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1. Abstract 
 

We attempt to model return volatility dynamics between the three equity markets of North America, namely U.S., 

Canada and Mexico. We employ two different techniques; the first one uses the impulse response functions from a 

VAR model for the conditional variances extracted from univariate GARCH models, while the second one calculates 

the volatility impulse response functions directly from the vec-transformation of a VAR-BEKK model. Our first 

approach suggests bidirectional spillover effects for all three countries. Bivariate BEKK models suggest bidirectional 

spillovers effects for the U.S. and Canada, and unidirectional from Mexico to the US and Canada. The trivariate 

BEKK model limits direct spillover effects to one pair (from Mexico to Canada) and indirect spillover effects to two 

pairs (from Mexico to Canada and from the U.S. to Canada). 

2. Introduction 
 

An extensive literature supports the existence of linkages between stock markets. Although researchers argue about 

the different types of transmission mechanism, distinguishing between meteor shower and heat waves, spillover 

effects and contagions, and the existence or not of an underlying link between markets comovements and 

fundamentals, most evidence suggest that a higher level of financial integration is indeed achieved, which however 

may vary over time or between subperiods of time. 

As a result, these linkages are vastly examined in order to determine the nature and the dynamics of assets and markets 

interdependence, optimal portfolio differentiation strategies and forecasting methods as well. 

In our analysis, we test for evidence of transmission using the conditional variances, following the methodology of  

Leachman and Francis (1996), Hafner and Herwartz (2006)  and Panopoulou and Pantelidis, (2009) while the majority 

of scholars investigate the topic using the actual return series. 

Furthermore, to uncover volatility dynamics between markets we deploy to slightly different techniques. The first one 

is a two-step procedure consisting in the estimation of GARCH models, from which conditional variances are 

extracted and are modeled in a VAR to compute standard impulse response functions. The second one introduced by 

Hafner and Herwatz (2001) and Hafner and Herwartz, (2006) is a rather new approach, not largely adopted in 

empirical work, and use a BEKK estimation and its equivalent VECH estimation to directly compute volatility 

impulse response functions since a one-step procedure is considered more efficient and robust. 

In the following section we provide a brief literature review and the rest of our work is organized as follows: In 

Section 4 we present the empirical analysis (notably in subsection 4.2 the estimations of 6 different models, in 4.4 the 

estimation of the VAR model and in 4.5 the alternative BEKK/VECH model) and finally in Section 5 we present our 

conclusions. 

3. Literature Review 
 

Since the seminal work of Engle (1982), which introduced the ARCH methodology for the analysis and modeling of 

assets and stock markets, a variety of scholars developed more thorough and sophisticated models that aim to capture 

certain characteristics of financial time series. Bollerslev et al. (1992) and Poon and Granger (2003), provide a 

detailed review of proposed models for modeling and measuring financial time series volatility. Bollerslev (2001)  

summarizes the main advances and breakthroughs in developing ARCH methodology, and a more in depth discussion 

of ARCH modeling is provided in Franses and McAleer (2002), while a survey of multivariate GARCH models is 

offered by  Bauwens et al. (2006). 
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Brown and Warner (1985) provide an overview of the methodology regarding the use of daily stock returns. Malik, 

Ewing, and Payne (2005) deploy the ICS algorithm to test the persistence of volatility for the Canadian stock returns. 

Bollerslev and Mikkelsen (1996) use a GARCH specification that captures efficiently long-run memory of US stock 

data, while Ledoit, Santa-Clara, and Wolf (2003) deploy a flexible multivariate GARCH for modeling volatility that 

does not impose unrealistic a priori restrictions. 

Furthermore, Pagan and Schwert (1990) compare several statistical models for modeling the monthly stock return 

volatility, while Brailsford and Faff (1996) test the accuracy of forecasting volatility models and find mixed evidence 

of the volatility predictability. Lundbergh and Teräsvirta (2002) provide a framework for testing GARCH models 

regarding adequacy, while Nelson (1991) provides a thorough documentation of GARCH models limitations. 

Verhoeven and McAleer (2004) suggest amelioration techniques so that GARCH models capture skewness and 

leptokurtosis. Engle (2001)  summarizes explicitly the uses of GARCH(1,1) in applied econometrics, while Mahieu 

and Schotman (1998), using exchange rate series,  provide useful insight of the application of the stochastic volatility 

model. Fornari and Mele (1997) suggest two alternative ARCH models that in practice outperform asymmetrical 

ARCH models. 

Accurate modeling and forecasting stock market volatility remains a critical matter as numerous scholars find strong 

evidence of financial integration in a global scale. Backus et al. (1992) and more recently Bekaert et al. (2009) and 

Claessens et al. (2011) document the existence of an international financial cycle and thus the existence of linkages 

between stock markets, revealing the importance of U.S. stock index over the other markets (Baele 2005). Dees et al. 

(2007) construct a GVAR model for the Euro area and test for shock responses, and especially shocks originating from 

USA. Sarno and Valente (2005) deploy a VECM for modeling stock returns, including international spillovers. Also, 

Forbes and Chinn (2004) provide evidence of real and financial linkages between 5 major economies and their change 

over time. Booth, Martikainen, and Tse (1997) test for volatility spillovers in Scandinavian markets. We should 

however note that Normandin (2004) documents breaks of integration between Canadian and US stock markets and 

Andreou and Ghysels (2002) document breaks of financial market volatility dynamics using data from foreign 

exchange markets. 

Most recently, Mondria and Quintana-Domeque (2013) provide evidence for financial contagion between the 

emerging markets of Asia and Latin America. 

However, Baillie and DeGennaro (1990) estimating a set of different GARCH specification, conclude that the relation 

between mean returns and variance is weak and thus other measurements of risk should be taken under consideration 

when choosing optimal portfolios. Guo and Whitelaw (2006) investigate the relation between risk and expected 

returns basing their analysis on ICAPM but arrive at contradicting conclusions. 

Given the transmission between markets, researchers try to answer two additional questions. First, whether this 

transmission is related with the fundamentals or not (Connolly and Wang, 2003), and second whether the markets 

comovement changes during crises (King and Wadhwani, 1990) and depend on the phase of economic/financial cycle 

(Lin et al., 1994). Pavlova and Rigobon (2007) model the comovements of stock, bond, and foreign exchange markets. 

For example, Claessens, Kose, and Terrones (2011) document financial crises using credit, house prices, and equity 

prices for a set of countries and Boyer, Kumagai, and Yuan (2006) investigate the channels of stock market spillover 

concluding that “crises spread through the asset holdings of international investors rather than through changes in 

fundamentals”. Dungey and Martin (2007) examine the financial market linkages distinguishing between spillover and 

contagion effect and conclude that during crises both are significant. Booth et al. (1997) test intra-day volatility for the 

U.S., U.K. and Japan stock markets and find evidence for meteor shower for the two first but heat wave for the last 

one. Working with data from emerging markets, Carrieri, Errunza, and Hogan (2007) document financial integration 

using GARCH-M models. Most recently, Baumöhl and Lyócsa (2014) test the relationship between correlations and 

volatility for a set of 32 emerging markets compared to a worldwide index for over a decade and find that during 

periods of high volatility, diversification is proved less efficient. 
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In the same line of work, Karolyi and Stulz (1996) conduct a fundamentals based approach to determine comovement 

of US and Japan stock market returns. Galeotti and Schiantarelli (1994) test for the significance of non-fundamentals 

in explaining movement in stock prices and conclude that, although they have explanatory power, the fundamentals 

are accountable for greater explanatory power. Dutt and Mihov (2013), using data for 58 countries, find evidence of 

stock market comovements for countries with similar industries.  

