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Abstract

In this paper we make use of several multivariafRGH models (CCC-, DCC-, BEKK-, diagonal
BEKK-, and VAR-GARCH) to investigate both returndamolatility spillovers between world gold
prices and stock market in China over the periothfMarch 222004 through March 31, 2011. We
also analyze the optimal weights and hedge ratingdld-stock portfolio holdings and show how em-
pirical results can be used to build effective déification and hedging strategy. Our results slkeow
idence of significant return and volatility crodéeets between gold prices and stock prices in &hin
In particular, past gold returns play a cruciakrm explaining the dynamics of conditional retard
volatility of Chinese stock market and should thesaccounted for when forecasting future stock re-
turns. Our portfolio analysis suggests that addjolgl to a portfolio of Chinese stocks improves its
risk-adjusted return and that gold risk exposueeslme effectively hedged in portfolios of stockeiov
time. Finally, we show that the VAR-GARCH model feems better than the other multivariate
GARCH models.
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1. Introduction

The purpose of the present study is threefold. {dsir objective is to examine the dynamic
return and volatility transmission using a bivaiAR—-GARCH model for gold and stock
markets in China. The empirical model is partidyladvantageous in that it allows simulta-
neous shock transmission in the conditional retamt volatilities. We then use the model's
results to compute and analyze the optimal weights hedge ratios for gold-stock portfolio
holdings. We finally assess the diversification dratiging effectiveness of gold in China

based on different competing multivariate GARCHdubmodels.

The literature on gold and other precious metalketarhas recently regained particu-
lar attention from finance researchers and praaiis. Such a tendency can straightforwardly
be explained by the investors’ willingness to progla hedge to diversify away the increasing
risk in the stock markets through investing in othsset classes. Indeed, the high volatility
and widespread contagion caused by successivecialdarbulences and crises over the last
decades have prompted investors to consider altegnavestment instruments as a part of
diversified portfolios of stocks. Not only oil asdaut also major precious metals including
gold emerged as natural desirable asset clasgglelfor portfolio diversification because
they offer different volatilities and returns ofller correlations with stocks, at both sector and
market levels (Arouri and Nguyen, 2010; Daskalald &kiadopoulos, 2011). It is now com-
mon that when risk aversion mounts due, for exantplencreasing instability and uncertain-
ty in stock markets or to long swings in the prideoil, most investors are directed towards
the metals markets and gold in particular, beireyveid as the refugee or safe haven asset in

time of crises.

It is thus not surprising that the existing liter& on the gold asset is part of the one
examining the price dynamics, stochastic propedias roles of the commodities markets in
portfolio management. A number of studies have tipresd the responses of precious metal
prices to changes in international institutionadl amacroeconomic factors (e.g., Kaufman and
Winters, 1989; Christie—David et al., 2000; Heemkk&001; Ciner, 2001; Batten et al.,
2010). Sjaastad and Scacciavillani (1996) find,deample, that fluctuations of floating ex-
change rates of major currencies, following theakdewn of the Bretton Woods currency ar-
rangements, have led to price instability in theld/gold market over the period from Janu-
ary 1982 to December 1990. For their part, Batteal.e(2010) document the sensitivity of
precious metals volatility to macroeconomic factdrst with different degrees. The overall

results suggest that precious metals are too distinbe considered a single asset class. In
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particular, gold volatility can be empirically esqghed by monetary variables. Gold also
seems to be highly sensitive to exchange raterdtation, which implies that it can offer the

best hedge during inflationary pressures and exggheatte fluctuations and an optimal portfo-
lio of precious metals that minimizes risk shoutldominated by gold (Hammoudeh et al.,
2011).

More recent studies have rather looked at the ssefigold price volatility modeling
and information transmission between precious reedald other commodities in order to
draw the implications of the estimated resultsgortfolio diversification and hedging strate-
gies involving precious metald-or example, Hammoudeh and Yuan (2008) make usaref
lous GARCH-based models to examine the propertieditional volatility for three im-
portant metals (gold, silver, and copper) while toaliing for shocks from world oil prices
(WTI) and three-month US Treasury bill intereserdtising daily three-month futures prices
of the three metals, they find that conditionalatihty of gold and silver is more persistent,
but less sensitive to leverage effects than thabpper. This finding leads to suggest, on the
one hand, the importance of accurate volatility eliog) especially when gold and silver are
used as underlying assets in financial derivatoggracts, and on the other hand the valuable
contribution of these two metals in down marketd ansis times. Hammoudeh et al. (2010)
document, from a multivariate VARMA-GARCH model, ake volatility spillovers across
precious metals, but strong sensitivity of metdhtility to exchange rate variability. They
further point out the role of gold as a hedge agfagxchange rate risk when optimal weights

and hedge ratios are computed.

