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Abstract In this paper we investigate the dynamic conditional correlations between
the equity and commodity returns for G7 countries from January, 2000 to October,
2014. The commodity futures include Brent, crude, gold, silver, wheat, corn and
soybean futures, BCOM and CRB which are two aggregate commodity price
indices. The results illustrate the lowest dynamic conditional correlations belong to
the portfolios that include gold, wheat and corn futures for all the Equity indices. In
addition, the correlations between the gold/equity pairs are negative during the
financial crisis. This fact indicates the benefit of hedging stock portfolios with gold
futures whenever we have stress in the financial markets. The findings from hedging
effectiveness suggest that there are diversification advantages for all the commod-
ity/stock portfolios than only stock portfolios. Finally, including CRB, BCOM and
gold future to stock portfolios provides the optimal hedging effectiveness ratios.
These findings can be helpful in developing new commodity indices.
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1 Introduction

Over the last few decades there have been excess volatilities in the financial markets
especially during different financial crises. This uncertainty in the markets cause
investors to be more concerned about their decision-making process and to look for
proper hedging instruments to overtake these undesired volatilities in their expected
returns.

This research integrates different lines of studies that conduct the correlations in
the financial markets. Previous studies have tried to find the spillover volatility
between different financial markets. Additionally, new literature has analyzed the
portfolio construction and hedging effectiveness.

Bekaert and Harvey (1997) examine the volatility in emerging stock markets
from 1976 to 1992. They study the effect of local and world factors on emerging
stock returns employing a volatility spillover model. Their findings suggest that the
international factors impact on the volatility in emerging markets is very small. Ng
(2000) analyzes the effect of international and regional factors in the Pacific-Basin
region. The results indicate that both world and regional factors influence the
Pacific-Basin stock markets although world factors have higher impact. Skintzi and
Apostolos (2006) examine the volatility spillover in the US and the aggregate Euro
area bond markets to twelve individual European bond markets. They find that there
are significant volatility spillovers from the Euro zone bond market and the US bond
market to the individual European markets. Mishra and Panda (2016) apply the
daily returns of S&P CNX Nifty to analyze the robustness of implied volatility
oppose to the backward looking volatility. The findings suggest that Conditional
Volatility gives a preferable prediction of realized volatility than forward looking
volatility and other backward looking volatility.

Levy and Lerman (1988) and Izadi and Hassan (2017) find a positive and
significant relationship between the equity market and the bond yield spreads in
different regions, indicating a strong relationship between fixed income and stock
markets in developed countries. By analyzing the US and UK financial markets
between January 1990 and June 2010, Ciner et al. (2013) find that on average the
bond market plays a hedging role in the equity market.

Hillier et al. (2006), using the daily data from 1976 to 2004, study the
diversifying benefits of including precious metals (gold, silver and platinum) to the
portfolios of stocks. They find a low correlation between precious metals and stock
index indicating that these metals may provide diversification in investments. They
also find that these hedging abilities increase during crisis periods. Arouri et al.
(2011) examine the volatility transmission between oil and sector stock markets in
Europe and the United States using various GARCH-based models. They find that
all the models (VAR-GARCH, BEKK-GARCH, DCC-GARCH and CCC-GARCH)
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similiarly indicate that including the oil commodity to well-diversified portfolios
improves their risk-adjusted returns. Antonakakis and Badinger (2012) analyze the
spillover between output growth and output growth volatility for G7 countries using
the VAR-based spillover index approach. They employ the real industrial
production index for measuring output. They find that spillovers increase after the
mid-1980s and the US has the major effect in transmitting the volatilities to other
G7 countries. The findings also indicate that volatility shocks grow in the long run
and there is a negative cross-variable effect between volatility shocks and economic
growth.

