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2008).
a b s t r a c t

This paper models the monthly price volatilities of four precious metals (gold, silver, platinum and

palladium prices) and investigates the macroeconomic determinants (business cycle, monetary

environment and financial market sentiment) of these volatilities. Gold volatility is shown to be

explained by monetary variables, but this is not true for silver. Overall, there is limited evidence that the

same macroeconomic factors jointly influence the volatility processes of the four precious metal price

series, although there is evidence of volatility feedback between the precious metals. These results are

consistent with the view that precious metals are too distinct to be considered a single asset class, or

represented by a single index. This finding is of importance for portfolio managers and investors.

& 2009 Elsevier Ltd. All rights reserved.
Introduction

Trading in commodities, in both cash and derivatives markets,
as an alternative investment class to traditional portfolios
comprising stocks and bonds, has grown significantly over the
last decade. This reflects their use both as individual investments
and as part of the diversified portfolios of hedge and other
investment funds.3 Individual investors have also been attracted
to the significant price gains achieved in recent times, and
especially so following significant declines in equity markets
values in 2000 and most recently as a result of the credit and stock
market instability following the Global Financial Crisis of 2007.

The importance of commodity markets as a segment of
financial market activity may be illustrated by the turnover
achieved in over-the-counter (OTC) markets relative to equity
ll rights reserved.

: +852 2358 1749.

cinerc@uncw.edu (C. Ciner),

the role of commodities as

1; Geman, 2005; Hillier et al.,

d Demidova-Menzel, 2008;
market products. For example, commodity contracts outstanding
in December 2008, comprising agricultural commodities as well
as metals, oils and other resource‘ commodities, were in excess of
US$4.4 trillion compared with equity related contracts of US$6.5
trillion.4 Of these totals gold and trading in other key precious
metals (silver, platinum and palladium) comprised a significant
US$0.4 trillion in outstanding (BIS, 2009: Table 19). Given the
economic significance of the precious metals market it is vital that
the intramarket price dynamics and volatility linkages between
these assets, as well as the intermarket relationships between
precious metals and other asset classes, such as equity products,
be well understood by financial market practitioners, and policy
makers at corporate and government level.

Our primary goal is to examine the volatility relationships for
key precious metals trading. To accomplish this task, we investi-
gate the macroeconomic determinants of volatility in four precious
metals markets: gold; silver; platinum; and palladium. This
examination adds to the existing knowledge of the macroeconomic
impacts on commodity price dynamics, including investigations of
the gold market (Koutsoyiannis, 1990; Cai et al., 2001; Levin and
4 Note that OTC outstandings in both equity and commodity contracts fell

significantly in 2008 (from outstandings of respectively US$10.2 trillion and

US$13.2 trillion) as a result of the Global Financial Crisis (BIS, 2009).
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Wright, 2006), silver market (Christian, 2008) and the joint impact
of oil and interest rate shocks on gold, silver and copper prices
(Hammoudeh and Yuan, 2008). We utilize key macreoeconomic
factors from existing theoretical and empirical relationships in
stock markets (Chen, 1991; Kearney, 2000; Racine, 2001; Flannery
and Protopapadakis, 2002) that should also be present and impact
upon the volatility structure of what is usually regarded as a
relatively homogeneous subset of commodities. We include in our
empirical analysis macroeconomic factors that are also known to
be important for precious metals, considering their economic and
industrial uses (Abanomey and Mathur, 2001; Ciner, 2001; Erb and
Harvey, 2006; Fleming et al., 2006).

This study offers two important contributions. First, while
there is significant prior work on the macroeconomic determi-
nants of volatility in and between equity and commodity markets
(Fernandez, 2008), and groups of commodities (Kroner et al.,
1993; Brunetti and Gilbert, 1995; Pindyck, 2004; Gilbert; 2006),
there is limited evidence explaining these relationships in
precious metals, when treated as a single asset class. If similar
factors are indeed important for all of these markets, it can be
argued that they should also be included in arbitrage-based asset
pricing models, which are important for risk and portfolio
management. Our approach is to extend Ross (1989), who argues
that since volatility provides a proxy for information flow,
focusing on the volatility structure rather than returns, provides
additional and valuable insights into the price dynamics of
individual assets and portfolios.