While understanding the dynamic interactions betwgeld price changes and stock
markets is a crucial element for portfolio desigmsk management and asset pricing, these
interactions have only been examined very recdmjlyto the best of our knowledge, two
studies. Baur and Lucey (2010) show that gold seagea safe haven for stocks in the US, the
UK, and Germany especially after extreme negathaxlss affecting stock markets. Gold is
also a hedge for stocks in the US and the UK. BadrMcDermott (2010) test whether gold
represents a safe haven against stocks of majaigargeand developing countries, and show
that over the period 1979 to 2009 gold is both dgkeand a safe haven for major European
stock markets and the US but not for Australia, &ian Japan and large emerging markets
such as the BRIC countries. Furthermore, goldusdbas a strong safe haven for most devel-

oped markets during severe episodes of the reremtdial crisis.

! See Arouri et al. (2012) for a detailed discussibthis literature.



Our study extends the existing literature into metand volatility spillover between gold
and stock markets, portfolio designs in the presesfcboth gold and stocks, and choice of
appropriate models for modeling gold-stock intaéoans. Specifically, we provide a thorough
analysis of how shocks and volatility are transadittrom world gold market to Chinese stock
market and from Chinese stock market to world golrket. This research is of particular
interest for several reasons. First, none of tlevipus studies has considered the volatility
spillover between gold and stock markets while #iebainderstanding of the transmission
mechanisms between them helps building accuratek staluation models and accurate
forecasts of the volatility of both markets. Emgadi results from volatility spillover analysis
also permit to address several important issuels asachedging strategies, optimal portfolio
allocation, and derivatives management with resfgetite uncertainties associated with gold
price fluctuations. Note that the works of Baur dnatey (2010) and Baur and McDermott
(2010) only provide grounds for understanding tlé&ltock return relationships. Second,
the linkages between world gold prices and Chirs¢ések market have never been examined
despite the increasing role of China in the woddremy. According to the IMF statistics,
China showed, over the last decade, a very highamni growth rate ranging from 8.3%
(2001) and 14.2% (2007). This strong economic perémce made China the second largest
economy in 2010 with respect to the total GDP messat purchasing power parity. In the
meantime, the study of Lai and Tseng (2010) suggidsit the Chinese stock market is not
only a safe haven but also a hedge for global tove'sportfolios, in particular during times
of financial turbulence. Additionally, we note tbentinuing surge in China’s gold demand in
recent years. The World Gold Council’s report onyM&, 2012 pointed out that China’s
investment demand for physical gold is more thambted from 40.7 tons a year ago to 90.9
tons in the first quarter of 2012. Soaring inteloral market prices, high uncertainties in
stock and property markets, and rising inflatiorpextations are undoubtedly candidate
factors that have led to the robust growth of thendstic gold investment market in China.
Like anywhere in the world, gold may thus be seem good alternative investment and the
best hedge to inflation. Finally, our empirical Bs&s relies on the multivariate specification
of the vector autoregressive - generalized autessjre conditional heteroskedasticity model
(VAR-GARCH) developed by Ling and McAleer (2003ni3 model offers the possibility to
explore the conditional volatility dynamics of treturn series as well as the conditional cross
effects and volatility spillover between them. Is@ provides meaningful estimates of the
model's parameters with fewer computational congpians than other multivariate GARCH

specifications, such as the full-factor GARCH modmeirthermore, the findings can be used
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to analyze the diversification and hedging effemtiwss across gold asset and stock market.
Some papers have taken the VAR-GARCH approachvestigate the volatility spillover and
hedging strategies between Gulf Arab equity sec{Bl@ammoudeh et al., 2009), between
previous metals and exchange rates (Hammoudeh, €204I0), between crude oil spot and
futures returns of the Brent and WTI oil price bemarks (Chang et al., 2011), and between
oil and stock markets (Arouri et al., 2011). Thetedies commonly suggest the suitability of
the VAR-GARCH model for capturing the dynamic ligies between different asset markets

as well as building optimal portfolios.

Overall, we find evidence of significant volatilityoss effects between world gold price
and stock market in China over the period 2004-20d 1particular, past gold shocks are
found to play a crucial role in explaining the thwarying patterns of conditional volatility of
Chinese stock returns and should thus be accodotedhen making volatility forecasts of
future stock returns. On the other hand, our pbetfanalysis suggests that adding the gold
asset to a well-diversified portfolio of Chinesects improves its risk-adjusted performance
and that stock risk exposures can be effectivetighd using gold. Moreover, we show that
the VAR-GARCH model performs better than four aigive multivariate volatility models
(CCC-, DCC-, scalar and diagonal BEKK-GARCH) sinterovides higher risk-adjusted
return performance and hedging effectiveness.