Vivian and Wohar (2012) using a GARCH model, analyze whether there are
structural breaks in commodity spot returns volatility from 1985 to 2010. The
empirical findings suggest supply or demand factors in the commodity markets
could determine the volatility. They also find that many commodity returns
experience high volatility even after structural breaks. Mensi et al. (2013),
employing a VAR-GARCH model, examine the correlation and volatility spillover
between equity and commodity markets. They study the daily returns of the
commodity futures (Brent, WTI, Wheat, Gold), beverage spot prices and S&P 500
returns from 2000 to 2011. The findings illustrate significant correlation and
volatility spillover across commodity and US stock market. They also calculate the
greatest weights and hedge ratios for the commodity-stock portfolios. They
conclude that including commodity to a well-diversified stock portfolio improve its
overall return after adjusting for risk. Chang et al. (2013) examine the volatility
spillovers between crude oil and stock indices returns applying several multivariate
GARCH models like, CCC, DCC, VARMA-GARCH and VARMA-AGARCH.
Their results indicate significant conditional correlation between crude oil and stock
returns only based on DCC model. Lee et al. (2014) applies BEKK, CCC and DCC
models to investigate the volatility spillover between stock price and oil price. Their
empirical results show that the DCC model is preferred to the CCC model and the
BEKK model.

Gao and Lu (2014) study the volatility and correlation of seven commodity
futures and S&P 500 during 1979 to 2010 applying a bivariate model of switching
autoregressive conditional heteroskedasticity (SWARCH). The results show that the
return volatilities are not correlated and there is risk diversification between
commodity futures and stocks.

Kumar (2014) studies the return and volatility spillover between gold and Indian
industrial sectors employing the vector autoregressive asymmetric dynamic
conditional heteroskedasticity (ADCC-BVGARCH) model from 1999 to 2012.
The results show a significant return transmission from gold to Indian industrial
sectors but not any significant evidence for volatility spillover. He also finds that
negative values of conditional correlation mainly occur during the period of crisis
illustrating the advantage of portfolio diversification during these durations. The
findings from hedging effectiveness suggest that including gold in stock portfolios
can manage the investment risk. Aydogan (2017) studies the effects of investor
sentiment on volatility of nine stock markets from January, 2004 to June, 2015. The
results indicate that portfolio performance can be improved by contemplating
investor sentiment.
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In this paper, we aim to analyze stocks portfolio execution after including
commodities. The factors that determine commodity prices such as weather
conditions, storage and transportation costs, etc. are particular to commodities.
Therefore the behavior of commodity prices is different from that of stocks and
bonds (see Symeonidis et al. 2012).

We are not able to find any comprehensive paper that investigates the role of
several commodity futures in diversifying stock portfolios in the context of
developed financial nations. The goal of this research is to examine the dynamic
conditional returns, the hedge ratios, optimal portfolio weights and hedging
effectiveness for several commodity/stock pairs in G7 countries. The stock indices
of G7 countries include United States (SPX), Canada (SPTSX), France (CAC),
Germany (DAX), Italy (FTSMIB), Japan (NKY) and the United Kingdom (UKX).
The commodities include the index of Bloomberg commodity-contracts on 22
physical commodities (BCOM), Crude and Brent oil futures, gold and silver futures,
wheat, corn and soybean futures and CRB Index (commodity research BUREA
BLS/US spot all commodities). First, we apply the time-varying conditional
correlation GARCH model. The conditional variance and covariance estimates from
the DCC-GARCH model are utilized to project the greatest hedge ratios.
Consequently, we compute the optimal portfolio weights and hedging effectiveness
for the commodity/equity pairs in the context of portfolio management.

The remaining of this research is divided into three parts. Section 2 explains the
data and research methodology. Section 3 reports the empirical findings, and finally
Sect. 4 describes the overview of the main results and conclusion.

2 Data and research methodology
2.1 Data description

We employ daily data returns from the Bloomberg database for several commodities
and stock indices of seven financially developed countries' from January 3, 2000 to
October 24, 2014. The commodity indices we analyze in this study include BCOM
Index (Bloomberg commodity- contracts on 22 physical commodities), crude and
Brent oil futures, gold and silver futures, wheat, corn and soybean futures and CRB
Index (commodity research BUREA BLS/US spot all commodities).

