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Abstract

The article studies the temporal variations in the conditional return correlations between commodity
futures and traditional asset classes (global stock and fixed-income indices). We reveal that the
conditional correlations between commodity futures and S&P500 returns fell over time, a sign that
commodity futures have become better tools for strategic asset allocation. The correlations with equity
returns also fell in periods of above average volatility in equity markets. We see this as welcome news to
long institutional investors as they need the benefits of diversification most in periods of high volatility
in equity markets. Similarly, falls in return correlations between commodity futures and Treasury-bills
go hand in hand with rises in short-term interest volatility, suggesting that adding commodity futures
to Treasury-bill portfolios reduces risk further in volatile interest rate environments.
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1. Introduction

Commodity futures have low return correlation with traditional asset classes and thus are useful tools
for strategic asset allocation (Jensen et al. 2000, Erb and Harvey 2006). They are also a good hedge
against inflation (Bodie and Rosansky 1980, Bodie 1983). They present positive skewness in their return
distribution (Gorton and Rouwenhorst 2006), offer leverage, high liquidity, low transaction costs, and
complete transparency (relative to commodity trading advisors). Finally, recent research showed that
tactical trading generated abnormal returns in commodity futures markets in the past (Jensen et al.
2002, Wang and Yu 2004, Basu et al. 2006, Erb and Harvey 2006, Miffre and Rallis 2007, Vrugt et al.,
2007, Fuertes et al., 2008)." For all these reasons, commodity futures have recently attracted much
attention among both institutional investors and academics.

It is well known that the strategic decision to include commodity futures in a well-diversified portfolio
is not based solely on the temporal risk-return characteristics of the contracts. The decision also depends
on how commodity futures correlate with the rest of the portfolio over time. With this in mind, the
paper evaluates the conditional correlation between commodity futures returns and those of traditional
securities. We reveal that correlations between commodity futures and S&P500 returns fell over time.
This suggests that the risk reduction obtained by adding long positions in commodity futures to an equity
portfolio has increased over the period analyzed. Ultimately, this implies that commodity futures have
become, over time, better portfolio diversifiers and thus better instruments for strategic asset allocation.
Correlations between most commaodity futures and equity returns also tend to fall in turbulent periods;
namely, when market risk increases. This is good news to institutional investors with long positions in
equities and commodity futures as it is precisely when market volatility is high that the benefits of
diversification are most appreciated.

The paper also analyzes the temporal variations in the conditional correlations between commodity
futures and fixed-income securities and relates them to the conditional volatility of short- and long-
term fixed-income indices. The evidence from the stock market can be extended to short-term interest
rate securities: as with international stocks, conditional correlations tend to fall in periods of high
volatility in short-term interest rates. This conclusion, however, does not seem to apply to long-term
global fixed-income securities for which the conditional correlation tends to increase with the volatility
of global fixed-income markets. This suggests that, unlike global equity and US Treasury-bills, adding
commodity futures to a long-term fixed-income global portfolio will not reduce risk further in periods
of high interest rate volatility.

The decrease in return correlations between some commodity and equity (or Treasury-bill) returns that
we observe in periods of market stress could be interpreted as a flight-to-quality. Namely, investors in
equities and Treasury-bills, in times of panic in these markets, treat commodity futures (such as precious
metals) as refuge securities. They cut their losses by selling their traditional asset portfolios and re-
invest the proceeds in commodity futures. The increase in volatility in stock and Treasury-bill markets
then generates an upsurge of interest in commodity futures markets that could explain the decrease in
correlations that we observe during market stress.2 Alternatively, our results could be explained through
the different impacts that major events have on commodity and equity returns. A hurricane or a sudden
rise in inflation, for example, increases the volatility of equity markets. Simultaneously, it also increases
commodity prices while decreasing equity prices. Thus, and as observed in this paper, an upsurge in
market risk could occur at the same time as a decrease in return correlation between equities and
commodities.

The paper proceeds as follows. Section 2 presents the GARCH-DCC model used to estimate the conditional
correlations and volatilities. Section 3 introduces the dataset. Section 4 studies the temporal variation in
the conditional return correlations between 1. commodity futures and 2. global stock and bond indices.
Finally, section 5 concludes.

1 - It is worth noting however that Marshall et al. (2008) question the ability of technical trading rules (such as filter, moving average, support and resistance, channel breakouts, etc.) to
generate superior performance in commodity futures markets.