Second, our focus on precious metals permits analysis of the
arbitrage and price relationship between these metals, which has
also been discussed in prior work (Gregoriou et al., 2004; Till and
Eagleeye, 2007). For instance, in the case of gold and silver it is
frequently argued (especially by practitioners) that since gold
behaves as surrogate money, it should provide a hedge against
inflation and hence, should be considered among the choices for
investment by both households and financial institutions. How-
ever, since silver has significant industrial uses its use for
investment purposes may not be so clear cut (Erb and Harvey
(2006) amongst several others). Thus, we provide further
evidence on the substitutability of gold and silver, as suggested
by their historical use as coinage, while also providing insights on
whether these precious metals occupy separate markets with
different uses and functions, as has been suggested in the recent
finance literature (Ciner, 2001; Erb and Harvey, 2006).

The remainder of the paper is organized as follows. In the
section Related literature, a brief review of the key literature is
undertaken; then in the section Method and data, the statistical
method and data used in the analysis is discussed. The key results
are then discussed in the section Results, while the final section
provides some concluding remarks.
5 On November 3, 2009 the Central Bank of India purchased 200 metric tons of

IMF gold (Nguyen and Carpenter, 2009).
Related literature

Commodities are important economically since fluctuations in
their prices tend to impact on the viability of both the existing and
future production and investment decisions made by govern-
ments and corporations. In this sense, they clearly impact upon
the general level of economic activity (Bernard et al., 2006) as well
as having a key role in the formation of inflationary expectations.
For commodity exporting countries these relationships are often
severe and can lead to domestic economic booms and busts
outside of those due to other international factors such as war and
recession. The Australian terms of trade experience, which well
illustrates the plight of a medium-sized developed, but commod-
ity-dependent economy, has been recently documented by
Bhattacharyya and Williamson (2009).
For financial researchers, commodities are also of interest for
their potential role in asset allocation decisions. In this regard,
recent papers by Abanomey and Mathur (2001), Georgiev (2001),
Nijman and Swinkels (2003) and Chan and Young (2006) argue
that commodities provide risk reduction in portfolios along with
stocks and bonds. Similarly, Chow et al. (1999) suggest that
commodities are in fact more attractive when the general
financial climate is negative. Edwards and Caglayan (2001)
support this position by demonstrating that commodity funds
provide higher returns when stocks perform poorly. This evidence
suggests that the inclusion of key commodity contracts should
provide a positive contribution to more broad-based financial
trading and investment. As noted earlier, of particular interest in
recent years has been the market for precious metals, with large
rises in gold and silver prices and associated increases in other
related precious metals attracting considerable retail and whole-
sale investor position taking. There has also been renewed central
bank interest as part of foreign reserve management programmes,
largely driven by a strategy of diversifying away from US dollar
denominated investments in US Treasury bonds and bills.5

Two recent studies provide detailed accounts of the potential
risk-return tradeoff in commodity markets. Gorton and Rouwen-
horst (2006) focus on the behavior of one of the most commonly
used indexes, namely the Goldman Sachs Commodity Index
(GSCI). These authors construct the equally weighted monthly
GSCI index for the period 1959–2004 and show that this index has
the same risk premium as equities, although the actual risk was
less during the period investigated. Importantly, they point to a
negative correlation between the GSCI index and stocks and
bonds, indicating important financial benefits to investors from
including commodities in portfolio diversification strategies.

In addition, there is a useful hedging advantage linked to the
importance of commodity prices to underlying inflation. The
evidence provided by Gorton and Rouwenhorst (2006) implies
that commodities can be best viewed as a single asset class that
have attractive risk-return patterns and furthermore, are useful
for portfolio diversification. This last point is of considerable
significance for hedge and investment fund managers who are
limited in their international investments due to the increasing
integration of international stock and bond markets.

Erb and Harvey (2006), however, focus on the composition of
the main commodity market indexes used in practice, including
the GSCI, and investigate whether these indices are representative
of the aggregate commodity market. They question whether
commodity markets can actually be considered as a single asset
class since differences in the behavior of prices between
individual commodities appear significant. In their empirical
work, they demonstrate that historically commodity futures
returns have largely been uncorrelated with one other and they
caution against extrapolating historical returns on an index like
the GSCI. In fact, they argue that it is questionable whether the
commodity markets can be represented by a single index, which
appears contrary to the recommendations raised by Gorton and
Rouwenhorst (2006).

