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In this paper we study the relationship between the oil price and stock market index of various countries
between 1982 and 2007. We exclude oil and gas stock companies from the stock indices to remove the obvious
direct linkage. Oil price series are converted into local currency to account for possible exchange rate effects. The
method of copula is used to model the general dependence between stock returns and oil price returns. Our
findings suggest a weak dependence between oil prices and stock indices for most cases, which are consistent
with the results from previous studies. Exceptions are for the stock index returns of large oil consuming and
producing countries (United States and Canada), which are shown to have a relatively strong dependence with
the oil price series. The introduction of Euro in 1999 altered considerably dependence between oil prices and
stock returns.
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1. Introduction

Major news channels discuss at least one story everyday about oil,
its demand and supply, present and future price movements, or the
potential effect on financial markets. The reason for such attention on
oil is due to its prominent importance for most of the economies in
the world (Nandha and Faff, 2008). Moreover, the demand for oil in-
creases persistently as countries becomemore developed. For example,
the demand for oil by China and India, which are in the process of rapid
development, is growing rapidly over time. At the same time, the
demand by developed countries for oil is not decreasing in spite of the
vigorous search for an alternative fuel. Thus, oil will remain an impor-
tant factor for the global economy for some time and the large oil pro-
ducing countries will continue having a decisive role in determining
the oil production and its pricing strategies. It is therefore important
to thoroughly comprehend the effect of oil prices and pricing strategies
on the world economy.

It is widely accepted that the oil prices influence the state of
economy; however, it is not clear how the relationship changes
depending upon the availability and usage of the oil in a particular
, Department of Agricultural
USA.
country/region. For instance, the oil price increase is likely to positively
influence the GDP of Saudi Arabia, whereas the oppositewould perhaps
be the case for France. The issue of whether and how this relationship
varies across countries with different oil demand and supply structure
remains unanswered. This study attempts to fill this gap in the litera-
ture. Inclusion of various countries such as large oil producing, oil con-
suming, or the combination of both in our investigation will help to
illustrate how much, if any, and to which direction the relation
between the oil and the financial markets changes.

The dependence between the oil price and stock market has been
studied mainly under the assumption of normality, under which the
dependence is symmetric and conveniently captured by linear correla-
tion. Possible non-linear and asymmetric relationships were largely
overlooked. A few studies examined asymmetric relationship between
the series (Balke et al., 2002; Ciner, 2001; Hamilton, 1996; Mohanty
et al., 2011; Mork, 1989). However, there is a lack of information on
the general dependence structure between the oil prices and global
stock market indices. Instead of restricting our attention to a particular
type of relationship, in this study we adopt the copula approach to ex-
plore the general dependence between the series. The copula method
provides two key advantages in multivariate analyses. First, it allows
researchers to model the marginal distributions and their dependence
structure separately, facilitating the separation of their respective influ-
ences. Second, the copula function captures the dependence between
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variables completely. There exist a large number of copulas to capture a
myriad of dependence structure, allowing fat-tailedness, asymmetry,
tail dependence and so on.

In this studywe examine the interdependence of oil prices and inter-
national stockmarket indices.We note that different stockmarket indi-
ces put differentweights on the oil and gas company stocks. Because the
relationship between stock market index and oil price returns may be
largely determined by the co-movements between oil prices and oil
and gas stocks, we exclude oil and gas effects from the stock market
index series to remove this direct linkage. Two oil price series are
used: Brent and OPEC oil price series, wherein OPEC oil price is specifi-
cally used for sensitivity analysis of the results. Each oil price series is
transformed into the local currency to account for the influence of ex-
change rates on both oil prices and stock market indices. We explore
the general dependence structure without distributional assumptions
on the series. For this purpose, copula functions are used to model the
dependence structure for the entire distribution. Furthermore, the anal-
yses are conducted on both developed and developing countries, aswell
as on large oil consuming and producing countries. Lastly, the interde-
pendence dynamics between the series is studied to examine whether
there were significant changes in their dependencies over time.

The remainder of this article is organized as follows. A brief review of
existing literature is provided in Section 2. Section 3 is devoted to
explaining the data and methodology. The main results of the paper
are given in Section 4 followed by the implications and conclusion of
the results which are reported in Section 5.

2. Literature review

Existing literature suggests a link between the oil price and the state
of economy. It has been shown that the economies of most countries
are inversely related to the oil price changes (Burbidge and Harrison,
1984; Gisser and Goodwin, 1986; Hamilton, 1983; IEA, 2004; Jones
et al., 2004; Lardic and Mignon, 2008; Lee et al., 1995; Loungani, 1986;
Mork, 1989; Mork et al., 1994; Mussa, 2000). The data and methodolo-
gies applied in these studies vary, but most of them come to a similar
conclusion — oil is an important factor for the economy.

The reported relationship of oil prices and the economy generated
new ideas and avenues of research. The reasoning behind many of the
recent studies arises from the empirical evidence that oil price has an
impact on the overall economy; hence it may have an impact on the
individual industries as well. Consequently, many studies examined
the relationship between the various industry sectors and the oil prices.
Faff and Brailsford (1999) claimed that oil, gas and diversified resources
industries are positively correlated with the oil prices, while negative
correlation is observed for industries, such as paper and packaging,
financials and transport. Furthermore, the individual stocks have be-
come the focus of many studies. Combining the equity returns of differ-
ent industries these studies also had some industry implication and
confirmed the results of Faff and Brailsford (1999) (Cong et al., 2008).

