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¢ hose who cannot remember the past are condemned to repeat it.”—So

wrote the philosopher and poet George Santayana about a hundred
years ago. He was not writing about commodities, of course, but doubtless
he would recognize the conundrum present in today’s capital markets.
Powerful commodity cycles of significant duration—such as the one we are
in—are extremely rare events, separated by such long interludes of weak
performance. When they do occur, there are few people around with the
specialized knowledge necessary to understand them properly. In other
words, each generation of fund managers and asset allocators has to learn
afresh about the market characteristics of commodities. This lack of knowl-
edge, together with the opaque nature of many terminal markets, gives com-
modities an aura of mystery, with the news media often portraying the
exchanges as little more than casinos and labeling the market participants
as “speculators” rather than “investors.”

By trivializing and demonizing investment in commodities, the news
media is to some degree responsible for deterring fund managers from mak-
ing appropriate and profitable asset allocation decisions. For example, at the
bottom of the last commodity cycle, the Financial Times reduced its com-
modities coverage to an eighth of one page—tantamount to a news black-
out. Small wonder then that many institutions forgot how to trade
commodities altogether and had zero asset allocations to commodities.
Armed with this handbook—which brings together views from experts in
many different fields engaged with the commodities markets—market pro-
fessionals can gain new illumination as well as confidence in this complex
investment process. The chapters in this book allow readers to take a
“knowledge shortcut,” and, perhaps, avoid some of the pitfalls that lie in
wait for the unwary.

Of course, there are many ways of approaching commodity investment.
A good starting point is to formulate a top-down view and then calibrate the
time horizons over which the chosen strategy plays out. For instance, in the
“softs” and “‘agricultural” markets, traders often focus on short-term,
“high-frequency,” seasonal cycles that relate, say, to weather patterns in
crop-producing areas. So a long-term view in agricultural commodities
would be 12 to 24 months—equating to one or two planting and harvesting
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cycles. Agricultural trading remains dominated by producers and consum-
ers: Financial market investors are relative newcomers to this arena, perhaps
put off until now by the sharp swings in the futures curves that are seen from
time to time. In the metals markets, on the other hand, trends of shortages
and surpluses can persist for years on end, as the supply-side response to
high or low prices can be very extended. Building a new copper mine in re-
sponse to a high copper price might take five years or more. In this case, a
long-term view might be measured in years rather than months. As a result,
there is usually more depth to the futures markets for metals and plenty of
opportunities for investors to take a fundamental view. For strategic com-
modities such as gold, investors, governments, and central banks might be
focusing on cycles of supply and demand measured in decades. Such com-
modities have efficient and deep futures markets that can sometimes be
dominated by financial participants rather than producers and consumers.

A common reason that investors give for seeking commodity
exposure—irrespective of their time horizon—is to gain exposure to the
so-called ““super cycle.” Great changes are under way in the world economy,
with the urbanization of China and, to a lesser extent, India, driving a mas-
sive surge in infrastructure spending. For the first time in history, more peo-
ple live in cities than in the countryside and their material needs have led to
an acceleration in demand-trend growth rates for metals, energy, and food.
The supply side has been slow to react fully to this change for many reasons:
skills shortages, environmental factors, infrastructure constraints, and polit-
ical interference. Many commodities have reached “tipping points,” flip-
ping from surpluses into shortages.

These changes are proving to be persistent. The shift in the balance of
economic growth from the developed world to the developing world shows
no sign of reversal. Industries that once existed mainly to serve the devel-
oped world now have to reconfigure to feed the new world too—and that
takes vast quantities of money and a long period of time. In a nutshell, it is
likely that the current period of elevated commodity prices will be pro-
longed, with the prices of commodities rationing demand rather than
supply.

It is the curse of markets that while there is much hard data to analyze
about the past, there is no such data about the future. This means that
analysts are typically biased toward previous commodity prices when pre-
dicting future commodity price behavior. As a consequence, market com-
mentators have been consistently underestimating the price of many
commodities. In the 1980s and 1990s, the view that commodity prices al-
ways fall in real terms in the long run became deeply entrenched. The slow
realization that changes in the structure of the world economy will likely
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lead to permanent upwards shift in the real cost of raw materials for indus-
try has been hard for many people to accept.

There are, of course, as many ways to gain exposure to the commodity
markets as there are reasons for doing so. Some investors, especially pension
funds, are looking for diversification. Commodities bring to a larger portfo-
lio returns that are correlated with inflation but are uncorrelated with equi-
ties and bonds. This type of investor is usually allocating only a small
portion of their asset base to the theme, and has thus far focused predomi-
nantly on passive commodity futures strategies. Other investors are focusing
more on the long-term returns that are available from procyclical exposure.
These strategies can be implemented using either actively managed com-
modity related equities, or commodity futures. The returns from either of
these approaches can be truly spectacular, albeit volatile. The clear trend
over time however, is for more assets to be allocated into commodity expo-
sure of various types.

Whatever your motivation for investment in commodities, this book
will help to increase your understanding, hence reducing risk and—
hopefully—enhancing returns.

Graham Birch, Ph.D.

Managing Director

Head of Global Natural Resources

BlackRock Investment Management (U.K.) Limited






Preface

he Handbook of Commodity Investing provides an overview of the ba-

sics and foundations of commodity investing, as well as recent theory
and empirical evidence on the commodity markets. The chapters are written
by leading practitioners and academics, and explain the complexities of
commodity investments, their associated risks, and how investors can opti-
mize their portfolios by including different types of commodity investments.
Each chapter contains valuable information relevant to both practitioners,
who are currently using or contemplating using commodities as part of their
asset allocation, and academics, who are analyzing the commodity markets
theoretically or empirically.

The book is divided into six parts. Part One covers the mechanics of the
commodity markets. Chapter 1, by Frank Fabozzi, Roland Fiiss, and Dieter
Kaiser, is a primer on the basics of commodity investing. The authors pro-
vide insight into the market participants, commodity sectors, commodity
exchanges, return components of commodity futures, and the risk and per-
formance characteristics of the sectors. The chapter concludes that, based
on a Markowitz mean-variance analysis, commodity futures can yield diver-
sification benefits in a traditional investor portfolio consisting of U.S. and
global equities, bonds, and a riskless asset. In Chapter 2, Mark Anson dis-
cusses the pricing and economics of commodity futures. Chapter 3, by Josh-
ua Woodard, provides a review of commodity investments in the context of
a diversified portfolio in several tactical and strategic dimensions. Chapter
4, by Zeno Adams, Roland Fiiss, and Dieter Kaiser, explores the macroeco-
nomic determinants of commodity futures returns, and finds that most com-
modities exhibit an inflation hedge property when compared with U.S.
inflation. In Chapter 5, Viola Markert and Heinz Zimmermann discuss the
relationship between risk premiums and convenience yield models. They
demonstrate, both theoretically and empirically, that the futures term struc-
ture, convenience yields, and roll returns largely anticipate subsequent spot
price changes. Chapter 6 is a survey by Fritz Helmedag of the different ap-
proaches to calculating the optimal rotation period for renewable sources
such as the timber sector.

Part Two is devoted to the performance measurement of commodity in-
vestments. In Chapter 7, Roland Fiiss, Christian Hoppe, and Dieter Kaiser

Xv
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provide an overview of commodity futures indexes, and shed new light on
the problems arising from the heterogeneity of these benchmarks. Claude
Erb, Campbell Harvey, and Christian Kempe highlight in Chapter 8 the
problems of determining the strategic value of commodities. In Chapter 9,
Reinhold Hafner and Maria Heiden provide a statistical analysis of com-
modity futures returns using the Dow Jones-AIG commodity index. Bernd
Scherer and Li He use the mean-variance spanning test in Chapter 10 to
determine whether commodities should be considered an asset class of their
own. Chapter 11, by Thomas Schneeweis, Raj Gupta, and Jason Remillard,
gives a theoretical overview of the construction of indexes that try to cap-
ture the performance of commodity trading advisors (CTAs). The chapter is
also an empirical study of the relative performance benefits of CTA
strategies.

Part Three covers the important topic of risk management for commod-
ity investments. In Chapter 12, Jeffrey Christian provides an introduction
to risk management from a practitioner’s perspective. In Chapter 13,
Moazzam Khoja offers his seven golden principles for effective risk manage-
ment of commodity futures portfolios. Chapter 14, by Ted Kury, presents a
model of forward prices with time-varying volatility and time-varying corre-
lation. The model can be used to quantify cross-commodity risk in portfo-
lios of futures contracts. In Chapter 15, Chakriya Bowman and Aasim
Husain show how futures can be incorporated into commodity price fore-
casts. Their empirical results suggest that futures prices can provide reason-
able guidance about likely spot price developments over the longer term.

Part Four comprises seven chapters that explore how commodity prod-
ucts can be implemented within an investor’s asset allocation. In Chapter
16, Frangois-Serge Lhabitant provides an overview of the tools CTAs use to
run their futures portfolios, and illustrates how they differ from other com-
modity investments. Hilary Till and Joseph Eagleeye demonstrate in Chap-
ter 17 how to efficiently design a commodity futures trading program. In
Chapter 18, Markus Mezger distinguishes between the different sources of
return in commodity investing, showing how investment managers can ex-
tract alpha from commodity investing. Juliane Proelss and Denis Schweizer
in Chapter 19 demonstrate how to reach the efficient frontier of commodity
investments. They stress the importance of analyzing the return distribution
characteristics of single commodities before considering them as portfolio
diversifiers. In Chapter 20, R. McFall Lamm discusses whether CTAs and
hedge funds can be suitable choices for investors seeking active commodity
investments. Mark Shore, in Chapter 21, shows how the introduction of
commodities, hedge funds, and CTAs can change the risk and performance
metrics of a traditional portfolio. He also compares the impacts of these dif-
ferent forms of alternative investments. In Chapter 22, Theo Nijman and
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Laurens Swinkels clarify the benefits of commodity investing for investors
with a liability structure sensitive to the nominal or real interest rate and
inflation.

Part Five presents the various commodity products currently available
to investors. In Chapter 23, Lynne Engelke and Jack Yuen provide an over-
view of the different types of commodity investments. In Chapter 24, Carol
Alexander and Aanand Venkatramanan discuss the valuation principles of
commodity options. In Chapter 25, Matthias Muck and Markus Rudolf il-
lustrate, both theoretically and empirically, that the nonarbitrage approach
cannot be used effectively for pricing nonstorable goods such as electricity
forwards. Paul Ali, in Chapter 26, explores the securitization of commodity
price risk, explaining how collateralized commodity obligations can be used
for financial institutions to hedge credit risk or for investors to obtain expo-
sure to commodity prices in the form of a debt instrument. Chapter 27, by
Martin Eling, uses the CISDM CTA indexes to review historical CTA per-
formance using several performance measures. Greg Gregoriou and Fabrice
Rouah, in Chapter 28, investigate the performance and the survival of micro
CTAs. Their findings suggest that micro CTAs are at high risk of failure, but
can nonetheless be attractive investments because of their potential to pro-
duce future stars. In Chapter 29, Oliver Engelen and Dieter Kaiser give an
overview and statistical analysis of hedge funds investing in energy markets.

The final section, Part Six, covers some of the more important commod-
ity sectors. In Chapter 30, Roland Eller and Christian Sagerer provide a clas-
sification scheme for commodities, as well as an overview of all commodity
sectors. Charlie Cai, Tain Clacher, Robert Faff, and David Hillier provide a
practical guide to gold as an investment asset in Chapter 31. In Chapter 32,
Thomas Heidorn and Nadeshda Demidova-Menzel show that gold may be
considered a hedge against the U.S. dollar exchange rate for “soft” curren-
cies, but not for the euro. Chapter 33, by Jeffrey Christian, is a fundamental
analysis of the world silver market. He shows how silver can be an interest-
ing investment, both on its own and as part of a diversified investment port-
folio. Chapter 34, by Michael Killick, is a primer on base metals investing
covering an overview of the industry, its market structure, and investment
strategies associated with this commodity. Stefan Ulreich, in Chapter 35,
covers electricity trading in the European Union, a market where prices are
influenced by fuel market movements, weather incidents, political decisions,
and the general economy. In Chapter 36, Chris Harris provides an overview
of the natural gas market in Great Britain, particularly the relationship of
natural gas to other commodities such as oil, electricity, coal, and carbon
dioxide. Stefan Ulreich, in Chapter 37, covers emissions trading in the Euro-
pean Union. He concludes that by linking schemes of other countries to the
European Union’s emissions trading scheme, the market has the potential to



Xviii PREFACE

become global. Chapter 38 is an overview of commodity market fundamen-
tals for grain, cattle, and hogs by Ronald Spurga, who shows that the driv-
ing forces of agricultural commodity prices are characterized by supply,
demand, seasonality, carry-over, and the stocks-to-use ratio. Rohit Savant,
in Chapter 39, provides a fundamental analysis of the world sugar market,
and highlights arbitrage opportunities between futures and options on sugar
traded on the Intercontinental Exchange (ICE), Nybot, and the London In-
ternational Financial Futures and Options Exchange (LIFFE).

We wish to express our deepest gratitude to the contributors to this
book. We are delighted by the efforts every single author put into their chap-
ters, despite their already overwhelming workloads, to create what we be-
lieve to be a landmark commodity investing book. We are also very grateful
to Graham Birch for providing the foreword. Finally, we would like to
thank our families for continued understanding and support of this book
project.

Frank J. Fabozzi
Roland Fiiss
Dieter G. Kaiser
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COmmodities are currently enjoying a renaissance due to institutional in-
vestors such as pension funds and traditional portfolio managers. Many
market participants attribute the recent dramatic price increases in com-
modities to increased demand for consumer goods, particularly from the
populous countries of India and China. Demand from Brazil and Russia,
two of the fastest-growing economies currently, has undoubtedly also
played a part. (Collectively, these four countries are referred to as the BRIC
countries.)

Globalization and economic and political convergence have been behind
the stimulated growth in these economies to a large extent. Besides
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increased investment on an enterprise level, increasing state investment in
infrastructure in China has also led to enormous demand for commodities.
This has caused a shock to the worldwide supply and demand dynamics,
leading to at least short-term price increases.

Such dramatic increases in commodity prices are often explained by the
commodity super cycle theory. According to Heap, a super cycle is a lasting
boom in real commodity prices, usually brought on by urbanization and in-
dustrialization in a major economy." Hence, super cycles are driven by de-
mand caused by an expansion of material-based production due to intense
economic activity. The economic situation in China is of crucial importance
to the commodity markets. China has greatly increased its share of global
commodity consumption over the past few years, and is seen as the major
driver of the current commodity boom.

For example, between 2001 and 2005, China’s demand for copper, alu-
minum, and iron increased by 78%, 85%, and 92%, respectively. This
clearly shows China’s considerable influence on commodity pricing. This
super cycle, however, is not characterized by a continuous growth phase, as
the events of May 2006 show. Many commodities were under pressure dur-
ing that time, and actually lost about one-fourth of their value.

Under market conditions like these, the question inevitably arises as to
whether this is a temporary price correction or a general trend change. Fol-
lowing the super cycle theory, a long-lasting upward trend in commodities
in the future is likely, as most remain far below their historic highs when
adjusted for inflation.

Compared to foreign exchange or equity markets, there is almost no way
to intervene in commodity markets. Because the production side reacts very
sluggishly to market distortions, short-term supply and demand shocks are
compensated for only by price movements.” These inherent asset class vola-
tilities are the main reason many investors have refrained from investing in
commodities, despite the fact they can provide valuable diversification

'Alan Heap, ““China—The Engine of Commodities Super Cycle,” Citigroup Global
Equity Research (March 2005). The past 200 years have seen several such upswings,
lasting from between 15 and 25 years. For example, in the late nineteenth century,
industrialization in the United States triggered such a boom. The postwar period of
1945 to 1975, when enormous resources were needed to rebuild Europe, can also be
characterized as a super cycle.

%In contrast, central banks possess a variety of money market instruments to main-
tain the value and stability of their currency. At the same time, central banks can
control—at least to some extent—the economic development of an economy
through changes in interest rates to avoid inflationary or deflationary tendencies.
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benefits to traditional security portfolios because of their low correlation
with bonds and stocks.’

This chapter first discusses the basics of commodity markets by describ-
ing the market participants, the commodity subsectors, and the different
kinds of commodity investment vehicles available to investors. Subse-
quently, we illustrate the return components of index-based, that is, passive
long-only, commodity futures investments in the context of the price discov-
ery process, and we investigate the risk/return characteristics of commodity
futures indexes. Following this, we provide an empirical analysis of portfo-
lio allocation of traditional security portfolios, explicitly taking commodity
futures into account.

MARKET PARTICGIPANTS

Futures market participants are normally classified into hedgers, speculators
(traders), and arbitrageurs. Commodity producers pass on the price risk
that results from highly volatile and difficult to forecast commodity futures
markets to speculators, and therefore pay a premium. Commodity pro-
ducers have a distinct interest in hedging the price of their product in ad-
vance (a short hedge).

For example, consider the situation in the classic agricultural market.
Farmers face a weather-dependent, volatile supply that is met by a relatively
stable demand. Contrary to the maintenance cost for cattle breeding or the
purchase cost of seed, the selling price generally is known only upon
completion.

We see the opposite in the manufacturing industry: As the manufactur-
ing industry hedges increasing commodity prices (a long hedge), the contra-
rian position to the commodity producers’ short positions is taken. Airline
companies, for example, often appear as long hedgers to guard against in-
creasing fuel prices, the underlying in which the airline companies are short.
If an existing or expected cash position is compensated for via an opposite
future, the market participant is classified as a hedger. Hence, for the com-
modity producer, there is a fixed net profit; for the commodity manufac-
turer, there is a fixed purchase price.

Speculators represent the largest group in the futures markets. Their
main task is to provide liquidity on the one hand, while balancing the long
and short hedges on the other hand. Contrary to the commodity producers
or the manufacturing industry, which try to avoid susceptibility to

3Kenneth A. Froot, “Hedging Portfolios with Real Assets,” Journal of Portfolio
Management (Summer 1995), pp. 60-77.
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unfavorable price developments, the intention of speculators is to take a dis-
tinct market position and speculate for a price change. To make a profit,
speculators deliberately take on risk by betting on rising or falling prices.
As opposed to hedging, speculation is subject to both huge gains and huge
losses, since speculators do not hold compensating cash positions.

The third and smallest group of market participants is the arbitrageurs,
who try to take advantage of time- or location-based price differences in
commodity futures markets, or between spot and futures markets, in order
to generate riskless profits. Clearly, this group also intends to make profits,
but their trading activity does not involve taking risky positions. Moreover,
they use economic and financial data to detect existing price differences
with respect to time and location. If these price differences exceed interlocal
or intertemporal transfer costs such as shipping, interest rates, warehouse
costs, or insurance costs, riskless profits can be realized. Consequently, price
differences among the markets are adjusted, price relationships among the
markets are restored, and arbitrageurs guarantee market balancing.

In the case of cash and carry arbitrage, the resale price of today’s lever-
aged spot position is simultaneously set by selling the commodity futures.
This short futures position implies an unconditional commitment to pur-
chase the underlying at maturity. At maturity of the futures, the specified
commodities are tendered against the maturing short futures. If the profit
from the spot trade of the physical commodity exceeds the value of the fu-
tures plus the cost of debt financing, the arbitrageur will realize a profit
from what is known as a basis trade.

GCOMMODITY SECTORS

Investments in international commodity markets differ greatly from other
investments in several important ways. First, commodities are real as-
sets—primarily consumption and not investment goods. They have an in-
trinsic value, and provide utility by use in industrial manufacturing or in
consumption. Furthermore, supply is limited because in any given period,
commodities have only a limited availability. For example, renewable
commodities like grains can be produced virtually without limitation.
However, their yearly harvest is strictly limited. In addition, the supply of
certain commodities shows a strong seasonal component. While metals
can be mined almost all year, agricultural commodities like soybeans de-
pend on the harvesting cycle.

Another important aspect of commodities as an asset class is heteroge-
neity. The quality of commodities is not standardized; every commodity has
its own specific properties. A common way to classify them is to distinguish
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between soft and hard commodities. Hard commodities are products from
the energy, precious metals, and industrial metals sectors. Soft commodities
are usually weather-dependent, perishable commodities for consumption
from the agricultural sector, such as grains, soybeans, or livestock, such as
cattle or hogs. Exhibit 1.1 show the classification of commodity sectors.

Storability and availability (or renewability) are also important features
of commodities. However, because storability plays a decisive role in pric-
ing, we distinguish between storable and nonstorable commodities. A com-
modity is said to have a high degree of storability if it is not perishable and
the cost of storage remains low with respect to its total value. Industrial
metals such as aluminum or copper are prime examples: They fulfill both
criteria to a high degree. In contrast, livestock is storable to only a limited
degree, as it must be continuously fed and housed at current costs, and is
only profitable in a specific phase of its life cycle.

Commodities such as silver, gold, crude oil, and aluminum are nonrenew-
able. The supply of nonrenewable commodities depends on the ability of pro-
ducers to mine raw material in both sufficient quantity and sufficient quality.

The availability of commodity manufacturing capacities also influences
supply. For some metals (excluding precious metals) and crude oil, the discov-
ery and exploration of new reserves of raw materials is still an important is-
sue. The price of nonrenewable resources depends strongly on current investor
demand, while the price of renewable resources depends more on estimated
future production costs.* The monetary benefit from holding a commodity
physically instead of being long the respective futures is called the convenience
yield. The convenience yield reflects market participants’ expectations regard-
ing a possible future scarcity of a short-term nonrenewable commodity.