The investigation of the volatility behavior between commod-
ity markets may also be undertaken using Generalised AutoRe-
gressive Conditional Heteroskedastic (GARCH) models, such as
those used by Lee and Zyren (2007) and Hammoudeh and Yuan
(2008). Lee and Zyren (2007) compare the historical price
volatility behavior of crude oil, motor gasoline and heating oil in
US markets since 1990. Their results show that volatility
increased as a result of a structural shift to higher crude oil
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prices after April 1999. Also, shocks from current news are shown
to be unimportant since GARCH effects dominate ARCH effects in
the variance equation, while persistence of volatility in all
commodity markets is quite transitory with half-lives normally
being only a few weeks. The study by Hammoudeh and Yuan
(2008) further demonstrates that gold and silver have almost the
same volatility persistence, which is greater than that of copper,
while past oil shocks do not impact all three metals similarly.
Interestingly, changes in monetary policy, and to lesser extent oil
shocks, are shown to have a calming effect on precious metals
markets.

The cross-market trading dynamics in three commodity
futures contracts (natural rubber, palladium and gasoline) was
recently investigated by Chng (2009). These three commodities
are consumed by a common industry—the automobile indus-
try—which is responsible for more than fifty percent of the global
demand for each of these commodities. Employing vector auto
regression (VAR) estimation techniques to examine the short-run,
cross-market interactions their study demonstrates the impor-
tance of industry factors in affecting the price dynamics. This
result has important implications for multi-commodity hedging
since it highlights the need to accommodate firm heterogeneity.

A noteworthy contribution of the present study stems from the
fact that we investigate the impact of macroeconomic and
financial market variables on precious metals markets in a
framework that utilizes low frequency (monthly) data, which is
discussed in greater detail below. Many of the previously
mentioned studies rely on ARCH/GARCH estimation to establish
possible volatility relationships in precious metals markets. While
these models are very useful in detecting relationships in high-
frequency data, our study is likely to provide further information
on the long-term trends prevalent in these markets, while also
identifying structural linkages which hitherto have remained
uncovered.
Table 1
Summary statistics: raw data.

Mean Standard deviation Skewness Kurtosis

S&P 500 0.00 0.04 �0.46 2.58

S&P 500 dividend yield 2.39 0.86 0.13 �1.37

World ex US 0.00 0.04 �1.08 3.83

World ex US dividend yield 1.97 0.39 0.27 �0.50

Yield spread 0.08 0.16 4.66 25.37

US M2 0.00 0.00 0.68 2.52

Industrial production 0.01 0.50 1.45 4.41

Inflation 0.00 0.00 0.48 0.33

US dollar index 0.00 0.01 0.07 0.37

Consumer confidence 0.00 0.07 0.09 3.94

Gold 0.00 0.04 0.93 3.03

Palladium 0.00 0.09 �0.28 3.10

Silver 0.00 0.06 0.30 2.45

Platinum 0.00 0.05 �0.11 3.05

Note: The table reports the four moments of the log changes (returns) in the

various stock indices (the US as measured by the Standard & Poors 500) (S&P500)

and the world index excluding the US (World ex US); annualized dividend yields

on both the S&P 500 and the world excluding the US (World ex US dividend yield);

yield spread is the difference in interest rate yields between US 10-year bond and

the US 3-month T-bill; US M2, industrial production (US Federal Reserve Statistical

Release G17), inflation (US Bureau of Labor Statistics, FRBC), US dollar index,

consumer confidence (from the US Consumer Confidence Survey, The Conference

Board) and month end returns on the four metals (Gold, Palladium, Silver and

Platinum). The source was Datastream. As expected the monthly changes have a

mean of zero. The metals and the stock indices have similar levels of volatility,

with Palladium being the most volatile. Typically the financial variables are

leptokurtic with different degrees of both positive and negative skewness.
Method and data

Data

We employ a large set of macroeconomic variables to
investigate the underlying causes of volatility in precious metals
markets. Our data include variables that are well known as
usefully accounting for the effects of the business cycle, monetary
environment and financial market sentiment on asset returns. The
data spans the period between January 1986 and May 2006, for a
total of 245 monthly observations.