2.2 Dynamic conditional correlations model (DCC-GARCH (1.1))

Engle (2002) analyzes the veracity of the correlations estimated by different
methods. He finds that the bivariate form of dynamic conditional correlation model
compared to classic multivariate GARCH and different models is the most accurate
one. Let ry and r. ; be two conditional returns that are normally distributed with zero
mean and 2 x 2 conditional covariance matrix, H,. The DCC-GARCH model is
formulized as follows:

' The United States, Canada, France, Germany, Italy, Japan and the United Kingdom.
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Ht == D[PtDt (1)

where P; is the conditional correlation matrix and D, = diag (hy, 03, h,, 0'5) is a
diagonal matrix with time-varying standard deviations from the estimation of uni-
variate GARCH(1,1) model:

h, = op + 0612371 + ﬁlh[,1 (2)

and,

P = diag((Q)™"") Qiag((Q)™") (3)

where Q, is a (2 x 2) symmetric positive definite matrix, Q, = (q?), and DCC(1,1)
model is given as:

v =(1-0,-0y) O +01Z1Ziy' + 6, Q1 (4)

where Q is a (2 x 2) matrix of the unconditional correlation of standardized
residuals and Z, is the standardized retunes. 8, and 6, are equal or greater than zero
scalars and it is assumed that ©; + 6, < 1. The dynamic conditional correlations are
estimated as follow:

COM,STOCK

COM,STOCK
2 /(

=gq, COM,COM STOCK,STOCK)O.S )

4q; 4q;

where q; is the conditional variance covariance of Z,.
2.3 Hedge ratio

To hedge a portfolio, first we need to find how the returns of the assets are correlated
within the portfolios. Since the volatilities and correlations are changing during the
time, the hedge ratio should be modified for the latest data (See Engle 2002).

Following Baillie and Myers (1991), the return on a portfolio of two asset classes
like commodity and stock can be indicated as:

RH.t = Rs,t_BtRc,t (6)

where Ry is return on hedge portfolio, R, is return on stock, R, is return on
commodity and B is the hedge ratio.

The conditional variance of the hedge portfolio, obtained from the GARCH-DCC
model, is:

Var(RygJi—1) = Var(Ry 1) —27Cov (Rey, Ry Ii-1) (7)

The optimal hedge ratio is the h; that minimizes the variance of the hedge
portfolio returns (see Baillie and Myers 1991; Kroner and Sultan 1993; Kumar
2014). Therefore, by taking a partial derivatives respect to , we can obtain the
optimal hedge ratio.
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If we show the conditional covariance between commodity and stock with h{®
and the conditional variance of the stock with h{** and make the partial derivatives
equal to zero, we have:

26— b —2h* =0 (8)
Therefore,
COM,STOCK
COM,STOCK __ ht (9)
t = h[STOCK.STOCK

where hCOMSTOCK 5 the conditional covariance between commodity and stock at

time t and htSTOCK’STOCK is the conditional variance of stock return series at time t. It
means that a 1$ long position in a commodity can be hedged by a frMSTOK

dollars short position in the stock.
2.4 Optimal portfolio weights

For constructing a commodity/stock portfolio, we need to have the optimal weight

of each asset in the portfolio that minimizes the risk. Pursuing Kroner and Ng

(1998) and Kumar (2014), the greatest portfolio weights can be computed by

minimizing the portfolio risk without influencing the expected return.
htSTOCK‘STOCK _ htCOM.STOCK

WCOM,STOCK _ (10)
t ~ 1,COM,COM COM,STOCK STOCK,STOCK
h —2h B

If W{COM,STOCK< 0
W[COM,STOCK _ WSOM’STOCK Ifo< W[COM,STOCK <1 (11)
1 It WtCOM,STOCK >1

where WEOM- STOCK ¢ the weight on the first asset in a portfolio of two assets

(optimal weight of a commodity in our study) at time t. We also compute the weight
on the second asset as 1 — WEOMSTOCK,

2.5 Hedging effectiveness

Ku et al. (2007), Guo et al. (2013) and Kumar (2014) suggest a formula for
calculating the hedging effectiveness (HE) across the constructed portfolios. The
higher HE of a proposed portfolio indicates that we decrease the risk of the portfolio
by adding the second asset.