Baele, Bekaert, and Inghelbrecht (2010) investigate and try to establish a relationship between stock and bond market 

returns comovements. Bittlingmayer (1998), investigating the 1880-1940 period for Germany tries to establish a 

negative relation between output and stock volatility. Gagnon and Karolyi (2009) document the existence of linkages 

between information, trading volume, and international stock return comovements.  

Engle and Ng (1993) establish a link between volatility and news announcement, while Flannery and Protopapadakis 

(2002) establish links between stock returns and 17 macroeconomic series using the corresponding macroeconomic 

announcements. Using macroeconomic announcements, Wongswan (2006) find evidence of transmission from 

developed to emerging markets. Brenner, Pasquariello, and Subrahmanyam (2009) as well provide evidences of the 

link between comovement between U.S. financial markets and macroeconomic news announcements. 

Hamao, Masulis, and Ng (1990) find volatility spillovers between 3 major stock markets.  Zhang (2010) supports the 

fundamendals-based theories reexamining USA volatility over the 1976-2006 period, while Bae, Karolyi, and Stulz 

(2003), focusing on emerging markets, link financial contagion to regional interest rates, exchange rate changes, and 

conditional stock return volatility.  

In contrast Hartmann, Straetmans, and Vries (2004) examine the cocrash of G-5 stock-markets but are rather skeptical 

about the propagation of financial crises. Also, examining the G-7 countries, Doyle and Faust (2005) find evidence 

that do not support the comovement of fundamentals. Earlier, Santis and Gerard (1997) find significant evidence that 

international diversification remains efficient and has not significantly changed over the years and Furstenberg et al. 

(1989) find mixed evidence of fundamental-based financial contagion and comovement. 

From a different point of view, French, Schwert, and Stambaugh (1987) link unexpected stock market returns to the 

unexpected change in the volatility of stock returns. They find a positive relation between expected risk premiums and 

volatility. 

The existence of a relation between political uncertainty and political risk respectively with stock market returns is 

examined in Beaulieu, Cosset, and Essaddam (2005) and Beaulieu, Cosset, and Essaddam (2006). 

Diebold and Yilmaz (2009), and Leachman and Francis (1996) suggest a different approach using the conditional 

variances extracted from the GARCH model in order to test for spillover effects constructing a VAR model. 

Panopoulou and Pantelidis (2009), continuing this methodology, deploy a GARCH-BEKK Volatility Impulse 

Response analysis to examine spillover effects between the G-7 countries. 

Finally, the volatility transmission between US-Canada and US-Mexico is discussed in Karolyi (1995) and 

Canova (2005).  
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4. Empirical Analysis 
 

4.1. Data 

 

We investigate the three major North America stock markets, namely USA, Canada and Mexico, using daily closing 

prices from yahoo finance. Our sampling period covers 08/11/1991 to 30/10/2014, right after the peso crisis. 

Specifically, we use S&P500 which comprises of the 500 largest companies based on capitalization, the S&P/TSX 

Composite Index and the Mexico Stock Exchange Index. 

Our data manipulations consist only in filling missing dates, in their majority holidays, with the previous closing 

prices, and calculating returns as the difference of the natural log of the closing price at time t minus the natural log of 

the closing price at time t-1. 

It is important to note that our analysis includes two developed markets, US and Canada, of which the former was 

until very recently the biggest economy on global scale and remains the biggest capital market, and one developing 

market, Mexico. 

The same time zone in which these markets operate, relieves us from special handling for non-contemporaneous 

trading, which is present in most similar studies, and thus allows us to use daily data.  

Table 4.1.1 reports the descriptive statistics for the full range of sample of the three time series. All markets show 

significant skewness and excess kurtosis, which are consistent with GARCH effects. 

 

 

In Graphs 1 and 2 the log price series return series are plotted individually and all together respectively. Intuitively, we 

arrive at two conclusions: firstly the price series are I(1), equivalently the return series are stationary and, secondly the 

three markets exhibit significant evidences of comovement across time. 

The ADF unit root tests confirm that the return series are stationary, and the results are presented in table 4.1.2  

Table 4.1.1 Descriptive Statistics for stock market returns 

    
    

 

Mexico Stock 

Index  S&P500 

S&P Toronto 

Stock Index 

    
     Mean  0.000575  0.000271  0.000234 

 Median  0.000117  0.000266  0.000414 

 Maximum  0.121536  0.109572  0.093702 

 Minimum -0.143145 -0.094695 -0.097879 

 Std. Dev.  0.015114  0.011388  0.010227 

 Skewness  0.028878 -0.255508 -0.743464 

 Kurtosis  9.334336  12.34121  13.98851 

    

 Jarque-Bera  10021.76  21857.96  30708.83 

 Probability  0.000000  0.000000  0.000000 

    

 Sum  3.447906  1.624694  1.401086 

 Sum Sq. Dev.  1.369068  0.777266  0.626815 

    

 Observations  5994  5994  5994 



Stock Market Volatility Transmission: Evidence from North America  

 

 

7 
Alexandros Georgiadis ME12/14   supervising. Prof. Theologos Pantelidis 

MSc in Economics, Applied Economics and Finance.  UoM Thessaloniki, February 2015 

 

Graph  1: log price and return series of stock markets  
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Graph  2: Returns Series jointly represented 

 

4.1.2 ADF Unit Root Test, using Schwarz Information Criterion 

 

Levels 1st difference 

 

S&P500 S&P Toronto Mexico Stock Index S&P500 S&P Toronto Mexico Stock  

t-stat -1.519545 -1.377933 -0.977487 -82.82968 -56.49285 -53.97128 

p-value 0.5238 0.5947 0.7633 0.0001 0.0001 0.0001 

 

 

4.2. Model Estimation 

 

In this section we estimate for each index 9 different specifications of GARCH models. 

The typical GARCH(p,q) model  proposed by Bollerslev (1986) is as follows:  

2 2 2 2 2

1 1

( ) ( )
q p

t i t i i t i t t

i i

L L          

 

         

where 
2

t  denotes the conditional variance. Especially for models for parameters p,q greater than 2 our finding 

coincides with existing literature (Bollerslev et al., 1992), that is, a small number of parameters is required to capture 

stock market dynamics. The estimations for all the models are not provided for brevity. Here we provide only the 
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comparison tables (4.2.1-3) with the information criteria for each of the nine models for the three time series. The 

results suggest that GARCH(2,1) is selected for the U.S., while  GARCH(1,1) and  GARCH(2,2) are the selected 

models for Canada and Mexico respectively. The estimations are presented in Tables 4.2.4-4.2.6. 

