pair whose coefficient is negative.

For the market capitalization ratio, we note that this variable significantly explains the correlation of 7 pairs at the 5% level. We get a positive sign for the cases: China-USA, South Africa-USA and Hungary-USA, indicating that a highly developed emerging market is more correlated with the US market. These results support the conclusions of Vithessonthi and Kumarasinghe (2016) and Caporale et al (2019) who have proven the positive effect of the market size factor on their degree of financial integration. With the exception of the pairs: Brazil-USA, Mexico-USA, Indonesia-USA and India-USA, we notice that the sign of this variable is negative. Narayan et al (2014) noted that the larger the size of the Indian market, the lower its correlation with the United States.

Regarding the turnover ratio, the empirical results show us that this variable has a significantly positive effect only for the Mexico-USA and Chile-USA pairs, indicating that the higher the turnover ratio is in Mexico and Chile, the more these two markets have become integrated into the American stock market, which is in agreement with the findings of Narayan et al (2014) who demonstrated that an increase in the turnover ratio of emerging markets favors an increase in their correlation with American market. Nevertheless, we notice that the turnover ratio is significantly negative for 3 pairs at the 5% threshold (China-USA, Turkey-USA and Hungary-USA), therefore our eighth hypothesis is rejected.

4.3.2 EGARCH Variance Equation Results 

The results of the variance equation of the EGARCH model are reported in Table (5). 
We are interested in the meaning and sign of the asymmetry parameter γ. This parameter is significant at the 5% threshold for nine pairs of bilateral correlations with the American market. Therefore, emerging markets show asymmetric volatility of the correlation against the American stock market.

Regarding the sign of γ, we notice that it is negative for the Brazil-USA, Mexico-USA, Chile-USA, China-USA and Korea-USA pairs, which suggests that the volatility of the correlation between the US market and emerging markets of Brazil, Mexico, Chile, China and Korea is more important during negative shocks than during positive shocks.
However, a positive sign was found for the pairs: India-USA, South Africa-USA, Turkey-USA and Hungary-USA, meaning that volatility of the correlation between the American stock market and these emerging markets increases more with positive shocks.

Table 5.	Tests EGARCH Variance Regression Results

	EM/USA
	

	Brazil/ USA
	-1.50*
(0.00)

	Mexico/ USA
	0.71*
 (0.00)

	Chile/ USA
	0.99*
(0.00

	Colombia/ USA
	0.144
(0.18)

	China/ USA
	-0.36* 
(0.00)

	Korea/ USA
	-0.427557*
(0.0005

	Indonesia/ USA
	0.01
(0.92)

	India/ USA
	0.58* 
(0.00)

	South Africa/ USA
	0.54* 
(0.00)

	Turkey/ USA
	0.25
(0.02)

	Greece/ USA
	0.01
(0.92)

	Hungary/ USA
	0.51*
(0.00)



5. CONCLUSION

In this paper, we have analyzed the causes of the integration of certain emerging financial markets into the US market during the period January 2005 to December 2020 based on the DCC-GARCH model of Engle (2002). The graphical analysis of the dynamic conditional correlations, allowed us to conclude that the degree of integration is time-varying. The EGARCH model estimates revealed to us that although the inflation differential, bilateral trade relations, the international financial crisis and the turnover ratio are determinants of the time-varying correlations of certain market pairs, the variables of the Exchange rate volatility, interest rate spreads, trade openness and market capitalization as a percentage of GDP have proven to be the most important causes of the phenomenon of emerging market integration. In addition, our results demonstrate the presence of asymmetric behavior in the volatility of correlations for most emerging markets with the US market.

Finally, we propose as a line of research to analyze the interdependence between the American financial market and emerging markets using the cointegration tests with structural shifts of Gregory and Hansen (1996).It would be interesting to introduce other variables determining the integration of emerging markets into the US market, particularly liquidity risk and the rate of economic growth.
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