
Multivariate dependence risk and portfolio optimization: An
application to mining stock portfolios

Stelios Bekiros a,b,n,1, Jose Arreola Hernandez c, Shawkat Hammoudeh b,d,
Duc Khuong Nguyen b

a European University Institute, Department of Economics, Via della Piazzuola 43, I-50133 Florence, Italy
b IPAG Lab, IPAG Business School, 184, Boulevard Saint-Germain, 75006 Paris, France
c School of Business, Edith Cowan University, 270 Joondalup Drive, Joondalup WA 6027, Australia
d LeBow College of Business, Drexel University, 3200 Market Street , Philadelphia, PA 19104, USA

a r t i c l e i n f o

Article history:
Received 6 May 2015
Received in revised form
18 July 2015
Accepted 20 July 2015

Keywords:
Mining stocks
Vine copulas
Risk measures
Tail dependence
Portfolio optimization

a b s t r a c t

This study proposes an integrated framework to model and estimate relatively large dependence ma-
trices using pair vine copulas and minimum risk optimal portfolios with respect to five risk measures
within the context of the global financial crisis. We apply this methodology to two 20-asset mining (gold
and iron ore-nickel) sector portfolios from the Australian Securities Exchange. The pair vine copulas
prove to be powerful tools for the modeling of changing dependence risk under three different period
scenarios combined with the optimization of portfolios that have complex patterns of dependence. The
portfolio optimization results converge, on average, in some stocks.

& 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The recent global financial crisis (GFC) had contributed to
global dependence shifts and portfolio losses, mainly due to
changes in joint dynamics and network-dependence relationships,
and the large increases in volatility spillovers between interna-
tional financial markets (Brunnermeier, 2009; Moshirian, 2011;
Florackis et al., 2014). Doubtlessly, the severe financial fluctua-
tions, which resulted from this global crisis, have put into question
the reliability and the estimation abilities of the status quo math-
ematical and statistical models used in dependence estimation
and portfolio optimization. This in turn has led to the quest for
finding techniques that more accurately approximate the under-
lying interactions of the variables and better optimize portfolios,
while considering important risk factors other than the traditional
ones.

The copula approach in the form of bivariate copula and pair
vine copula models (e.g., c-vine, d-vine and r-vine) has recently
been proposed to more accurately estimate the dependence ma-
trix of financial variables (e.g., Chollete et al., 2009; Aloui et al.,
2011; Low et al., 2013).2 It overcomes the restrictive and de-
terministic features of the bilateral correlation coefficient ap-
proach, traditionally used in portfolio optimization algorithms,
due to its suitability to capture the distributional characteristics of
asset returns such as volatility clustering, fat tails, tail dependence
and asymmetric correlation.3 In the context of multivariate de-
pendence modeling, the pair vine copulas, which are built on the
theory of graphical models, provide greater flexibility than the
bivariate copulas because they allow for dissections and decom-
positions, while capturing, in a more localized and specialized
manner, the distributional characteristics of different forms (see,
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2 C-vine, d-vine and r-vine refer to the canonical, the drawable and the regular
vine copulas. These copula models have been found to outperform alternative
models in terms of dependence structure estimation (e.g., Low et al., 2013).

3 Asymmetric correlations between financial markets in bear and bull periods
have been documented by, among others, Erb et al. (1994), Ang and Bekaert (2002),
and Patton (2004). They refer to the fact that negative returns are more correlated
than positive returns, suggesting that financial markets tend to be more dependent
in crisis times characterized for low or no confidence in the financial markets. Aloui
et al. (2011) find evidence of asymmetric dependence of stock returns between the
BRIC and U.S. markets.
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e.g., Aas et al., 2009; Czado et al., 2012,2013).
This article deals with dependence structure estimation and

optimal asset allocation with respect to the variance, the mean
absolute deviation (MAD), the minimizing regret (Minimax), the
conditional Value-at-Risk (CVaR) and the conditional Drawdown-
at-Risk (CDaR) measures. The returns of the assets in the portfolios
are random variables generated under various market conditions.
We first contribute to the related literature by adopting a flexible
pair vine copula approach to model the dependence risk and the
risk features of Australian gold and iron ore-nickel stock portfolios.
This task is carried out within the context of three financial period
scenarios: the pre-GFC, the GFC and the post-GFC periods. The first
distinction of this specific type of methodology and analysis is that
it allows one to find out the market conditions under which one
sector portfolio may be more volatile and risky than the other.
Besides, it enables one to identify the type of vine copula model
which better accounts for dependence in the tails.

Our second contribution stems from the integration of the pair
vine copula and portfolio optimization models. This combined
modeling approach is applied to investigate the portfolio alloca-
tion characteristics of the gold and iron ore-nickel stock portfolios
under consideration. In practice, we introduce into the portfolio
optimization models the pair vine copula estimates of the de-
pendence structure which captures the linear and nonlinear de-
pendence relationships between the gold stocks as well as be-
tween the iron ore-nickel stocks. We expect the use of pair vine
copulas in portfolio optimization to provide an estimation edge
over the rest of the models.

