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Abstract 

This study investigates the spillover effects of return and volatility between Brent oil market and stock markets 
(comparing oil market with both stock markets of oil-exporting and oil-importing countries together and individually) 
by spillover index. We further use parametric and nonparametric methods to examine the major events’ impact on 
dynamic of return and volatility spillover indices between Brent oil market and stock markets. The empirical 
evidence indicates oil-exporting countries have had significant impact on returns and volatilities of oil-importing 
countries, which stock market in Canada is a dominant net sender and stock market in Netherland is a dominant net 
receiver. Second, the oil market spillover on oil-exporting markets more than oil-importing markets in terms of both 
returns and volatilities, especially oil market had a high impact on Canada. Moreover, stock market in Canada had 
dominant spillover on other markets. We conjecture that Brent oil market indirect spillover on other countries 
through Canada. Finally, the result shows that the dynamics of return and volatility spillovers burst significantly 
during the major events.  

Keywords: Brent oil market, stock returns, volatility, spillover index 

1. Introduction 

The return and volatility of spillovers between oil prices and stock markets has recently been developed. Lots of 
empirical research has studied the interactions between oil and stock markets, indicating the return and volatility 
transmission mechanisms enable portfolio managers and policymakers to design accurate asset pricing models and 
make better portfolio allocation decisions. (Note 1) Therefore, this study applies the newly generalized version of the 
spillover index, and extend the relationship between the oil market and stock markets. We analyze the spillover 
effects of return and volatility between Brent oil market and stock markets, comparing Brent oil with both stock 
markets of oil-exporting and oil-importing countries together and individually. Based on the stock-oil net spillovers 
contribution evaluate the oil market is exactly a net sender or a net receiver in a system of spillovers composed of oil 
and stock markets. Finally, we summarized the major events which affecting the oil and stock markets during the 
period of the study, and test the difference of spillover between before event and after event. 

The research study of oil on stock markets can be divided into oil-exporting and importing countries. Regarding to 
the relationship between oil prices and oil-exporting countries, much of the research show the bilateral links between 
oil price and oil-exporting countries (Note 2). Moreover, the literature focused on oil-importing countries find 
significant spillovers between oil and oil-importing countrie. (Note 3) However, few studies look into both 
oil-exporting and importing countries. Lescaroux and Mignon (2008) show evidence of the key role played by the oil 
market on oil-exporting and oil-importing stock markets, especially for oil-exporting countries. Park and Ratti (2008) 
find that positive oil price shocks cause positive returns for the oil-exporting countries, whereas the opposite happens 
to the rest of the oil-importing countries. Distinguishing the linkage between Brent oil prices and stock markets 
between oil-exporting and importing countries for comparison purposes and come to understand how they react to oil 
price shocks. This paper investigates the relationship between Brent oil prices and stock markets among oil-exporting 
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and oil-importing countries. 

Early work on spillovers, there are two econometric methodology mostly study spillover effects, the GARCH family 
and spillover index measures. GARCH family is most commonly used by study. (Note 4) However, the spillover 
index provided by Diebold and Yilmaz (2009, 2012) has several advantages over the methods above. (Note 5) The 
applications of spillover index a very wide range. (Note 6) Few studies have reported dynamic spillover relationships 
between Brent oil prices and stock markets among oil-exporting and oil-importing countries; thus, the purpose of this 
study is to provide further. 

This paper makes a more detailed definition of spillover between oil and stock markets. First, we defined oil 
spillover effects indicates the directional spillovers received by Brent oil from all other markets. Second, the 
directional spillovers transmitted by Brent oil to all other markets can be defined as stock spillover effects. Third, 
stock-oil net spillovers can be indicated whether Brent oil is a net sender or a net receiver in a system includes stock 
markets and the oil market. Compared with the previous method, spillover index is now possible to assess the net 
spillovers of a system composed of stock markets and the oil market.  

In addition, this paper take into the events which origins of oil prices shocks, and provides detailed dynamic of return 
and volatility spillovers between Brent oil price and stock markets returns. The major world turmoil events spread 
from the country of origin to other countries in the world, it is important to investigate return and volatility spillovers 
across countries during the oil price change. The oil price movements show significant peaks and troughs during the 
major events. The Brent oil prices fell by almost 50% in 1997 Asian crisis, in 2007 to 2006, where prices fell by 40% 
due to the rising demand for Chinese economic growth, and in 2008, where prices fell by more than 70% and peak 
more than 60% in 2009 result from the Global financial crisis. (Note 7) Our paper different from the previous 
literature in that we use parametric and nonparametric method to test the difference of spillover between before event 
and after event. While dynamic of return and volatility spillovers burst significantly during the major events.  

