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a b s t r a c t

This paper investigated volatility persistence and returns spillovers between oil and gold markets using
daily historical data from 1986 to 2015 partitioned into periods before the global crisis and after the
crisis. The log-returns, absolute and squared log-returns series of these asset prices were used as proxy
variables to investigate volatility persistence using the fractional persistence approach. The Constant
Conditional Correlation (CCC) modelling framework was applied to investigate the spillover effects be-
tween the asset returns. The volatility in the gold market was found to be less than that at the oil market
before and after the crisis periods. The returns spillover effect was bidirectional before the crisis period,
while it was unidirectional from gold to oil market after the crisis. The fact that there was no returns
spillover running from oil to gold after the crisis suggested a measure of optimum allocation weights and
hedge ratio. The results obtained are of practical implications for portfolio managers and decision
managers in these two ways: gold market should be used as a hedge against oil price inflationary shocks;
and the volatility at the oil market can be used to determine the behaviour of gold market.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Recently, there has been a great increase in the literature on
gold market dynamics. This is due to the recent global financial
crisis that plunged the United States, the United Kingdom and
other world economies into recession which forced investors to
diversify their investment into gold. Also, the global demand for
gold has increased as a result of the lesson learnt by investors
(Apergis and Eleftheriou, 2016). There is equally a dynamic re-
lationship between gold and oil prices, and this was more evident
during the 2008–2009 crisis. Besides, modelling co-volatilities at
oil and gold markets is important for international investors and
portfolio managers since it helps to forecast the volatility evolu-
tion of the prices of those assets and implement the optimal
portfolio and hedging strategies via the computation of spillovers
between the markets.

Gold and oil are the most actively traded commodities in the
world. Gold is noted as a store of wealth during periods of eco-
nomic and political instability (Aggarwal and Lucey, 2007) and as a
volatile monetary asset commodity (Batten et al., 2010; Lucey
et al., 2013). The main importance of oil comes from the industrial
perspective and the daily global consumption is about 90 million
barrels1. For production process, it is a vital input of production
and its price is driven by demand and supply shocks (Lombardi
and Van Robays, 2011). For centuries, gold has been considered a
leader in the precious metals market. It is an investment which is
commonly referred to as a “safe haven” in high-risk financial
markets. The price is less susceptible to exchange rate fluctuations,
unlike oil prices, which depend significantly on the appreciation/
depreciation of US dollars (Baur and McDermott, 2010).

Stock and oil price shocks have been found to greatly affect
most of the world's economies. This has led to individuals and
government agencies having to revert to investment in gold, since

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/resourpol

Resources Policy

http://dx.doi.org/10.1016/j.resourpol.2016.06.008
0301-4207/& 2016 Elsevier Ltd. All rights reserved.

n Corresponding author.
E-mail addresses: os.yaya@ui.edu.ng (O.S. Yaya),

mmtumala@cbn.gov.ng (M.M. Tumala), cg.udomboso@gmail.com (C.G. Udomboso).

1 See 2012 US Energy Information Administration Daily world oil consumption
in millions of barrels.

Resources Policy 49 (2016) 273–281

www.sciencedirect.com/science/journal/03014207
www.elsevier.com/locate/resourpol
http://dx.doi.org/10.1016/j.resourpol.2016.06.008
http://dx.doi.org/10.1016/j.resourpol.2016.06.008
http://dx.doi.org/10.1016/j.resourpol.2016.06.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.resourpol.2016.06.008&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.resourpol.2016.06.008&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.resourpol.2016.06.008&domain=pdf
mailto:os.yaya@ui.edu.ng
mailto:mmtumala@cbn.gov.ng
mailto:cg.udomboso@gmail.com
http://dx.doi.org/10.1016/j.resourpol.2016.06.008


it is a durable commodity that does not lose value. Changes in oil
price particularly have economic impact and these often raise
serious concerns among policy makers around the world, as a
result of its negative effect on net oil importing economies.
Therefore, investors have shifted towards keeping gold as another
source to invest instead of oil and stocks. One of the most obvious
channels through which gold and oil markets could be linked to-
gether is through inflationary shocks (Hooker, 2002; Hunt, 2006).
From the theory of macroeconomics, higher oil price often places
upward pressure on the overall price level, particularly in the area
of greater production and transportation costs. Then, inflationary
expectations may lead investors to see gold as an alternative to oil,
in order to hedge against the expected decline in the value of the
investment on oil (Jaffe, 1989). Melvin and Sultan (1990) assert
that political unrest and oil price changes are significant de-
terminants of volatility in gold prices. Once there is high oil price
at the market, the oil exporting countries generate more revenue.
Since gold constitutes higher share of their respective portfolios,
the demand for gold is pushed up and the price of gold at the
market is pushed up. Ross (1989) claims that asset returns exert
volatility which depends on the rate of information flow and this
information can be incorporated into the volatility-generating
process of another market. Different volatility patterns are ex-
pected since the information flow and the processing time vary
across market. Fleming et al. (1998) argue that cross-market vo-
latility can be employed to transmit information and cross-market
hedging across markets over time.