Equity markets have later been studied for the possibility of being
influenced by oil price shocks. The rationale for the possible oil price
impact on stock returns comes from the fact that oil, being a major
input, directly affects the cost structure of firms. The increased cost,
ceteris paribus, will result in smaller profit which will negatively affect
the expected earnings and will result in depressed aggregate stock
prices (Arouri and Nguyen, 2010; Ciner, 2001; Nandha and Faff, 2008).
These hypotheses have been empirically accepted for Greece
(Papapetrou, 2001) and for the UK (El-Sharif et al., 2005). They show
that oil price shocks have negative and weak influence on the non-oil
or non-gas stock returns. On the other hand, if one looks from the
perspective of oil producing company, the abovementioned notion
will be reversed resulting in positive impact of oil price increases on
stock returns of mainly oil and gas industries (companies from these
industries). The notion seems to be supported by some studies that
use stock returns of oil and gas industries, individual companies
(or oil-intensive companies) and oil prices (Al-Mudhaf and Goodwin,
1993; Arouri, 2011; Boyer and Filion, 2007; Cong et al., 2008; El-Sharif
et al., 2005; Faff and Brailsford, 1999; Gogineni, 2010; Hammoudeh
and Li, 2004; Nandha and Faff, 2008; Papapetrou, 2001; Sadorsky,
1999, 2001).

Although the individual stock returns are indeed influenced by the
oil price movements, Jones and Kaul (1996), Huang et al. (1996), and
Apergis and Miller (2009) show that overall stock market indices are
statistically unrelated to the oil price shocks. On the other hand,
Sadorsky (1999), Papapetrou (2001), and Miller and Ratti (2009) find
that oil price movements are important in explaining movements in
the aggregate stock returns. However, the analysis of nonlinear or asym-
metric relationship between the oil prices and economy, aswell as stock
markets, showed the existence of nonlinear relation such that an oil
price increase is more detrimental to the U.S. economy and financial
markets, than an oil price decrease, which is beneficial (Balke et al.,
2002; Hamilton, 1996; Mork, 1989; Park and Ratti, 2008). Asymmetric
effects of oil price changes on stock market returns in Gulf Cooperation
Council (GCC) are also documented in Mohanty et al. (2011). In addi-
tion, nonlinear Granger causality from oil futures return to S&P 500
index return is found (Ciner, 2001). In this paper we propose the use
of copula functions to study the general dependence structure between
the series. Copula functions facilitate flexible modeling of univariate
marginal distributions. In addition, the dependence can be estimated
based on the entire dependence structure rather than just univariate
measures (Chollete et al., 2005). The results will indicate whether the
relationships are symmetric, asymmetric, linear, or nonlinear.

Oil prices have been mainly denominated in U.S. dollar, however,
the decline of the U.S. dollar against other currencies has let OPEC to
consider an alternative currency for crude oil pricing (Amuzegar,
1978; Haughton, 1991; Samii et al., 2004; Verlegar, 2003). This issue
emerged in the late 1970s and the early 1980s when the U.S. dollar
was devalued. It resurfaced in recent years as the U.S. dollar is losing
its value and dominance in the global economy. The importance of the
appropriate currency for crude oil pricing stems from the claims that
oil price movements are partially due to the currency movements,
meaning that exchange rate fluctuations cause oil price movements
(Basher and Sadorsky, 2006; Samii and Clemenz, 1988; Zhang et al.,
2008). This is an important issue that needs to be accounted for in
such studies because the possible significant relationship between
stock markets and oil prices might be masked by the exchange rate
movements. Moreover, numerous studies showed that stock markets
of many countries are influenced by exchange rate movements as well
(Dominguez and Tesar, 2006; Francis et al., 2006; He and Ng, 2002;
Jorion, 1990). Hence, exchange rates are common causes for move-
ments in both variables of interest and thus must be accounted for.
Only a few studies have controlled for exchange rates when studying
the relationship between the oil prices and stock market indices.
Cologni and Manera (2008) included the Special Drawing Rights
(SDR) exchange rate as an explanatory variable in their regression anal-
yses to control for the exchange rate risk. Similarly, Basher and Sadorsky
(2006) included a weighted average of the foreign exchange value of
the U.S. dollar against a subset of the broad index currencies in the
OLS regression to account for the exchange rate effect. To account for
currencymovements, we convert oil price series into the local currency.
This construction removes the influence of exchange rate and facilitates
our estimation of the dependence between the oil prices and stock
market indices.

3. Data and methodology

3.1. Data

The data used in this study include daily oil price series, exchange
rates, and industry price indices, as well as their respective market
values, from both developed and developing countries over the period
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January 7, 1982 to December 31, 2007.We consider two oil price series:
Brent crude oil current month FOB price and the OPEC oil basket price.
The former is used as it is the main benchmark for Asia, Middle East,
and Europe. The latter is used for the sensitivity analysis to examine if
our results change substantially when the benchmark is not used.
Both oil price series are denoted in dollars per barrel. The countries con-
sidered in our analysis include Canada, French, Germany, Hong Kong,
Italy, Japan, Netherlands, Switzerland, United Kingdom, United States,
China, Czech Republic, Finland, Hungary, Poland, Russia, Spain, and
Venezuela. All data are retrieved from the Datastream database.

The Datastream Global Equity Indices provide a range of stock
indices across countries and sectors worldwide. For each stock mar-
ket, sector indices are calculated by allocating stocks to industries
using the standard FTSE Global Classification System. The Datastream
Global Equity Indices consist of six levels. Level 1 is the total market
index. Level 2 divides the market into ten industries: namely, Oil and
Gas, BasicMaterials, Industrials, Consumer Goods, Healthcare, Consumer
Services, Telecommunications, Utilities, Financials, and Technology.
Levels 3–6 subdivide the level 2 classifications in increasing detail. We
use level 2 industry price indices and their corresponding market values
to construct a new aggregate stock index, which excludes oil and gas
effects for each country. Specifically, the aggregate stock indices are
constructed by weighting all industry price indices (excluding the Oil
and Gas industry index) according to their total market values.1 The
constructed indices are used in the empirical analysis.