The rest of the paper is organized as follows. Section 2 briefly presents data and methodology. Section 3 presents the 
results of the empirical analysis, while section 4 provides summary conclusions. 

2. Data and Methodology 

2.1 Data Description 

The data employed in this study includes the daily Brent oil prices and stock market indices. The sample consists of 
three oil-exporting countries (Canada, Mexico and Brazil) and three oil-importing countries (USA, Germany and 
Netherlands) from January 5, 1994 to December 28, 2012 (a total of 4142 daily observations in each index). 
According to EIA estimates, the selected countries are the following three criteria by Filis et al. (2011). (Note 8) The 
stock market indices are: S&P/TSX Comp (Canada), MXICP 35 (Mexico), Bovespa Index (Brazil), Dow Jones 
Industrial (USA), DAX 30 (Germany) and AEX General Index (Netherlands). All prices from oil and stock markets 
are obtained from Datastream. This paper according to main events that took place in the period and split the data 
into eight sub-periods, using parametric and nonparametric method to examine that the major events impact on 
dynamics of return and volatility spillovers between Brent oil market and stock markets. 

2.2 Measuring Return and Volatility 

The idea of the investigation is that our data are generally non-stationary, daily return defined as: 

R୲ ൌ ሺlnP୲ െ lnP୲ିଵሻ ൈ 100                                 (1) 

where P୲ is the Brent oil price at time t, with ݐ ൌ 1,2, … , ܶ, and ln the natural logarithm. (Note 9) The volatility 
assumes the mean and conditional variance specification of a GARCH (1,1) process of the return be modeled by the 
following system of equations  

ܴ௧ ൌ ଵߚ ൅ ଶܴ௧ߚ ൅  ௧                                   (2)ߝ

,௧~ܰሺ0ߝ  ௧ଶሻ                                      (3)ߪ

୲ଶߪ ൌ α଴ ൅ αଵε୲ିଵଶ ൅ βଵσ୲ିଵଶ                                 (4) 

where ε୲ିଵଶ  is the error term, σ୲ିଵଶ  is variance at time ݐ െ 1. 

2.3 Measuring Spillover Index 

Consider covariance stationary N variable VARሺpሻ 

R୲ ൌ ∑ Φ୧R୲ି୧ ൅ ε୲
୮
୧ୀଵ , t ൌ 1,2, … , T                             (5) 

where R୲ ൌ ሺRଵ୲, Rଶ୲, … , RN୲ሻԢ is aሺN ൈ 1ሻ vector of endogenous variables, Φ୧ is a ሺN ൈ Nሻ parameter matrix, ε୲ 
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is the vector of error with zero mean and the covariance matrix ∑. Assuming R୲ is covariance stationary, then there 
exists moving average representation and is given by 

R୲ ൌ ∑ A୧ε୲ି୧
ஶ
୧ୀ଴ , t ൌ 1,2, … , T                                 (6) 

where the ሺN ൈ Nሻ coefficient matrices A୧ obey a recursion of the form 

A୧ ൌ ΦଵA୧ିଵ ൅ ΦଶA୧ିଶ ൅ ൅Φ୮A୧ି୮, iڮ ൌ 1,2, …                        (7) 

with A଴ ൌ I୬ and if A୧ ൌ 0 for i ൏ 0. 

The Koop et al. (1996), and Pesaran and Shin (1998) (the KPPS hereafter) H-step-ahead forecast error variance 
decomposition is computed as 

θ୧୨
୥ሺHሻ ൌ

஢౟౟
షభ ∑ ൫ୣ౟

ᇲA౞ ∑ୣౠ൯
Hషభ
౞సబ

∑ ୣ౟
ᇲA౞ ∑A౞

ᇲ ୣ౟
Hషభ
౞సబ

, i, j ൌ 1,2, … , N                           (8) 

where Σ is the variance matrix for the error vector ε, σ୧୧ is the standard deviation of the error term of the ith 
market, and e୧ is an ሺN ൈ 1ሻ vector with one as the ith elements and 0 elsewhere. Diebold and Yilmaz defined 
“own variance shares” which are indicated by the fraction of the H-step ahead forecast error variances in forecasting 
ܴ௜ due to shocks in ܴ௜, for i=1,2,…,N, and “cross variance shares”, or spillovers, to be fraction of the H-step ahead 
error variances in forecasting ܴ௜ due to shocks to ௝ܴ, for (i ് j). 

