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Abstract

We modify the 60/40 portfolio to include commodity futures, utilizing 146 years of monthly
data from 1877, seeking to improve the traditional 60/40 portfolio in the long run. Employ-
ing a full-scale optimization in a strategic asset allocation framework, we allocate 23.5% to
commodity futures, contributing to 28.5% of the total portfolio variance, with the remainder al-
located to the 60/40 portfolio. The portfolio shows strong in-sample outperformance compared
to the 60/40 portfolio, relying on excess returns during high inflation and positive unexpected
inflation. The portfolio is optimized to be more resilient, resulting in improvements in both
risk-adjusted return and the conditional correlation profile relative to a mean-variance optimal
portfolio (including 48% commodity futures, with a variance contribution of 71.1%). We study
the conditional correlations between stocks and bonds, the 60/40 portfolio and commodity fu-
tures, specifically during inflationary regimes and in terms of downside and upside correlations.
Our findings suggest that including commodity futures enhances the 60/40 portfolio. Our exten-
sive 146-year analysis is unprecedented in similar studies, and to our knowledge, we are the first
to investigate downside and upside correlations between commodity futures and a stock-bond

portfolio.
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1 Introduction

Diversification has been said to be the only free lunch available in finance. Equity is typically
the preferred asset class for investment. By diversifying across various indices, such as the S&P
500, along with those from other countries and regions, one can reduce the volatility of the
equity portfolio, leading to more stable returns. The benefit of diversification depends on the
degree of cross-assets correlation. While it is common to assume a constant correlation between
assets, this is not necessarily the case. As Chua et al. (2009) shows, the correlations between
stocks, stock indices, and other asset classes are conditional. Specifically, they observe an in-
crease in correlation to the downside, during times of turmoil, precisely when diversification is
most needed. This became evident with the increased correlation between stocks and bonds in
2022, when the 60/40 portfolio endured one of its worst years in history, with both stocks and
bonds experiencing significant losses. This motivates a study on whether long-term investors
should consider a more diversified allocation than the traditional 60/40 portfolio and explore

the potential inclusion of commodity futures as an alternative.

The increase in conditional correlation to the downside is not as significant between asset classes
as it is within them (Chua et al. (2009)). Traditionally, the most common strategy for investing
across asset classes is the 60/40 portfolio, which allocates 60% to stocks and 40% to bonds.
Historically, these asset classes have exhibited low correlation and have not experienced the
same degree of correlation increase during times of turmoil. However, despite more favorable
conditional correlations to the downside, the portfolio still undergoes prolonged periods of sig-

nificant drawdowns (Hurst et al. (2017)).

There has been some research conducted considering commodity futures, specifically focusing
on their statistical properties compared to stocks and bonds, and assessing the potential benefits
of including them in a strategic asset allocation framework. These studies have primarily fo-
cused on diversification, with little consideration given to conditional correlations between asset
classes. In general, most research concerning conditional correlation centers around models like
GARCH or other modified versions, which aim to forecast conditional volatility, covariances,
and correlations to engage in market timing and portfolio adjustments. However, we will not
engage in any market timing or base our portfolio on forecasts of volatility, covariances, corre-

lations, or other predictors. Instead, we focus on a strategic asset allocation approach, with the



argument that long-term portfolios should be modeled similarly to airplanes, designed to with-
stand turbulence whenever it arises, as it is typically unpredictable. Strategic investors, such
as pension plans, share a similarity with airline pilots in that their objective is not to predict
the unpredictable, but rather to ensure their portfolios can weather market storms (Chua et al.

(2009)).

In our research, we aim to explore the potential diversification benefits of incorporating com-
modity futures into a traditional 60/40 equity and bond portfolio. We also plan to assess the
potential risks and drawbacks associated with this strategy, specifically by examining the con-
ditional correlations between the asset classes and their respective properties. Notably, we study
inflation regimes and their impacts on the 60/40 portfolio, and analyze how different inflation-
ary environments influence this portfolio allocation strategy. Additionally, we investigate the
potential utility of commodity futures as a tool to offset challenges posed by inflationary peri-
ods. Our overarching goal is to provide a comprehensive overview and contribute to a broader

understanding of the potential benefits of including commodity futures in a 60/40 portfolio.