The creation of Euro as a common currency for most of the EU
countries has been shown to have an influence on the dynamics of
financial series (Patton, 2006a). As part of the investigation of de-
pendence dynamics, the entire sample is partitioned into pre- and
post-Euro periods and the series that are available at a later date
are only included in the post-Euro period. The pre-Euro period starts
at the starting date mentioned above and ends on December 31,
1998, whereas the post-Euro period starts from January 1, 1999
until the end of the sample period.2 For each country, both oil prices
are converted into the local currency. The logarithmic difference
(i.e. log returns) of the transformed data is used for further analysis.
The return data is filtered to facilitate the estimation of copula
parameters in the following section.
3.2. Copula functions and the estimation approach

In this study, we apply the copula approach to study the general
dependence structure between theoil price and stockmarket.3 Following
Patton (2006a), we assume that the conditional means of the series
evolve according to an autoregressive (AR) process.4 The conditional
variance is assumed to evolve according to an asymmetric general-
ized autoregressive conditional heteroskedastic (GARCH-GJR) model,
which was introduced by Glosten et al. (1992). Franses and Dijk
(1996) show that theGARCH-GJRmodel can improve the standard sym-
metric GARCH model because it accounts for the negative (positive)
skewness of financial returns. An examination of summary statistics of
various variables (see Table 1) reveals that most of the displayed series
1 Note that Datastream also calculates its aggregate sector and market price indices
using similar method, i.e., by weighting each constituent stock with its market value.

2 The pre-Euro period includes stock market indices for ten countries (Canada, French,
Germany, Hong Kong, Italy, Japan, Netherlands, Switzerland, United Kingdom, and
United States) and both oil price series. In addition to these series, the rest of stock
market indices are included in the post-Euro period which ranges from January 1,
1999 to December 31, 2007.

3 Detailed information on copula functions, properties, their applications in finance
area, and more can be found in Joe (1977), Nelsen (1998), Cherubini et al. (2004), Bouye
et al. (2000), Embrechts et al. (2002), Embrechts et al. (2003), Marshal and Zeevi (2002),
and Patton (2004).

4 LM test is performed for up to 10 lags. It was rejected for most of the series and lag
inclusion was necessary in most cases to cure the autocorrelation problem.
have a mild tendency for negative skewed returns. In addition, most se-
ries are less skewed in the post-Euro period than in the pre-Euro period.
Relatively high excess kurtosis values are evident, especially in the pre-
Euro period. As such, there is a strong evidence of a departure from
normality. The non-normality of return series is confirmed by the
Jarque–Bera statistics. Therefore, because many of the series in this
study have observed negative skewness, it is more appropriate to
use GARCH-GJR than the standard symmetric GARCH. The GARCH-GJR
(p,q) model is used with innovations modeled by a Student-t
asymmetric generalized distribution of Hansen (1994).5

The filtered standardized residuals from the GARCH-GJR model
are used to obtain the marginal distribution functions for oil prices
and stockmarket indices. Following the CanonicalMaximumLikelihood
(CML) estimation method, the marginal distributions are estimated
using the empirical distribution, specifically kernel smoothing
(Cherubini et al., 2004). However, evidence shows that kernel smooth-
ingmay not be optimal for the tails of the distribution (Embrechts et al.,
1997; McNeil et al., 2005; Mikosch, 2003). Instead the extreme value
theory (EVT) is applied to the standardized residuals that fall in
each tail in order to estimate the tails of the distribution. As a result,
10% of the standardized residuals for the upper and lower thresholds
are used in order to estimate the parametric Generalized Pareto
Distribution (GPD) (Embrechts et al., 1997; McNeil et al., 2005;
Mikosch, 2003). In essence, this induces more accurate distribution
estimation that better captures heavy-tails of the residuals. The
estimated distribution is then transformed into uniform distribution
via the probability integral transformation to facilitate the estimation of
the copula functions.

The second stage of the CML estimation approach involves copula
parameter estimation. For such purpose, the estimated marginal dis-
tributions from the first stage are used. Copula parameters are then
estimated through Maximum Likelihood Estimation (MLE) method,
such that

θ̂2 ¼ argmaxθ2
XT
t¼1

lnc F̂1 X1tð Þ; F̂2 X2tð Þ; θ2
� �

ð1Þ

where θ2 is the copula parameter, c(⋅) is a copula, density and F̂1 X1tð Þ
is the estimated ith marginal distribution (Cherubini et al., 2004).
The CML estimation method used in this paper is computationally
more attractive and is less complex in general than the alternative
approach in which the parameters of both marginal distribution
and copulas are estimated simultaneously.

This study considers the following nine different parametric copula
functions from various copula families and classes: Gaussian (Normal),
Clayton, Rotated Clayton, Frank, Plackett, Gumbel, Rotated Gumbel,
Student's t, and Symmetrized Joe-Clayton (SJC).6 The most appropriate
copula function for each bivariate model is selected based on the log-
likelihood functions and two information metrics (selection criteria).
The latter includes the Akaike Information Criterion (AIC) and Bayesian
Information Criterion (BIC) provided below:

AIC ¼ −2� LLF þ 2� Parameters ð2Þ

BIC ¼ −2� LLF þ log Tð Þ � Parameters ð3Þ

where LLF is the log-likelihood function, Parameters is the number of
parameters, and T is the number of observations (4430 and 2346 for
pre- and post-Euro periods, respectively). The number of parameters
5 For the GARCH-GJR (p, q) models, the model selection criterion is the Bayesian
Information Criterion (BIC). Models for each series and each case are available upon re-
quest from authors.