To obtain a unit sum of each row of the variance decomposition, each entry of the variance decomposition matrix is 

normalized, so that construction the decomposition including own shocks in each market equal to one. According to 

the characteristics of generalized VAR, ∑ θ୧୨
୥ሺHሻ ് 1N

୨ୀଵ , then normalize each entry of the variance decomposition 

matrix by the row, as follows 

θ෨୧୨
୥ሺHሻ ൌ

஘౟ౠ
ౝሺHሻ

∑ ஘౟ౠ
ౝ ሺHሻN

ౠసభ
                                   (9) 

where ∑ θ෨୧୨
୥ሺHሻ ൌ 1N

୨ୀଵ  and ∑ θ෨୧୨
୥ሺHሻ ൌ NN

୧,୨ୀଵ  

Using these results, the spillover index is constructed as follow: 

1. Total spillovers: 

S୥ሺHሻ ൌ

∑ ஘෩౟ౠ
ౝሺHሻN

౟.ౠసభ
౟ಯౠ

∑ ஘෩౟ౠ
ౝ ሺHሻN

౟,ౠసభ
ൈ 100 ൌ

∑ ஘෩౟ౠ
ౝሺHሻN

౟,ౠసభ
౟ಯౠ

N
ൈ 100                         (10) 

where i = (Brent oil and stock markets) and j = (Brent oil and stock markets). The index measure the contributions 
from the spillovers of volatility shocks across stock and oil markets to the total forecast error variance. 

2. Directional spillovers:  

The directional spillovers allow us investigate both magnitude and direction of the spillover, the result of variance 
composition do not hinge on the sequence of the variable. The directional spillovers received by variable i from all 
other variables j are defined as 

S୨՜୧
୥ ሺHሻ ൌ

∑ ஘෩౟ౠ
ౝሺHሻN

ౠసభ
౟ಯౠ

∑ ஘෩౟ౠ
ౝ ሺHሻN

ౠసభ
ൈ 100                               (11) 

where i = (Brent oil and stock markets) and j = (Brent oil and stock markets). If i = Brent oil and j = stock markets, 
we can defined as oil spillover effects, indicated the directional spillovers received by Brent oil from all other 
markets. 

Similarly, the directional spillovers transmitted by variable i to all other variables j as 

S୧՜୨
୥ ሺHሻ ൌ

∑ ஘෩౟ౠ
ౝሺHሻN

ౠసభ
౟ಯౠ

∑ ஘෩౟ౠ
ౝ ሺHሻN

ౠసభ
ൈ 100                               (12) 

where i = (Brent oil and stock markets) and j = (Brent oil and stock markets). If i = Brent oil and j = stock markets, 
we can defined as stock spillover effects, indicated the directional spillovers transmitted by Brent oil to all other 
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markets. 

3. Net spillovers 

We obtain the net spillovers from variable i to all other variables j by subtracting Eq. (11) and Eq. (12) as 

S୧
୥ሺHሻ ൌ S୧՜௝

୥ ሺHሻ െ S୨՜୧
୥ ሺHሻ                               (13) 

where i = (Brent oil and stock markets) and j = (Brent oil and stock markets). when i = Brent oil and j = stock 

markets, we can defined as stock-oil net spillovers, indicated whether Brent oil is a net sender (S୧
୥ሺHሻ ൐ 0ሻ or a net 

receiver (S୧
୥ሺHሻ ൏ 0ሻ in a system includes stock markets and the oil market. 

3. Empirical Results 

3.1 Summary Statistics and Unit Root Test 

Table 1 presents descriptive statistics of oil price and stock markets returns. The mean of all oil-exporting countries 
are higher than oil-importing countries. Brazil exhibit the higher mean and higher standard deviation (2.53), which 
indicates it has high return and high risk. Most of the equity index series are negatively skewed (except Mexico and 
Brazil), whereas kurtosis statistics indicate fatter tails for all series. The Jarque–Bera test statistics imply that 
probability distributions are also non-normal.  

 

Table 1. Descriptive statistics of returns series 

 Mean Std. Dev. Skewness Kurtosis Jarque-Bera 

Brent O
il-exporting 
countries 

0.05 2.46 -0.03 10.21 8960.33*** 

Canada 0.02 1.18 -0.48 10.97 11121.14*** 

Mexico 0.07 1.72 0.10 9.38 7027.63*** 

Brazil 0.12 2.53 0.65 14.19 21886.42*** 

USA 

O
il-im

porting 
countries 

0.03 1.24 -0.17 9.48 7266.85*** 

Germany 0.03 1.63 -0.12 8.31 4874.27*** 

Netherlands 0.01 1.55 -0.1 8.40 5036.39*** 

Note: *** indicate the significant at 1% level. 