Our results are based on monthly returns from stocks, bonds, and commodity futures indices,
extending back to 1877. The study convincingly illustrates the benefits of incorporating com-
modity futures into the 60/40 portfolio. We initiate our investigation by examining the relation-
ship between income and price returns and their impact on total returns for commodity futures.
This is motivated by conflicting findings in the existing literature and aims to clarify the drivers
of commodity future returns and how they differ from spot returns. In essence, we find ev-
idence to suggest that commodity futures returns are driven more by changes in commodity
prices rather than merely interest rate-adjusted carry. When we extend the time horizon to
five years or longer, both income and price returns explain an equal proportion of the variance
in commodity futures returns. Further, we document the advantages of a commodity futures
exposure to the 60/40 portfolio, and in what states, especially regarding inflation change and

unexpected inflation shocks, this inclusion could prove particularly beneficial.

One problematic assumption in traditional portfolio construction is the notion of correlation
being constant over time. This assumption could lead to an overestimation of diversification
benefits, as evidenced by the performance of the 60/40 portfolio in 2022. After assessing the
conditional correlations between the assets, we employ full-scale optimization (also known as

"direct utility maximization"), motivated by Chua et al. (2009), to mitigate potential negative



consequences associated with conditional correlations, as compared to mean-variance optimiza-
tion. This results in an optimal allocation of 23.5% to commodity futures, with the remaining
allocated to the 60/40 portfolio. This allocation to commodity futures contributes to 28.6% of
the total portfolio variance. In contrast, the optimal mean-variance portfolio would allocate
48% to commodity futures, resulting in a variance contribution of 71.1% of the total portfolio

variance.

Not surprisingly, compared to the 60/40 portfolio, the full-scale optimization on our in-sample
data reduces the volatility while increasing both the mean return and the Sharpe ratio. As our
focus is not on prediction or tactical allocation, we conduct our optimization and testing on the
full sample to leverage our extensive data set. Our study stands out in its use of a lengthy 146-
year period, encompassing numerous market cycles and regimes. This contributes to a more
robust long-term portfolio allocation, offering an advantage over studies typically confined to

40 years of data and possibly only a single market cycle or regime.

This thesis is organized as follows: In section 2, we provide an overview of the related exist-
ing literature. In section 3, we explain the data behind our analysis. Section 4 constitutes the
main portion of our research, which is conducted in four parts; 1) We examine the drivers of
commodity futures returns to gain a better understanding of this asset class. 2) We compare
the properties and empirical performance of the relevant asset classes; stocks, bonds, and com-
modity futures. 3) We analyze the assets’ conditional correlations. In addition, we explore
the potential enhancement of the 60/40 portfolio by including commodity futures, particularly
with respect to different inflation regimes and conditional correlations. Furthermore, we strive
to improve the asymmetry of the conditional correlation in our portfolio, in comparison to the
mean-variance optimal portfolio, using full-scale optimization. 4) We document the results,
comparing the 60/40 portfolio with our proposed portfolio. Lastly, we conclude and provide

our references.



2 Literature Review

For decades, published research has investigated the properties of commodity futures, contem-
plating their inclusion into traditional portfolios of equities and bonds. Most research under-
scores the benefit of diversification, attributing it to the low correlation between returns from
commodity futures and those from equities and bonds. However, there is variation in the re-
search approaches, leading to different explanations and recommendations concerning how,
when, and why commodity futures should be incorporated. Furthermore, views on the proper-

ties of commodity futures as an asset class vary.

2.1 Commodity Futures

Commodity futures do not offer direct exposure to physical commodities, but they are deriva-
tives with maturity claims on real assets or potential cash settlements (Gorton & Rouwenhorst
(2006)). "A commodity futures contract is an agreement to buy (or sell) a specified quantity of
a commodity at a future date, at a price agreed upon when entering into the contract — the future
price" (Gorton & Rouwenhorst (2006)). Since there is no initial payment, the contract’s value
is zero at inception. Returns on the contract would be excess returns, where the cash collateral
1s most commonly assumed to be invested in T-bills. This provides the risk-free interest rate if

the position is fully collateralized (Erb & Harvey (2016) Jensen et al. (2000)).

Just like other futures contracts, commodity futures require rolling over their contracts to extend
their maturity to avoid taking physical delivery. Erb & Harvey (2016) decompose commodity
futures returns into price return, roll return, and collateral return. The collateral return repre-
sents the return from holding the collateral in T-bills, as previously mentioned. Therefore, by
excluding the collateral return, the remaining return, comprising the roll return and price return,
constitutes the excess return. Price return refers to the change in the price of the underlying
commodity of a futures contract, while roll return, also known as the carry, is associated with
the gain or loss incurred when rolling the position further out on the curve. Levine et al. (2018)
decompose the carry return into the convenience yield, net of storage costs, minus the risk-free
rate, referred to as the interest rate-adjusted carry (¢/). This corresponds to what Erb & Harvey

(2016) refer to as the "income return"; the roll return plus the collateral return (risk-free rate).
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It is important to note that the two papers differ as Levine et al. (2018) uses excess spot returns
and incorporates the cross-term between the income and price returns, as illustrated in Equation

4.