6 Patton (2004) provides the functional forms for all the copula functions used in
this study.



7 The relationship between the Kendall's tau and parameters of different copulas is giv-
en in Embrechts et al. (2003), Chollete et al. (2005), Hu (2006), and Genest and Favre
(2007). For example, the Clayton copula parameters and Kendall's tau are related through
the following equations: τθ ¼ θ

θþ2. In this study, we computed the copula parameters both
ways. We find that they are fairly close to each other. Hence, it can be concluded that the
copula models are well specified.

Table 1
Summary statistics for daily log returns on market indices (in local currency), Brent oil price (in dollars), and OPEC oil price (in dollars).

Country Mean Max Min SD Skew Ex. Kurt. J–B

Panel A: pre-Euro period
Canada 0.0004 0.0880 −0.1186 0.0079 −1.0280 26.8055 133,543.5***
French 0.0006 0.0777 −0.1009 0.0104 −0.7017 8.9203 15,069.12***
Germany 0.0004 0.0591 −0.1214 0.0101 −1.0448 11.4406 24,993.86***
Hong Kong 0.0004 0.1552 −0.4143 0.0178 −3.7665 81.0826 1,225,140***
Italy 0.0005 0.0846 −0.0846 0.0128 −0.2054 4.1144 3160.782***
Japan 0.0002 0.0933 −0.1576 0.0109 −0.3367 16.0013 47,395.27***
Netherlands 0.0006 0.0829 −0.1125 0.0093 −0.6858 13.4976 34,013.07***
Switzerland 0.0006 0.0663 −0.1234 0.0089 −1.7822 24.0757 109,447.3***
United Kingdom 0.0005 0.0705 −0.1364 0.0089 −1.1537 19.2752 69,633.85***
United States 0.0006 0.0817 −0.2056 0.0095 −2.6063 56.0795 586,069.7***
Brent −0.0003 0.1942 −0.4387 0.0236 −1.5303 38.5426 276,200.9***
OPEC −0.0003 0.2331 −0.4299 0.0197 −1.8665 64.3312 767,195.3***

Panel B: post-Euro period

Canada 0.0003 0.0438 −0.0837 0.0100 −0.5011 5.9368 3552.446***
French 0.0002 0.0648 −0.0839 0.0124 −0.1527 3.2463 1042.663***
Germany 0.0002 0.0548 −0.0722 0.0119 −0.2319 2.4980 633.313***
Hong Kong 0.0005 0.0532 −0.0982 0.0132 −0.3736 3.8901 1538.367***
Italy 0.0001 0.0735 −0.0867 0.0113 −0.3226 4.3077 1859.870***
Japan 0.0001 0.0604 −0.0663 0.0121 −0.3196 2.0221 441.383***
Netherlands 0.0001 0.0751 −0.0769 0.0126 −0.2134 3.8871 1499.230***
Switzerland 0.0001 0.0565 −0.0691 0.0103 −0.2628 4.5150 2025.356***
United Kingdom 0.0001 0.0495 −0.0710 0.0108 −0.2372 2.8242 804.418***
United States 0.0001 0.0597 −0.0707 0.0114 0.0862 2.8281 787.476***
China 0.0005 0.0942 −0.0923 0.0147 0.2242 5.0794 2548.527***
Czech Republic 0.0007 0.0860 −0.0605 0.0127 −0.1904 2.5699 662.132***
Finland 0.0003 0.1557 −0.1860 0.0228 −0.4184 6.5678 4295.631***
Hungary 0.0003 0.0866 −0.0922 0.0139 −0.0706 3.4182 1147.717***
Poland 0.0005 0.0751 −0.0688 0.0140 0.0876 2.3162 529.477***
Russia 0.0015 0.2524 −0.1563 0.0240 0.1732 10.0275 9862.352***
Spain 0.0003 0.0572 −0.0696 0.0116 −0.1512 2.4167 582.043***
Venezuela 0.0005 0.0903 −0.1572 0.0129 −0.3902 18.9452 35,213.62***
Brent 0.0009 0.1030 −0.1363 0.0223 −0.1713 1.9193 373.145***
OPEC 0.0009 0.0736 −0.1563 0.0179 −0.5961 4.1365 1816.595***

Note: J–B is the Jarque–Bera test for normality. *, ** and *** denote the rejection of the null hypothesis at the 10%, 5% and 1% levels, respectively.
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for each copula function is one except for the Student t and SJC copula
functions which have two parameters. If the three criteria do not
agree, the model selection will be based on the BIC.

3.3. Dependence measures

As mentioned earlier, copula functions describe the structure of
dependence and are adequate indicators of the possible co-movement
between the series (Patton, 2006b). Moreover, copulas are related to
all the association concepts such as concordance, linear correlation,
tail dependence, positive quadrant dependency, and some of the
related measures such as Kendall's tau, Pearson's rho, and index
of tail dependency (Cherubini et al., 2004; Hu, 2006). This study
uses three dependence measures: Pearson's rho, Kendall's tau, and
index of tail dependency.

Pearson's correlation (i.e. linear correlation), which has been
in common use for many years, measures the linear dependence
between the variables of interest. It is easy to manipulate and is a
natural scalar measure of dependence in elliptical distributions
(Embrechts et al., 2003). However, in cases of non-elliptical
distributions it provides a partial measure of dependence. More-
over, the existence of outliners, unequal variances, non-normality,
and non-linearity influences the linear correlation coefficient
(Carmona, 2004). Hence, only under special circumstances do
linear correlation is appropriate and become an accurate measure
of dependence.