2 - Note that, even in turbulent times, conditional return correlations remain, for the most part, positive. We do not claim therefore that commodity futures prices rise in periods of market
stress. Instead, we hypothesize that in times of high volatility the stop-loss orders of traditional asset managers and the subsequent re-allocation of resources towards commodity futures put
more downward pressure on the prices of traditional assets than on the prices of commodity futures



2. Methodology

By far the most successful volatility forecasting model is the GARCH(1,1) (Hansen and Lunde 2005),
developed by Bollerslev (1986). It describes the volatility dynamics of almost any financial return series,
across markets and asset groups (Engle, 2004). The GARCH(1,1) variance, h;;,, is represented by

Xi,t = Au + gi,t 8i,t ~ N(O'hu',t )

2 .
hi/r =Yi +ai 8/’,!—1 +/3ihi,r—1 l=7,...,N

subject to v, >0, o, B, 20, o, +B, <1 . a and B coefficients determine the short run dynamics of
the resulting volatility time series. A large 3 indicates that shocks to conditional variance take a long
time to dissipate; that is, volatility is said to be "persistent.” A large a indicates that volatility reacts
intensely to recent market movements.

In estimating the conditional correlation, we employ the dynamic conditional correlation model of
Engle (2002). Upon estimating the GARCH(1,1) model and employing its resulting standardized
residuals, a time-varying correlation matrix is estimated via the DCC(1,1). Hence, the covariance
matrix can be expressed as H =DRD , where D =diag(h’,/f...hjﬁt) is a diagonal matrix of univariate
GARCH volatilities. R =Q'QQ™ is the time varying correlation matrix, with Q =(q.j,t) as described by

Q=(1-a-b)a+a(E 5/, )+bQ,

Q is the N x N unconditional covariance matrix of standardized residuals, = = xt/\/hT resulting from

the first stage estimation, Q" = (q”)=(\/cf) is a diagonal matrix composed of the square root of the

ith diagonal elements of Q , and a and b are non-negative coefficients satisfying a +b <1 . Rewriting

R =Q'QQ", the conditional correlation between assets j and j at time t can then be expressed as
qij,t

T g,

As with the GARCH(1,1) model, coefficients of the DCC(1,1) model are estimated by the maximum
likelihood procedure using the algorithm of BFGS. The log likelihood function, under the assumption of
conditional multivariate normality, is

L(ﬂ):—2—1/7Nln(2:r)+§(ln/l-lt/+Et’Ht"Et)/

with H =E | (Et Et’) being the N x N conditional variance/covariance matrix.

We can use the framework presented above to analyze the conditional correlations between commodity
futures returns and the returns of traditional asset classes. First, we investigate how they changed over
time by simply regressing them on a constant and a time trend. Second, we study the relation between
conditional correlations and conditional volatilities by regressing the former on the latter as follows:

P, =a+Bh, +B.Jh, +e, (1)

where the subscripts Tand C refer to traditional asset class and commodity futures respectively. Taking
the SE&P500 index as an example, a positive B, would suggest that conditional return correlations
between the S&P500 index and commodity futures rise with the volatility of equity markets. If so,
the evidence from international stock markets (Solnik et al. 1996, Longin and Solnik 2001) can be
extrapolated to equity and commodity futures markets. On the other hand, a negative 8. would indicate
that correlations between commodity futures and equity returns fall in periods of high volatility in
equity markets. Ultimately, this result would imply that the usefulness of commodity futures as a
diversification tool increases in periods of above average market volatility.



3. Data

The data, from Datastream International, comprise returns of twenty-five commodities and thirteen
traditional asset classes. The choice of the equity and bond indices was dictated by the fact that they
represent a substantial proportion of the asset allocation of a well-diversified global asset manager.
On this criterion, seven equity asset classes (four from the US and three from global markets) were
shortlisted. They are the S&P500 composite index, the Russell 2000 Index, the Russell 1000 Value Index,
the Russell 1000 Growth Index, the MSCI Europe Index, the MSCI Asia Pacific Index, and the MSCI Latin
America Index. As for the fixed-income markets, we concentrate our attention on six bond indices
from JP Morgan: US Cash with 6-month maturity, US Cash with 12-month maturity, United States
Government Securities, Global Asia, Global Africa, and Global Europe.

The dataset also consists of closing prices on the nearby and second nearby contracts of twenty-five
commodities. We consider eleven agricultural futures (cocoa, coffee, corn, cotton, oats, orange juice,
soybean meal, soybean oil, soybeans, sugar, and wheat), five energy futures (crude oil, heating oil,
lumber, natural gas, and unleaded gas), four livestock futures (feeder cattle, frozen pork bellies, lean
hogs, and live cattle) and five metal futures (copper, gold, palladium, platinum, and silver). To compile
futures prices into a series of futures return, we collect the settlement prices on the nearest maturity
futures contract, except in the maturity month when the price on the second nearest futures contract
is used. Futures returns are then computed as the log difference in the settlement prices.