 

We used two traditional unit root tests, namely the augmented Dickey–Fuller (ADF) test and the Phillips–Perron (PP) 
test. Table 2 presented the result of unit root test. First, in panel A we conduct the tests using natural logarithms of 
the levels of all series. We find that all of these variables cannot be rejected for levels, all series are non-stationary. 
Thus, we conducted analysis with first difference on the oil price and stock markets in panel B. The result show all 
series in first differences reject the null hypothesis at the 1% significance level, imply all series in first differences 
are stationary. 

 

Table 2. Unit root tests 

Panel A. ADF test results 

Variables 
Levels First-difference 

C C&T Non C&T C Non 

Brent -0.70 -2.69 0.56 -61.69*** -61.69*** -61.68*** 
Canada -1.45 -2.52 0.57 -63.77*** -63.77*** -63.76*** 
Mexico 0.94 -1.79 2.52 -61.46*** -61.49*** -61.38*** 
Brazil -0.80 -2.49 0.63 -64.48*** -64.47*** -64.46*** 
USA -1.98 -2.45 0.72 -69.14*** -69.14*** -69.13*** 
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Germany -1.58 -2.12 0.47 -46.96*** -46.95*** -62.71*** 
Netherlands -2.05 -2.69 -0.88 -61.46*** -61.46*** -61.47*** 

Panel B. PP test results 

Brent -0.77 -2.81 0.51 -61.66*** -61.66*** -61.65*** 
Canada -1.41 -2.48 0.65 -63.88*** -63.87*** -63.87*** 
Mexico 0.97 -1.68 2.55 -61.40*** -61.43*** -61.31*** 
Brazil -0.73 -2.35 0.76 -64.64*** -64.64*** -64.60*** 
USA -1.96 -2.41 0.76 -69.31*** -69.36*** -69.28*** 
Germany -1.52 -2.05 0.53 -62.74*** -62.73*** -62.73*** 
Netherlands -1.92 -2.56 -0.83 -61.41*** -61.41*** -61.42*** 
Notes: 1. *** indicate the significant at 1% level. 

       2. C, C&T and Non represent constant, constant and a time trend and without constant models. 

 

3.2 Empirical Implementation of the Spillover Index 

3.2.1 Oil-Exporting Countries Spillovers 

The result of the degree and direction of return and volatility spillover within and across Brent oil and oil-exporting 
countries are show in Table 3. The total spillover index, given in the lower right corner of each panel, is computed as 
the average of the return and volatility spillovers from all other markets. This indicated that in the full sample, 
approximately 18.1% and 12.5% of the forecast error variance come from return and volatility spillovers. As can be 
observed is that volatility spillovers is weaker than return spillovers. 

 

Table 3. Oil-exporting countries return and volatility spillovers 

Panel A. Return spillovers 
 From (j) 

To (i) Brent Canada Mexico Brazil From others 
Brent 99.1 0.8 0.0 0.0 0.8 
Canada 3.9 95.8 0.3 0.0 4.2 
Mexico 1.5 28.8 69.5 0.2 30.5 
Brazil 0.9 22.7 13.2 63.2 36.8 
To others 6.3 52.3 13.5 0.2 72 
Including own 105 148 83 63 Total spillover index = 18.1% 
Panel B. Volatility spillovers 

 From (j) 
To (i) Brent Canada Mexico Brazil From others 
Brent 98.8 1.1 0.1 0.0 1.2 
Canada 0.6 99.4 0.0 0.0 0.6 
Mexico 0.5 22.3 76.7 0.6 23.4 
Brazil 1.2 5.4 18.3 75.2 24.9 
To others 2.3 28.8 18.4 0.6 50 
Including own 101 128 95 76 Total spillover index = 12.5% 
 

Panel A on Table 3 presents return spillovers, we find that Brazil is the most affected by others (37%), and affecting 
other markets the most is Canada (52%). Panel B shows that Brazil is the most affected by others as well (25%), and 
affecting other markets the most is Canada (29%). Hence, the result show Canada is the dominant market in return 
and volatility transmission, while Brazil is the dominant market in receiving return and volatility from all other 
markets. Although Brent oil contribution to others is very low, but its own-market spillovers very high. Canada had 
the most significant impact on Brent oil among oil-exporting countries (0.8%). 