One of the commonly used dependence measures especially for
non-elliptical distributions is the Kendall's tau (Embrechts et al.,
2003). This nonparametric concordance measure is based on the
order statistics of the sample. Moreover, the distortions that affect
the linear correlation coefficient are greatly minimized resulting
in rank correlations that are robust measures of correlation. The
Kendall's tau measures the difference between the probability
of concordance and probability of discordance. For the ordered
statistics of X and Y Kendall's tau is given by:

τ ¼ Pr X1−X2ð Þ Y1−Y2ð ÞN0ð Þ−Pr X1−X2ð Þ Y1−Y2ð Þb0ð Þð : ð4Þ
Similar to a linear correlation coefficient, its range of values is τ

∈ [1, −1]. Moreover, it can be represented in terms of copula
functions as below:

τ ¼ 4
Z1

0

Z1

0

C u; vð ÞdC u; vð Þ−1: ð5Þ

Copula parameters can be estimated either through maximum
likelihood or through Kendall's tau estimator (Eq. (5)). The Kendall's
tau estimator is efficient and can be used as a goodness-of-fit measure
of copula models (Chollete et al., 2005; Embrechts et al., 2002; Hu,
2006). Specifically, if the dependence parameter is not sensitive to the
choice of the estimation method, it implies that the copula functions
are well specified.7



Table 3
Correlations between each stock market index and oil price returns (Brent and OPEC).

Country Pearson's rho Kendall's tau

Brent OPEC Brent OPEC

Pre-Euro period
Canada −0.071329*** −0.076777*** −0.044951*** −0.044962***
French −0.000616 −0.009634 0.034015*** 0.040051***
Germany −0.027261* −0.024058 0.017931* 0.020209**
Hong Kong −0.025026* −0.034800** 0.000155 −0.000095
Italy −0.043015*** −0.025741* 0.009309 0.015162
Japan −0.040599*** −0.064447*** 0.009007 −0.005392
Netherlands 0.028685* 0.028630* 0.055435*** 0.059860***
Switzerland 0.006727 0.013407 0.050605*** 0.054899***
United Kingdom −0.018135 −0.026038* 0.002183 −0.000551
United States −0.102486*** −0.119039*** −0.043288** −0.040415***

Post-Euro period

Canada −0.012330 −0.050516** −0.005623 −0.025460*
French 0.066995*** 0.053153** 0.048175*** 0.040687***
Germany 0.050407** 0.042588** 0.034573** 0.033609**
Hong Kong 0.019211 0.014547 0.004061 0.008692
Italy 0.051906** 0.033079 0.037721 0.037032***
Japan 0.047198** 0.028422 0.025544 0.015118
Netherlands 0.048458** 0.034865* 0.035182* 0.024282*
Switzerland 0.074922*** 0.057698*** 0.051743*** 0.053312***
United Kingdom 0.031272 0.013334 0.026655 0.024979*
United States −0.038565* −0.044481** −0.027542** −0.022412
China 0.003548 0.003680 0.004267 0.001578
Czech Republic 0.042523** 0.045292** 0.023388** 0.027720**
Finland −0.006539 0.002491 0.002345 −0.000127
Hungary 0.032702 0.034481* 0.018675* 0.019150
Poland 0.034936* 0.012086 0.020104 0.008243
Russia 0.032396 0.052792** 0.040026** 0.043220***
Spain 0.039354* 0.030333 0.036954 0.025268*
Venezuela 0.039569* 0.016809 0.016085 −0.005806

Note: The table reports the dependence measures including the Pearson's rho and
Kendall's tau for pre- and post-Euro periods and two oil price return series: Brent and
OPEC. *, ** and *** indicate the 10%, 5% and 1% significance levels.

Table 2
Tail dependence for different copulas.

Copula Upper tail (λU) Lower tail (λL)

Gaussian 0 0
Clayton 0 2−1

θ

Rotated Clayton 2−1
θ 0

Frank 0 0
Plackett 0 0
Gumbel 2−2

1
θ 0

Rotated Gumbel 0 2−2
1
θ

Student's t
2� 1−tvþ1

ffiffiffiffiffiffiffi
vþ1

p ffiffiffiffiffiffiffiffi
ρ−1

pffiffiffiffiffiffiffi
ρþ1

p
� �� �

2� 1−tvþ1

ffiffiffiffiffiffiffi
vþ1

p ffiffiffiffiffiffiffiffi
ρ−1

pffiffiffiffiffiffiffi
ρþ1

p
� �� �

Note: θ denotes copulaparameter for each copulamodel. For the Symmetrized Joe-Clayton
(SJC) copula, the upper and lower tail dependences are SJC parameters estimated (see, for
example, Patton (2006a)).

335K. Sukcharoen et al. / Energy Economics 44 (2014) 331–339
Lastly, tail dependence is also used in this paper as a measure of
dependence. In fact, tail dependence is a property of an underlying
copula function and is used to summarize the potential for extreme
co-movements among a set of variables (Marshal and Zeevi, 2002).
It differs considerably for different classes or families of copula
(Rodriguez, 2007). Table 2 summarizes the tail dependence for the
copula considered in this study. Gaussian, Frank, and Plackett
copulas have zero tail dependencies and would not provide any in-
formation about the extreme co-movements or the dependence
structure in the tails. Student's t copula captures only the symmetric
tail dependence (e.g. λL = λU) which is more informative than the
case of independence but does not explain possible asymmetries
in the tails. On the other hand, Clayton, Rotated Clayton, Gumbel,
Rotated Gumbel, and SJC provide information on asymmetric
dependence.8 In particular, tail dependencies that tackle only the
specific tails or both tails unequally would provide sufficient infor-
mation on whether or not the dependence of oil price series and
stock market indices is higher during a crash than a boom.