Our third contribution arises from the multi-angled portfolio
optimization approach implemented. We specifically propose an
alternative avenue to address the problem of investment con-
fidence that the mining portfolio investors face when a variety of
optimal weight allocations is presented to them for selection.4 The
proposed approach handles the multiple weight allocation in-
vestment possibilities in terms of “average model convergence”.
This means that while we are still interested in finding the best
risk measure to be used for the optimization of portfolios, we
particularly focus on identifying the stocks to which most of the
alternative optimization models converge without a large devia-
tion from a mean of weights. While this approach represents a
shift of perspective in the analysis, evaluation and interpretation of
multiple optimal weight allocations, it is also thought to be an
effective way to deal with the problem of investment confidence.

Empirically, we illustrate the relevance of our analytical ap-
proach for dependence modeling and dependence shift detection
by considering two mining portfolios (gold versus iron ore –

nickel) of 20 stocks, which trade on the Australian Securities Ex-
change (ASX).5 We select these two mining portfolios because they

include highly important mineral commodities which are ex-
tracted, processed, and traded in and exported from Australia.
During the 2008–2009 global financial crisis, for instance, the
production and export of gold had contributed to softening the
effect of the financial crisis on the Australian economy. On the
other hand, the 2015 sharp decline in prices of iron ore has proven,
in terms of the harsh domestic budgetary adjustments that took
place, how important the iron-ore production and exports are to
the Australian economy. In this context, the identification of stocks
for investment and the stock portfolios' risk profile is important to
portfolio managers, investors and policymakers since the obtained
results could be used to manage the resource allocation risk,
market downturn risk and market sector risk. Another important
reason for selecting those mining portfolios is that they are dif-
ferent in terms of structure, volatility, uses and their importance in
asset investment than other sectors, which enables one to test and
analyze the behavior of different components in our integrated
modeling framework (i.e., vine copulas, risk measures and port-
folio optimization).6 The gold stock sector, for instance, does not
have a dominant company that has exceptionally high correlations
with the rest of the stocks in the portfolio. Instead, there are a
handful of companies having relatively high correlations with each
other but none of them is dominant. This is not the case for the
iron ore – nickel stock portfolio, which has BHP BILLITON (BHPX)
as the dominant stock in the sense that it has high correlation
values with the rest of the stocks in this portfolio. Through the
modeling of the dependence structure of the portfolios, we are
also able to address the question of whether the Australian gold
stocks can serve as a hedge and safe haven during financial crisis
periods.

With respect to the literature that uses copulas in portfolio
optimization, our research is broadly linked to the contributions of
Kakouris and Rustem (2014), Low et al. (2013) and Brechmann and
Czado (2013) and Ye et al. (2012). The latter provided a measure-
ment methodology for the subprime crisis contagion based on
copula change point analysis, whilst Kakouris, Rustem (2014)
employ a mixture of copulas to derive CVaR and the worse-case
CVaR used for the optimization of a convex portfolio of stock in-
dices. Low et al. (2013) make use of the bivariate Clayton and the
Clayton canonical vine copulas to address the asset allocation for
loss-averse investors through the minimization of CVaR in port-
folios of up to 12 constituents. Brechmann and Czado (2013) de-
velop a regular vine copula-based factor model which is applied to
the asset returns of the Euro Stoxx 50 index constituents in order
to investigate the Value-at-Risk forecasting and asset allocation.
Compared to these studies, we use both the c-vine, d-vine and
r-vine copulas to draw information about the dependence risk and
the low and high risk features of the gold and iron ore-nickel
stocks in specific market conditions. Our study also is differ-
entiated from those studies by deliberately searching for average
model convergence in the weight allocations resulting from the fit
of various different portfolio optimization models with respect to
multiple risk measures.

Other applications of vine copulas, which relate to our study in
terms of dependence modeling, have explored the dynamic de-
pendence behavior between financial markets (e.g., Chollete et al.,
2009; Min and Czado, 2010; Mendes et al., 2010; Czado et al.,

4 Investment confidence is the issue underlying any type of portfolio optimi-
zation approach. The abandonment of the single risk measure-based portfolio
optimization is partially driven by the inability of that approach to adequately
address the problem of investment confidence. Although the optimization of
portfolios with respect to multiple risk measures to some extent successfully ad-
dresses the problem by providing more information and investment choices, which
could cater to a wider variety of investors, it does not offer a generalized and
quantitatively objective approach for the selection of stocks. Instead it adopts a
relativistic and subjective perspective for the selection of stocks. On the contrary,
the “average model convergence” approach proposed for the analysis, evaluation
and interpretation of the multiple weight allocation scenarios does provide the
investment confidence investors require by finding the models’ points (i.e. stocks in
our case) of convergence.

5 As of December 2012, the mining stocks (including coal and uranium stocks
in this category) which are listed on the ASX accounted for approximately 39% of
the total market capitalization of the total market, with the gold and the iron-ore
nickel sectors playing an important role in the functioning and development of the
Australian economy. While the pair vine copula approach can handle a larger
portfolio, we only illustrate its use by a 20-stock portfolio as the higher number of

(footnote continued)
stocks will make the estimation of the dependence matrix truly complex, parti-
cularly due to the consideration of almost all existing bivariate copula families.

6 Our empirical approach could be extended to modeling the mining sectors in
other countries, including those from African countries such as South Africa which
is a major producer of gold, platinum, diamond and coal. The mining sector in
South Africa makes up about 60% of the country’s exports where eight of the 10
largest individual export categories are commodities.
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