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The purpose of this thesis is to examine the interdependence of 

macroeconomic variables, stock market returns and stock market volatility in 

Latin America between 2000 and 2015. Argentina, Brazil, Chile, Colombia, 

Mexico and Peru were chosen as the sample markets, while inflation, interest 

rate, exchange rate, money supply, oil and gold were chosen as the sample 

macroeconomic variables. Bivariate VAR (1) model was applied to examine 

the mean return spillovers between the variables, whereas GARCH (1, 1) – 

BEKK model was applied to capture the volatility spillovers. Also a 6-month 

moving correlation analysis was performed to show the volatile nature of 



correlation between the variables. The empirical results from the correlation 

analysis report that inflation, interest rate and money supply have been 

correlating negatively with the stock returns in all sample markets, however 

the correlation has been close to zero. Exchange rate correlation has also 

been negative, however, exchange rate has been strongly correlated with 

stock returns in all sample markets. Gold has had a weak positive correlation 

with stock returns in Argentina, Brazil, Chile, Colombia and Mexico, whereas 

in Peru the correlation between these variables was considered strong and 

positive. Oil has been positively correlated with stock returns in all sample 

markets, however these correlations have been not considered strong in any 

of the markets. The results from the GARCH (1, 1) – BEKK model report 

significant shock transmissions between the sample stock markets and 

macroeconomic variables. Inflation shocks transmitted to stock returns in 

Argentina, Brazil, Chile, Colombia and Mexico, whereas interest rate shocks 

transmitted to Argentina, Brazil, Colombia and Peru. Significant shock 

transmissions were captured from exchange rate to all sample markets, 

whereas money supply had significant shock transmissions to stock returns in 

Argentina, Brazil, Colombia and Mexico. Gold shocks transmitted to all 

sample stock markets, whereas oil had significant shock transmissions to 

stock returns in Argentina, Brazil, Colombia, Mexico and Peru. Furthermore, 

shocks from stock returns, in Argentina, Brazil, Chile, Colombia and Mexico, 

transmitted over to inflation. Significant shock transmissions, from stock 

returns to interest rate, were captured in Argentina, Brazil, Chile, Colombia 

and Mexico. Exchange rate shocks were transmitted to stock returns also in 

Argentina, Brazil, Chile, Colombia and Mexico, whereas money supply was 

affected by stock return shocks in all sample markets. In addition, stock return 

shocks transmitted to gold in all sample markets. Finally, significant shock 

transmissions were captured, from stock returns to oil, in Chile, Colombia, 

Mexico and Peru. Furthermore, the empirical results from the GARCH (1, 1) – 

BEKK model also report volatility spillovers from inflation to stock returns in 



Argentina, Brazil, Colombia and Peru. Significant volatiltity spillovers from 

interest rate to stock returns were captured in Argentina, Chile, Colombia, 

Mexico and Peru. In addition, significant exchange rate volatility spillovers 

were captured in Brazil, Chile, Colombia and Peru. Significant volatility 

spillovers from money supply to stock returns were captured in Argentina, 

Brazil, Chile, Colombia and Mexico, whereas gold had significant volatility 

spillovers to stock returns in Brazil, Chile, Colombia, Mexico and Peru. 

Finally, significant volatility spillovers were captured, from oil to stock returns, 

in Argentina, Brazil, Colombia, Mexico and Peru. The results also report 

significant volatility spillovers from stock returns to inflation in Argentina, 

Colombia, Mexico and Peru. Significant volatility spillovers were captured, 

from stock returns to interest rate, in all sample markets. Also exchange rate 

received volatility spillovers from all sample stock markets. In addition, 

significant volatility spillovers, from money supply to stock returns, were 

captured in Argentina, Chile, Colombia and Peru. Furthermore, stock return 

volatility in Argentina, Chile, Colombia and Mexico, spilled over to gold. 

Finally, significant volatility spillovers, from stock returns to oil, were captured 

in Argentina, Brazil, Colombia and Mexico.  

Overall these results are able to show interdependence exists between the 

selected macroeconomic variables and the stock markets in Argentina, Brazil, 

Chile, Colombia, Mexico and Peru.  
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Tämän tutkielman tarkoituksena on tutkia makroekonomisten muuttujien, 

osakemarkkinoiden tuottojen ja volatiliteetin keskinäistä riippuvuutta 

Latinalaisessa Amerikassa 2000-luvulla. Tarkasteltaviksi markkinoiksi valittiin 

Argentiina, Brasilia, Chile, Kolumbia, Meksiko  ja Peru. Inflaatio, korkokanta, 

valuuttakurssit, rahavaranto, öljyn ja kullan hinta valittiin tarkasteltaviksi 

makroekonomisiksi muuttujiksi. Tutkielmassa käytettiin kahden muuttujan 

VAR(1) –mallia, jonka tarkoituksena on tutkia tuotonsiirtymisiä, ts. ovatko 

markkinoiden tuotot riippuvaisia omista historiallisista tuotoistaan. Kahden 

muuttujan GARCH(1, 1) -  BEKK –mallilla tutkittiin volatiliteetin leviämistä (ns. 

spillover-ilmiötä) muuttujien välillä. Tarkasteltava ajanjakso on jaettu kahteen 



pienempään tarkastelujaksoon. Ensimmäinen tarkastelujakso kattaa vuodet 

2000-2007 ja toinen tarkastelujakso vuodet 2007-2015. Lisäksi suoritimme 

liikkuvan korrelaatioanalyysin tuottojen ja makromuuttujien välillä. 

Korrelaatioanalyysin tulokset osoittivat, että  inflaatio, korkokanta, ja 

rahavaranto korreloivat negatiivisesti pörssien tuottoihin tarkasteltavilla 

markkinoilla. Tosin korrelaatio näiden muuttujien välillä oli heikkoa. 

Valuuttakurssit korreloivat voimakkaasti ja negatiivisesti pörssien tuottojen 

kanssa tarkasteltavilla markkinoilla. Kulta korreloi positiivisesti, mutta heikosti 

pörssituottojen kanssa Argentiinassa, Brasiliassa, Kolumbiassa, Chilessä ja 

Meksikossa. Perussa kulta on positiivisesti ja voimakkaasti korreloitunut 

pörssien tuottojen kanssa. Öljy korreloi negatiivisesti, mutta heikosti kaikkien 

tarkasteltavien markkinoiden kanssa. Empiiriset tulokset osoittavat shokin ja 

volatiliteetin siirtymisiä kaikkien makroekonomisten muuttujien ja 

tarkasteltavien pörssien välillä, mikä todistaa keskinäisen riippuvuuden 

makroekonomisten muuttujien, pörssien tuottojen ja volatiliteetin välillä 

Argentiinassa, Brasiliassa, Chilessä, Kolumbiassa, Meksikossa ja Perussa. 
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1 INTRODUCTION 

1.1 Background 

In the 1990s many emerging market economies went through financial 

liberalization and integration of international financial markets, and since then 

many foreign investors have started progressively to invest in the emerging 

stock markets. For foreign investors, the emerging markets are much more 

volatile compared to the developed markets because of the unstable 

macroeconomic conditions, rapid growth and the large capital inflows and 

outflows (Bekaert and Harvey 1997). However, empirical evidence suggest 

that local information has become more and more important in emerging 

stock markets, meaning that they are segmented from the global capital 

markets. As a result, the returns between emerging stock markets and 

developed stock markets exhibit low correlation (Harvey 1995). The emerging 

stock markets have historically outperformed the developed stock markets, 

making the emerging stock markets more attractive for foreign investors by 

strengthening the mean-variance efficiency of their portfolio (Errunza 1977; 

Divecha, Drach and Stefek 1992; Bekaert and Harvey 1997).  

Latin America was chosen as the subject region, simply because the 

empirical literature clearly lacks evidence on how stock returns and volatility 

react to the changes in local and global macroeconomic variables. Also, Latin 

America has suffered from numerous crises in the last 30 years, making it a 

fascinating region to examine. 

In the 1990s, a series of financial reforms were introduced that tried to guide 

Latin American countries toward financial liberalization for the second time in 

20 years. The first attempt for financial liberalization was carried out in the 

1970s by the Southern Cone1 countries; however, the 1973 oil crisis ended 

capital inflows to the region, which lead to a deep financial crisis and external 

debt crisis. Nationalisation of private foreign debts followed, and because 

                                            
1
 Southern Cone countries include Argentina, Chile and Uruguay. 
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Latin America was segmented from the global markets, an institutional 

arrangement was established, where external financing had to be negotiated 

by a foreign mediator, such as the IMF. This meant that Latin America was 

almost totally isolated from the international capital markets for the next 

decade. (Frenkel and Simpson 2001) The outset of the 1990s promised a 

brighter future for the region and there was renewed hope for financial 

liberalisation, lead by the NAFTA trade agreement between Mexico and the 

US, the capital inflows to Latin America in the first few years of the 1990s, 

and the disinflation in Argentina. However, the collapse of the Mexican peso 

in the end of 1994 started a domino effect in the region. By mid 1990s, Brazil 

was also exhibiting financial instability and the whole series of events 

culminated in the crash of the Argentine currency board in 2002, 

consequently destroying any optimism over the benefits of financial 

liberalisation in the region. (Aizenman 2005)  

The time period used for this thesis covers some the aftermath that started in 

the mid-1990s and ended in 2002, however the time period between 2004-

2014 has been a period of growth for Latin America, and the region has 

grown substantially over its historical average, excluding, of course the 

collapse of the Lehman Brothers in 2008. Talvi (2014) argues that during the 

last decade, regulation and the supervision of the banking system in Latin 

America has improved, which in sequence, has given the banks a stronger 

position when encountering global market decline and unfavourable 

economic conditions, such as lower growth, higher interest rates, depreciating 

currencies and declining commodity prices. However, he does not see the 

future as bright, in regards to inflation, fiscal outlook and the liquidity positions 

the countries are holding internationally. Talvi (2014) divides the seven 

largest economies in the region into three macroeconomic dimensions, which 

are assessed by their macroeconomic vulnerability.  



9 
  

The first group includes Chile, Colombia, Mexico and Peru. These countries 

have a strong macroeconomic foundation and unlimited access to 

international markets, for example, positive inflation trend, solid fiscal position 

and sound international liquidity. The second group holds Argentina and 

Venezuela, which have a limited access to international markets and possess 

weaker macroeconomic foundation, signalling a negative inflation trend and 

are more exposed fiscal position and international liquidity. The third and final 

group, consists only of Brazil, which enjoys unlimited access to financial 

markets, but exhibits exposure in the fiscal position, thus it cannot be 

categorised to either one of the two groups.  

1.2 Research questions and purpose of the thesis 

Measuring and forecasting stock volatility has been extensively examined in 

the financial literature (see e.g. Andersen, Bollerslev and Lange 1999; Poon 

and Granger 2003). The past studies have agreed, to an extent, that 

macroeconomic news stories indeed do have an effect on stock market 

returns in both developed and emerging markets. Thus, the market 

participants are looking closely at economic data and actively following news 

announcements for policy changes.   

The main purpose of this thesis is to analyse and examine the linkages 

between macroeconomic variables, stock returns and conditional volatility in 

Latin America. The markets representing Latin America are the six largest 

economies in the region: Argentina, Brazil, Chile, Colombia, Mexico and Peru, 

and the time period covers the first 15 years of the 21st century. Six 

macroeconomic variables were chosen, four domestic variables (inflation, 

interest rates, money supply and exchange rates) and two global variables 

(gold and oil prices). Each variable was paired with a total return index from 

each market, in order to see the individual influences on the stock returns and 

the conditional volatility of the returns. Attention was also paid to correlations 
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between macroeconomic variables and the markets, as well as, to the mean 

return spillovers, shock transmission and volatility spillovers. 

Certainly, the linkages between stock returns, conditional volatility and 

macroeconomic variables have greater value to investors and policymakers 

and hence this thesis should be looked from their viewpoint. Investors can 

benefit greatly from having knowledge of macroeconomic and stock return 

volatility. For example, it can provide perceptive ideas that can help them to 

create strategies to maximise profit and hedge against risk. Policymakers can 

use this information to create improved macroeconomic policies that can 

provide macroeconomic and financial stability. 

The research questions for this thesis are as follows:  

Q1: Is the correlation between the macroeconomic variables and the stock 

markets time varying? 

Q2: Are there any mean return and/or volatility linkages between the selected 

Latin American stock markets and macroeconomic variables?  

Q3: Are domestic macroeconomic variables explaining more of the changes 

in stock market returns and volatility than the global macroeconomic 

variables?   

This thesis will contribute to the existing works by using VAR (1) – GARCH (1, 

1) – BEKK model to capture the mean return spillovers, shock transmissions 

and volatility spillovers between the variables. To our knowledge, there are no 

other previous studies that have used this particular research method to 

investigate the return and volatility linkages between macroeconomic 

variables and stock markets in Latin America.  
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1.3 Structure of the thesis 

The thesis is organised as follows: The second section presents the 

theoretical background, explaining the Asset Pricing Theory, ARCH/GARCH 

models and the previous literature. The third section, presents the data, 

explains the chosen macroeconomic variables and the methodology behind 

the VAR (1) – GARCH (1, 1) – BEKK model. The fourth section presents the 

empirical results and the final chapter concludes the thesis.  
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2 THEORETICAL BACKGROUND 

This section is divided into 4 parts. The first part reviews the theory behind 

Asset Pricing Theory. The second part reviews the theory behind 

ARCH/GARCH models, or the univariate GARCH.  The third part of this 

section reviews the multivariate GARCH models and in the final part we 

review some of the previous literature. 

2.1 Asset Pricing Theory 

The financial scholars consider the absolute pricing approach, as the more 

widely used approach in asset pricing. The concept behind absolute pricing is 

that each asset is priced according to their risk level and future profits. The 

Capital Asset Pricing Model, generally known as CAPM, was based on 

Markowitz’s (1952) modern portfolio theory and it was introduced by Sharpe 

(1964), Lintner (1965) and Mossin (1966). 

Past literature has named domestic and global market risks as the main 

sources of risk that can be used to explain returns in developed and emerging 

stock markets. Assuming that stock markets are completely segmented, the 

conventional CAPM suggests that the expected equity returns are only 

exposed to local risks, specific to each country. However, many emerging 

markets have been subject to financial integration and liberalisation, which 

would imply complete stock market integration. In the case of completely 

integrated stock markets, the international version of the CAPM (ICAPM) 

suggests that global market risk is the only viable source for systematic risk 

for the stock markets. The reason for this can be traced back to the 

international investors, who in this case, diversify their portfolios over multiple 

countries, hence eliminate the country-specific local risk. Usually the global 

risk factor could have been described as a return of a global value-weighted 

portfolio, however, issues started to appear when ICAPM was used in 

emerging markets and in smaller developed markets. The reason it 

encountered these issues, were due to the fact, that some of these markets 
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were not fully integrated (see e.g. Bekaert and Harvey 1995; Carrieri, Errunza 

and Majerbi 2006). Thus, the ICAPM for partially segmented markets by 

Errunza and Losq (1985) would be a more appropriate model, for regions 

such as Latin America, rather than the completely integrated ICAPM. 

However, Bailey and Chung (1995) found some evidence in regards to 

financial integration and exchange rate related risks in Mexico, but the 

empirical evidence on the matter is relatively scarce. So, assuming that 

international investors do not hedge their portfolios against exchange risks 

and the market holds risk-free assets, the conditional version of the ICAPM 

can be written as follows:  

 (      |  )         
 

                 
 

   )   (1)                          

        
    (             

 |  ), 

where  (      |  ) denotes the asset’s conditional expected excess returns, 

   is the information at time t,       
  represents the conditional price of global 

market risk and       
  denotes the conditional price of domestic market risk. 

2.2 Reasons to use GARCH models 

Traditional econometric models are not able to capture some of the features 

financial time series possesses. Financial series is often heavy tailed and 

exhibit more extreme values than normally distributed series, in other words 

they are heteroscedastic. One of the assumptions of the Classical Linear 

Regression Model (CLRM) is for homoscedasticity. When the CLRM 

assumptions are violated, the estimator for least squares is no longer the Best 

Linear Unbiased Estimator (BLUE), so the estimates for standard error can be 

misleading, because financial data usually lacks a constant variance of 

errors. (Brooks 2008, 380,386) 

Mandelbrot (1963) revealed, that volatility in financial markets has a tendency 

to appear in bunches or clusters. This means that, regardless of the returns 
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being positive or negative, large returns are always followed by large returns, 

and small returns are followed by small returns. One possible explanation for 

this behaviour is that the arrival of information, leading to changes in asset 

prices, is not evenly spaced over time but rather occur in bunches.  

