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This article uses the VAR–GARCH framework of Ling and McAleer (2003) to explore both return and volatility
spillovers between world gold prices and stock market in China over the period from March 22, 2004 through
March 31, 2011. It further analyzes the optimal weights and hedge ratios for dedicated gold-stock portfolio hold-
ings and show how empirical results can be used to build effective diversification and hedging strategies. Several
competingmultivariate volatilitymodels which are commonly-used in thefinance literature (CCC–GARCH, DCC–
GARCH, diagonal BEKK–GARCH, scalar BEKK–GARCH, and full-BEKK–GARCH) are also considered for comparison
purpose. Our results show evidence of significant return and volatility cross effects between gold prices and stock
prices in China, as well as the superiority of the VAR-GARCHmodel over the othermultivariate GARCH specifica-
tions. In particular, past gold returns play a crucial role in explaining the dynamics of conditional return and vol-
atility of Chinese stock market and should thus be accounted for when forecasting future stock returns. Our
portfolio analysis suggests that adding gold to a portfolio of Chinese stocks improves its risk-adjusted return
and helps to effectively hedge against stock risk exposure over time. Finally, when considering the period of
the recent global financial crisis, we find that the gold asset serves as a safe haven for stocks in the Chinese
stock markets.
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1. Introduction

The purpose of the present study is threefold. Our first objective is
to examine the dynamic return and volatility transmission using a
bivariate Vector Autoregressive–Generalized Autoregressive Conditional
Heteroscedasticity (VAR–GARCH) model for gold and stock markets in
China. The empirical model is particularly advantageous in that it
allows simultaneous shock transmission in the conditional returns
and volatilities.We then use themodel's results to compute and analyze
the optimal weights and hedge ratios for gold-stock portfolio holdings.
We finally assess the diversification and hedging effectiveness of gold in
China based on different competingmultivariate GARCH-basedmodels.

The literature on gold and other preciousmetalmarkets has recently
regained particular attention from finance researchers and practi-
tioners. Such a tendency can straightforwardly be explained by the
investors' willingness to produce a hedge to diversify away the increasing
risk in the stock markets through investing in other asset classes. Indeed,
the high volatility and widespread contagion caused by successive
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financial turbulences and crises over the last decades have prompted
investors to consider alternative investment instruments as a part of di-
versified portfolios of stocks. Not only oil asset but also major precious
metals including gold emerged as natural desirable asset classes eligible
for portfolio diversification because they offer different volatilities and
returns of lower correlations with stocks, at both sector and market
levels (Arouri and Nguyen, 2010; Daskalaki and Skiadopoulos, 2011).
It is now common that when risk aversion mounts due, for example,
to increasing instability and uncertainty in stock markets or to long
swings in the price of oil, most investors are directed towards the
metal markets and gold in particular, being viewed as the refugee or
safe haven asset in time of crises.

It is thus not surprising that the existing literature on the gold asset
is part of the one examining the price dynamics, stochastic properties
and roles of the commodity markets in portfolio management. A num-
ber of studies have questioned the responses of precious metal prices
to changes in international institutional and macroeconomic factors
(e.g., Batten et al., 2010; Christie-David et al., 2000; Ciner, 2001;
Heemskerk, 2001; Kaufmann and Winters, 1989). Sjaastad and
Scacciavillani (1996) find, for example, that fluctuations of floating ex-
change rates of major currencies, following the breakdown of the
Bretton Woods currency arrangements, have led to price instability in
the world gold market over the period from January 1982 to December
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1990. For their part, Batten et al. (2010) document the sensitivity
of precious metal volatility to macroeconomic factors, but with
different degrees. The overall results suggest that precious metals are
too distinct to be considered a single asset class. In particular, gold
volatility can be empirically explained by monetary variables. Gold
also seems to be highly sensitive to exchange rate and inflation,
which implies that it can offer the best hedge during inflationary
pressures and exchange rate fluctuations and an optimal portfolio of
precious metals that minimizes risk should be dominated by gold
(Hammoudeh et al., 2011).

More recent studies have rather looked at the issues of gold price
volatility modeling and information transmission between precious
metals and other commodities in order to draw the implications of the
estimated results for portfolio diversification and hedging strategies in-
volving precious metals.1 For example, Hammoudeh and Yuan (2008)
make use of various GARCH-based models to examine the properties
of conditional volatility for three important metals (gold, silver, and
copper) while controlling for shocks from world oil prices (WTI) and
three-month US Treasury bill interest rate. Using daily three-month
futures prices of the three metals, they find that conditional volatility
of gold and silver ismore persistent, but less sensitive to leverage effects
than that of copper. This finding leads to suggest, on the one hand, the
importance of accurate volatility modeling especially when gold and sil-
ver are used as underlying assets infinancial derivative contracts, and on
the other hand the valuable contribution of these two metals in down
markets and crisis times. Hammoudeh et al. (2010) document, from
a multivariate Vector Autoregressive Moving Average–Generalized
Autoregressive Conditional Heteroscedasticity (VARMA–GARCH)
model, weak volatility spillovers across preciousmetals, but strong sen-
sitivity ofmetal volatility to exchange rate variability. They further point
out the role of gold as a hedge against exchange rate risk when optimal
weights and hedge ratios are computed.

While understanding the dynamic interactions between gold price
changes and stock markets is a crucial element for portfolio designs,
risk management and asset pricing, these interactions have only been
examined very recently by, to the best of our knowledge, two studies.
Baur and Lucey (2010) show that gold serves as a safe haven for stocks
in theUS, theUK, andGermanyespecially after extreme negative shocks
affecting stockmarkets. Gold is also a hedge for stocks in the US and the
UK. Baur and McDermott (2010) test whether gold represents a safe
haven against stocks of major emerging and developing countries, and
show that over the period 1979 to 2009 gold is both a hedge and a
safe haven for major European stock markets and the US but not for
Australia, Canada, Japan and large emerging markets such as the BRIC
(Brazil, Russia, India, and China) countries. Furthermore, gold is found
as a strong safe haven for most developed markets during severe epi-
sodes of the recent financial crisis.

Our study extends the existing literature into return and volatility
spillover between gold and stock markets, portfolio designs in the
presence of both gold and stocks, and choice of appropriate models for
modeling gold–stock interactions. Specifically, we provide a thorough
analysis of how shocks and volatility are transmitted from world gold
market to Chinese stock market and from Chinese stock market to
world gold market. This research is of particular interest for several
reasons. First, none of the previous studies has considered the volatility
spillover between gold and stockmarkets while a better understanding
of the transmission mechanisms between them helps building accurate
stock valuation models and accurate forecasts of the volatility of
both markets. Empirical results from volatility spillover analysis also
permit to address several important issues such as hedging strategies,
optimal portfolio allocation, and derivative management with respect
to the uncertainties associated with gold price fluctuations. Note
that the works of Baur and Lucey (2010) and Baur and McDermott
1 See Arouri et al. (2012) for a detailed discussion of this literature.
(2010) only provide grounds for understanding the gold-stock return
relationships.