GOMMODITIES AS AN ASSET CLASS OF THEIR OWN

There is a broad consensus among academics and practitioners that com-
modities compared to other alternative assets can be considered—in a port-
folio context—as an asset class of their own.” By definition, an asset class
consists of similar assets that show a homogeneous risk-return profile (a

*The events following Hurricane Katrina in 2003 clearly illustrated the insufficiency
of the refinery capacities for crude oil and natural gas. Declining investment in this
sector over the years has led to a bottleneck. The absence of investment in the indus-
trial metals sector is also an issue for the supply side.

3In reality, most alternative investments such as hedge funds or private equity are
not an asset class in their own, but are considered alternative investment strategies
within an existing asset class.
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high internal correlation), and a heterogeneous risk-return profile toward
other asset classes (a low external correlation). The key properties are com-
mon value drivers, and not necessarily common price patterns. This is based
on the idea that a separate asset class contains a unique risk premium that
cannot be replicated by combining other asset classes.® Furthermore, it is
generally required that the long-term returns and liquidity from an asset
class are significant to justify an allocation.

To describe existing asset classes, Greer explains the decomposition in-
to so-called super classes: capital assets, store of value assets, and consum-
able or transferable assets.” Continuous performance is a characteristic of
capital assets. Equity capital like stocks provides a continuous stream of
dividend payments, while fixed income guarantees regular interest pay-
ments in the absence of the default of the obligor. Redemption of invested
loan capital can then be allocated among other investments.

Common to all capital assets is that their valuation follows the net
present value method by discounting expected future cash flows. In con-
trast, real estate as an asset class has a hybrid classification. On the one
hand, real estate can be classified as a capital asset because it promises a
continuous rental stream and has market value. On the other hand, some
features of real estate assets can justify their classification as store of value
assets (for example, if the real estate is used for the owner’s own purpose).
Such store of value assets cannot be consumed, nor do they generate in-
come; classic examples are foreign exchange, art, and antiquities.

Commodities belong to the third super class—consumable or transfer-
able (C/T) assets. In contrast to stocks and bonds, C/T assets, physical com-
modities like energy, grains, or livestock, do not generate continuous cash
flows, but rather have an economic value. Grains, for example, can be con-
sumed or used as input goods; crude oil is manufactured into a variety of
products. This difference is what makes commodities a unique asset class.

Hence, it is obvious that commodity prices cannot be determined by the
net present value method or by discounting future cash flows. Thus, interest
rates have only a minor influence on the value of commodities. Moreover,
commodity prices are the result of the interaction between supply and de-
mand on specific markets.® In this context, it is not surprising that the

®Bernd Scherer, “Commodities as an Asset Class: Testing for Mean Variance Span-
ning under Arbitrary Constraints,” Deutsche Bank—An Investors’ Guide to Com-
modities (April 2005), pp. 35-42.

"Robert J. Greer, “What is an Asset Class, Anyway?” Journal of Portfolio Manage-
ment (Winter 1997), pp. 86-91.

8James H. Scott, “Managing Asset Classes,” Financial Analysts Journal (January—
February 1994), pp. 62-69.
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capital asset pricing model (CAPM) cannot adequately explain commodity
futures returns. As we have noted, commodities are not capital assets.’

The line between the super classes is blurred in the case of gold. On the
one hand, gold as a commodity is used in such things as electrical circuitry
because of its excellent conductivity. On the other hand, gold as a store of
value asset is a precious metal and is used for investment, similarly to cur-
rencies. The rising demand of commodities since the stock market down-
turn in 2002 clearly demonstrates this characteristic. Because gold can be
leased, Anson has even classified it as a capital asset.'®

Another specific criterion that differentiates commodities from capital
assets is that commodities are denominated worldwide in U.S. dollars, while
the value of a specific commodity is determined through global rather than
regional supply and demand. In comparison, equity markets reflect the re-
spective economic development within a country or a region.

Prospects for Commodity Market Participation

In general, there are several ways to participate in commodity markets via a
number of different kinds of financial instruments. The most important are
(1) direct investment in the physical good; (2) indirect investment in stocks
of natural resource companies or (3) commodity mutual funds; (4) an in-
vestment in commodity futures, or (5) an investment in structured products
on commodity futures indexes.

*The two components of risk, systematic (market) and unsystematic (company-spe-
cific), are considered within the CAPM framework. Since unsystematic risk is elimi-
nated in a broadly diversified portfolio, investors are only compensated for
systematic risk. The risk premium is then the product of systematic risk (beta) multi-
plied by the market price of risk, defined as the difference between the expected re-
turn of the market portfolio and the riskless interest rate. In the CAPM, the market
portfolio is composed only of stocks and bonds, so commodity returns cannot be
represented by financial market returns. Thus, it is not possible to distinguish be-
tween systematic and unsystematic risk. Finally, commodity prices depend on global
supply and demand and not on the perception of the market regarding an adequate
risk premium for a specific asset class. See Claude Erb and Campbell R. Harvey,
“The Tactical and Strategic Value of Commodity Futures,” Financial Analysts Jour-
nal (April/May 2006), pp. 69-97; and Zvi Bodie and Victor 1. Rosansky, ‘Risk and
Return in Commodity Futures,” Financial Analysts Journal (May/June 1980), pp.
27-39.

10precious metals such as gold, silver, or platinum can generate a lucrative stream of
income by being leased at market leasing rates. See Mark J. P. Anson, The Hand-
book of Alternative Assets, 2nd ed. (Hoboken, NJ: John Wiley & Sons, 2006).
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Buying the Physical Good

First, it seems obvious to invest directly in commodities by purchasing the
physical goods at the spot market. However, immediate or within-two-days
delivery is frequently not practical for investors. According to Geman, pre-
cious metals such as gold, silver, or platinum are an exception, as they do
not have high current costs and do not require storage capacity.!' However,
a portfolio consisting solely of precious metals would not be a sufficiently
diversified portfolio for investors to hold.

Commodity Stocks

An investment in commodity stocks (natural resource companies), which
generate a majority of their profits by buying and selling physical commod-
ities, may conceivably be considered an alternative investment strategy. In
general, the term “commodity stock” cannot be clearly differentiated. It
consists of listed companies that are related to commodities (i.e., those that
explore, mine, refine, manufacture, trade, or supply commodities to other
companies). Such an indirect investment in commodities (e.g., the purchase
of petrochemical stocks) is only an insufficient substitute for a direct invest-
ment. By investing in such stocks, investors do not receive direct exposure to
commodities because listed natural resource companies all have their own
characteristics and inherent risks.

Georgiev shows that these sector-specific stocks are only slightly corre-
lated with commodity prices, and hence prices of commodity stocks do not
completely reflect the performance of the underlying market.'* This is be-
cause stocks reflect other price-relevant factors such as the strategic position
of the company, management quality, capital structure (the debt/equity ra-
tio), the expectations and ratings of company and profit growth, risk sensi-
tivity, as well as information transparency and information credibility."?

Stock markets also show quick and more sensible reactions to expected
developments that can impact company value. Hence, other causes of
independent price discovery exist that differ from a pure commodity invest-
ment. Moreover, there may be temporary market disequilibriums, espe-
cially for stocks with low free float, where few buy and sell transactions can
already cause major price reactions. Finally, natural resource companies are
subject to operational risk caused by human or technical failure, internal

"Helyette Geman, Commodities and Commodity Derivatives: Modeling and Pric-
ing for Agriculturals, Metals and Energy (Chichester: John Wiley & Sons, 2005).
12Georgi Georgiev, Benefits of Commodity Investment, Working Paper, 2005.

For example, consider the poor information policy of Shell in the matter of the
Brent Spar oil platform in 1995, which led to a massive stock price decline.
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regulations, or external events. This means that when investing in a com-
pany listed on the stock exchange, both the associated market risk as well
as any idiosyncratic risk must be considered carefully.™

However, the risk of commodity stocks is not completely reflected in
the price volatility. First, particularly in the energy and metal sectors, there
is the paradox that companies threaten their own business fundamentals by
extracting exhaustible resources. On the one hand, long-term decreasing to-
tal reserves mean rising prices and a positive prospective for investors and
commodity producers. On the other hand, commodity producers suffer
when resources are depleted.

Second, there is always the risk of a total loss if prices decrease below
total production costs and the extraction of a commodity is stopped. By
constructing an index consisting of commodity stocks, Gorton and Rou-
wenhorst show empirically that observed return correlations with commod-
ity futures are even lower than those with the S&P 500.'° Furthermore, the
commodity stock index exhibits lower historical returns than a direct com-
modity investment.

Commodity Funds

Finally, in contrast to an investment in commodity stocks, one can actively
invest in commodity funds, realizing an adequate diversification benefit
with moderate transaction costs. Commodity funds differ in terms of man-
agement style, allocation strategy, geographic, and temporal investment ho-
rizon in the denominated currency, and investment behavior. It is also
important for investors to distinguish between active and passive funds
(i.e., index tracking funds). Commodity stock indexes (e.g., the MSCI
World Materials, the FTSE World Mining, the HSBC Global Mining, the
Morgan Stanley Commodity Related Index, the FTSE World Oil, and Gas,
or the FTSE Goldmines) and commodity futures indexes can be used to
benchmark actively managed commodity funds. Commodity trading advi-
sors (CTAs) also present an alternative to actively managed investment
products. Today, there are also about 450 hedge funds with energy- and
commodity-related trading strategies.

*Note that the majority of large oil and energy companies hedge the risk associated
with buying and selling oil products in order to smooth yearly profits.

15Gary Gorton and K. Geert Rouwenhorst, “Facts and Fantasies about Commodity
Futures,” Financial Analysts Journal (April-May 2006), pp. 47-68.

'®For example, the returns of European oil companies covary strongly with Euro-
Stoxx, but less with oil price returns. Exceptions are gold and silver stocks, whose
beta to the domestic stock index is smaller than the beta to the gold and silver price.
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Commodity Futures Indexes

Nowadays, investors can choose from an increasing number of investible
commodity futures indexes as a passive form of investing in commodities
(see Exhibit 1.2). Commodities have an exceptional position among alterna-
tive investments because they provide investible indexes for a broad uni-
verse of commodity sectors. According to Doyle, Hill, and Jack, between
U.S. $55 billion and $60 billion were invested in the Goldman Sachs Com-
modity Index (GSCI) in March 2007, and another U.S. $15 billion was
linked to the Dow Jones-AIG Commodity Index.'” Estimates for December
2006 state that about U.S. $90 billion of invested capital from pension and
mutual funds are invested in commodity-based indexes or products.!®

For the majority of investors, an index-oriented investment represents
the most reasonable way to obtain exposure to commodities or an individu-
al commodity sector. Such an investment can be done cost-effectively using
the following two types of financial products:

B Exchange-traded funds (ETFs) on commodity indexes.
® Commodity index certificates closely tied to commodity indexes.

Index funds have the advantage of being relatively easy to trade and
reasonably priced. Another advantage of funds over certificates is the non-
existing credit risk of the issuer. Because ETFs represent special assets, in-
vestor deposits are safe even if the investment company goes bankrupt.

Certificates constitute legal obligations that can be quickly and fairly
cheaply issued by banks. In the case of commodity index certificates, the
issuing institution invests in futures markets and rolls the futures contracts
for a fee. The term of a certificate is normally restricted to a fixed date (e.g.,
rainbow certificates, whose underlyings are different subindexes or asset
classes, or discount and bonus certificates). But there are also open-end
certificates.

However, because the indexes, like the commodities themselves, are de-
nominated in U.S. dollars, investors are exposed to currency risk. Quanto
certificates, discount certificates with a currency hedge, can be used to miti-
gate this risk.

Emmet Doyle, Jonathan Hill, and Ian Jack, Growth in Commodity Investment:
Risks and Challenges for Commodity Market Participants, Financial Services
Authority, Working Paper, 2007.

181n 2001, the total invested capital in the GSCI was between $4 billion and $5 bil-
lion. At the beginning of 2007, Standard & Poor’s acquired the GSCI Commodity
Index, which was subsequently renamed the S&P GSCI Commodity Index.



SPUILY
se ¢

yiuowr
AIOAT[9P/10BIIUOD SAININJ IXIN

Apowriod

Jod wnwruIw 393)IeW 97
£10109s 1od WwXeW 9 ¢ ¢
A[rea g

SIBIA 9AY

1sed a3 woay uononpoid

paiySrom-Ie[[op yrm
uonoun(uod ut ‘eep Apinbry

SRRy
ske ¢

Aipmbry

JUIdLINS YIM [JUOUW IXIN

QUON]
A[rea g

uononpoid pprom
JO 93eI9A® 1BaL-0AY SUI[[OY

dLPuIILY
ske

Jiuowr
%HD»}JQ—U\HUN.UEOU SaJning IXoN

QUON
Aqruoy
aouBAJ[aI
d1wou0? pue Apmbiy
uo paseq ‘sdnoid oy
JO wa3s4s pajenpeisd e Uy

poyaw uonenoe)
pourad [joy

paseq st

UOIB[NO[BD XIPUI 33 YOIym
uo 2o11d s3ININJ JUBAI[IY

SUONIDIIISAT UOTIBIO[[Y
Aouanbaiy Suduereqay

awayds 3unygox

61 T 61 SINIPOWWOD JO JqUINN

Te61 061 7861  90UIS J[E[IBA’ EIED [EDLIOISI]

8661 1661 §00¢C ur padnpoxnuy
(1oD1v-[a) xopug (IDSD) xapu] Aypowruro)y (ID/MY) nedmg yo1easay
Anpowrwo)) Hy/sauofmoq Syoeg uewIpjon) A3powrto)) saLRya[/s10Inoy

soxopuy saxming Aupownwod  g°| JIgIHKI

14



A Primer on Commodity Investing 15

The main disadvantage of index certificates is that they often use excess
return indexes as the underlying instrument. These indexes do not consider
all the return components, in contrast to total return indexes, which may
lead to lower returns during periods of high interest rates. Investing in a
low performance excess return index compared to a total return index can
nevertheless be an advantage because the latter bears little or no initial costs
and no yearly management fees. Hence, for investors with short-term in-
vestment horizons, certificates on excess return indexes with lower returns
can be a smart choice during periods of low interest rates.

Another disadvantage of index-based commodity investments is that
due to their construction, they can only consider short-term futures con-
tracts. Commodity funds not linked to commodity indexes, however, can
freely determine their optimal term by investing directly in commodity fu-
tures contracts. And similarly to purchasing rainbow certificates on differ-
ent asset classes, there is also the possibility of purchasing commodity funds
that do not invest exclusively in commodity indexes, but also include com-
modity stocks to a certain extent.

Commodity Futures

In addition to options and other derivatives, commodity products are based
primarily on futures contracts. A futures contract is a mutual binding agree-
ment between two parties to deliver or accept and pay (or undertake a cash
settlement): (1) a qualitative explicitly determined underlying (in this case com-
modities); (2) in a certain quantity; (3) at a fixed date; and (4) at a fixed, al-
ready at conclusion of the contract determined price. Futures can be described
as mutually binding, exchange-traded ‘“‘unconditional” forward contracts,
since the conclusion of a futures contract leads to a legally binding accomplish-
ment in the future if there is no compensating contrary transaction.'”

Contract sizes in the commodity market are standardized. The smallest
tradable unit represents a contract, and the smallest possible price change of
a futures is called a #ick. The value of the minimum price change is the U.S.
dollar and cent-denominated tick, multiplied by the contract size (also
known as the point value) of the commodity. It is common practice to de-
posit a margin for every futures contract. The amount is determined by the
exchange, but it is usually between 2% and 10% of the contract.?”

In contrast, in the case of conditional forward contracts such as options, the op-
tion holder has no obligation to exercise his option right, and can thus abandon the
option at maturity.

2%However, futures commission merchants may charge higher margins than the
exchanges.
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However, the margin changes according to the price and volatility of the
contract.

In this context, we also distinguish between the initial margin, the mini-
mum deposit required to invest in a futures contract, and the maintenance
margin, the minimum deposit required to be on account at the exchange as
long as the futures position is held. If the capital deposit on the account falls
to or below the value of the maintenance margin due to price variations, the
broker issues a margin call to recoup the initial value of the clients’ capital.
If an investor does not want to increase the margin, he can also close part of
or the entire position, and accept a loss. For collateral in terms of the initial
margin, investors in futures receive interest income from money market
interest.

Generally, for commodity futures, there are two forms of settlement:
delivery of the commodity at maturity, which happens in about 2% of the
cases, and closing the futures position (i.e., buying or selling the same
amount of contracts before maturity). Daily price limits are a specific char-
acteristic of commodity futures markets. They were established to allow the
market to stabilize during times of extreme movements (e.g., a cooling-off
phase).?! Hence, daily price limits, again determined by the exchange, rep-
resent the maximum possible increase or decrease of a commodity price
from the settlement price of the preceding trading day. In the case of limit
up (limit down), the sellers (buyers) are outnumbered by buyers (sellers)
who are willing to buy (sell) at the upper (lower) price limit. At this price
limit, there may still be trading activity, but it may not exceed (limit up) or
fall short of (limit down) the price limit.

The following are the contract specifications published regularly by the
futures exchanges:

B The type and quality of the futures underlying. The type of commodity,
abbreviation, and futures exchange.

B The contract size. The amount and units of the underlying asset per fu-
tures contract.

B Price determination. The formal notation of futures prices at the futures
exchange.

B Trading hours.

B The tick. The minimum permissible price fluctuation.

B The currency in which the futures contract is quoted.

B The daily price limit.

21¥ranklin R. Edwards and Salah Neftci, “Extreme Price Movements and Margin
Levels in Futures Markets,” Journal of Futures Markets (December 1998), pp. 639-
655.
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B The last trading date.
® Delivery regulations (e.g., delivery month, type of settlement).

Investors in commodity futures can profit from price movements of the
underlying commodity without having to fulfill the logistical or storage re-
quirements connected with a direct purchase. However, this is only possible
if the position is closed before maturity. The advantages of futures invest-
ments lie especially in the tremendous flexibility and leveraged nature of the
futures position due to the low capital requirements. Thus, a shift of an ex-
isting futures position is possible at any time, even in the short term. By
holding long or short positions, investors can profit from rising and falling
markets. Furthermore, the futures markets are characterized by a high de-
gree of liquidity and low transaction costs.

Despite the numerous advantages of an active investment in commodity
futures, it is not always advisable for a private investor to take futures posi-
tions in such volatile commodities. Even if diversification by a large number
of different futures contracts were guaranteed, the investor would still face
the problem of maintaining an exposure to commodity prices without the
liability of physical delivery of the underlying contract. This requires con-
tinuously closing existing futures positions and reestablishing new positions
by opening more futures contracts. This is referred to as rolling of futures
contracts, and it may be quite costly depending on the forward curve of the
futures market.?* In addition, falling futures prices may constantly trigger
margin calls (although margins can be withdrawn if the futures prices in-
crease). Overall, however, compared to traditional assets, managing futures
positions requires a great deal of time and effort.??

GOMMODITY EXCHANGES

The trading of commodity futures takes place at specialized exchanges that
function as public marketplaces, where commodities are purchased and sold
at a fixed price for a fixed delivery date. Commodity futures exchanges are
mostly structured as membership associations, and operate for the benefit of

22An active, indirect investment in commodities can be achieved by purchasing fu-
tures contracts and closing them prior to maturity. In order to keep an exposure to
commodities, investors must buy another futures contract with a later maturity date
(this is called rolling, and must be repeated before each maturity date).

231t is also possible to invest in commodity swaps and forwards. These instruments,
however, are of minor liquidity since they are tailor-made for individual investors.
Furthermore, these derivatives are not traded at the exchange, and commodity in-
vestment strategies of individual investors cannot be publicly observed.
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their members. Transactions must be made as standardized futures con-
tracts by a broker who is also a member of the exchange. Only members are
allowed to trade.?* The main task of a commodity exchange is to provide an
organized marketplace with uniform rules and standardized contracts.

The first commodity exchange was founded by Japanese farmers trad-
ing rice futures contracts in Osaka. In the United States, the Chicago Board
of Trade, founded in 1848, was the first institution. Even today, most com-
modities are still traded there.”® The British London Metal Exchange was
founded in 1877.

Energy futures trading, however, only began with the foundation of the
International Petroleum Exchange (IPE) in London in 1980.%¢ Trading of
WTI crude oil at the New York Mercantile Exchange (NYMEX) began in
1983; trading of Brent crude oil began in 1988. In terms of traded volume,
the Chicago Mercantile Exchange (CME), founded in 1998, is the world’s
most important futures exchange. There are about 30 commodity ex-
changes worldwide; the most important are listed in Exhibit 1.3. Based on
traded volume, the majority of commodity futures trading takes place in the
United States, United Kingdom, Japan, and China.

PRIGES AT THE COMMODITY FUTURES EXCHANGES

Backwardation and Contango

One of the primary questions regarding commodity futures is the existence
of risk premiums in commodity markets.>” In this context, we refer to the
price discovery and the related term structure of commodity futures mar-
kets. Assuming that the spot futures arbitrage relationship holds, the valid
futures price of a commodity at time ¢ and the remaining time to maturity
T, F(t,T) equals the cash price S(¢), multiplied by the continuously com-
pounded riskless interest rate r (storage cost is neglected here):

Fo = Spe'T (1.1)

**Membership in commodity exchanges is restricted to individuals who often act in
the name of investment banks, brokers, or producers.

25 According to Geman, in the United States most futures exchanges still function as
open outcry trading systems, although many exchanges around the world operate on
an electronic platform. See Geman, Commodities and Commodity Derivatives:
Modeling and Pricing for Agriculturals, Metals and Energy, p. 11.