Previous studies have shown that stock returns and stock volatility are 

negatively correlated, which means that a large fall in returns, is more likely to 

be followed by a larger increase in volatility. Black (1976) was the first person 

to notice this phenomenon, referring it to asymmetric effect of return shocks. 

Black (1976) argues that the leverage of the firm increases when the price of 

the firm stock decreases, which also leads the firm stockholders to regard 

their future cash flows more risky.  

2.3 Generalized Autoregressive Heteroscedasticity (GARCH) models 

The GARCH process is based on a nonlinear ARCH process first introduced 

by Engle (1982). It was developed to answer for the shortcomings and strict 

assumptions of the traditional linear regression model, e.g. constant variance 

of errors, also known as homoscedasticity. The ARCH model was the first 

model that could systematically model volatility. The model treats 

heteroscedasticity, in a time series, as the variance that can be modelled. 

Modelling the variance means that deficiencies of least squares are 

corrected, but also it offers computed predictions for each variance error 

terms. 

The purpose of the GARCH process is to recognize the volatility clusters and 

thereby offer a reliable method for estimating future volatility. Autoregressive 

in the model stands for an assumption that the error terms are correlated over 

time and conditional means that the conditional variance is allowed to change 

over time, as the function of its own past errors. 

The problem with the original ARCH model was its non-negativity constraints, 

meaning that the estimated parameters cannot be negative. As the number of 
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lags is increased, the possibility of negative values also increases, thus 

making the model more unreliable. Also, determining the correct number of 

lags proved to be a problem, and determining the ideal number of lags was 

not always possible. In addition, adding more lags might over fit the model, 

which could weaken the estimation accuracy.  

Tim Bollerslev (1986) developed the generalized version of the ARCH model 

(GARCH) to improve some of the weaknesses the ARCH model had. The 

ARCH model was fitted with lagged conditional variance, meaning that the 

GARCH model variance would be dependent on its own lagged conditional 

variances, called the GARCH term, and also its own lagged squared 

residuals, called the ARCH term. The GARCH (p, q) can written as follows: l 

                        (2) 

 

        ∑   
 
       

   ∑   
 
        ,    (3) 

 where        and    are estimated constants, (    
 ) and      are the 

ARCH(p) and GARCH (p, q) coefficients, respectively. The non-negativity 

constraints for the model are:  

 p   0,   q > 0 

   > 0,      ,  i = 1,…, p   (4) 

       i = 1,…, p 

Non-negativity constraint is still included in the GARCH model, but in practice 

the GARCH (1, 1) model is usually sufficient enough to capture the volatility 

clusters, and the use of higher order models are rarely necessary in practice.  
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Additionally,∑    
        

   
        has also a non-stationary constraint, 

which is depicted by the unconditional variance of   : 

         
  

  ∑    
        

   
    

     (5)

  

The denominator for equation (5) needs to be positive, or it cannot be 

defined. The term ∑    
        

   
      > 1 is described as non-stationary in 

variance and it does not have a motivation for its existence in theory. 

The success of Bollerslev’s GARCH model has resulted in various extensions 

to the standard GARCH model. The extensions were created to overcome 

some of the problems with GARCH (p, g) models. The first problem was to 

get around the non-negativity constraints. The solution for avoiding the 

violation of non-negativity would be to install artificial constraints on the 

coefficients of the model, which would force the coefficients to be non-

negative. Even though GARCH models can capture volatility clustering and 

leptokurtosis in a time series, it is unable to detect leverage effects. Finally, 

the standard GARCH model is unable to have any direct interaction between 

conditional mean and conditional variance. Next, we shall introduce some of 

the most common modifications for the GARCH (p, g) model. (Brooks 2008, 

404) 

Standard GARCH models are restricted to treat positive and negative shocks 

asymmetrically, meaning that positive and negative shocks have an 

asymmetric effect on volatility. Generally, in financial time series, positive 

shocks have smaller effect on volatility than negative shock of the same 

magnitude. In relation to stock returns, asymmetries of this kind are usually 

due to leverage effects, because the decrease of company stock causes the 

debt to equity ratio of the company to increase. This causes the shareholders 

of the company regard their future cash flow riskier than before. Next we will 
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introduce two models that are used to deal with the asymmetry in time series: 

the GJR model and EGARCH. (Brooks 2008, 404) 

Glosten, Jagannathan and Runkle (1993) first introduced the GJR model and 

the model is essentially a simple extension to the standard GARCH model 

where an additional term for possible asymmetries is added. The GJR can be 

described as: 

  
   ∑                   

  
       ∑       

  
         (6) 

where       is a dummy variable that is,  

  

       {
            
            

       (7) 

 

Parameters              are exposed to the same non-negativity constraints 

as the standard GARCH models, however, also the additional constraint 

       ≥ 0 has to be fulfilled. In other words, the model can be accepted 

even if,    < 0. However, any asymmetries can be captured only if    > 0.  The 

model shows that the negative dummy variable      has a considerably larger 

effect to              
  than a positive dummy      has to        

 . The past 

shock effects are separated by the threshold value of zero, but other values 

can be used. (Brooks 2008, 405; Tsay 2005, 130) 

Nelson (1991) introduced the exponential GARCH (EGARCH) model, which 

has several advantages over the standard GARCH model. The EGARCH 

relaxes model coefficient positivity constraints by using log transformed 

conditional variances. The model can respond asymmetrically to positively 

and negatively lagged values of    through the use of      .  The conditional 
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variance equation can be defined in several different and the simple 

EGARCH (m, s) model can be defined as:  

        ,        
       

               
   

              
            (8) 

where B is the lag operator, Bg (  ) =        ,                
    and 

               are the polynomials that have no common factors and 

the absolute values of their zeros are larger than 1.     is the constant. The 

conditional variance of    uses the common ARMA parameterization, which 

means that some properties of the EGARCH model can be obtained in a 

similar fashion as the ones in the standard GARCH model. (Tsay 2005,124-

125) 

 

2.4 Multivariate GARCH models 

Bollerslev, Engle and Wooldridge (1988) were the first to introduce the 

multivariate GARCH model. Their findings suggested that conditional co-

variances vary over time and they are also a significant element in the risk 

premium moving over time. In other parts the multivariate models are very 

similar to univariate models. The multivariate GARCH model allows the 

examination of volatility contagion between several markets, and also the 

transmission of shocks, volatility and correlation. 

The multivariate models are not entirely flawless; in order to capture the 

changes of the conditional variances and co-variances, a large number of 

parameters are needed. If the model does not have enough of parameters, it 

may not be suitable for financial modelling. However, having a large amount 

of parameters inherently results in a more difficult estimation process and 

more complex interpretation of the results. The MGARCH model also suffers 

from positive definiteness in the variance-covariance matrix, in other words 

the matrix must be positive in all time periods, and all numbers in the leading 
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diagonal of the matrix, have to be positive. Most MGARCH models can 

achieve the positive definitiveness with the conditional variance matrix by 

implying the positive definiteness to the structure of the model. (Brooks 2008, 

434; Silvennoinen and Teräsvirta 2009; Kring et al. 2007)  

Bollerslev, Engle and Wooldridge (1988) described the general multivariate 

GARCH model as follows:  

                

                  (9) 

                  

where    denotes the N x 1 vector of conditional expectation of    at time 

period t,     represents the N x 1 vector of shocks at time t.        is set to 

capture all available information at time t – 1.  

Bollerslev, Engle and Wooldridge (1988) created the VECH model, which was 

the first extension for univariate GARCH. The concept behind their model is 

that the components in Ht conditional variance-covariance matrix, are the 

linear function of all lagged squared errors and returns, as well as the cross-

products of squared errors, also known as innovations. The VECH – GARCH 

(p, q) can be written as follows:  

             ∑                  
    ∑         (    )

 
   

 
               (10) 

where    and    represent the parameter matrices N(N + 1)/2 x N(N + 1)/2, C 

is the vector N(N + 1)/2 x 1, and VECH(·)  works as the operator which piles 

up the columns in the lower triangular section of the matrix as a vector. As 

mentioned earlier the VECH model, though very flexible, still has some 

disadvantages. The first being the condition of positive definitiveness for Ht at 

all times of t, and the second being the large number of parameters, which 

adds complexity. (Bauwens et al. 2006; Silvennoinen and Teräsvirta 2009) 
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Bollerslev, Engle and Wooldridge (1988) proposed the diagonal VECH 

(DVECH) model to restrict the number of estimated parameters. The purpose 

of the DVECH model is to make the VECH model simpler by assuming that all 

the components in the variance-covariance matrix Hjit are only depending on 

their own lags, as well as the previous value of itjt, while assuming that    

and    are diagonal. The DVECH-GARCH (1, 1) can be written as: 

                                               (11) 

where the covariance-variance matrix      must be positive semi-definite; 

           , when      . The parameters are represented by    ,     and 

   .  

Even though the DVECH model is able to reduce the number of parameters, 

compared to the unrestricted VECH model, it is still not without 

disadvantages. The main disadvantage is the fact that there are no 

guarantees that the      variance-covariance matrix will be positive semi-

definite. (Bauwens et al. 2006; Brooks 2008, 434)  

The BEKK model was introduced by Engle and Kroner (1995) to fix the 

problem of the VECH model and ensure that the matrix will always stay 

positive definite. The BEKK model was named after Baba, Engle, Kraft and 

Kroner and it can be written as:  

        ∑   
 
            

    
   ∑         

  
   ,            (12) 

where C is the lower triangular and  C’ is the upper triangular, but also one of 

the N x N matrices with        When    is positive definite, it guarantees that 

also    is positive definitive. However, even though the BEKK model is able 

to get around the positive definitiveness problem, it still has some drawbacks 

of its own. First, the two parameters,          , which represent the N x N 

matrices, cannot capture the direct effects of lagged values of shocks, or 
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volatilities. Second, the number of parameters increases in the BEKK model, 

in order to capture the dependencies between volatilities. (Bauwens et al. 

2006; Tsay 2009, 451-452)  

2.5 Previous studies 

Since the late 1970s, financial scholars have been investigating the 

relationship between macroeconomic variables and stock returns (see e.g 

Jaffe and Mandelker 1976; Nelson 1976; Fama and Schwert 1977), which all 

confirmed the macroeconomic influence on stock returns. Much of the early 

studies tend to focus on the US market and concentrate more on capturing 

the economic influences into stock returns within the theoretical framework 

provided by Ross’ (1976) Arbitrage Pricing Theory (APT). In APT, the risk 

premium and the significance of all the variables that might have impact on 

asset returns, is measured. Also it checks, if they are already included in the 

price of stock returns. In modern financial literature Chen, Roll and Ross 

(1986) examined whether the spread between long and short interest rates, 

expected and unexpected inflation, industrial production and high and low 

grade bonds, have systematically affected the New York Stock Exchange 

returns between 1958 and 1984. They concluded that most of these variables 

were able to significantly explain the expected stock returns, the most 

prominent variables being industrial production, winding yield curve and 

changing risk premium. They also found out that sudden changes in expected 

and unexpected inflation, in volatile periods, are affecting stock returns. 

However, this connection was weaker than with the variables mentioned 

before. They also examined if changes in the oil price index had any effects 

on asset pricing, but were unable to establish any connection.  

In the 21st century, Bilson et al. (2001) examined, if macroeconomic variables 

could explain changes in stock market returns in the emerging markets by 

also using the Arbitrage Pricing Theory (APT) developed by Ross (1976).  

More specifically, they were interested in variables that acted as the primary 
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source for the changes in the emerging market returns, and whether these 

variables were domestic or global. They used data from 27 emerging 

markets, consisting of monthly returns from each market spanning from 1985 

to 1997. From our perspective, the six Latin American countries are in our 

point of interest, and the researchers had chosen Argentina, Brazil, Chile, 

Colombia, Mexico and Venezuela to represent the region. They used MSCI 

World Index as the proxy for world market index and chose money supply, 

inflation, exchange rate and industrial activity, to represent the domestic 

macroeconomic variables. Their general results indicated, that the domestic 

macroeconomic variables had explained the market returns more 

significantly, when compared to the global factor represented by the world 

market index. They also found, that exchange rate had the outright influence 

over the all other variables by influencing market returns in twelve markets. 

However, only in Mexico had the exchange rate a statistically significant 

impact on market returns. For the rest of the Latin American countries, they 

found that money supply was able to explain significantly changes in market 

returns in Argentina and Chile. Inflation was significantly explaining market 

returns only in Mexico and industrial production only in Chile.  

More recently, Sangmi and Hassan (2013) examined how inflation, exchange 

rate, industrial production, money supply, price of gold and interest rate affect 

the Indian Sensex, Nifty and BSE-100 stock return indices starting from 2008 

to 2012. The results indicate that for Sensex and Nifty indices, all variables 

simultaneously affected the stock returns, however individually only exchange 

rate affected the stock returns. BSE-100 returns were also affected by all six 

variables simultaneously, but also individually inflation, exchange rate, 

interest rate, industrial production and money supply are affecting the market 

returns significantly. Only the price of gold did not have any significant effect 

on stock returns. 
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The literature examining the relationship between macroeconomic volatility 

and stock market volatility can be also traced back to the 1970s with a study 

from Officer (1973), which confirmed that changes in industrial production are 

connected to stock market volatility through business cycle fluctuations. Black 

(1976) Christie (1982) found that stock return variance could be explained by 

different number of variables, indicating a connection between financial 

leverage and stock market volatility. In addition, results by Christie (1982) 

suggested that stock return volatility has a strong and positive relationship 

with interest rates and financial leverage. Schwert (1989), in equivalent 

fashion, discovered that during depression macroeconomic variables play a 

very significant role when forecasting future volatility of stock returns, 

especially during periods when the economy is facing depression.  

Most studies examining the linkage between stock market volatility and 

macroeconomic variables are based on two-step estimation. In the first step, 

the time-varying conditional variance is calculated for the variables, and 

based on those calculations, the results are then analysed in the second step. 

In addition, Liljeblom and Stenius (1997) analysed Finnish data from 1920 to 

1991 to determine if there is any connection between conditional 

macroeconomic volatility and conditional stock return volatility. They 

employed two methods to estimate the conditional volatility: GARCH 

estimates and weighted average lagged absolute errors. They used vector 

auto regression (VAR) framework to examine the relationship between 

conditional stock return volatility and macroeconomic volatility. Their results 

indicated that stock market volatility and macroeconomic volatility has a 

bidirectional predictive power, meaning that a change in volatility of either 

variable will most likely have an effect on the volatility of the other variable. 

They also found that macroeconomic volatility is responsible from one-sixth to 

as much as two-thirds of the change in stock market volatility.  
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Kearney (2000) investigated the causes of stock market volatility and its 

transmissions by using general least squares (GLS) model.  He used monthly 

stock market returns from the UK, France, US, Germany and Japan, and 

inflation, interest rates, exchange rates and industrial production. The main 

findings indicated that rising inflation volatility and interest rate volatility 

decreases stock return volatility in Germany, Japan and France, however, no 

significant changes were found in the UK and France stock markets. UK and 

France exhibited an increase of volatility in their stock returns, when volatility 

in industrial production increased. In Germany and the US the stock return 

volatility decreased when industrial production volatility had risen. Raised 

exchange rate volatility increased stock return volatility in Germany, and 

decreased it in Japan, however in the France and US it did not seem to have 

any significant impact. Furthermore, Kearney and Daly (1998) employed 

generalised least squares (GLS) estimation procedure to determine the 

connection between the conditional volatilities of stock return and 

macroeconomic variables in the Australian market. The results indicated that 

the conditional volatility of interest rate and inflation have more significant 

impact on the conditional volatility of stock returns in Australia than 

conditional volatility of money supply and industrial production, which only 

had indirect impact.  

More recently, Chinzara (2011) applied augmented autoregressive GARCH 

(AR-GARCH) and vector autoregressive (VAR) models to analyse systematic 

risk transmissions, originating from macroeconomic factors, to South African 

stock market. The research findings indicate that in South Africa 

macroeconomic uncertainty has a significant effect on the volatility of the 

stock market, especially the volatilities of exchange rate and short-term 

interest rate seem to have to most significant effect, while inflation, gold price 

and oil price volatilities have less significant influence.  
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In Latin America, Abugri (2006) applied vector autoregressive (VAR) model to 

examine if macroeconomic variables such as interest rate, exchange rate, 

industrial production and money supply are significantly connected with stock 

returns in Argentina, Brazil, Chile and Mexico. The authors also used two 

global macroeconomic variables: the Morgan Stanley Capital International 

(MSCI) world index and the US 3-month T-bill yield. The results indicated that 

two global variables indeed had impact on all four markets, whereas the 

exchange rate and interest had a significant impact on three out of four 

markets. However, industrial production and money supply did not seem to 

have significant impact on the stock returns in the selected markets.  