Second, the linkages between world gold prices (represented by the
prices of the 3-month gold futures contract traded in the Commodity
Exchange inNewYork—COMEX) andChinese stockmarket (represented
by the MSCI China index) have never been examined despite the in-
creasing role of China in the world economy. According to the IMF sta-
tistics, China showed, over the last decade, a very high economic growth
rate ranging from 8.3% (2001) and 14.2% (2007). This strong economic
performance made China the second largest economy in 2010 with re-
spect to the total GDP measured at purchasing power parity. In the
meantime, the study of Lai and Tseng (2010) suggests that the Chinese
stock market is not only a safe haven but also a hedge for global inves-
tors' portfolios, in particular during times of financial turbulence.
Additionally, we note the continuing surge in China's gold demand in
recent years. TheWorld Gold Council's report onMay 17, 2012 pointed
out that China's investment demand for physical gold ismore than dou-
bled from 40.7 tons a year ago to 90.9 tons in the first quarter of 2012.
Soaring international market prices, high uncertainties in stock and
property markets, and rising inflation expectations are undoubtedly
candidate factors that have led to the robust growth of the domestic
gold investment market in China. Like anywhere in the world, gold
may thus be seen as a good alternative investment and the best hedge
to inflation. It is worth noting that the 3-month gold future prices at
COMEX are global benchmark prices for gold trading. These prices
would have a significant impact on Chinese stock markets since gold
is now an integrated part of portfolio diversification and the fastest
world growth for commodities including gold comes from China. To
the extent that the strong total marginal demand of gold from China
is linked to the global benchmark at the COMEX, there would thus
be a strong empirical and direct linkage between the variables we
consider.

Finally, our empirical analysis relies on themultivariate specification
of the vector autoregressive — generalized autoregressive conditional
heteroscedasticity model (VAR–GARCH) developed by Ling and
McAleer (2003). This model offers the possibility to explore the condi-
tional volatility dynamics of the return series as well as the conditional
cross effects and volatility spillover between them. It also provides
meaningful estimates of the model's parameters with fewer computa-
tional complications than other multivariate GARCH specifications,
such as the Engle and Kroner (1995)'s full BEKK-GARCH model.
Moreover, the findings can be used to analyze the diversification and
hedging effectiveness across gold asset and stock market, while taking
the return and volatility transmission into account. Some papers have
recently taken the VAR–GARCH approach to investigate the volatility
spillover and hedging strategies between Gulf Arab equity sectors
(Hammoudeh et al., 2009), between previous metals and exchange
rates (Hammoudeh et al., 2010), between crude oil spot and future
returns of the Brent and WTI oil price benchmarks (Chang et al.,
2011), and between oil and stock markets (Arouri et al., 2011). These
studies commonly suggest the suitability of the VAR–GARCH model
for capturing the dynamic linkages between different asset markets as
well as building optimal portfolios.

Overall, we find evidence of significant volatility cross effects be-
tween world gold price and stock market in China over the period
2004–2011. In particular, the past shocks to gold returns are found to
play a crucial role in explaining the time-varying patterns of conditional
volatility of Chinese stock returns and should thus be accounted for
when making volatility forecasts of future stock returns. On the other
hand, our portfolio analysis suggests that adding the gold asset to a
well-diversified portfolio of Chinese stocks improves its risk-adjusted
performance and that stock risk exposures can be effectively hedged
using gold. Moreover, we show that the VAR–GARCH model performs
better than five alternative multivariate GARCH volatility models
(Constant Conditional Correlation or CCC-, Dynamic Conditional
Correlation or DCC-, and scalar, diagonal and full BEKK–GARCH) in
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terms of higher risk-adjusted return performance and hedging
effectiveness. This result also holds for crisis times.

The remainder of this article is structured as follows. Section 2
introduces our empirical methodology. Section 3 presents the sam-
ple data and their stochastic properties. Section 4 discusses the em-
pirical findings and shows their implications on optimal portfolio
designs and risk management. Section 5 provides some concluding
remarks.

2. Empirical method

Since their apparition, the ARCH/GARCH-family models have re-
ceived a particular attention from researchers and practitioners as
far as the issue of volatility modeling and forecasting of macroeco-
nomic and financial variables is addressed. When the objective is to
investigate volatility interdependence and spillovers between
different time-series, multivariate GARCH specifications such as the
CCC–GARCH model of Bollerslev (1990), the BEKK–GARCH model
of Engle and Kroner (1995) or the DCC–GARCH model of Engle
(2002) should be more relevant than univariate models. Empirical
results reported in Hassan and Malik (2007), Agnolucci (2009), and
Kang et al. (2009), among others, confirm effectively the superiority
of thesemodels and show that they satisfactorily capture the stylized
facts of commodities' conditional volatility as well as the dynamics of
volatility interactions.

Given that we attempt to examine the shock and volatility spillover
between gold prices and stock market in China as well as to derive the
implications of the results on optimal weights and hedge ratios
for gold-stock portfolio holdings, the abovementioned multivariate
GARCH models are naturally suitable for our research question.
However, these models are involved with an excessive number of pa-
rameters when the number of variables in the system is important.
They can also encounter convergence problems during the estimation
process, especially when additional exogenous variables are introduced
into the conditionalmean and variance equations. These reasons lead us
to employ the VAR–GARCH model developed by Ling and McAleer
(2003). This model typically combines a multivariate GARCH process
and a VAR model. Its main advantage rests on its flexibility to model
the conditional mean cross-effects and conditional volatility transmis-
sion between the series under consideration with fewer computational
complexities than othermultivariate volatilitymodels. The ability of the
VAR–GARCH model to capture cross-market volatility interactions has
been confirmed by recent research (Arouri et al., 2011; Chang et al.,
2011; Mensi et al., 2013).

In this study, we use the bivariate VAR–GARCH as baseline model to
shed light on the diversification and hedging effectiveness of a portfolio
involving the gold asset and stocks in China. We also consider five com-
peting bivariate volatility models (CCC–GARCH, DCC–GARCH, diagonal
BEKK–GARCH, scalar BEKK–GARCH, and full-BEKK–GARCH) for com-
parison purpose.2

2.1. Bivariate VAR(1)–GARCH(1,1)

The VAR(1)–GARCH(1,1) model captures the interdependencies
between gold and stock markets through allowing for return and
volatility cross effects in both the conditional mean and variance
equations.We first use the univariate and bivariate AIC and BIC infor-
mation criteria to choose the optimal lag length of the univariate
GARCH(p,q) volatility process as well as the optimal lag length of
the bivariate VAR model for the pair of gold and stock markets.
Our results select one lag for both conditional mean and variance
2 These competing models are selected for comparison because either they do not di-
rectly allow for return and volatility spillovers (e.g., CCC and DCC) or they may encounter
convergence problem due to parameter proliferation (the full BEKKmodel). This problem
is not serious in our bivariate case, but it could happen.
equations, which thus lead us to choose the bivariate VAR(1)–
GARCH(1,1) specification. Accordingly, the conditional mean of this
empirical model can be specified as follows