26Since 2003, the IPE operates under the name ICE Futures.

27See Kat and Oomen, “What Every Investor Should Know About Commodities:
Part I.”
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In contrast to financial securities, commodities, however, do involve
storage costs. Let U, denote the cash value of storage costs, which are as-
sumed to be proportional to the commodities’ price and can thus be inter-
preted as a negative return:

Fy = SpeltUIT (1.2)

However, the aforementioned arbitrage relationship does not hold for com-
modities. Note that the spot futures parity varies from the future parity, which
states that the futures price observed today is an undistorted estimate of the cash
price E;[S(T)] at maturity. If we consider the forward curve of a specific com-
modity displaying the future price at different maturity dates of the contract, we
observe two different trends: In the case of backwardation, the term structure
curve has a negative trend (i.e., futures prices with longer time to maturity are
lower than current spot prices, F; 7 < S; for increasing T). Hence, the invest-
ment return lies on average above the forward premium (i.e., an investor can
generate profits by holding long positions in the respective futures contracts). In
the case of contango, however, the opposite holds, based on the assumption of
rational expectations. In a contangoed situation, the futures price lies above the
actual spot price—hence the forward curve displays a positive slope.

In the literature, there are numerous explanations for this, but each
sheds light on only a fraction of the complex “futures puzzle.”*® Lewis at-
tributes the varying term structures between commodity sectors to the
theory of storage cost, and to the existence of a convenience yield (Y).*’
Considering the futures price of consumption goods, we must adjust equa-
tion 1.2 for the physical ownership of a scarce commodity:

Py = SpetU-NT (1.3)

28For a review of the different approaches, see Claude Erb and Campbell R. Harvey,
“The Tactical and Strategic Value of Commodity Futures,” Financial Analysts Jour-
nal (April-May 2006), pp. 69-97; and Barry Feldman and Hilary Till, “Separating
the Wheat from the Chaff: Backwardation as the Long-Term Driver of Commodity
Futures Performance; Evidence from Soy, Corn and Wheat Futures from 1950 to
2004,” Working Paper, 2007.

2% According to Kaldor’s theory of storage, the convenience yield reflects the utility of
holding the physical commodity, in contrast to a pure contractual agreement about
the delivery of the specific commodity. The utility results from the prevention of
costs associated with disruptions in the production process. See Hélyette Geman,
“Energy Commodity Prices: Is Mean-Reversion Dead?” Journal of Alternative In-
vestments (Fall 2005), pp. 31-45; and Nicolas Kaldor, “Speculation and Economic
Stability,” Review of Economic Studies (October 1939), pp. 1-27.



A Primer on Commodity Investing 21

The convenience yield varies over time (e.g., in the case of an unex-
pected increase or decrease in commodity supply). Commodities exposed to
strong stock price variations from sudden supply or demand shocks are
likely to exhibit a change or even a reversion in the term structure. The
slope of the term structure curve thus indicates the stock of a commodity,
and reflects market expectations for its availability in the future.*°

Backwardation and contango depend strongly on the respective supply
and demand situation of global commodity markets. Anson distinguishes
between markets that offer price risk hedges for producers on the one hand,
and hedges for commodity consumers on the other.>! According to the
theory of normal backwardation, the demand for short hedges greatly ex-
ceeds that for long hedges—hence, speculators have incentives to take these
excessive positions. In order to compensate speculators, the short hedgers
provide a risk premium that constitutes a deduction from the expected spot
price. A contangoed market may arise when buyers depend on delivery
schedules (e.g., in the manufacturing industry). Thus, there may be a surplus
of long hedgers, which may lead to a falling term structure curve.

The theory of backwardation is confirmed by the empirical evidence
that the slope of the term structure curve is determined by the storability of
the individual commodity (the storage hypothesis). Eagleeye and Till con-
clude that the key to a successful long-term investment lies in choosing an
index that gives more weight to sectors with low storage capacity. They re-
fer to t3hze GSCI due to its high proportion of energy (74.57% as of January
2006).

30The theory of normal backwardation, which dates to Keynes, is closely linked to
the theory of convenience yield. Normal backwardation states that the futures price
is lower than the expected spot price in the future, F(z,T) < E[S(T)]. Keynes argued
that in commodity markets, backwardation does not describe an abnormal market
situation, but is due to the fact that commodity producers hedge their price risk more
frequently than commodity consumers. See John M. Keynes, A Treatise on Money
(London: Macmillan, 1930). This argument has set off an academic discussion last-
ing until today. See, for example, Colin A. Carter, Gordon C. Rausser, and Andrew
Schmitz, “Efficient Asset Portfolios and the Theory of Normal Backwardation,”
Journal of Political Economy (April 1983), pp. 319-331; Lester Telser, “Futures
Trading and the Storage of Cotton and Wheat,” Journal of Political Economy (June
1958), pp. 233-255; and Paul Cootner, “Returns to Speculators: Telser versus
Keynes,” Journal of Political Economy (August 1960), pp. 398-404.

31 Anson, The Handbook of Alternative Assets.

32Joseph Eagleeye and Hilary Till, “Commodities—Active Strategies for Enhanced
Return,” in The Handbook of Inflation Hedging Investments, edited by Robert J.
Greer (Hoboken, NJ: John Wiley & Sons, 20035), pp. 127-158.
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EXHIBIT 1.4 Backwardation in Commodities

Number of
Observations (in months)
Observation In In Back-  Percentage of
Sector Period Total Calculation wardation Backwardation
Agricultural 1970-2006 444 281 69 15.54%
Energy 1983-2006 288 275 140 48.61%
Industrial Metals 1977-2006 360 236 66 18.33%
Livestock 1970-2006 444 275 150 33.78%
Precious Metals ~ 1973-2006 408 264 14 3.43%

To verify the storage hypothesis, we analyze the individual subindexes
of the GSCI. We thus determine the monthly share in percent of backwarda-
tion and contango over our observation period (January 1970-December
2006) for the agricultural, energy, industrial metals, livestock, and precious
metals sectors.”® We choose the GSCI because of its availability and its long
data history. Its subindexes are available in all three index versions (total
return, excess return, and spot return), and it provides the longest actually
calculated index series since 1992.

As Exhibit 1.4 shows, backwardation is no temporary phenomenon.
The energy sector and the livestock sector, which contain the majority of
nonstorable commodities, are characterized by a high percentage of back-
wardation. The precious metals sector, on the other hand, has been almost
exclusively in contango due to its low storage costs.

Return Components of Commodity Futures Investments

To compare the long-term performance of commodities and other asset
classes, we assume a fully collateralized commodity futures investment.
Such diversified long-term passive commodity portfolios are characterized
by long-only positions in commodity futures. In comparison to futures in-
vestments, which may require a margin depending on capital invested, the
futures position is fully collateralized with cash. This means that, for such
an unleveraged total return index, the initial and maintenance margins, as
well as the entire outstanding cash, are invested at the riskless interest rate.
Hence, the return of such an investible index can be decomposed into the

33For this purpose, we compare the monthly returns of the spot and the excess return
indexes. If the excess return exceeds the spot return, the market is backwardated,
and vice versa; months with a spread of less than 0.1% are not considered.
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following three return components:>* the spot return, the roll return (gener-
ated by switching from the maturing futures contract into the next closest
futures contract), and the collateral return (the interest payment on the cash
position). If we consider a commodity futures portfolio instead of an indi-
vidual futures contract, an additional component may exist, the so-called
rebalancing (diversification) return:

Total return = Spotreturn + Roll return + Collateral return

+ Rebalancing return (1.4)

The majority of investors focus on an increase in physical commodity
prices, that is, the spot return, Rg, defined as the percentage change of the
spot price S; of the respective commodity:

_ St — 811

R
S Si—1

(1.5)

The spot price is influenced by fundamental factors like changes in sup-
ply, global demand variations, or unexpected price changes.?” These price
changes at the spot market are immediately reflected at the futures market.

Theoretically, the spot return is the component of the commodity fu-
tures return that is most strongly correlated with unexpected inflation.>®

Forecasting spot prices is difficult because their factors are unpredict-
able. The prices of the respective commodities can vary greatly due to differ-
ences in commodity type, extraction method, production, and use. Industrial
metals, for example, are used in manufacturing. Thus, their demand depends
strongly on worldwide economic development. In contrast, the supply of
agricultural products is determined mainly by the harvest,>” which in turn
depends on other factors (similarly to the energy sector). Extreme drought,
frost, or thunderstorms can reduce the harvest or even destroy it entirely. In

34For example, Ernest M. Ankrim and Chris R. Hensel, “Commodities in Asset Al-
location: Real-Asset Alternative to Real Estate?”” Financial Analysts Journal, (May/
June 1993), pp. 20-29; Erb and Harvey, “The Tactical and Strategic Value of Com-
modity Futures,” and Robert J. Greer, ‘““The Nature of Commodity Index Returns,”
Journal of Alternative Investments (Summer 2000), pp. 45-52.

35Adam De Chiara and Daniel M. Raab, “The Benefits of Real Asset Portfolio Di-
versification,” Euromoney International Commodities Review (2002), pp. 3-10.

36 Ankrim and Hensel, “Commodities in Asset Allocation: Real-Asset Alternative to
Real Estate?”

37Supply exhibits a strong seasonal component. Agricultural commodities can only
be produced at specific times, and in amounts that may fluctuate.
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addition, all commodities are dependent on political factors. Besides numer-
ous market barriers, which are known ex ante, other factors like political
instability or war can lead to volatility in commodity prices.

The roll return R, results from the extension of the futures contract and
the shape of the term structure curve. The roll return reflects the profit from
the convergence of the futures price toward the spot price over time, and the
subsequent rolling of the maturing futures into the next nearest month’s fu-
tures contract. If the commodity market is in backwardation (contango),
the rolling from the maturing to the next shortest futures contract generates
positive (negative) income.”® Given that the futures price F,_ , and the spot
price S; are equal at contract maturity, the selling price of the near month
futures contracts prior to expiration varies from the new futures contract,
F, T, by the amount of backwardation (contango) (see Exhibit 1.5). This
means we can express the roll return at time ¢ as:

(1.6)

where a negative (positive) value corresponds to a positive (negative) roll
return and thus to backwardation (contango).

401 Fair FuturesPrice
304 Cost of Carry } Collateral Return
20 1 Backwardation } Roll Return
10+ Spot Price Actual

Futures Price

EXHIBIT 1.6 Return Components of Commodity Futures

38Note that the futures contract is rolled before maturity. Thus the roll return results
from selling the maturing future and investing the returns into the next nearest fu-
tures contract. The roll return is positive when the market is in backwardation, and
negative when it is in contango. In a contangoed situation, the spot price to which
the initial futures contract converges is lower than the price of the new futures
contract.
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Generally, when investing in a futures contract, it is only necessary to
deposit a margin payment (a fixed percentage of the underlying capital),
and not the total position. In contrast, a collateral return is based on the
assumption that the whole futures position is collateralized by cash. Interest
is thus paid on this capital at the U.S. Treasury bill rate, which is explicitly
considered in the total return index.

Booth and Fama introduced the rebalancing return as a fourth return
component by stating that a significant return portion of a value-weighted
commodity index stems from the reallocation of the sectors or commodities
in the index.?” This is because the individual commodities are only margin-
ally correlated, or not correlated at all.** If the price movements follow a
random walk or in contrast return to their long-term average level—that is,
production costs (mean reversion)—the construction of a value-weighted
commodity index can generate a surplus in this asset class.*' As a result of
spot price volatility, there is a regular shift in index composition. If a com-
modity in the portfolio shows continuous appreciation, this commodity’s
share of total portfolio value will increase as well.

According to their construction principles, the commodity indexes we de-
scribe here constitute a fixed weight for all commodities with respect to relative
index value. Thus they must be rebalanced on a regular basis: Futures that have
increased in value are sold; those that have decreased in value are purchased.

Unlike a pure buy-and-hold strategy, where the value of the portfolio
increases linearly with market value, such a dynamic asset allocation strat-
egy enables investors to participate strongly in booming markets.** Thus, a
“free lunch” may be obtained via the lower systematic risk achieved by re-
ducing the standard deviation of the portfolio, without any effect on arith-
metic return.*> According to this, the rebalancing approach** mentioned

39The rebalancing return is often called the diversification return. See, for example,
David G. Booth and Eugene F. Fama, “Diversification Returns and Asset Contribu-
tions,” Financial Analysts Journal (January/February 1992), pp. 26-32.

“OBased on a comparison between the Dow Jones-AIG Commodity Index and a self-
constructed index with constant weights, Chiara and Raab show that a yearly reba-
lanced index leads to higher returns as long as the underlying commodities are not
perfectly correlated. See Chiara and Raab, ““The Benefits of Real Asset Portfolio
Diversification.”

*IGreer, “The Nature of Commodity Index Returns.”

*2André F. Perold and William F. Sharpe, “Dynamic Strategies for Asset Alloca-
tion,” Financial Analysts Journal (January/February 1988), pp. 16-27.

*3John Y. Campbell, “Diversification: A Bigger Free Lunch,” Canadian Investment
Review (Winter 2000), pp. 14-15.

*The literature often mentions a constant-mix strategy in the context of fixed por-
tions relative to the total portfolio.
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above leads to significantly higher returns, especially in volatile, trendless
markets like the commodity market.

Exhibit 1.6 decomposes the annualized monthly total returns of the sec-
tor indexes into their individual return components and corresponding
standard deviations. Over our entire sample period, all subindexes show
positive total returns.*® The industrial metals, precious metals, and agricul-
tural sectors show on average negative roll returns, while energy and live-
stock commodities generate positive returns from the roll procedure. This
coincides with the theory of storage.

Exhibit 1.6 also clearly shows that the collateral yield, at about 6%,
constitutes a relatively large part of the total return, thus explaining the tre-
mendous difference between the returns of the total and excess return in-
dexes. Furthermore, the average spot return, which is highly volatile, is of
special interest and is positive for all individual sectors. Hence, the majority
of total return variation is based on the spot price. This result concurs sig-
nificantly with the studies of Ankrim and Hensel*® as well as Erb and
Harvey.47

The following section takes a closer look at the different types of fu-
tures indexes that can be used for performance measurement. These indexes
are closely linked with the sources of futures return. The total return index
as a performance index results from the actual futures return plus the

EXHIBIT 1.6 Return Components of the Goldman Sachs Subindexes

Spot Roll Collateral Total

Return Return Return Return
Sector w(%) o(%)  w(%) o(%) w(%) o(%) w%) of%)
Agricultural 4.60 19.68 —-3.86 5.60 6.15 0.87 6.89 19.44
Energy 7.87 31.14 2.55 764 526 2.03 15.68 31.54
Industrial metals 7.52 22.62 —-1.07 6.31 6.21 093 12.65 23.74
Livestock 4.02 19.41 1.20 8.26 6.17 095 11.38 18.30

Precious metals  8.96  23.13 —-6.22 249 6.24 091 8.98 23.15

*SThe periods under consideration for the individual subindexes follow those in Ex-
hibit 1.4.

46 Ankrim and Hensel, “Commodities in Asset Allocation: Real-Asset Alternative to
Real Estate?”

*7Erb and Harvey, “The Tactical and Strategic Value of Commodity Futures.”
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interest rate payment on the collateral. The futures return itself is composed
of the spot and roll return, and is called the excess return:

Total return = Collateral return + Futures return

= Collateral return + Spotreturn + Rollreturn ~ (1.7)

Excess return = Spotreturn + Roll return = Futures return (1.8)

A spot return index does not represent the prices at the spot market, but
rather measures the price movements at the futures market, since reliable
prices are not immediately available for all commodities. Hence, we can cal-
culate the spot return index by using the near-month contract or spot month
contract as a proxy for the spot price of each individual commodity.*® Just
before maturity, the calculation is related to the next contract. The replace-
ment is done without considering any discrepancies in value between the
shortest and the second-shortest future.*” Thus, the spot return index is a
general indicator of existing price trends in commodity markets, and cannot
be used as a performance measure or for comparison with other financial
asset returns.

In the case of the excess return index, by switching from a maturing to a
new contract (which is actually done from the fifth to the ninth working day
of the month), a futures contract is rolled. The roll performance is captured
in the index, so that the performance of the excess return index is composed
of the spot return on the one hand, and the roll performance on the other
(e.g., see the GSCI Energy Index in Exhibit 1.7). Because investors might
hold and roll the underlying commodity futures themselves, the index is the-
oretically replicable, and can thus serve as a basis for financial instruments.
According to its construction, the underlying of the excess return index is
assumed to be an uncollateralized futures instrument (i.e., a leveraged spot
position).

In contrast to the excess return indexes, the total return index is based
on a fully cash-collateralized commodity investment. Hence, in the long
run, tremendous return differences can arise between the total and the

*8Viola Markert, Commodities as Assets and Consumption Goods: Implications for
the Valuation of Commodity Futures, Doctoral Dissertation, University of St. Gallen
and Basel (2005); and Gorton and Rouwenhorst, “Facts and Fantasies about Com-
modity Futures.”

*’As a result of the roll procedure, there is an increase or decrease in the index de-
pending on the forward curve of the underlying commodity.
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EXHIBIT 1.7 Excess Return of Commodity Futures

excess return indexes.’® However, we cannot compare the excess return in-
dex directly with the total return index; that is, the excess return plus
Treasury bill rate does not equal the total return. We must consider the in-
fluence of the reinvestment of the Treasury bill collateral income into com-
modity futures, as well as the deposit of the profits (withdrawal of losses)
from the futures contracts into (out of) the Treasury bills.

MODELS OF EXPECTED RETURNS

The literature contains several models that can be used to arrive at com-

modity futures returns expectations. In this context, Erb and Harvey men-
tion four:”"

® The capital asset pricing model (CAPM)
B The insurance perspective

3%It can be advisable to invest in, for example, a certificate on a total return index in
comparison to an underperforming excess return index, because there are no initial
up-front payments and no yearly management fees. Thus, it may be sensible to pur-
chase certificates on the seemingly worse excess return index during times of low
interest rates. Note also that there are opportunity costs from investing in total re-
turn indexes, since the entire capital must be invested in Treasury bills and cannot
be allocated more efficiently.

3'Erb and Harvey, “The Tactical and Strategic Value of Commodity Futures.”
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B The hedging pressure hypothesis
® The theory of storage

Under the CAPM framework, the market beta drives the prospective
capital asset returns. However, as we discussed earlier, commodity futures
are not considered capital assets. Thus, application of the CAPM model is
of limited use.

The insurance perspective argues that risk premiums are available if
hedgers use commodity futures to avoid commodity price risk. Hedgers
(producers) hold commodities in stock, and therefore must have a short po-
sition in commodity futures. To attract speculators, hedgers must offer an
insurance premium. Therefore, the futures price for a commodity is less
than the expected spot price in the future (“normal backwardation”).? Un-
fortunately, expected futures spot prices are unobservable. This theory sug-
gests that all long positions in commodity futures have a positive expected
excess return, which consequently justifies “long-only” investments. But
this model implicitly assumes that hedgers hold commodities in stocks, and
seek to mitigate price risk by selling commodity futures.

We can consider the hedging pressure hypothesis as a continuation of
the insurance perspective. It also highlights the fact that consumers who de-
mand commodities may want to hedge their risk. Anson uses the example of
Boeing as a consumer of aluminum.’? The airplane producer is short in alu-
minum because it does not own any aluminum mining interests and can
therefore eliminate the risk of higher futures prices by taking a long position
in aluminum futures. This causes the futures price to be higher than the ex-
pected spot price in the future. Under these circumstances, investors seeking
to earn an insurance premium will choose to short the commodity futures.
The hedging pressure hypothesis argues that investors will receive a risk pre-
mium that is a positive excess return for going short in a “normal contan-
goed” commodity futures market.

The theory of storage emphasizes the role of inventories, and conceptu-
ally links inventories with commodity futures prices. The difference be-
tween futures prices and spot prices can be explained by storage costs and
the so-called convenience yield of holding specific commodities in inven-
tory. The underlying idea is that the holder of a storable commodity has a
consumption option that is implicitly embedded in a convenience yield. In-
ventories act as a damper on price volatility because they provide an addi-
tional way to balance supply and demand. This theory predicts an inverse
relationship between the level of inventories and the convenience yield—the

52John M. Keynes, A Treatise on Money (London: Macmillan, 1930).
33 Anson, The Handbook of Alternative Assets.
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lower the inventories, the higher the convenience yield. Difficult-to-store
commodities should therefore have lower inventory levels and higher con-
venience yields than easy-to-store commodities. According to Till, examples

of difficult-to-store commodities include heating oil, live cattle, and live
hogs.**

RISK AND PERFORMANGCE CHARACTERISTICS

Based on their historical return, risk, and correlation performance, com-
modity investments have an advantage over traditional assets, but they ex-
hibit some similarities to stocks. Kaplan and Lummer, for example,
conclude in their empirical investigation that commodities show an equity-
like performance over the long run.’® This finding is also supported by
many other studies such as Greer, who concludes that the performance of
unleveraged commodity indexes from 1970 to 1999 was on average posi-
tive, and comparable to equities with regard to return and volatility.*®

Bodie and Rosansky’” analyze an equally weighted commodity futures
portfolio between 1949 and 1976, and Gorton and Rouwenhorst® between
1959 and 2004. Both studies confirm equity-like returns for commodities.
In addition, during the high inflation period of the 1970s, commodities had
the highest real returns by far of all the asset classes. Gorton and Rouwen-
horst found differences with traditional assets. They show that commodity
returns exhibit positive skewness, in contrast to stocks, which have negative
skewness and thus include higher downside risk.’”