As mentioned in the introduction, linkages between the
macroeconomy and commodity price movements have been
documented in Strongin and Petsch (1995) and Gorton and
Rouwenhorst (2006). Additionally, Pesaran and Timmermann
(1995) suggest macro variables could help increase trading results
in equity markets via timing-based trading strategies. Vrugt et al.
(2004) and Chan and Young (2006) also consider a number of
trading strategies in commodity markets, including those inked to
the business cycle.

Our rationale in choosing the explanatory variables for the
present study largely follows these papers. Chen (1991) argues
that dividend yield and term structure spreads are associated
with business cycle conditions. Hence, we include annualized
dividend yields on both S&P 500 and the World excluding the US
stock indexes to measure equity returns, and the interest rate
yield spread between US 10-year maturity bonds and 3-month US
T-bill to proxy term structure effects. This variable has also been
used by Collin-Dufresne et al. (2001) to proxy business cycle
effects in their work on credit spread modeling. Additionally, we
include the change in industrial production, calculated as change
in year-over-year figures, to capture the link between the
business cycle and annual production growth.

With regard to the monetary environment variables, Kolluri
(1981), Mahdavi and Zhou (1997), Ghosh et al. (2004) and Gorton
and Rouwenhorst (2006) argue commodities are inflation hedges
and hence, we include the rate of inflation (calculated as year-
over-year change in the US consumer price index) as a key
explanatory variable. Furthermore, we include the monetary
aggregate M2, which is likely to be important to describe changes
in monetary conditions in the economy. For financial market
sentiment variables, we rely on stock market returns, using both
the total return on the S&P 500 and World ex US indexes.
However, we also include the US consumer confidence index,
since the US is the most important market for the consumption of
commodities, and the trade weighted US dollar index, since
precious metals trading is denominated in US dollars. All data are
obtained from Datastream and summary statistics for the data set
can be found in Table 1. We report the summary statistics (four
moments) for the data set used in Table 1. For the sake of brevity,
information on data sources and comments on the moments are
restricted to the Table.

Method of analysis

Following the results of prior work, the expected returns can
be expressed as

Etðr
M
t 9It�1Þ ¼ f ðEt9CtðXtÞÞ ð1Þ

where r is the expected (E) return on a precious metal (M=gold,
palladium, platinum or silver) at time=t, conditional on the
information (I) available at the previous time interval time (t�1).
Note that this process requires the price return to be character-
ized as a submartingale process (Ross, 1989) and X denotes the
vector of macroeconomic explanatory variables at time t. Since we
are interested in volatility linkages, the conditional standard
deviation of returns, given information available at the previous
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Table 2
Estimation of auxiliary regressions.

F1 F2 Q(24) R2

Panel A: Eq.(5)

S&P 500 0.91 0.37 0.98 0.08

S&P 500 dividend yield 0.00 0.48 0.99 0.98

World ex US 0.82 0.46 0.92 0.09

World ex US dividend yield 0.00 0.44 0.99 0.95

Yield spread 0.29 0.31 0.99 0.12

US M2 0.00 0.87 0.34 0.32

Industrial production 0.00 0.04 0.99 0.18

Inflation 0.00 0.29 0.99 0.49

US dollar index 0.00 0.39 0.95 0.25

Consumer confidence 0.71 0.01 0.99 0.19

Gold 0.12 0.48 0.98 0.12

Palladium 0.71 0.50 0.95 0.08

Silver 0.45 0.26 0.99 0.10

Platinum 0.09 0.39 0.71 0.12

Panel B: Eq.(4)

S&P 500 0.75 0.83 0.40 0.07

S&P 500 dividend yield 0.00 0.88 0.28 0.15

World ex US 0.12 0.49 0.93 0.12

World ex US dividend yield 0.24 0.50 0.94 0.11

Yield spread 0.20 0.00 0.99 0.22

US M2 0.00 0.59 0.99 0.20

Industrial production 0.74 0.00 0.92 0.16

Inflation 0.02 0.05 0.98 0.18

US dollar index 0.60 0.84 0.97 0.07

Consumer confidence 0.05 0.44 0.96 0.13

Gold 0.00 0.79 0.99 0.15

Palladium 0.13 0.90 0.36 0.10

Silver 0.00 0.92 0.97 0.14

Platinum 0.04 0.39 0.76 0.13

Note: F1 refers to an F-statistic to test for joint exclusion of all lagged dependent
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time interval time (t�1), can be written as