Table 4.2.1 GARCH MODELS FOR S&P500, Information Criteria 

 

GARCH(1,1) GARCH(1,2) GARCH(1,3) GARCH(2,1) GARCH(2,2) GARCH(2,3) GARCH(3,1) GARCH(3,2) GARCH(3,3) 

          
R-squared -0,000567 -0,000567 -0,00057 -0,00057 -0,00057 -0,00057 -0,00057 -0,00057 -0,00057 

Adjusted R-squared -0,0004 -0,0004 -0,0004 -0,0004 -0,0004 -0,0004 -0,0004 -0,0004 -0,0004 

S.E. of regression 0,011391 0,011391 0,011391 0,011391 0,011391 0,011391 0,011391 0,011391 0,011391 

Sum squared resid 0,777706 0,777706 0,777706 0,777706 0,777706 0,777706 0,777706 0,777706 0,777706 

Log likelihood 19641,47 19645,88 19648,04 19650,92 19654,91 19655,49 19654,91 19655,47 19655,47 

Durbin-Watson stat 2,134703 2,134703 2,134703 2,134703 2,134703 2,134703 2,134703 2,134703 2,134703 

Mean dependent var 0,000271 0,000271 0,000271 0,000271 0,000271 0,000271 0,000271 0,000271 0,000271 

S.D. dependent var 0,011388 0,011388 0,011388 0,011388 0,011388 0,011388 0,011388 0,011388 0,011388 

Akaike info criterion -6,552708 -6,553847 -6,55424 -6,55553 -6,55653 -6,55639 -6,55653 -6,55638 -6,55638 

Schwarz criterion -6.549356 -6.549377 -6.548647 -6.551057 -6.55094 -6.549681 -6.55094 -6.549675 -6.549675 

Hannan-Quinn criter. -6,551544 -6,552294 -6,55229 -6,55398 -6,55459 -6,55406 -6,55459 -6,55405 -6,55405 

 

Table 4.2.2 GARCH MODELS FOR SP TORONTO STOCK INDEX, Information Criteria 

 

GARCH(1,1) GARCH(1,2) GARCH(1,3) GARCH(2,1) GARCH(2,2) GARCH(2,3) GARCH(3,1) GARCH(3,2) GARCH(3,3) 

R-squared -0,00052 -0,00052 -0,00052 -0,00052 -0,00052 -0,00052 -0,00052 -0,00052 -0,00052 

Adjusted R-squared -0,00036 -0,00036 -0,00036 -0,00036 -0,00036 -0,00036 -0,00036 -0,00036 -0,00036 

S.E. of regression 0,010229 0,010229 0,010229 0,010229 0,010229 0,010229 0,010229 0,010229 0,010229 

Sum squared resid 0,627143 0,627143 0,627143 0,627143 0,627143 0,627143 0,627143 0,627143 0,627143 

Log likelihood 20378,38 20378,48 20379,02 20378,54 20380,49 20381,53 20379,8 20381,31 20381,31 

Durbin-Watson stat 1,966737 1,966737 1,966737 1,966737 1,966737 1,966737 1,966737 1,966737 1,966737 

Mean dependent var 0,000234 0,000234 0,000234 0,000234 0,000234 0,000234 0,000234 0,000234 0,000234 

S.D. dependent var 0,010227 0,010227 0,010227 0,010227 0,010227 0,010227 0,010227 0,010227 0,010227 

Akaike info criterion -6,79859 -6,79829 -6,79814 -6,79831 -6,79863 -6,79864 -6,7984 -6,79857 -6,79857 

Schwarz criterion -6.795241 -6.793823 -6.792552 -6.793843 -6.793041 -6.791938 -6.792812 -6.791865 -6.791865 

Hannan-Quinn criter. -6,79743 -6,79674 -6,7962 -6,79676 -6,79669 -6,79631 -6,79646 -6,79624 -6,79624 

 

Table 4.2.3 GARCH MODELS FOR MEXICO STOCK INDEX, Information Criteria 

 

GARCH(1,1) GARCH(1,2) GARCH(1,3) GARCH(2,1) GARCH(2,2) GARCH(2,3) GARCH(3,1) GARCH(3,2) GARCH(3,3) 

R-squared -0,001449 -0,00145 -0,00145 -0,00145 -0,00145 -0,00145 -0,00145 -0,00145 -0,00145 

Adjusted R-squared -0,001282 -0,00128 -0,00128 -0,00128 -0,00128 -0,00128 -0,00128 -0,00128 -0,00128 

S.E. of regression 0,015124 0,015124 0,015124 0,015124 0,015124 0,015124 0,015124 0,015124 0,015124 

Sum squared resid 1,371051 1,371051 1,371051 1,371051 1,371051 1,371051 1,371051 1,371051 1,371051 

Log likelihood 17505,02 17506,63 17515,26 17509,56 17526,2 17526,23 17519,47 17526,27 17526,27 

Durbin-Watson stat 1,781597 1,781597 1,781597 1,781597 1,781597 1,781597 1,781597 1,781597 1,781597 

Mean dependent var 0,000575 0,000575 0,000575 0,000575 0,000575 0,000575 0,000575 0,000575 0,000575 

S.D. dependent var 0,015114 0,015114 0,015114 0,015114 0,015114 0,015114 0,015114 0,015114 0,015114 

Akaike info criterion -5,839848 -5,84005 -5,8426 -5,84103 -5,84625 -5,84592 -5,844 -5,84594 -5,84594 

Schwarz criterion -5.836495 -5.83558 -5.83701 -5.83656 -5.84066 -5.83922 -5.83841 -5.83923 -5.83923 

Hannan-Quinn criter. -5,838684 -5,8385 -5,84066 -5,83948 -5,8443 -5,84359 -5,84206 -5,84361 -5,84361 
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Table 4.2.4 GARCH(2,1) Estimation for S&P500 

Method: ML - ARCH (Marquardt) - Normal distribution 

Sample (adjusted): 11/11/1991 10/30/2014  

Included observations: 5994 after adjustments  

Convergence achieved after 11 iterations  

Presample variance: backcast (parameter = 0.7) 

GARCH = C(1) + C(2)*RESID(-1)^2 + C(3)*RESID(-2)^2 + C(4)*GARCH(-1) 

     
     Variable Coefficient Std. Error z-Statistic Prob.   

     
      Variance Equation   

     
     C 1.18E-06 1.33E-07 8.883627 0.0000 

RESID(-1)^2 0.027394 0.007229 3.789429 0.0002 

RESID(-2)^2 0.058480 0.008265 7.075875 0.0000 

GARCH(-1) 0.904445 0.005206 173.7271 0.0000 

     
     R-squared -0.000567     Mean dependent var 0.000271 

Adjusted R-squared -0.000400     S.D. dependent var 0.011388 

S.E. of regression 0.011391     Akaike info criterion -6.555527 

Sum squared resid 0.777706     Schwarz criterion -6.551057 

Log likelihood 19650.92     Hannan-Quinn criter. -6.553975 

Durbin-Watson stat 2.134703    

     
     

 

 

 

 

Table 4.2.5 GARCH(1,1) Estimation for S&P Toronto 

Method: ML - ARCH   

Sample (adjusted): 11/11/1991 10/30/2014  

Included observations: 5994 after adjustments  

Convergence achieved after 11 iterations  

Presample variance: backcast (parameter = 0.7) 

GARCH = C(1) + C(2)*RESID(-1)^2 + C(3)*GARCH(-1) 

     
     Variable Coefficient Std. Error z-Statistic Prob.   