Most of the previous research has focused on developed markets and some 

of previous studies have already changed its focus on emerging markets. 

However, studies using multivariate volatility models, when examining the 

relationship between stock market volatility and macroeconomic volatility in 

emerging markets, are much more scarce. Iltuzer and Tas (2012) used 

BEKK-MGARCH(1, 1) model to find causality between macroeconomic 

volatility and the volatilities of four emerging market stock returns (Brazil, 

Czech Republic, India and Turkey). Their findings offered some evidence that 

the increasing volatility in inflation, industrial production, money supply and 

short-term interest rate have causal relationship with stock market volatility in 

these four emerging markets. Furthermore, Rizwan and Khan (2007) used 

domestic and global macroeconomic factors to study their affect on the 

volatility of Pakistan’s stock returns. He used multivariate EGARCH and 

Vector Autoregressive (VAR) model to examine the effects that interest rate, 

exchange rate, industrial production, money supply MSCI World Index and 6-

month LIBOR might have on the returns of the Karachi stock exchange 

(KSE). Their results showed that domestic factors, such as money supply and 

inflation, and the global factor MSCI World Index did have significant effect on 

stock returns, while interest rate, exchange rate and industrial production did 
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not. Similarly, Attari and Safdar (2013) studied the relationship of interest rate, 

inflation and gross domestic product to stock returns also in Pakistan by using 

the Exponential Generalised Autoregressive Conditional Heteroscedasticity 

(EGARCH) model. The findings suggest that GDP is the only macroeconomic 

variable that does not seem to have a causal relationship with stock returns, 

while inflation and interest rate did have significant effect on stock returns. In 

addition, Türkyılmaz and Balıbey (2013) examined the shock transmission 

and volatility spillovers between interest rate, stock price and exchange rates 

in Turkey. They used monthly data from 2002 to 2009 and BEKK-MGARCH 

model to capture the shock transmissions and spillovers. The empirical 

results indicated that there were significant shock transmissions and volatility 

spillovers between the macroeconomic variables in the Istanbul stock market. 

Using a similar model, Ågren (2006) applied an asymmetric BEKK model to 

examine whether changes in oil price were transmitted to the stock returns in 

Japan, Norway, Sweden, the UK and the US. The results captured significant 

volatility spillovers from oil to stock markets in Japan, Norway, the UK and the 

US, while Sweden exhibited statistically weak spill-over. However, the 

captured spillovers were relatively small compared to the shocks coming 

within their own markets. 

Studies using the multivariate framework and focus on the Latin American 

region are scarce. Hsing et al. (2011) applied an EGARCH model to test if 

Argentine stock market was influenced by macroeconomic factors, such as 

real GDP, money supply, exchange rate, inflation, interest rate, government 

spending to GDP and the US stock market index, between 1998 and 2011. 

The researchers concluded that all the variables were influencing stock 

returns significantly. Real GDP, money supply, exchange rate and the US 

stock market had a positive relation with the Argentine stock returns, while 

interest rate, inflation and governments spending ratio had a negative impact. 

Later Hsing (2013) took the same EGARCH framework to examine how 
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Mexican stock returns reacted to local and global macroeconomic variables. 

Findings revealed that Mexican stock returns are positively affected by 

peso/USD exchange rate, real GDP, the US stock index and money supply, 

while having a negative effect to interest rate, inflation and the ration of the 

government deficit against GDP.  
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3 DATA, VARIABLE SELECTION AND METHODOLOGY 

This section compiles the descriptive statistics of the data and explains the 

selection of the macroeconomic variables. The last part of this section 

explains the methodology underlying the bivariate VAR (1) - GARCH (1, 1) – 

BEKK model. 

3.1 Data 

All of the data was obtained from the DataStream database and it consists of 

monthly averages from daily observations from January 2000 to January 

2015.  

This study includes in total six markets: Argentina, Brazil, Chile, Colombia, 

Mexico and Peru. MSCI total return indices represent the monthly stock return 

for all six markets. Consumer price index (CPI) is the most commonly used 

indicator to describe inflation, which is presented in a year-over-year 

percentage changes, where monthly averages have been calculated for all 

subject countries. Interest rates are represented by 3-month deposit rates 

offered by the central banks of each sample country. London bullion market 

spot rate per troy ounce has been used to represent gold. Oil price is 

represented by per barrel in the Brent Crude Oil price index. All variables 

have been transformed using the natural logarithm. 

Table 1 shows the descriptive statistics for the full sample. The mean returns 

are converted to annual terms by multiplying the monthly returns by 12 and 

standard deviations are transformed into annual terms by multiplying monthly 

standard deviation by the square root of 12. The minimum and maximum 

values represent the lowest and highest monthly returns during the sample 

period. Out of our eight price indices, Colombia shows the highest mean 

returns for the period followed by Peru, Mexico and gold, respectively. 

Standard deviation is the most common indicator to depict market volatility. 

Argentina, Brazil and oil exhibit the highest standard deviation from the 
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sample. What is interesting with Argentina is that it also has the lowest mean 

returns. In 2001 Argentina was facing a large economic shock (see e.g. IMF 

2003), and between 1998 and 2002 Argentina’s returns were gradually 

declining, which resulted in high volatility in the equity market. Those early 

years of the 21st century and the fall of the Lehman Brothers in 2008, which 

started the global economic crisis, might explain why Argentina exhibits the 

highest mean standard deviation and lowest mean return in our sample. 

Skewness illustrates, how the variables are symmetrically positioned. 

Variables that exhibit negative values are skewed to the left and have long 

tails. Positive values also have long tails but are skewed to the right. In our 

sample half of the variables are skewed to the left and the other half skewed 

to the right, and all variables exhibit heavy tails inclining leptokurtosis, 

meaning that the sample contains more extreme values compared to a 

normally distributed sample. Null hypothesis, for Jarque-Bera test of series 

normality, is rejected for all variables. The Ljung-Box Q- and Q²-statistic are 

applied to detect autocorrelation. The test shows that the null hypothesis, for 

no autocorrelation, is rejected for all variables, except for Chilean exchange 

rates, money supply and stock returns, and Mexican stock returns. Robert 

Engle’s ARCH-LM test is applied to check, if the series’ contain ARCH-effects 

in the squared residuals. The test statistics indicate that most variables are 

statistically significant, either at 1%, 5% or 10% risk level. Argentinian, 

Chilean, Colombian and Mexican stock returns are not statistically significant, 

and also Chilean exchange rates, money supply, Mexican inflation and gold 

do not exhibit any significant ARCH-effects. However, overall test results 

suggest that the full sample exhibits enough significant ARCH-effect in the 

squared residuals of the variables, meaning that the data is statistically sound 

to be used in the GARCH-BEKK model. Finally, unit root tests, Augmented 

Dickey-Fuller (ADF) and Phillips-Perron are applied to test stationary of the 

series’. Both tests reject the null hypothesis of non-stationary for all variables 

at 1% or 5 % risk levels. 
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Table 1. Descriptive statistic of monthly log transformed variables (2000-2015). Mean (%) and Std. Dev. are converted to annual terms. Total 

return (RI), inflation (INF), interest rates (IR) , exchange rate (ER), money supply (MS),  gold  and oil price. *** denotes significance at 1% risk level, ** 

at 5% risk level and * at 10% risk level 

 Argentina Brazil Chile 
OIL 

ER INF IR MS RI ER INF IR MS RI ER INF IR MS RI 

Mean (%) 14,31 40,64 4,56 22,14 4,74 2,58 -2,02 -2,91 11,48 8,87 0,91 7,73 -1,43 13,4 7,75 5,17 

Max (%) 63,15 161,17 141,83 25,64 42,47 22,33x 20,15 22,77 20,89 301,02 19,35 112,06 69,31 10,21 18,34 27,22 

Min (%) -7,72 -49,57 -122,71 -12,93 -53,92 -14,46 -23,56 -18,68 -19,58 -38,64 -6,99 -157,55 -81,09 -5,3 -29,59 -45,56 

Std. Dev. 20,62 74,44 94,85 18,66 42,79 17,38 26,64 16,43 19,47 35,83 11,79 81,07 53,29 9,7 22,41 36,04 

Skewness 7,5 3,79 0,78 0,96 -0,72 1,01 -0,47 0,48 0,08 -0,73 1,26 -1,23 0,17 0,81 -0,77 -0,83 

Kurtosis 71,89 25,64 10,33 6,28 5,36 6,79 3,45 7,13 5,92 4,7 8,27 17,61 12,4 3,79 5,8 5,41 

JB-test 37282,97*** 3635,30*** 421,65*** 108,53*** 57,56*** 138,86*** 8,22** 134,20*** 64,14*** 37,42*** 255,92*** 1536,02*** 608,52*** 24,25*** 76,35*** 64,28*** 

LB (36) 5,43** 30,89*** 1,14 0,37 3,46* 0,25 77,46*** 12,00*** 9,27*** 0,52 1,48 15,81*** 31,37*** 0,67 2,1 0,88 

LB^2 0,001 2,86* 11,00*** 18,67*** 4,02** 25,89*** 47,82*** 16,99*** 35,65*** 24,32*** 1,84 4,59** 29,48*** 1,4 1,21 12,69*** 

A-LM(5) 11,84** 18,01*** 27,33*** 18,80*** 7,3 34,08*** 50,38*** 21,33** 58,21*** 24,51*** 5,53 51,60*** 30,52*** 1,88 2,66 17,56*** 

ADF -5,53*** -11,35*** -14,42*** -3,21** -11,56*** -7,78*** -7,35*** -4,49*** -22,81*** -7,73*** -12,17*** -8,94*** -8,02*** -3,40** -11,94*** -12,17*** 

PP  -11,95*** -10,94*** -14,49*** -12,74*** -11,66*** -13,88*** -5,56*** -11,07*** -22,18*** -12,67*** -12,17** -6,90*** -8,15*** -14,16*** -12,04*** -12,19*** 

 
                

 

Colombia Mexico Peru 
GOLD 

ER INF IR MS RI ER INF IR MS RI ER INF IR MS RI 

Mean (%) 1,61 -6,17 -8,59 13,26 19,65 2,93 -7,37 -11,87 11,81 10 -1,07 -7,21 -10,2 16,47 15,03 9,37 

Max (%) 12,3 20,21 13,2 23,89 22,25 16,1 22,26 30,34 11,99 15,9 4,88 122,38 20,04 23,94 16,61 11,86 

Min (%) -10,7 -22,32 -36,62 -19,1 -33,08 -7,32 -20,29 -29,12 -8,17 -36,64 -5,62 -173,46 -32,54 -44,7 -12,79 -18,61 

Std. Dev. 12,16 24,41 16,43 21,62 30,25 10,03 25,61 28,25 12,57 24,52 4,93 97,23 19,2 30,21 14,19 17,18 

Skewness 0,37 -0,37 -2,65 0,47 -0,49 1,35 0,09 -0,13 0,73 -1,02 -0,32 -0,79 -0,8 -0,88 0,26 -0,39 

Kurtosis 4,43 3,6 20,89 5,56 3,88 9 3,12 7,01 4,49 6,49 6,35 13,57 9,94 6,47 4,87 3,81 

JB-test 19,58*** 6,84** 2609,64*** 55,77*** 12,99*** 324,38*** 0,35*** 121,08*** 32,64*** 122,20*** 87,09*** 808,65*** 380,52*** 113,49*** 28,31*** 9,52*** 

LB (36) 2,73* 33,42*** 17,83*** 11,72*** 5,14** 2,4 24,06*** 0,85 3,13* 1,65 0,16 19,42*** 32,32*** 18,01*** 0,36 3,11* 

LB^2 15,44*** 18,68*** 0,28 30,20*** 0,21 6,45** 5,95** 22,96*** 18,35*** 1,65 20,50*** 0,99 1,54 7,34*** 2,99* 5,80** 

A-LM (5) 31,25*** 22,97*** 28,94*** 51,74*** 6,01 11,58** 8,08 37,72*** 35,73*** 7,15 29,45*** 16,59*** 15,97*** 12,18** 13,01** 7,37 

ADF -11,66*** -8,49*** -4,67*** -3,36*** -11,23*** -11,71*** -9,74*** -14,24*** -3,56*** -12,13*** -5,28*** -6,36*** -5,53*** -9,19*** -13,95*** -15,19*** 

PP -11,68*** -8,61*** -12,20*** -44,08*** -11,24*** -11,63*** -8,88*** -14,21*** -34,11*** -12,20*** -12,91*** -6,30*** -9,17*** -19,73*** -14,01*** -15,19*** 



31 
  

3.2 Selection of macroeconomic variables 

Variables chosen for this study are commonly known macroeconomic 

variables and have been used in similar studies. Since there are no other 

studies that use this particular research method for this particular region, we 

feel comfortable to use variables that have proven to have an effect on stock 

returns in other regions and compare the results to those studies. We have 

chosen four domestic macroeconomic variables (inflation, interest rate, 

exchange rate and M1 money supply) and two global macroeconomic 

variables (prices of gold and oil). 

The Consumer Price Index (CPI) is the most common variable to describe 

inflation. Inflation raises the general price levels, which causes the real value 

of money to decrease, which in turn leads to a reduction of future cash flows 

from assets, excluding assets that have bound their coupon payments to 

inflation rates, such as inflation-indexed securities. General financial theory 

agrees that nominal rates of financial assets move parallel with expected 

inflation. Fisher (1970) was the first to discover this and thus it is since known 

as “the Fisher effect”. Mukherjee and Naka (1995) discovered that short and 

long term rates influences, through nominal risk-free rate, the discount rate.  

Consequently, expectation is that market returns would correlate negatively 

with interest rates, because of the discount factor effect or the inflationary 

effect. However, Chen, Roll and Ross (1986) discovered that in most cases 

the actual interest rate is not as likely to affect market returns as the yield or 

the default spread.  

Various studies have examined the relation of money supply and stock 

returns and the connection between the two has been established in several 

cases. Rogalski and Vinso (1977) found a bidirectional connection between 

money supply and stock returns, Bilson et al (2001) discovered that money 

supply has a unidirectional effect on stock returns, in the case of emerging 

markets where monetary policy is not often credible, which can cause inflation 
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uncertainty and through that, new innovations in money supply might have a 

negative effect towards stock returns. 

The relationship between exchange rates and stock return can be explained 

by a simple financial theory. In most emerging markets imported goods 

largely compose the inputs for the production and when the currency of the 

country increases, the amount of imported goods decrease, which means that 

the production inputs decrease as well. Generally, appreciating currency 

causes money supply and reserves to increase, and interest rates to 

decrease. All this reduces the cost of capital, which means that imported 

goods start to increase once more, which then increases stock returns. Bilson 

et al. (2001) discovered that domestic currency which is devaluating, has a 

negative effect towards stock returns in the emerging markets. 

The price of oil was chosen as one of the global variables because it is 

considered as one of the more common variables to represent a global 

macroeconomic factor (see Chen, Roll and Ross 1986; Jones and Kaul 

1996). It is widely accepted that the increase in oil prices affects the capital 

markets by increasing uncertainty and creating more inflationary pressure in 

the economy. For example, increasing oil prices are affecting companies by 

increasing their production and transportation costs, consequently reducing 

their profits.  

Gold was chosen for the final macroeconomic variable. Gold is considered to 

be a relatively stable investment in volatile emerging markets and can be 

described as one of the most common safe haven assets. Some previous 

studies have examined the relation between gold prices and stock returns 

(see e.g. Smith 2001), however we were not able to find any studies where 

this relation was examined in Latin America.
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3.3 Methodology 

The 6-month rolling window correlation analysis is applied to examine if the 

correlation between the macroeconomic variables and selected markets is 

time varying.  

The first order Vector Autoregressive (VAR (1)) model is used as the mean 

equation to estimate the conditional mean returns of all variables. The model 

is most commonly written as follows:  

                                  

                  (13) 

                             , 

where the variables are depending on the error term   , and the immediate 

past values of     and    . (Brooks 2008, 290) 

The GARCH (1, 1) - BEKK model is used to analyse the co-movements in the 

conditional variance and covariance of a time series. The bivariate GARCH 

(1) - BEKK model has been used extensively to study volatility linkages 

between markets (see e.g. Caporale et al., 2006; Berne et al., 2009). 

However, this particular model has not been used to examine there are not 

that many studies that have examined the interdependence of 

macroeconomic variables, stock returns and stock volatility (see e.g. 

Türkyılmaz and Balıbey 2013). The purpose of this thesis is to contribute to 

that scarce group of studies. With the bivariate GARCH (1, 1) - BEKK model, 

we are pairing each market with each macroeconomic variable to see if the 

sample stock markets are exposed to past shocks and volatilities, of the 

selected macroeconomic variables. Also, we are examining if the 

macroeconomic variables are exposed to the past shock and volatilities of the 

sample stock markets.  