Etðst9It�1Þ ¼ f ðEtðsx
t ÞÞ ð2Þ

Given that macroeconomic factors are observed monthly, we
rely on the methodology developed by Davidian and Carroll
(1987) when estimating the conditional standard deviations. It is
noteworthy that this approach is used in prior work by Koutolas
and Kryzanowski (1996), Kearney (2000) and Sadorsky (2003)
among others. Thus, allow sx

t to denote the unconditional standard
deviation of the vector of macroeconomic variables and hx

t to
denote the conditional standard deviations of these variables. The
conditional standard deviations are then estimated as
hx

t ¼ sx
t�ux

2;tutilizing the equation below, where

sx
t ¼ b1ðLÞsx

t þ
X12

j

bs;jDUMj;tþux
t;t ð3Þ

and b1(L) is a 12th order polynomial in the lag operator, while
DUM is a monthly seasonal dummy variable. The series sx ¼ 9ux

1;t9
is calculated as the residuals from the following regression:

ux
1;t ¼DXt�EtðDXt9It�1Þ ¼DXt�l1ðLÞDXt�

X12

j ¼ 1

ls;jDUMj;t ð4Þ

This approach is based on the notion that standard deviations
based on the absolute value of the prediction errors are more
robust than measures based on the squared residuals alone
(Davidian and Carroll, 1987). Moreover, as argued by Sadorsky
(2003), the conditional volatility series generated by this
approach can be regarded as a generalization of the 12-month
rolling standard deviation estimator used in Fama (1984). The
generated statistic allows the conditional mean to vary over time
(Eq. (4)), permits varying weights on the lagged absolute
unpredicted changes in returns (Eq. (3)), and hence is consistent
with ARCH models now commonly used in financial markets
research, which accommodate time varying volatility and the
autocorrelation that is frequently evident in financial asset
returns.

To conduct the empirical tests and establish the volatility
linkages between the various macroeconomic variables and the
precious metals markets, we use the estimated conditional
standard deviations in a VAR framework and calculate block
exogeneity causality tests.6 For example, the test equation for
gold can then be written as

hG
t ¼ a0þA1xG

t þA2ytþuG
3;t ð5Þ

in which, xt is a vector containing the lags of the conditional
standard deviation of ht and yt is a vector containing the lags of
the standard deviations of our macroeconomic variables. In this
setup, A1 and A2 denote the matrices that contain the autore-
gressive coefficients. In our example for gold, all macroeconomic
variables are said to be block exogenous if we cannot reject the
null hypothesis that A2=0. This constraint can easily be tested by
estimating a restricted version of Eq. (5) and calculating likelihood
ratio tests. If, on the other hand, the null hypothesis can be
rejected, it is implied that at least one of the variables in xt may
help to improve the forecast of the estimated gold volatility.

Note that in our empirical analysis, we also employ subsets of
the macroeconomic variables to provide further detail of the
sample. We also conduct block exogeneity tests by using only
monetary and financial market variables. Moreover, as mentioned
in the introduction, one of the goals of the study is to provide
evidence on information spillover between the precious metals
markets. To accomplish this end, we also conduct block exogeneity
tests using only the lagged volatilities of the remaining precious
6 We are grateful to an anonymous referee for this suggestion.
metals in the above equation for yt in Eq. (5) and similarly calculate
likelihood ratio tests.
Results

Preliminary analysis

We first report the estimation results for Eqs. (4) and (3) in
Table 2, which are used to obtain the conditional volatility
estimates of the variables in our data set. The results for Eq. (4),
reported in the upper panel of Table 2, suggest that there is
significant dependency in some of the variables in our sample,
such as the dividend yield on both the S&P 500 and World-ex-US
stock indices, and various macroeconomic variables including
money supply, industrial production and inflation. This is
supported by both statistically significant F-tests for joint
exclusion of dependent variables in the equation and also, by
relatively large R-squared values. This is noteworthy since Eq. (4)
focuses on the predictability of the growth rate of the series.
However, there is little evidence for monthly seasonality in the
variables, again evidenced by the F-tests reported in the table.
Moreover, Ljung–Box Q-tests for autocorrelation at 24 lags does
not indicate any remaining dependency in the residuals of Eq. (4)
for any of the variables.