The remainder of this article is structured asofwB. Section 2 introduces our empirical
methodology. Section 3 presents the sample datatheeid stochastic properties. Section 4
discusses the empirical findings and shows thegpligations on optimal portfolio designs and
risk management. Section 5 provides some conclugimgrks.

2. Empirical method

Since their apparition, the ARCH/GARCH-family mosiélave received a particular attention
from researchers and practitioners as far as sueisf volatility modeling and forecasting of
macroeconomic and financial variables is addres®éiden the objective is to investigate
volatility interdependence and spillovers betweé#feknt time-series, multivariate GARCH
specifications such as the CCC-GARCH model of Bslé (1990), the BEKK-GARCH
model of Engle and Kroner (1995) or the DCC-GARCliddel of Engle (2002) should be
more relevant than univariate models. Empiricalitsseported in Hassan and Malik (2007),
Agnolucci (2009), and Kang et.gR009), among others, confirm effectively the sigréy



of these models and show that they satisfactoalture the stylized facts of commodities’

conditional volatility as well as the dynamics @fatility interactions.

Given that we attempt to examine the shock andtiliblaspillover between gold prices
and stock market in China as well as to deriveithglications of the results on optimal
weights and hedge ratios for gold-stock portfoladmgs, the abovementioned multivariate
GARCH models are naturally suitable for our reseaygestion. However, these models are
involved with an excessive number of parameterswthe number of variables in the system
is important. They can also encounter convergemablgms during the estimation process,
especially when additional exogenous variablesrdreduced into the conditional mean and
variance equations. These reasons lead us to ertioyAR-GARCH model developed by
Ling and McAleer (2003). This model typically combs a multivariate GARCH process and
a VAR model. Its main advantage rests on its fldikyto model the conditional mean cross-
effects and conditional volatility transmission Wweén the series under consideration with
fewer computational complexities than other muliate volatility models. The ability of the
VAR-GARCH model to capture cross-market volatilibgeractions has been confirmed by
recent research (Chang et al., 2011; Arouri eafl1).

In this study, we use the bivariate VAR-GARCH asddme model to shed light on the
diversification and hedging effectiveness of a fohid involving the gold asset and stocks in
China. We also consider four competing bivariatéatdity models (CCC-GARCH, DCC-
GARCH, diagonal BEKK-GARCH and scalar BEKK-GARCH)rfcomparison purpose.

2.1 Bivariate VAR(1)-GARCH(1,1)

We use the VAR(1)-GARCH(1,1) model to accommodaee rieturn and volatility interde-
pendencies between gold and stock mark&tse conditional mean of our empirical model is

specified as follows

= CD 1 t
{R H+OR_ +¢ o

— g2
gt - Ht ,7t

where u is the vector of constant terms in the VAR =(r’,r,°)" is the vector of returns on

the stock market index and the gold price index, respecti®ehgfers to a (2x2) matrix of

2 Using the univariate and bivariate AIC and BlCommhation criteria to choose the optimal lag lengttthe
univariate GARCH{,q) process and then that of the bivariate VAR-GAR@Mdel for the pair of gold and
stock markets, our results select one lag for botiditional mean and variance equations. They ldag us to
choose the bivariate VAR(1)-GARCH(1,1) specificatio
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coefficients.g =(&°,&° ) is the vector of the error terms of the conditional mean equdtions

stock and gold returns respectively.= (1°,n°)" refers to a sequence of independently and

s sg
identically distributedi(i.d) random errors; andH, :(hsg th is the conditional variance-

covariance matrix of stock and gold returh§, h?and h® are specified as follows:
W =Co+ Baxhy +ag x(62,)" + By <0y +ag x(e,)° ()
htg = ng + gzl X htg—l + a§1 X (‘f‘tg—l)2 + ﬁgZZ X hts—l + 0';1 X (‘f‘ts—l)2 (3)

It is obvious from Eq. (2) and Eg. (3) that theatdity transmission across the gold and

stock markets over time comes from two sourdgshé cross values of error ternggl,)* and
(82,)?, which capture the impact of direct effects of @hdransmission, andi) the cross

values of lagged conditional volatilitie$y’, and h®,, which directly account for the risk
transfer between markets. The stationary conditeuires that the roots of the equation

I,-AL-BL =0 must be outside the unit circle, wheres a lag polynomial); is a (2x2)

identity matrix, and

a: o> 2 2
A=| 3 "%landB= 'le *
agz agl ﬂgz ﬁgl

Let p be the constant conditional correlation, the chowdal covariance between stock

and gold returns is modelled as:

hsg :px\/Ex\/E 4)

According to the above specifications, our emplrinadel simultaneously allows long-
run volatility persistence as well as shock andhtility transmissions between gold and stock
markets under consideration. Even though the assoimef constant conditional correlation
may be viewed as restrictive given changing econaranditions, the extension to dynamic
conditional correlation is not possible for instariecause the statistical properties of such a
model have not been analyzed at the theoretical lgt. We estimate the parameters of the
above bivariate model by quasi-maximum likelihoatireation (QMLE), which is robust to
any departure from normality conditions. See Ling &cAleer (2003) for further details on
necessary and sufficient conditions regarding tresistency of QMLE for the model used.