Rt ¼ μ þΦRt−1 þ εt
εt ¼ H1=2

t ηt

�
ð1Þ

where μ is the vector of constant terms in the VAR. Rt =(rts, rtg)′ is the
vector of returns on the stock market index and the gold price index,
respectively. Φ refers to a (2 × 2) matrix of coefficients. εt = (εts, εtg)′
is the vector of the error terms of the conditional mean equations for
stock and gold returns respectively. ηt=(ηts, ηt

g)′ refers to a sequence
of independently and identically distributed (i.i.d) random errors;

and Ht ¼ hst hsgt
hsgt hgt

� �
is the conditional variance–covariance matrix

of stock and gold returns, which is defined as

Ht ¼ C þ Aε2t−1 þ BHt−1:

The stationary condition requires that the roots of the equation
|I2 − AL − BL| = 0 must be outside the unit circle, where L is a lag
polynomial, I2 is a (2 × 2) identity matrix, and

A ¼ α2
s1 α2

g1

α2
s2 α2

g2

 !
and B ¼ β2

s1 β2
g1

β2
s2 β2

g2

 !
:

The conditional volatility processes, hts and ht
g, are specified as

hst ¼ c2s þ β2
s1 � hst−1 þ α2

s1 � εst−1
� �2 þ β2

g1 � hg
t−1 þ α2

g1 � εgt−1

� �2 ð2Þ

hgt ¼ c2g þ β2
g2 � hg

t−1 þ α2
g2 � εgt−1

� �2 þ β2
s2 � hst−1 þ α2

s2 � εst−1
� �2

: ð3Þ

It is obvious from Eqs. (2) and (3) that the volatility transmission
across the gold and stock markets over time comes from two sources:
(i) the cross values of error terms, (εt − 1

g )2 and (εt − 1
s )2, which capture

the impact of direct effects of shock transmission, and (ii) the cross
values of lagged conditional volatilities, ht − 1

g and ht − 1
s , which directly

account for the risk transfer between markets.
Let ρ be the constant conditional correlation, the conditional covari-

ance ht
sg between stock and gold returns is modeled as:

hsgt ¼ ρ�
ffiffiffiffiffi
hst

q
�

ffiffiffiffiffi
hgt

q
: ð4Þ

According to the above specifications, our empirical model simulta-
neously allows long-run volatility persistence as well as shock and
volatility transmissions between gold and stock markets under
consideration. Even though the assumption of constant conditional
correlation may be viewed as restrictive given changing economic con-
ditions, the extension to dynamic conditional correlation is not possible
for instance because the statistical properties of such a model have not
been analyzed at the theoretical level yet.

We estimate the parameters of the above bivariate model by quasi-
maximum likelihood estimation (QMLE), which is robust to any depar-
ture fromnormality conditions. See Ling andMcAleer (2003) for further
details on necessary and sufficient conditions regarding the consistency
of QMLE for the model used.

2.2. Competing bivariate GARCH(1,1) models

We define again Rt = (rts, rt
g)′ as the vector of the returns on stock

market index and gold price index, and Ht ¼ hst hsgt
hsgt hgt

� �
as the condi-

tional variance–covariancematrix of stock and gold returns. To ease the
comparison of the estimation results across the baseline model,
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VAR(1)–GARCH(1,1), and its competing specifications, we assume that
the conditional mean of the competing models follow a bivariate
AR(1) process such as3

Rt ¼ μ þΦRt−1 þ εt
εt ¼ H1=2

t ηt

�
ð5Þ

where Ht
1/2 is a (2 × 2) symmetric positive definite matrix and ηt =

(ηts, ηtg)′ is the vector of i.i.d. random errors with E(ηt) = 0 and
Var(ηt) = I2.

As to the conditional volatility process, different bivariate GARCH-
type models can be built depending on the econometric specifications
for Ht. The most popular specifications include the full BEKK–GARCH
model of Engle and Kroner (1995), the CCC–GARCH of Bollerslev
(1990), the DCC–GARCH of Engle (2002), and the two restricted ver-
sions of the full BEKK–GARCH (i.e., the diagonal BEKK–GARCH and the
scalar BEKK–GARCH).

The full BEKK–GARCH which imposes positive definiteness restric-
tions for Ht is given by

Ht ¼ C0C þ A0εt−1ε
0
t−1Aþ B0Ht−1B ð6Þ

where C is a (n × n) upper triangular matrix, A and B are (n × n) coeffi-
cient matrices. C′C is the decomposition of the intercept matrix. Each
element (i, j)th in Ht depends on the corresponding (i, j)th element in
(εt − 1εt − 1′) and Ht − 1. Accordingly, past shocks and volatility are
allowed to directly spill over fromamarket to another, and they are cap-
tured by coefficients of A and Bmatrices. More precisely, the conditional
variance and covariance processes take the following forms:

hst ¼ cs þ α2
s εst−1
� �2 þ 2αsαgsε

s
t−1ε

g
t−1 þ α2

gs εgt−1

� �2 þ β2
s h

s
t−1

þ 2βsβgsh
sg
t−1 þ β2

gsh
g
t−1

hsgt ¼ csg þ αsαsg εst−1
� �2 þ αgsαsg þ αsαg

� 	
εst−1ε

g
t−1 þ αgsαg εgt−1

� �2
þ βsβsgh

s
t−1 þ βgsβsg þ βsβg

� 	
hsgt−1 þ βgsβgh

g
t−1

hgt ¼ cg þ α2
sg εst−1
� �2 þ 2αsgαgε

s
t−1ε

g
t−1 þ α2

g εgt−1

� �2 þ β2
sgh

s
t−1

þ 2βsgβgh
sg
t−1 þ β2

gh
g
t−1

8>>>>>>>>>>><
>>>>>>>>>>>:

:

The diagonal parameterization of the BEKK–GARCH(1,1) is obtained
by imposing the diagonality of the parameter matrices A and B. The
advantage of this diagonalization is that the model is guaranteed to be
positive definite and requires the estimation of fewer parameters than
the full-rank parameterization. The conditional variance and covariance
processes are thus given by

hst ¼ cs þ α2
s εst−1
� �2 þ β2

s h
s
t−1

hgt ¼ cg þ α2
g εgt−1

� �2 þ β2
gh

g
t−1

hsgt ¼ csg þ αsαgε
s
t−1ε

g
t−1 þ βsβgh

sg
t−1

8><
>: ð7Þ

where ht
s and ht

g are the conditional variances of rts and rt
g respectively.

Eq. (7) indicates that direct volatility transmission between gold and
stock returns is not possible because the conditional volatility of each
market depends only on its own past shocks and past volatility. The di-
agonal BEKK–GARCH model is covariance stationary under the follow-
ing conditions: αS

2 + βS
2 b 1, αg

2 + βg
2 b 1, and |αsαg + βsβg| b 1.