Understanding the complex relationship between oil and gold,
and/or with the rest of the economy is more important. This can be
viewed in terms of prices (values at their levels) or looking at the
variance and co-volatility, that is the anticipated volatility and
shock spillovers between the returns of two financial asset prices.
The uncertainties in shocks between a pair of these asset prices
may be more prevalent, and understanding their possible im-
plications will be of interest to both investors and policy makers
(Salisu and Oloko, 2015). Therefore, stakeholders in these financial
markets are usually concerned with the relationships among these
prices, particularly the returns and shocks spillovers among them.
The analysis of the spillover effects among asset prices provides
useful information on how the fluctuations among returns, at
mean and variance equations levels, will affect the economic ac-
tivities and portfolios maximisation by the government and in-
vestors. Also, with the current bearish behaviour of oil price at the
international markets, it is of interest to study the relationship
between oil price and gold prices. We were motivated to look at
this gap owing to the fact that oil prices affect gold prices both at
price and variance series levels (Gil-Alana and Yaya, 2014).

This paper considered the persistence of volatility and returns
spillover effects between the prices of oil and gold. The analysis
was carried out for periods before and after the global financial
crises. The fractional persistence approach and univariate volatility
modelling were applied in measuring volatility persistence in the
returns and conditional volatility series, respectively. The Constant
Conditional Correlation (CCC) multivariate GARCH framework was
used to study the spillovers/transmission of returns between the
asset returns series.

The paper is structured as follows: Section 2, which comes
immediately after this introduction, reviews the time series
methodology applied in the paper, which includes the fractional
persistence and multivariate GARCH modelling approaches. Sec-
tion 4 presents the data, empirical analysis and the results. In
Section 4, we infer from the results obtained in Section 5 the
management of gold prices in the presence of oil risk; this is in-
vestigated using estimates of optimum portfolio weight and hedge
ratio. Section 6 renders the concluding remarks and policy
implications.

2. Review of relevant literature

Historical time series of international gold price has a close
relationship with that of oil price, and different statistical tools
have been employed to investigate this relationship (Aruga and
Managi, 2011; Zhang and Wei, 2010; Chan et al., 2011). Lamoureux
and Lastrapes (1990) aver that standard GARCH models tend to
overestimate the underlying volatility persistence when a break is
not allowed in the long time series. Bampinas and Panagiotidis
(2015) examined the causal relationship between crude oil and
gold prices during pre-crisis and post global crisis periods and
found, for the pre-crisis period, that causality was linear and only
runs from oil to gold, while, at the post global crisis period, the
causality was nonlinear and bi-directional. Fernandez (2010) ap-
plied Geweke and Porter-Hudak's (GPH) semi-parametric method
and periodogram regression-based method of fractional integra-
tion and found anti-persistence measure of gold returns. Chkili
(2015) applied the bivariate Fractionally Integration GARCH (FIG-
ARCH) model to investigate the dynamic relationship between the
mean and variance time series of gold and oil prices. The results
indicated the significant dynamic time varying correlation be-
tween the two markets and gold seemed to be less persistent.

There is the need to study the market surge between the two
asset prices in terms of volatility using the variants of bivariate
Generalised Autoregressive Conditional Heteroscedasticity
(GARCH), with its univariate version proposed in Bollerslev (1986).
This is the Multivariate GARCH (MGARCH) model with constant or
dynamic conditional correlation and covariance matrices, such as
the full parameterised BEKK model (Baba et al., 1989), the CCC or
Dynamic Conditional correlations (DCC) model. These models are
flexible and efficient in studying the time-varying correlations and
returns spillover effects between two asset prices, which is not
possible in the case of univariate GARCH modelling frameworks2.

Choi and Hammoudeh (2010) applied the DCC model to study
the time volatility and correlations in the returns of Brent oil,
copper, gold and silver and the S&P500 index. They found in-
creasing significant correlations among all the commodities since
the 2013 Iraq war but decreasing volatility correlations into
S&P500 index. Kiohos and Sariannidis (2010) explored, in the short
run, the effects of oil and financial markets on the gold market.
They used a GJR-GARCH model in testing the relationships be-
tween them using daily data from January 1, 1999 to August 31,
2009. Their findings showed that the oil market had positive in-
fluences on the gold market, and indicated volatility persistence in
the gold market.

Singh et al. (2011) analysed the time-varying volatility in crude
oil, heating oil, and natural gas futures market. They incorporated
changes in important macroeconomic variables and major political
and wealth-related events into the conditional variance equations.
Their results showed that, among the macro variables considered,
the spread between the 10-year and 2-year Treasury Constant
Maturity rate had a positive relationship with the volatility of all
commodities. Ciner et al. (2013) investigated return relations
among stocks, bonds, gold, oil and exchange rates, taking data
from the US and the UK. Their results showed significant re-
lationship between oil and gold, whereas weak relationship was
found in the case of gold with both UK and US exchange rates.
Owing to this fact, gold was placed as a safe-haven commodity
against exchange rate shocks, while it was not placed as a safe-
haven commodity against oil price shocks.

Ewing and Malik (2013) considered daily samples between July
1993 and June 2010 for multivariate GARCH models in order to

2 See Baba et al. (1989), Bollerslev (1990), Engle (2002), Engle and Ng (1993),
Engle and Kroner (1995), Kroner and Ng (1998) and Tse and Tsui (2002).
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