3.2.2 Oil-Importing Countries Spillovers 

The average of the total spillover index from Brent oil and all oil-importing countries in Table 4, is computed as the 
average of the return and volatility spillovers from all other markets. As can be observed is that return spillover 
(28.6%) is higher than volatility spillovers (27.5%). 
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Table 4. Oil-importing countries return and volatility spillovers 

Panel A. Return spillovers 
 From (j) 

To (i) Brent USA Germany Netherlands From others 
Brent 99.3 0.4 0.2 0.1 0.7 
USA 0.7 98.9 0.2 0.2 1.1 
Germany 1.5 38.5 59.6 0.4 40.4 
Netherlands 2.2 36.1 33.9 27.9 72.2 
To others 4.4 75 34.3 1 114 
Including own 104 174 94 28 Total spillover index=28.6% 
Panel B. Volatility spillovers 
 From (j) 
To (i) Brent USA Germany Netherlands From others 
Brent 98.6 1.3 0.1 0.0 1.4 
USA 1.1 94.4 0.2 4.3 5.6 
Germany 1.3 36.6 61.1 1.0 38.9 
Netherlands 2.8 24.7 36.8 35.7 64.3 
To others 5.2 62.6 37.1 5.3 110 
Including own 104 157 98 41 Total spillover index=27.5% 
 

Panel A presents the return spillovers, we find that Netherlands is the most affected by others (72%), and affecting 
other markets the most is USA (75%). Panel B shows that Netherlands is the most affected by others (64.3%), and 
affecting other markets the most is USA (62.6%) as well. Hence, the result show USA is the dominant market in 
return and volatility transmission, while Netherlands is the dominant market in receiving return and volatility from 
all other markets. Although Brent oil contribution to others is very low, but its own-market spillover is very high. 

The contributions of the oil market to oil-importing countries is (0.7+1.5+2.2), and the effect of oil-importing 
countries on Brent oil is (0.4+0.2+0.1), which is lower than the contributions of oil-importing countries. 

3.2.3 Spillovers among Brent Oil, Oil-Exporting and Oil-Importing Countries 

Table 5 provides details of the return and volatility spillovers over all variables in the system. (Note 10) The total 
return and volatility spillovers index are 35.1% and 31.3%. In other words, 35% and 31% of forecast error variance 
in all markets are explained by spillovers across markets. We find that Netherlands market is the most affected by 
others (73%), and Canada affecting other markets the most (159%). The result indicate that, Netherlands is the 
dominate markets in receiving return from all other markets, and Canada is the dominant market in return 
transmission to all other markets. 

Observed each variable variance decomposition in detail, it allows to examine how much of the forecast error 
variance of each variable can be explained by exogenous shocks to the other variables. First, Brent oil shocks by own 
is greater than shocks by other markets. The contribution from oil-exporting and importing countries to Brent oil 
market are 0.8% (0.8+0.0+0.0) and 0.5% (0.0+0.3+0.2), separately. The contribution from Brent oil market to 
oil-exporting and importing countries are 6.2% (3.8+1.5+0.9) and 4.4% (0.8+1.5+2.1), separately. The result shows 
that oil-exporting and importing countries was affected by Brent oil, especially had a high impact on Canada (4%). 
Moreover, the impact of Canada on crude oil is the largest of the six countries (1%). In addition, Canada's 
contribution on other countries are relatively lower than contribution on its own, but only the impact on US was up to 
47.9%. According to EIA report, nearly 69% of US crude oil imports originated from five countries in 2011, and 
Canada alone accounted for 25%, become the largest exporter of crude oil to the US. In summary, oil markets 
especially have a high impact on Canada, and Canada has dominant spillover on other markets. We conjecture that 
the Brent oil indirectly spillovers on other countries through Canada. According to CIA World Factbook, Canada is 
the world's tenth-largest oil exporter, sixth-largest in oil production, and third-largest in oil exploration in the world. 
The statistic indicate that Canadian oil could become more important than ever. Canada is emerging as an important 
player in the world economy. Thus explain Canada has significantly impact on other countries. 
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Table 5. Brent oil, oil-exporting and oil-importing countries return and volatility spillovers 

Panel A. Return spillovers index 
 From (j) 

To (i) 
Oil  Oil-exporting countries Oil-importing countries  

From others 
Brent 

 

Canada Mexico Brazil USA Germany Netherlands 

 

Brent 98.6  0.8  0.0  0.0  0.0 0.3  0.2  1.3  
Canada 3.8  95.3  0.3  0.0  0.3 0.0  0.2  4.6  
Mexico 1.5  28.8  69.3  0.2  0.1 0.0  0.2  30.8  
Brazil 0.9  22.7  13.2  63.0  0.0 0.1  0.2  37.1  
USA 0.8  47.9  5.6  0.9  44.4 0.3  0.1  55.6  
Germany 1.5  29.8  3.2  0.5  8.7 55.9  0.4  44.1  
Netherlands 2.1  28.8  3.3  0.6  7.5 30.1  27.5  72.4  
To others 10.6  158.8  25.6  2.2  16.6 30.8  1.3  245.9  
Including own 109.2  254.1  94.9  65.2  61.0 86.7  28.8  Total spillover 

index=35.1% Spillover flow 11.9 163.4 56.4 39.3 72.2 74.9 73.7 
Panel B. Volatility spillovers index 