2.2 Competing bivariate GARCH(1,1) models

We define agairR =(;°,r,° ' )as the vector of the returns on stock market iratek gold price
K h*
index, andH, =| _ " | as the conditional variance-covariance matrix totls and gold

returns. We specify the conditional mean of thebate AR(1)-GARCH(1,1) as follows

= (D -1 t
{Rt H+OR_ +& ©)

gt = Ht1/2,7t
where H? is a (2x2) symmetric positive definite matrix and=(17°,7°)' is the vector of

i.i.d. random errors wittE(s7,) = 0 andVar(r,) = 1,.

We further assume thaH, follows a bivariate GARCH(1,1) process. Different
specifications forH, thus lead to different multivariate GARCH-type netsl As we stated
earlier, the most popular multivariate parametéiors include the full BEKK-GARCH

model of Engle and Kroner (1995), the CCC-GARCHBailerslev (1990) and the DCC-
GARCH of Engle (2002).

The full BEKK-GARCH which imposes positive definitess restrictions foH, is
given by

H =CC+Aece A+BH_B (6)

=17 t-1

whereC is a fxn) upper triangular matrixA andB are (1xn) coefficient matricesC C is the

decomposition of the intercept matrix. Each eleméni)th in H, depends on the corre-
sponding(i, j)th element in(¢_&_, )and H_,. Accordingly, past shocks and volatility are al-

lowed to directly spill over from a market to anethand they are captured by coefficients of
A andB matrices. Since the BEKK-GARCH model suffers frdm curve of dimensionality
and may encounter convergence problem, researcfiersuse its two restricted versions: the
diagonal BEKK-GARCH and the scalar BEKK-GARCH.

The diagonal parameterization of the BEKK-GARCHJ]lislobtained by imposing the
diagonality of the parameter matricRsandB. The advantage of this diagonalization is that
the model is guaranteed to be positive definiteragdires the estimation of fewer parameters
than the full-rank parameterization. Consequerttlg, conditional variance and covariance

processes take the following forms:



W =C,+ad(e2)" + LW,
W =C,y +ag(el)” + B, (7)

hsg = ng + asag gts—lgtg—l + ﬂsﬂg hSEJl

where h® and h? are the conditional variances of and r? respectively. Eq. (7) indicates

that direct volatility transmission between goldiatock returns is not possible because the
conditional volatility of each market depends oatyits own past shocks and past volatility.
The diagonal BEKK-GARCH model is covariance statignunder the following conditions:

2+ <1, a;+ B <1, and|ag, + BB <1.

The scalar BEKK-GARCH is more restricted than thegdnal BEKK-GARCH. It is
derived from the full-rank BEKK-GARCH by imposinbét the parameter matricAsandB
are both equal to the product between a scalanandentity matrix. Its formal representation

Is given by
H,=C'C+a’, &  +b°H, (8)
The CCC-MGARCH model of Bollerslev (1990) and the ©® GARCH model of Engle
(2002) belong to another class of multivariate GAR@rocesses where the time-varying
conditional covariances are parameterized to bepgtional to the product of the

corresponding conditional standard deviations. Hie objective is to obtain an intuitive and

meaningful economic interpretation of the condisibcorrelation coefficients.

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

H, = D,PD, 9)

where D, = diag(\/E,\/E), and P = (p; ) refers to a (2x2) matrix that contains the cortstan
conditional correlationso; with p, =10i =s,g. The conditional variances and covariance

are given by
hts = Cs + as (‘gts—l)2 + ﬂsh[s—l
hg = Cg + ag (‘E‘tg—l)2 + ﬁg h[g—l (10)
h = ok



Bollerslev (1990) shows that the positiveness efdbefficients associated with ARCH
and GARCH terms is indeed not required to obtaiositive definite matrixP. The model is
covariance stationary when the rootsdef(l, - AA— AB) =0 are outside the unit circle of the

complex plan, wherk is a (2x2) identity matrix and

_(as O (B O
(5 o) =05 o)

Engle (2002) proposes the DCC-GARCH(1,1) model thédws the conditional

correlation matrix to vary over time as follows
R = (diag(Q)) " Q,(diag(Q)) ™ (11)

whereQ = (g’ )is a (2x2) symmetric positive definite matrix giviey

Q = (1_ a- /8)6 + a’]t—l’]t’—l +8Q (12)

In Eq. (12),a and 8 are non-negative scalars such toat S< , addQ is a (2x2)
matrix of unconditional correlations of the stardized errors,. The conditional variances

are specified as univariate GARCH(1,1) processisilas to those of the CCC-GARCH
model. Engle (2002) indicates that the specificatid the dynamic conditional correlation

structure presents no obstacle to model estimation.