The frequency of the data is weekly.3 To avoid the weekend effect, thin trading effect and maturity
effect, we collect Wednesday settlement prices on the nearest maturity futures contract, except in
maturity months when prices on the second nearest are used. The dataset spans the period December
12, 1980 to December 27, 2006 for most series, totaling 1,356 return observations. For series with
relatively fewer observations, starting dates are shown in table 1.

Table 1 also shows summary statistics for the twenty-five commodity futures returns and the excess
returns on the traditional asset classes.# The results indicate that the average annualized returns of
commodity futures range from -9.44% (corn) to 16.6% (wheat) with an average of -1.30%. Higher
volatility in commodity futures markets does not necessarily translate into higher average returns.
For example, lumber and unleaded gas futures have average returns of -9% a year and above average
standard deviations (28.65% and 35.26% respectively). The reward-to-risk ratios suggest that only a
few commaodities offer better risk-return trade-offs than stocks and bonds over the period considered.
This confirms the general belief that commodity futures are poor stand-alone investments. Table 1 also
shows the skewness, excess kurtosis, and Jarque-Bera test of normality. It is clear from this table that
the return distribution of commodity futures departs from normality, with strong evidence of positive
excess kurtosis at the 100 level.

Table 2 shows unconditional return correlations between commodity futures and traditional asset
classes. As previously reported (Jensen et al. 2000, Erb and Harvey 2006), correlations with S&P500
returns are very low, ranging from -0.0206 for unleaded gas to 0.0948 for lumber, with a mean at
0.0139. At 2.87% on average, the return correlations with other equity indices are equally low. Those
with bonds are even lower (at 0.34% on average). It is clear that commodity futures returns behave
independently from global stock and bond returns. This feature is sought after by risk-averse investors
who use commodities for the diversification of risk.

4. Empirical Results

This section first studies the conditional correlations between commodity futures and S&P500 returns
(section 4.1) and then concludes with an analysis of the dynamics in the co-movements between
commodity futures and bond and stock returns other than the S&P500 index (section 4.2).

3 - Should high frequency commodity futures returns be used instead, discontinuous inter- and intra-day periodicities that may exist in the data should be accounted for so as to avoid
inferior forecasts of future return volatility (Taylor 2004).

4 - The 3-month Treasury-bill rate is subtracted to measure excess returns. This is to account for the opportunity cost of buying stocks and bonds. Since this cost is not incurred in commodity
futures markets, table 1 reports summary statistics for raw returns of commodity futures (as is standard in the literature, margins are ignored).



4.1. Conditional Correlation and Conditional S&P500 Volatility

Table 3 presents summary statistics of conditional correlations estimated from our DCC model. The results
warrant three comments. First, the average conditional correlation (at 0.0408 in table 3) is of the same
magnitude as the average unconditional correlation (at 0.0139 in table 2). The conditional correlations
are also, for the most part, insignificant at the 5% level. Second, there is considerable divergence in the
volatilities of the conditional correlations, with standard deviations ranging from 2.25% for lean hogs
to 16.49% for gold. Third, and possibly most importantly, regressions of conditional correlations on a
time trend reveal a fall over time in conditional correlations for 19 (20) of 25 commodities at the 5%
(10%) level. The remaining coefficients are positive and significant for four commodities (coffee, crude
oil, unleaded gas, and live cattle) or insignificant for heating oil. The decrease in correlation, measured
as Ap® in table 3, is significant in economic terms too. From 1981-2006, conditional correlations
decreased by 5.81% on average. The decrease in correlation is particularly severe for precious metals,
such as silver (Ap = -28.38%), gold (Ap =-18.8%), and platinum (Ap = -17.72%). This result suggests
that segmentation between the S&P500 index and commodity futures markets has increased over
time. As a result, the diversification benefits of being long equities and commodity futures and
the importance of commodity futures for strategic asset allocation have increased. The decrease in
correlation over time, as we observed in table 3, could in turn be explained by the results of table 4;
namely, by the fact that correlations decrease in period of high market volatility.

Table 4 looks at the relation between conditional correlations and conditional market volatility. 11 7
coefficients on \/E of equation (1) are negative at the 5% level, indicating that conditional correlations
between these eleven commodity futures and S&P500 returns fall in periods when market risk rises.
This is good news to institutional investors with long positions in commodity futures and equities
as it is precisely when market volatility is high that benefits of diversification are most needed.¢ For
the remaining commodities, B;in (1) is either positive (in ten instances) or insignificant from zero (in
four instances). The different impact that market volatility has on conditional correlation confirms
the general belief that commodities behave differently from one another (Erb and Harvey 2006) and
cannot be treated as perfect substitutes.