Futures contracts are said to be in contango if contracts further from maturity are priced higher
than those closer to maturity, resulting in a negative carry. Conversely, if futures contracts with
longer maturities are priced lower, this condition is referred to as backwardation, yielding a
positive carry (Erb & Harvey (2016)). Futures prices are shaped by expectations regarding the
future spot price, the risk-free rate, and potential risk premiums. According to the theory of
normal backwardation proposed by Keynes et al. (1930) and Hicks (1939), the risk premium
would, on average, accrue to the buyers of futures. This occurs predominantly because the
average demand for hedging unexpected price fluctuations is higher from producers than it is
from consumers. This imbalance prompts speculators to assume the opposite position, thereby
demanding a risk premium (Gorton & Rouwenhorst (2006)). Both Levine et al. (2018) and
Gorton & Rouwenhorst (2006) show that commodity futures returns have outperformed com-
modity spot returns, even without considering costs related to storage. The former study, with
data from 1877 to 2015, shows that uncollateralized commodity futures had an arithmetic mean

return of 4.6%, significantly more than the excess spot arithmetic mean return of 2.0%."

Erb & Harvey (2016) and Gorton & Rouwenhorst (2006) analyzed the correlations between
the returns from an equal-weighted commodity spot index (price return) and an equal-weighted
fully collateralized commodity futures index (total return). The latter found that commodity
futures highly correlate with movements in the spot, as commodity futures benefit from un-
expected increases in spot prices. The correlation was especially high during times of high
volatility. Erb & Harvey (2016), on the other hand, conducted a regression on the total returns
with the spot return as an explanatory variable, using rolling 10-year overlapping monthly ob-
servations and with monthly rebalancing. Contrary to the expectations based on the positive
correlations found by Gorton & Rouwenhorst (2006), their results do not indicate any positive
relationship between spot returns and commodity futures returns, as evidenced by an R-squared
of 0.004. Instead, they found that income return has a positive coefficient of 0.51 and an R-
squared of 0.54. "For an investor who believes there should be a powerful relationship between
the price return of a commodity futures portfolio and its total return, this result may seem un-
welcome and preposterous" Erb & Harvey (2016). Nonetheless, they noted vague clusters of

returns, suggesting the existence of periods with distinct correlation between total returns and
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price returns. The contrasting findings between the two studies could be attributed to the differ-
ence in the time scales examined: the first study focused on monthly intervals, while the second
analyzed 10-year intervals. This observation suggests that the variations in the relationship be-
tween spot commodities returns and commodity futures returns might stem from the differences

in the time intervals considered.

2.2 Expected and Unexpected Inflation Regimes

Expected inflation is reflected in asset prices, therefore, investors seek to hedge unexpected in-
flation. Generally, commodities are inflationary, as they often serve as essential input factors for
goods included in the CPI. Nevertheless, there is considerable variation within the commodity
complex (Neville et al. (2021)). Most research, such as those conducted by Neville et al. (2021)
and Gorton & Rouwenhorst (2006), has found a positive correlation between inflation and real
commodities, with Erb & Harvey (2016) being an exception. If we assume commodities are
inflationary and that there is a relationship between expected inflation and the anticipated price
change in real commodities, then in this context, let’s say we anticipate a specific increase
in real commodities, and this expectation proves to be accurate. How would this anticipated
change impact commodity futures? While commodity futures, reflecting the underlying com-
modity, would be expected to appreciate, they also include carry, which mirrors the expectation.
Therefore, commodity futures would not increase in line with real commodities, since the carry
perfectly offsets the expected rise. Consequently, the expected spot return does not contribute
to futures returns. Instead, futures rise and fall with unexpected deviations from the predicted

price and premiums (Gorton & Rouwenhorst (2006)).