The scalar BEKK–GARCH is more restricted than the diagonal BEKK–
GARCH. It is derived from the full-rank BEKK–GARCH by imposing that
the parametermatrices A and B are both equal to the product between a
3 Within the context of the competing models, the returns on stock and gold markets
only depend on their own lagged values, while the VAR(1)–GARCH(1,1) model allows
the lagged stock returns to affect gold returns inversely. It is also worth noting that al-
though it is possible for us to specify a VAR structure for the conditional mean of the com-
peting models, we do not adopt it because the statistical and asymptotic properties of
most of thesemodels are not investigated in the literature yet. The use of this specification
could thus lead to estimation biases and misleading conclusions.
scalar and an identity matrix such that A = aI2 and B = bI2. Its formal
representation is given by

Ht ¼ C0C þ a2εt−1ε
0
t−1 þ b2Ht−1 ð8Þ

and the variance and covariance processes take the following forms:

hsgt ¼ 1−a2−b2
� 	

1 s¼g½ � þ a2εst−1ε
g
t−1 þ b2hsgt−1:

The CCC–GARCH model of Bollerslev (1990) and the DCC–GARCH
model of Engle (2002) are multivariate GARCH models where the
conditional covariances are parameterized to be proportional to the
product of the corresponding conditional standard deviations. These
models allow for an intuitive and meaningful economic interpretation
of the conditional correlation coefficients.

Applying to our research question, the variance–covariance matrix
of the bivariate CCC–GARCH(1,1) model is defined as follows:

Ht ¼ DtPDt ð9Þ

where Dt ¼ diag
ffiffiffiffiffi
hst

p
;
ffiffiffiffiffi
hgt

q� �
, and P = (ρij) refers to a (2 × 2)

matrix that contains the constant conditional correlations ρij with
ρii=1,∀ i= s, g. The conditional variances and covariance are given by:

hst ¼ cs þ αs εst−1
� �2 þ βsh

s
t−1

hgt ¼ cg þ αg εgt−1

� �2 þ βgh
g
t−1

hsgt ¼ ρ
ffiffiffiffiffiffiffiffiffiffi
hsth

g
t

q
8>><
>>: : ð10Þ

Bollerslev (1990) shows that the positiveness of the coefficients as-
sociatedwith ARCH and GARCH terms is indeed not required to obtain a
positive definite matrix P. The model is covariance stationary when the
roots of det(I2− λA− λB)=0 are outside the unit circle of the complex
plan, where I2 is a (2 × 2) identity matrix and

A ¼ αs 0
0 αg

� �
and B ¼ βs 0

0 βg

� �
:

Engle (2002) proposes the DCC–GARCH(1,1) model that allows the
conditional correlation matrix to vary over time as follows

Pt ¼ ρsg;t

n o
¼ diag Qtð Þð Þ−1=2Qt diag Qtð Þð Þ−1=2 ð11Þ

whereQt=(qt
ij) is a (2× 2) symmetric positive definitematrix given by

Qt ¼ 1−α−βð ÞQ þ αηt−1η
0
t−1 þ βQt−1: ð12Þ

In Eq. (12),α and β are non-negative scalars such that α+ β b 1, and
Q is a (2 × 2) matrix of unconditional correlations of the standardized
errors ηt. The conditional variances are specified as univariate
GARCH(1,1) processes, similar to those of the CCC–GARCH model.
Engle (2002) indicates that the specification of the dynamic conditional
correlation structure presents no obstacle to model estimation.

Overall, the bivariate GARCH-type models presented above do not
explicitly allow for shock and volatility cross-effects between gold and
stock market returns, as compared to the VAR–GARCH model. It is
therefore expected that our benchmark model provides a better
description of the dynamic linkages between markets of interest and
allows for more accurate decisions regarding portfolio diversification
and hedging effectiveness.

3. Data and preliminary analysis

Our sample data consist of daily time series of the Chinese stock
market and 3-month gold future prices (GOLD3M) over the period
from March 22, 2004 to March 31, 2011. The MSCI China Index which
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is a free-floatweighted equity index developedwith a base value of 100
as of December 31, 1992 byMorgan Stanley Capital International is used
to represent the overall performance of the Chinese stock market. The
gold futures, widely traded at COMEX (Commodity Exchange) in New
York, are used to represent the world gold market fluctuations. Their
prices are measured in US dollars per troy ounce.4 Daily closing price
data were extracted fromMSCI and Bloomberg databases. We compute
the return series by taking the differences in the logarithm of two con-
secutive prices.

The time-paths followed by the MSCI China index and gold future
prices are depicted in Fig. 1. We see that the Chinese stock market
shares common phases of market dynamics with the world stock
market. It experienced continuing attractiveness since the end of 2004
until the end of 2007, then showed significant decreases due to the
effects of the global financial crisis between the beginning of 2008 and
mid-2009, and started to recover afterwards. The evolution of gold fu-
ture prices is particularly marked by an increasing trend over the
whole study period and their sharp increases over the recent years.
The common wisdom of the financial community is that the role of
gold as an alternative investment as well as a hedge instrument during
financial markets' turbulent times has contributed to drive up their
prices.

Table 1 presents selected descriptive statistics for the return series.
The gold market provided higher daily returns than the Chinese stock
market over our study period. The severe impacts of the recent global
financial crisis 2007–2009 seem to be the main reason that explains
the underperformance of theChinese stockmarket aswell as theperfor-
mance of the world gold market. The unconditional volatility, as
measured by standard deviations, is substantially higher for the stock
market than for the gold market. As a result, gold was a better invest-
ment with higher risk-adjusted returns. This finding thus suggests
that gold might be a good hedge for portfolios of stocks, especially in
times of crises and bear market periods.

With negative skewness coefficients and kurtosis coefficients above
three, the distributions of Chinese stock market and gold returns are
typically asymmetric, and the probability of observing large negative
returns is higher than that of a normal distribution. The Jarque–Bera
test statistics clearly confirm the rejection of the null hypothesis of
normality for both return series. The results from the Ljung–Box test
indicate evidence of autocorrelation in return and squared return series
for both gold and stock markets. The ARCH test for conditional
heteroscedasticity provides strong evidence of ARCH effects in both re-
turn series, which consequently suggests the usefulness and suitability
of GARCH-typemodels for examining volatility dynamics and transmis-
sion of gold and stock markets in China. Finally, two commonly-used
unit root tests, AugmentedDickey–Fuller (ADF) test and Phillips–Perron
(PP) test, are performed in order to examine the stationarity property
of the series considered. The results indicate that return series are
stationary, and thus they can be straightforwardly used for further
analysis.
4. Results and portfolio implications

This section discusses the estimation results of our bivariate
VAR(1)–GARCH(1,1) model and their implications for portfolio diversi-
fication and hedging effectiveness involving gold and stocks in China.
We also compare the obtained results with those of the competing
models (CCC–GARCH, DCC–GARCH, full BEKK–GARCH, diagonal BEKK–
GARCH, and scalar BEKK–GARCH).
4 We also estimated our empirical models with gold spot, also traded at COMEX in New
York, but the results remain intact. These results can bemade entirely available under re-
quest addressed to the corresponding author. Note finally that the correlation between
gold spot and gold futures is 0.853 over the study period.
4.1. Volatility cross-effects in gold and stock markets in China

Table 2 presents the estimation results of our benchmark VAR(1)–
GARCH(1,1) model and its competing bivariate volatility models. The
results of diagnostic tests based on standardized residuals and squared
standardized residuals show that the selected bivariate models are in
general flexible enough to capture the dynamics of the conditional re-
turn and volatility of both stock and gold return series. Compared to
test statistics we report for the returns in Table 1, the departure from
normality and the serial correlation are reduced significantly. While
the full BEKK–GARCH and VAR–GARCHmodels provide evidence of sig-
nificant return and volatility spillovers, the VAR–GARCHmodel is found
to be best-suited for modeling the joint dynamics of gold returns and
Chinese stock market returns. Indeed, this model has the highest log
likelihood ratio and the lowest AIC and BIC values. Additionally, it is
the only model where there are no remaining ARCH effects in the esti-
mated residuals. It is therefore opportune to focus on the transmission
mechanism within the VAR–GARCH model.