Varianceyshedged — Variancepedged

HE (12)

Varianceunhedged

where Variancepegeeq indicates the variance of commodity/stock portfolio returns
and Varianceyppedgeq indicates the variance of stock portfolio returns.
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2.6 Descriptive statistics

Table 1 reports the descriptive statistics of all stock indices daily returns. We
compute the returns utilizing the following logarithmic model:

ri¢ = 100log (Pi/Pi 1) (13)

where r; and P; denote the daily return in percentage and the closing price of index
i on day t, respectively.

The results of Table 1 Panel A show that the Toronto stock index, SPTSX, has
the highest mean daily return among other G7 countries, however, Germany has the
highest median daily return. Germany stock Index, DAX, seems to be more volatile
than other indices. Except for the France stock index, CAC, all other returns are
negatively skewed.

Table 1 Panel B presents descriptive statistics of nine commodity futures daily
returns. Gold future index with 0.017% average daily returns has the highest mean.
Brent, silver and crude future indices, by 0.015%, 0.014% and 0.013% respectively,
have the next higher means. Brent future index with an average of 0.022% daily
returns has the highest median and crude oil future index is the most volatile
commodity in our sample. In addition, the Jarque—Bera statistic confirms the
significant non-normality in all the return series.

2.7 Unit root test and ARCH-LM test

We perform the Augment Dickey—Fuller (ADF) and PP unit root tests for examining
the stationary process of the return series. The results of these tests are shown in
Table 2. Panel A indicates the results of the Unit root test. The null hypothesis of
having unit root test is rejected, indicating that all the return series are stationary at
1% level. We also adopt ARCH-LM test by Engle (1982) for analyzing the
significance of the time-varying conditional variance. Panel B indicates the
evidence in support of the presence of conditional heteroskedasticity in the return
series and therefore estimation of a GARCH model is appropriate.

Table 3 describes the correlation coefficients between commodity and stock
markets daily return series. The returns of SPTSX and BCOM price indices show
the highest correlation (0.396) among other pairs. Table 3 shows a negative
correlation between S&P 500 and DAX with gold future returns indicating the
advantage of diversification in the short term. Japan stock index daily return, NKY,
has almost the lowest correlation with the commodity return series among G7
countries.

3 Empirical results and analysis
This section describes the maximum likelihood estimates of the DCC-GARCH

models to estimate the time varying volatility and correlation in commodity/stock
pairs. We also use the variance and covariance estimates to find the hedge ratios and
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Table 1 Summary statistics for equity indices and commodity futures daily returns (01/2000-10/2014)

Mean Median Maximum  Minimum  Std. dev. Skewness Kurtosis  Obs.

Panel A: stock indices

SPX 0.004  0.010 4.759 —-4.113  0.549 —0.181 11.396 3862
SPTSX 0.007  0.017 4.069 —4.251 0499 - 0.671 12.589 3862
CAC —0.003  0.000 4.601 -4.113  0.647 0.026 8.006 3862
DAX 0.004 0.018 4.689 —3.854  0.667 - 0.009 7.598 3862
FTSMIB - 0.008 0.005 4.723 -3.735  0.659 -0.074 7.681 3862
NKY 0.000  0.000 3.136 —4.844  0.630 - 0.357 6.098 3862
UKX 0.000  0.000 4.076 —4.024 0.530 - 0.150 9.532 3862
Panel B: commodity futures
BCOM 0.003  0.000 2.453 —2780 0458 —0.265 5771 3862
Crude 0.013  0.000 7.127 - 7185  1.006 - 0.196 7.999 3862
Brent 0.015  0.022 5.518 -6.270  0.920 —0.253 6.461 3862
Gold 0.017  0.004 3.746 —4.265 0503 —0.286 8.882 3862
Silver 0.014  0.025 5.297 — 8489  0.871 -0.979 11.060 3862
Wheat 0.008  0.000 3.819 —-4331 0.874 0.133 5.060 3862
Corn 0.006  0.000 5.540 —11.666  0.816 —0.658 16.008 3862
Soybean 0.008  0.017 3.313 -6.012 0.723 - 0.893 8.584 3862
CRB 0.008  0.004 1.894 —2203 0.204 —0.530 12.029 3862