A correlation between unexpected inflation and commodity futures is intuitive since unexpected
deviations in real commodities are inflationary. This inference is supported by findings from
Levine et al. (2018) and Erb & Harvey (2016).Despite this, Gorton & Rouwenhorst (2006)
finds that commodity futures and inflation share no correlation at a monthly interval, yet the
correlation becomes statistically significant at a one-year interval, with a correlation value of
0.29, which further increases to 0.45 at a five-year interval. Most of the research literature
agrees that commodity futures serve as an effective hedge against inflation, particularly against
unexpected inflation shocks. Furthermore, Levine et al. (2018) notes that arguments have been
made for a risk premium associated with inflation risk in commodity futures. The potential in-

flation risk premium could explain why commodity futures, despite exhibiting similar volatility,
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have demonstrated lower expected returns compared to stocks. The negative premium might be

interpreted as compensation for providing an inflation hedge.

2.3 The 60/40 Portfolio and Commodity Futures

Many research papers have been conducted to look into the opportunities of including commod-
ity futures in portfolios consisting mainly of equities and bonds, with the 60/40 portfolio being
particularly prevalent. The common argument is additional diversification benefits, which is the
main reason many investors choose a 60/40 portfolio of equities and bonds. Thapar & Maloney
(2021) highlights that the correlation with respect to growth sensitivity is inverse for bonds
and equities, leading to the combination of these two assets being highly advantageous during

both economic booms and recessions, which has made them widely popular and acknowledged.

Unfortunately, both equities and bonds are negatively affected by inflation, particularly by
changes and shocks in inflation (Conover et al. (2010a) Neville et al. (2021)). Similar to their
approach with growth sensitivity, Thapar & Maloney (2021) also examined the partial correla-
tion to inflation sensitivities for equities and bonds, resulting in correlations of -0.25 and -0.45,
respectively. This supports the assertion that inflation, specifically changes in inflation, nega-
tively impacts these asset classes. During periods of high inflation, especially when inflation
increases rapidly, this jointly negative correlation might impact the entire portfolio. As shown
by Thapar & Maloney (2021), the correlation between stocks and bonds rises to 0.25 during

inflation-dominated periods, thereby reducing the diversification benefits.

Different strategies have been proposed as potential hedging mechanisms against inflation. Ac-
cording to Thapar & Maloney (2021), trend following and macro momentum have performed
well in periods of both negative and positive inflation shocks. Additional studies, such as Che-
ung & Miu (2010) and Conover et al. (2010a), have examined the utilization of monetary
policy, interest rates, and inflation as indicators for tactical allocation strategies. These stud-
ies employ techniques such as dynamical conditional correlation, GARCH models, and other
suitable methodologies to optimize tactical allocation, often incorporating commodity futures.
Even though some of these approaches have demonstrated potential effectiveness in address-
ing inflation-related challenges, our goal is not to rely on active trading and tactical allocation

strategies.
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When considering a fully invested fixed-weight portfolio comprising 60/40 and commodity
futures without any tactical allocation, previous research has suggested an allocation towards
commodity futures in the range of 5% to 25%, depending on an investor’s risk aversion, prefer-
ences, and familiarity with commodity futures (Erb & Harvey (2016) and Levine et al. (2018)).
The optimal allocation to commodity futures in a risk parity portfolio suggests around 18%
allocated in commodity futures (Bhardwaj & Janardanan (2014)). Further, Jensen et al. (2000)
states the following: " In the overall study period, futures were shown to be a relatively poor
stand-alone investment since they have both lower returns and higher standard deviation than
stocks. In a portfolio context, however, return/risk optimization (over a range of risk levels) gave
substantial weight to commodity futures over the full sample. Such allocation significantly en-
hanced the portfolios’ returns. This evidence supports the use of futures in traditional portfolios
over the last 25 years." This is further supported by Conover et al. (2010b) stating; "Since in-
creasing commodity prices are typically one element of heightened inflation and higher interest
rates, both of which tend to negatively affect equities, long positions in commodity futures are
found to provide an inflation hedge for equity portfolios." That said, Thapar & Maloney (2021)
remarks that commodity futures, while providing a good hedge against inflation, also suffer

during periods of decreasing inflation and lower inflation than expected.

Commodity futures exhibit an intriguing statistical property whereby they tend to generate pos-
itive returns during periods of high volatility, and their skewness is generally thought of as
positive. In addition, Cheung & Miu (2010) demonstrates that; "The low (high) return environ-
ment for commodity futures is associated with low (high) volatility. This positive risk-return
relationship is in sharp contrast to the negative risk-return relationship for international equities.
Our regime-switching analysis also reveals an important feature of the diversification benefits
of commodity futures." Moreover, research by Chong & Miffre (2009) shows that correlations
between the S&P500 and 11 commodities also fell in periods of above-average volatility in
equity markets. This is encouraging for long-term institutional investors, who stand to benefit
most from diversification during periods of high equity market volatility. Similarly, the findings
suggest that incorporating commodity futures to Treasury bill portfolios can further mitigate

risk in volatile interest rate environments.