Take, for example, figure 1, where we plot the conditional correlations between gold futures returns
and the S&P500 excess returns against the conditional volatilities of the S&P500 excess returns.
The conditional correlation plunges, when the S&P500 volatility experiences a spike (for example,
in October 1987, February 1991, and October 2002). On the other hand, when S&P500 volatility
decreases, conditional correlation tends to be above average as in 1985 or in 2005-2006. As a result,
the correlation between the two series in figure 1 is as low as -0.1751. This implies that gold futures
contracts possess diversification benefits in times of increased market stress. Figure 1 also depicts a
straight line that is fitted on the conditional correlations to illustrate how they changed over time.
Clearly the line is downward-sloping, suggesting, as in table 3, that the correlation between S&P500
and gold futures returns fell over the period analyzed.

Across the twenty-five commodity futures, the average 8; coefficient in equation (1) is -0.2026 (table
4). Namely, a 1% rise in market risk leads, on average, to a 0.20% fall in correlation. This ultimately
indicates that higher volatility in the S&P500 index implies, other things being equal, a higher allocation
to commodity futures. Investors, by allocating higher portfolio weights to commodity futures during
turbulent periods, can benefit more from the decrease in correlation and the enhanced risk reduction
that ensues. The ; coefficients are particularly low, and statistically significant, for precious metals
such as gold (B; = -6.9796, t-ratio = -16.20), platinum (B; = -1.5638, t-ratio = -5.66) and silver (f3;
= -1.5979, t-ratio = -4.28). Some agricultural commodities (cocoa, corn, orange juice, soybean meal)
tend to do well, relatively speaking, when equity market volatility rises too. It follows that these
futures contracts are the best candidates for inclusion in equity portfolios in periods of market
turbulence. Gold's low B; coefficient is accompanied by a negative, albeit insignificant, unconditional

5 - Conditional correlations are regressed on a constant and a zero-mean time trend. For each commodity, Ap , the difference between the last and first fitted values, measures the amount by
which the correlations have decreased or increased over the period analyzed.



and conditional correlations with, and a comparative volatility to, the S&P500 index (tables 1, 2, and
3), therefore enhancing its diversification properties even further and living up to its reputation as a
good hedge in times of market stress.

The negative B coefficients in table 4 suggest that some commodity futures, such as precious metals,
are similar to bonds, in that, like bonds, they reduce the volatility of an equity portfolio in periods of
above average market volatility (Hunter and Simon 2005). Flight-to-quality is a possible economic
rationale for the observed result. Put differently, institutional investors may view commodity futures
(such as precious metals) as refuge securities in periods of high volatility in the S&tP500 market. Qur
results are indeed consistent with the notion that, when market risk rises, institutional investors sell
their shares to put a stop to losses in the value of their equity portfolios and invest the proceeds in
refuge assets. At times when equity markets experience high volatility, the stop-loss orders of equity
asset managers and the subsequent re-allocation of resources to commodity futures such as gold,
platinum, or silver put more downward pressure on equity prices than on commodity futures prices.
This, in turn, could explain the decrease in correlation between commodity futures and equity returns
that we observe in periods of high market volatility.

Another plausible explanation for our finding is based on the difference that major events have on
the two types of securities. Specifically, table 1 shows that agricultural commodity futures frequently
have positively skewed return distributions because events such as hurricanes or wars positively affect
commodity prices. In contrast, such events create turmoil in equity markets and negative skewness
in their return distribution (as in table 1, panel E). Similarly, a rise in unexpected inflation is good
news in commodity markets, while it has a negative impact on the value of equities. Therefore, one
may expect that the same events (a war, a climatic phenomenon, or an unexpected rise in inflation)
create simultaneously some instability in equity markets and a decrease in return correlation between
commodities and traditional asset classes. Furthermore, since commodities are inputs for most firms,
an increase in commodity prices will tend to increase costs and increase uncertainty. Thus, higher
commodity prices are favorable (unfavorable) for long positions in commodity futures (equities) and
may create higher stock market volatility. This also would explain the observed inverse relationship
between correlation and stock market volatility.

4.2. Return Correlations between Commodity Futures and Non-S&P500 Indices

Institutional investors do not hold just S&P500 stocks and commodity futures. To a large extent, their
asset mix includes value and growth stocks, small, medium, and large capitalization stocks, US Treasury-
bonds and Treasury-bills, and international assets. A thorough analysis of the temporal variations
between commodity futures and a much broader range of assets is therefore warranted. With this in
mind, tables 5 and 6 study the co-movements between commodity futures returns and the returns on
bond and equity indices other than the S&P500 index. In each table we show the coefficient ;on the
conditional volatility of traditional asset markets from equation (1).