4. Results

The results of this paper are provided in this section. We discuss the
dependence results for Brent oil price returns and stock market index
returns (adjusted for oil and gas effects). These results are compared
with those based on OPEC oil price series. The introduction of Euro
and its impact on the dependence structure are also discussed.

4.1. Results of degree and structure of dependence

The results of dependence measures between stock market index
and Brent (as well as OPEC) oil price returns are summarized in
Table 3. The dependence measures are quite small, mostly negative
for the pre-Euro period, but mostly positive for the post-Euro period.
Most results are insignificant at 5-percent level (especially for the
post-Euro period). The largest linear dependence coefficient, −0.1025,
is reported between the U.S. stock market and Brent oil price returns for
pre-Euro period,whereas the smallest linear dependence, which is essen-
tially zero, is observed between French stock market index and Brent oil
price returns for pre-Euro period. For those additional countries in the
post-Euro period, the dependence measures are significant at 5-percent
level only for Czech Republic and Russia.

There is a notable difference between the pre- and post-Euro
periods. In pre-Euro period all significant Pearson's rho coefficients are
negative, indicating that oil prices and stockmarkets are inversely relat-
ed to each other. Conversely, most significant Pearson's rho coefficients
become positive in post-Euro period. For example, the Pearson's rho
coefficient for Japan changes from −0.041 in the pre-Euro period to
8 Tail dependences for each of the copula functions used in the study are provided in
Nelsen (1998), Embrechts et al. (2002), Marshal and Zeevi (2002), Patton (2004,
2006a), Chollete et al. (2005), and in most copula papers.
0.047 in the post-Euro period. Based on the Pearson's rho measure
alone, we observe the opposite relationship between pre- and post-
Euro periods. However, the sign of significant Kendall's tau coefficients
do not change between the two periods. Whenever both measures are
significant, the same sign is observed. Overall, it can be concluded that
the introduction of Euro changes the direction of linear dependencies
between stock market index and oil price returns, except for the case
of Netherlands, Switzerland, and United States.

The results of the dependence measures for OPEC oil price series are
reported in the same table (Table 3). The association measures result in
only slightly different values. This result is somewhat similar to that of
Ciner (2001), who used WTI and Brent oil price series and concluded
that there is no significant difference between the two series and one
can choose either one for such analysis.

Finally, the two dependence measures are compared. Kendall's tau
and Pearson's rho result in quite different association measures. Even
when they are similar in significance (e.g. Canada and United States
for pre-Euro period; and French, Germany, Switzerland and Czech
Republic for post-Euro period), their degrees of dependence are still
different. Hence, results are greatly affected by the dependencemeasure
used. Given that these two indices capture different types of dependency,
this shall not be taken as a surprise.

There appears to be a significant difference between the dependence
structures of developed and developing countries (e.g. Germany and
Japan versus Poland and Russia). Stock markets of many developing
countries exhibit no correlation with oil price series, whereas weak
but significant measures of dependence are observed for most of the
developed countries. One possible explanation for such results is that
the underlying business of most non-oil and non-gas companies in the
developed countries is more related to oil price changes than the
business of those companies in developing countries.



Table 4
Tail dependence of chosen copula models (pre-Euro period).

Country Brent OPEC

Gaussian Student's t Gaussian Student's t

Canada 0.000000 0.000000
French 0.001578 0.005319
Germany 0.000000 0.002145
Hong Kong 0.000015 0.000266
Italy 0.001873 0.002963
Japan 0.000067 0.000262
Netherlands 0.002161 0.004402
Switzerland 0.003328 0.004610
United Kingdom 0.000432 0.000948
United States 0.000140 0.000074

Note: The table reports the tail dependencemeasures between stockmarket index and oil
price returns (Brent andOPEC) inpre-Euro period. The table contains the tail dependencies
for the chosen copula model (based on AIC, BIC, and LLF) which in this case is Gaussian
and Student's t. Gaussian copula has zero tail dependence, whereas lower and upper tail
dependencies of Student's t copula are the same (i.e. it is symmetric). Therefore, the
lower-upper tail dependence is reported with just one line.
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Most of the stock market indices, however, have very small and
mostly insignificant dependence measures which vary over time. This
is consistent with the results reported by Jones and Kaul (1996) and
Huang et al. (1996). We find that the only relatively consistent and
mostly significant associations are observed for Canada (i.e. −0.077
in pre-Euro period and −0.051 in post-Euro period for OPEC oil price
returns) and U.S. (−0.1025 in pre-Euro period and −0.39 in post-
Euro period for Brent oil price returns). This finding, however, is some-
what different from that of Huang et al. (1996) who found that oil
futures returns have no impact on stock market indices such as S&P
500. A possible explanation for the different result is that S&P 500
data used in their study include oil and gas sectors. The positive rela-
tionship between oil prices and stock prices of oil and gas companies
is likely to push the negative correlation to zero correlation.

4.2. Copula section results

Examination of tail dependencies which are based on the estimated
copula parameters will illustrate potential asymmetries in relationship
between oil price series and stock market indices.9 However, it should
be tested whether or not asymmetric copula models describe the
relationships better than the symmetric models.10 As mentioned
above, we use LLF, AIC, and BIC methods to rank the copula models.