The bivariate GARCH (1, 1) - BEKK model can be defined as follows:  
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 ,           (14) 

where    represents the variance equation of the parameter matrices.    is 

the restricted upper triangular part of the matrix.     and    denotes the 

unrestricted 2 x 2 parameter matrices. The two variables     and     

measure the ARCH- and GARCH-effects. The diagonal element of    , 

captures the effects of own shock to the market, also known as the ARCH-

effect. The off-diagonal elements of    denotes to the cross-market ARCH-

effect, also known as shock transmission between variables. The diagonal 

    captures the GARCH-effects or the information that resonates from past 

volatility. The off-diagonal GARCH-effect denotes the volatility spillovers 

between the two variables. For example, whether shocks in oil prices affect 

the returns or the volatility in Brazil, or if a sudden increase of volatility in oil 

prices spills over to the Brazilian market. (Caporale et al., 2006; Bauwens et 

al. 2006; Brooks, 2008, 435; Tsay 2005, 451-452) 

The individual elements at second moment can be written as:  
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The model can be open by multiplying the elements in the matrix. After 

opening the matrix we have:       

                    

         
     

      
                         

      
      

        

                   
       ,                (16) 

                        
                                       

  

                                                           (17) 



35 
  

        
    

     
      

                       
      

     
        

                 
       ,                 (18) 

 

 

 

 

 

 

 

 

 



36 
  

4 EMPIRICAL RESULTS 

This chapter presents the main results from the VAR (1) – GARCH (1) - 

BEKK model and the 6-month rolling window correlation analysis. 

4.1 Correlation analysis 

The purpose of the 6-month rolling window correlation analysis is to 

demonstrate how volatile correlation is between these variables in our sample 

markets.  

Graph 1 shows the correlation of Argentina’s stock returns against inflation, 

interest rates, money supply, oil prices and gold prices. The graph illustrates 

that the correlations in Argentina have been volatile during the sample period 

(January 2000 – December 2014).  It seems that the correlations between the 

variables have been more volatile in the beginning of our sample. In 2001 – 

2002, Argentina was suffering from period of hyperinflation as the result of the 

2001 currency crisis, which caused volatile movements. Graph 1 suggests 

that in Argentina, the currency crisis and its aftermath caused more volatile 

movements in the correlations than the collapse of Lehman Brothers in 2008.  

The correlation between stock returns and inflation had been only slightly 

negative between 2000 and 2002. However, by December 2002 the 

correlation increased to 0.26, but soon after it plummeted back to negative. 

The lowest correlation was recorded in June 2005, when correlation dropped 

to -0.22. Since 2005 it has remained close to zero, moving only between -0.1 

and 0.1. Interest rate and stock return correlation fell from close to zero in 

April 2001 to -0.71 in June 2002. Since then the correlation has remained 

negative, however it has been gradually rising towards zero correlation. In 

May 2013, correlation changed from negative to positive, where it has 

remained to this day. Correlation between exchange rate and Argentine stock 

returns exhibited large movements between September 2004 and April 2005. 

During this 6-month period, correlation dropped from 0.2 to nearly perfect 
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negative correlation (-0.99). Ever since, it has been gradually moving back 

up, yet still remaining negative. The volatile trend continues also with money 

supply. Money supply and stock return correlation exhibited large movements 

after the currency crisis of 2001. Between July 2002 and October 2003 

correlation fell from 0.45 to -0.43, and after 2003 it began to rise and 

continued to do so for the next two years, finally reaching 0.49 in January 

2005. However, six months later it had fallen substantially and changed from 

relatively strong positive correlation to negative (-0.38). In 2006, the 

correlation between the two variables was close to a zero correlation, and it 

has stayed near that ever since, not even the collapse of Lehman Brothers 

seemed to cause any substantial movements in the correlation. The 

correlation between gold and stock returns exhibited large movements 

between May 2002 and April 2006. During this period, correlation fluctuated 

on three different occasions between 0.7 and -0.2, indicating a very volatile 

period between the two variables. After 2006, movements calmed down and 

remained close to 0.2. The correlation between oil and stock returns in 

Argentina were positive in the first four years of the 21st century and 

fluctuated between 0.8 and 0.2, however, between March 2004 and June 

2005, correlation dropped from 0.78 to -0.37. For the next two years the 

correlation remained negative but was gradually approaching zero 

correlation. In 2008, in the aftermath of the sub-prime crisis of 2008, 

correlation fell from a steady positive correlation (0.54) to no correlation. More 

recently, correlation has been fluctuating between 0.65 and zero correlation, 

indicating volatile movements. 
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Graph 1. Moving 6-month conditional correlation between Argentine stock 

returns and the macroeconomic variables. 

Graph 2 displays the 6-month rolling window correlation between Brazil’s 

stock returns and the macroeconomic variables. The correlation graph shows 

the volatile nature of the correlation between the variables. Correlation 

between Brazil’s stock returns and inflation exhibited volatile movements 

during the full sample period, however correlation was not highly positive or 

negative. It was fluctuating between 0.30 and -0.20, meaning that the 

correlation between the two variables was not that significant. The largest 

movements occurred between September 2001 and July 2002, when the 

correlation declined from 0.26 to -0.26. However, by the end of 2002 the 

correlation had climbed back to 0.24, and reached its peak of 0.34 in March 

2004. Five months later, it had again dropped to -0.1. Between 2004 and 
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2006 the correlation increased to 0.21, however by August 2009 the 

correlation had reached its lowest point of -0.31. The rapid fall started after 

the famous fall of the Lehman Brothers in 2008. Soon after, the correlation 

was back at low positive correlation (0.2) where it stayed until 2011, however, 

in 2012, correlation had declined again to -0.10 and stayed there until March 

2014. Since then, correlation has been positive but remained close to zero 

correlation. In similar fashion, correlation between interest rate and stock 

returns has also been very volatile throughout the sample period. It has been 

fluctuating between relatively high positive correlation and low negative 

correlation. However, July 2002 and September 2006 show large negative 

correlation between the variables, at -0.82 and -0.62 respectively.  The 

highest positive correlations are recorded in September 2001 (0.49), 

November 2005 (0.54) and May 2008 (0.45), and after the crisis, caused by 

the fall of Lehman Brothers, the correlation dropped to negative again, and for 

the past six years it has stayed negative and close to zero correlation. While 

inflation and interest rate has shown very volatile behaviour, exchange rate 

has been most stable during the sample period. Generally, correlation has 

been high and negative, fluctuating between -1.0 and -0.47. The high 

negative correlation here means that the Brazilian stock returns and 

exchange rate have an inverse relationship, where the movements in 

exchange rates results in opposite movements in stock returns. On the other 

hand, money supply exhibited similar behaviour as inflation and interest rate, 

where correlation remained highly volatile throughout the sample period. 

Correlation between money supply and Brazilian stock returns show large 

movements from high positive correlation (0.66) in November 2005, to 

relatively high negative correlation (-0.52) in June 2010. Especially volatile 

period occurred from March 2005 to June 2010, when correlation changed 

from positive to negative nine times. While domestic macroeconomic seem to 

have been volatile during the sample period, the two global macroeconomic 

variables gold and oil also showed extremely volatile behaviour. For example, 
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correlation between gold and Brazilian stock was fluctuating throughout the 

sample period, however it remained positive for the most part. Only in two 

separate occasions, correlation dropped from positive to negative; in 

February 2007 and August 2014. The most volatile period occurred between 

October 2003 and October 2008, when the correlation fluctuated between 

0.76 and -0.1. Furthermore, correlation between oil prices and stock returns 

also exhibited large and volatile movements during our sample period. The 

graph shows that correlation increased for a long periods, which were 

followed by steep declines. Between November 2000 and February 2002 

correlation dropped from 0.36 to -0.48, and in the following three years 

correlation had climbed back to 0.35. A larger drop occurred March 2006, 

when correlation dropped in six months to -0.51. Since then it was gradually 

rising until October 2013, excluding a few minor drops. More recently a large 

drop in correlation was captured between 2013 and 2014 when correlation 

dropped from a relatively strong positive correlation (0.54) to zero correlation 

(-0.02).  
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Graph 2. Moving 6-month conditional correlation between Brazilian stock 

returns and the macroeconomic variables. 

In Chile, the correlation between inflation and stock return exhibits very large 

changes from positive correlation to negative correlation, as shown in Graph 

3. For the first two years of the sample period the correlation between inflation 

and stock returns was close to zero. This stable period was followed by a 

short period when correlation increased to 0.26, however a sharp decline 

occurred soon after, and correlation fell to -0.54. This was followed by a 

period of gradual increase for the next 18 months and by April 2004 the 

correlation was again positive (0.34). Between November 2005 and 

September 2008, exhibited the largest drop when correlation dropped from 

0.34 to -0.56. Between 2006 and 2008 the correlation rose close to zero and 

remained there nearly a year, however, next year it dropped back to -0.4. In 
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2010, the correlation between inflation and stock returns increased rapidly to 

0.48, which was followed by an almost equal decline. Since then, correlation 

has stayed close to zero and has not exhibited volatile movements. The 

correlation between stock returns and interest rate has been almost equally 

volatile as the correlation between stock returns and inflation. The most 

volatile period seemed to be between 2002 and 2007, when correlation was 

fluctuating between 0.42 and -0.32. During that period it exhibited three rapid 

increases and three equally large declines. That highly volatile period was 

followed by a more stable period when the correlation stayed negative and 

relatively close to zero. More recently, correlation has had volatile fluctuations 

between 0.43 and -0.1 and in the past four years include three rapid 

increases and three equal declines. Unlike the other macroeconomic 

variables in Chile, correlation between exchange rate and stock returns have 

been least volatile during the sample period. The graph shows that the 

correlation has been mostly negative and strongly fluctuating between -0.55 

and –0.8, which indicate that exchange rate has the clearest negative 

relationship out of the macroeconomic variables in Chile. Money supply does 

not have a strong correlation with stock returns as the graph shows. During 

the sample period, correlation has fluctuated between 0.1 and -0.34 and for 

the most part it has been negative. As for the global macroeconomic 

variables, gold exhibits mostly positive correlation with Chilean stock returns 

with fluctuation between very high positive correlations of 0.77 and very low 

negative correlation of -0.17. Between 2003 and 2004, correlation increased 

from -0.04 to 0.77, after it declined to almost zero (0.09) by June 2005. 

Between 2006 and present, correlation has inclined rapidly on three different 

occasions (2006, 2010 and 2013), whereas it declined four times (2007, 

2008, 2012 and 2014). However, the correlation has been for the most part 

positive and weak, excluding few occasions when it reached 0.6, which can 

be considered as strong positive correlation. Oil correlation with stock returns 

also exhibited volatile fluctuations during the sample period; between 2000 
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and 2003, correlation was relatively weak but stable, fluctuating between 0.5 

and 0.2. However, in the end of 2003, correlation started to gradually 

increase and by March 2004 it had reached 0.81, which is considered as 

strong positive correlation. However, in the following six months, it had 

declined to zero correlation. A calmer period followed when correlation 

remained weak and fluctuated only between 0.4 and -0.2. 

 

Graph 3. Moving 6-month conditional correlation between Chilean stock 

returns and the macroeconomic variables. 
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Graph 4 shows the volatile nature of correlation between macroeconomic 

variables and stock returns in Colombia. The first graph shows the correlation 

of inflation and stock returns, and it indicates a relatively stable negative 

correlation between the two variables. The most volatile period occurred 

between August 2004 and September 2006, when correlation declined first 

from 0.12 to -0.26; another decline followed a year later when correlation 

dropped to -0.41 in September 2006. Since 2010 correlation has mostly been 

negative but close to zero correlation, meaning that stock returns and inflation 

were not correlated with each other. While inflation correlation has been 

relatively calm, interest rate correlation has been quite the opposite. 

Correlation between interest rate and Colombian stock returns exhibited 

volatile fluctuations between 2002 and 2007, when it changed six times 

between 0.42 and -0.31. From 2008 to 2010 correlation remained negative 

between -0.1 and -0.3. More recently the correlation between interest rate 

and stock returns has exhibited large movements between 0.43 and -0.11. 

Just like in Argentina, Brazil and Chile, exchange rate was negatively 

correlated with stock returns, but also it was relatively stable. The correlation 

fluctuated between -0.44 and -0.75, meaning that the variables have quite a 

strong negative correlation with each other. Only one large movement 

occurred in 2005, when correlation declined from -0.48 to -0.77, however in 

the next 10 months correlation was back at -0.5. The correlation of money 

supply and stock returns was fluctuating between zero and -0.34,  and 

exhibiting low negative correlation for almost throughout the entire sample 

period. The graph shows that correlation has been relatively volatile during 

the sample period, however the movements are not as large as with some of 

the other macroeconomic variables. Similar behaviour was found with gold 

correlation. The graph shows a volatile behaviour of the gold/stock return 

correlation, however it seldom dropped to negative. Also, it only fluctuated 

between 0.35 and zero, meaning that the correlation between the two 

variables is not considered strong. The correlation between oil and 
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Colombian stock returns was quite the opposite. The graph shows very large 

movements between the two variables in the first four years of our sample 

period. During that time, correlation declined from 0.2 to -0.4 in the first year. 

For the next 15 months, it gradually increased and finally peaked at 0.79, 

marking a strong positive correlation between the two variables. However, a 

large decline was followed, when it declined to zero. Since 2004, correlation 

fluctuated between zero and 0.6, however the increases and declines were 

not very steep.  

 

Graph 4. Moving 6-month conditional correlation between Colombian stock 

returns and the macroeconomic variables. 
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Graph 5 shows the correlation graphs in Mexico. From the first graph one can 

see that correlation between inflation and Mexican stock returns exhibited 

largest movements between November 2000 and February 2006, when it 

shifted six times between 0.55 and -0.58. After February 2006, correlation 

began to close in on zero correlation, and reached it in 2008. Between 2009 

and 2013, correlation was weak and shifting between 0.15 and -0.3. By late 

October 2013, correlation was at strong and positive (0.53), however within a 

year it declined to strong and negative (-0.55). In similar fashion, also interest 

rate correlation with stock returns experienced volatile movements. The most 

volatile period occurred between January 2000 and April 2006, when 

correlation moved between a weak positive correlation of 0.12 and a strong 

negative correlation of -0.77. Overall, correlation was negative almost the 

entire period, and after 2006, it has been fluctuating between zero correlation 

and -0.74. However, like the graph shows, correlation approached zero 

correlation between 2006 and 2010. More recently, the correlation has been 

weak and negative, which means that interest rate and Mexican stock returns 

are not correlating strongly with each other. Similarly, correlation between 

exchange rate and stock returns was negative for the entire sample period. 

Also, it did not exhibit large and volatile fluctuations like the other variables 

did. The graph shows that correlation was moving between weak (-0.28) and 

strong (-0.88) correlation, but overall it has remained strong and negative at -

0.6. Money supply had a much larger movements with correlation than 

exchange rate. It fluctuated between strong negative (-0.63) correlation and 

weak positive (0.35) correlation, however overall the correlation was closer to 

-0.2, suggesting a weak negative correlation. The most volatile period 

occurred between April 2001 and July 2007, when correlation exhibited eight 

rapid inclines and declines. After this highly volatile period, a few calmer 

years followed, when correlation was close to -0.2. More recently, it has 

remained close to zero correlation. The two global macroeconomic variables 

gold and oil were quite the opposite compared to exchange rate and money 
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supply. Gold correlated positively with Mexican stock returns, however the 

correlation between the two was not that strong, and only briefly it jumped to 

a level that could be considered as strong correlation. As the graph shows, 

correlation between the two variables have been weak and for the most of the 

period correlation has been somewhere between 0.0 and 0.3. The largest 

movements in the correlation occurred between 2000 and 2006, when it 

moved rapidly between zero correlation and strong positive correlation (0.6). 

After 2006, there was a few rapid movements, but not too significant in size. 

The largest post-2006 movements occurred from 2007 to 2011, and from 

2012 to 2014, when correlation moved between 0.0 and 0.46. In similar 

fashion, oil correlated positively with stock returns and the graph shows that 

correlation moved between zero correlation and strong positive correlation. 

The largest changes in correlation occurred between 2000 and 2002, when it 

increased from 0.0 to 0.6 in two years. However, a large decrease occurred 

between 2005 and 2007, during those two years correlation decreased from 

relatively strong correlation (0.53) to a near zero correlation (0.09). More 

recently, it has been climbing from near zero correlation towards relatively 

strong positive correlation (0.5).  
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Graph 5. Moving 6-month conditional correlation between Mexican stock 

returns and the macroeconomic variables. 