Exhibit 1.8 shows the performance of both traditional and alternative
assets starting with a reference basis of 100 in December 1993. After con-
solidating in 2006, the GSCI, which is heavily invested in energy, currently
shows very strong performance, along with indirect real estate and hedge
funds. In contrast, equity investments in emerging markets show the small-
est price increases.

S*Hilary Till, “Two Types of Systematic Return Available in the Futures Markets,”
Commodities Now (September 2000), pp. 1-5.

33Paul D. Kaplan and Scott L. Lummer, GSCI Collateralized Futures as a Hedging
and Diversification Tool for Institutional Portfolios: An Update, Working Paper,
1997.

3¢Greer, “The Nature of Commodity Index Returns.”

37Bodie and Rosansky, “Risk and Return in Commodity Futures.”

58Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
3Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
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EXHIBIT 1.8 Performance of the Goldman Sachs Commodity Index
Compared to Other Financial Assets

During the January 1994-December 2006 period, commodities had an
annualized return of 9.64%, with a volatility of 20.25% (see Exhibit 1.9).%°
Thus, compared to other observed asset classes, commodities have a high
average volatility. However, note that the downside risk of the S&P 500
Composite, the S&P/IFCG Emerging Markets, and the FTSE/NAREIT Real
Estate Index are higher because of their negative skewness; commodities
possess positive skewness.

The most beneficial investment in terms of the Sharpe ratio is the CS/
Tremont Hedge Fund Index. However, hedge fund investors also face high
excess kurtosis. When considering only return and volatility, an indirect in-
vestment in real estate also seems less favorable due to negative skewness
and positive excess kurtosis. Furthermore, the poor performance of emerg-
ing market equities seen in Exhibit 1.8 is also confirmed by the descriptive
statistics, especially considering the exorbitant volatility.

As mentioned above, commodities serve an important diversification
function in asset allocation due to their long-term low correlation with
stocks, bonds, real estate, hedge funds, and, to a lesser extent, their absolute
performance characteristics. According to Greer, commodity indexes have a

The high variability can be explained by the GSCI’s large share in energy. The en-
ergy sector currently represents over 70% of the total index (as at end 2006), and is

itself composed of 40% crude oil, which has experienced extreme volatility over the
last few years.
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negative correlation with stocks and bonds and a positive correlation with
the inflation rate, especially unexpected changes in inflation. There are,
however, significant differences among the individual commodity sectors:
Energy, metals, livestock, and sugar show the best inflation hedging poten-
tial. Greer also finds very high correlation coefficients among different kinds
of commodity sectors.®!

According to Kat and Oomen, commodity futures and traditional assets
like stocks and bonds are uncorrelated.®* In specific phases, the correlation
admittedly increases—therefore not all commodities are useful for portfolio
diversification in every market phase. However, even in down markets,
commodities as a group do not lose their diversification potential. Accord-
ing to Anson, there are three reasons for low or negative correlations be-
tween commodities and stocks/bonds.®? First, inflation has a positive effect
on commodity prices, but a negative effect on equity and bond markets.
Second, investor expectations in commodity markets are different from
those in equity and bond markets. Finally, a trade-off between capital re-
turn and commodity return exists in industrial production.

Exhibit 1.10 shows the return correlation structure between the total
return indexes of various asset classes. As can be seen, correlation is only
significant at the 5% level between commodities and hedge funds, which
turn out to be relatively low at 0.167. This can be traced back to the com-
modity trading advisors and managed futures funds included in the CS/
Tremont Hedge Fund Composite Index.

On the other hand, the return correlation between the money market
and the commodity market is negative. Hence, the results of several aca-
demic studies®* are confirmed for our sample period: Commodities show a
high diversification potential in traditional and alternative security portfo-
lios. Chong and Miffre support the findings that the conditional correla-
tions between commodity futures and the S&P 500 decrease during times
of down markets, that is, exactly when market risk increases and

®1Greer, “The Nature of Commodity Index Returns.”

®Harry M. Kat and Roel C. A. Oomen, “What Every Investor Should Know About
Commodities, Part II: Multivariate Return Analysis,” Journal of Investment Man-
agement (Third Quarter 2007).

3 Anson, The Handbook of Alternative Assets.

64See, for example, Kat and Oomen, “What Every Investor Should Know About
Commodities: Part I’; Hilary Till, ““Taking Full Advantage of the Statistical Proper-
ties of Commodity Investments,” Journal of Alternative Investments (Summer
2001), pp. 63-66; Evert B. Vrugt, Rob Bauer, Roderick Molenaar, and Tom Mo-
lenaar, Dynamic Commodity Timing Strategies, Working Paper, 2004; and Gorton
and Rouwenbhorst, “Facts and Fantasies about Commodity Futures.”
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diversification is strongly needed.®® The conditional correlations between
commodities and fixed income, on the other hand, increase during times of
increased bond volatility.

PORTFOLIO OPTIMIZATION WITH COMMODITIES

In this section, we analyze whether an allocation in commodities yields any
diversification benefits for a portfolio consisting of U.S. and global stocks,
fixed income, and a riskless asset represented by the Treasury bill rate (i.e.,
whether the efficient frontier shifts into the upperleft corner in the expected
return-standard deviation diagram). According to Markowitz,®® these port-
folios are considered from the set of all efficient portfolios (efficient in the
sense that no others exhibit a superior risk-return combination). These effi-
cient portfolios are located on the borderline formed by the set of all portfo-
lios between the minimum variance poritfolio (MVP) and the maximum
return portfolio (MaxEP).

Exhibit 1.11 shows how portfolio efficiency can be improved by in-
cluding commodities in a traditional portfolio, thus rotating the efficient
frontier counterclockwise around the MVP (the Treasury bill rate). The
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EXHIBIT 1.11 Expected Return-Standard Deivation (u — o) Portfolio
Optimization (monthly returns in percent)

®James Chong and Joelle Miffre, Conditional Risk Premia and Correlations in
Commodity Futures Markets, Working Paper, 2006.

®Harry M. Markowitz, “Portfolio Selection,” Journal of Finance (March 1952),
pp- 77-91.
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EXHIBIT 1.12 i-0-Portfolio Allocation (monthly returns in percent)

upward shift of the efficient frontier also provides higher risk-adjusted re-
turns. The efficient frontier of the traditional portfolio is limited by a
98% investment in Treasury bills for the MVP, and 100% in the S&P
500 for the MaxEP.

Starting from the MVP and incorporating individual commodity sec-
tors, the share of global bonds initially increases to 69% (see Exhibit 1.12).
Subsequently, the proportions of the energy and industrial metals sectors
increase continuously, together with the share of U.S. stocks. At a monthly
return level of about 1%, livestock is represented with a share of about 4%
to 5%. However, agricultural and precious metals are excluded entirely
from the allocation. At a monthly return level of about 1.4%, the portfolio
only consists of an allocation in the S&P 500 (28%), the energy sector
(37%), and the industrial metals sector (35%).

Thus, with an increasing return level, the proportion of commodities in
the portfolio expands as the allocation in U.S. stocks increases. It is remark-
able that the GSCI Composite is not included in any allocations. It seems
advisable to invest directly in the respective individual subsectors.

GONGLUSION

In an environment of historically low interest rates, markedly reduced up-
ward potential, and continuously decreasing risk premiums for traditional
asset classes, there is growing demand from institutional and private inves-
tors for alternative investments. An allocation to commodities offers not
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only a hedge against inflation, but also effective diversification because of its
low correlation with traditional asset classes.

In the long run, commodity investments show equity-like returns, but
are accompanied by lower volatility and shortfall risk. The advantages hold
for passive investment in commodity futures indexes, which are considered
indicators of commodity market price movements. However, the futures in-
dexes of individual providers differ with regard to sector weights, index
construction, and calculation method—hence there are tremendous varia-
tions in risk-return characteristics.

In a total and excess return index, an important return component re-
sults from the risk premium connected with the roll yield. This results from
rolling commodity futures positions with a backwardated term structure. A
direct investment in commodities generates positive roll returns in certain
backwardated markets. Investors in passive commodity futures indexes
must take into account that, independent from the term structure curve, on-
ly long positions can be held. According to Akey, one solution may be to use
an active and tactical benchmark in the form of a commodity trading advi-
sor index (a CTA index).®”

In view of current global market demand, we assume that the growth of
commodity consumption, particularly in the BRIC countries (Brazil, India,
Russia, and China) will continue to generate high demand for commodities
in all sectors. But because low commodity prices over the last two decades
did not lead to sufficient investment in increased production capacity, we
expect that pricing pressure on the commodity markets will intensify. In ad-
dition, we expect to see short-run scarcity in the commodity supply due to
increasing inventories. In light of this tremendous development and accord-
ing to the commodity super cycle theory, we predict a lasting boom in the
commodity markets in the near future.

’Rian P. Akey, “Commodities: A Case for Active Management,” Journal of Alter-
native Investments (Fall 2005), pp. 8-30.
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The Pricing and Economics
of Commodity Futures

Mark J. P. Anson, Ph.D., JD, GFA, CAIA, CPA
President and Executive Director of Investment Services
Nuveen Investments, Inc.

Capital assets such as stocks and bonds can be valued on the basis of the
net present value of expected future cash flows. Expected cash flows and
discount rates are a prime ingredient to determine the value of capital as-
sets. Conversely, commodities do not provide a claim on an ongoing stream
of revenue in the same fashion as stocks and bonds, with the exception of
precious metals such as gold, silver, and platinum which can be lent out at a
market lease rate. Consequently, they cannot be valued on the basis of net
present value, and interest rates have only a small impact on their value.

Another distinction between capital assets and commodities is the global
nature of commodity markets. Worldwide, commodities are denominated
in U.S. dollars. Furthermore, the value of a particular commodity is depen-
dent upon global supply and demand imbalances rather than regional im-
balances. Thus, commodity prices are determined globally rather than
regionally. This is very different from bond and equity markets, which
mainly reflect the economic developments within their own countries and
regions.

Finally, commodities do not conform to traditional asset pricing models
such as the capital asset pricing model (CAPM). Under the CAPM, there are
two components of risk: market or systematic risk and company specific
or unsystematic. Since unsystematic can be diversified away in a portfolio,
investors will only be compensated for systematic risk, known as beta.
Thereby, financial markets compensate for market risk by assigning a
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market risk premium above the risk-free rate. Bodie and Rosanksy' and
Dusak? find that commodity beta values are not consistent with the CAPM.
The reason is twofold. First, under the CAPM, the market portfolio is
typically defined as a portfolio of financial assets such as stocks and bonds,
and commodity returns map poorly onto financial market returns. Conse-
quently, distinctions between market/systematic risk and unsystematic risk
cannot be made. Second, commodity prices are dependent upon global
supply and demand factors, not what the market perceives to be an
adequate risk premium for this asset class.

Therefore, commodities can be seen as a separate asset class from stocks,
bonds, and real estate. However, like stocks and bonds, there are different
investment strategies within this asset class. In this chapter, we provide an
overview of the pricing and underlying economics of the physical commod-
ities markets.

THE RELATIONSHIP BETWEEN FUTURES PRICES
AND SPOT PRICES

The easiest way to gain exposure to commodities is through commodity
futures contracts. These contracts are transparent, are denominated in
standard units, are exchange traded, have daily liquidity, and depend upon
the spot prices of the underlying commodity. The last point, the relationship
between spot and futures prices, must be developed to understand the
dynamics of the commodity futures markets.

A futures contract obligates the seller of the futures contract to deliver
the underlying asset at a set price at a specified time. Conversely, the buyer
of a futures contract agrees to purchase the underlying asset at the set price
and at a specified time. If the seller of the futures contract does not wish to
deliver the underlying asset, she must close out her short futures position by
purchasing an offsetting futures contract. Similarly, if the buyer of the
futures contract does not wish to take delivery of the underlying asset, he
must close out his long futures position by selling an offsetting futures con-
tract. Only a very small percentage of futures contracts (usually less than
1%) result in delivery of the underlying asset.

There are three general types of futures contracts regulated by the Com-
modity Futures Trading Commission: financial futures, currency futures,

'Zvi Bodie and Victor Rosansky, “Risk and Return in Commodity Futures,” Finan-
cial Analysts Journal (May/June 1980), pp. 27-39.

*Katherine Dusak, “Futures Trading and Investor Returns: An Investigation of
Commodity Market Risk Premiums,” Journal of Political Economy (November-
December 1973), pp. 1387-1406.



40 MECHANICS OF THE COMMODITY MARKET

and commodity futures. Commodity trading advisors and commodity pool
operators invest in all three types of futures contracts. Additionally, many
hedge fund managers apply arbitrage strategies with respect to financial
and currency futures. The following examples demonstrate these arbitrage
opportunities. We begin with financial futures.

Financial Futures

Financial futures include U.S. Treasury bond futures, agency futures, Euro-
dollar CD futures, and stock index futures. In the United States, these con-
tracts are traded on the Chicago Board of Trade, the Chicago Mercantile
Exchange, and the FINEX division of the New York Board of Trade. Con-
sider the example of a financial asset that pays no income.

In the simplest case, if the underlying asset pays no income, then the
relationship between the futures contract and the spot price is

F=Se'T-1) (2.1)

where F = the price of the futures contract.
S =the spot price of the underlying asset.
e =the exponential operator, used to calculate continu-
ous compounding.
r =the risk-free rate.
T — t = the time until maturity of the futures contract.

In other words, the price of the futures contract depends upon the cur-
rent price of the underlying financial asset, the risk-free rate, and the time
until maturity of the futures contract. Notice that the price of the futures
contract depends upon the risk-free rate and not the required rate of return
for the financial asset. The reason that this is the case is because of arbitrage
opportunities that exist for speculators such as hedge funds.

Consider the situation where F > Se”"=%). A hedge fund manager could
make a profit by applying the following strategy:

1. Borrow cash at the risk-free rate, , and purchase the underlying asset at
current price S.

2. Sell the underlying asset for delivery at time T and at the futures price F.

3. At maturity, deliver the underlying asset, pay the interest and principal
on the cash borrowed, and collect the futures price F.

Exhibit 2.1 demonstrates this arbitrage strategy.



The Pricing and Economics of Commodity Futures 1

EXHIBIT 2.1 Financial Asset Arbitrage when F > Se"(T—?)

Time Cash Inflow Cash Outflow Net Cash

t (initiate the S (cash borrowed) S (to purchase the S—-S=0
arbitrage) asset)

T (maturity of the  F (price for future Se"(T=1) (pay back F — Se(T-1)
futures contract) delivery of the asset) principal and interest)

Two points about Exhibit 2.1 must be noted. First, to initiate the arbi-
trage strategy, no net cash is required. The cash outflow matches the cash
inflow. This is one reason why arbitrage strategies are so popular.

Second, at maturity (time T), the hedge fund manager receives a posi-
tive net cash payout of F — Se’(T="), How do we know that the net payout is
positive? Simple, we know that at the initiation of the arbitrage strategy
that F > Se’(T=), Therefore, F — Se’(T~*) must be positive.

If the reverse situation were true at time ¢, F < Se’(T~?), then a reverse ar-
bitrage strategy would make the same amount of profit: Buy the futures con-
tract and sell short the underlying asset. This is demonstrated in Exhibit 2.2.

Exhibit 2.2 demonstrates the arbitrage profit Se""~9 — F. How do we
know this is a profit? Because we started with the condition that
Se’T=t) > F. At maturity of the futures contract, the hedge fund manager
will take delivery of the underlying asset at price F and use the delivery of
the asset to cover her short position.

In general, futures contracts on financial assets are settled in cash, not
by physical delivery of the underlying security.® However, this does not
change the arbitrage dynamics demonstrated above. The hedge fund man-
ager will simply close out her short asset position and long futures position

EXHIBIT 2.2 Financial Asset Arbitrage when F < Se"(T~?)

Time Cash Inflow Cash Outflow Net Cash
t (initiate the S (the asset is S (invested at interest S—-S=0
arbitrage) sold short) rate r)
T (maturity of the Se"T=1) (receive  F (the price paid for Se'T-1) _ F
futures contract) principal and the asset at maturity
interest) of the futures contract)

SHowever, certain futures exchanges allow for a procedure known as exchange for
physicals, where a holder of a financial asset can exchange the financial asset at
maturity of the futures contract instead of settling in cash.
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at the same time and net the gains and losses. The profit will be the same as
that demonstrated in Exhibit 2.2.

Most financial assets pay some form of income. Consider stock index
futures contracts. A stock index tracks the changes in the value of a portfo-
lio of stocks. The percentage change in the value of a stock index over time
is usually defined so that it equals the percentage change in the total value of
all stocks comprising the index portfolio. However, stock indexes are usu-
ally not adjusted for dividends. In other words, any cash dividends received
by an investor actually holding the stocks is not reflected in measuring the
change in value of the stock index.

There are futures contracts on the S&P 500, the Nikkei 225 Stock In-
dex, the NASDAQ 100 Index, the Russell 1000 Index, and the Dow Jones
Industrials Stock Index. By far, the most popular contract is the S&P 500
futures contract (SPX) traded on the Chicago Mercantile Exchange.

Consider the S&P 500 futures contract. The pricing relationship as
shown in equation (2.1) applies. However, equation (2.1) must be adjusted
for the fact that the holder of the underlying stocks receives cash dividends,
while the holder of the futures contract does not.

In Exhibit 2.2 we demonstrated how an arbitrage strategy may be ac-
complished by borrowing cash at the risk-free rate to purchase the under-
lying financial asset. With respect to stocks, the hedge fund manager
receives the benefit of cash dividends from purchasing the stocks. The cash
dividends received reduce the borrowing cost of the hedge fund manager.
This must be factored into the futures pricing equation. We can express this
relation as

F = Selr=a(T=1) (2.2)

where the terms are the same as before, and g is equal to the dividend yield
on the basket of stocks.

The dividend rate, g, is subtracted from the borrowing cost, r, to reflect
the reduction in carrying costs from owning the basket of stocks. Con-
sider the example of a three-month futures contract on the S&P 500.
Assume that the index is currently at 1,200, that the risk-free rate is 6%,
and that the current dividend yield on the S&P 500 is 2%. Using equation
(2.2), the fair price for a three-month futures contract on the S&P 500 is

F— 172006(0.0670.02)(0.25) =1,212
Notice again that the futures price on stock index futures does not de-

pend upon the expected return on stocks. Instead, it depends on the risk-free
rate and the dividend yield. Expected asset returns do not affect the pricing
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relationship between the current asset price and the future asset price
because any expected return that the underlying asset should earn will also
be reflected in the futures price. Therefore, the difference between the fu-
tures price and the spot price should reflect only the time value of money,
adjusted for any income earned by the financial asset over the term of the
futures contract.

Suppose that instead of a price of 1,212, the three-month futures con-
tract for the S&P 500 was priced at 1,215. Then a hedge fund could estab-
lish the following arbitrage: borrow cash at an interest rate of 6% and
purchase a basket of S&P 500 stocks worth $300,000 ($250 x 1,200,
where each point of the S&P 500 is worth $250 in the underlying futures
contract), and sell the S&P 500 futures at a price of 1,215. At the end of
three months, the hedge fund would earn the following arbitrage profit:

Futures price received for the S&P 500 stocks = 1,215 x $250 = $303,750
Plus dividend yield on stocks = $300,000 x (6(0.02)x(0.25) — 1) = $1,504

Less repayment of the loan plus interest

= $300,000 x ¢(0:00)x(0-25) — §304, 534
Equals arbitrage profits ~ $704

Exhibit 2.3 demonstrates the stock index arbitrage flow chart. A reverse
arbitrage similar to Exhibit 2.2 can be implemented when F < Se("~9(T~),
That is, short the stocks, invest the cash at the risk-free rate, and buy the

futures contract.

Currencies

A foreign currency may be considered an income producing asset. The rea-
son is that the holder of the foreign currency can earn interest at the risk-
free rate prevailing in the foreign country. We define this foreign risk-free

EXHIBIT 2.8 Stock Index Arbitrage when F > Se(7~)/(T—%)

Time Cash Inflow Cash Outflow Net Cash

t (initiate the S (cash borrowed) S (to purchase S&P S—-8§=0
arbitrage) 500 stocks)

T (maturity of the  F (price for future ~ Sel"~0 (T (pay back F — Selr—a)(T—1)
futures contract) delivery of S&P principal and interest

500 stocks) less dividends received)
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rate as f. Considered in this context, the relationship between a futures con-
tract on a foreign currency and the current spot exchange rate can be ex-
pressed as

F = Sel= N0 (2.3)

where the terms are defined as before, and f is the risk-free interest rate in

the foreign country.
Equation (2.3) is similar to equation (2.2) because a foreign currency

may be considered analogous to an income producing asset or a dividend
paying stock. Equation (2.3) also expresses the well-known interest rate
parity theorem. This theorem states that the exchange rate between two
currencies will be dependent upon the differences in their interest rates.

Consider the exchange rate between the U.S. dollar and the Japanese
yen. Assume that the current U.S. risk-free rate is 6% while that for the yen
is approximately 1%. Also, assume that the current spot rate for yen to dol-
lars is 120 yen per U.S. dollar, or 0.00833 dollars per yen. A three-month
futures contract on the yen/dollar exchange rate would be

F = 0.00833¢(0:06-0.01)(0.25) _ 0084382

The futures price on Japanese yen for three months is 0.0084382 dol-
lars per yen, or 118.51 yen per dollar.