The information criteria (i.e. AIC and BIC) results are mostly consis-
tent with the LLF results. According to these criteria, Student t copula
is found to be the best copula model in the pre-Euro period for most
cases, except for Canada and Germany. Patton (2004) and others have
stated that Student t copula is appropriate for most models which is
certainly true for this certain period. In the post-Euro period, many
bivariate relationships are best explained by Clayton, Rotated Clayton
or Student's t copula models. Gaussian and Plackett copula models are
ranked the highest for few relationships. However, the selection result
for most cases is different between the Brent oil and OPEC oil prices in
the pre-Euro period.

There is a very distinct difference between the pre- and post-Euro
periods. The pre-Euro period is mostly explained by the elliptical
copulas while the post-Euro period is characterized by a mixture of
copula models. Hence, it can be concluded that the underlying depen-
dency structure changed after the introduction of Euro. Finally, the
OPEC and Brent oil price scenarios provide generally similar outcome
(especially in the pre-Euro period) except for a few cases. It is worth
noting that there is no specific ordering of copula models based on the
development status of a country, suggesting a similar dependence
structure among the developed and developing countries.11

4.3. Tail dependency results

Tables 4–6 provide the tail dependencies for Brent oil price (as well
as OPEC oil price) and stock market index return data in pre- and post-
Euro periods.12 In pre-Euro period (Table 4), as mentioned above, the
Student's t and Gaussian copulas are found to best explain all the bivar-
iate relationships. The Gaussian copula has zero tail dependence. All the
tail dependencies for the Student's t copula are close to the zero, indicat-
ing nearly independence between oil price and stock market indices
after the series are properly filtered. This is true for both oil price return
series. However, the tail dependencies are higher for the case of OPEC oil
price, except for theUnited States. The highest tail dependence is 0.0053
for French stock market index and OPEC oil price returns.
9 The copula parameter estimates for all the nine copula functions are available from
authors upon request.
10 In addition, as a goodness-of-fit test of the parameters of selected copula functions is
estimated from theKendall's tau coefficient, there is a slight difference between the copula
parameters estimated through the Kendall's tau or MLE.
11 The copula model selection results are not reported but are available upon request
from authors.
12 The rank-dependence scatter plots are available upon request.
In the post-Euro period, the tail dependencies for most of the rela-
tionships are also close to zero. The only exceptions (in relative terms)
are Canada, France, Switzerland and United States which have slightly
above zero tail dependencies. The highest tail dependence is 0.0033
for the U.S., followed by Canada (0.0028) and Switzerland (0.0018).
Moreover, the tail dependencies for many of the relationships are
symmetric, except for French.13 Very similar results are obtained for
the case of OPEC oil (see Table 6). Interestingly, in the post-Euro period,
the tail dependencies are stronger for the case of Brent oil.

Our findings indicate that the observed interdependence is either
non-existent or very weak between the oil price and stock market
indices globally. The result is consistent with some of the previous
findings which claimed that stock markets are not related with the oil
price (Huang et al., 1996; Jones and Kaul, 1996). There is weak evidence
of asymmetric relationship between the oil price and the small oil pro-
ducing countries (i.e. France, Germany, Italy, Netherlands, and Spain),
which means that it is likely to have a higher dependence in case of a
crash than a boom. In other words, during market recession or down-
turns, the relation of stockmarket index returns and oil price returns be-
comes stronger for these countries. However, the opposite is observed
for the UK implying that oil price increase has slightly more influence
on these stock market indices than oil price decrease.

Overall, the tail dependencies change slightly depending on the oil
price series used. Moreover, there is also a noticeable difference in
both the degree and shape of tail dependencies between the two time
periods. Thus, it can be concluded that the choice of sample period is im-
portant and can change the dynamics of tail dependences. As a whole,
the tail dependence measures for all the bivariate relationships are
quite small regardless of the scenario considered. Moreover, there is
an observed weak asymmetry in the relation between oil price and
some stock market index returns.
5. Conclusions

Given the increasing importance of oil for global economic progress,
more andmore articles emerge aiming to explain the impact of increas-
ing demand for oil and oil prices on the global economy. However, only
a few study the relationship of oil prices and stock market indices.
Moreover, the results from those studies may be biased due to oil and
gas effects. There is still a gap in understanding the oil price and stock
market co-movement. Moreover, the inclusion of various countries
with different levels of economic development is not well explored.
There is also limited information about the asymmetric dependence
between oil price series and stock market indices. This paper attempts
13 Note that only the relatively strong dependences are references in the text.



Table 5
Tail dependence in post-Euro period (Brent oil case).

Country Gaussian Student's t Clayton Rotated Clayton Plackett

Canada Lower 0.002827
Upper 0.002827

France Lower 0.000289
Upper 0.000000

Germany Lower 0.000003
Upper 0.000000

Hong Kong Lower 0.000000
Upper 0.000000

Italy Lower 0.000042
Upper 0.000000

Japan Lower 0.000000
Upper 0.000000

Netherlands Lower 0.000047
Upper 0.000000

Switzerland Lower 0.001825
Upper 0.001825

UK Lower 0.000000
Upper 0.000042

U.S. Lower 0.003272
Upper 0.003272

China Lower 0.000000
Upper 0.000000

Czech Republic Lower 0.000000
Upper 0.000001

Finland Lower 0.000000
Upper 0.000000

Hungary Lower 0.000000
Upper 0.000000

Poland Lower 0.000000
Upper 0.000000

Russia Lower 0.000000
Upper 0.000000

Spain Lower 0.000042
Upper 0.000000

Venezuela Lower 0.000000
Upper 0.000000

Note: The table reports the tail dependencemeasures between Brent oil price and stockmarket index returns in post-Euro period. The table contains the tail dependencies for the chosen
models (based on AIC, BIC, and LLF).