Overall, the bivariate GARCH-type models presergbdve do not explicitly allow for
shock and volatility cross-effects between gold atwtk market returns, as compared to the
VAR-GARCH model. It is thus expected that our benark model provides a better
description of the dynamic linkages between mar&étaterest and allows for more accurate

decisions regarding portfolio diversification aretiging effectiveness.

3. Dataand preliminary analysis

Our sample data consist of daily time series ofGhénese stock market and 3-month gold
futures prices (GOLD3M) over the period from Margh, 2004 to March 31, 2011. The
MSCI China Index which is a free-float weighted igjindex developed with a base value of
100 as of December 31 1992 by Morgan Stanley Qdpiirnational is used to represent the
overall performance of the Chinese stock markeg gald futures, widely traded at COMEX
(Commodity Exchange) in New York, are used to repn¢ the world gold market
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fluctuations. Their prices are measured in US dslfzer troy ouncé.Data were extracted
from MSCI and Bloomberg databases. We computegheir series by taking the differences

in the logarithm of two consecutive prices.

Figure 1. Stock and gold price dynamics
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The time-paths followed by the MSCI China index gatd futures prices are depicted
in Figure 1. We see that the Chinese stock matats common phases of market dynamics
with the world stock market. It experienced conimnguattractiveness since the end of 2004
until the end of 2007, then showed significant dases due to the effects of the global
financial crisis between the beginning of 2008 &hd mid-2009, and started to recover
afterwards. The evolution of gold futures pricepasticularly marked by an increasing trend
over the whole study period and their sharp in@easver the recent years. The common
wisdom of the financial community is that the rofegold as an alternative investment as well
as a hedge instrument during financial marketdbulent times has contributed to drive up

their prices.

Table 1 presents selected descriptive statisticghi® return series. The gold market
provided higher daily returns than the Chinesekstoarket over our study period. The severe
impacts of the recent global financial crisis 2ED09 seem to be the main reason that
explains the underperformance of the Chinese stoaket as well as the performance of the
world gold market. The unconditional volatility, aseasured by standard deviations, is
substantially higher for the stock market than tfeg gold market. As a result, gold was a
better investment with higher risk-adjusted retuiitss finding thus suggests that gold might

be a good hedge for portfolios of stocks, espacialtimes of crises and bear market periods.

% We also estimated our empirical models with ggidtsalso traded at COMEX in New York, but the tesu
remain intact. These results can be made entinedyladle under request addressed to correspondititpia
Note finally that the correlation between gold saot gold futures is 0.853 over the study period.
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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™
Q(15) 1870.68Y9™ 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 wirmeseries as well as their stochastic properfiasque-Bera is
the empirical statistics of the Jarque-Bera testhfrmality based on skewness and excess kurQ¢ls) and
Q*(15) are the empirical statistics of the Ljung-Bests for autocorrelations applied to return antased return
series. ARCH refers to the empirical statisticshaf Engle (1982) test for conditional heteroscediagt ADF
and PP are the empirical statistics of the Augntemekey-Fuller and Phillips-Perron unit root tesWe
present the model with a constant and a trendthieutesults are similar when models without a Gomsand/or a
trend are used. and™" indicate the rejection of the null hypotheses @fnmality, no autocorrelation, no ARCH
effects, and unit root at the 5% and 1% levelgeetvely.

With negative skewness coefficients and kurtoseffaments above three, the distribu-
tions of Chinese stock market and gold returnstyseally asymmetric, and the probability
of observing large negative returns is higher ttiet of a normal distribution. The Jarque-
Bera test statistics clearly confirm the rejectodrthe null hypothesis of normality for both re-
turn series. The results from the Ljung-Box tesligate evidence of autocorrelation in return
and squared return series for both gold and stakets. The ARCH test for conditional het-
eroscedasticity provides strong evidence of ARClidot$ in both return series, which conse-
quently suggests the usefulness and suitabilitg ARCH-type models for examining vola-
tility dynamics and transmission of gold and stot&rkets in China. Finally, two commonly-
used unit root tests, Augmented Dickey-Fuller (ADR€3t and Phillips-Perron (PP) test, are
performed in order to examine the stationarity propof the series considered. The results
indicate that return series are stationary, and thay can be straightforwardly used for fur-

ther analysis.

4. Results and portfolio implications

This section discusses the estimation results obariate VAR(1)-GARCH(1,1) model for
gold returns and stock market returns in China. pdeticularly focus on the extent of
volatility transmission between the markets conmgde The competing models (CCC-
GARCH, DCC-GARCH, diagonal BEKK-GARCH, and scalaE®K-GARCH) are also

12



estimated, but the results are not shown heredardo conserve space. Finally, we compare
the diversification and hedging effectiveness axmsdels.