Table 5 focuses on equity indices other than the S&P500 index. By and large, the evidence from table
4 seems to apply to a wider cross section of equity indices. For example, B; tends to be negative for
metal futures and positive for energy futures. This suggests, as in table 4, that for metals conditional
correlations tend to fall in periods of high volatility in equity markets, while for energy futures,
conditional correlation and market volatility move hand in hand. Other things being equal, a 1% rise
in equity market volatility leads to a 15.9% fall in conditional correlation, a result that resembles that
shown in table 4.

Table 6 studies the temporal variation in the conditional return correlations between commodities and
interest-rate securities and relates it to the conditional volatility of fixed-income instruments. In periods
of falling short-term interest rates (presumably a sign of economic downturn), the return on Treasury-
bill securities with 6-month and 12-month terms to maturity increases. The negative f3; coefficients on



the conditional volatility of Treasury-bill suggest that this rise in Treasury-bill volatility is accompanied
by a sharp decrease in the return correlation between Treasury-bills and most commodities. This result
suggests that in falling interest rate environments short-term fixed-income securities become more
uncorrelated with commodity futures, making the latter better tools for risk diversification. Conversely,
following the announcement of a tightening of monetary policy through rising short-term interest
rates, Treasury-bill securities typically underperform. The negative p; coefficients on the conditional
volatility of Treasury-bill suggest that simultaneously commodity futures tend to be more uncorrelated
than average with short-term fixed-income securities and thus tend to serve as a better hedge against
interest rate risk.

The decrease in conditional correlations in volatile interest rate environments is particularly sharp
for precious metals, energy, and agricultural commodities such as corn, soybean meal, soybean oil,
soybeans, and sugar. For example, B; can be as low as -716.94 for silver and 6-month Treasury-bills,
suggesting that, other things being equal, a 1% rise in the volatility of short-term Treasury securities
leads to a sharp fall of 7.16% in return correlation between silver and 6-month Treasury-bills. Along the
same line, figure 2 plots the conditional return correlation between crude oil and 6-month Treasury-
bills versus the conditional volatility of 6-month Treasury-bills. Clearly, and as in figure 1, a rise in
Treasury-bill volatility goes hand in hand with a fall in conditional correlation, the correlation between
the two series being as low as -32.64%.

In contrast to the results reported thus far for both short-term Treasury securities and equity indices, the
slope coefficient from regressions of conditional correlations on conditional Treasury-bond volatilities
is positive on the whole at 3.351 (table 5). That is, when volatility in the US Treasury-bond market
increases, correlation between Treasury-bond and commodity futures returns tends to rise. At the
5% level, By is positive for twelve (mainly agricultural) commodity futures and negative for eight. The
inference for the JPM Global Asia, Africa and Europe indices are in line with those reported for the JPM
US Treasury-bond index. Namely, conditional correlations tend to rise with the volatility of long-term
fixed-income securities. This suggests that unlike stocks and short-term interest rate instruments, the
benefits of diversification coming from commodities are less felt in periods when long-term interest
rates are highly volatile.

5. Conclusions

The aim of this paper is to study the way returns on commodity futures differ over time from those
of traditional asset classes (as proxied by stock and bond indices around the world). We find that
the conditional return correlations between S&P500 index and commodity futures fell over time.
This suggests that commodity futures and equity markets have become more segmented and, thus,
commodity futures have become over time a better tool for strategic asset allocation. We also observe
that for more than half of our cross section, the conditional correlations between commodity futures
and equity returns fell in periods of market turbulence. We see this as good news to institutional
investors with long positions in equities and commodity futures. Indeed, it is precisely when stock
market volatility is high that benefits of diversification are most appreciated. We offer two hypotheses
as possible explanations for this finding: i) that institutional investors treat commodity futures (such
as precious metals) as refuge assets in periods of high market volatility and ii) that major events
(hurricanes, a rise in unexpected inflation) do not affect the prices of commodity futures and equities
in the same ways. It is important to note, however, that the evidence is not uniform across commodities
and that for some commodities conditional correlation rises with the volatility of equity markets. This
is somehow to be expected since commodities behave differently from one another (Erb and Harvey
2006) and cannot be treated as substitutes.