337K. Sukcharoen et al. / Energy Economics 44 (2014) 331–339
to address all these issues to better understand the relationship be-
tween the oil prices and stock market indices. Specifically, we address
the following questions: do oil prices and stock market indices move
together when oil and gas company stocks are excluded? Is there any
asymmetry in the relationship? Does the dependence (if any) increase
during extreme events? Does the dependence change for pre- and
post-Euro periods? Does the choice of oil price series matter? Is there
a specific dependence pattern for developed and developing countries
and for oil producing and consuming countries?

We use the copula functions which provide greater flexibility in
modeling bivariate relationships. They also facilitate the estimation
of the general dependence structure. In addition, oil price series are
converted into a local currency to account for exchange rate effects.
Moreover, we construct new stock market indices that are clean from
oil and gas effects. This enables us to study the “unbiased” relationship
between oil price and stock market index returns.

The results of this study show the popular dependence measures
such as the correlation coefficient and Kendall's tau, as well as the tail
dependencies that are quite small under all cases. Moreover, most of
the relationships are symmetric. This implies that oil price and stock
market indices will have similar dependence (relationship) regardless
of the state of economy. The tail dependencies are relatively strong for
the stock index returns of large oil consuming and producing countries
(United States and Canada). However, there are a few that have
observed asymmetric pattern. Oil price and stock market indices
of France, Germany, Italy, Netherlands, and Spain are left-tail related
(i.e. lower tail dependence is relatively stronger for this relationship
than the upper one), implying that the two series are more likely to
decrease together than boom together. In other words, association of
oil price return and these stock market index returns becomes slightly
stronger during the market downturn and oil price decrease. One of
the possible explanations is that those countries are small oil producing
countries; hence any oil price decrease is viewed relatively adversely by
the local companies and investors. Oil price decreases have a more
adverse impact on the stock market than oil price increases, which
have a beneficial impact on the stock market, even when oil and gas
effects are excluded for these countries.

On the other hand, asymmetry in the formof right tail dependence is
observed for the UK. This implies that the association becomes stronger
during the market upturn (boom) and oil price increase than market
downturn. This finding can perhaps be explained by Ciner (2001) who
found that there is bidirectional non-linear causality between the
stock index returns and oil price returns. In other words, stock market
returns also affect the oil prices. Perhaps, that is the reason why both
oil price and stock market index returns move together more when
both markets are booming. Furthermore, there seems to be a pattern
of developed countries and developing countries having different
association parameters. The former ones tend to have higher tail depen-
dences relative to the developing countries. This might also be ex-
plained by the fact that financial markets of developed countries affect
the oil prices.

The choice of oil price series and the creation of Euro are important
to this research. With regard to oil price series, we find that the copula
parameter estimates and the tail dependences moderately change
depending on which oil price series is used. There are two possible
reasons why the two oil price series provide slightly different results.



Table 6
Tail dependence in post-Euro period (OPEC oil case).

Country Gaussian Student's t Clayton Rotated Clayton Plackett

Canada Lower 0.001495
Upper 0.001495

France Lower 0.000000
Upper 0.000014

Germany Lower 0.002003
Upper 0.002003

Hong Kong Lower 0.000000
Upper 0.000000

Italy Lower 0.000001
Upper 0.000000

Japan Lower 0.000000
Upper 0.000000

Netherlands Lower 0.001905
Upper 0.001905

Switzerland Lower 0.000000
Upper 0.000000

UK Lower 0.000000
Upper 0.000000

U.S. Lower 0.002855
Upper 0.002855

China Lower 0.000000
Upper 0.000000

Czech Republic Lower 0.002791
Upper 0.002791

Finland Lower 0.000000
Upper 0.000000

Hungary Lower 0.000000
Upper 0.000000

Poland Lower 0.000000
Upper 0.000000

Russia Lower 0.000110
Upper 0.000000

Spain Lower 0.000000
Upper 0.000000

Venezuela Lower 0.000000
Upper 0.000000

Note: The table reports the tail dependencemeasures between Brent oil price and stockmarket index returns in post-Euro period. The table contains the tail dependencies for the chosen
models (based on AIC, BIC, and LLF).
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The first reason is the type and quality of oil. Brent oil is sweet light
crude oil and the OPEC oil is the weighted average of the eleven blends
of oil. The second reason is that OPEC controls theOPECoil price keeping
it between the upper and lower limits by changing the production,
whereas the Brent oil price is determined by the market. Given that
OPEC oil is not determined by the market and oil production from
Europe, African, and Middle East is mainly priced relative to Brent oil
price, it is reasonable to conclude that Brent oil price series are better
fit for such studies.

Our findings also suggest that the introduction of Euro in 1999
substantially alters the dependence structure. The stability of Euro
as a common currency for most EU member countries not only
encourages public finances, but also is one of the key international
currencies in the world. A possible explanation could be that Euro
as a single currency facilitated international trade and made Europe as
an integrated economy with a more powerful voice in the world
(European Commission, 2008). With the single currency and stronger
economy, EU is better prepared for economic shocks, such as oil price
and currency market shocks (European Commission, 2008).

Investors are the main potential beneficiaries of this study as it
presents broad empirical evidence of relationship between the stock
market index and oil price returns. If the oil price changes, this paper
will help investors decide how a particular stock market index will
change if oil and gas company stocks are not included. Also, global
investors would also benefit given the empirical findings about de-
veloped and developing countries' dependence patterns. Presented
for various possible scenarios, results will provide more options for
investors to evaluate the interdependence between the two series.
In addition, the results also provide important information regarding
the diversification and possible gains from it.
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