 From (j) 

To (i) 
Oil  Oil-exporting countries Oil-importing countries 

 

From others 
Brent 

 

Canada Mexico Brazil USA Germany Netherlands 
Brent 98.6  1.1  0.1  0.0  0.1 0.0  0.0  1.3  
Canada 0.8  98.2  0.0  0.0  0.1 0.1  0.8  1.8  
Mexico 0.5  22.3  76.3  0.5  0.0 0.3  0.0  23.6  
Brazil 1.2  5.3  18.3  75.2  0.0 0.0  0.0  24.8  
USA 0.7  51.8  3.7  0.0  39.9 0.2  3.7  60.1  
Germany 1.4  23.0  3.1  0.0  12.9 58.7  0.9  41.3  
Netherlands 2.6  18.0  1.6  0.3  7.6 35.7  34.2  65.8  
To others 7.2   121.5  26.8  0.8  20.7 36.3  5.4  218.7  
Including own 105.8   219.7  103.1 76.0  60.6 95.0  39.6  Total spillover 

index =31.3% Spillover flow 8.5  123.3 50.4 25.6 80.8 77.6 71.2 
Note: Spillover flow is the sum of 	S୨՜୧

୥ ሺHሻ and S୧՜୨
୥ ሺHሻ 

 

Furthermore, the study calculates the oil-exporting countries return and volatility spillovers over to the importing 
countries are 121% (Note 11) and 102%, and the oil-importing countries return and volatility spillovers over to the 
exporting countries is 1.1% (Note 12) and 1%. It is evident that oil-exporting countries have had significant impact 
on returns and volatilities of oil-importing countries. 

Table 6 presents the net spillovers for each pair of variables. Panel A shows only Canada (154%) and Brent (9%) oil 
have positive total net spillovers, and Mexico, Brazil, Germany, USA and Netherlands have negative total net 
spillovers. In Panel B, Canada (120%), Brent oil (6%) and Mexico (3%) have positive total net spillovers, and others 
countries have negative total net spillovers. Thus, Brent oil and Canada had dominant spillover on other markets, and 
Netherlands and USA are affected by others the most.  

Table 6. Brent oil, oil-exporting and oil-importing countries net spillovers 

 

Panel A. Return net spillover

Brent Canada Mexico Brazil USA Germany Netherlands
Total net
spillover

Rank

Brent 0.0 3 1.5 0.9 0.8 1.2 1.9 9.3 2

Canada -3 0.0 28.5 22.7 47.6 29.8 28.6 154.2 1

Mexico -1.5 -28.5 0.0 13 5.5 3.2 3.1 -5.2 3

Brazil -0.9 -22.7 -13 0.0 0.9 0.4 0.4 -34.9 5

USA -0.8 -47.6 -5.5 -0.9 0.0 8.4 7.4 -39 6

Germany -1.2 -29.8 -3.2 -0.4 -8.4 0.0 29.7 -13.3 4

Netherlands -1.9 -28.6 -3.1 -0.4 -7.4 -29.7 0.0 -71.1 7

Panel B. Volatility net spillover

Brent Canada Mexico Brazil USA Germany Netherlands
Total net
spillover

Rank

Brent 0 -0.3 0.4 1.2 0.6 1.4 2.6 5.9 2

Canada 0.3 0 22.3 5.3 51.7 22.9 17.2 119.7 1

Mexico -0.4 -22.3 0.0 17.8 3.7 2.8 1.6 3.2 3

Brazil -1.2 -5.3 -17.8 0.0 0.0 0.0 0.3 -24.0 5

USA -0.6 -51.7 -3.7 0.0 0.0 12.7 3.9 -39.4 6

Germany -1.4 -22.9 -2.8 0.0 -12.7 0.0 34.8 -5.0 4

Netherlands -2.6 -17.2 -1.6 -0.3 -3.9 -34.8 0.0 -60.4 7
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Table 7. Parametric and nonparametric test 