Regarding the estimates of the mean equations of the VAR–GARCH
model, we find that the own autoregressive parameters are not signifi-
cant for both markets under consideration. The one-period lagged gold
returns are found to significantly affect the current returns of Chinese
stock market at the 1% level. This implies that one can predict Chinese
stock returns by using past gold returns over time. Some recent papers
also document that Chinese stock market is not weak-form efficient al-
most all the time (see, e.g., Groenwold et al., 2004; Gao andKling, 2005).
Inversely, past stock market returns in China have no impact on gold
returns.

As to the coefficients associatedwith ARCH andGARCH terms,which
capture shock and volatility independence in the conditional variance
equations, we find common patterns for both gold returns and stock
returns in China. First, these coefficients appear to be highly significant.
Second, the estimated conditional volatility series do not change very
rapidly under the effects of return innovations given the small size of
ARCH coefficients. They tend instead to develop gradually over time
with respect to substantial effects of past volatility, advocated by the
large values of GARCH coefficients. Accordingly, investors and fund
managers seeking profit from trading gold and Chinese stocksmay con-
sider active investment strategies based on volatility persistence and
current market trends. It would be advisable, for example, to increase
the amount of portfolio investment if markets are actually rising and
to decrease it if they are falling, all while keeping inmind that the viabil-
ity of such strategies depends on the stability and the strength of perfor-
mance between successive periods.

The extent of volatility transmission between gold market and
Chinese stock market is particularly interesting. Our findings show that
past gold shocks play a crucial role in explaining the time-dynamics of
conditional volatility of stock returns in China and should thus be
accounted for when making volatility forecasts of future stock returns.
Moreover, the conditional volatility of gold returns is significantly affect-
ed by unpredicted changes in the returns on the MSCI China index, (εt −
1
s)2. A shock to Chinese stock market, regardless of its sign, thus implies
an increase in the volatility of gold returns. On the other hand, past vol-
atility of Chinese stock market, represented by ht − 1

s , has no significant
effects on the gold return volatility. As for the opposite direction, the im-
pact of past gold volatility, ht − 1

g , on the conditional volatility of Chinese
stock market is also statistically insignificant.

Turning out to the estimates of the constant conditional correlation
(CCC),we find that Chinese stockmarket returns are positively correlat-
edwith gold returns, but the cross-market correlation is relatively weak
(0.137). One may expect, in view of this finding, substantial gains from
having both assets in the sameportfolio. Moreover, it is obvious that the
significant volatility cross-effects we show previously require portfolio
managers and investors to quantify the optimalweights and hedging ra-
tios to properly deal with the comovement between gold and Chinese
stock returns.
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Fig. 1. Stock and gold price dynamics.
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4.2. Optimal portfolio designs and hedging ratios in the presence of gold

We now show the implications of our previous results on gold-stock
optimal portfolio. To this end, we consider a hedged portfolio made up
of gold and Chinese stock market index in which an investor seeks to
protect himself from exposure to stock price movements by investing
in the gold asset. In practice, the investor's objective is to minimize
the risk of his gold-stock portfolio while keeping the same expected
returns. Following Kroner and Ng (1998), we determine the optimal
holding weight of gold in a one-dollar portfolio of stock/gold at time t,
denoted by wt

gs, as follows

wgs
t ¼ hst−hsgt

hst−2hsgt þ hgt
ð13Þ

where htg, hts and ht
sg refer respectively to the conditional volatility of the

gold returns, the conditional volatility of the Chinese stockmarket index
returns and the conditional covariance between gold and stock returns
at time t. These series are estimated from our benchmark bivariate
VAR(1)–GARCH(1,1) model and five competing bivariate GARCH-
based models we presented in Section 2. When short selling is not
Table 1
Descriptive statistics and stochastic properties of return series.

MSCI China Gold

Mean (%) 0.057 0.067
Maximum (%) 14.044 8.625
Minimum (%) −12.836 −7.574
Standard deviation 2.010 1.261
Skewness −0.044 −0.131
Kurtosis 9.459 7.202
Jarque–Bera 3187.202+++ 1354.089+++

Q(15) 37.346+++ 43.728+++

Q2(15) 1870.689+++ 378.195+++

ARCH(15) 38.061+++ 40.761+++

ADF −42.002+++ −41.760+++

PP −42.002+++ −41.785+++

Notes: The table reports the basic statistics of return series aswell as their stochastic prop-
erties. Jarque–Bera is the empirical statistics of the Jarque–Bera test for normality based on
skewness and excess kurtosis. Q(15) and Q2(15) are the empirical statistics of the Ljung–
Box tests for autocorrelations applied to return and squared return series. ARCH refers to
the empirical statistics of the Engle (1982) test for conditional heteroscedasticity. ADF and
PP are the empirical statistics of the Augmented Dickey–Fuller and Phillips–Perron unit
root tests. We present the model with a constant and a trend, but the results are similar
whenmodels without a constant and/or a trend are used. ++ and +++ indicate the rejec-
tion of the null hypotheses of normality, no autocorrelation, noARCH effects, and unit root
at the 5% and 1% levels, respectively.
allowed, the mean-variance portfolio optimization approach imposes
the following constraints on the optimal weight of gold:

wgs
t ¼

0; if wgs
t b0

wgs
t ; if 0≤wgs

t ≤1
1; if wgs

t N1

8<
: :

From Eq. (13), the proportion ofwealth that the investor puts on the
Chinese stock market index is 1 − wt

gs.
Now if the objective of our investor is to optimally hedge the risk of

his investment in stock markets, he should take an appropriate position
on the gold market so that it minimizes the risk of the hedged portfolio.
Concretely, a long position (buying) of one dollar on the stock segment
must be hedged by a short position (selling) of βt

sg dollars on the gold
asset. Following Kroner and Sultan (1993), the optimal hedge ratio βt

sg

can be expressed as

βgs
t ¼ hsgt

hgt
: ð14Þ

Since our study period coincideswith recent international events in-
cluding the US Subprime crisis, the Lehman Brothers collapse on the
15th of September 2008 and the extreme market movements around
the 2008–2009 global financial crisis (GFC) and the 2009–2012
Eurozone crisis, a potential question would be whether the results re-
garding optimal weights and hedging ratios are affected by the GFC.
For instance, several studies have shown that the increasing spillovers
of fear, financial stress, uncertainty, and shocks across international fi-
nancial markets during the crisis period have severe effects on asset
price behavior as well as on their dynamic linkages (Aloui et al., 2011;
Bekiros, 2014; Reboredo and Rivera-Castro, 2013). For this purpose,
we also estimate our baseline and competing models by considering a
crisis period and then examine the sensitivity of our results related to
the optimal weights and optimal hedge ratios of a gold-stock portfolio.
The period spanning from September 15, 2008 to May 30, 2009 is cho-
sen as the GFC period because it was associatedwith the highest degree
of financial stress, volatility and uncertainty in international financial
markets.5