This table indicates the summary statistics for the daily rates of return for both stock indices of G7
countries and commodity futures during January 2000 to October 2014. Panel A provides the summary
statistics for the percentage of rates of return for the stock indices of G7 countries containing United
States (SPX), Canada (SPTSX), France (CAC), Germany (DAX), Italy (FTSMIB), Japan (NKY), the
United Kingdom (UKX). Panel B illustrates the summary statistics for the several commodity futures
returns. The commodities including Bloomberg commodity-contracts on 22 physical commodities
(BCOM), Crude and Brent oil futures, gold and silver futures, Wheat, Corn and Soybean futures and
commodity research BUREA BLS/US spot all commodities (CRB). All data is collected from Bloomberg
and all the index returns are calculated by taking the log difference on two consecutive days * 100

the optimal portfolio weights for each commodity/stock pairs. At the end, we report
the hedging effectiveness of all constructed portfolios.

3.1 Time varying conditional correlation (DCC-GARCH (1.1))

Tables 4, 5, 6, 7, 8, 9, and 10 illustrate the summary statistics for dynamic
conditional correlation measures between the equity index and commodity futures
for the seven developed countries. Panel A in each table provides the statistics over
the full sample period (Jan. 2000 to Oct. 2014).

For indicating the behavior of commodity/stock correlation during the recessions,
we include the U.S. business cycles reference dates to our models. These data are
collected from the National Bureau of Economic Research. Therefore, we present
the results of DCC coefficients during the first U.S. recession (March 2001-Nov.
2001) in Panel B. The summary statistics during the recent recession (Dec. 2007—
June 2009) are indicated in Panel C.
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Table 3 Unconditional correlations

BCOM  Crude Brent Gold Silver ~ Wheat  Corn Soybean CRB
S&P 500 0.242 0.191 0.193 —0.015 0.094 0.117 0.111  0.127 0.163
SPTSX 0.396 0298  0.308 0.170 0262  0.161 0.171  0.190 0.258
CAC 0.299 0.211 0.211 0.005 0.154  0.122 0.114  0.159 0.206
DAX 0.268 0.176  0.168 —0.005 0.135 0.122 0.113  0.153 0.191
FTSEMIB  0.299 0.211 0.221 0.007 0.155  0.112 0.109  0.166 0.219
NKY 0.138 0.087  0.105 0.052 0.112  0.048 0.032  0.075 0.132
UKX 0.324 0.231 0.230 0.039 0.185  0.140 0.137  0.174 0.227

This table describes the unconditional correlation between the stock return series of G7 countries and
several commodity futures. The return series for equity indices of G7 countries contain United States
(SPX), Canada (SPTSX), France (CAC), Germany (DAX), Italy (FTSMIB), Japan (NKY), the United
Kingdom (UKX). The commodity return series include Bloomberg commodity-contracts on 22 physical
commodities (BCOM), Crude and Brent oil futures, gold and silver futures, Wheat, Corn and Soybean
futures and commodity research BUREA BLS/US spot all commodities (CRB)

Table 4 Panel A shows that gold futures have the lowest conditional correlation
with SPX following by wheat, corn and silver futures during the full sample period.
Panel B indicates that DCC coefficients between commodities and SPX decline
during the recession period in 2001. We observe a negative DCC between gold
futures and SPX (— 0.04). Panel C shows those DCC coefficients between SPX and a
few commodity futures (gold, silver, corn and soybean) decrease during the crisis
periods compared to the full sample period. The DCC coefficient between SPX and
gold still shows a negative sign.