4.1 Volatility cross-effects in gold and stock markets in China

Table 2 presents the estimation results of ourrtsiteVAR(1)-GARCH(1,1) model, together
with statistical tests applied to standardizeddwslis. Taking a close look at the estimates of
the mean equations, we find that own autoregregsavameters are not significant for both
markets under consideration. The one-period lagged returns are found to significantly
affect the current returns of Chinese stock maakehe 1% level. This implies that one can
predict Chinese stock returns by using past gdigkrme over time. Some recent papers also
document that Chinese stock market is not weak-feffrnient almost all the time (see, e.g.,
Groenwold et a)] 2004; Gao and Kling, 2005). Inversely, past stockket returns in China

has no impact on gold returns.

Table 2. Estimates of VAR(1)-GARCH (1,1) model for gold returnsand stock market returnsin China

MSCI China Gold
Const)) 0.084" 0.067"
(0.032) (0.024)
Stock(-1) 0.023 0.009
(0.025) (0.015)
Gold(-1) 0.240° 0.001
(0.028) (0.026)
Const() 0.138" 0.091”
(0.040) (0.016)
€. 0.295" 0.050"
(0.018) (0.023)
(&) 0.105 0.184"
(0.055) (0.015)
g 0.947" -0.0002
(0.006) (7.238)
g 0.107 0.977"
(0.088) (0.004)
P 0.137"
(0.022)
LogL -6257.688
AIC 6.872
siC 6.923
JB 59.333" 668.278
Q(15) 30.572 12.733
Q¥(15) 19.937 42.67%
ARCH(15) 14.665 13.168

Notes: Stock(-1), Gold(-1), an@ are the one-period lagged returns of Chinese gstualket and gold market,

and conditional constant correlation, respectiveBonst{) and Constf) are the constant terms in the
conditional mean and variance equations., and” indicate significance at the 10%, 5%, and 1% kvel
respectively. The AIC and BIC criteria measure tHatiee goodness of fit of the estimated model. QB15),
Q3(15), and ARCH(15) refer to the empirical statistdf the Jarque-Bera test for normality, the LjBux tests
for autocorrelations of order 15 applied to staddad residuals and squared standardized residaradsthe
Engle (1982) test for conditional heteroscedastioftorder 15, respectively, **, and™" indicate the rejection
of the null hypothesis of associated statisticsistat the 10%, 5%, and 1% levels, respectively.
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As to the coefficients associated with of ARCH @8ARCH terms, which capture
shock and volatility independence in the conditioveriance equations, we find common
patterns for both gold returns and stock returnGhma. First, these coefficients appear to be
highly significant. Second, the estimated conddiowolatility series do not change very
rapidly under the effects of return innovationsegivthe small size of ARCH coefficients.
They tend instead to develop gradually over timthwespect to substantial effects of past
volatility, advocated by the large values of GARCbefficients. Accordingly, investors and
fund managers seeking profit from trading gold &@finese stocks may consider active
investment strategies based on volatility perse#eand current market trends. It would be
advisable, for example, to increase the amounbafglio investment if markets are actually
rising and to decrease it if they are falling,vallile keeping in mind that the viability of such
strategies depends on the stability and the stneoftperformance between successive

periods.

The extent of volatility transmission between goidrket and Chinese stock market is
particularly interesting. Our findings show thatspajold shocks play a crucial role in
explaining the time-dynamics of conditional volig§ilof stock returns in China and should
thus be accounted for when making volatility fosgseof future stock returns. Moreover, the
conditional volatility of gold returns is signifinfly affected by unpredicted changes in the

returns on the MSCI China inde(ef_l)z. A shock to Chinese stock market, regardless of its

sign, thus implies an increase in the volatility gifld returns. On the other hand, past

volatility of Chinese stock market, representedHly, has no significant effects on the gold

return volatility. As for the opposite directiomet impact of past gold volatilityh?,, on the

conditional volatility of Chinese stock marketiso statistically insignificant.

Turning out to the estimates of the constant caorthd correlation (CCC), we find that
Chinese stock market returns are positively coredlavith gold returns, but the cross-market
correlation is relatively weak (0.137). One may @otp in view of this finding, substantial
gains from having both assets in the same portfdl@reover, it is obvious that the
significant volatility cross-effects we show prewsty require portfolio managers and
investors to quantify the optimal weights and hadgratios to properly deal with the

comovement between gold and Chinese stock returns.