     
      Variance Equation   

     
     C 6.86E-07 8.01E-08 8.564959 0.0000 

RESID(-1)^2 0.073840 0.003444 21.43944 0.0000 

GARCH(-1) 0.919917 0.003411 269.7294 0.0000 

     
     R-squared -0.000522     Mean dependent var 0.000234 

Adjusted R-squared -0.000356     S.D. dependent var 0.010227 

S.E. of regression 0.010229     Akaike info criterion -6.798593 

Sum squared resid 0.627143     Schwarz criterion -6.795241 

Log likelihood 20378.38     Hannan-Quinn criter. -6.797429 

Durbin-Watson stat 1.966737    
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Table 4.2.6 GARCH(2,2) Estimation for Mexico Stock Index 

Method: ML - ARCH (Marquardt) - Normal distribution 

Sample (adjusted): 11/11/1991 10/30/2014  

Included observations: 5994 after adjustments  

Convergence achieved after 22 iterations  

Presample variance: backcast (parameter = 0.7) 

GARCH = C(1) + C(2)*RESID(-1)^2 + C(3)*RESID(-2)^2 + C(4)*GARCH(-1)  

        + C(5)*GARCH(-2)   

     
     Variable Coefficient Std. Error z-Statistic Prob.   

     
      Variance Equation   

     
     C 3.58E-08 1.36E-08 2.639401 0.0083 

RESID(-1)^2 0.109593 0.005083 21.56143 0.0000 

RESID(-2)^2 -0.106820 0.004993 -21.39223 0.0000 

GARCH(-1) 1.812630 0.015119 119.8909 0.0000 

GARCH(-2) -0.815528 0.014589 -55.89984 0.0000 

     
     R-squared -0.001449     Mean dependent var 0.000575 

Adjusted R-squared -0.001282     S.D. dependent var 0.015114 

S.E. of regression 0.015124     Akaike info criterion -5.846245 

Sum squared resid 1.371051     Schwarz criterion -5.840657 

Log likelihood 17526.20     Hannan-Quinn criter. -5.844304 

Durbin-Watson stat 1.781597    

     
     

 

 

 

4.3. Conditional Variances 

 

From the GARCH models estimated in the previous section, we obtain the conditional variance for the returns series 

for each market. 

Table 4.3.1 presents the correlations for the conditional variances, while Graph 3 provides an insightful illustration 

from which some preliminary conclusions can be easily drawn. The Toronto Index is overall less volatile, while the 

Mexico Index shows more excessive conditional variances with the exception of 2002 and 2008-2011, which should 

be associated with the 9/11 aftermath and the 2007-2008 financial crisis respectively. 

 

Table 4.3.1 Correlations for the conditional variances 

 Mexico Stock Index Cond. Variance  S&P500 Cond. Variance S&P Toronto Stock Index Cond. Variance 

    
    Mexico Stock Index Cond. Variance   1.000000  0.545101  0.565469 

S&P500 Cond. Variance  0.545101  1.000000  0.933437 

S&P Toronto  Cond. Variance  0.565469  0.933437  1.000000 
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Graph  3 Conditional Variances 

 

4.4. The VAR model 

 

4.4.1. VAR model estimation 

 

We now estimate a VAR model for the three conditional variances. We conduct a test for the optimal lag length and 

the results are reported in Table 4.4.1.1. Running a Lag Selection Test, the Schwarz Information Criterion indicates 

the inclusion of 12 lags. Similarly the comparison between a more parsimonious model with only 2 lags and one with 

12 lags, shows that the second should be preferred. Thus in Table 4.4.1.2 we provide the estimation of a VAR model 

with 12 lags of each variable included. Our model exhibits significant explanatory power as it is evident from the high 

R2. That is, volatility in each market is a significant explanatory factor for the volatility of other markets. 

With the exception of the coefficient representing the relation between the first lag of S&P500 conditional variance 

and S&P Toronto conditional variance, there is a positive relation between first lags. In contrast, for higher lags the 

signs are mixed and no clear pattern seems to emerge from our analysis. Consistent with the existing literature is also 

our finding that the coefficients that represent the impact to one market of its own first lag have the highest absolute 

values compared to the impact of other markets. 
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Table 4.4.1.1 VAR Lag Order Selection Criteria 

Endogenous variables: Cond.Variance Mexico Cond.Variance S&P500 Cond. Variance S&P Toronto 

Exogenous variables: C      

Sample: 11/08/1991 10/30/2014     

Included observations: 5894     

       
        Lag LogL LR FPE AIC SC HQ 

       
       0  131769.5 NA   7.66e-24 -44.71207 -44.70867 -44.71088 

1  157143.0  50712.54  1.40e-27 -53.31895 -53.30535 -53.31422 

2  158836.5  3383.111  7.91e-28 -53.89057 -53.86677 -53.88230 

3  159034.0  394.3179  7.42e-28 -53.95453 -53.92052 -53.94271 

4  159124.7  180.9187  7.22e-28 -53.98224 -53.93803 -53.96688 

5  159260.3  270.4409  6.91e-28 -54.02520 -53.97078 -54.00628 

6  159302.7  84.66349  6.84e-28 -54.03656 -53.97194 -54.01410 

7  159382.1  158.1586  6.67e-28 -54.06044 -53.98562 -54.03443 

8  159430.9  97.15165  6.59e-28 -54.07394 -53.98891 -54.04438 

9  159479.8  97.37981  6.50e-28 -54.08748 -53.99226 -54.05438 

10  159543.5  126.6150  6.38e-28 -54.10602 -54.00059 -54.06938 

11  159691.7  294.7733  6.08e-28 -54.15327 -54.03764 -54.11308 

12  159751.4  118.7088  5.98e-28 -54.17049  -54.04465* -54.12675 

13  159770.1  37.11398  5.96e-28 -54.17377 -54.03773 -54.12649 

14  159819.5  98.14933  5.88e-28 -54.18749 -54.04125 -54.13666 

15  159838.8  38.26881  5.86e-28 -54.19098 -54.03454 -54.13661 

16  159855.7  33.54620  5.84e-28 -54.19367 -54.02702 -54.13575 

17  159891.3  70.56286  5.79e-28 -54.20269 -54.02584 -54.14122 

18  159942.5  101.3275  5.71e-28 -54.21699 -54.02994 -54.15198 

19  159960.6  35.88982  5.69e-28 -54.22009 -54.02283 -54.15153 

       
        * indicates lag order selected by the criterion    

 LR: sequential modified LR test statistic (each test at 5% level)   

 FPE: Final prediction error     

 AIC: Akaike information criterion     

 SC: Schwarz information criterion     

 HQ: Hannan-Quinn information criterion    

 

Table 4.4.1.2 VAR Estimation 

 Sample (adjusted): 11/27/1991 10/30/2014 

 Included observations: 5982 after 

adjustments 

 Standard errors in ( ) & t-statistics in [ ] 

    

    

 COND. VARIANCE MEXICO 

COND. VARIANCE 

S&P500 

COND. VARIANCE S&P 

TORONTO 

    

    

COND. VARIANCE MEXICO(-1)  0.968632  0.088727  0.008073 

  (0.01333)  (0.00350)  (0.00460) 

 [ 72.6560] [ 25.3257] [ 1.75437] 

    

COND. VARIANCE MEXICO(-2) -0.076664 -0.135416  0.005937 

  (0.01889)  (0.00497)  (0.00652) 

 [-4.05749] [-27.2728] [ 0.91035] 

    

COND. VARIANCE MEXICO(-3)  0.096320  0.072006 -0.030410 

  (0.02016)  (0.00530)  (0.00696) 

 [ 4.77805] [ 13.5925] [-4.37060] 

    

COND. VARIANCE MEXICO(-4) -0.103719 -0.036313  0.010523 

  (0.02067)  (0.00543)  (0.00713) 