Graph 5 shows the correlation graphs in Peru, and the graph indicates that 

correlation movements in Peru are not as volatile as in the other markets. The 

first graphs shows that the correlation between inflation and Peruvian stock 

returns was mostly positive from 2000 and 2007. The largest correlation 

fluctuations occurred between August 2004 and February 2007, when it was 

moving between a strong positive correlation (0.65) and near zero correlation 

(-0.14). Since 2007, correlation has remained negative and close to zero, 

however, a few large fluctuations occurred between 2008 and 2010, when 

correlation shifted between weak positive (0.3) correlation and weak negative 

correlation (-0.36). In August 2014, correlation between the two variables was 

relatively high and negative (-0.48), however by the end of our sample period, 
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it decreased to a near zero correlation (0.06). On the other hand, interest rate 

was exhibiting much calmer fluctuations than inflation. Also worth mentioning, 

that correlation between the two variables was weak, which suggests that a 

change in one variable does not have a large impact on the other variable. 

The largest swings occurred between 2002 and 2007, when correlation was 

fluctuating between 0.26 and -0.25. Also in 2014 correlation climbed from -

0.21 to 0.1 in six months. For the rest of period, correlation was shifting 

between -0.2 and -0.1, which meant that the variables had a weak negative 

correlation with each other. As for exchange rate, the correlation between 

stock returns was quite similar with the other markets. In Peru, correlation 

was mostly negative and ranging between zero and weak negative correlation 

(-0.4), however, on a few occasions such as October 2003, correlation 

decreased rapidly to -0.77, meaning that for that short period correlation 

between the two variables had a strong negative correlation with each other. 

Also, in 2013 correlation increased rapidly from -0.29 and to 0.46 in six 

months, meaning that correlation changed from weak negative correlation to 

relatively strong positive correlation. While exchange rate correlation was 

relatively volatile, money supply on the other hand, has remained quite stable 

at zero. The graph shows that correlation between money supply and stock 

returns were not highly correlated with each other, and that throughout the 

sample period correlation has been between 0.13 and -0.22. The global 

macroeconomic variables, gold and oil, however, exhibited more volatile 

movements. Gold was strongly and positively correlated with Peruvian stock 

returns, meaning that correlation has been closer to 1 than 0. The mean for 

the entire sample period is between 0.5 and 0.6, suggesting a strong positive 

correlation between the two variables: However, in few occasions correlation 

jumped close to near perfect correlation of 1. For example, after 2005, 

correlation increased from 0.42 and reached 0.74 in August 2009. However in 

2010, it declined to 0.28, where it stayed for the next 6 months. After that it 

started to increase rapidly and in less than a year, it was back at 0.7. Another 
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large decline occurred between October 2013 and December 2014, when 

correlation decreased from 0.76 to 0.38. In similar fashion, oil exhibited 

extremely volatile movements during our sample period. For the most part, 

correlation remained positive, but not as strong as with gold price. 

Regardless, it exhibited larger movements than any other variables in the 

Peruvian market. The most volatile period occurred between 2000 and 2004, 

when correlation was rapidly fluctuating between 0.72 and -0.16. This volatile 

period was followed by a relatively calm period (2004 – 2009), when 

correlation was ranged between 0.55 and 0.2. More recently, it exhibited 

large movements and in May 2013 correlation fell, in 10 months, from 0.48 to 

-0.11. However, six months later it had climbed back to 0.67, only to 

experience yet another rapid decrease to almost zero correlation.  
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Graph 6. Moving 6-month conditional correlation between Peruvian stock 

returns and the macroeconomic variables. 

4.2 Mean return dependencies, shock transmission and volatility spill-

overs 

This section explains our empirical results from the VAR (1) – GARCH (1, 1) - 

BEKK model. Table 2 reports the conditional mean return (Panel A) and 

variance equations (Panel B and C). 

4.2.1 Mean return dependencies 

 

Panel A reports the estimated parameters of the conditional mean equations 

of the VAR (1) model. All sample markets are paired with each 

macroeconomic variable, and each pair is examined to see if they are 

depending on their own past returns, or if there are any return dependencies 

between the two variables. Monthly data is not ideal when trying to capture 

mean return dependencies, because it only displays the end-of-the-month 

values, and much can happen during 30 days. To properly examine the mean 

return dependencies, daily data is recommended, and for that reason, the 

mean return dependencies presented here can be considered only as 

suggestive. The empirical results from Panel A do not give an definite answer, 

which would indicate that stock returns in Argentina, Brazil, Colombia, Chile, 

Mexico and Peru are depending on their own past returns. This is most likely 

due to the fact that monthly data was used, instead of daily data. However, it 

is safe to assume that stock returns in these sample markets are depending 

on their own past returns. 

Furthermore, empirical evidence was found that return dependencies exist 

between stock returns and macroeconomic variables. In Argentina, past 

returns of inflation (1%), interest rate (10%), exchange rate (10%) and money 

supply (5%) affects positively and significantly to current stock returns. On the 
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other hand, interest rate (5%), money supply (10%) and oil (5%), are affected 

by the past returns of the Argentine stock market. The impact was negative to 

interest rate, and positive money supply and oil. Brazilian stock returns were 

affected positively by the past returns of money supply, however the impact 

was weak (10%) in terms of significance. Oil was the only macroeconomic 

variable that was affected by the past Brazilian stock returns. The impact was 

positive but also weak (10%). In Chile, the current stock returns were affected 

positively and significantly by the past values of interest rate (5%), exchange 

rate (10%) and money supply (5%). Additionally, past returns in the Chilean 

stock market affected negatively to current values of inflation and exchange 

rate, and positively to money supply and oil. In terms of significance, the 

impact was at 5% risk level with inflation, exchange rate and money supply, 

whereas with oil, the impact was weak at 10% risk level. Colombia current 

stock market returns were affected positively and significantly by the past 

returns of inflation (5%), interest rate (5%), money supply (5%), gold (5%) and 

oil (10%). In addition, past stock returns affected inflation (5%) and money 

supply (5%) significantly and negatively. In Mexico, only past returns of 

exchange rate (1%) affected the current stock returns significantly and 

positively. Additionally, the past returns of the Mexican stock market affected 

the current returns of interest rate (5%), money supply (5%) and oil (1%). The 

impact was negative to interest rate and money supply, and positive to oil. In 

Peru, the past returns of interest rate (5%), exchange rate (10%) and oil (1%) 

affected the current stock returns in the Peruvian stock market. The impact 

was positive with interest rate and oil, and negative with exchange rate. No 

evidence was found that past stock returns in the Peruvian stock market were 

affecting the current values of any of the macroeconomic variables.  
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Table 2. Mean return spillovers, shock transmission (ARCH effect) and volatility spillovers (GARCH effect) from 2000-

2014. 

Panel A reports the individual mean return spillovers between each sample market (Argentina, Brazil, Chile, Colombia, 

Mexico and Peru) and their local and global macroeconomic variables (inflation, interest rates, exchange rates, money 

supply, gold and oil). Bivariate VAR (1) model is used to capture the return dependencies, the off-diagonal shock 

transmission (ARCH effect) and volatility spillovers (GARCH effects) are estimated using the GARCH (1, 1) - BEKK 

model. In Panel B and C, the leading diagonals report the own market ARCH and GARCH effects, respectively, also 

estimated with GARCH (1, 1) model. RI denotes Total Return, which marks the total stock return for each market.  The 

significance of the parameters is reported with asterisks, indicating significance at 1% (***), 5% (**) and 10%(*) at risk 

levels.  

    RI-Inflation RI-Interest rate RI-Exchange rate RI-Money supply RI-Gold RI-Oil 

Panel A: Mean equation 

ARG 
Mean 1 0.0000 0,2331*** -0,0669** 0,1475* -0,4979*** 0,1135* 0,3563* 0,1704** -0,0099 -0,0859 -0,0024 0,0815 

Mean 2 0,5048*** -0,1216 -0,1413* -0,2545** 0,4172*** 0,00003 0,0458 0,0508* -0,1909* 0,0156 -0,0477 0,0938** 

BRA 
Mean 1 -0,0122 0,0906 -0,5418*** -0,0579 -0,3333* -0,0603 0,086 0,1288* 0,0019 0,0741 -0,0406 0,0487 

Mean 2 0,2749*** 0,0252 0,5656*** 0,0166 0,121 -0,0131 0,2166*** -0,0176 -0,1283 0,0503 -0,1432* 0,1112* 

CHI 
Mean 1 -0,0229 0,1343 0,0201 0,1763** 0,071 0,1877* -0,0505 0,1973** -0,0843 0,0534 -0,0412 0,1191 

Mean 2 0,2111** -0,4678** 0,2955** -0,138 -0,0367 -0,1055** 0,0171 0,0758** -0,0561 0,0535 0,0095 0,1554* 

COL 
Mean 1 -0,0121 0,1858** 0,02 0,1763** -0,4294*** 0,0967 0,115 0,1459** 0,0256 0,1639** -0,0159 0,1239* 

Mean 2 0,3953*** -0,1074** 0,2955** -0,128 0,0946 -0,0165 -0,2371*** -0,084** -0,1211 0,0389 0,0671 0,0825 

MEX 
Mean 1 -0,0861 0,0722 -0,0189 -0,0117 0,7909*** 0,2684*** 0,1323 -0,0397 -0,1841** 0,0292 0,052 0,0795 

Mean 2 0,2507*** -0,0336 0,0807 -0,0730** -0,1448* -0,005 0,0318 -0,0606** -0,0708 0,02572 0,1067 0,3361*** 

PER 
Mean 1 -0,0055 -0,1288 0,0993 0,1514** -0,2718 -0,1715* 0,1025 0,1077 -0,3026** -0,0004 -0,1255** 0,1996*** 

Mean 2 0,2438*** -0,0681 0,3570*** -0,0095 0,1168 0,0128 -0,3212*** -0,0002 -0,1181 -0,0101 -0,0197 0,0531 
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  Argentina Brazil Chile  Colombia  Mexico Peru 

Panel B: Shock Transmission (ARCH effect) 

RI1, 1 0,0153 0,7061*** 0,5038* -0,2805*** 0,6476*** 0,4239*** 

RIInflation 1, 2 -1,3028*** -0,063 -0,6316** 0,0925 0,0392 -0,101 

InflationRI 2, 1 0,1227* -0,1578 0,0952** -0,0996 0,1454 0,0295 

Inflation2, 2 0,03832 0,014 0,7099*** 0,3649*** -0,5401 0,6537*** 

RI1, 1 0,3677*** 0,3135*** 0,2338*** 0,0252 0,4938*** -0,0337 

RIInt. Rate 1, 2  -0,1928 0,0045 -0,2108 0,1210*** 0,084 0,1912*** 

Int. rateRI 2, 1 -0,1181** 1,5254*** 0,0815 -0,3518* -0,0646 0,0166 

Int. Rate2, 2 0,5028 0,3262*** 0,8738*** 0,4532*** 0,5081*** 0,7522*** 

RI1,1 0,1942*** 0,1887 -0,0267 0,1005** 0,0735 0,3864*** 

RIex. Rate 1, 2 0,027*** -0,1666* 0,1835*** 0,0542** 0,1639 -0,008 

Ex. rateRI 2, 1 -1,9296*** -1,0368*** -0,7668 -0,6462*** -1,4569*** 1,4091 

Ex. Rate2, 2 1,6140*** 0,4390** 0,8006*** -0,6662*** 1,1061*** 0,6200*** 

RI1, 1 -0,4919*** -0,3262*** 0,6080*** 0,0637 0,5299*** 0,5042*** 

RIMoney supply 1, 2 0,1030*** 0,0582* 0,0028 -0,0172 0,0259 0,0433 

Money 
supplyRI 2, 1 

0,4032 0,3852* -1,163*** -0,0733 0,0901 0,4046** 

Money 
Supply2, 2 

0,4938*** 1,4169*** 0,1511 0,1759*** 0,9960*** -0,0781 

RI1,1 0,5148*** 0,6098*** -0,2819*** -0,1043 0,4002*** 0,5818*** 

RIgold 1, 2 0,1459*** 0,1190** -0,3544*** -0,069 0,0837 0,2458*** 

GoldRI 2, 1  -0,0942 -0,6995** 0,7075*** 0,3571** -0,4472*** -0,3119** 

Gold2, 2  -0,2599** -0,4385*** 0,2271*** 0,3218*** -0,3826*** -0,3219** 

RI1, 1 0,4208*** 0,4901*** 0,4430*** 0,4144*** 0,204 0,4284*** 

RIOil 1, 2  -0,0278 0,1710** -0,0841 -0,0119 0,4164** 0,0901 

OilRI 2, 1 0,1163 0,0047 0,0499 0,1269 0,4917*** 0,1464 

Oil2, 2 0,6321*** 0,5043* 0,6699*** 0,4648*** -0,0041 0,6251*** 

 
Panel C: Volatility spillovers (GARCH effect) 

RI1, 1 0,6753*** -0,1724 0,2595 0,9305*** -0,5250*** 0,8020*** 

RIInflation 1, 2 -0,0277 -0,1986 -0,5277 0,02578 0,278 0,1562 

InflationRI 2, 1 -0,3238*** 0,0001 0,1474 -0,0057 -0,3103 -0,0131 

Inflation2, 2 -0,0405 0,5606* -0,2077 0,9312*** 0,4483*** 0,8131*** 
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RI1, 1 -0,3823* -0,2252 0,7734*** 0,9181*** 0,4597*** 0,9583*** 

RIInt. Rate 1, 2  -0,3992** 0,0397 -0,4722*** 0,0195 0,0468 -0,1090*** 

Int. rateRI 2, 1 -0,0689 -0,4158 -0,0533 0,1842* -0,0735 0,1869** 

Int. Rate2, 2 0,8302*** 0,9371*** 0,5592*** 0,8385*** 0,8792*** 0,6911*** 

RI1,1 0,8588*** 0,8939*** -0,8834*** -1,0734*** 0,9932*** 0,0104 

RIex. Rate 1, 2 -0,0017 0,0547 0,1569 0,0691*** -0,0549 0,1136*** 

Ex. rateRI 2, 1 0,6985*** 1,6634*** -2,4544*** -2,7148*** 2,0373*** -3,7270*** 

Ex. Rate2, 2 0,3370*** 0,02725 0,9567*** 0,8809*** -0,2641 0,6424*** 

RI1, 1 -0,2218 0,477 -0,0032 0,9618*** 0,5483*** 0,7877*** 

RIMoney supply 1, 2 0,0784 0,1463** 0,2452*** 0,1367*** 0,2025*** -0,0185 

Money 
supplyRI 2, 1 

2,000*** -0,0861 -0,9699 -0,4687*** 0,0009 -0,0446 

Money 
Supply2, 2 

0,0059 0,0067 0,5270* 0,9388*** -0,1208 0,9866*** 

RI1,1 0,6869*** 0,5496*** -0,6517*** 0,5890*** 0,7758*** 0,7415*** 

RIgold 1, 2 -0,072 -0,1287* -0,5006*** -0,4008*** -0,0968 -0,1367** 

GoldRI 2, 1  0,9695* -0,1746 0,4801* 1,0075*** -0,2579 0,2585 

Gold2, 2  -0,3391 0,7315*** 0,0038 0,7489*** 0,7064*** 0,7404*** 

RI1, 1 -0,451 0,4339*** -0,073 0,7414*** 0,1832 0,6939*** 

RIOil 1, 2  0,1615 -0,3885*** -0,1179 -0,3394*** -0,9547*** -0,4954** 

OilRI 2, 1 0,6452** -0,2129** 0,043 0,0633 0,1790** 0,0904 

Oil2, 2 0,6889*** 0,7043*** 0,7492*** 0,8328*** 0,8877*** 0,2269 
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4.2.2 Shock transmissions 
 

Panel B displays the shock transmission between the markets and 

macroeconomic variables. The leading diagonals indicate that all six markets 

are affected significantly by their own past shocks, also the macroeconomic 

variables are affected by their on past shocks. 

The off-diagonal values in Panel B capture the shock transmissions between 

the markets and the macroeconomic variables. General economic literature 

states that inflation has a negative effect to stock returns, meaning that an 

increasing inflation has an opposite reaction to stock returns. Table 3 shows 

the full sample results for shock transmissions from inflation to conditional 

volatility of stock returns. In the full sample period, shock transmissions were 

captured only in Argentina and Chile. Meaning that the stock returns, in 

Argentina and Chile were affected negatively to inflation news shocks. The 

shock effects were highly significant (1%) in Argentina and slightly weaker 

(5%) in Chile. However, the sub-period results revealed additional shock 

transmissions in other markets. The first sub-period (see Appendix 1) 

revealed significant shock transmissions in Argentina (1%), Chile (1%) and 

Mexico (10%). The shock effect was negative in Chile and Mexico, whereas 

in Argentina stock market had a positive reaction to inflation news 

announcements. This means that stock market react in parallel with inflation. 