The average values of realized optimal weights wt
sg and optimal

hedge ratios βt
sg are reported in Table 3 for both the whole period and

the GFC period. For the whole period, the coefficients show that the op-
timal weight for the gold asset in the hedged portfolios is 0.330 accord-
ing to our VAR(1)–GARCH(1,1) model and varies from 0.322 to 0.334
with respect to competing bivariate GARCH-based models. The highest
5 The St. Louis Fed Financial Stress Index, available at http://research.stlouisfed.org/
fred2/series/STLFSI, also captures this period for thefinancial markets in theUnited States.

http://research.stlouisfed.org/fred2/series/STLFSI
http://research.stlouisfed.org/fred2/series/STLFSI


Table 2
Estimates of VAR(1)–GARCH(1,1) and the considered competing GARCH–type models for gold returns and stock market returns in China.

VAR–GARCH AR-CCC–GARCH AR-DCC–GARCH AR-Diagonal-BEKK–GARCH AR-Scalar-BEKK–GARCH AR-Full-BEKK–GARCH

MSCI Gold MSCI Gold MSCI Gold MSCI Gold MSCI Gold MSCI Gold

Const(μ) 0.084***
(0.032)

0.067***
(0.024)

0.107***
(0.032)

0.069***
(0.024)

0.109***
(0.033)

0.068***
(0.024)

Const(μ) 0.001***
(0.0003)

0.0006***
(0.0002)

0.001***
(0.0003)

0.0006***
(0.0002)

0.099***
(0.032)

0.075***
(0.024)

Stock(−1) 0.023
(0.025)

0.009
(0.015)

0.045**
(0.025)

0.047*
(0.025)

Stock(−1) 0.051**
(0.024)

0.048*
(0.025)

0.046*
(0.024)

Gold(−1) 0.240***
(0.028)

0.001
(0.026)

−0.021
(0.026)

−0.014***
(0.025)

Gold(−1) −0.034
(0.025)

−0.033*
(0.024)

−0.039
(0.024)

Const(v) 0.138***
(0.040)

0.091***
(0.016)

0.033***
(0.009)

0.008**
(0.003)

0.033**
(0.009)

0.008***
(0.002)

C 0.002 (0.0004) 0.0002**
(0.0001)

0.001***
(0.0002)

0.0002***
(0.0001)

0.171***
(0.025)

0.019
(0.026)

(εt − 1
s )2 0.295***

(0.018)
0.050**
(0.023)

0.089***
(0.009)

0.089***
(0.009)

0.0009***
(0.0002)

0.001***
(0.0002)

0.084***
(0.022)

(εt − 1
g )2 0.105*

(0.055)
0.184***
(0.015)

0.037***
(0.005)

0.037***
(0.005)

A 0.295***
(0.033)

0.220***
(0.016)

0.276***
(0.014)

−0.042***
(0.008)

ht − 1
s 0.947***

(0.006)
−0.0002
(7.238)

0.902***
(0.010)

0.902***
(0.010)

0.167***
(0.015)

0.074***
(0.022)

0.163***
(0.012)

ht − 1
g 0.107

(0.088)
0.977***
(0.004)

0.958***
(0.006)

0.957***
(0.006)

B 0.950***
(0.011)

0.971***
(0.004)

0.955***
(0.004)

0.013***
(0.002)

0.983***
(0.002)

−0.012**
(0.006)

0.981***
(0.003)

ρ 0.137***
(0.022)

0.135***
(0.022)

LogL −6257.688 −6280.923 −6280.314 LogL −6319.387 −6326.798 −6291.744
AIC 6.872 6.899 6.899 AIC 6.907 6.913 6.915
SIC 6.923 6.932 6.936 SIC 6.985 6.977 6.960
JB 59.333+++ 668.278+++ 62.534+++ 350.284+++ 67.901+++ 343.523+++ JB 59.101+++ 370.631+++ 86.947+++ 354.935+++ 63.711+++ 363.718+++
Q(15) 30.572++ 12.733 28.763++ 21.252 28.841++ 20.617 Q(15) 30.474++ 22.792+ 30.029++ 21.897 28.971++ 23.127+
Q2(15) 19.937 42.675+++ 23.757+ 4.115 23.855+ 4.293 Q2(15) 22.594+ 5.864 45.660+++ 4.858 24.425+ 6.228
ARCH(15) 14.665 13.168 27.110++ 21.843 27.134++ 21.223 ARCH(15) 28.712++ 22.423+ 28.206++ 21.220 27.276++ 23.520+

Notes: Stock(−1), Gold(−1), and ρ are the one-period lagged returns of Chinese stock market and gold market, and conditional constant correlation, respectively. Const(μ) and Const(v) are the constant terms in the conditional mean and variance

equations. For the full-BEKK GARCH and its degenerated versions, the estimates of thematrix C are reported asC ¼ cs csg
0 cg


 �
. For the full-BEKK–GARCHmodel, the estimates of matrices A and B are reported asA ¼ αs αsg

αgs αg


 �
andB ¼ βs βsg

βgs βg


 �
. For

thediagonal-BEKK–GARCHmodel, the off-diagonal elements in thematrices A and B are equal to zeros. For the scalar-BEKK–GARCH,we report the estimates of a and b as defined in Eq. (8). The numbers in parentheses are the standard errors. *, **, and
*** indicate significance at the 10%, 5%, and 1% levels, respectively. The AIC and BIC criteria measure the relative goodness of fit of the estimated model. JB, Q(15), Q2(15), and ARCH(15) refer to the empirical statistics of the Jarque–Bera test for nor-
mality, the Ljung–Box tests for autocorrelations of order 15 applied to standardized residuals and squared standardized residuals, and the Engle (1982) test for conditional heteroscedasticity of order 15, respectively. +, ++, and+++ indicate the
rejection of the null hypothesis of associated statistical tests at the 10%, 5%, and1% levels, respectively. The stationarity conditions are checked for the VAR–GARCH (the roots of |I2 − AL − BL| = 0 are 1.006 and1.022 respectively, and thus are outside
the unit circle). The CCC–GARCH model is stationary as the roots of det(I2 − λA − λB) = 0 are 1.005 and 1.009, and thus outside the unit circle. The diagonal BEKK–GARCH model is nonstationary as αS

2 + βS
2 = 0.2952 + 0.9502 = 0.98953 b 1,

αg
2 + βg

2 = 0.1672 + 0.9832 = 0.994178 b 1 and |αsαg + βsβg| = |0.295 × 0.167 + 0.950 × 0.983| = 0.983115 b 1.
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Table 3
Optimal weights and hedge ratios for the portfolio of gold and stocks in China.