 [-5.01770] [-6.68507] [ 1.47488] 

    

COND. VARIANCE MEXICO(-5) -0.013791  0.024860  0.003660 
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  (0.02081)  (0.00547)  (0.00718) 

 [-0.66261] [ 4.54522] [ 0.50943] 

    

COND. VARIANCE MEXICO(-6)  0.104408 -0.005839 -0.001084 

  (0.02081)  (0.00547)  (0.00718) 

 [ 5.01734] [-1.06778] [-0.15096] 

    

COND. VARIANCE MEXICO(-7) -0.077076 -0.010253 -0.007201 

  (0.02079)  (0.00546)  (0.00718) 

 [-3.70737] [-1.87675] [-1.00347] 

    

COND. VARIANCE MEXICO(-8)  0.005773  0.006759 -0.013625 

  (0.02080)  (0.00546)  (0.00718) 

 [ 0.27762] [ 1.23683] [-1.89823] 

    

COND. VARIANCE MEXICO(-9)  0.041512 -0.005745  0.016955 

  (0.02073)  (0.00545)  (0.00715) 

 [ 2.00256] [-1.05459] [ 2.36972] 

    

COND. VARIANCE MEXICO(-10) -0.037084 -0.001261  0.008039 

  (0.02062)  (0.00542)  (0.00712) 

 [-1.79819] [-0.23276] [ 1.12938] 

    

COND. VARIANCE MEXICO(-11)  0.002052  0.008257 -0.006261 

  (0.02047)  (0.00538)  (0.00707) 

 [ 0.10025] [ 1.53490] [-0.88609] 

    

COND. VARIANCE MEXICO(-12)  0.045234 -0.005813  0.004735 

  (0.01428)  (0.00375)  (0.00493) 

 [ 3.16858] [-1.54945] [ 0.96095] 

    

COND. VARIANCE S&P500(-1)  0.182037  1.235054 -0.000710 

  (0.05271)  (0.01385)  (0.01819) 

 [ 3.45378] [ 89.1687] [-0.03905] 

    

COND. VARIANCE S&P500(-2) -0.308075 -0.256240  0.152485 

  (0.08383)  (0.02203)  (0.02893) 

 [-3.67511] [-11.6320] [ 5.27022] 

    

COND. VARIANCE S&P500(-3) -0.039818 -0.015259 -0.211445 

  (0.08538)  (0.02244)  (0.02947) 

 [-0.46637] [-0.68008] [-7.17526] 

    

COND. VARIANCE S&P500(-4)  0.514355  0.037105  0.276963 

  (0.08524)  (0.02240)  (0.02942) 

 [ 6.03438] [ 1.65652] [ 9.41408] 

    

COND. VARIANCE S&P500(-5) -0.653841 -0.074627 -0.257531 

  (0.08588)  (0.02257)  (0.02964) 

 [-7.61308] [-3.30656] [-8.68768] 

    

COND. VARIANCE S&P500(-6)  0.262243  0.020546  0.012047 

  (0.08644)  (0.02272)  (0.02984) 

 [ 3.03369] [ 0.90445] [ 0.40377] 

    

COND. VARIANCE S&P500(-7)  0.163729  0.074249  0.149792 

  (0.08648)  (0.02273)  (0.02985) 

 [ 1.89331] [ 3.26722] [ 5.01847] 

    

COND. VARIANCE S&P500(-8)  0.004560 -0.030678 -0.156841 

  (0.08653)  (0.02274)  (0.02987) 

 [ 0.05270] [-1.34917] [-5.25162] 

    

COND. VARIANCE S&P500(-9) -0.277197  0.027445  0.077998 

  (0.08631)  (0.02268)  (0.02979) 

 [-3.21173] [ 1.21005] [ 2.61829] 

    

COND. VARIANCE S&P500(-10)  0.687133 -0.043380  0.175539 

  (0.08432)  (0.02216)  (0.02910) 

 [ 8.14878] [-1.95764] [ 6.03132] 
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COND. VARIANCE S&P500(-11) -0.621230  0.012410 -0.146215 

  (0.07474)  (0.01964)  (0.02580) 

 [-8.31175] [ 0.63184] [-5.66783] 

    

COND. VARIANCE S&P500(-12)  0.051830 -0.013238 -0.063808 

  (0.04101)  (0.01078)  (0.01415) 

 [ 1.26393] [-1.22841] [-4.50816] 

    

COND. VARIANCE S&P TORONTO(-1)  0.190041  0.413094  0.988701 

  (0.04106)  (0.01079)  (0.01417) 

 [ 4.62795] [ 38.2809] [ 69.7578] 

    

COND. VARIANCE S&P TORONTO(-2) -0.097297 -0.345465 -0.132908 

  (0.05617)  (0.01476)  (0.01939) 

 [-1.73210] [-23.4028] [-6.85503] 

    

COND. VARIANCE S&P TORONTO(-3) -0.156455 -0.143080  0.033349 

  (0.05799)  (0.01524)  (0.02002) 

 [-2.69788] [-9.38865] [ 1.66611] 

    

COND. VARIANCE S&P TORONTO(-4)  0.059249  0.054122  0.049036 

  (0.05848)  (0.01537)  (0.02018) 

 [ 1.01319] [ 3.52187] [ 2.42950] 

    

COND. VARIANCE S&P TORONTO(-5)  0.116076  0.015253  0.013495 

  (0.05833)  (0.01533)  (0.02013) 

 [ 1.99001] [ 0.99507] [ 0.67030] 

    

COND. VARIANCE S&P TORONTO(-6)  0.031834  0.094684  0.187946 

  (0.05820)  (0.01529)  (0.02009) 

 [ 0.54696] [ 6.19071] [ 9.35604] 

    

COND. VARIANCE S&P TORONTO(-7)  0.005482 -0.014728 -0.127249 

  (0.05845)  (0.01536)  (0.02017) 

 [ 0.09379] [-0.95886] [-6.30762] 

    

COND. VARIANCE S&P TORONTO(-8) -0.297662 -0.028744 -0.017455 

  (0.05840)  (0.01535)  (0.02016) 

 [-5.09706] [-1.87300] [-0.86599] 

    

COND. VARIANCE S&P TORONTO(-9)  0.104651 -0.087649  0.027171 

  (0.05806)  (0.01526)  (0.02004) 

 [ 1.80237] [-5.74429] [ 1.35576] 

    

COND. VARIANCE S&P TORONTO(-

10)  0.298617  0.074792 -0.151405 

  (0.05783)  (0.01520)  (0.01996) 

 [ 5.16358] [ 4.92132] [-7.58513] 

    

COND. VARIANCE S&P TORONTO(-

11) -0.429980  0.027590  0.025088 

  (0.05774)  (0.01517)  (0.01993) 

 [-7.44690] [ 1.81830] [ 1.25887] 

    

COND. VARIANCE S&P TORONTO(-

12)  0.234839 -0.037509  0.085274 

  (0.04514)  (0.01186)  (0.01558) 

 [ 5.20262] [-3.16214] [ 5.47339] 

    

C  8.44E-06  1.08E-06  1.09E-06 

  (1.3E-06)  (3.3E-07)  (4.4E-07) 

 [ 6.65128] [ 3.25082] [ 2.48639] 

    

    

 R-squared  0.924173  0.993118  0.984652 

 Adj. R-squared  0.923714  0.993076  0.984559 

 Sum sq. resids  2.60E-05  1.80E-06  3.10E-06 

 S.E. equation  6.62E-05  1.74E-05  2.28E-05 
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 F-statistic  2012.703  23829.69  10594.59 

 Log likelihood  49096.55  57090.91  55459.99 

 Akaike AIC -16.40239 -19.07520 -18.52992 

 Schwarz SC -16.36097 -19.03378 -18.48850 

 Mean dependent  0.000232  0.000129  0.000105 

 S.D. dependent  0.000240  0.000209  0.000184 

    

    

 Determinant resid covariance (dof adj.)  5.67E-28  

 Determinant resid covariance  5.56E-28  

 Log likelihood  162240.3  

 Akaike information criterion -54.20573  

 Schwarz criterion -54.08147  
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4.4.2. Impulse Response Functions 

 

We now estimate the Impulse Response Functions (IRF) 

for 100 periods, which is roughly 4 months. From Graph 

4 we can conclude that all markets respond both to 

shocks originating from themselves and from other 

markets. 