Lastly, the results of diagnostic tests based amdsrdized residuals show that the

departure from normality and the serial correlatiwa greatly reduced and that there are no
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ARCH effects, as compared to test statistics wertefor the returns in Table 1. Thus, the
bivariate VAR(1)-GARCH (1,1) model offers a flexébvay to capture the joint dynamics of

gold returns and Chinese stock market returns.
4.2 Optimal portfolio designs and hedging ratios in the presence of gold

We now show the implications of our previous resol gold-stock optimal portfolio. To this
end, we consider a hedged portfolio made up of gold Chinese stock market index in
which an investor seeks to protect himself from csxpe to stock price movements by
investing in the gold asset. In practice, the itmes objective is to minimize the risk of his
gold-stock portfolio while keeping the same expécteturns. Following Kroner and Ng
(1998), we determine the optimal holding weight ggld in a one-dollar portfolio of
stock/gold at timé, denoted byw”, as follows

w1 13}

L2l
where h?, h® and h® refer respectively to the conditional volatility the gold returns, the
conditional volatility of the Chinese stock markadex returns and the conditional covariance
between gold and stock returns at timél'hese series are estimated from our benchmark
bivariate VAR(1)-GARCH(1,1) model and four competihivariate GARCH-based models

we presented in Section 2. When short selling isallowed, the mean-variance portfolio

optimization approach imposes the following constsaon the optimal weight of gold:

0 if w*<0
we={iws, if 0swr<l
L if w>1

From Eq. (13), the proportion of wealth that theestor put on the Chinese stock mar-
ket index isl1—w”.

Now if the objective of our investor is to optimatedge the risk of his investment in
stock markets, he should take an appropriate pasitn the gold market so that it minimizes

the risk of the hedged portfolio. Concretely, agguosition (buying) of one dollar on the
stock segment must be hedged by a short posit&lingy) of S* dollars on the gold asset.

Following Kroner and Sultan (1993), the optimal edatio 5 can be expressed as
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g =" (14)

The average values of realized optimal weighf$ and optimal hedge ratiog® are

reported in Table 3. A glance at the coefficieriteves that the optimal weight for the gold
asset in the hedged portfolios is 0.330 accordmn@ur VAR(1)-GARCH(1,1) model and
varies from 0.322 to 0.333 with respect to compgebivariate GARCH-based models. The
highest optimal weight for gold of 0.333 is obtalrfer the CCC-GARCH and DCC-GARCH
models, while the scalar BEKK-GARCH model providles lowest one (0.322). Overall, our
results show that, to minimize the risk without &g the expected return of the gold-stock
portfolio, the investor operating in Chinese stotérkets should hold more stocks than gold.
This finding can be effectively explained by thevlgorrelation of gold returns with stock
returns in China, and then simply adding a smattipw of gold to a diversified portfolio of

Chinese stocks will reduce substantially its oversk for a given level of expected return.

Table 3. Optimal weights and hedge ratios for portfolio of gold and stocksin China

VAR-GARCH CCC-GARCH DCC-GARCH Scalar BEKK- Diagonal BEKK-

GARCH GARCH
we 0.330 0.333 0.333 0.322 0.325
B* 0.197 0.192 0.194 0.178 0.188

Notes: The table reports average optimal weighgalfl and hedge ratios for an gold-stock portfolging conditional
variances and covariance estimated from our bendhmadel and four competitive volatility-spillovenodels: VAR(1)-
GARCH(1,1), diagonal BEKK-GARCH(1,1), DCC-GARCH(1,1), CCC-BBH(1,1), and scalar BEKK-GARCH(1,1). For
all models considered, the conditional mean eqoatémntain a constant term and an autoregressimpamaent.

The average optimal hedge ratig8’, are generally low and do not exceed 0.2. This

finding has several important implications for ghbedgers. First, the low hedge ratios
suggest that stock investment risk can simply wgee by taking short positions in the gold
futures markets. The largest ratio is obtained ftoem"\VAR-GARCH model (0.197), followed
closely by the DCC-GARCH and the CCC-GARCH. Thipims that one dollar long (buy)
in the Chinese stock market index should requieeitivestor to go short 19.7 cents in the
gold futures market. The lowest hedge ratio is ioketh in the case of the scalar BEEK-
GARCH model (0.178), meaning that the investor nagdit the smallest quantity of gold in
the gold futures market. Altogether, our findings bptimal hedge ratios support with the
view that the gold asset should be an integral gfaat diversified portfolio of stocks and help

reduce the risk of the hedged portfolio, partidylar periods of crisis.
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4.3 Diversification and hedging effectiveness