The second sub-period (see Appendix 2) exhibited shock transmissions in 

Argentina (1%), Brazil (1%), Chile (5%) and Colombia (1%). The shock effect 

was positive in Argentina and Colombia, and negative in Brazil and Chile. 

Positive shock effect suggests that stock returns have a parallel relation to 

inflation, whereas negative shock effect indicates an inverse relation.  

Furthermore, shock transmissions from stock returns to the macroeconomic 

variables were also captured. In full sample period, only Argentina (10%) and 

Chile (5%) exhibited significant shock transmissions to inflation, whereas in 



57 
  

the first sub-period significant shock transmissions were captured in Brazil 

(1%), Chile (5%) and Colombia (5%). The second sub-period exhibited three 

positive shock transmissions, in Argentina (5%), Chile (5%) and Mexico (1%), 

while negative shock effect was captured in Colombia (1%). Overall, these 

results suggest that inflation news announcements have affected all six 

markets at some point of our sample period, and that for the most part the 

relation was negative, which is in line with the general economic literature. 

The second sub-period contained more shock transmissions between stock 

returns and inflation than the first sub-period. This can be explained by 

economic turmoil that started from the fall of the Lehman Brothers in 2008.  

Generally both interest rate and inflation tend to have a negative effect on 

stock returns, however our results suggest that interest rate shocks have 

positive to stock returns in Latin America. Our full sample results indicate a 

positive and highly significant (1%) shock effect between interest rate and 

Colombian, and Peruvian stock returns. In the first sub-period, significant 

shock transmissions were captured in Argentina (1%) and Brazil (10%). The 

shock effect captured in Argentina was negative, meaning that interest 

shocks and stock return have an inverse relation with each other, whereas in 

Brazil the shock effect was positive. The second sub-period, contained only a 

single highly significant (1%) negative shock transmission from interest rate 

to Colombian stock returns. Additionally, the model was able to capture 

shock transmissions from stock returns. In the full sample period, Argentine 

(5%), Brazilian (1%) and Colombian (10%) stock returns experienced 

significant shock transmissions from interest rate. In the first sub-period, 

Brazil and Mexico exhibited highly significant (1%) shock transmissions from 

interest rate, whereas in the second sub-period, Brazil (1%) and Chile (10%) 

were the only markets that had significant positive shock transmissions to 

interest rate. Overall, interest rate had shock transmissions between our 

sample markets at some point of time. However, Mexico was the only market 
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that was immune to interest rate shocks, and Peru was the only market 

where stock return shocks did not affect interest rate. This can prove to be 

valuable information for foreign investors and policy makers.  

General economic literature recognises two different approaches that are 

able to explain the linkage between stock returns and exchange rate: the flow 

orientated approach (Dornbrush and Fisher 1980) and the stock orientated 

approach. (Branson 1983; Frankel 1983) The results from the full sample 

period indicate that the past shocks in the conditional volatility of exchange 

rate has a positive and statistically significant relation to the conditional 

volatilities of Argentinian, Chilean and Colombian stock returns, whereas 

Brazilian stock returns were subjected to negative shock effects. The first 

sub-period results revealed that only Argentina and Mexico were subjects of 

positive and highly significant (1%) exchange rate shock transmissions. In 

the second sub-period, three markets (Chile, Colombia and Peru) received 

significant shock transmissions from exchange rate. These results suggest 

that, in Argentina, Chile, Colombia and Mexico, the linkage between 

exchange rate and stock return follows the theoretical flow oriental approach. 

This approach assumes that the exchange rate influences stock return 

through trade balance or current account balance, meaning that exchange 

rate fluctuations are affecting international competitiveness and trade 

balance, thus affecting output and income. The negative linkage that was 

found in Brazil and Peru (sub-period 2) suggests that the linkage between 

stock returns and exchange rate can be explained by the stock oriented 

approach, where supply and demand of financial assets determine the 

exchange rate. Turning attention to the shock transmissions from stock 

returns to exchange rate. The results suggest a clear connection between the 

variables. The full sample period exhibited highly significant (1%) shock 

transmissions to exchange rate from Argentine, Brazilian, Colombian and 

Mexican stock returns. The sub-period results revealed significant shock 
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transmissions from Argentina (1%), Brazil (1%) and Chile (5%) in the first 

sub-period, while Argentina, Brazil, Colombia and Mexico had highly 

significant (1%) shock transmissions to exchange rate in sub-period 2. 

Overall, these results suggest a clear indication of interdependence between 

stock returns and exchange rate. All six markets exhibit significant shock 

transmissions with exchange rate at some point of the sample period. Again 

more shock transmissions are captured in the second sub-period compared 

to the first, which can only be explained by the 2008 financial crisis.  

The quantity theory of money states that money supply determines the long 

run price level in the economy. Changes in money supply generates a 

positive change in price level, and a negative change in value of money as a 

result of changes in the volatilities of credit supply and expected future cash 

flow (Friedmann and Schwartz 1970). Our results revealed that money 

supply had statistically significant shock transmissions to stock return 

volatility in Argentina (1%) and Brazil (10%), in the full sample period. These 

shocks had a positive relation to stock returns, meaning that stock returns 

reacted parallel to money supply news announcements. In the first sub-

period, only Mexico was subject to significant (10%) money supply shock 

transmission, which was also positive. In the second sub period, only Chile 

and Colombia received money supply shock transmissions and, in terms of 

significance, the shock effects were positive at 5% risk level in Chile, and 

negative at 1% risk level in Colombia. As the results suggest, stock returns 

were not affected much by money supply shocks, however, stock return 

shocks did have significant shock transmissions to money supply. In the full 

sample period, Brazilian (10%), Chilean (1%) and Peruvian (5%) stock return 

shocks were successfully captured, while spreading over to money supply. 

The first sub-period produced three significant shock transmissions from 

Argentine (1%), Chilean (1%) and Peruvian (10%) stock returns to money 

supply, while in the second sub-period shock transmissions were captured in 
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Chile (1%), Colombia (10%) and Mexico (5%). The shock effects were 

positive in Colombia and Mexico, whereas, in Chile the shock effect was 

negative. Overall, Argentina, Brazil, Chile, Colombia and Mexico were 

subjected to money supply shocks during the sample period, whereas Peru 

was the only market immune to money supply shocks. However, in all 

sample markets, money supply was affected by the stock return shocks.  

General financial literature agrees that in turbulent times, gold is trending 

higher than stock returns, which is why it is considered as a safe haven 

asset. Safe haven assets can be used as hedging instruments in the times of 

market stress. On average, hedging instrument is usually an asset that is 

non-correlated, or negatively correlated, with another asset. (Baur and Lucey 

2010) However, like our correlation analysis results suggested earlier, that in 

our sample markets, correlation between gold price and stock returns have 

been very volatile. Also, the correlation between the two variables has been 

positive on average, which suggests that gold might not the best possible 

hedge against stock returns in Latin America. However, the results from 

shock transmissions from gold revealed that four markets (Argentina, Brazil, 

Chile and Peru) exhibited significant shock transmissions from gold in the full 

sample period. The shock effect was positive in Argentina, Brazil and Peru, 

while in Chile the shock effect was negative. Also, the first sub-period did not 

present any shock transmissions from gold to the stock returns, but the 

second sub-period exhibited positive shock transmissions to all six sample 

markets. In Argentina, Colombia and Peru, the shock transmissions were 

highly significant (1%), while in Brazil and Chile the shock effect was slightly 

weaker at 5% risk level. The shock effect was weakest in Mexico where it 

was significant only at 10% risk level. The full sample results also revealed 

significant shock transmissions from stock returns to gold prices in Brazil 

(5%), Chile (1%), Colombia (5%), Mexico (1%) and Peru (5%). Negative 

shock effects were captured Brazil, Mexico and Peru, while in Chile and 
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Colombia the shock effects were positive. Significant negative shock 

transmissions were captured in Brazil (1%), Chile (10%) and Colombia (1%), 

in sub-period 1, while sub-period 2 presented negative shock transmissions 

in all six markets, meaning that in sub-period 2, gold could be used as 

efficient hedge against stock returns shocks. Overall, the results from Panel 

B confirm that gold price shocks are transmitted to stock returns in all sample 

markets. The full sample suggests that gold could be used a good hedge 

aginst stock returns shocks Brazil, Mexico and Peru. The sub-period data 

revealed that gold was a good hedge against stock return shocks in Brazil, 

Chile and Colombia in sub-period, whereas in the second sub-period gold 

could be used as a good hedge in all six markets.  

Economies that are dependent on oil, the general expectation would be that 

stock price would highly correlated with the change in oil price. Financial 

literature argues that oil influences stock returns through real economic 

activity, meaning that higher oil price, decreases earnings of those 

companies where oil is considered either a direct or an indirect operating 

cost. The expectation would be that oil shocks would transmit to our sample 

stock markets rather quickly, due to the fact, that all six markets are oil-

exporting countries. The Panel B result indicate that in the full sample period 

only Brazil (5%) and Mexico (5%) received positive shock transmissions from 

oil, meaning that changes in oil prices would result in a change of the same 

direction in stock returns. The sub-period 1, revealed negative oil shock 

transmissions to Argentine (10%), Colombian (1%) and Mexican (1%) stock 

returns, meaning that changes in oil would results in a change of the opposite 

direction in stock returns. In the second sub-period, Colombia (1%), and 

Mexico (1%) received negative shock transmissions from oil, whereas Peru 

(5%) received positive shock transmissions. In addition, our model was able 

to capture a highly significant positive shock transmission from Mexican stock 

returns crossing over to oil in the full sample period. The first sub-period, also 
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captured weaker negative shock transmissions from Chilean (5%) and 

Peruvian (10%) stock returns transmitting over to oil. The second sub-period 

captured positive shock transmissions from Chilean (5%), Colombian (5%), 

Mexican (5%) and Peruvian (10%) stock returns over to oil. Overall, the 

results point out that all stock markets, except Chilean, are subject to oil 

shocks. A possible explanation for this could be that Chile is the smallest oil 

exporter in the group.  

The shock transmission results are quite clear when comparing the two sub-

samples, and the obvious discovery is that the interdependence of all stock 

markets and macroeconomic variables increased in the second sub-period. 

This makes sense, because generally shock transmissions, mean return and 

volatility spillovers tend to be more significant in the times of economic 

turmoil.  Comparison between local (inflation, interest rate, exchange rate 

and money supply) macroeconomic variables to global (oil and gold) 

variables, suggest that the first sub-period exhibited more shocks from local 

variables, whereas gold did not have any shock transmissions to the 

markets. However, oil had significant shock transmissions to three markets.  

The second sub-period, all stock markets received positive shock 

transmissions from gold, and also oil shocks transmitted to Colombia, Mexico 

and Peru, and from the local variables, only inflation and exchange rate had 

shock transmissions in similar scale. On the other hand, stock returns shocks 

transferred similarly between local and global macroeconomic variables in 

sub-period 1. The second sub-period, more significant shock transmissions 

than sub-period 1, in terms of significance local variables such as inflation, 

exchange rate and money supply were more strongly affected by stock 

market shocks compared to global variables, oil and gold. Nonetheless, gold 

was negatively affected by stock returns in all sample markets, meaning that 

gold could have been a good hedge against stock market shocks during that 

period.   
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4.2.3 Volatility spillovers 

 

Panel C reports the volatility spillovers between the macroeconomic variables 

and the selected markets. The leading diagonals, e.g. RI1, 2 and Inflation2, 2 

capture the own past volatility effects of stock returns to their conditional 

variance. The estimated diagonal parameters in Panel C indicate that most of 

the stock markets in our sample are statistically significant, however the 

macroeconomic variables seem to be less affected by their own past 

volatility. In Argentina and Chile inflation was not statistically significant, while 

exchange rate was not significant in Brazil and Mexico. Money supply was 

insignificant in Argentina, Brazil and Mexico, while gold showed no statistical 

significance in Argentina and Chile, and in Peru oil was not statistically 

significant. 

The off-diagonal parameters e.g. RIInflation capture the spillover effect. We are 

referring volatility spillovers as a event where past volatility of one variable is 

affecting the volatility of another variable. Panel C results indicate that 

inflation causes volatility spillovers to stock returns only, in sub-period level 

(see Appendix 1 and 2). The model recorded only one spillover, in Colombia, 

in sub-period 1. The spillover effect was negative and highly significant, 

meaning that past volatility changes in inflation affect the stock return 

volatility inversely. The second sub-period contained significant volatility 

spillovers from inflation to Argentina, Brazil, Colombia and Peru. The 

spillovers were highly significant (1%) in Argentina and Brazil, whereas in 

Colombia the spillover effect slightly weaker (5%). The spillover effect was 

weakest (only 10%) in Peru. Also the sign of the spillover effect was different 

between markets, for example Argentina exhibited a positive volatility 

spillover from inflation, meaning that conditional variance of stock returns 

moved in the same direction as the change in inflation volatility. On the other 

hand, Brazil, Colombia and Peru exhibited negative spillovers, indicating that 
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changes in inflation volatility and stock returns volatility moved in the opposite 

direction. In addition, in the full sample period our model was able to capture 

highly significant (1%) negative volatility spillover from Argentine stock 

returns to inflation. In the first sub-period, the model was able to capture 

significant spillovers from inflation to Colombian, Mexican, and Peruvian 

stock markets. The spillover effects were negative and highly significant (1%) 

in Colombia and Peru, while spillover effect to Mexican stock returns was 

weaker (5%), in terms of significance. In addition, the second sub-period was 

able to capture one highly significant positive volatility spillover in Colombia 

and one negative and slightly weaker spillover in Argentina. Brazil and Chile 

did not show any volatility spillovers from stock returns to inflation in the full 

sample period nor in the sub-period level. Overall, the results suggest that 

stock return volatility in Argentina, Brazil, Colombia and Peru was affected by 

the past volatility of inflation, whereas Chilean and Mexican stock returns 

seemed to be immune to it. On the other hand, inflation volatility seemed to 

be affected by Argentine, Colombian, Mexican and Peruvian stock market 

volatility, whereas for Brazilan and Chilean volatility spillovers, inflation was 

immune to. 

Interest rate seemed to cause more volatility spillovers to our sample stock 

markets. The BEKK model was able capture negative spillovers from interest 

rate to Argentine, Chilean and Peruvian stock markets during the full sample 

period. In Argentina, the spillover was weaker (5%), when compared to the 

highly significant (1%) spillovers captured in Chile and Peru. The negative 

spillovers can be interpreted as opposite movements of the conditional 

variance of stock returns and past volatility of interest rate, while positive 

volatility spillovers can be interpreted as movements in the same direction. 

Chile was the only market to be subjected to volatility spillover in sub-period 

1. The spillover was positive and highly significant (1%). The second sub-

period contained more volatility spillovers compared to sub-period 1. During 
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the second sub-period, Argentina and Chile exhibited highly significant (1%) 

negative spillovers from interest rate, while Colombia (1%) and Mexico (5%) 

were subjected to statistically significant negative volatility spillovers. When 

turning attention to volatility spillovers from stock returns to interest rate, the 

results suggest that the full sample and the first sub-period did not exhibit as 

many spillovers as the second sub-period. This is most likely because of the 

financial crisis that began from the fall of the Lehman Brothers in 2008. The 

full sample results captured spillovers only in Colombia and Peru. Both 

markets exhibited positive volatility spillovers, however, the spillover effects 

were weak (5%) in Peru and even weaker (10%) in Colombia, as regards to 

significance. The sub-period 1, results revealed highly significant (1%) 

volatility spillovers from Brazilian and Chilean stock returns to interest rate. 

The effect of the spillover to interest rate volatility was negative in Brazil and 

positive Chile. Furthermore, the sub-period 2, results show spillovers to 

interest from Argentine, Chilean, Colombian and Mexican stock returns. In 

terms of significance, the spillover effects were highly significant (1%) in 

Argentina, Colombia and Mexico, while in Chile it was considered weak 

(10%). Also, the spillover effects were negative in all of the markets, except 

for Argentina.  Overall, the results suggest that Brazil was the only market 

that was immune to interest rate volatility spillovers, however interest volatility 

was affected by the volatility spillovers from all sample markets. 

Exchange rate exhibited volatility spillovers to the stock markets in Colombia 

and Peru in the full sample period. Both spillovers were positive and highly 

significant (1%). However, the sub-period level results gave a more detailed 

information about the exchange rate volatility spillovers. The first sub-period, 

exhibited volatility spillovers to Chilean, Colombian and Peruvian markets. 