To demonstrate a currency arbitrage when F > Se("= (T=%) consider a
hedge fund manager who can borrow 12,000 yen for three months at a rate
of 1%. In three months, she will have to repay 12,000e(0-01%025) — 12 030
yen. The manager converts the yen into dollars at the spot exchange rate of
120yen/$1 = $100. This $100 can then be invested at the U.S. risk-free
rate of interest for three months to earn $100e(0-060%025) — §101.50. If
the three-month currency futures price on Japanese yen were the same as
the spot exchange rate of 120 yen/$l, the hedge fund manager would need
to sell 12,030/120 = $100.25 dollars to repay the yen loan. Since the man-
ager receives $101.50 back from her three-month investment in the United
States, she will pocket the difference of $101.50 — $100.25 = $1.25 in arbi-
trage profits.

Exhibit 2.4 demonstrates that 150 yen of arbitrage profits may be
earned if the futures contract price does not take into account the differ-
ences in the interest rates between the foreign and domestic currencies. The
150 yen of arbitrage profit may be converted back to dollars: 150 yen/
120 = $1.25. Therefore, to prevent arbitrage, the currency futures price for
Japanese yen must be 118.51 yen per U.S. dollar. Then the amount of cash
inflow received will be exactly equal to the cash outflow necessary to pay
back the Japanese yen loan: $101.50 x 118.51 yen/USD = 12,030 yen.
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EXHIBIT 2.4 Currency Arbitrage when F > Se(r—)(T-1)

Time Cash Inflow Cash Outflow Net Cash

¢ (initiate the 12,000 yen 12,000 yen/120 = 0
futures borrowed $100 invested
contract) at 1% at 6%

T (maturity of $101.50 from U.S. 12,030 yen to ($101.50 x 120)—
the futures interest bearing repay loan 12,030 yen =
contract) account plus interest 150yen

In practice, arbitrage opportunities do not occur as obviously as our
example. Currency prices may be out of balance for only a short period
of time. It is the nimble hedge fund manager that can take advantage of
pricing discrepancies. Furthermore, more famous hedge fund managers
engage in currency speculation as opposed to currency arbitrage. In cur-
rency speculation, the hedge fund manager takes an unhedged position
on one side of the market. Cash is committed to establish the position.
The best example of this is George Soros’s bet against the British pound
sterling in 1992.

Commodity Futures

Commodities are not financial assets. Nonetheless, the pricing dynamics
between spot prices and futures prices are similar to those for financial
assets. However, there are important distinctions that will affect the pricing
relationship.

First, there are storage costs associated with physical commodities.
These storage costs must be factored into the pricing equation. Storage costs
can be considered as negative income. In other words, there is a cash out-
flow associated with holding the physical commodity. This is in contrast to
financial assets discussed above. With financial assets, we demonstrated that
income earned on the underlying asset will defray the cost of purchasing
that asset. With physical commodities, however, there is both the cost of
financing the purchase of the physical commodity and the storage cost asso-
ciated with its ownership. This relationship may be expressed as

F= Se(r+c)(T—t) (2.4)

where the terms are as defined before, and c is the storage cost associated
with ownership of the commodity.
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In equation (2.4), the cost of storage, c, is added the cost of financing
the purchase of the commodity. For example, consider a one-year futures
contract on crude oil. Assume that (1) it costs 2% of the price of crude oil
to store a barrel of oil and the payment is made at the end of the year; (2)
the current price of oil is $50; and (3) the risk-free rate of interest is 6%.*
Then the future value of a one-year crude oil futures contract is

F = $50¢(0:06+0.02)(1) _ ¢54 16

A second difference between commodity futures and financial futures is
the convenience yield. Consumers of physical commodities feel that there
are benefits from the ownership of the commodity that are not obtained by
owning a futures contract; that it is convenient to own the physical com-
modity. This benefit might be the ability to profit from temporary or local
supply and demand imbalances, or the ability to keep a production line in
process. Alternatively, the convenience yield for certain metals can be mea-
sured in terms of lease rates. Gold, silver, and platinum can be leased
(loaned) to jewelry and electronic manufacturers with the obligation to re-
pay the precious metal at a later date.

Taking both the cost of storage and the convenience yield into account,
the price of a futures contract may be stated as

F = Selr+en)(T-1) (2.5)

where the terms are defined as before and y is the convenience yield.

Notice that the convenience yield is subtracted from the risk-free rate, 7,
and the storage cost, c. Similar to financial assets, the convenience yield, y,
reduces the cost of ownership of the asset.

Consider the following example. The current price of an ounce of gold
is $400, the risk-free rate is 6%, the cost of storage is 2% of the purchase
price, and the lease rate to lend gold is 1%. A six-month futures contract on

gold will be

F= $400€ (0.06+0.02—-0.01)(0.5) _ = $429

“If the storage costs are expressed as a dollar amount, then the appropriate equation
is F = (4 C)e"T=%) where C represents the present value of all storage costs in-
curred during the life of the futures contract.
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EXHIBIT 2.5 Commodity Futures Arbitrage when F > Se(r+¢=)(T—1)

Time Cash Inflow Cash Outflow Net Cash

¢ (initiate the S (cash borrowed) S (to purchase the asset) S—-S=0
arbitrage)

T (maturity  F (price for future  Se(t<=9(T=) (pay back F — Selrte=y)(T-1)
of the delivery of the principal and interest on
futures commodity) loan plus storage costs less
contract) income from lease revenue)

Assume that F > Sel"+<=Y)(T=%)_Then an investor can earn an arbitrage
profit by borrowing S to purchase the underlying commodity and selling the
futures contract, F. This arbitrage is detailed in Exhibit 2.5.°

Exhibit 2.5 demonstrates the payment received from the arbitrage. At
maturity of the futures contract, the investor receives a positive cash flow of
F — Selrte=)(T=1) where Se(r+¢=9)(T—1) represents the cash that must be paid
back for the loan, interest on the loan, and storage costs less any value re-
ceived from the gold lease rate.

This arbitrage cannot work in reverse if the investor does not already
own the commodity. Except for precious metals, commodities are difficult
to borrow. Consequently, they cannot be shorted in the same fashion as
financial assets. Furthermore, companies that own the underlying commod-
ity do so for its consumption value rather than its investment value.

ECONOMICS OF THE COMMODITY MARKETS: NORMAL
BACKWARDATION VERSUS CONTANGO

With this pricing framework in place, we turn to the economics of commodity
consumption, production, and hedging. Commodity futures contracts ex-
hibit a term structure similar to that of interest rates. This curve can be
downward sloping or upward sloping. The reasons for the different
curves will be determined by the actions of hedgers and speculators.

*In practice, storage costs may be quoted in dollar terms rather than as a percentage
of the commodity’s value, while convenience yields are quoted as a percentage of the
commodity’s value. Consider the case where C is equal to the present value of the
storage costs that must be paid over the life of the futures contract. Then equation
(2.5) can be expressed as

F = Ser=y(T—1) 4 Cer(T—1)
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EXHIBIT 2.6 Beta Coefficients and Correlation Coefficients of Four Large
Petroleum Companies

Stock Stock Market Crude CrudeOil
Market Correlation Oil Correlation
Beta Coefficient Beta Coefficient
ExxonMobile 0.67 0.86 —0.04 —-0.14
Chevron/Texaco 0.67 0.60 —0.08 -0.22
Royal Dutch Shell 0.85 0.78 0.38 0.02
BP Amoco 0.71 0.55 0.12 0.26

Consider a petroleum producer such as ExxonMobil. Through its explo-
ration, developing, refining, and marketing operations, this company is natu-
rally long crude oil exposure. This puts Exxon at risk to declining crude oil
prices. To reduce this exposure, Exxon will sell crude oil futures contracts.®

From Exxon’s perspective, by selling crude oil futures contracts it can
separate its commodity price risk from its business risk (i.e., the ability to
find crude oil, refine it, and market it to consumers). By hedging, Exxon can
better apply its capital to its business risks rather than holding a reserve of
capital to protect against fluctuating crude oil prices. Simply stated, hedging
allows for the more efficient use of ExxonMobil’s invested capital. Exxon-
Mobil’s stock price has virtually no economic link to fluctuating oil prices.
This can be seen in Exhibit 2.6 which reports the correlation coefficients
and the betas associated with the stock returns for Exxon, as well as three
other large petroleum companies compared to the S&P 500. Also reported
in the exhibit is the correlation coefficients and betas for the stock returns of
the four oil companies compared to the price of crude oil. However, there
must be someone on the other side of the trade to bear the price risk associ-
ated with buying the futures contract. This is the speculator.

If Exxon transfers its risk to the speculator, the speculator must be com-
pensated for this risk. The speculator is compensated by purchasing the
futures contract from the petroleum producer at less than the expected fu-
ture spot price of crude oil. That is, the price established in the commodity
futures contract will be below the expected future spot price of crude oil.
The speculator will be compensated by the difference between the futures
price and the expected spot price. This may be expressed as

E(ST) > Fr (2.6)
¢Qil producers have energy trading desks to hedge their long crude oil exposure.

Another way that Exxon hedges this risk is through long-term delivery contracts
where the price of crude oil is fixed in the contract.
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where  E(S7) =the expected spot price of the underlying commod-
ity at time T (the maturity of the futures contract)
Fr=the agreed upon price in the futures contract to be
paid at time T

If the inequality of equation (2.6) remains true at the maturity of the
futures contract, the speculator will earn a profit of St — Fr. However,
nothing is certain, commodity prices can fluctuate. It might turn out that
the price agreed upon in the futures contract exceeds the spot price at time
T. Then the speculator will lose an amount equal to Fy — St.

This is the risk that the petroleum producer transferred from its income
statement to that of the speculator’s. Therefore, to ensure the speculator is
compensated more often than not for bearing the commodity price risk,
it must be the case that agreed upon futures price Fr is sufficiently dis-
counted compared to the expected future spot price St. This condition of
the futures markets is referred to as normal backwardation, or simply,
backwardation.

The term backwardation comes from John Maynard Keynes. Keynes
was the first to theorize that commodity producers were the natural hedgers
in the commodity markets and therefore would need to offer a risk premium
to speculators in order to induce them to bear the risk of fluctuating com-
modity prices. This risk premium is represented by the difference of
E(ST) — Fr. Conversely, hedgers, because they are reducing their risks, are
willing to enter into contracts where the expected payoff is slightly
negative.”

Backwardated commodity markets have downward sloping futures
curves. The longer dated the futures contract the greater must be the dis-
count compared to the expected future spot price to compensate the specu-
lator for assuming the price risk of the underlying commodity for a longer
period of time. Therefore, longer dated futures contracts are priced cheaper
than shorter-term futures contracts.

The reverse situation of a backwardated commodity market is a con-
tango market. In a contango market, the inequality sign in equation (2.6) is
reversed—the expected future spot price, S, is less than the current futures
price, Fr.

7 Although the term backwardation is used to describe generally the condition where
futures prices are lower than the current spot price, the term normal backwardation
refers to the precise condition where the expected future spot price is greater than
the current futures price. I am indebted to Ray Venner, Ph.D., of the CalPERS In-
vestment Staff for this important distinction.
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A contango situation will occur when the most likely hedger of the
commodity is naturally short the underlying commodity. Consider the air-
craft manufacturer, Boeing. The single largest raw material input in the con-
struction of any jet aircraft is aluminum for the superstructure of the plane.
Boeing is a major consumer of aluminum, but it does not own any alumi-
num mining interests. Therefore, it is naturally short aluminum and must
cover this short exposure by purchasing aluminum to meet its manufactur-
ing needs.

This puts Boeing at risk to rising aluminum prices. To hedge this risk,
Boeing can purchase aluminum futures contracts.® However, a speculator
must be lured to the market to sell the futures contract to Boeing and to take
on commodity price risk. To entice the speculator, Boeing must be willing
to purchase the futures contract at a price Fr that is greater than the
expected future spot price:

Fr>E(St) (2.7)

Boeing is willing to purchase the futures contract at an expected loss in
return for eliminating the uncertainty over aluminum prices. The speculator
will sell the futures contract and expect to earn a profit of Fr — E(St). Of
course, the speculator might earn more or less (or even lose money) depend-
ing upon the actual spot price of aluminum at maturity of the futures con-
tract. If the inequality in equation (2.7) remains true at maturity of the
aluminum futures contract, then the speculator will earn Fr — St.

The reader might ask why the speculator is necessary. Why doesn’t Boe-
ing negotiate directly with aluminum producers in fixed price contracts to
lock in the price of aluminum and eliminate its commodity price exposure?
To the extent it can, Boeing does. In fact, to the extent that commodity pro-
ducers and commodity consumers can negotiate directly with one another,
price risk can be eliminated without the need for speculators. However, the
manufacture of aluminum does not always match Boeing’s production
cycle, and Boeing will have short-term demands for aluminum that will ex-
pose it to price risk. Speculators fill this gap.

Similarly, ExxonMobil has a nondiversified exposure to crude oil. It
can reduce the price risk associated with oil by selling its production for-
ward. Yet, in many cases there may not be a willing consumer to purchase
the forward production of crude oil. Therefore, ExxonMobil must sell its

8This is but one way that Boeing hedges its short exposure to aluminum. It can enter
into long-term contracts to purchase aluminum at fixed prices. These are essentially
custom-tailored futures contracts, or forward contracts.
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future production at a discount to entice the speculator/investor into the
market.

Contango futures markets have an upward sloping price curve. That is,
the longer dated the futures contract, the greater must be the futures price
that the speculator receives from selling the futures contract to the hedger.
Higher prices reflect the additional risk that the speculator accepts over the
longer period of time.

Backwardated versus contango markets also depend upon global sup-
ply and demand of the underlying commodity. Consider the case of crude
oil. In early 1999, the market was awash in crude oil. Additional production
from Iraq, a slowdown in Asian economies from the Asian Contagion in
1998, and lack of agreement (read cheating) by OPEC members led to a glut
of crude oil. As a result, crude oil futures contracts reflected a contango
market.

However, backwardated versus contango markets can also reflect who
bears the most risk of commodity price changes at any given time. For ex-
ample, in December 2005, most consumers of crude oil had experienced a
significant period of prolonged crude oil price increases. The cost of a gallon
of gasoline in the United States peaked at $3.25 a gallon in the late autumn
of 2005. In addition, ongoing concern over the stability of Irag—the second
largest producer of oil in OPEC—Ied to instability of crude oil prices. Then
the devastating impact of Hurricane Katrina (remember the complete evac-
uation of New Orleans) and other tropical storms in autumn 2005 dis-
rupted oil supplies throughout the United States.

As a result, in late 20035, the risk of commodity price changes was felt
squarely by oil consumers and not oil producers. Oil consumers are natu-
rally short crude oil and they bore greater risk regarding the future price of
crude oil than the oil producers because of all of the adverse supply shocks
in the oil market during 2005. To hedge this risk, they purchased crude oil
futures contracts to lock in with certainty the price of their oil consumption.
The result is demonstrated by the contango crude oil market displayed in
Exhibit 2.7. Consumers of oil were literally shocked by all of the price
shocks associated with crude oil over the prior 18 months and naturally
became cautious and risk averse concerning the direction of oil prices in the
near future. As a result, the primary hedger of oil prices in late 2005 was not
the oil producers but oil consumers. The result was a contango market
where oil consumers had to compensate speculators by purchasing crude oil
futures contracts at a futures price that was greater than the expected future
spot price (see equation (2.7)).

In contrast, consider Exhibit 2.8. This is the futures market for crude oil
in April 2008. This market clearly demonstrates a back-wardated crude oil
price curve.
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EXHIBIT 2.7 Contango Market for Crude Oil Futures, December 2005

Why the difference? In 2008, the crude oil market was functioning nor-
mally. There were no excessive price shocks, no drastic weather, and Iraq
had been liberated from the oppressive regime of Sadaam Hussein. At
this time, the price risk of crude oil rested upon the shoulders of crude oil
producers. In order to hedge their risk, they had to entice speculators
into the market by offering a futures price that was sufficiently less than the
expected future spot price. The result is the backwardated curve in
Exhibit 2.8.

Commodity markets are backwardated most of the time. In fact, the
crude oil market is in backwardation approximately 70% of the time. The
reason is that backwardated markets encourage commodity producers to
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EXHIBIT 2.8 Backwardated Market for Crude Oil Futures, April 2008
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produce. Consider Exhibit 2.8. ExxonMobil has a choice: It can produce
crude oil immediately and sell it at a price of $106.00 per barrel or it can
wait 12 months and sell it at an expected price of $98.00. The choice is
easy: ExxonMobil would prefer to produce today and sell crude oil at a
higher price rather than produce tomorrow and sell it at a lower price.
Therefore, backwardation is a necessary condition to encourage current
production of the underlying commodity.

However, sometimes supply and demand become unbalanced as was
the case with crude oil in 2005. When this occurs, commodity futures mar-
kets can reverse their natural course and flip between backwardation and
contango. In addition, a contango market can develop when the risk bear-
ing shifts from commodity producers to commodity consumers. This hap-
pened in December 2005. After several price shocks over the prior two
years, commodity crude oil consumers became extremely risk averse. Their
increased level of risk aversion led to a shift in the risk bearing for crude oil
prices, and they became the dominant hedger in the crude oil market. This
resulted in the contango market documented in Exhibit 2.7.

Exhibits 2.7 and 2.8 also highlight another useful point: the role of the
speculator. The speculator does not care whether the commodity markets are
in backwardation or contango; she is agnostic. All the speculator cares about
is receiving an appropriate premium for the price risk she will bear. If the mar-
ket is backwardated, the speculator is willing to purchase the futures contract
from the hedger, but only at a discount. If the commodities market is in con-
tango, the speculator will sell the futures contract, but only at a premium.

One last important point must be made regarding Exhibits 2.7 and 2.8.
The speculator/investor in commodity futures can earn a profit no matter
which way the commodity markets are acting. The conclusion is that the
expected long-term returns to commodity investing are independent of the
long-term commodity price trends. As we just demonstrated, the speculator
is agnostic with respect to the current price trend of crude oil. Investment
profits can be earned whether the market is in backwardation or contango.
Therefore, profits in the commodity markets are determined by the supply
and demand for risk capital, not the long-term pricing trends of the com-
modity markets.

GOMMODITY PRICES GOMPARED TO FINANCIAL
ASSET PRICES

In this section, we compare commodity prices to financial asset prices.
Financial asset prices reflect the long-term discounted value of a stream of
expected future revenues. In the case of stock prices, this future revenue
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stream may be eternal. In the case of a bond, the time is finite but can be
very long, 10 to 20 years of expected cash flows. Investors in financial assets
are compensated for the risk of fluctuating cash flows, and this risk is re-
flected in the interest rate used to discount those cash flows.

Thus, long-term expectations and interest rates are critical for pricing
financial assets. Conversely, speculators and investors in commodities earn
returns for bearing short-term commodity price risk. By bearing the price
risk for commodity producers and commodity consumers, commodity
investors and speculators receive exposure to the hedger’s short-term earn-
ings instead of its long-term cash flows. This point is all the more illumi-
nated by how quickly the commodity markets can flip-flop between a
contango market and a backwardated market. Exhibits 2.7 and 2.8 demon-
strate that the nature of risk bearing can shift dramatically from producers
to consumers of commodities.

This short-term exposure to a hedger’s earnings illustrates that
commodities will be priced very differently from financial assets. Long-term
expectations and interest rates have only a minimal impact on commodity
prices. Therefore, commodity prices can react very differently from finan-
cial asset prices when short-term expectations and long-term expectations
diverge. This divergence occurs naturally as part of the course of the busi-
ness cycle.

For instance, at the bottom of a recession, the short-term expectation of
the economy’s growth is negative. Commodity prices will decline to reflect
this lower demand for raw inputs. However, it is at the bottom of a reces-
sion when discount rates are low and when long-term earnings expectations
are revised upwards that stocks and bonds begin to perform well. The con-
verse is true at the peak of an expansion. Commodity prices are high, but
long-term earnings expectations decline.

The different reactions to different parts of the business cycle indicate
that commodities tend to move in the opposite direction of stocks and
bonds. This has important portfolio implications. Suffice for now to under-
stand that commodity prices follow different pricing dynamics than that of
financial assets.

CONGLUSION

Commodity futures contracts are important tools not only for hedgers but
also for speculators. Many institutional investors nowadays make use of the
futures markets to earn risk premiums. This chapter laid the groundwork in
terms of pricing dynamics and discussed the economics of commodity fu-
tures markets. Starting with a demonstration of arbitrage strategies to
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financial and currency futures markets, the pricing dynamics between com-
modity spot and futures prices as well as important distinctions to the for-
mer markets that will affect this pricing relationship were highlighted.
These are the storage costs associated with physical commodities and the
convenience yield which both have to be factored into the pricing equation.
In the next step, this pricing framework allowed us to turn to the economics
of commodity consumption, production, and hedging. Thereby, the term
structure of commodity futures contracts are determined by the actions of
hedgers and speculators on the commodities markets. Backwardated com-
modity markets exhibit downward sloping futures curves whereas the
reverse situation with an upward sloping price curve is referred to as con-
tango markets. Consequently, speculators/investors in commodity futures
can earn a profit no matter which way the commodity markets are acting.
The conclusion is that the expected long-term returns to commodity inves-
ting are independent of the long-term commodity price trends. Therefore,
profits in the commodity markets are determined by the supply and demand
for risk capital, and not by the long-term pricing trends of the commodity
markets.
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he motivation for investing in commodity futures dates back to at least

the 1930s when John Maynard Keynes' proposed the theory of normal
backwardation. The theory of normal backwardation posits that futures
markets are essentially insurance markets. Under the assumption that hedg-
ers were primarily producers of commodities, Keynes reasoned that long
speculators should earn a risk premium for taking on the spot price risk
hedgers wished to shed. This view was debated extensively throughout the
next four decades but was almost always addressed in an isolated, individ-
ual market context.” The advent of Markowitz’s mean-variance model and
the development of Sharpe’s capital asset pricing model (CAPM), however,

The author would like to thank the editors, as well as Philip Garcia, Jason Franken,
and Thorsten Egelkraut, for helpful comments and suggestions on earlier drafts.
John M. Keynes, A Treatise on Money, vol. 2 (London: Macmillan, 1930).