We see that all three markets react significantly to 

volatility shocks from other markets, but this response 

dies out in the long-run. Not surprisingly, markets react 

the most to their own volatility shocks.  

The first figure in Graph 4 plots the reaction of Mexico 

Stock Index and the other two the reaction of S&P500 

and S&P Toronto respectively. Mexico Stock Index 

accumulates volatility shocks faster than the other two 

markets, and a volatility shock from the Mexico Stock 

Index has a limited effect on volatility of S&P500 and 

S&P Toronto. 

 

The table 4.4.2.1 reports the periods needed so that the 

impulse responses take their maximum value and the 

half-life, calculated as the time needed for the effect of a 

shock to fall below half its maximum value. Although a 

common pattern does not seem to emerge, we notice that 

a shock originating from the Mexico Stock Index, “dies” 

rather quickly in S&P500 and S&P Toronto. In contrast, 

in both S&P500 and S&P Toronto, the impulse response 

functions indicate a long persistence as evidenced in 

many empirical works (Christensen and Nielsen, 2007), 

but it is inconsistent with the efficient markets 

hypothesis that predicts that efficient markets quickly 

accumulate new information. 
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Graph  4 Impulse Response Function 
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Table 4.4.2.1:Impulse Response Functions half-life analysis 

 Response of cond. variance Mexico Stock Index to a shock 

originating from: 

   

 

cond. variance Mexico Stock 

Index 

cond. variance 

S&P500 

cond. variance S&P 

Toronto 

Maximum reached in period 1 12 25 

half-life reached in period 11 25 84 

 Response of cond. variance S&P500 to a shock originating 

from: 

   

  

cond. variance Mexico Stock 

Index 

cond. variance 

S&P500 

cond. variance S&P 

Toronto 

Maximum reached in period 3 14 31 

half-life reached in period 33 52 100 

 Response of cond. variance S&P Toronto to a shock 

originating from: 

   

  

cond. variance Mexico Stock 

Index 

cond. variance 

S&P500 

cond. variance S&P 

Toronto 

Maximum reached in period 13 13 1 

half-life reached in period 45 49 63 

 

 

In summary, our results reveal significant interactions among all three markets considered in our analysis. It seems 

that shocks that originated in Canada, have higher persistence compared to shocks that originated in the U.S. and 

especially, in Mexico. 
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4.4.3. Variance Decomposition 

 

Aiming to a more in depth understanding of the 

dynamics and the ability of each equity market to 

cause fluctuations to others, we conduct a Variance 

Decomposition Analysis which enables us to examine 

the ability of each market to generate fluctuations in 

the others. In Graph 5 the variance decomposition for 

Mexico Stock Index, S&P500 and S&P Toronto are 

presented. 

Not surprisingly for all equity markets innovations to 

the own market’s volatility represent the highest 

contribution. This percentage declines over time down 

to 80% for Mexico Stock Index and to 60% for 

S&P500 and S&P Toronto. Also regarding S&P500 

and S&P Toronto the importance of Mexico equity 

market diminishes over time indicating the smaller 

level of financial integration between these markets, 

while the higher level of financial integration or 

feedback characterizing S&P500 and S&P Toronto is 

consistent with historically more “open” markets. 

 

  

Graph  5 Variance Decomposition for Mexico Stock Index, S&P500 and 
S&P Toronto 
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4.5. BEKK/VECH and Volatility IRFs analysis 

 

In this section of our analysis we deploy two alternative methods to examine volatility dynamics in equity markets. 

Building on the BEKK methodology introduced by Engle et al. (1990) and Engle and Kroner (1995) and following 

Hafner and Herwatz (2001), Hafner and Herwartz (2006) and Panopoulou and Pantelidis (2009), we model the 

markets under investigation in pairs of two, estimating a VAR(1)-BEKK GARCH(1,1) and computing the 

corresponding VECH representation. We then calculate Volatility impulse response functions. Finally, we also 

directly estimate a trivariate GARCH(1,1) BEKK model. 

4.5.1. The BEKK model 

 

A multivariate BEKK (Baba, Engle, Kraft, Kroner) model is a restricted reduced form of a VECH model that ensures 

that the variance-covariance matrix is positive definite. Hafner and Herwatz (2001) define the typical multivariate 

GARCH as 

 

1 1

( ) ( ' ) ( )
q p

i t i t i it t i
i i

vech c Avech B vech   
 

       

where A and B are parameter matrices containing N2 parameters, c is a vector of time invariant variance component. 

Given the large number of coefficients needed to estimated even for the simplest setting of a GARCH(1,1) and 2 

variables, in empirical work BEKK models are preferred.  Engle and Kroner (1995), under the assumption that the 

eigenvalues of the matrix 
max( , )

1
( )

p q

t tt
A B


  have modulus smaller than one, specify the following model: 

 
0 1 1 1

1 1 1 1

' ' ' '
q pK K

o kt t t kt ki t kit
k t k t

C C A A G G   
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       

where matrices A measure the correlation between conditional variances with past squared unexpected returns 

enabling us to examine shock effects on volatility and matrices B measure the correlation between conditional 

variances and past conditional variances and covariances. 

 

For the calculation of volatility IRFs using the equivalent vec-representation, we assume that at time t=0 the 

conditional variance is at an initial state Σ0 and imposing an initial shock ξ0 we get the VIRFs from  

 

0 0 1 1( ) [ ( ) | , ] [ ( ) | ]t t tV E vech F E vech F        

for the case of a multivariate GARCH(1,1) we get: 

 
1/2 1/2 1/2 1/2

1 0 1 0 0 0 0 0 1 0 0 0 0( ) { ( ' ) } ( ) ( ' )N N NV vech vech D D vech I                

 

4.5.2. Bivariate VAR-GARCH(1,1)-BEKK estimation 

 

Tables 4.5.2.1-4.5.2.3 report the estimation results for all three possible pairs. 
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Table 4.5.2.1 MV-GARCH(1,1) for S&P500-Mexico Stock Index 

Convergence in 28 Iterations. Final criterion was 0.000008 <= 0.00001 

Daily(5) Data From 1991:11:11 To 2014:10:30 

    Usable Observations 5994 

       Log Likelihood 38412.5298 

       

 