VAR–
GARCH

CCC–
GARCH

DCC–
GARCH

Scalar BEKK–
GARCH

Diagonal
BEKK–GARCH

Full BEKK–
GARCH

Panel A: overall period
wgs 0.330 0.333 0.333 0.322 0.325 0.334
βgs 0.197 0.192 0.194 0.178 0.188 0.179

Panel B: GFC period
wgs 0.705 0.755 0.758 0.761 0.763 0.760
βgs −0.029 −0.008 0.013 0.112 0.021 0.101

Notes: The table reports average optimal weight of gold and hedge ratios for an gold-stock
portfolio using conditional variances and covariance estimated from our benchmark
model and five competitive volatility-spillover models: VAR(1)–GARCH(1,1), CCC–
GARCH(1,1), DCC–GARCH(1,1), scalar BEKK–GARCH(1,1), diagonal BEKK–GARCH(1,1),
and full BEKK–GARCH(1,1). For all the competing models considered, the conditional
mean equations contain a constant term and an autoregressive component.

Table 4
Portfolio designs and diversification in presence of the gold asset.

Mean Standard
deviation

Realized risk-adjusted
returns (×100)

Panel A: overall period
PF I 0.0562 2.0113 2.7962
PF II — VAR–GARCH 0.0596 1.4358 4.1510
PF II — Full BEKK–GARCH 0.0602 2.0716 2.9059
PF II — Diagonal BEKK–GARCH 0.0595 1.4531 4.0975
PF II — Scalar BEKK–GARCH 0.0595 1.4576 4.0830
PF II — DCC–GARCH 0.0596 1.4415 4.1364
PF II — CCC–GARCH 0.0596 1.4415 4.1364

Panel B: GFC period
PF I 0.0430 3.8254 1.1241
PF II — VAR–GARCH 0.0704 2.7663 2.5449
PF II — Full BEKK–GARCH 0.0653 2.9496 2.2138
PF II — Diagonal BEKK–GARCH 0.0651 2.9598 2.1994
PF II — Scalar BEKK–GARCH 0.0653 2.9530 2.2113
PF II — DCC–GARCH 0.0655 2.9428 2.2258
PF II — CCC–GARCH 0.0658 2.9326 2.2437

Notes: This table compares the realized risk-adjusted returns, measured by relating each
portfolio's mean to its standard deviation, of different portfolios. Figures in boldface indi-
cate the highest mean, standard deviation, and risk-return trade-off. PF I is a portfolio of
100% stocks. PF II is a gold-stock portfolio in which the weights are given by the optimal
weights reported in Table 3.
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optimal weight for gold of 0.334 is obtained for the full BEKK–GARCH
model, while the scalar BEKK–GARCH model provides the lowest one
(0.322). Overall, our results show that, to minimize the risk without
lowering the expected return of the gold-stock portfolio, the investor
operating in Chinese stock markets should hold more stocks than
gold. This finding can be effectively explained by the low correlation
of gold returns with stock returns in China, and then simply adding a
small portion of gold to a diversified portfolio of Chinese stocks will re-
duce substantially its overall risk for a given level of expected return.
The results for theGFC period confirm the findings for thewhole period,
but further highlight the role of gold as a safe asset during the crisis
period because investors should hold more than 70% of gold in their
gold-stock portfolios in order to minimize the portfolio risk for a same
level of returns.

The average optimal hedge ratios, βgs, are generally low and do not
exceed 0.2 over the whole period. This finding has several important
implications for short hedgers. First, the low hedge ratios suggest that
stock investment risk can simply be hedged by taking short positions
in the gold future markets. The largest ratio is obtained from the VAR–
GARCH model (0.197), followed closely by the DCC–GARCH and the
CCC–GARCH. This implies that one dollar long (buy) in the Chinese
stock market index should require the investor to go short 19.7 cents
in the gold futures market. The lowest hedge ratio is obtained in the
case of the scalar BEEK–GARCHmodel (0.178), meaning that the inves-
tor must sell the smallest quantity of gold in the gold future market.
For the GFC period, the optimal hedge ratios range from −0.029
(VAR–GARCH) to 0.112 (scalar-BEKK–GARCH), which suggests that
the hedging strategy using the VAR–GARCH model is less expensive.
Indeed, the negative hedging ratio means that a one dollar invested in
Chinese stocks can even be hedged by buying 2.9 cents of gold future
contracts. Taken together, our results for optimal hedge ratios support
the view that the gold asset should be an integral part of a diversified
portfolio of stocks and help reduce the risk of the hedged portfolio,
particularly in periods of crisis.

4.3. Diversification and hedging effectiveness

In Section 4.2 we show, based on the estimations of selected bivari-
ate GARCHmodels, that adding the gold asset in the diversified portfolio
of stocks leads to improve its risk-adjusted performance. One may,
however, wonder how effective the diversification and the hedging
associated with the gold asset are? For this reason, we propose to run
portfolio simulations to empirically examine the diversification and
hedging effectiveness of gold, over both the whole period and the GFC
period. These portfolio simulations are based on our optimal portfolio
weights and hedging ratios. More precisely, we use the estimates of
our VAR–GARCH and five competing bivariate GARCH models to build
two distinct portfolios: a portfolio composed of Chinese stocks only
(PF I) and a gold-stock portfolio with the optimal weights calculated
in Section 4.2 (PF II). For each model, the effectiveness of the portfolio
diversification is evaluated by comparing the realized risk and return
characteristics of the considered portfolios (PF I vs. PF II). In the
meantime, the effectiveness of hedging across constructed portfolios
can be assessed by examining the realized hedging errors (HE) which
are determined as follows (Ku et al., 2007)

HE ¼ Varunheged−Varhedged
Varunheged

 !
ð15Þ

where Varhedged refers to the variance of the hedged portfolio's returns
(PF II), and Varunhedged the variance of the unhedged portfolio's returns
(PF I). Eq. (15) indicates that the higher the HE ratio, the more effective
the hedging in terms of portfolios' variance reduction. The model that
generates the highest HE ratio is the best one to be used for building
gold-stock hedging strategy.

The results from portfolio simulations in Table 4 show that adding
the gold asset to the diversified portfolio of stocks improves its risk-
adjusted return ratios regardless of the models used and of the sample
periods considered. More interestingly, our benchmark VAR–GARCH
model provides the best risk-adjusted return ratio, closely followed by
the DCC and CCC–GARCHmodels over both thewhole and GFC periods.
Another important fact is that the risk-adjusted return of all portfolios
(with and without the gold asset) has substantially reduced under the
effects of the global financial crisis, which is mainly explained by the in-
crease in the portfolio's risk (standard deviation).