However, Cheung & Miu (2010) states: "Our regime-switching analysis further reveals the
manner in which commodity futures contribute to the risk-adjusted return of a portfolio. The

long-run diversification benefits can be attributed to the infrequent episodes of upswings in the
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commodity markets. The diversification benefits are unimpressive otherwise. Unfortunately,
upswings in commodity futures happen rather infrequently. Further, the common impression
that the low or negative static correlations between commodities and other financial assets make
commodities an ideal asset class to smooth out the bearish equity market is clearly refuted.
The strength of commodities lies in their ability to enhance performance during the infrequent

outbursts."

2.4 Conditional Correlations’ Effect on Diversification

Diversification becomes crucial for risk mitigation during periods of market turmoil or un-
certainty. As underscored by Campbell et al. (2008), it is precisely during these periods that
diversification proves most necessary. Consequently, investors should be deeply concerned by
any breakdown in the correlation structure. Furthermore, Chua et al. (2009) points out that
exactly when they are most needed, increased downside correlations can erode the benefits of
diversification. The authors demonstrate that U.S. equities, when compared to World Equities
(excluding the U.S.), exhibit markedly higher downside correlation, and that correlations be-
tween different asset classes tend to display better conditional correlation profiles. This refers
to the conditional correlations of both assets being jointly positive or negative theta (¢) standard

deviations, as shown in Equation 4.1.

Cheung & Miu (2010) highlights that commodity futures could exhibit better performance dur-
ing periods of turmoil, compared to other asset classes. This observation gains further support
from Chong & Miffre (2009), who affirm: "We also observe that for more than half of our cross-
section, the conditional correlations between commodity futures and global equity returns fell
in periods of market turbulence. Indeed, it is precisely when stock market volatility is high that
the benefits of diversification are most appreciated. This is particularly true of precious metals,
which emerge as excellent risk diversifiers in periods of high volatility in equity markets, irre-

spectively of the data frequency."

To account for conditional correlations when constructing a portfolio, many studies utilize
GARCH-models to estimate conditional volatility and correlations. For instance, Cappiello
et al. (2006) employed GARCH to estimate changing correlations within equity and bond in-
dices. However, for long-term funds, such as pension funds, mean-variance optimization has

traditionally been used for portfolio construction. One of the several issues with mean-variance
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optimization is the assumption of constant correlations. Chua et al. (2009) points out that em-
pirically, most financial assets demonstrate significant correlation asymmetry. This could po-
tentially lead to flawed portfolio constructions when assuming these correlations to be constant,
when in fact the correlation is higher to the downside than the upside. Therefore, correlation
asymmetry presents a significant challenge in portfolio management, particularly since corre-
lations often increase during market downturns. Paradoxically, while a high correlation during
market uptrends can limit the portfolio’s upside potential, an increased downside correlation
during downturns can erode the diversification benefits, a scenario investors particularly depend
on during adverse market conditions. Consequently, investors may face a situation where risk
heightens while the potential for upside growth is simultaneously constrained (Campbell et al.

(2008))

2.5 Full-Scale Optimization

When constructing a portfolio and determining fixed weights for asset allocation, it is crucial to
acknowledge inherent limitations. A significant one is the inability to incorporate tactical alloca-
tion, which permits dynamic adjustments of weights in response to evolving market conditions.
Factors such as economic growth, inflation, and monetary policy contribute to time-varying cor-
relations among assets, leading to a constantly changing covariance matrix. Unfortunately, these

fluctuations present a challenge when employing optimization techniques like mean-variance.

According to Adler & Kritzman (2007), mean-variance optimization assumes a normal dis-
tribution, relying solely on its expected mean and covariance matrix, or quadratic utility for
investors. However, empirical evidence shows that correlations often exhibit significant asym-
metry in practice, with downside correlations typically surpassing upside correlations. This
asymmetry in correlation structure significantly influences the diversification benefits attained

within a portfolio (Chua et al. (2009)).

To optimize a portfolio while considering conditional correlations, Chua et al. (2009) proposes
an approach they refer to as *full-scale optimization,” as originally suggested by Cremers et al.
(2005) and Adler & Kritzman (2007). Full-scale optimization does not seek to exploit cor-
relation asymmetry directly. Instead, it optimizes expected utility using a kinked log utility
function, with the location of the kink and the extent of penalization determined based on in-

vestor preferences. This