Table 5 Panel A shows smaller DCC coefficients between SPTSX with wheat,
corn, soybean and gold futures. The statistics presented in panel B indicate that the
average DCC coefficients drop in sub-period B compared to the full sample period.
The gold futures show a negative correlation with SPTSX during the recession
period showing its diversification potential. During the recent recession, gold
futures have the lowest dynamic conditional correlation with SPTSX.

The results of Panel A in Table 6 illustrate smaller DCC coefficients between
CAC with gold, wheat and corn futures. During sub-period B the DCC coefficient
between CAC with gold and CRB is negative. In addition, during the recent
recession gold has a negative conditional correlation with CAC.

Table 7 indicates that gold and wheat futures have the smallest DCC coefficient
with DAX in the entire sample period. During sub-period B the conditional
correlations between DAX with most of the commodities decrease. The gold futures
correlate to DAX with a negative sign in both recession periods. Panel C of Table 7
shows that gold and silver futures have the lowest correlations with DAX during the
recent recession period.

Table 8 Panel A indicates the lower DCC coefficients between FTSMIB with
gold, wheat and corn futures from January, 2000 to October, 2014. During the sub-
period B the correlations between FTSMIB and most of the commodities show a
smaller number. Among all the commodities gold and silver futures have the lowest
correlations with the equity index and the coefficient for the former is negative,
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meaning that gold futures are the best instrument for diversification objective in
Italy stock market during the recession periods.

Table 9 Panel A shows corn, wheat and gold futures have the lowest correlation
coefficients with NKY. The means and standard deviations of the DCC coefficients
between NKY and commodity futures are smaller compared to other countries.
Panel B and C indicate that the conditional correlations between NKY with the
precious metals and agricultural futures are smaller during the recession periods.

Table 10 Panel A shows the lowest DCC coefficient between UKX and gold
futures. According to the results presented in panel B, the conditional correlations
between UKX with all the commodities decrease during the recession period. The
DCC coefficient between UKX and gold futures are negative during both recession
periods.

In conclusion, the results of Table 6, 7, 8, 9, and 10 indicate that during the full
sample period gold, wheat and corn futures have the smallest dynamic conditional
correlations with all equity indices. During the sub-period B, all stock indices except
NKY (Japan) have negative conditional correlations with gold futures. The DCC
coefficients between gold futures and SPX, CAC, DAX, FTSMIB and UKX show a
negative sign during the recent financial recession period. The negative conditional
correlation between gold/equity pairs during the financial crisis, indicate the benefit
of hedging stock portfolios with gold futures while we have stress in the financial
markets.

3.2 Does the market volatility determine the dynamic conditional correlation
between commodity and equity?

Silvennoinen and Thorp (2013) find that increases in the VIX index are linked to
higher commodity-stock correlations. Accordingly, we analyze the impact of log of
VIX on commodity/stock dynamic conditional correlation coefficients.

Table 11 provides the results of the ordinary least squares (OLS) regression for
each dynamic conditional correlation between commodity and stock pair over the
log of implied volatility index (VIX). Our results indicate that the relationship
between gold/equity conditional correlations and log of VIX are negative and
significant for all the countries. We also observe negative and significant
relationships between silver/equity conditional correlations and log of VIX Index
in the United States, Canada, Germany and Japan. These negative coefficients
indicate that in high volatile market conditions, the correlations between precious
metals and G7 stock returns decrease. This fact shows a good opportunity for
hedging and reducing the investment risk by including those precious metals to
stock portfolios especially during uncertain conditions.

For other commodity/stock pairs, the positive coefficients illustrate that the
conditional correlations between those commodity/stock pairs change in the same
direction as market volatility does.
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3.3 Hedge ratio

We use the estimates of conditional covariance and conditional variance from the
DCC-GARCH (1,1) model to project the optimal hedge ratios (See Kroner and
Sultan 1993) for all possible commodity/stock pairs using Eq. (9).