Variable Coeff Std T-Stat Signif 

    1 Mean(S&P500) 0.00050105 0.00010108 4.9568 0.00000072 

    2 Mean(Mexico Stock Index) 0.00085298 0.00013814 6.17479 0 

    3 C(1,1) -0.0008942 5.5774E-05 -16.03282 0 

    4 C(2,1) -0.0005625 0.00011387 -4.9397 0.00000078 

    5 C(2,2) 0.00090464 7.9264E-05 11.41291 0 

    6 A(1,1) 0.24227915 0.0087167 27.79483 0 

    7 A(1,2) -0.0369851 0.00978135 -3.78119 0.00015608 

    8 A(2,1) 0.01059957 0.00509616 2.07991 0.03753338 

    9 A(2,2) 0.26940927 0.00740404 36.38678 0 

    10 B(1,1) 0.96617331 0.00248084 389.45344 0 

    11 B(1,2) 0.00673633 0.00279722 2.40822 0.01603048 

    12 B(2,1) -0.0014375 0.00148802 -0.96605 0.33401692 

    13 B(2,2) 0.96275825 0.00210552 457.25549 0 

     

Table 4.5.2.2 MV-GARCH(1,1) for S&P500-S&P Toronto 

Convergence in 32 Iterations. Final criterion was 0.0000098 <= 0.00001 

Daily(5) Data From 1991:11:11 To 2014:10:30 

    Usable Observations 5994 

       Log Likelihood 41846.8671 

       

 

Variable Coeff Std T-Stat Signif 

    1 Mean(S&P500) 0.00054084 0.00010244 5.27943 0.00000013 

    2 Mean(S&P Toronto) 0.00049841 9.0831E-05 5.48719 0.00000004 

    3 C(1,1) 0.00098249 5.4837E-05 17.91636 0 

    4 C(2,1) 0.00050651 6.6821E-05 7.58018 0 

    5 C(2,2) 0.00053025 3.7226E-05 14.24383 0 

    6 A(1,1) 0.23828157 0.0094486 25.21872 0 

    7 A(1,2) 0.01190053 0.00731519 1.62682 0.10377435 

    8 A(2,1) 0.04466048 0.01027869 4.34496 0.00001393 

    9 A(2,2) 0.24192247 0.00868359 27.85974 0 

    10 B(1,1) 0.96325264 0.00303235 317.65897 0 

    11 B(1,2) -0.0064682 0.0025284 -2.55823 0.01052073 

    12 B(2,1) -0.0050768 0.00320787 -1.58259 0.11351434 

    13 B(2,2) 0.97080968 0.00238332 407.33533 0 

     

 

Table 4.5.2.3 MV-GARCH(1,1) for S&P Toronto- Mexico Stock Index 

Convergence in 33 Iterations. Final criterion was 0.0000095 <= 0.00001 

Daily(5) Data From 1991:11:11 To 2014:10:30 

    Usable Observations 5994 

       Log Likelihood 38800.2647 

       

 

Variable Coeff Std T-Stat Signif 

    1 Mean(S&P Toronto) 0.00055181 9.1795E-05 6.01128 0 

    2 Mean(Mexico Stock Index) 0.00092821 0.00014182 6.54496 0 

    3 C(1,1) 0.00083078 4.9264E-05 16.86363 0 

    4 C(2,1) 0.00071698 0.00011441 6.26667 0 

    5 C(2,2) 0.00086546 7.3617E-05 11.75632 0 

    6 A(1,1) 0.25537725 0.00717214 35.60686 0 

    7 A(1,2) 0.06438475 0.01104965 5.82686 0.00000001 

    8 A(2,1) 0.0036884 0.00348862 1.05727 0.29038952 

    9 A(2,2) 0.23610781 0.00647488 36.46518 0 

    10 B(1,1) 0.96407532 0.00189576 508.54379 0 

    11 B(1,2) -0.0160365 0.00330468 -4.85267 0.00000122 

    12 B(2,1) -0.0014891 0.00110943 -1.34225 0.17951405 

    13 B(2,2) 0.96934308 0.00175393 552.6688 0 
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4.5.3. Volatility IRFs  

 

Following Hafner and Herwartz (2006) and using the same 

algorithm with Panopoulou and Pantelidis (2009) we 

convert our BEKK estimations to the equivalent vec- 

representation and calculate the Volatility impulse 

response functions setting the initial shock to volatility 

ξ0=1. 

For a bivariate model the vec-representation is given by: 

1 1 1( ) * ( ' ) * ( )t t t tvech H Q R vech E E P vech H      

where Q, R and P are computed as 
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, 

with ωij, αij and βij represent the respective elements of 

constant, A and B matrices from the BEKK model 

(Panopoulou and Pantelidis, 2009). 

The conditional variances are given by 

2 2 2 2 2

11, 11 11 1 1 11 12 1 1 2 1 12 2 1

2 2

11 11, 1 11 12 12, 1 12 22, 1

2 2 2 2 2 2

22, 21 22 21 1 1 21 22 1 1 2 1 22 2 1

2 2

21 11, 1 21 22 12, 1 22 22, 1

12, 11 21 11

2

2

2

2

t t t t t

t t t

t t t t t

t t t

t

h e e e e

b h b b h b h

h e e e e

b h b b h b h

h

    

     

   

   

  

   

  

   

  

    

  

  2

21 1 1 11 22 12 21 1 1 2 1

2

12 22 2 1 11 21 11, 1 11 22 12 21 12, 1 12 22 22, 1

( )

( )

t t t

t t t t

e e e

e b b h b b b b h b b h

   

 

  

   

 

    

 

Graph 6 reaffirms our previous findings reported in section 4.4.2. Specifically, shocks in Mexico Stock Index die 

rather quickly and have a limited impact, while shocks in both S&P500 and S&P Toronto need some time to reach 

their maximum impact and diminish afterwards. 

Graph 6 Impulse Response Functions 
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A close examination of the non-diagonal elements of A and B matrices illustrates a different image about the spillover 

effects. For a 10% level of confidence, the pair S&P500-S&P Toronto, exhibits bidirectional feedback, caused by both  

past volatility (b12=-0.0064682 and b21=-0.0050768) and past innovations in U.S. and Canada (α21=0.04466048 and 

α12=0.01190053). 

Surprisingly for the pairs S&P500-Mexico Stock Index and S&P Toronto- Mexico Stock Index the evidence support 

unidirectional spillovers through past volatility from the developing to the developed country (b12=-0.00673633 and 

b12=-0.0014891 respectively).  

4.5.4. Trivariate VAR(1)-GARCH(1,1)-BEKK 

 

Finally, in order to model the dynamics of equity markets jointly, we construct a trivariate VAR(1)-GARCH(1,1) 

BEKK model using the BFGS estimation algorithm. Table 4.5.4.1 presents the BEKK model estimation. 