Estimation results for Eq. (3), which focus on the unconditional
standard deviations of the variables, are reported in the lower
panel of Table 2. It can be observed that there is clearly
dependency in the unconditional standard deviations of precious
metal prices. This finding is consistent with the notion that there
is a general level of dependency in volatility present in financial
variables, while F2 is similarly the F-statistic that tests for joint exclusion of all

seasonal variables. P-values are reported. Q(24) is the Ljung–Box Q-test for

autocorrelation with 24 degrees of freedom.
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Table 3
Summary statistics: estimated conditional standard deviations.

Mean Standard deviation Skewness Kurtosis

S&P 500 0.03 0.01 0.07 0.07

S&P 500 dividend yield 0.92 0.28 0.87 1.04

World ex US 0.03 0.09 0.55 0.27

World ex US dividend yield 0.77 0.24 0.25 �0.29

Yield spread 1.00 0.77 1.04 0.40

US M2 0.00 0.00 1.07 2.46

Industrial production 0.33 0.11 1.79 3.47

Inflation 0.00 0.00 0.30 0.09

US dollar 0.01 0.00 �0.17 0.04

Consumer confidence 0.05 0.02 0.70 0.33

Gold 0.03 0.01 1.00 2.27

Palladium 0.07 0.02 0.39 �0.20

Silver 0.04 0.01 0.70 0.83

Platinum 0.04 0.01 0.34 �0.04

Note: This table provides the descriptive statistics (four moments) of the

conditional volatilities in the various stock indices (the US as measured by the

Standard & Poors 500) (S&P500) and the world index excluding the US (World ex

US); annualized dividend yields on both the S&P 500 and the world excluding the

US (World ex US dividend yield); yield spread is the difference in interest rate

yields between US 10-year bond and the US 3-month T-bill; US M2, industrial

production (US Federal Reserve Statistical Release G17), inflation (US Bureau of

Labor Statistics, FRBC), US dollar index, consumer confidence (from the US

Consumer Confidence Survey, The Conference Board) and month end returns on

the four metals (Gold, Palladium, Silver and Platinum).

Table 4
Block exogeneity tests: full sample (1986–2006).

Gold Platinum Palladium Silver

Volatility spillover 1.91 (.03) 9.24 (.00) 3.12 (.00) 2.38 (.00)

Spillover from all variables 1.53 (.03) 2.55 (.00) 2.47 (.00) 1.21 (.20)

Spillover from only monetary

variables

1.93 (.00) 2.75 (.00) 2.91 (.00) 1.18 (.26)

Spillover from only financial

variables

1.17 (.29) 3.06 (.00) 3.11 (.00) 1.16 (.30)

Note: This table provides the block exogeneity tests conducted within the context

of Eq. (5) conducted for the full sample. The likelihood ratio statistics are reported

and the p-values are in parentheses. Equity market variables include the US and

world stock index returns and their respective dividend yields. Macroeconomic

variables are inflation, industrial production, M2, dollar index, consumer

confidence index and the yield spread.
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markets. In addition, dividend yields, money supply and the
inflation series also exhibit dependency, while there is little
evidence of seasonality. It also appears that autocorrelation in
each series is fully accounted for as evidenced by the insignificant
values of the Ljung–Box Q-tests on the residuals.