Table 12 reports the information of the average hedge ratios for commodity/stock
pairs. The optimal hedge ratio indicates that a $1 long position in a commodity can
be hedged with the value of the hedge ratio short position in the stock. The results
show that the cheapest hedge ratio (the lowest value of the hedge ratio) is long $1
corn and short 3.1 cents NKY. The most expensive hedge ratio (the highest value of
the hedge ratio) is long $1 crude and short 54.7 cents SPTSX.

Following Basher and Sadorsky (2016), we analyze out of sample performance of
hedge ratios for robustness. The out of sample hedge ratios of the derived portfolios
indicates lower coefficients for all the countries except Canada and Italy. For
SPTSX and FTSMIB we observe slightly higher hedge ratios for most commodities.

3.4 Optimal portfolio weights

In this section, we compute the average optimal portfolio weights based on the
conditional variance and covariance estimates of the DCC-GARCH (1, 1) model
using Egs. (10) and (11) (see Kroner and Ng (1998)). Table 13 presents the statistics
of the optimal portfolio weights of the commodities in each commodity/stock
portfolio. Among all the results, the highest average weight belongs to CRB/stock
pairs which vary between 0.773 for CRB/SPTSX portfolio and 0.889 for CRB/NKY

Table 13 Summary statistic for the optimal portfolio weights

SPX SPTSX CAC DAX FTSMIB NKY UKX

BCOMY/Stock Index 0.457 0.341 0.557 0.564 0.567 0.614 0.426
CRUDE/Stock Index 0.148 0.074 0.228 0.239 0.253 0.286 0.139
BRENT/Stock Index 0.178 0.100 0.263 0.275 0.285 0.312 0.167
GOLD/Stock Index 0.458 0.348 0.556 0.560 0.563 0.587 0.438
SILVER/Stock Index 0.254 0.163 0.319 0.325 0.332 0.357 0.226
WHEAT/Stock Index 0.218 0.173 0.289 0.301 0.311 0.330 0.202
CORN/Stock Index 0.244 0.192 0.320 0.327 0.331 0.366 0.226
SOYBEAN/Stock Index 0.303 0.233 0.376 0.382 0.388 0.422 0.276
CRB/Stock Index 0.811 0.773 0.868 0.869 0.865 0.889 0.801

This table presents the average optimal weights of the commodities in each commodity/stock pair. The

commodities including the index of Bloomberg commodity-contracts on 22 physical commodities

(BCOM), Crude and Brent oil futures, gold and silver futures, Wheat, Corn and Soybean futures and

commodity research BUREA BLS/US spot all commodities (CRB) and the stock indices of G7 countries

containing United States (SPX), Canada (SPTSX), France (CAC), Germany (DAX), Italy (FTSMIB),

Japan (NKY), the United Kingdom (UKX). We applied the following equation for calculating the optimal
hSTOL’K STOCK _hCOM.STOCK

. . COM,STOCK
WelghtS. W, = hCOMCOI“—Zh::OM sTnéK+hsTocK.sT0rK

1

)
where h, is the conditional variance and covariance between the return series

@ Springer



Eurasian Econ Rev (2018) 8:183-213 211

portfolio. These findings indicate that for a $1 commodity/equity portfolio how
much should be invested in commodity futures. Following CRB, two other
commodities (BCOM and gold futures) have the highest average weights in all the
commodity/stock portfolios. The optimal weight for BCOM in a BCOM/stock
portfolio varies from 0.341 in a BCOME/SPX portfolio to 0.614 in a CRB/NKY
portfolio. The optimal weight of gold futures in a $1 gold/stock portfolio changes
from 0.348 in the gold/SPTSX portfolio to 0.587 in the gold/NKY portfolio. In
average, the crude/stock and Brent/stock portfolios show the lowest optimal weights
for the commodities.

The findings in this section indicate that in constructing commodity/stock
portfolios, BCOM, CRB and gold futures have the highest optimal weights. Since
BCOM and CRB are two aggregate commodity indices the results suggest including
a diversified commodity index to a stock portfolio is the optimal way of
diversification.