Table 4.5.4.1 Trivariate VAR(1)-GARCH(1,1) BEKK estimation 

Convergence in 72 Iterations. Final criterion was 0.0000086 <= 0.00001 

Daily(5) Data From 1991:11:12 To 2014:10:30 

    Usable Observations 5993 

       Log Likelihood 60767.7647 

       

 

Variable Coeff Std T-Stat Signif 

              Mean Model(Mexico Stock Index) 

       1 Mexico Stock Index{1} 0.079539131 0.015985571 4.97568 0.00000065 

    2 S&P500{1} 0.028166468 0.019980083 1.40973 0.15862023 

    3 S&P Toronto{1} 0.023880024 0.021876965 1.09156 0.27502645 

    Mean Model(S&P500) 

       4 Mexico Stock Index{1} 0.014734877 0.009133672 1.61325 0.10669067 

    5 S&P500{1} -0.032767438 0.014717815 -2.22638 0.02598878 

    6 S&P Toronto{1} 0.004190384 0.015234334 0.27506 0.78326872 

    Mean Model(S&P Toronto) 

       7 Mexico Stock Index{1} 0.022220147 0.007487037 2.96782 0.00299924 

    8 S&P500{1} 0.064981126 0.012961583 5.01336 0.00000053 

    9 S&P Toronto{1} 0.0299555 0.01491181 2.00884 0.04455368 

    10 C(1,1) 0.001064101 0.000110454 9.63392 0 

    11 C(2,1) 0.000385087 0.000117079 3.28913 0.00100499 

    12 C(2,2) 0.000760568 0.000068238 11.14589 0 

    13 C(3,1) 0.000386917 0.000092701 4.17379 0.00002996 

    14 C(3,2) 0.000291333 0.000071796 4.05778 0.00004954 

    15 C(3,3) 0.000491173 0.000052209 9.40775 0 

    16 A(1,1) 0.240961923 0.014765326 16.31945 0 

    17 A(1,2) 0.006868187 0.005330365 1.2885 0.19757123 

    18 A(1,3) 0.003402111 0.005005739 0.67964 0.49673107 

    19 A(2,1) -0.041010958 0.020674469 -1.98365 0.04729461 

    20 A(2,2) 0.215554733 0.013316214 16.18739 0 

    21 A(2,3) 0.014538309 0.012328176 1.17927 0.23828873 

    22 A(3,1) 0.05324729 0.020760071 2.56489 0.01032087 

    23 A(3,2) 0.031418297 0.01339872 2.34487 0.01903356 

    24 A(3,3) 0.214684957 0.012791086 16.78395 0 

    25 B(1,1) 0.969086744 0.00381057 254.31546 0 

    26 B(1,2) -0.000745682 0.0013444 -0.55466 0.57912859 

    27 B(1,3) -0.000612838 0.001247351 -0.49131 0.62320593 

    28 B(2,1) 0.006947499 0.005623702 1.2354 0.21668319 

    29 B(2,2) 0.970705264 0.003823527 253.87691 0 

    30 B(2,3) -0.004876694 0.003610083 -1.35085 0.17674224 

    31 B(3,1) -0.009914181 0.005350858 -1.85282 0.06390804 

    32 B(3,2) -0.003309212 0.003662922 -0.90344 0.36629502 

    33 B(3,3) 0.975730545 0.003387285 288.05685 0 

     

It is evident that this specification illustrates significantly different dynamics between the three markets. There are no 

spillovers through past volatility with the exception of Mexico to S&P Toronto (b31=-0.009914181) for a 10% level of 
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confidence and also, indirect spillovers through the cross product of past innovations and past squared innovations in 

Mexico and the U.S. are present only in Canada. 

5. Further Discussion 
 

Leachman and Francis (1996) investigate volatility transmission among the G-7 countries using monthly data from 

April 1973 to May 1993. They construct a VAR model using conditional variances for the countries estimated by a 

GARCH(1,1). Regarding the pair U.S.-Canada they also find bilateral linkages with slightly different coefficients, 

which cannot further compared as they proxy Canada equity market using a different composite index. 

Normandin (2004) also examines the pair US-Canada trying to establish the existence or not of financial integration 

based on four different factors, between the two equity markets but the findings are rather controversial, supporting 

both the achievement of financial integration as well breaks of it, most notably after –and because of- the 1987 clash. 

Regarding Mexico, Carrieri et al. (2007) test different specifications of international asset pricing model (IAPM) for 

seven emerging markets including Mexico. They conclude that among the equity markets surveyed Mexico exhibits 

the most financial integration. However they point out that: “The evidence also provides a clear indication of the 

impropriety of directly using correlations of market-wide index returns as a measure of market integration since such 

correlations consistently underestimate the degree of integration…” 

For the result presented in section 4.5, it is worth to note the findings of Hamao et al. (1990) who examine the 

linkages between equity markets of New York, London and Tokyo over the pre-1987 period, and  find evidence of 

spillovers from New York to Tokyo, London to Tokyo, and New York to London. This is consistent with our finding 

of unidirectional spillovers suggesting the efficiency of U.S. equity market. We should however note that Lin et al. 

(1994) using intra-daily data for the same markets as Hamao et al. (1990) and following the same methodology 

successfully document bidirectional spillovers. 

Especially for Canada equity market and the persistence of a shock documented in section 4.5, we should mark that 

Malik et al. (2005) arrive at the same conclusions that contradict earlier work supporting long persistence of shocks. 

Furthermore, the efficiency of US equity market at least compared to the rest of the world and euro area, is supported 

by Dees et al. (2007) who construct a global VAR model and subsequently compute the generalized impulse response 

functions (GIRFS), especially in section 6.4 where they test for the effect of a global shock. Also Bekaert et al., (2009) 

without underestimating the globalization process and its implications regarding portfolio diversification, point out the 

significance of country-specific factors in the overall procedure. 

Gagnon and Karolyi (2009) provide significant insight indirectly for the existence of bidirectional linkages, modeling 

the behavior and dynamics of cross-listed asset prices, for which they conclude that the relation is bidirectional and 

most notably changes in home country are more significant than changes in US equity market. In a much earlier work 

Furstenberg et al. (1989) concluded that: “Because large institutional investors now hold portfolios that are diversified 

internationally in the major industrial countries, whether stocks are of foreign or domestic issue is no longer of 

overriding importance to many of them”.  

In contrast, Errunza et al. (1999) argue that all possible gains from international diversification are already exploited 

with the inclusion of cross-listed assets to a portfolio, due to the increasing importance of global financial integration. 

Finally, the connection between return volatility and efficient market hypothesis, which regards both the predictability 

of assets and index returns and the absorption mechanisms of new information, is discussed in Fama, (1973), Fama 

(1991), Fama (1998), Timmermann and Granger, (2004), Ball (2009) and an overall discussion of EMH is provided in 

Beechey et al. (2000), Malkiel (2005) and Sewell (2011). 
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6. Conclusions 
 

Following the existing literature, we examined the existence of volatility spillover effects among three equity markets, 

namely S&P500, S&P Toronto Stock Index and Mexico Stock Index. 

We employed two different methodologies; a two-step methodology, which first extracts the conditional variances of 

the markets and afterwards estimates a VAR model and a one-step procedure for directly computing volatility IRFs 

from a BEKK model. 

Impulse response functions and variance decomposition analysis showed a strong financial integration between the 

two developed markets with characteristics of persistence and long memory. Our findings are in total accord with the 

findings of other studies. 

However, the one step procedure of a GARCH(1,1) BEKK model and a VECH based Volatility Impulse Response 

Function analysis partially alters our initial findings since we find unidirectional spillover effects from Mexico to the 

U.S. and Canada  and bidirectional interaction between Canada and the U.S.. Furthermore the trivariate VAR(1)-

GARCH(1,1) BEKK model diminishes the presence of both direct and indirect spillover effects. 

For future investigation, it would be interesting to incorporate into a VAR-BEKK analysis the underlying financial 

and macroeconomic variables that previous studies show to influence equity markets. In this way, we could further 

examine the stock markets dynamics. 
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