2See, for example, Paul H. Cootner, “Returns to Speculators: Telser versus Keynes,”
Journal of Political Economy 68, no. 4 (1960), pp. 396-404; and Lester G. Telser,
“Futures Trading and the Storage of Cotton and Wheat,” Journal of Political Econ-
omy 66, no. 3 (1958), pp. 233-255.
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prompted new thinking on the nature of speculative returns in commodity
futures markets.

In 1973, Dusak?® challenged the conventional notion of risk premiums by
applying the CAPM framework to commodity futures returns. She argued
that in principle futures markets are no different than any other market for
risky assets. Specifically, the portfolio approach makes no presumption as
to whether absolute returns are positive, negative, or zero, but rather that
the returns on any risky asset are determined by that asset’s contribution to
the risk-return of a large diversified portfolio. Dusak’s empirical analysis
revealed risk premiums which were very close to zero and had virtually no
systematic risk. Alone, these findings implied that commodity futures may
only have trivial implications for the investment portfolio. Dusak’s data,
which only covered corn, wheat, and soybeans, were limited in scope, how-
ever, and her results were not generated with a specific view toward evaluat-
ing the investment performance of commodities in a diversified portfolio.

In the late 1970s, researchers began considering that commodity futures
might be attractive portfolio components. In the first article on the subject,
Greer” highlighted the investment potential of commodity futures by dem-
onstrating that unlevered futures investments were less risky than stocks
and provided an inflation hedge. Bodie and Rosansky,’ using a more exten-
sive data set than that employed by Dusak, found that an equally weighted
portfolio of commodity futures had risk-adjusted excess returns which were
similar to the S&P 500 yet still had a negative stock market beta. These
findings did not conform well to the CAPM as Dusak had reported but did
provide further support for considering commodity futures as part of a
broader investment strategy.

The findings of these early studies opened the door to a relatively long
line of literature investigating the potential investment benefits of commod-
ity futures. The appeal of a natural hedge against the business cycle, as well
as the recent run-up in commodity prices, has provoked renewed interest in
commodity futures. The purpose of this chapter is to provide a review of
research relevant to commodity futures investment. We synthesize the find-
ings of several previous studies and examine their consistency with results
for the period July 1996 to June 2006 using stocks, bonds, and commodity

*Katherine Dusak, “Futures Trading and Investor Returns: An Investigation of
Commodity Market Risk Premiums,” Journal of Political Economy 81, no. 6
(1973), pp. 1387-1406.

*Robert J. Greer, “Conservative Commodities: A Key Inflation Hedge,” Journal of
Portfolio Management 4, no. 4 (1978), pp. 26-29.

5Zvi Bodie and Victor I. Rosansky, “Risk and Return in Commodity Futures,”
Financial Analysts Journal 36, no. 3 (1980), pp. 27-39.
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futures.® The data period considered here is relatively short compared to
earlier studies, which increases the potential for idiosyncratic effects. None-
theless, the results may provide insightful information regarding the stabil-
ity and robustness of earlier findings.

The literature has traditionally dichotomized commodity futures invest-
ments as either strategic or tactical. Strategic investments, which are ad-
dressed in the next section, are usually viewed in a static context where
long-only investments are considered. Strategic allocations seek to exploit
the long-run characteristics among different asset classes through passive
investment. Tactical opportunities, which are addressed in the following
section, take advantage of the possibility that futures returns may vary in
response to structural factors, such as inflation, and imply that dynamic
trading schemes can be formulated in response to macroeconomic condi-
tions and short-term aberrations.

STRATEGIC MOTIVATION FOR
GOMMODITY INVESTMENTS

There are numerous strategic motivations for holding passive long-only
commodity futures in a portfolio of stocks and bonds.” These include the
possibility of earning risk premiums,® the low correlation of commodities
with stocks and bonds, and protection against inflation and business cycles.

®There is also a branch of the literature on commodity investments that focuses on
managed futures and commodity funds. See, for example, Scott H. Irwin, Terry R.
Krukemyer, and Carl R. Zulauf, “Investment Performance of Public Commodity
Pools: 1979-1990,” Journal of Futures Markets 13, no. 7 (1993), pp. 799-820;
Franklin R. Edwards and Mustafa Onur Caglayan, “Hedge Fund and Commodity
Fund Investments in Bull and Bear Markets,” Journal of Portfolio Management 27,
no. 4 (2001), pp. 97-108; and Edwin ]. Elton, Martin J. Gruber, and Joel C. Rent-
zler, “Professionally Managed, Publicly Traded Commodity Funds,” Journal of
Business 60, no. 2 (1987), pp. 175-199. We do not address these here since they
introduce an extra dimension to the problem, namely manager skill.

7 Analysis of short positions is beyond the scope of this chapter. While considering
the possibility of short sales complicates estimation somewhat, the issues explored
in this chapter can easily be generalized to allow for short positions.

Alternative views of basis behavior, such as the convenience yield hypothesis, are
not discussed here. See Holbrook Working, “Theory of the Inverse Carrying Charge
in Futures Markets,” Journal of Farm Economics 30, no. 1 (1948), pp. 1-28; Hol-
brook Working, “The Theory of Price of Storage,” American Economic Review 39,



Commodity Futures Investments 99

Empirical Evidence of Risk Premiums

Historically, empirical confirmation of risk premiums has been somewhat
contentious.” As pointed out by Garcia and Leuthold,'® the detection of sig-
nificant risk premiums seems to be sensitive to the assumptions and meth-
ods used in the estimation. In addition, the results across studies appear to
be influenced heavily by the sample period. This is particularly true for indi-
vidual commodity futures, which have high idiosyncratic risk. Portfolios of
commodity futures, however, generally exhibit significant long-only risk
premiums similar to those found for equities.'" This effect is largely because
portfolios are less risky than their constituents.

As noted, Dusak'? did not find any evidence of risk premiums in her
sample. Bodie and Rosansky'® found positive excess returns for 22 of the

no. 6 (1949), pp. 1254-1262; Colin A. Carter, “Commodity Futures Markets: A
Survey,” Australian Journal of Agricultural and Resource Economics 43, no. 2
(1999), pp. 209-247; Martin Benirschka and James K. Binkley, “Optimal Storage
and Marketing over Space and Time,” American Journal of Agricultural Economics
77, no. 3 (1995), pp. 512-524; and Eugene F. Fama and Kenneth R. French, “Com-
modity Futures Prices: Some Evidence of Forecast Power, Premiums, and the Theory
of Storage,” Journal of Business 60, no. 1 (1987), pp. 55-73.

?See, for example, Cootner, “Returns to Speculators: Telser versus Keynes,” Dusak,
“Futures Trading and Investor Returns: An Investigation of Commodity Market
Risk Premiums”’; Eugene F. Fama and Kenneth R. French, “Commodity Futures Pri-
ces: Some Evidence of Forecast Power, Premiums, and the Theory of Storage,” Jour-
nal of Business 60, no. 1 (1987), pp. 55-73; Telser, “Futures Trading and the
Storage of Cotton and Wheat”; Colin A. Carter, Gordon C. Rausser, and Andrew
Schmitz, “Efficient Asset Portfolios and the Theory of Normal Backwardation,”
Journal of Political Economy 91, no. 2 (1983), pp. 319-331; and Bruce Bjornson
and Colin A. Carter, “New Evidence on Agricultural Commodity Return Perform-
ance under Time-Varying Risk,” American Journal of Agricultural Economics 79,
no. 3 (1997), pp. 918-930.

1%philip Garcia and Raymond Leuthold, “A Selected Review of Agricultural Com-
modity Futures and Options Markets,” European Review of Agricultural Econom-
ics 31, no. 3 (2004), pp. 235-272.

See, for example, Bodie and Rosansky, “Risk and Return in Commodity Futures”;
Zvi Bodie, “Commodity Futures as a Hedge against Inflation,” Journal of Portfolio
Management 9, no. 3 (1983), pp. 12-17; Claude B. Erb and Campbell R. Harvey,
“The Tactical and Strategic Value of Commodity Futures,” Financial Analysts Jour-
nal 62, no. 2 (2006), pp. 69-97; and Gary Gorton and K. Geert Rouwenhorst,
“Facts and Fantasies about Commodity Futures,” Financial Analysts Journal 62,
no. 2 (2006), pp. 47-68.

2Duysak, “Futures Trading and Investor Returns: An Investigation of Commodity
Market Risk Premiums.”

3Bodie and Rosansky, “Risk and Return in Commodity Futures.”
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23 individual commodities evaluated, but only marginal evidence of statisti-
cal significance. Samuelson'* argued that futures prices should not have any
upward or downward drift on average.!® Carter, Rausser, and Schmitz,'®
using a respecification of Dusak’s model which used a market portfolio that
included commodities and allowed speculative positions to be net short or
long depending on hedging pressure, found evidence of time-varying sea-
sonal risk premiums. In another study, Chang'” used nonparametric proce-
dures to investigate wheat, corn, and soybean returns from 1951 to 1980.
He found empirical evidence of significant risk premiums, but noted that
the magnitudes varied through time.

Fama and French'® investigated the normal backwardation issue by an-
alyzing 21 agricultural, wood, livestock, and metal commodities. They
found evidence of time-varying risk premiums for 7 of the 21 commodities.
However, their particular test was only designed to detect variation in ex-
pected premiums. Thus, failure to find evidence of premiums using their test
did not preclude the possibility of positive expected premiums.

To investigate the issue further, Fama and French conducted #-tests on
simple average returns to test whether returns were significantly different
from zero for each commodity as well as for an equally weighted portfolio
of all commodities. They reported that only 5 of 21 commodities provided
statistically significant positive returns. On the other hand, they found an
average return of 0.54% a month with a t-statistic of 1.87 for the equally
weighted portfolio of all commodities, indicating “marginally reliable nor-
mal backwardation that is also nontrivial in magnitude.” Thus, while indi-
vidual markets did not appear to provide consistent risk premiums, a
portfolio of futures did appear to provide significant premiums. One ex-
planation for this finding is that diversification across commodities reduces
portfolio risk without reducing return. Bodie and Rosansky'? revealed sim-
ilar findings with respect to a portfolio of commodity futures.

4Paul Samuelson, “Proof that Properly Anticipated Prices Fluctuate Randomly.”
Industrial Management Review 6, no. 2 (1965), pp. 41-49.

15See also, Telser, “Futures Trading and the Storage of Cotton and Wheat.”
®Carter, Rausser, and Schmitz, “Efficient Asset Portfolios and the Theory of Nor-
mal Backwardation.”

17Eric C. Chang, “Returns to Speculators and the Theory of Normal Backwarda-
tion,” Journal of Finance 40, no. 1 (1985), pp. 193-208.

8Eugene F. Fama and Kenneth R. French, “Commodity Futures Prices: Some Evi-
dence of Forecast Power, Premiums, and the Theory of Storage,” Journal of Business
60, no. 1 (1987), pp. 55-73.

"Bodie and Rosansky, “Risk and Return in Commodity Futures.”
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In a more recent study, Gorton and Rouwenhorst*® constructed an
equally weighted index of 36 commodity futures for the period July 1959 to
December 2004 and came to similar conclusions. Their portfolio had an
average return and ¢-statistic of 5.23% and 2.92. For individual commod-
ities, however, the presence of positive risk premiums varied. Erb and
Harvey?®! reported similar findings for a wide variety of commodity futures
and commodity future subindexes for the period 1982 to 2004.%>

We investigate the risk premium issue here in a manner similar to
Gorton and Rouwenhorst using simple z-tests on arithmetic returns.>> The
individual commodities chosen for the analysis, crude oil, copper, silver,
gold, wheat, soybeans, corn, lean hogs, and live cattle, are among the most
heavily traded contracts in each of the main commodity subclasses, energy,
industrial metals, precious metals, agricultural, and livestock. The futures
contract for the Goldman Sachs Commodity Index** (GSCI) is included as
a measure of aggregate commodity performance.

Exhibit 3.1 presents descriptive statistics for selected fully collateralized
commodity futures returns for the 10-year period from July 1996 to June
2006. Seven of the 10 commodities have positive returns for the sample pe-
riod while corn, wheat, and hogs have negative returns. Four contracts,
crude oil, copper, cattle, and the GSCI, all have significant positive returns
as estimated by a simple #-statistic. Corn and wheat exhibit significant neg-
ative returns. The findings for this sample are consistent with those of ear-
lier studies in that the returns on individual commodities vary substantially,

2%Gary Gorton and K. Geert Rouwenhorst, “Facts and Fantasies about Commodity
Futures,” Financial Analysts Journal 62, no. 2 (2006), pp. 47-68.

21Claude Erb and Campbell Harvey, “The Strategic and Tactical Value of Commod-
ity Futures,” Financial Analyst Journal 62, no. 2 (2006), pp. 69-97.

22This discussion is by no means exhaustive. For further discussion see, for example,
Garcia and Leuthold, “A Selected Review of Agricultural Commodity Futures and
Options Markets”; Colin A. Carter, ‘“Commodity Futures Markets: A Survey,” Aus-
tralian Journal of Agricultural and Resource Economics 43, no. 2 (1999), pp. 209-
247; and Hendrik Bessembinder, ““Systematic Risk, Hedging Pressure, and Risk Pre-
miums in Futures Markets,” Review of Financial Studies 5, no. 4 (1992), pp. 637-
667.

23Qur analysis employs arithmetic returns. Alternatively, log returns or geometric
returns could have been used; however, it is highly unlikely that the choice would
affect the qualitative implications of our results.

2*The GSCI is an economic-production-weighted index published by Goldman
Sachs. The contract weights are determined according to world production and thus
the GSCl is currently heavily weighted toward energy exposures. A futures contract
on the index trades on the Chicago Mercantile Exchange (CME). Our analysis is
based on the futures contract, not the underlying index.



1€91°0 ICIT0—  TSLTO 90S€°0—  T9%1°0 L8500 61100 SOy ¥§00°0  T1€T0°0 IDSS
1710 10€T0—  TCSE0 ¥198°9 19T 1— 0¥+0°0  LS00°0 L4494 0¥00°0  $800°0 o[HED
L68ST0 L8STO0—  ¥8IS0  PIEY'] 6801°0— 80°0  T100°0— 990T°0—  £Z00°0  8000°0— s3oHq
65€°0 LTET0—  8l6¥'0 TC8SC 6¥0T°T 89L0°0 690070 8T 0£00°0  TZ10°0 faddop
0¥91°0 LY60°0—  L8STO LT6l'l 104L°0 L1¥0°0  9000°0— 0€CEL 8€00°0  0500°0 PI®D
8¢81°0 6¥€C0— 80TH0 STT90 €60°0— 1€£0°0 91000 €09¢'1 £900°0 160070 1IAIS
€L5€E°0 §0CTT0—  LLLSO §09¢€°0 1291°0 1§60°0  80C0°0 §68¢°C L8000  §7TC0°0 [t opnIn
[454%0 8YI1°0— 19T€°0 8LLEO— €ELTO 09900  ¥L10°0— SévbL'1— 09000 SO10°0— FeAY /M
960C°0 L60T°0— €610 16080 ¥9€0°0— T1£0°0  STO00— 6TLO'T §£900°0  0£00°0 sueaq4og
SPST0 STLZT0—  68T€0  S€S0°0—  9€S0°0 ¢§90°0  €610°0— 8648'T— 65000 TITO0O— wop
£500°0 £000°0 8%¥00°0 0L0¥'I— 8€0€0— ST00°0  £€00°0 1L82°TC 10000 0€00°0 SII'q-L
€1€0°0 89€0°0— 18900 L006°0 LTE5°0—  LTTO0O 99000 c59¢°¢ 1100°0  £S00°0 spuod
£960°0 8SY1°0— STPT0  0S€€0 ¥18%°0— IS¥0°0  £800°0 IyS1 I¥00°0  +900°0 $Y2015
WNWIXe[Ny WHWury — dSuey — SIS0NY]  SSOUMIYSG  UONBIAd(]  UBIPIN  ONSOEIS-7 Iorrg agerAy
piepuelg piepuelg

900¢C OES—, 019661 xﬁzh Awﬂuzuvm dljowyIny xﬁﬂuﬁoz :$01nsnelg ®>MHQCUw®Q —..M .—.—ﬂ——.—*m

62



Commodity Futures Investments 63

while the return on the aggregate index, the GSCI, provides strong evidence
of positive returns with a statistically significant monthly average return of
1.31%. One departure is the fact that crude oil has both higher average re-
turns and a higher statistical significance than GSCI, which is mostly attrib-
utable to the run-up in energy prices for the period.

Commodities Futures as an Asset Class

While some research has questioned the notion of positive expected risk
premiums in the Keynesian sense, numerous studies have documented the
benefits of holding commodity futures in a diversified portfolio. Given that
commodity futures portfolios tend to have positive expected returns, at least
on average, it is natural to ask how they compare to more traditional assets.
Bodie and Rosansky?® found that an equally weighted index of futures had
statistically significant returns that were comparable to stocks for the period
1950 to 1976. Using 1970 to 1997 data, Kaplan and Lummer?® found that
a collateralized investment in the GSCI had returns which were slightly
greater than those for stocks and slightly riskier. Gorton and Rouwen-
horst?” found that an equally weighted portfolio of 36 commodity futures
had a return that was comparable to stocks for the period 1959 to 2004.
During that period, the average excess return and standard deviations of
stocks (bonds) was 5.65% (2.22%) and 14.85% (8.47%), while commod-
ities had an average excess return and standard deviation of 5.23% and
12.10%. Furthermore, the futures portfolio had a higher Sharpe ratio than
both stocks and bonds. Last, they reported that stocks and bonds were rela-
tively uncorrelated with commodities.

The high return of commodities and the low degree of systematic risk
suggests that commodities might be valuable portfolio additions. Bodie and
Rosanky?® found that an allocation of 40% to commodity futures signifi-
cantly decreased portfolio risk while increasing expected return relative to a
portfolio of stocks only. Kaplan and Lummer found that adding the GSCI
to a diversified portfolio of stocks and bonds increased expected returns
while decreasing risk. Jaffe*” reported that the addition of gold futures

ZBodie and Rosansky, “Risk and Return in Commodity Futures.”

26paul D. Kaplan and Scott L. Lummer, GSCI Collateralized Futures as a Hedging
and Diversification Tool for Institutional Portfolios: an Update, Working Paper, Ib-
botson Associates, 1997.

%’Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
28Bodie and Rosansky, “Risk and Return in Commodity Futures.”

PJeffrey F. Jaffe, “Gold and Gold Stocks as Investments for Institutional Portfo-
lios,” Financial Analysts Journal 45, no. 2 (1989), pp. 53-60.



64 MECHANICS OF THE COMMODITY MARKET

increased the return and decreased the risk of a diversified portfolio for the
period 1971 to 1987. Analyzing data for the period January 1994 to June
2006, Woodard, Egelkraut, Garcia, and Pennings®® found that the addition
of the GSCI, as well as certain individual commodity futures significantly
increased the Sharpe ratio when added to a portfolio of stocks and bonds.

Anson®! found that commodity futures outperformed stocks and bonds
in terms of overall returns for the period 1970 to 2000, but that commod-
ities exhibited marginally greater volatility. He also separately generates
“efficient frontiers” of stock and bond portfolios with and without 10%
allocations to several different commodity futures indexes. In all cases, he
showed that the addition of futures significantly shifted the frontiers up for
almost all risk levels. In another study, Fortenbery and Hauser®* analyzed
the investment benefits of corn, soybeans, live cattle, and hog futures. Their
study, which used data for July 1976 to December 1985, found that while
the addition of futures rarely increased portfolio return, they did provide
risk reduction benefits through their ability to diversify nonsystematic risk.

Analysis of the recent period confirms the findings of earlier studies. Re-
ferring to Exhibit 3.1, which contains descriptive statistics for the S&P 500
Total Return Index (stocks), the Lehman Brothers U.S. Aggregate Bond To-
tal Return Index (bonds), and commodity futures, the GSCI has signifi-
cantly higher returns than both stocks and bonds (1.31%, 0.64%, and
0.57%) but also greater standard deviation (5.87%, 4.51%, and 1.17%).
Stocks (bonds) have a z-statistic of 1.55 (5.37). Surprisingly, four futures
contracts, crude oil, copper, cattle, and the GSCI, have #-statistics greater
than that for stocks, indicating the presence of positive long-only risk pre-
miums for these commodities.

Exhibit 3.2 presents correlations of monthly returns for stocks, bonds,
and commodities as well as for changes in inflation measured by the Con-
sumer Price Index (CPI). Similar to previous studies, we find low correla-
tions between the GSCI and stocks and bonds. Overall, commodities are
relatively uncorrelated across commodity classes. Within commodity
classes, however, some significant correlations arise. Silver, gold, and cop-
per are all highly correlated, with correlations ranging between 0.33 and

3%oshua D. Woodard, Thorsten M. Egelkraut, Philip Garcia, and Joost M. E. Pen-
nings, Portfolio Diversification with Commodity Futures: Properties of Levered Fu-
tures, Working Paper, August 2006.

3!Mark J. P. Anson, Handbook of Alternative Investments, 2nd ed. (Hoboken, NJ:
John Wiley & Sons, 2006).