The paper also studies the temporal variation in the conditional return correlations between commodities
and interest-rate securities and relates it to the conditional volatility of fixed-income instruments.
In line with the results for international stock markets, we report that commodity futures serve as
a good hedge against the risk that the short-term interest rate may rise. However, evidence from



long-term fixed-income securities differs from that from global equity indices and short-term interest
rate instruments. In effect, there was no evidence in favor of the hypothesis that commodity futures
diversify part of the risk arising from changing and highly volatile long-term interest rates around the
world. This suggests that, unlike global equities or short-term US Treasury-bills, adding commodity
futures to a US or global Treasury-bond portfolio may not reduce risk further in periods of high
volatility in bond markets.

Finally, our analysis could be further refined to account for the fact that institutional investors also
hold corporate bonds of different grades, real estate, artwork, or hedge funds as part of their asset
allocation. A thorough analysis of the temporal variations between commodity futures and this broader
range of assets might therefore be of interest. We offer this as a possible avenue for future research.



References
* Basu, D., Oomen, R., and Stremme, A., 'How to time the commodity market; working paper (EDHEC
Business School, 2006).

* Bodie, Z., 'Commodity futures as a hedge against inflation, Journal of Portfolio Management, Spring,
1983, pp. 12-17.

* Bodie, Z., and Rosansky, V., ‘Risk and returns in commodity futures, Financial Analysts Journal, May/
June, 1980, pp. 27-39.

* Bollerslev, T., ‘Generalized autoregressive conditional heteroscedasticity, Journal of Econometrics, Vol.
31, 1986, pp. 307-327.

* Engle, R. F, 'Dynamic conditional correlation: A simple class of multivariate generalized autoregressive
conditional heteroscedasticity models, Journal of Business and Economic Statistics, Vol. 20, 2002, pp.
339-350.

e —, 'Risk and volatility: Econometric models and financial practice; American Economic Review, Vol.
94, 2004, pp. 405-420.

 Erb, C., and Harvey, C., 'The strategic and tactical value of commodity futures, Financial Analysts
Journal, Vol. 62, 2, 2006, pp. 69-97.

* Fuertes A. M., Miffre, J., and Rallis, G., Tactical allocation in commodity futures markets: Combining
momentum and term structure signals, working paper (EDHEC Business School, 2008).

* Gorton, G., and Rouwenhorst, K., ‘Facts and fantasies about commodity futures, Financial Analysts
Journal, Vol. 62, 4, 2006, pp. 86-93.

e Hansen, P. R, and Lunde, A., ‘A forecast comparison of volatility models: Does anything beat a
GARCH(1,1)?" Journal of Applied Econometrics, Vol. 20, 2005, pp. 873-889.

e Hunter, D., and Simon, D., ‘A conditional assessment of the relationships between the major world
bond markets, European Financial Management, Vol. 11, 2005, pp. 463-482.

e Jensen, G., Johnson, R., and Mercer, J., 'Efficient use of commodity futures in diversified portfolios,
Journal of Futures Markets, Vol. 20, 2000, pp. 489-506.

e —, 'Tactical asset allocation and commodity futures, Journal of Portfolio Management, Summer,
2002, pp. 100-111.

e Longin, F, and Solnik, B., 'Extreme correlation in international equity markets, Journal of Finance, 56,
2001, pp. 649-676.

e Marshall, B. R., Cahan, R. H., and Cahan, J. M., ‘Can commodity futures be profitably traded with
quantitative market timing strategies, Journal of Banking and Finance, forthcoming, 2008.

 Miffre, J., and Rallis, G., ‘"Momentum strategies in commodity futures markets, Journal of Banking and
Finance, Vol. 31, 6, 2007, pp. 1863-1886.

* Solnik, B., Boucrelle, C., and Le Fur, Y., 'International market correlation and volatility, Financial
Analysts Journal, Vol. 52, 1996, pp. 17-34.

e Taylor, N., 'Modeling discontinuous periodic conditional volatility: Evidence from the commodity
futures market, Journal of Futures Markets, Vol. 24, 2004, pp. 805-834.

e Vrugt, E. B.,, Bauer, R., Molenaar, R., and Steenkamp, T., ‘Dynamic commodity trading strategies,
Chapter 16 in: Intelligent Commodity Investing: New Strategies and Practical Insights for Informed
Decision Making, Risk Books, London (2007).

* Wang, C, and Yu, M., ‘Trading activity and price reversals in futures markets, Journal of Banking and
Finance, Vol. 28, 2004, pp. 1337-1361.