Table 5 presents the hedging effectiveness (HE) ratios for themodels
we consider. The results show that hedging strategies involving stocks
and the gold asset lead to reduce considerably the portfolio's risk
(variance), as compared to the risk of the portfolio made up of stocks
only. The variance reduction ranges from 47.48% (scalar BEKK–GARCH
model) to 49.04% (VAR–GARCH model) for the whole period, while it
ranges from 40.13% (diagonal BEKK–GARCH) to 47.70% (VAR–GARCH
model) for the GFC period. Even though the hedging effectiveness is
lower during theGFC crisis than during thewhole period, it is still signif-
icant. This finding, consistent with the analysis of portfolio designs and
diversification, thus consolidates the dominant position of the VAR–
GARCH model as it helps reducing the largest part of the initial
portfolio's variance. The diagonal and scalar BEKK–GARCH models are
the worst models in terms of portfolio's variance reduction. Chang
et al. (2011) reach a similar conclusion when they use the samemodels



Table 5
Hedging effectiveness.

Panel A: overall period Panel B: GFC period

Variance
(%)

Hedge
effectiveness
(%)

Variance
(%)

Hedge
effectiveness
(%)

PF I 4.0454 – 14.6335 –

PF II — VAR–GARCH 2.0615 49.0409 7.6526 47.7049
PF II — Full BEKK–GARCH 2.2915 48.4695 8.7001 40.5467
PF II — Diagonal BEKK–GARCH 2.1116 47.8018 8.7606 40.1332
PF II — Scalar BEKK–GARCH 2.1245 47.4843 8.7202 40.4093
PF II — DCC–GARCH 2.0778 48.6373 8.6599 40.8214
PF II — CCC–GARCH 2.0778 48.6373 8.6001 41.2300

Notes: This table reports the portfolio variance and hedge effectiveness ratios, computed
using Eq. (14). Numbers in boldface indicate the hedged portfolio with lowest variance
and the highest variance reduction. PF I is a portfolio of 100% stocks. PF II is a weighted
gold-stock portfolio in which the weights are given by the optimal weights reported in
Table 3.
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to calculate optimal portfolio weights and optimal hedge ratios for the
crude oil spot and future returns of two major crude oil benchmarks,
Brent and WTI.

4.4. Are the empirical results sensitive to the global financial crisis?

As a robustness check, Table 6 shows the estimation results of the
best-suited model (VAR–GARCH) for gold and Chinese stock markets
over the GFC period spanning from September 15, 2008 to May 30,
2009. They differ from those in Table 2 in several aspects. First, we ob-
serve an absence of return spillover between these markets as the
Table 6
Estimation results of the VAR–GARCHmodel over the period from September 15, 2008 to
May 30, 2009.

MSCI China Gold

Const(μ) 0.002
(0.002)

0.0005
(0.002)

Stock(−1) 0.047
(0.085)

−0.020
(0.048)

Gold(−1) 0.020
(0.122)

−0.002
(0.081)

Const(v) −0.00001
(0.00001)

0.0003***
(0.0001)

(εt − 1
s )2 −0.025*

(0.013)
−0.197***
(0.056)

(εt − 1
g )2 −0.048

(0.078)
0.100
(0.082)

ht − 1
s 1.027***

(0.006)
−0.351
(1.093)

ht − 1
g −1.109

(−2.391)
−0.618
(0.481)

ρ −0.039
(0.085)

LogL 825.146
AIC −8.784
SIC −8.287
JB 0.827 5.552+
Q(15) 14.090 29.932+
Q2(15) 28.432++ 7.131
ARCH(15) 15.820 18.828

Notes: Stock(−1), Gold(−1), and ρ are the one-period lagged returns of Chinese
stock market and gold market, and conditional constant correlation, respectively.
The numbers in parentheses are the standard errors. Const(μ) and Const(v) are the
constant terms in the conditional mean and variance equations. We also report the
average optimal weight of gold and hedge ratios for a gold-stock portfolio using con-
ditional variances and covariance estimated from ourmodel. *, **, and *** indicate sig-
nificance at the 10%, 5%, and 1% levels, respectively. The AIC and BIC criteria measure
the relative goodness of fit of the estimated model. JB, Q(15), Q2(15), and ARCH(15)
refer to the empirical statistics of the Jarque–Bera test for normality, the Ljung–Box
tests for autocorrelations of order 15 applied to standardized residuals and squared
standardized residuals, and the Engle (1982) test for conditional heteroscedasticity
of order 15, respectively. + and ++ indicate the rejection of the null hypothesis of
associated statistical tests at the 10% and 5% levels, respectively.
stock returns in China are no longer affected by the lagged returns in
the gold market. This finding, which suggests a decoupling of the two
markets during the recent financial crisis, is consistent with the view
that the gold asset is a safe haven for stock investors in case of financial
turbulences. It thus corroborates the empirical results of Baur and Lucey
(2010), and Hood and Malik (2013), but contrasts those of Baur and
McDermott (2010). Indeed, Baur and Lucey (2010) document that
gold acted as a hedge against stocks in three major developed markets
(Germany, the US, and the UK) and a safe haven in extreme stock mar-
ket conditions over the period fromNovember 30, 1995 until November
30, 2005. Hood and Malik (2013) find that gold, unlike other precious
metals, serves as a hedge and a weak safe haven for US stock market
when using daily data from November 1995 to November 2010. On
the other hand, Baur and McDermott (2010) show that gold is not a
safe haven for large emerging stock markets including China. Second,
there is a limited evidence of volatility spillover as only return innova-
tions in the Chinese stock market have a significant impact on the con-
ditional volatility of the gold market. Finally, the estimate of the
constant conditional correlation is no longer significant, thus confirming
the decoupling of the two markets under consideration. As a result and
following the definition of Baur and Lucey (2010), the gold asset serves
as a safe haven for stock investors in China in times of financial turmoil.

The results regarding the optimal weights of gold and hedge ratios
are fully consistent with the findings on the return and volatility spill-
overs in the sense that investors should have more gold than stocks in
their portfolios (70.5% for the crisis period compared to 33% for the
whole period) in order to minimize the portfolio risk while keeping
the same expected return. In addition, they should go long on gold fu-
ture contracts in order to effectively hedge against the risk of their
stock investment since the optimal hedge ratio is −0.029.
5. Conclusion

This article investigates the extent of volatility transmission, portfolio
designs, and hedging effectiveness in gold and stock markets in China.
We employ the recent VAR–GARCH modeling approach, which allows
for volatility spillover cross effects,wefindsignificant volatility transmis-
sion between the Chinese stock market and the world gold market. The
examination of optimal weights and hedge ratios suggests that optimal
portfolios should have stocks outweigh gold assets and that the stock in-
vestment risk can be hedged with relatively low hedging costs by taking
a short position in the gold future markets. In particular, we show that
optimally hedged gold-stock portfolios outperform traditional portfolios
of stocks regardless of bivariate volatility models, and that our baseline
VAR–GARCHmodel is the best performingmodel in terms of both diver-
sification and hedging effectiveness. As a whole, gold assets can be con-
sidered a dynamic and valuable asset class that helps to improve the risk-
adjusted performance of a well-diversified portfolio of stocks.

When we take the effects of the recent global financial crisis 2008–
2009 into account, our results suggest that the Chinese stock market is
decoupled from the world gold markets. Moreover, it is found that the
gold asset is a safe haven for stocks in times of financial crisis. The
stock investors in China should, in this case, have interest to hold
more gold than stocks in their diversified portfolios.
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