32T, Randall Fortenbery and Robert J. Hauser, “Investment Potential of Agricultural
Futures Contracts,” American Journal of Agricultural Economics 72, no. 3 (1990),
pp. 721-727.
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0.57. Crude oil is moderately correlated with wheat, silver, gold, and cop-
per. The correlation between the GSCI and crude oil is 0.89, which is not
surprising given the heavy weight of energy in the GSCI. Wheat, crude oil,
silver, gold, and copper are all positively correlated with current inflation
while stocks and bonds are negatively correlated with inflation. Hogs are
relatively uncorrelated with all other assets as well as inflation. In fact, hogs
are the least correlated of the commodities with the GSCI. Last, the agricul-
tural grains are all highly correlated, with correlations for those commod-
ities ranging between 0.421 and 0.668.

To investigate the role of commodities within a diversified portfolio of
stocks and bonds, we turn attention to estimating optimal portfolios. In
what follows, we estimate several portfolios which are partitioned accord-
ing to various conditioning criteria. Three portfolios are estimated for each
conditioning criterion. Portfolios in each section are designated as follows:
portfolio I consists of stocks and bonds only; portfolio I includes stocks,
bonds, and the GSCI; and portfolio III allows for investment in stocks,
bonds, and individual commodities. Portfolio III is estimated in an effort to
identify the sources of commodity benefits.

Each individual commodity futures return is approximated by a long-
only, fully collateralized index. Optimal weights are estimated by maximiz-
ing the Sharpe ratio, calculated as the ratio of excess returns to standard
deviation. Excess returns are calculated by subtracting the average T-bill re-
turn from the average portfolio return. The scope of what follows is rela-
tively broad. Thus, while the Sharpe ratio criterion is admittedly simple, it
is selected for its simplicity and transparency. The estimation assumes
monthly rebalancing. The analyses are conducted ex post and are thus a
backward-looking estimate of the best-case scenarios.

Exhibit 3.3 presents portfolio estimates for the full sample, July 1996
to June 2006. The full sample portfolios serve as the baseline to portfo-
lios estimated in subsequent sections. Full sample portfolio I consists of
an allocation of 91.3% to bonds and 8.7% to stocks. The Sharpe ratio is
0.246, and the mean monthly arithmetic return and standard deviation
are 0.58% and 1.12%. The optimal allocation to stocks is exceedingly
small as there is considerable uncertainty about their growth for the period.
Adding the GSCI significantly increases overall performance, increasing
the Sharpe ratio of portfolio II to 0.296. The benefits of the GSCI are
primarily driven by energy futures which are heavily weighted in the
GSCI and perform well during the period. Two other commodities, cop-
per and cattle, enter the portfolio even more importantly than crude oil if
judged by their weights. This is a reflection of the strong positive returns
and negative correlations these commodities demonstrate with other
components of the portfolio, particularly bonds. Portfolio III, which
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EXHIBIT 3.3 Maximum Sharpe Ratio Portfolio Weights, July 1996 to June 2006

Full Sample I I I

Stocks 0.0870 0.0780 0.0210
Bonds 0.9130 0.8070 0.7230
GSCI — 0.1150 0.0000
Corn — — 0.0000
Soybeans — — 0.0040
Wheat — — 0.0000
Crude oil — — 0.0490
Silver — — 0.0180
Gold — — 0.0000
Copper — — 0.0640
Hogs — — 0.0000
Cattle — — 0.1200
Sharpe ratio 0.2460 0.2960 0.4050
T-bill average 0.0030 0.0030 0.0030
Average return 0.0058 0.0066 0.0077
Standard deviation 0.0112 0.0122 0.0115

includes individual commodities, has a Sharpe ratio of 0.405. Portfolios
IT and III have significantly greater returns than portfolio I, but only mar-
ginally greater risk.

Not all individual commodities are part of the optimal portfolio. Corn,
wheat, gold, and hogs all have optimal weights of 0.0%, and soybeans con-
stitute less than 0.5%. This indicates that while some commodities may
provide significant benefits over extended periods, not all commodities have
reliable long-only returns.??

Commodities and Inflation

Commodities have long been viewed as a hedge against inflation. Following
Greer,** Bodie, and Rosansky®® examined the response of stocks, bonds,

33 Although we do not address the issue of short selling here, this does not preclude
the possibility that some commodities may have significant benefits in short posi-
tions. For example, corn has significant negative returns. Also, Erb and Harvey
found that strategies employing short positions based on term structure indicators
performed significantly better than long-only positions. Erb and Harvey, ‘“The Tac-
tical and Strategic Value of Commodity Futures.”

34Greer, “Conservative Commodities: A Key Inflation Hedge.”

35Bodie and Rosansky, “Risk and Return in Commodity Futures.”
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and commodities to inflation acceleration for the period 1950 to 1976.
They found that annual excess returns of commodities were positively cor-
related with changes in inflation, 0.52, while stocks and bonds were nega-
tively correlated with changes in inflation, —0.48 and —0.20, and that
commodities provided an effective inflation hedge during the highest infla-
tionary periods. Stocks and bonds, on the other hand, performed poorly
during those periods.

Becker and Finnerty®® came to similar conclusions for the period 1970
to 1990. They found that both equally weighted and production-weighted
indexes of commodities were valuable portfolio components. Commodities
were more beneficial in the 1970s than in the 1980s, a finding they attrib-
uted to their inflation hedging ability. Gay and Manaster®” also suggested
that commodity futures may provide effective hedges against inflation.

Ankrim and Hensel®® found that commodity spot prices reacted posi-
tively to changes in unexpected inflation while financial assets reacted neg-
atively. Kaplan and Lummer®” also supported the notion that commodities
performed better during inflationary periods while stocks and bonds per-
formed poorly. Gorton and Rouwenhorst* examined the correlation of
stocks, bonds, and commodities to inflation at horizons ranging from one
month to five years. They reported that commodities (stocks and bonds)
were positively (negatively) correlated with inflation at all horizons. Finally,
Kat and Oomen*' found that commodities performed well in the face of
unexpected inflation, but that this varied significantly over individual com-
modities for the period January 1965 to February 2005. Energy, metals, cat-
tle, and sugar offered the best hedging potential while grains, oil seeds,

36Kent G. Becker and Joseph E. Finnerty, “Indexed Commodity Futures and the
Risk and Return of Institutional Portfolios,” in Advances in Investment Manage-
ment and Portfolio Analysis, Vol. 4, edited by Cheng-Few Lee (Greenwich: JAI
Press, 1997), pp. 1-14.

37Gerald D. Gay and Steven Manaster, “Hedging against Commaodity Price Infla-
tion: Stocks and Bills as Substitutes for Futures Contracts,” Journal of Business 535,
no. 3 (1982), pp. 317-343.

3% rnest M. Ankrim and Chris R. Hensel, “Commodities in Asset Allocation: A
Real-Asset Alternative to Real Estate,” Financial Analysts Journal 49, no. 3 (1993),
pp. 20-29.

3¥Kaplan and Lummer, GSCI Collateralized Futures as a Hedging and Diversifica-
tion Tool for Institutional Portfolios: An Update.

*Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
*'Harry M. Kat and Roel C. A. Oomen, “What Every Investor Should Know about
Commodities, Part II: Multivariate Return Analysis,” Journal of Management
(forthcoming 2007).
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softs, pork, and palladium were mostly uncorrelated with unexpected
inflation.

Overall, the findings of previous studies support the notion that futures,
on average, are positively correlated with inflation and provide a reasonable
inflation hedge for traditional assets, although this varies across individual
commodities. There are a few reasons we might expect these findings. First,
commodities are a component of inflation. They also affect input prices of
finished goods. Further, stocks and bonds represent a claim on future earn-
ings and the value of those earnings can be eroded by inflation and high
input costs.

Bjornson and Carter,** by exception, came to a slightly different con-
clusion. They developed a single-beta conditional equilibrium asset pricing
model to describe commodity returns and found evidence of time-varying
risk premiums that differed predictably based on information about interest
rates and economic conditions. Interestingly, they concluded that expected
commodity returns were inversely related to interest rates, economic
growth, and inflation.*?

Exhibit 3.2 presents the correlations of assets with monthly changes in
inflation. Consistent with previous studies, 9 of 10 commodities are posi-
tively correlated with inflation. The aggregate index, the GSCI, is highly
correlated with inflation, 0.195. The strength of this relationship with infla-
tion varies for individual commodities. Grains are not highly correlated
with inflation overall, and corn is negatively correlated with inflation.
Crude oil, gold, and copper, however, are highly correlated with inflation.
Consistent with Gorton and Rouwenhorst,** both stocks and bonds have
strong negative correlations with inflation.

Next, we turn to the analysis of optimal commodity investments during
high and low inflationary environments. The data are partitioned according
to whether the monthly change in the CPI was above the 75th percentile
(high), or below the 25th percentile (low) to evaluate the effects of extreme
inflation on optimal asset allocations. Exhibit 3.4 displays optimal Sharpe
ratio allocations for high and low inflation portfolios.

Portfolios I and II perform better during low inflation months relative
to high inflation months. Stocks have a significantly greater allocation dur-
ing periods of low inflation, 24.76 %, than what is reported for the full

*2Bruce Bjornson and Colin A. Carter, “New Evidence on Agricultural Commodity
Return Performance under Time-Varying Risk,” American Journal of Agricultural
Economics 79, no. 3 (1997), pp. 918-930.

43See Bjornson and Carter for additional discussion of asset pricing model applica-
tions to commodities.

**Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
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EXHIBIT 3.4 Optimal Portfolio Weights: High and Low Inflation, July 1996

to June 2006
Low Inflation High Inflation
I I I I I I

Stocks 0.2476  0.2495  0.2294  0.0000  0.0000  0.0000
Bonds 0.7524  0.7328 0.6604 1.0000 0.7877  0.6779
GSCI — 0.0177  0.0000 — 0.2123  0.0916
Corn — — 0.0000 — — 0.0000
Soybeans — — 0.0000 — — 0.0000
Wheat — — 0.0000 — — 0.0000
Crude oil — — 0.0127 — — 0.0119
Silver — — 0.0647 — — 0.0853
Gold — — 0.0000 — — 0.0000
Copper — — 0.0000 — — 0.0286
Hogs — — 0.0000 — — 0.0000
Cattle — — 0.0329 — — 0.1048
Sharpe ratio 0.7343  0.7378 0.8406 0.2361 0.6212  0.9310
T-bill average 0.0027  0.0027 0.0027 0.0028 0.0028  0.0028
Average return 0.0108 0.0108 0.0114 0.0053 0.0110 0.0126

Standard deviation ~ 0.0110  0.0110  0.0104 0.0106 0.0132  0.0106

sample portfolios (i.e., the baseline), 8.7%. This is consistent with earlier
studies which have identified a negative relationship between equities and
inflation. The GSCI has a marginal share, 1.77%, in portfolio II. Further,
the performance of low inflation portfolios I and II are virtually identical.
Crude olil, silver, and cattle have allocations in low inflation portfolio III,
but affect performance only slightly.

While commodities have virtually no role in the low inflation portfolios,
they significantly improve the performance of high inflation portfolios. For
example, including the GSCI nearly triples the Sharpe ratio. The GSCI alloca-
tion is 21.23% in high inflation portfolio Il whereas the allocation of stocks is
0.0%. Silver and cattle both have greater allocations in the high inflation
(8.53% and 10.48%) than in the low inflation portfolio (6.47% and 3.29%).
The same is true for crude oil, with the GSCI acting as a surrogate to crude oil
in the high-inflation portfolio.** This is consistent with the findings of Kat
and Oomen*® regarding the performance of individual commodities.

*Replication of that portfolio excluding the GSCI resulted in a crude oil allocation
of 7.62%.

4®Kat and Oomen, “What Every Investor Should Know about Commodities, Part II:
Multivariate Return Analysis.”
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Interestingly, both sets of portfolios exhibit below average Treasury bill
returns. T-bills are often used as a proxy for expected inflation. Thus, this
suggests that most of the variation in the results is due to unexpected infla-
tion. This is consistent with the findings of Gorton and Rouwenhorst*’
who concluded that stock, bond, and commodity returns were more sensi-
tive to unexpected inflation. Still, these findings are not surprising. As
noted, commodities are a component of inflation. Also, the detrimental
effect of inflation on equities is well accepted, at least for unexpected infla-
tion. Overall, analysis of the recent period corroborates the findings of ear-
lier portfolio studies. Namely, stocks and bonds tend to be negatively
impacted by inflation, particularly unexpected inflation, while commodities
respond positively.

Commodity Returns, Business Cycles, and
Economic Growth

Bjornson and Carter*® suggested that commodities may act as a hedge
against business cycles, as commodities and capital assets are affected
differently by macroeconomic factors. Part of the reason is that stocks
and bonds are affected by long-term expectations of future cash flows
whereas commodities are influenced primarily by short-term shocks.
Therefore, we would expect commodities and capital assets to perform
much differently at different points in the business cycle. Additionally,
we may expect some commodities to exhibit positive demand effects in
response to economic growth.

The effects of macroeconomic factors on the interactions among com-
modities, stocks, and bonds are not perfectly understood though. In partic-
ular, individual commodities may be influenced differently by economic
growth and the conditions associated with such growth. For example,
Bjornson and Carter predicted an inverse relationship between agricultural
commodity returns and the business cycle, while Fama and French*® found
that metals exhibited significant business cycle exposure. Gorton and Rou-
wenhorst>® found that stocks and commodities, on average, tended to do
better during expansion, bonds had superior performance during recessions,

*’Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
*8Bjornson and Carter, “New Evidence on Agricultural Commodity Return Per-
formance under Time-Varying Risk.”

*’Eugene F. Fama and Kenneth R. French, “Business Cycles and the Behavior of
Metals Prices,” Journal of Finance 43, no. 5 (1988), pp. 1075-1093.

3%Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
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and commodities usually performed worst during late recession when
their demand was lowest. Kat and Oomen”' found that energy was a good
diversifier during recessions and that metals, livestock, and softs performed
better at the end of expansions.

Exhibit 3.5 displays quarterly asset return correlations with changes in
real seasonally adjusted GDP. Seasonally adjusted GDP is used so that any
seasonal effects are filtered out of the results (seasonality is addressed later).
As a group, futures returns tend to be positively correlated with GDP.
Stocks are also highly correlated with GDP while bonds, on the other hand,
are negatively correlated. Since stocks and commodities are positively corre-
lated with real economic growth we expect them to perform well during
those periods.

Exhibit 3.6 contains portfolio optimizations for the highest and
lowest half of GDP growth. To simplify the analysis, we do not condi-
tion on the particular phase of the business cycle but rather only con-
sider the magnitude of economic growth. Bonds outperform stocks and
commodities during low GDP growth periods. The converse is true dur-
ing high growth periods. Portfolio II has optimal allocations of 43.21%
and 32.83% for stocks and the GSCI when GDP growth is high, and
for both asset classes 0% when it is low. Furthermore, the high-growth
portfolios outperform their counterparts as they have both higher re-
turns and Sharpe ratios.
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Crude oil
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GSCI

EXHIBIT 3.5 Correlation with Changes in GDP: Quarterly Returns, July
1996 to June 2006

$1Kat and Oomen, “What Every Investor Should Know about Commodities, Part II:
Multivariate Return Analysis.”
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EXHIBIT 3.6 Optimal Portfolio Weights: GDP Growth, July 1996 to June 2006

Low GDP Growth High GDP Growth
I I I I I I
Stocks 0.0000  0.0000 0.0000 0.6131 0.4321 0.2934
Bonds 1.0000 1.0000 0.8072  0.3869 0.2396 0.3183
GSCI — 0.0000  0.0000 — 0.3283  0.0000
Corn — — 0.0000 — — 0.0000
Soybeans — — 0.0817 — — 0.0000
Wheat — — 0.0000 — — 0.0000
Crude oil — — 0.0000 — — 0.1391
Silver — — 0.0130 — — 0.0324
Gold — — 0.0000 — — 0.0000
Copper — — 0.0448 — — 0.0210
Hogs — — 0.0000 — — 0.0000
Cattle — — 0.0535 — — 0.1958
Sharpe ratio 0.3853  0.3853 0.6286 0.3078  0.4421 0.5004
Average return 0.0069  0.0069 0.0082 0.0112 0.0149  0.0140
Standard deviation ~ 0.0101  0.0101  0.0082  0.0264 0.0268  0.0219
T-bill average 0.0030  0.0030 0.0030 0.0031 0.0031 0.0031

The results suggest that high economic growth may increase commod-
ity demand, subsequently pushing up prices on average. Consistent with
Gorton and Rouwenhorst,** we find that during growth phases, stocks and
commodities tend to do well while bonds perform poorly. This is in contrast
with Bjornson and Carter’s suggestion that expected commodity returns
tend to be higher when there is low economic growth and low inflation.*?
One reason for this discrepancy may be that we do not differentiate be-
tween accelerating and decelerating growth periods. As Anson®* pointed
out, commodity prices tend to decline at the bottom of a recession to reflect
the low demand for raw inputs. Long-run expectations for capital assets on
the other hand are revised upward and subsequently begin to perform well
at this point in the business cycle. Thus, accounting for whether the econo-
my is heating up or cooling down may permit different findings. Also, our
analysis of business cycles does not address the question of growth and

32Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
33Bjornson and Carter, “New Evidence on Agricultural Commodity Return Per-
formance under Time-Varying Risk.”

S*Mark J. P. Anson, Handbook of Alternative Investments, 2nd ed. (Hoboken, NJ:
John Wiley & Sons, 2006).
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inflation jointly as Bjornson and Carter. Last, their study addressed agricul-
tural commodities. However, we find significant heterogeneity among com-
modities, particularly for the agricultural commodities. For example, the
correlations of corn, soybeans, and hogs with economic growth are nega-
tive, while the correlations for all other commodities are positive.

TACTICAL OPPORTUNITIES IN
GOMMODITY INVESTMENTS

While there are numerous strategic motivations for investing in commodity
futures, the fact remains that consistent positive risk premiums have not
been observed historically for all commodities. One explanation for these
findings is the notion of time-varying risk premiums. The presence of time-
varying risk premiums suggests that even in rational and efficient markets it
may be optimal to hold futures in some periods and not in others. For exam-
ple, in a recent study, Vrugt, Bauer, Molenaar, and Steenkamp®® found evi-
dence that predictability in futures returns was great enough to be exploited
by dynamic trading strategies. Along these lines, several tactical trading op-
portunities present themselves. These include tactical trading schemes based
on the monetary environment, seasonal criteria, the term structure, and mo-
mentum. The portfolio results presented in the tactical section are ex post
optimizations which are based on ex ante criteria. This approach is similar
to that employed in previous studies.’®

Monetary Policy Environment and Interest Rates

Interest rates are a pervasive factor for the macroeconomy and commod-
ity markets alike. Yet their role on commodity investment performance is
not well understood. Frankel®” argued that real interest rates should be
inversely related to real commodity prices because interest rates have a
negative relationship with the desire to carry commodity inventories. As
such, interest rates are an important determinant of consumption and in-
ventory demand, and thus prices. Following this logic, expansive

3Evert B. Vrugt, Rob Bauer, Roderick Molenaar, and Tom Steenkamp, Dynamic
Commodity Timing Strategies, Working Paper, July 2004.

36See, for example, Gerald R. Jensen, Robert R. Johnson, and Jeffrey M. Mercer,
“Efficient Use of Commodity Futures in Diversified Portfolios,” Journal of Futures
Markets 20, no. 5 (2000), pp. 489-506.

S7Jeffrey A. Frankel The Effect of Monetary Policy on Real Commodity Prices,
NBER Working Paper Series, December 2006.
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monetary policy, which lowers the real interest rate, should lead to an
increase in real commodity prices, and vice versa for restrictive monetary
policy.’® Bjornson and Carter’s results, which suggested that commodity
futures returns were higher during times of low interest rates, support
this notion.>’

In contrast, Jensen, Johnson, and Mercer®® found that commodity in-
vestments performed better during periods of restrictive monetary policy.
They employed an ex ante measure of Fed policy, namely whether the
last change in the discount rate was positive (restrictive) or negative (ex-
pansive), to determine monetary stringency. During expansive monetary
environments, both managed and unmanaged futures provided virtually
no benefits. They also showed that metal, energy, and agricultural grain
futures performed better during restrictive periods. Livestock performed
better during expansive periods, but poorly during restrictive periods.
They also found that the performance of a portfolio which took short
positions in unmanaged futures during expansive periods, and long posi-
tions during restrictive periods, outperformed a simple buy and hold
approach.

Exhibit 3.7 presents results for the monetary policy analysis for the re-
cent period. We classify the data as either expansive or restrictive and esti-
mate optimal portfolios.®! The period is classified as restrictive (expansive)
if the last change in the Fed funds rate was positive (negative).®* Fifty-eight
months were characterized by expansive monetary policy while 62 were
restrictive.

Our analysis suggests that commodities perform relatively better, as
measured by their optimal allocations, during expansive monetary periods,
but only marginally so. In both cases, however, commodities improve over-
all portfolio performance. Referring to portfolio II, the GSCI has a slightly

¥Interestingly, to the extent that lower real interest rates stimulate the macro-
economy, this proposition would be consistent with our findings above concerning
commodity performance over the business cycle.

5%Bjornson and Carter, “New Evidence on Agricultural Commodity Return Per-
formance under Time-Varying Risk.”

Jensen, Johnson, and Mercer, “Efficient Use of Commodity Futures in Diversified
Portfolios.”

®10thers have suggested that the term structure of interest rates, which is not ad-
dressed here, may also have implications for commodity futures price dynamics.
See, for example, Bjornson, Carter, and Vrugt, et al. for investigation of this
dimension.