In addition, according to the Bloomberg website, gold remains the highest
weighted commodity in BCOM index and its composition weight for 2015 is 11.9%.
This fact again persists on the diversification benefit of including gold to the stock
portfolios.

3.5 Hedging effectiveness
Table 14 reports the hedging effectiveness ratios based on Eq. (12). The results

indicate that including commodities to a stock portfolio decline the portfolio risk.
According to the findings the variance reduction due to adding commodities in an

Table 14 Hedging effectiveness

Variables BCOM  Crude Brent Gold Silver ~ Wheat  Corn Soybean  CRB

SPX 0.852 0.127 0.164 1.160 0.290  0.258 0310  0.397 6.129
SPTSX 4.539 0.040 0.057 0597  0.103 0.167 0.193  0.110 4.500
CAC 1.194 0.195 0.251 1.592 0355 0.378 0.454  0.540 8.750
DAX 1.325 0.242 0.313 1.702  0.403 0.406 0.503  0.582 9.332
FTSEMIB 1.248 0.207 0.258 1.642 0370 0411 0.480  0.556 8.874
NKY 1.622 0.311 0.363 1.540  0.399 0.488 0.580  0.691 9.804
UKX 0.662 0.092 0.125 0973  0.186 0.217 0260 0.314 5.401

This table indicates the information about the hedging effectiveness (HE) across the constructed port-
folios. The higher HE of a purposed portfolio shows that we decline the risk of the portfolio more by
adding the second asset. The commodities including the index of Bloomberg commodity-contracts on 22
physical commodities (BCOM), Crude and Brent oil futures, gold and silver futures, Wheat, Corn and
Soybean futures and commodity research BUREA BLS/US spot all commodities (CRB) and the stock
indices of G7 countries containing United States (SPX), Canada (SPTSX), France (CAC), Germany
(DAX), Italy (FTSMIB), Japan (NKY), the United Kingdom (UKX). The HE is calculated via this

o __ Variance unhedged—Variance hedged
formula: HE = Variance unhedged

where Variancepeqgeq indicates the variance of commodity/stock portfolio returns and Variance,phedged
indicates the variance of stock portfolio returns
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optimal portfolio changes from 0.040 for crude/SPTSX portfolio to 9.8 for CRB/
NKY portfolio. In average, the highest hedging effectiveness ratios belong to the
portfolios including CRB, BCOM and gold future.

4 Conclusion

We analyze the time varying conditional correlation between commodity futures
and equity returns for G7 countries from January, 2000 to October, 2014 by using a
DCC-GARCH model. The commodities include BCOM Index (commodity returns
of futures and spot price of 22 commodities), Brent and crude oil futures, gold and
silver futures, wheat, corn and soybean futures and CRB Index. We also explore the
most favorable portfolio weights, hedge ratios and hedging effectiveness for all the
proposed commodity/stock portfolios.

Our findings indicate that gold, wheat and corn futures show the lowest time-
varying conditional correlations with all equity indices. In addition, the negative
conditional correlation between gold/equity pairs during the financial crisis
illustrates the advantage of including gold futures to stock portfolios whenever
there is stress in financial markets.

Furthermore, our results indicate that in high volatile market conditions the
correlation between precious metals and G7 stock returns decreases. This fact shows
a good opportunity for hedging and reducing the risk of stock portfolios by
including precious metals especially during uncertain conditions.

The results of hedge ratios and greatest portfolio weights suggest that the
investment risk in stock portfolios can be reduced by including commodities. In
constructing commodity/stock portfolios, BCOM, CRB and gold futures have the
highest optimal weights. We also compute the hedging effectiveness indices which
suggest that all the commodity/stock portfolios provide better diversification
benefits than only equity portfolios. Finally, including CRB, BCOM and gold
futures to stock portfolios have the highest hedging effectiveness indices and the
ability to adjust risk.

Our empirical findings can be applied for making trading strategies, introducing
new commodity indices, designing optimal portfolios and improving asset allocation
decisions by portfolio managers, institutional investors such as investment
companies and individual investors.
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