Appendix

Table 1
Descriptive statistics of returns

The table reports the annualized mean and standard deviation of returns for twenty-five
commodity futures (split into four styles) and thirteen traditional asset classes. ®, **, and ***
indicate significance at the 1, 5, and 10% levels respectively.
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Healirg ol D56 03173 [C i B Ty |- 432445 ™ 1017e8 * Jan-E1
LA bear L0E10 02865 L3178 [Ty ORNT * 1B86 * Jan1
Malural gasg 00345 02052 {1686 01385 2383 " 116.24 * Q180
Unigaded gas {iE4 03528 L2583 0ER 1431 * N0 * Jands
Pang C; Livesiock Commadities:
Feeder callle D234 01357 o268 405831 ¢ 6530 ~ 282402 * Jan-B1
Frozen pork Dliag L0324 03473 L1221 0oer2 1.ME6 * 100v0F ™~ Jan-E1
Lean hogs Loive QN0 QOFre 4485 * 2NE ¢ en v Jan
Live catle DAy ™ 01457 03T 05mes t 60565 * 230541 * Jan-E1

FPanel D: Metal Commodities

Copper DOT3E 0258 03253 0o L1887 * 17481 * Mo
Gald 0.0543 01703 £.3138 03673 - G738 * 251597 ™ JanE1
Faledim 00020 02700 L.0073 03sE - 40043 ™ S32E4 ™ JanE1
Piatinm LTy 0L OO0EFE  00ETS 24ER ¢ foE Jani
Siver iLiry 02425 0.0Jas 00528 JE2ES ™ axr4o ~ JanE1

Panel E: Tradibonal Asset CLEsses (Excess Rellm)

S&FE0 L1l RELH 0244 02087 - W v Pl Jani1
Russed 2000 [ 01723 03454 02xE - 1A 1568 - Jangs
Fussed 1000 vale DOGTE " 01418 04762 0035 28313 * 81 ¢ Jan®d
Russed 1000 groeath (OB 0778 0303 2488 ¢ 28818 * 25062 * Jan£n
WEC] Burope sqully 00435 01547 03100 03467 * 25546 ¢ 28802 ¢ JanEs
MSCI Asio Pacilic ooty L0154 IR 3 {0814 006 1T ¢ o8 - Janfl
MSCI Latin Amerca eguity LASTT * 02804 ngERs HEnz - 2509 ¢ 42500 ¢ Fab-£8
JPRUS B-mont T DO0i1 * O0aEs 04571 02549 Z4ETS ¢ 23495 * Jands
JPMLIS 12-momth T4 [ooas CLO080 (L5535 (0,0658 2128 20668 * JanB6
JPMUS T-Bord D014 00445 0438 01445 ™ 13368 * TIED * JanER
JP Glaial Asia bond [pahe = I Ertol) OE¥I 1289 ¢ 10387 - X -t Jan
JP Glazal Africa bord LpEn 0143 05808  2odm ¢ 184806 ¢ 0iniTz t Jan
JFH Global Europe bord D128 < 01986 I5850 17380 * 123308 ¢ 453035 ¢ Jandd
Pand F: fwerage

Commodity L0130 02683 084 00045 LWETE 4,09

Fioerd Income (44 00783 N5 0830 TAITE 5

Equily [L0532 01823 03120 02461 25806 330.E1
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Table 3
Summary statistics of conditional correlations: The case for the S&P500 index

“Trend” is the slope coefficient of a regression of conditional correlations p on a constant

and a time trend. Ap is the difference between the last and first fitted values of a regression
of conditional correlations on a constant and a zero-mean time trend. *, *%, and *** indicate
significance at the 1, 5, and 10% levels respectively.

Standard Trend
Avarage -
9 peviation (1,000 [ote 4P

Panel A: Agricultural Commodities

Cocoa 0.0053 Q.0717 0,080 SAT85 12.20%
Caffes 0.0263 0.0476 0.0502 18.26 6.80%
Zarn Q.0568 ™ 0.0715 -0.0844 2102 12.79%
Cotton 0.0468 = 0.0732 -0.0822 1895 -11.14%
Dats 0.0422 00318 -0.0281 -BH2  -353%
Orange juice 0.0443 0.0304 00108 =BAT -144%
Soybean meal 0.0404 0.0656 -0.0685 -15.88  -9.28%
Soybean ol 040711 " 00498 -0.0185 -555%  -2B5%
Soybeans Qavzry ¢ 0.0426 -082 693 -261%
Sugar -0.0223 00825 -0.1132 -24.87  -15.34%
Wheat 0.0468 = 0.0253 -0.0075 -438 -1.02%

Panel B: Energy Commodities

Crude ol -0.0837 = 00688 0.0289 B.72 3.58%
Heating oil -0.0201 0.0788 0.0042 0.9 0.57%
Lum ber 0.1544 = 0.0513 -0.0071 =228 -098%
Matural gas 0028 0.0506 -0.0448 1076 -3 TOY%
Unleaded gas -0.0205 01117 00248 268 2.83%
‘Panel C: Livestock Commodities