Panel A: Return spillover  

Event 
Before event After  

event 
Before 

event(1)
After 

event(2) 
Difference 

(2)-(1) 
T-test 

Nonparametric 
test 

Asian crisis 
1996/9/17-19

97/6/30 
1997/7/2-1998

/3/31 
27.29 35.25 7.96 16.91*** 138.31*** 

OPEC cut oil production 
1997/3/5-199

8/3/31 
1998/4/1-1999

/4/29 
33.48 42.64 9.17 24.79*** 350.17*** 

9/11 terrorist attack in US 
2001/8/17-20

01/9/6 
2001/9/10-200

1/10/9 
36.87 42.73 5.87 13.27*** 19.86*** 

PdVSA workers strike 
2001/12/3-20

02/3/27 
2002/4/2-2002

/7/12 
44.99 45.46 0.47 4.13*** 19.61*** 

Second war in Iraq 
2002/6/27-20

03/3/19 
2003/3/20-200

3/11/28 
40.91 41.45 0.53 7.57*** 40.45*** 

Chinese economic 
growth 

2005/3/3-200
6/2/24 

2006/3/1-2007
/3/6 

36.04 43.22 7.19 21.22*** 144.51*** 

Global financial crisis 
2007/6/29-20

08/7/31 
2008/8/1-2009

/8/31 
49.39 53.93 4.54 17.60*** 160.47*** 

European debt crisis 
2008/9/9-201

0/10/29 
2010/11/1-201

2/12/28 
56.69 54.98 -1.71 7.17*** 16.45*** 

Panel B Volatility spillover 

Asian crisis 
1996/9/17-19

97/6/30 
1997/7/2-1998

/3/31 
39.59 45.13 5.53 5.34*** 7.55*** 

OPEC cut oil production 
1997/3/5-199

8/3/31 
1998/4/1-1999

/4/29 
42.11 50.60 8.49 10.78*** 40.48*** 

9/11 terrorist attack in US 
2001/8/17-20

01/9/6 
2001/9/10-200

1/10/9 
37.04 59.92 22.88 7.73*** 14.27*** 

PdVSA workers strike 
2001/12/3-20

02/3/27 
2002/4/2-2002

/7/12 
65.06 70.04 4.98 14.62*** 89.76*** 

Second war in Iraq 
2002/6/27-20

03/3/19 
2003/3/20-200

3/11/28 
41.77 45.39 3.61 17.63*** 122.99*** 

Chinese economic 
growth 

2005/3/3-200
6/2/24 

2006/3/1-2007
/3/6 

36.34 42.25 5.90 17.75*** 168.13*** 

Global financial crisis 
2007/6/29-20

08/7/31 
2008/8/1-2009

/8/31 
51.13 54.42 3.29 4.01*** 15.49*** 

European debt crisis 
2008/9/9-201

0/10/29 
2010/11/1-201

2/12/28 
54.14 55.48 1.34 3.18*** 13.85*** 

Note: *** indicate the significant at 1% level. 

 

4. Conclusions 

This study examine return and volatility spillovers effects between Brent oil market and stock markets (comparing 
oil market with both stock markets of oil-exporting and oil-importing countries together and individually) by applied 
new spillover index approach.  

The paper provides evidence that oil-exporting countries have had significant impact on returns and volatilities of 
oil-importing countries, which stock market in Canada is the dominant net sender and stock market in Netherland is 
the dominant net receiver. Second, the oil market spillover on oil-exporting markets more than oil-importing markets 
in terms of both returns and volatilities, especially oil markets had a high impact on Canada. Moreover, stock market 
in Canada had dominant spillover on other markets. We conjecture that Brent oil market indirect spillover on other 
countries through Canada. Third, the net direction return and volatility spillovers from Brent oil to the six countries 
are net spillovers sent, and from oil-exporting countries to oil-importing countries are net spillovers sent as well. 
Finally, the result shows that the dynamic of spillovers burst significantly during the major events.  
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Notes 

Note 1. In term of return spillover, Basher and Sadorsky (2006), Nandha and Faff (2008), Park and Ratti (2008), 
Maghyereh (2004) and Hammoudeh and Choi (2006) etc. In term of volatility spillover, Hammoudeh et al. (2004), 
Malik and Hammoudeh (2007) and Malik and Ewing (2009) so on. 

Note 2. Hammoudeh and Choi (2006), Zarour (2006), Maghyereh and Al-Kandari (2007); Onour (2007); Arouri, 
Lahiani and Nguyen (2011) and Awartani and Maghyereh (2013). 

Note 3. Basher and Sadorsky (2006), Kilian and Park (2009), Malik and Ewing (2009), Miller and Ratti (2009), 
Aguiar-Conraria and Wen (2012), Arouri, Jouini and Nguyen (2012), Jammazi (2012) and Jin et al. (2012). 