In subsection 4.2 we show, based on the estimatbisglected bivariate GARCH models,
that adding the gold asset in the diversified pdidf of stocks leads to improve its risk-
adjusted performance. One may, however, wonder déftective are the diversification and
the hedging associated with the gold asset? Farr#ason, we propose to run portfolio
simulations to empirically examine the diversifioat and hedging effectiveness of gold.
These portfolio simulations are based on our optipaatfolio weights and hedging ratios.
More precisely, we use the estimates of our VAR-@A&Rand four competing bivariate
GARCH models to build two distinct portfolios: argolio composed of Chinese stocks only
(PF 1) and a gold-stock portfolio with the optinveights calculated in subsection 4.2 (PF 1I).
For each model, the effectiveness of the portfdliersification is evaluated by comparing
the realized risk and return characteristics ofdbiesidered portfolios (PF | vs. PF II). In the
meantime, the effectiveness of hedging across raristl portfolios can be assessed by
examining the realized hedging errartE]) which are determined as follows (Ku et al., 2007)

HE = (Varunheged - Varhedged ] (15)

Var

unheged

whereVar,_ , refers to the variance of the hedged portfoliewims (PF Il), and/ar,, . the

variance of the unhedged portfolio’s returns (PFEL. (15) indicates that the higher tHE
ratio, the more effective the hedging in terms oftjplios’ variance reduction. The model
that generates the highd4kE ratio is the best one to be used for building gaitatk hedging
strategy.

Table 4. Portfolio designs and diversification in presence of the gold asset
Standard Realized risk-adjusted

Mean deviation returns (x100)
PF I 0.0562 2.0113 2.7962
PF Il - VAR-GARCH 0.0596 1.4358 4.1510
PF Il — Diagonal BEKK-GARCH 0.0595 1.4531 4.0975
PF Il — Scalar BEKK-GARCH 0.0595 1.4576 4.0830
PF Il - DCC-GARCH 0.0596 1.4415 4.1364
PF 1l - CCC-GARCH 0.0596 1.4415 4.1364

Notes: This table compares the realized risk-adguséturns, measured by relating each portfolicgamto its
standard deviation, of different portfolios. Figsiia boldface indicate the highest mean, standavihtion, and
risk-return trade-off. PF | is a portfolio of 1008tocks. PF Il is a weighted gold-stock portfoliovitiich the
weights are given by the optimal weights reported@able 4.

The results from portfolio simulations in Table b that adding the gold asset to the

diversified portfolio of stocks improves its riskjasted return ratios regardless of the models
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used. More interestingly, our benchmark VAR-GARCHdal provides the best risk-adjusted
return ratio, closely followed by the DCC and CCBCH models.

Table 5. Hedging effectiveness

Variance (%) Hedge effectiveness (%)
PF I 40454 -
PF Il - VAR-GARCH 2.0615 49.0409
PF 1l — Diagonal BEKK-GARCH 2.1116 47.8018
PF 1l — Scalar BEKK-GARCH 2.1245 47.4843
PF Il - DCC-GARCH 2.0778 48.6373
PF 1l - CCC-GARCH 2.0778 48.6373

Notes: This table reports the portfolio variancel &iedge effectiveness ratios, computed using Eougti4).
Numbers in boldface indicate the hedged portfolithyowest variance and the highest variance rédncPF |
is a portfolio of 100% stocks. PF 1l is a weightgald-stock portfolio in which the weights are givby the
optimal weights reported in Table 4.

Table 5 presents the hedging effectivenéHs) (ratios for the models we consider. The
results show that hedging strategies involving kfoand gold assets lead to reduce
considerably the portfolio’s risk (variance), asngared to the risk of the portfolio made up
of stocks only. The variance reduction ranges flbmi8% for the scalar BEKK-GARCH
model to 49.04% for the VAR-GARCH model. This findi consistent with the analysis of
portfolio designs and diversification, thus condates the dominant position of the VAR-
GARCH model as it helps reducing the largest péarthe initial portfolio’s variance. The
diagonal and scalar BEKK-GARCH models are the wonstdels in terms of portfolio’s
variance reduction. Chang et al. (2011) reach amgbnclusion when they use the same
models to calculate optimal portfolio weights argtimal hedge ratios for the crude oil spot

and futures returns of two major crude oil benchwaBrent and WTI.

6. Conclusion

In this paper, we investigate the extent of valgtitransmission, portfolio designs, and
hedging effectiveness in gold and stock marketClmna. We employ the recent VAR-
GARCH modeling approach, which allows for volatilispillover cross effects, we find
significant volatility transmission between Chineseck market and world gold market. The
examination of optimal weights and hedge ratiogyssts that optimal portfolios should have
stocks outweigh gold assets and that the stocksimant risk can be hedged with relatively
low hedging costs by taking a short position in godd futures markets. In particular, we
show that optimally hedged gold-stock portfoliogpauform traditional portfolios of stocks
regardless of bivariate volatility models, and tbat baseline VAR-GARCH model is the

best performing model in terms of both diversificatand hedging effectiveness. On the
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whole, gold assets can be considered a dynamieandble asset class that helps to improve
the risk-adjusted performance of a well-diversifpatfolio of stocks.
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