Fooder caltle 00817 = 00837 -0.01684 426  -222%
Frozen pork belies  -00135 00572 -0.0478 1368 -B45%
Lean hogs 0.0442 0.0225 -0.0034 2™ -0.47%
Live callle 0.0686 * 00676 0.0321 .70 4.36%
Panel D: Metal Commodities

Copper 01353 = 0.0306 -0.0081 =193  -055%
Gold -0.0025 01645 -0.1387 1116 -18.80%
Palladium 00683 * 0.0610 -0.0852 2138 12.09%
Platinum 0.0864 * 0.0857 -0.1308 1990 -A7.72%
Sibver 0.0s82 ™ 01283 -0.2005 -2525  -28.38%

Panel E: Commodity Average
0.0408 0.0657 -0.0434 -B33  -581%




Table 4
The relation between conditional correlation and conditional market volatility:
The case for the 5&P500 index

The results are derived by estimating the regression p,. =a+ §; \'E"' B, +E,,
where T and C stand for the traditional asset class (here, S&P3500) and commodity futures
respectively, pp., is the conditional return correlation between traditional asset and
commodity futures, ,,.,I'J:_ is a conditional volatility and & is an error term. K is the adjusted
coefficient of determination statistic.

Inte rcept S&P500 Volatility  Commodity Volatility B
Hu I 7 i r) c i c)

Panal A: Agricultural Commodities

Cocoa 00233 217 -2 7874 -10.19 09934 421 0.0742
Coffes 0.0611 1017 08156 -1.493 L 360 -4 61 0.0295
om 0. 1488 16.51 -3.5572 -10.13 06531 -2.83 0.1162
Cotton 0.0382 5.29 D.EGEE Z.80 £.31289 -1.80 0.0056
Oals 00491 B6.12 =366 -1.69 00189 011 0.0024
Orange juice 0.0571 .14 -0. 7486 -B.36 00770 D46 0.0275
Saybean meal 0.125%9 18.80 -3. 2038 -11.74 L£.6178 -3.66 0.1148
Soybean al 00712 T.40 0.5555 214 L.3738 142 00065
Saybeans 00618 83.40 03433 1.77 01389 063 0.0022
Sugar 02374 -31.09 25068 10.30 34169 2222 0.3445
Wheat 00444 r.38 0.5994 467 03252 -1.91 0.0258

Panel B: Energy Commeodities

Crude oil A.11689 -14.92 15155 120 .4550 -2.86 0.107veE
Healing ail 0277 228 02214 0.5a -1 2285 - 54 0.0734
Lurmiber 0.1832 1597 1.0764 577 -1.85692 -15.67 01497
Matural gas 0.0568 4 52 1.1487 1.85 -1.04G0 -5.a8 0.07a3
Unleaded gas 0.0821 4.53 -1.1233 -Z2.189 -1_HE49 - BE 0.0652

Panel C: Livestock Commodities

Feeder callle 0.0156 -2.43 47341 18.24 00511 -0.20 0.2627
Froeen pork bellas 0.0264 2.96 -1.3188 -3.94 02650 -1.82 0.0237
Lean hogs 00222 11.81 04392 J.58 02305 -1.88 0.0160
Live: caitle 0.0468 -1.10 4.5670 1961 1043 4.78 0.2164

Panel D: Metal Commodities

Copper 0.1899 a4 82 -1.9415 -11.50 Q45838 -3.73 01637
Gald D.1043 -9.08 -B.9796 -16.20 111970 41.64 04425
Palladium 0.0135 1.62 03352 1.53 11676 G.BS 0.0611
Platinum .0023 -0.24 -1.5638 -5.66 38455 16.03 0.2415
Silver 0.0831 -7.18 -1.5979 -4.28 48728 1840 02814

Panel E: Commodity Average
0.0283 -0.2026 0_B&EO2 01175
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Figure 1 - The negative relation between conditional correlation and conditional
S&PS500 volatility: gold futures

Condibanal cormaliation
g &
e 1
— =
>
Xt
— g
gy
_:q_.r:

-—r_.._.___':
H =

——=ﬁ

=

=

3y =_-
Annualired conditional walablity of B-mongh T-bill gecoss.

mhurns

s

P
[-]

P PPPIP PP PP

—— Condiional comalaton babvien E-monih T-bill and oruda of fkings neiernd

Figure 2 - The negative relation between conditional correlation and conditional
b-month Treasury-hill volatility: crude oil futures
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