The spillover effects were highly significant (1%) in Chile and Colombia, while 

in Peru it was slightly weaker (5%). Also, the spillover effect was positive in 

Chile and Peru, and negative in Colombia. The second sub-period, exhibited 
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exchange rate spillovers to four stock markets. Three of these spillovers 

(Brazil, Chile and Peru) were highly significant (1%), while the one in Chile 

was considered slightly weaker (5%). The spillovers had a negative effect on 

Chilean and Colombian stock return volatility, and positive to Brazilian and 

Peruvian stock return volatility. When examining the volatility spillovers, 

which caused by stock returns to exchange rate, the results show that all six 

markets exhibited highly significant (1%) spillovers. Three markets 

(Argentina, Brazil and Mexico) exhibited positive spillovers, while the other 

three (Chile, Colombia and Peru) exhibited negative spillovers. The sub-

period 1, results indicate only two volatility spillovers to exchange rate 

(Argentina and Peru) and both spillovers were highly significant (1%) and had 

a negative affect on exchange rate volatility. The second sub-period captured 

positive exchange rate volatility spillovers from four different stock markets 

(Argentina, Chile, Mexico and Peru). All spillovers were also highly significant 

(1%) except for the spillover in Argentina, which was slightly weaker (5%). 

Overall, these results indicate that stock returns in Argentina and Mexico 

were immune to exchange rate spillovers, and on the other hand, stock 

return volatility was affecting exchange rate volatility in all six sample 

markets.  

In the full sample period, the BEKK model was able to capture positive 

spillovers, from money supply to stock returns, in Brazil, Chile, Colombia and 

Mexico. In terms of significance, spillovers to Chilean, Colombian and 

Mexican stock return volatility were considered highly significant (1%), 

whereas spillover to Brazil’s volatility was considered slightly weaker (5%). 

These results clearly suggest that the past volatility movements of money 

supply affects such way that the conditional variance of stock returns move in 

the same direction. This is also the general assumption in economic 

literature. The sub-period 1, results, revealed positive and statistically 

significant (5%) volatility spillovers to Argentine and Chilean stock return 
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volatility, whereas sub-period 2, revealed three significant money supply 

spillovers to Brazil (1%), Colombia (5%) and Mexico (10%). The spillover 

effect was positive in Colombia and Mexico, and negative in Brazil. In 

addition, the empirical evidence suggests volatility spillovers from stock 

return volatility to money supply volatility. In the full sample period, only two 

stock return volatility spillovers were captured, in Argentina and Colombia. 

Both spillovers were highly significant, however, the sign was different, the 

spillover effect from Argentine stock returns was positive, while the one from 

Colombia was negative. The sub-period results revealed that Argentine, 

Chilean and Peruvian stock markets had volatility spillovers over to money 

supply in both sub-periods. In sub-period 1, all three spillovers were negative 

and statistically significant, and spillovers from Argentina and Chile, were 

considered highly significant (1%), while the one in Peru was slightly weaker 

(5%). In the second sub-period things changed a bit, the spillovers from 

Argentina and Chile were still highly significant (1%), however, the sign of the 

spillover effect had changed from negative to positive in Chile. The spillover 

effect from Peru was still negative but it was considered weak (10%) in terms 

of significance. Overall, the results show that all sample markets, except 

Peru, were subject of money supply volatility spillovers during the sample 

period. Also money supply was affected by the volatility spillovers that 

originated from stock returns in Argentina, Colombia, Chile and Peru. Money 

supply was immune to Brazilian and Mexican volatility spillovers.  

The global macroeconomic variables exhibited more spillovers in the full 

sample period than the local macroeconomic variables. Negative gold 

spillovers were captured in Brazil, Chile, Colombia and Peru, suggesting that 

past volatility of gold affects the conditional variance of stock returns 

inversely. In terms of significance, spillovers to Chile and Colombia were 

considered highly significant (1%), whereas spillover to Peru were slightly 

weaker (5%), and even weaker (10%) spillover was captured in Brazil.  The 
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first sub-period reveals that five out of six markets exhibited gold volatility 

spillovers. The spillover to Brazilian stock return volatility was weak (10%) in 

terms of significance; however, spillovers to Chilean, Colombian, Mexican 

and Peruvian market volatility were highly significant. The spillovers affected 

negatively to the stock market volatility in Brazil and Mexico, and positively in 

Chile, Colombia and Peru. Only one volatility spillover was captured in Chile 

during the second sub-period. The spillover effect was negative and highly 

significant (1%). Additionally, stock returns had positive volatility spillovers to 

gold volatility in Argentina, Chile and Colombia, meaning that the conditional 

variance of gold moved in the same direction as the stock market volatility. 

The coefficient was highly significant (1%) in Colombia and very weak (10%) 

in Argentina and Chile. In the first sub-period, two significant (5%) positive 

stock return volatility spillovers were captured in Argentina and Mexico. The 

second sub-period results revealed significant volatility spillovers from 

Argentine (1%), Chilean (1%) and Mexican (10%) stock markets. The 

spillovers affected negatively to gold volatility in Chile and positively in 

Argentina and Mexico.  Overall results showed that all markets, except 

Argentina, received volatility spillovers from gold, however, gold also 

received volatility spillovers from Argentine, Chilean, Colombian and Mexican 

stock returns.  

The final macroeconomic variable, oil, exhibited negative volatility spillovers 

to Brazil, Colombia, Mexico and Peru, which indicates that past oil volatility 

affected the conditional variance of stock returns. The negative sign suggests 

inverse relation between the two variables. The spillover effects to Brazil, 

Colombia and Mexico, were highly significant (1%), whereas the spillover to 

Peru was slightly weaker (5%). The firsts sub-period contained two negative 

volatility spillovers, one in Brazil (5%) and another in Peru (10%). In the 

second sub-period, Argentina was the only market to receive a volatility 

spillover from oil. The spillover effect was positive and highly significant. 
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Furthermore, stock return volatility spillovers to oil occurred in Argentina, 

Brazil and Mexico, in the full sample period. The spillover effect was negative 

in Brazil, while in Argentina and Mexico the shock effect was positive. Also, 

the spillovers were significant at 5% risk level in all three markets. The first 

sub-period did not capture any stock return volatility spillovers to oil, whereas 

the second sub-period contained highly significant (1%) spillovers in 

Colombia and Mexico. Overall, these results show that Chile is the only 

market that was not affected by oil volatility spillovers. These results also 

indicated that oil was affected by volatility spillovers, which originated from 

Argentine, Brazilian, Colombian and Mexican returns. 

The results from Panel C quite clearly show how interdependence of the local 

macroeconomic variables and the stock markets, increased in the second 

sub-period. Generally, in times of market turmoil, volatility spillovers tend to 

be more significant and larger than in calmer times.  On the other hand, the 

global macroeconomic variables showed little interdependence with the 

sample markets during sub-period 2, and Chile was the only market to 

receive volatility spillovers from gold, while Argentina was the only one to 

received spillovers from oil. However, in sub-period 1, the global variables 

were clearly affecting stock returns in most of the sample markets, while local 

variables had only a little effect on our sample markets. While Chile was the 

only market that received volatility spillovers from all local variables in sub-

period 1, exchange rate was the only local variable that had spillovers to 

more than two markets during that period. Gold had statistically significant 

spillovers to five markets (Brazil, Chile, Colombia, Mexico and Peru); 

however, oil only had spillovers to Brazil and Peru. The stock return volatility 

spillovers to local and global variables increased in the second sub-period, as 

suspected. Sub-period 1 contained stock return spillovers from all local 

variables, while gold was the only global variable to receive volatility 

spillovers from stock returns (Argentina and Mexico). During the second sub-
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period, stock return spillovers increased to both local and global variables. 

However, the local macroeconomic variables were more widely affected by 

the spillovers, than the global variables.  
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5. CONCLUSIONS 

 

The purpose of this thesis was to examine the interdependence of 

macroeconomic variables in Latin American stock markets (Argentina, Brazil, 

Chile, Colombia, Mexico and Peru) in the 21st century. VAR (1) model was 

applied to examine the mean return spillovers, while GARCH (1, 1) - BEKK 

model was applied to capture shock transmission and volatility spillovers. 

Additionally, a 6-month rolling window correlation analysis was applied to 

demonstrate correlation volatility between the macroeconomic variables and 

each stock market. The initial analysis was made using the full sample 

period, however, the initial results indicated that there were not enough 

evidence to prove a connection between the variables. In order to get a 

clearer picture, the dataset was divided into two sub-periods. The first sub-

period spans from 2000 to July 2007, and the second from August 2007 to 

2014. All analyses were performed using monthly logarithmic returns. Next 

we are reviewing the research questions one-by-one.  

Q1: Is the correlation between macroeconomic variables and the sample 

stock markets time varying? 

The results from the correlation analysis reports that the sample stock 

markets are not that correlated with the sample macroeconomic variables. 

The mean of the correlation is closer to zero than to perfect negative 

(positive) correlation of -1 (1). However, the analysis reveals that correlation 

between the variables is time varying, because the correlation graphs show 

volatile fluctuations in correlation, which are caused by different events in the 

local or global economy.  

Generally, correlations between inflation and stock markets in Argentina, 

Brazil and Mexico, have remained close to zero correlation. In Chile and 

Colombia, correlation has slightly decreased during the sample period, 
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whereas in Peru, correlation decreased from zero correlation to negative 

correlation. The correlation between stock returns and interest rate has 

decreased from negative correlation to zero in Argentina, whereas in Brazil 

correlation has slightly increased. The correlations in Chile, Colombia, 

Mexico and Peru are also negative, however it has been close to zero 

correlation almost throughout the sample period. Only exception has been 

Mexico, which has been quite strongly correlated with interest rate. The 

correlation between exchange rate and stock returns has been close to high 

negative correlation almost throughout the sample period, and not showing a 

particular increasing or decreasing trend. Only exceptions are Argentina and 

Peru. Argentina shows a slight increase in correlation, whereas in Peru 

correlation was slightly decreasing. The correlation between money supply 

and stock returns is slightly decreasing from negative to zero correlation in 

Chile, Colombia, Mexico and Peru. In Argentina and Brazil, correlation has 

remained negative and close to zero throughout the sample period.  

Correlation between gold and stock returns has slightly decreased in Brazil, 

whereas in Argentina, Chile, Colombia, Mexico and Peru, correlation has 

been mostly positive and remained close to zero. Correlation graphs also 

report that Peru is the only market that is highly correlated with gold, 

throughout the sample period. The correlation between stock returns and oil 

has been slightly decreased in Argentina, Chile, Colombia, Mexico and Peru, 

whereas in Brazil correlation has slightly increased. However, correlation 

between oil and stock returns has been positive in all sample markets.  

Q1: Are there any mean return and/or volatility linkages between the selected 

Latin American stock markets and macroeconomic variables?  

The empirical results from the mean equation did not give an definite answer 

to indicate that stock returns in Argentina, Brazil, Colombia, Chile, Mexico 

and Peru are depending on their own past returns. This is most likely due to 

the fact that monthly data was used, instead of daily data. On the other hand, 
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the results from the variance equation report significant shock transmissions 

and volatility spillovers between the sample markets and the selected 

macroeconomic variables, which suggest interdependence.  

The results from the variance equation reports that stock returns in 

Argentina, Brazil, Chile, Colombia and Mexico were exposed to shock 

transmissions from inflation, which leaves Peru as the only market that was 

not exposed to past inflation shocks. Argentina, Brazil, Colombia and Peru 

were exposed to past interest rate shocks, whereas Chile and Mexico did not 

receive any shock transmissions from past shocks to interest rate. All sample 

markets were exposed to past exchange rate shocks, but also to past gold 

shocks. Past money supply shocks transferred to Argentina, Brazil, Colombia 

and Mexico, while Chile and Peru were not exposed to any significant shock 

transmissions from money supply. Finally, past oil shocks transferred to stock 

returns in Argentina, Brazil, Colombia, Mexico and Peru, whereas Chile was 

left as the only market not exposed to past oil shocks. In addition, the results 

also captured significant shock transmissions from the sample stock markets 

over to the selected macroeconomic variables. Inflation was exposed to the 

past stock market shocks in Argentina, Brazil, Chile, Colombia and Mexico. 

Both interest rate and exchange rate were exposed to shock transmissions 

from past shocks to stock markets in Argentina, Brazil, Chile, Colombia and 

Mexico, whereas money supply and gold were exposed to past shocks in all 

sample stock markets. Finally, oil was exposed to significant shock 

transmissions from past shocks in Chilean, Colombian, Mexican and 

Peruvian stock returns. These results suggest that Argentina, Brazil and 

Colombia are exposed to the past shocks of all selected macroeconomic 

variables, whereas Chile is exposed only to the past shocks of inflation, 

exchange rate and gold. Peru is exposed to the past shocks of interest rate, 

exchange rate, gold and oil.  
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The results from the variance equation also report significant volatility 

spillovers from inflation to Argentine, Brazilian, Colombian and Peruvian 

stock returns during the sample period. Negative spillovers occurred in Brazil, 

Colombia (sub-period 1) and Peru, whereas positive spillovers occurred in 

Argentina and Colombia (sub-period 2) Chile and Mexico were the only 

markets that were not exposed to inflation volatility. Argentina, Chile, 

Colombia, Mexico and Peru were exposed to volatility spillovers from interest 

rate, which left Brazil as the only market that was not exposed to interest rate 

volatility. The GARCH effect was positive and statistically significant in Chile 

(sub-period 1), Colombia (sub-period 2) and Mexico (sub-period 2).  Negative 

GARCH effects were captured in Argentina (full sample and sub-period 2), 

Chile (full sample and sub-period 2) and Peru (full sample). Stock markets in 

Brazil, Chile, Colombia and Peru were exposed to volatility spillovers from 

exchange rate. The results report positive volatility spillovers from exchange 

rate to stock returns in Brazil (sub-period 2), Chile (sub-period 1), Colombia 

(full sample) and Peru (full sample and sub-periods 1 and 2). Negative 

volatility spillovers from exchange rate to stock returns were captured in Chile 

(sub-period 2) and Colombia (sub-periods 1 and 2). Only Argentina and 

Mexico were not exposed to volatility spillovers from exchange rate. On the 

other hand, stock markets in Argentina, Brazil, Chile, Colombia and Mexico 

were exposed to volatility spillovers from money supply, leaving only Peru as 

the only market that was not exposed to the past volatility of money supply. 

Positive volatility spillovers from money supply to stock returns were captured 

in Argentina (sub-period 1), Brazil (full sample), Chile (full sample and sub-

period 1), Colombia (full sample and sub-period 2), Mexico (full sample and 

sub-period 2). Only Brazilian stock returns exhibited a negative volatility 

spillover from money supply. Brazil, Chile, Colombia, Mexico and Peru were 

exposed to volatility spillovers from gold, whereas Argentina was the only 

market not exposed to past volatility of gold. The full sample recorded only 

negative volatility spillovers from gold to Brazilian, Chilean, Colombian and 
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Peruvian stock returns. Negative GARCH effects were also captured sub-

period 1 in Brazil and Mexico. Sub-period 2 exhibited one negative volatility 

spillover, from gold to Chilean stock returns. Positive volatility spillovers were 

captured only in sub-period 1 (Chile, Colombia and Peru). Finally, Argentina, 

Brazil, Colombia, Mexico and Peru were exposed to past volatility of oil, 

leaving only Chile as the only market that was not exposed to volatility 

spillovers from oil. The volatility spillovers from oil to stock returns in the full 

sample period (Brazil, Colombia, Mexico and Peru) were negative and in 

sub-period 2, the captured spillovers were also negative (Brazil and Peru). 

Only one positive volatility spillover was captured from oil to stock returns, in 

Argentina (sub-period 2). These results suggest that Colombia was the only 

market that was exposed to volatility spillovers from all variables, whereas 

Argentina, Chile and Mexico were exposed to volatility spillovers from four 

variables. Argentina was exposed to the past volatility of inflation, interest 

rate, money supply and oil. Chile was exposed to past volatility of interest 

rate, exchange rate, money supply and gold, whereas Mexico was exposed 

to the past volatility of interest rate, money supply, gold and oil. Finally, Brazil 

and Peru were exposed to the past volatilities of five macroeconomic 

variables. Brazil was exposed to the past volatilities of inflation, exchange 

rate, money supply, gold and oil, whereas Peru was exposed to the volatility 

spillovers from inflation, interest rate, exchange rate, gold and oil.  