Note 4. Arouri, Lahiani and Nguyen (2011), Chang, McAleer and Tansuchat (2012) and Arouri, Jouini and Nguyen 
(2011) etc. 

Note 5. First, the method can not only measure the magnitude of the spillover in return and volatility, it can also 
indicate the direction of the spillover. Second, the method measures the shocks to return and volatility of one market 
on any market, and net contribution of one market to any set of markets. Third, the intensity of spillovers is vary over 
time, the method can track time variation in spillovers via rolling window estimation. 

Note 6. Diebold and Yilmaz (2008), Diebold and Yilmaz (2009), Yilmaz (2010) and Zhou, Zhang and Zhang (2012) 
analyzed the international stock markets. Yilmaz (2009) studied business cycle interdependence among industrial 
countries. Diebold and Yilmaz (2012) explore the volatility spillovers across American stock, bond, foreign exchange 
and commodities markets. Awartani and Maghyereh (2013) investigated the dynamic spillover return and volatility 
between oil and equities in the GCC countries. Claeys and Vašíček (2012) analyzed EU sovereign bond spreads 
relative to the German Bund. Alter and Beyer (2012) analyzed spillovers between sovereign credit markets and banks 
in the euro area. 

Note 7. For example, Akoum et al. (2012) noted an increasing strength in the market dependencies after 2007. 
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Awartani and Maghyereh (2013) find there are bi-directional spillovers between the oil and stock markets, and the 
trends were more pronounced in the aftermath of the Global Financial Crisis in 2008. Morana (2013) find 
macroeconomic shocks actually largely account for the 2007-2008 oil price swing. Few studies cover the major 
economic events over the period of study. Filis, Degiannakis and Floros (2011) tied up specific oil price shocks 
events, and find time-varying correlations depend on the origin of the oil shocks. 

Note 8. The sample that we set are according to EIA report. Canada exported 1.57million bbl/d and also is the third 
largest oil exporter outside OPEC. Mexico exported about 1.34million bbl/d in 2011, crude oil accounted for 2.55 
million bbl/d, which is a major non-OPEC oil producer. Brazil exported about half a million bbl/d in 2011. In regard 
to oil-importing countries, US is the world's biggest importer of crude oil with imported of 7.44 million bbl/d. 
Germany is not only the largest energy consumer in Europe, excluding Russia, but also the seventh largest energy 
consumer which imported of 2.22 million bbl/d. Finally, Netherlands imported about 1 million bbl/d which 
accounted for about 50 percent of domestic energy consumption. 

Note 9. In order to measure volatility we do not use efficient range-based volatility estimate which was first proposed 
by Garman and Klass (1980), because we use Europe Brent spot price data from EIA. 

Note 10. Table 5 shows the shock feed from row variables to column variables. The spillover effects of an impulse to 

the variables shows in the first column of each row. The responding variables are on the top row. The total spillover 

sent (S୧՜୨
୥ ሺHሻ) are aggregate in the last column, and the total spillover received (S୨՜୧

୥ ሺHሻ) are aggregate on the bottom 

row. Table 5 also can be divided into four quadrants presents spillover effect: among oil-exporting countries 

(top-left), among oil-importing countries (bottom-right), from oil-importing to oil-exporting countries (top-right) and 

from oil-exporting to oil-importing countries (bottom-left). 
Note 11. Calculate the return spillovers from oil-exporting countries to oil-importing countries 
(47.9%+29.8%+28.8%+5.6%+3.2%+3.3%+0.9%+0.5%+0.6%) 

Note 12. Calculate the return spillovers from oil-importing countries to oil-exporting countries 
(0.3%+0.1%+0.1%+0.2%+0.2%+0.2%) 

Note 13. First, the Asian crisis took place in mid-1997 to early 1998, the oil prices went down because of the 
reduction in demand. The majority of stock markets were also decline in that period. During March 1998 and March 
1999, OPEC embarked on two production cuts. The September 11, 2011 terrorist attacks in the US. Venezuela's state 
oil firm PDVSA workers strike brought the country's oil industry to a halt from April 2002. The second war in Iraq 
started in March 2003, caused oil price increase significantly but the stock market react opposite. In 2006, as China's 
economic growth rising demand, led to the oil prices increased significantly. During 2008 and 2009 the global 
financial crisis began when the US subprime mortgage market collapsed, the crisis had worsened as stock markets 
around the globe crashed, and caused oil prices to decline heavily. Finally, the European sovereign debt crisis started 
in Greece and spread to primarily Spain, Portugal, Ireland and Italy during 2009. Stock market crash causing 
financial turmoil and decline in confidence, and the oil prices also fell sharply. 