We now present the summary statistics of the estimated
conditional standard deviations that are used in our primary
regression analysis. As reported in Table 3, the highest conditional
standard deviation is for our term structure (yield spread)
variable (a mean of 1.00) followed by dividend yields on the
S&P 500 and World ex US stock indexes (means of 0.92 and 0.77,
respectively). There is evidence of excess kurtosis in several of the
series, indicating deviations from the expected normal
distribution. It is also important to determine whether the
estimated series contains a unit root, or are nonstationary, since
this will directly affect the regressions. We rely upon conventional
Augmented Dickey–Fuller and Phillips–Perron tests to investigate
this issue and the results (not reported) are consistent with the
estimated series characterized as stationary and hence, can be
used in standard regression analysis.
7 We also detect significant dependency in the conditional volatility of

precious metals prices on its own lags, which is of course consistent with the ARCH

effects documented and well known in the financial literature.
Main test results

In this section, we report the conclusions of the block
exogeneity tests for the conditional volatilities of the precious
metals markets used in our sample. The results, which are
reported in Table 4, put forward several points. First, when we
test for causality from all variables (monetary and financial
market) in our dataset to volatilities of the precious metals
markets, we find significant results for all of the individual
markets except for silver. This suggests that, consistent with our a

priori expectations, monetary and financial variables are
important for precious metals price movements and can be used
to forecast their volatilities.

The finding for silver, however, provides some initial evidence
that even in these relatively homogeneous markets, the same
factors may not be significant in all cases. This seems to be
consistent with the arguments raised by Erb and Harvey (2006)
and Scherer and He (2008) that individual commodities are too
distinct to be considered as a single asset class and represented by
an index, a view that is contrary to the arguments of Gorton and
Rouwenhorst (2006).

We then proceed to conduct the block exogeneity tests using
subsets of the macroeconomic variables. These results point to
differences between gold and platinum and palladium markets.
Specifically, we show that gold volatility responds only to
monetary variables. This seems to be consistent with the
argument that gold can be regarded as surrogate money, and
suggests that variables such as inflation, interest rate and growth
rate in money supply are likely to be more important for this
market. For platinum and palladium, on the other hand, both
monetary and financial variables, such the return volatility on the
S&P 500 and World ex S&P 500 indexes, are also important. It
appears that platinum and palladium are more likely to act as a
financial market instrument than gold. Moreover, we continue to
detect that neither monetary nor financial market variables are
significant for silver volatility. This is counter to the argument
that silver can be used to substitute for similar risks as gold in
stock portfolios.

We also find significant volatility spillover between the
precious metals markets. As mentioned above, since there is
indication of dependencies in these markets we estimate monthly
volatilities. This means our results can best be interpreted as the
structural transmission of shocks between the markets relative to
GARCH type studies that utilize high frequency data. Moreover,
we find that silver volatility responds to volatility from the other
precious metals markets. In fact, this is also noteworthy as it is the
only case in this study where we could relate volatility in silver
prices to a given variable.7
Robustness analysis

In this section, we conduct a subperiod analysis to determine
whether the earlier conclusions are robust over different time
periods. We divide the sample into two subperiods (1986–1995
and 1996–2006) and report the findings from the first half in
Table 5 and the second half in Table 6. Importantly, these results
are different to the full sample analysis, which is consistent with
important time-varying properties on the impact of the
macroeconomics variables on precious metals returns.

In the first part of the sample, the results suggest that the link
between the full set of variables and gold return volatility was
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Table 5
Block exogeneity tests: first half (1986–1995).

Gold Platinum Palladium Silver

Volatility spillover 1.76 (.06) 3.03(.00) 1.11 (.36) 3.02 (.00)

Spillover from all variables 1.61 (.06) 3.19 (.00) 2.96 (.00) .85 (.69)

Spillover from only monetary variables 1.71 (.046) 3.64 (.00) 2.76 (.00) .85 (.66)

Spillover from only financial variables 2.01 (.02) 1.79 (.05) 4.22 (.00) 1.23 (.27)

Note: this table provides the block exogeneity tests conducted within the context of Eq. (5) conducted for the first half of the sample. The likelihood ratio statistics are

reported and the p-values are in parentheses. Equity market variables include the US and world stock index returns and their respective dividend yields. Macroeconomic

variables are inflation, industrial production, M2, dollar index, consumer confidence index and the yield spread.

Table 6
Block exogeneity tests: second half (1996–2006).