Furthermore, inflation was exposed to volatility spillovers from stock markets 

in Argentina, Colombia, Mexico and Peru. The captured volatility spillovers 

were negative in Argentina (full sample and sub-period 2) and Colombia 

(sub-period 1), and positive in Colombia (sub-period 2), Mexico (sub-period 

1) and Peru (sub-period 1). Inflation was not exposed to any significant 

volatility spillovers from stock markets in Brazil and Chile. Interest rate was 

subjected to statistically significant volatility spillovers from all sample stock 

markets. Interest rate received positive volatility spillovers from Argentine 
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(sub-period 2), Chilean (sub-period 1), Colombian (full sample), and Peruvian 

(full sample) stock returns. Negative volatility spillovers were captured from 

Brazilian (sub-period 1), Chilean (sub-period 1), Colombian (sub-period 2) 

and Mexican (sub-period 2) stock returns.  Exchange rate was exposed to 

volatility spillovers from all sample markets. The captured GARCH effect was 

positive in Argentina (full sample and sub-period 2), Brazil (full sample), Chile 

(sub-period 2), Mexico (full sample and sub-period 2) and Peru (sub-period 

2). Negative GARCH effects were captured in Argentina (sub-period 1), Chile 

(full sample), Colombia (full sample) and Peru (full sample and sub-period 1). 

Money supply was exposed to significant volatility spillovers from stock 

markets in Argentina, Colombia, Chile and Peru. The captured volatility 

spillovers were positive in Argentina (full sample) and Chile (sub-period 2). 

The GARCH effect was negative in Argentina (sub-periods 1 and 2), Chile 

(sub-period 1), Colombia (full sample) and Peru (sub-periods 1 and 2). 

Money supply was not exposed to volatility spillovers from stock markets in 

Brazil and Mexico. Gold was exposed to volatility spillovers from stock 

markets in Argentina, Chile Colombia and Mexico.  The GARCH effect was 

positive in Argentina (full sample and sub-period 1 and 2), Chile (sub-period 

1), Colombia (full sample) and Mexico (sub-periods 1 and 2). In Chile (sub-

period 1), the captured volatility spillover was negative. Gold was not 

exposed to volatility spillovers from Brazilian and Peruvian stock markets. 

Finally, oil was exposed to volatility spillovers from stock markets in 

Argentina, Brazil, Colombia and Mexico. Positive volatility spillovers were 

captured in Argentina (full sample) and Mexico (full sample), and negative 

volatility spillovers in Brazil (full sample), Colombia (sub-period 2) and Mexico 

(sub-period 2). Oil was not exposed to any volatility spillovers from Chilean or 

Peruvian stock markets. Overall, these results suggest that interest rate and 

exchange rate were exposed to the volatility spillovers from all sample stock 

markets. Inflation was exposed to volatility spillovers from Argentina, 

Colombia, Mexico and Peru. Money supply was exposed to the volatility 
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spillovers from Argentina, Chile, Colombia and Mexico. Gold was exposed to 

past stock return volatilities of Argentina, Chile, Colombia and Mexico, 

whereas oil was exposed to volatility spillovers from Argentina, Brazil, 

Colombia and Mexico. 

In addition, the empirical evidence shows that the second sub-period, or the 

crisis period, exhibited more volatility spillovers than the first sub-period. In 

similar fashion to shock transmission, volatility spillovers tend to be more 

significant in times of crisis, which is clearly shown in our results. The results 

also show that global macroeconomic variables (gold and oil) were affecting 

stock return volatilities more significantly in sub-period 1, compared to the 

local variables. However, in sub-period 2, the roles reversed and local 

variables were affecting more significantly to the stock returns.  

Q2: Are domestic macroeconomic variables explaining more of the changes 

in stock market returns and stock return volatility than the global 

macroeconomic variables? 

The results report that global macroeconomic variables (gold and oil) were 

affecting stock return volatilities more significantly in sub-period 1, compared 

to the local variables. However, in sub-period 2, the roles reversed and local 

variables were affecting more significantly to the stock returns.  

In summary, the model was able to show that correlation between selected 

stock markets and macroeconomic variables is time varying. Furthermore, 

the results were able to show that interdependence between the selected 

Latin American stock markets and macroeconomic variables exists, and that 

the interdependence was increased when the markets were facing financial 

turmoil. Also, the effects of global variables were more significant in sub-

period 1, whereas local variables had more significant effect on sub-period 2.  
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The results of this thesis have relevance for academics, policy makers and 

investors, and it contributes to the scarce literature that examines the 

interdependence of emerging markets and macroeconomic variables, but 

especially, it contributes to the very limited literature that examines these 

connections in Latin America.  

For future research it would be interesting to examine also the long-run 

dependencies of the macroeconomic variables and stock markets by adding 

Granger Causality test. Also, it would be interesting to change the monthly 

data to daily, in order to examine the mean return dependencies more 

accurately.  
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APPENDIX 1. SUB-PERIOD 1. (2000-2007) SHOCK TRANSMISSIONS AND VOLATILITY 

SPILLOVERS.  

  Argentina Brazil Chile  Colombia  Mexico Peru 

Panel B: Shock Transmission (ARCH 
effect) 

     RI1, 1 -0,0489 0,6688*** 0,1846 0,1129 0,2748** 0,4795*** 

RIInflation 1, 2 0,6475*** 0,5416 -0,9969*** 0,0913 -0,1469* 0,9242 

InflationRI 2, 1 -0,0946 0,4643*** -0,1986** -0,5108*** 0,0275 -0,0396 

Inflation2, 2 1,554*** 0,7100*** 0,1839 0,4912*** 1,1048*** -0,1357 

RI1, 1 0,3940*** 0,1365 -0,1348 -0,0917 -0,4760*** 0,4103** 

RIInt. Rate 1, 2  -1,7309*** 0,0381* -0,141 -0,0427 0,0047 -0,0262 

Int. rateRI 2, 1 -0,0799 -0,5848*** -0,1331 0,4376 -0,2769*** -0,3242 

Int. Rate2, 2 0,3542** -0,3258*** 0,7221*** 1,1806*** 0,5308*** 0,3571* 

RI1,1 0,1814* -0,2123 -0,2698 -0,1437 0,0711 0,7647*** 

RIex. Rate 1, 2 0,0171*** 0,1776 -0,1171 0,0092 0,1358*** -0,0102 

Ex. rateRI 2, 1 -2,1054*** -1,6706*** -0,9674** -0,6694 -0,2048 -0,7642 

Ex. Rate2, 2 2,2281 1,1061*** 0,3756** 0,9399*** 0,3283*** 0,8303*** 

RI1, 1 0,2621** 0,1934** 0,4373** 0,1665 0,2593** 0,5104*** 

RIMoney supply 1, 2 0,0397 -0,012 0,2027 0,3144 0,1064* 0,03 

Money supplyRI 2, 1 -1,5412*** 0,2738 -1,1371*** -0,0846 -0,0645 0,4448* 

Money Supply2, 2 0,6257*** 1,5886*** 0,2227 1,0028*** 1,0007*** -0,1817 

RI1,1 0,4358*** 0,8246*** 0,0587 -0,097 0,1616 0,3634** 

Rigold 1, 2 -0,0355 0,0803 0,0507 0,0296 0,0103 -0,0082 

GoldRI 2, 1  0,0262 -1,0631*** -0,6647* -1,073*** 0,0792 0,2319 

Gold2, 2  0,0853 -0,2800** -0,1414 0,0959 0,0354 0,1731 

RI1, 1 0,2846** 0,5945*** 0,0253 0,1851 -0,0576 0,6215*** 

RIOil 1, 2  -0,2189* 0,0861 -0,229 -0,4144*** -1,1210*** 0,0009 

OilRI 2, 1 0,1258 -0,1141 -0,2541** 0,0504 0,1695 -0,1754* 

Oil2, 2 0,6968*** -0,4305*** 0,1434** 0,2358*** 0,4651*** -0,2663** 
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Argentina Brazil Chile Colombia Mexico Peru 

Panel C: Volatility spillovers (GARCH effect) 

   RI1, 1 0,6925 -0,3086 0,2605 -0,8739*** 0,3589 0,5447*** 

RIInflation 1, 2 0,0079 -0,2115 -0,257 -0,1333*** -0,3407 -0,412 

InflationRI 2, 1 0,0452 0,4099 -0,0407 -0,9827*** 0,4149** 0,1483*** 

Inflation2, 2 0,0452 0,3764 0,8839*** 0,6493*** -0,0381 -0,2716*** 

RI1, 1 0,2636 0,9046*** 0,3361 0,9686*** 0,4291 0,8118*** 

RIInt. Rate 1, 2  -0,8712 0,0078 1,0781*** 0,0186 -0,0635 0,0601 

Int. rateRI 2, 1 -0,1067 -0,2516*** 0,2930*** -0,2962 -0,0638 0,2641 

Int. Rate2, 2 -0,6376** 0,9296*** 0,3456 0,0467 0,8424*** 0,9354*** 

RI1,1 -0,9129*** 0,65 -0,9785*** 0,9865*** 0,9891*** -0,4386** 

RIex. Rate 1, 2 -0,0017 -0,0416 0,4632*** -0,0340*** -0,0423 0,0440** 

Ex. rateRI 2, 1 -1,1954*** 1,2204 -0,5838 0,0305 1,4962 -2,8044*** 

Ex. Rate2, 2 0,2679*** -0,008 0,8964*** 0,6035*** 0,0198 0,7330*** 

RI1, 1 -0,2532 0,9252*** 0,085 0,8388*** 0,9496*** 0,6035** 

RIMoney supply 1, 2 0,1447** -0,0414 0,2642** -0,009 -0,0735 0,0882 

Money supplyRI 2, 1 -1,8758*** 0,0471 -1,0088*** -0,1253 0,1463 -0,7733** 

Money Supply2, 2 -0,4989*** 0,0218 0,7416*** 0,0695 0,0136 0,5834 

RI1,1 0,8694*** 0,4270*** 0,1816 0,5861*** 0,9835*** 0,9337*** 

Rigold 1, 2 -0,0002 -0,1075* 0,4962*** 0,3416*** -0,0264*** 0,2349*** 

GoldRI 2, 1  0,1859** -0,1331 -0,1232 -1,1573 0,0508** -0,3922 

Gold2, 2  0,9903*** 0,8503*** 0,5909 0,0679 0,9945*** 0,5838*** 

RI1, 1 0,8584*** 0,5542 -0,3119 0,9350*** 0,2485 0,3682* 

RIOil 1, 2  0,1503 -0,3101** 0,0079 -0,05754 -0,3263 -0,4081* 

OilRI 2, 1 0,235 -0,033 -0,0909 0,0695 -0,1055 0,0422 

Oil2, 2 0,1979 0,8241*** 0,1323 0,8895*** 0,6436*** 0,9379*** 

 

 

 

 

 



89 
  

APPENDIX 2. SUB-PERIOD 2. (2007-2014) SHOCK TRANSMISSIONS AND VOLATILITY 

SPILLOVERS.  

 
Argentina Brazil Chile  Colombia  Mexico Peru 

Panel B: Shock Transmission (ARCH effect) 

    RI1, 1 0,1063** 0,6380*** 0,6248*** 0,0681 0,9623*** 0,6768*** 

RIInflation 1, 2 0,8663*** -0,2598*** -0,8809** 0,4860*** -0,0941 -0,0351 

InflationRI 2, 1 0,1790** -0,027 0,1150** -0,3795*** 0,3727*** 0,0796 

Inflation2, 2 2,3809*** -0,3147*** 0,9933*** 0,1444 -0,5496*** 0,4321*** 

RI1, 1 0,5375*** 0,4489*** 0,2284* 0,3561*** 0,7714*** 0,8019*** 

RIInt. Rate 1, 2  -0,0463 -0,0085 0,0568 -0,0941*** 0,0125 0,0793 

Int. rateRI 2, 1 -0,0017 2,3590*** 0,1585* -0,3186 0,2062 0,2662 

Int. Rate2, 2 0,9262*** 0,4420* 1,230*** -0,1002 0,1849* 0,2352** 

RI1,1 0,3232* 1,2052*** -0,0142 -0,5815*** 0,2839* -0,4071*** 

RIex. Rate 1, 2 0,0015 -0,4140*** 0,2105*** 0,0935 0,0966 -0,0318** 

Ex. rateRI 2, 1 -1,6267** 2,5508*** -0,4729 -1,4792*** -1,4159*** 0,207 

Ex. Rate2, 2 1,3300*** -0,9256*** 0,6065*** 0,4292 1,1238*** 0,7100*** 

RI1, 1 0,5993*** -0,6481*** 0,8381*** 0,2834** 0,8732*** 0,5315*** 

RIMoney supply 1, 2 -0,0797 0,0476 -0,0351 -0,2065*** -0,0703 0,0761 

Money supplyRI 2, 1 -0,2739 0,1743 -1,2113*** 0,5678* 0,5861** 0,4487 

Money Supply2, 2 -0,3431*** 1,2533*** 0,2163 0,4694*** 0,7074*** 0,0235 

RI1,1 0,4931*** 0,4570*** 0,5159** 0,3324*** 0,6282*** 0,6124*** 

Rigold 1, 2 0,2258*** 0,1691** 0,2894** 0,4195*** 0,2395* 0,3164*** 

GoldRI 2, 1  -0,6631* -0,5557*** -0,4631* -0,3462** -0,5650*** -0,3475** 

Gold2, 2  -0,4068*** -0,4357*** -0,6708 -0,4027*** -0,3560* -0,2712 

RI1, 1 0,6872*** 0,478 0,5607*** 0,3192* 0,5394*** 0,2480* 

RIOil 1, 2  0,025 0,1962 -0,1361 0,5728*** 0,4907*** -0,2254** 

OilRI 2, 1 0,0768 0,1938 0,2241** 0,3765** 0,3727** 0,4576* 

Oil2, 2 0,4049*** 0,8411** 1,1638*** 0,5804*** 0,222 1,1486*** 
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Argentina Brazil Chile Colombia Mexico Peru 

Panel C: Volatility spillovers (GARCH effect) 

   RI1, 1 0,9636*** -0,1693 0,1403 0,5186** -0,1371 0,6702** 

RIInflation 1, 2 0,0153*** -0,4355*** 0,733 0,5606** 0,001 -0,2295* 

InflationRI 2, 1 -0,0789** 0,0378 -0,0113 0,8203*** -0,2196 -0,0044 

Inflation2, 2 (-)0,0012* 0,0735 0,1193 -0,3666* 0,6603*** 0,7970*** 

RI1, 1 0,6770*** 0,4442*** 0,444 0,7750*** 0,5426*** 0,5148*** 

RIInt. Rate 1, 2  -0,4230*** -0,0847 -0,5391*** 0,2105*** 0,1017** -0,0929 

Int. rateRI 2, 1 0,2450*** -0,4823 -0,0996* -0,9164*** -0,6776*** -0,1454 

Int. Rate2, 2 0,4696*** -0,3833 0,3360*** 0,8799*** 0,9332*** 0,9262*** 

RI1,1 0,6821*** -0,2665 0,1234 0,9496*** 1,0489 -0,4142*** 

RIex. Rate 1, 2 0,0106 0,5450*** -0,5492*** -0,1259** -0,1953 0,1343*** 

Ex. rateRI 2, 1 1,0424** 1,0552 1,8397*** 0,2839 1,8336*** 3,5164*** 

Ex. Rate2, 2 0,2072** 0,3432 -1,3422*** 0,7333*** -0,3986 -0,0082 

RI1, 1 0,3850* 0,4118 0,0826 -0,2559 0,022 0,8022*** 

RIMoney supply 1, 2 0,0546 -0,1800*** 0,0734 0,2236** 0,1191* -0,0347 

Money supplyRI 2, 1 -1,5486*** -0,0371 1,3283*** -0,2132 -0,2856 -0,4153* 

Money Supply2, 2 -0,1637 0,0461 -0,3626*** -0,7263*** -0,3751* 0,8756*** 

RI1,1 0,2413 0,7533*** -0,1423 0,9056*** 0,6295*** 0,7838*** 

Rigold 1, 2 -0,0288 0,1377 0,3545*** -0,1402 -0,1855 -0,0942 

GoldRI 2, 1  1,5474*** 0,3334 -0,8144*** -0,033 0,3207* 0,1472 

Gold2, 2  -0,0256 0,3567 -0,6132 0,1717 0,2871 0,6287* 

RI1, 1 0,6376*** -0,2549 0,3096 -0,0492 0,4385** 0,6989*** 

RIOil 1, 2  0,1889** 0,2697 0,0238 -0,3018 0,2787 0,3152 

OilRI 2, 1 -0,2147 0,0807 -0,1024 -0,5326*** -0,4252*** 0,1012 

Oil2, 2 0,7754*** -0,0613 -0,1034 0,5061*** 0,4515*** -0,1374 

 