Gold Platinum Palladium Silver

Volatility spillover 1.72 (.08) 3.27 (.00) 1.04 (.42) 2.76 (.00)

Spillover from all variables 1.57 (.06) 3.38 (.00) 2.96 (.00) .73 (.84)

Spillover from only monetary variables 1.59 (.07) 3.62 (.00) 2.65 (.00) .72 (.80)

Spillover from only financial variables 2.03 (.02) 1.93 (.03) 4.30 (.00) 1.00 (.46)

Note: this table provides the block exogeneity tests conducted within the context of Eq. (5) conducted for the second half of the sample. The likelihood ratio statistics are

reported and the p-values are in parentheses. Equity market variables include the US and world stock index returns and their respective dividend yields. Macroeconomic

variables are inflation, industrial production, M2, dollar index, consumer confidence index and the yield spread.
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weaker. In fact, causality tests are marginally significant when all
variables are used and also, when only monetary variables are
used. However, we find evidence that the gold market responds to
financial market variables as well as monetary variables in the
first subperiod. Also noteworthy is the fact that there is no
causality, in a block exogenous sense, from the other precious
metals markets to gold in this time period, unlike the full period
result. This may be interpreted as gold being more independent in
the beginning of our research period relative to the other precious
metals in our sample, which exhibit volatility spillovers in the
first subperiod and full sample periods. We further detect that
there is no statistically significant causality from any of the
variables in our sample to volatility in the silver market.

For the second subperiod, which covers 1996–2006, we
continue to observe volatility in platinum and palladium markets
influencing both financial market and monetary variables, which
is also consistent with the results from the full sample period
analysis. Moreover, there is no causality between any subset of
our explanatory variables and silver volatility, which is again
consistent with the general finding of the study.

However, we observe an important change in the relation for
gold volatility. Specifically, we find that financial market variables
were more important for price movements in the gold market in
this subperiod than monetary variables. This is an unlikely result
given the role of gold detected in the full sample period as
surrogate money and more connected with monetary variables
such as inflation and interest rates. These results imply that gold
behaved more like an investment instrument in this time period
and may have been disconnected from the traditional monetary
variables that determine its attractiveness. However, we also find
that in this subperiod there was significant volatility spillover
from the other precious metals markets to gold, which seems to
suggest more joint price fluctuations in these markets.
Concluding remarks

The key objective of this paper was to investigate and assess
the effects that key macroeconomic factors have on the price
returns of precious metals markets. The study contributes to an
expanding body of research that assesses the impact of volatility
within and between commodity markets (Strongin and Petsch,
1995; Gorton and Rouwenhorst, 2006), stock markets (Pesaran
and Timmermann, 1995; Vrugt et al., 2004; Chan and Young,
2006) and the macroeconomy. The markets investigated
were gold, silver, platinum and palladium, whereas the
macroeconomic factors considered were variables that are
well known to contribute to the effects of the business cycle,
monetary environment and financial market sentiment on asset
returns.

This study offers several important contributions: First, we add
to an existing research that investigates the macroeconomic
determinants of volatility between precious metals markets. Our
method follows from Ross (1989), who argues that since volatility
is a proxy for information flow, focusing on the volatility structure
rather than returns, provides additional and valuable insights into
the dynamics of portfolios and individual assets. Our results
provide only limited evidence that the same macroeconomic
factors jointly influence the volatility processes of the precious
metals series examined, although there is also limited evidence of
volatility feedback between the precious metals.

Second, our focus on precious metals provides further evidence
on the substitutability of gold and silver, and whether precious
metals occupy separate markets with different uses and functions,
as has been suggested in the recent finance literature (Ciner,
2001; Erb and Harvey, 2006). However, our results lend weight to
the conclusions of Erb and Harvey (2006) who claim that precious
metals are too distinct to be considered a single asset class, or
represented by a single index.

Finally, it is worth noting that the recent introduction of gold-
based exchange traded funds (ETFs), which occurred during our
second subperiod, has facilitated retail investor trading and
investment in the gold market. It is not yet clear if this has
influenced the long-term dynamics of the gold market. None-
theless, the introduction of this trading mechanism also coincided
with the popular press espousing the benefits of gold investing,
which may have widened participation at the retail level. This has
been especially so in recent times, over-shadowed by the global
financial crisis. Investigation of the impact that these new
products directed at retail and other new investors—such as
hedge funds—have had on the gold market and its dynamics
provides opportunities for additional research and analysis.
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