2This is similar to the measure employed by Jensen, Johnson, and Mercer except we
use the Fed funds instead of the discount rate. Jensen, Johnson, and Mercer, “Effi-
cient Use of Commodity Futures in Diversified Portfolios.”
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EXHIBIT 3.7 Optimal Portfolio Weights, Monetary Policy, July 1996 to June 2006

Expansive Restrictive
I II I I I I
Stocks 0.0999  0.0840 0.0434 0.0573 0.0556  0.0000
Bonds 0.9001 0.7882  0.6055 0.9427 0.8472  0.8649
GSCI — 0.1278  0.0000 — 0.0972  0.0000
Corn — — 0.0000 — — 0.0000
Soybeans — — 0.0773 — — 0.0000
Wheat — — 0.0000 — — 0.0000
Crude oil — — 0.0618 — — 0.0252
Silver — — 0.0353 — — 0.0102
Gold — — 0.0000 — — 0.0000
Copper — — 0.0000 — — 0.0997
Hogs — — 0.0000 — — 0.0000
Cattle — — 0.1768 — — 0.0000
Sharpe ratio 0.2005 0.2394 0.4326 0.3016 0.3614 0.5063
Average return 0.0047  0.0054 0.0081 0.0068 0.0077 0.0089
Standard deviation ~ 0.0121  0.0133  0.0136  0.0100  0.0107  0.0101
T-bill average 0.0022  0.0022  0.0022 0.0038 0.0038 0.0038

higher allocation during expansive periods versus restrictive. Stocks also
have a higher allocation during expansive periods. Overall, superior portfo-
lio performance is observed during restrictive periods. In all cases, the re-
strictive portfolios have higher return and lower risk than expansive
portfolios. This is due to the strong performance of bonds during high inter-
est rate environments.

Evaluation of portfolio III reveals that four commodities, soybeans,
crude oil, silver, and cattle, perform better in the expansive portfolio. Cattle
futures have the strongest response. Their allocation is 0.0% during restric-
tive periods and 17.68% during expansive. Alternatively, copper performs
better in restrictive policy environments. Overall though, commodities tend
to perform better during expansive monetary environments.

The results generated here do not conform well to those of Jensen,
Johnson, and Mercer. There are numerous possibilities for this. First, while
there are strong theoretical reasons and empirical support for expecting
commodities to perform better during expansive monetary regimes, Jensen,
Johnson, and Mercer did employ a much larger data period of 27 years.
Thus, their results may be more robust in a statistical sense. The question
arises, however, that if the tactic did not work for the last ten years, then
how many years would one have to pursue it before it came to fruition?
Also, it is likely that significant structural change has occurred in the last
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10 years and thus the systematic relationships reflected in their results may
have changed. Also, over their data period, interest rates showed significant
volatility. In contrast, over the recent period interest rates were relatively
low and changed only modestly.

More importantly, Jensen, Johnson, and Mercer used the discount rate
while we use the Fed funds rate. Though these rates tend to be closely re-
lated, it is possible that significant differences may arise depending on if the
analysis is conducted using one or the other. Investigation of this issue re-
vealed that using the Fed funds rate as opposed to the discount rate causes a
classification change for one period within the recent data period. The Fed
funds rate increased 0.25% on March 25, 1997 while the discount rate was
unchanged. The monetary environment is classified as expansive for both
measures prior to March 1997. Thus, the period April 1997 to September
1998 is classified as restrictive when using the Fed funds criteria as opposed
to the discount rate.

It seems reasonable to interpret the March 25, 1997 Fed funds increase
as an indication of restrictive monetary policy. Indeed, there was a signifi-
cant decline in commodities during this period. Using the discount rate as
the criterion during this period would have caused this large decline to be
incorrectly classified as expansive. Thus, the restrictive estimates would
have been biased toward finding strong commodity performance during re-
strictive periods. There were numerous instances during the sample period
of Jensen, Johnson, and Mercer that the Fed funds rate was changed prior to
the discount rate. This fact may partially explain their findings. Clearly
though, this is an area in need of further research.

The use of an ex ante monetary policy indicator implies that commod-
ities should have a marginally higher allocation during expansionary mone-
tary environments. Not only is this effect the opposite of what Jensen,
Johnson, and Mercer found, it is also sensitive. This highlights that
although tactical schemes based on anticipating systematic macro relation-
ships can be fruitful they are also somewhat weak, unstable, and uncertain.

Term Structure

The hedging pressure theory®® was developed to explain the apparent con-
tradiction between the normal backwardation hypothesis and the fact that
not all commodities historically provided positive long-only risk premiums.
Keynes’ original notion assumed that hedgers were net short, and thus spec-
ulators were net long. The hedging pressure theory relaxed this assumption

63See, for example, Bessembinder, “Systematic Risk, Hedging Pressure, and Risk
Premiums in Futures Markets.”
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by positing that net hedging pressure (whether short or long) could have a
significant impact on the magnitude and direction of risk premiums. This
implied that speculators should not be concerned with which direction the
market is going since they can earn risk premiums whether the market is in
backwardation (by going long) or in contango (by going short).

As Erb and Harvey®* pointed out, one goal of tactical asset allocation
should be to identify reliable sources of return. Along these lines, the term
structure of a commodity may provide valuable information as to expected
futures returns. Erb and Harvey noted that when the term structure of a com-
modity is in backwardation an investor can expect that the long-only excess
return will be positive on average and vice versa when it is in contango. They
found from July 1992 to May 2004 that the average annualized excess return
of the GSCI was 11.2% when the term structure was in backwardation and
—5.0% when it was in contango. They found similar results for individual
futures over the period December 1982 to May 2004. Using a portfolio of 12
commodities, they constructed an equally weighted, monthly rebalancing
long-short portfolio that went long (short) the six commodities, which were
the most backwardated (contangoed) as measured by the ratio of the nearby
and next-nearby futures price. The return on the long-short portfolio had an
average excess return more than three times greater than a long-only portfo-
lio. Further, the Sharpe ratio was approximately five times greater suggesting
that the term structure of a commodity may be a good indicator of risk pre-
miums. Chong and Miffre® reported similar findings regarding the term
structure and expected risk premiums. In addition, they found that risk pre-
miums changed from positive to negative over time.

Exhibit 3.8 presents results of the term structure analysis for the period
July 1996 to June 2006. The sample is split into two parts depending on
whether crude oil is in backwardation or contango previous to the first day
of the month. We use crude oil’s term structure as the conditioning criteria
because energy’s total production value relative to other commodities
worldwide is extremely high. The fact that energy is a major input in the
production of other commodities further motivates its use. The optimal
long-only Sharpe ratio portfolios are estimated for each group.®®

®4Erb and Harvey, “The Tactical and Strategic Value of Commodity Futures.”
®James Chong and Joélle Miffre, Conditional Risk Premia, Volatilities and Correla-
tions in Commodity Futures Markets, Working Paper, April 2006.

%¢To simplify the analysis, we do not consider short positions. While the analysis
could be extended to allow for short positions this would not affect the nature of the
results. Regardless of whether short positions are allowed, we would expect the
portfolio to be more net long, relatively speaking, when the term structure is back-
wardated, and vice versa when it is contangoed.
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EXHIBIT 3.8 Optimal Portfolio Weights, Term Structure, July 1996 to June 2006

Backwardation Contango
I II I I I I
Stocks 0.0139  0.0154 0.0000 0.2028 0.1914 0.1110
Bonds 0.9861 0.7991 0.6944 0.7972 0.7736 0.7784
GSCI — 0.1855  0.0000 — 0.0351  0.0000
Corn — — 0.0000 — — 0.0000
Soybeans — — 0.0048 — — 0.0000
Wheat — — 0.0000 — — 0.0000
Crude oil — — 0.0599 — — 0.0033
Silver — — 0.0000 — — 0.0293
Gold — — 0.0000 — — 0.0000
Copper — — 0.0524 — — 0.0780
Hogs — — 0.0070 — — 0.0000
Cattle — — 0.1816 — — 0.0000
Sharpe ratio 0.2720  0.3717 0.5929 0.2512 0.2564 0.3358
Average return 0.0061  0.0084 0.0100 0.0062 0.0062 0.0068
Standard deviation ~ 0.0121  0.0149  0.0121  0.0114 0.0111  0.0104
T-bill average 0.0028  0.0028 0.0028 0.0033  0.0033  0.0033

Crude oil term structure has significant power in predicting positive re-
turns for commodities. Stocks have only a marginal role in the optimal port-
folio when crude oil is in backwardation. Backwardation portfolio I has an
allocation of 1.3% to stocks versus 20.28 % for the contango portfolio. This
is consistent across portfolios I, I, and III. Referring to backwardation port-
folio I, including the GSCI increases the Sharpe ratio by more than 35%.
The GSCI has an above average allocation under backwardation, 18.55%,
and only a marginal share, 3.51%, under contango. This is consistent with
the fact that crude oil tends to drive the returns of the GSCI and that greater
long-only returns are expected when the term structure is in backwardation.

The results for portfolio III reveal similar predictive power. Four com-
modities, soybeans, crude oil, copper, and cattle, all comprise significant
shares when crude oil is in backwardation. Only one of those commodities,
copper, is given a significant allocation when crude oil is in contango. Crude
oil has a marginal share of 0.33%, and silver has a share of 2.93% under
contango. In terms of overall performance, the addition of commodities
greatly increases portfolio performance for the backwardation portfolios
while their inclusion only has slight impacts on contango portfolios. The
results suggest that tactical trading strategies based on the term structure
may have significant ramifications for asset allocation.
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Seasonality

Gorton and Rouwenhorst®” argued that seasonality in commodity spot
prices will not likely influence futures returns because seasonal variation is
expected, and thus should already be embedded in the futures prices. How-
ever, Fama and French®® noted that the seasonal nature in the supply and
demand of some commodities implies they will contain seasonality in the
basis and thus the term structure. For example, Carter, Rausser, and
Schmitz®® found evidence of seasonality in risk premiums, and Grauer”’
found evidence of seasonality in commodity betas.

Fama and French”' investigated the seasonal hypothesis for agricultur-
al, wood, livestock, and metal futures. They did not find evidence of season-
ality in the basis for metals. However, they did find strong seasonality for
many agricultural commodities including corn, soybeans, and wheat. Live-
stock products had the strongest evidence of seasonality. They attributed
this finding to the fact that livestock are essentially nonstorable and storage
costs for other agricultural commodities are higher relative to their value
than in the case for metals. Thus, nominal interest rates can only explain a
small fraction of livestock basis variation, and hence, much of the basis var-
iation can be attributed to seasonality.

Following this line of reasoning, we posit that optimal portfolio alloca-
tions may display seasonality. This is investigated by partitioning the data
according to four seasons, winter (December to February), spring (March
to May), summer (June to August), and fall (September to November) and
conducting portfolio optimizations. Exhibit 3.9 presents results for the sea-
sonal analysis.

Portfolio I indicates that stocks outperform bonds during spring months.
Adding the GSCI significantly improves portfolio performance. Spring port-
folio II has optimal weights of 47 %, 0%, and 53 % for stocks, bonds, and the
GSCI. Spring portfolio Il indicates risk-adjusted returns in the spring are pri-
marily generated by soybeans, crude oil, copper, and cattle; these commod-
ities have optimal weights of 15.77%, 19.83%, 16.75%, and 37.26%.

During the summer months, stocks reverse their performance, as do
bonds and commodities. Bond allocations dominate the portfolio in

¢’Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
®8Fama and French, “Commodity Future Prices: Some Evidence of Forecast Power,
Premiums, and the Theory of Storage.”

9Carter, Rausser, and Schmitz, “Efficient Asset Portfolios and the Theory of Nor-
mal Backwardation.”

7OFrederick L. A. Grauer, Equilibrium in Commodity Futures Markets: Theory and
Tests, PhD. Dissertation (1977).

"'Fama and French, “Business Cycles and the Behavior of Metals Prices.”
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summer portfolio I (100%), 11 (82.16%), and III (75.91%). The GSCI com-
prises a significant portion of summer portfolio II, 17.84%, but not as much
as during the spring months, 53%. The summer portfolios also exhibit low-
er risk and returns than the spring portfolios but higher Sharpe ratios. Last,
individual commodities display strong summer seasonality as evidenced by
their low allocations. Only crude oil and cattle enter summer portfolio III,
but with much smaller shares, 11.45% and 12.64 %, than in the spring.

Overall, the fall portfolios perform better than those for any other
season as they have the highest Sharpe ratios. Traditional assets domi-
nate the fall allocations. Stocks have above average allocations in fall
portfolios I and II, 17.16% and 17.16%, relative to the full sample,
8.70% and 7.80%. The GSCI has no allocation in the fall portfolios.
Of the individual commodities, silver, copper, and hogs comprise only
marginal shares, while cattle enter with a 20% allocation. The addition
of individual commodity futures does significantly improve overall port-
folio performance though, increasing the Sharpe ratio by about 0.37.
Furthermore, the benefits from adding commodities come both in the
form of significant risk reduction and return enhancement.

The winter portfolios have the lowest risk but also the lowest return.
Winter portfolio II has optimal portfolio weights that are comparable to
those for the full sample analysis. The analysis of individual commodities,
however, generates some interesting results. Surprisingly, corn has a 4.35%
allocation in winter portfolio III, whereas it has an optimal weight of 0.0%
for the full sample. Silver and cattle also show strong seasonality during the
winter months with allocations of 14.54% and 1.88%.

Overall, the addition of the GSCI to stocks and bonds increases the
Sharpe ratio significantly during three of four seasons and the inclusion of
individual commodities nearly doubles the Sharpe ratio in all cases. Further,
the results indicate the presence of strong seasonal performance for most
commodities. Oil performs best in a portfolio sense during the spring and
summer. Cattle futures also display strong seasonality with optimal weights
ranging from 37.26% in the spring to 1.88% in the winter. Corn, soybeans,
copper, and silver also display strong seasonality. Finally, three commod-
ities, hogs, gold, and wheat, perform poorly in all seasons.

The results support that optimal portfolio allocations can vary signifi-
cantly throughout the year. This is consistent with earlier research which
has documented seasonality in the basis. While Gorton and Rouwenhorst”*
were correct in that the market will embed seasonal information into the
futures price because seasons are expected, they may not be correct in as-
serting that it will not affect futures risk premiums. One explanation is that

72Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
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although the market “expects” the changing seasons, the degree and direc-
tion of hedging pressure can vary throughout the year for different commod-
ities. The results suggest that the market rewards speculators differently for
the different risks they assume across seasons.

Momentum in Commodity Returns

Recent research has suggested the presence of momentum in commodity re-
turns.”® There are numerous explanations for this phenomenon. The hedg-
ing pressure hypothesis implies that long risk premiums are more likely after
the market has experienced large gains and vice versa for short positions
when the market has recently experienced losses. This may result in mo-
mentum effects if hedging pressure increases as a result of market adjust-
ments after broad moves. Other, perhaps interrelated, explanations include
the presence of behavioral biases such as overreaction.”*

Miffre and Rallis” found that market volatility is positively related to
momentum returns. Interestingly, they were also able to link the presence of
momentum to the term structure. Market volatility was found to be posi-
tively related to the propensity for the term structure to be in contango or
backwardation, and further that successful momentum strategies bought
(sold) high volatility futures which were in backwardation (contango) and
ignored low volatility contracts. For 31 commodities over the period Janu-
ary 1979 to September 2004, momentum strategies had average annual re-
turns of 9.38%, outperforming an equally weighted long-only approach,
which lost 2.64%. The momentum returns were further found to be uncor-
related with the returns of traditional asset classes.

Georgiev’® examined the performance of four short-run momentum
based strategies for crude oil, natural gas, unleaded gas, and heating oil for
the period 1993 to 2004. He found that in all cases the actively traded port-
folios performed better than passive buy-and-hold portfolios, and that the
addition of active strategies to diversified portfolios significantly reduced

73See, for example, Jolle Miffre and Georgios Rallis, Momentum Strategies in Com-
modity Futures Markets, Cass Business School Research Paper, August 2006; Craig
Pirrong, Momentum in Futures Markets, EFA 2005 Moscow Meetings Paper, Feb-
ruary 2005; and Erb and Harvey, “The Tactical and Strategic Value of Commodity
Futures.”

74See, for example, N. Barberis, A. Shleifer, and R. Vishny, “A Model of Investor
Sentiment,” Journal of Financial Economics 49, no. 3 (1998), pp. 307-343.

7Miffre and Rallis, Momentum Strategies in Commodity Futures Markets.

76 Georgi Georgiev, “Active Long-Only Investment in Energy Futures,” Journal of
Alternative Investments 7, no. 2 (2004), pp. 32-43.
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risk and increased expected return. Anson’” found that a 10% investment
in the Mount Lucas Management Index (MLMI), which mimics a simple
12-month trend following strategy, increased risk-adjusted returns when
added to a portfolio of stocks and bonds. Erb and Harvey’® also investi-
gated the returns to momentum strategies by constructing long-short port-
folios based on whether the previous annual return was positive or negative.
They reported that a simple equally weighted portfolio of 12 diversified
commodities had a higher return and Sharpe ratio (6.54% and 0.85) than a
long-only GSCI (4.39% and 0.25).

We investigate the impacts of intermediate-term momentum by estimat-
ing optimal weights for portfolios which are stratified by whether or not the
previous return to crude oil is positive or negative. Crude oil returns tend to
drive the GSCI, and hence, momentum in crude oil will likely precipitate
momentum in the GSCI. Energy is also a major input for the production of
many other commodities and could be expected to be a leading indicator of
other commodity prices or at the very least a factor of their contemporane-
ous price. Further, previous research has identified the existence of co-
movement and “herding” behavior in commodity prices.”’

Exhibit 3.10 presents results for the momentum portfolios. The results
strongly suggest the presence of momentum for the portfolios analyzed.
When the lag crude oil return is positive, the allocation to the GSCI (portfo-
lio IT) is 26.11%, whereas it is 0% when the return is negative. Further, the
individual commodities are heavily weighted (portfolio III) following posi-
tive crude oil returns, about 40%, whereas they are smaller following nega-
tive crude oil returns, about 9%.

Stocks respond negatively to lag crude oil returns. This is not surprising
given that energy is such a large portion of input costs for many firms.
Stocks do not enter the optimal portfolios (I, II, or III) when the previous
crude oil return is positive and have above average weightings when the pre-
vious crude oil return is negative. As noted, the GSCI displays strong mo-
mentum effects to lag crude oil changes as well. The optimal GSCI

77 Anson, Handbook of Alternative Investments, 2nd ed.

78 Erb and Harvey, “The Tactical and Strategic Value of Commodity Futures.”
7?See, for example, Robert S. Pindyck and Julio J. Rotemberg, “The Excess Co-
Movement of Commodity Prices,” Economic Journal 100, no. 403 (1990), pp.
1173-1189. Others, however, have questioned the presence of excess comovement
in commodity prices. See, for example, Kat and Oomen, “What Every Investor
Should Know about Commodities, Part II: Multivariate Return Analysis,” and
Chunrong Ai, Arjun Chatrath, and Frank Song, “On the Comovement of Commod-
ity Prices,” American Journal of Agricultural Economics 88, no. 3 (2006), pp. 574—
588.
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EXHIBIT 3.10 Optimal Portfolio Weights, Momentum, July 1996 to June 2006

Positive Lag Crude Negative Lag Crude
Oil Return Oil Return
I I I I I I
Stocks 0.0000  0.0000 0.0000 0.1682 0.1682  0.0952
Bonds 1.0000 0.7389  0.6050 0.8318 0.8318 0.8147
GSCI — 0.2611  0.1226 — 0.0000  0.0000
Corn — — 0.0000 — — 0.0000
Soybeans — — 0.0165 — — 0.0000
Wheat — — 0.0000 — — 0.0000
Crude oil — — 0.0051 — — 0.0147
Silver — — 0.0446 — — 0.0000
Gold — — 0.0000 — — 0.0000
Copper — — 0.0196 — — 0.0754
Hogs — — 0.0000 — — 0.0000
Cattle — — 0.1866 — — 0.0000
Sharpe ratio 0.1764  0.3278 0.4857 0.4384 0.4384 0.5101
Average return 0.0050 0.0083  0.0088 0.0086 0.0086 0.0091
Standard deviation ~ 0.0127  0.0169  0.0123  0.0119 0.0119 0.0112
T-bill average 0.0028  0.0028 0.0028 0.0034 0.0034 0.0034

allocation is higher when the previous change in crude oil is positive and
lower when it is negative (portfolio II). The results for individual commod-
ities are consistent with this finding. For example, cattle (silver and GSCI)
have a weight of 18.86% (4.46% and 12.26%) when the lag change is pos-
itive and 0% (0% and 0%) when it is negative.°

The results support the findings of earlier studies on the positive per-
formance of momentum strategies. In addition, we also establish a link be-
tween commodity returns and subsequent stock market performance in the
context of the diversified portfolio. Namely, equities tend to perform poorly
following positive crude oil returns, whereas commodities are inclined to
manifest momentum. The results suggest that crude oil may have pervasive
implications for portfolio allocation decisions.

80Crude oil does not enter the portfolio strongly because the GSCI substitutes for
most of its exposure. We replicated the analysis for portfolio III excluding the GSCI
and found a weight of 7.5%. This is consistent with positive crude oil momentum.
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CONGLUSION

The purpose of this chapter was to provide a review of commodity invest-
ments in the context of the diversified portfolio. We explored several strate-
gic and tactical dimensions of the futures investment problem and
investigated their implications for portfolio performance during the recent
period July 1996 to June 2006. Four main themes arose out of the results of
past and current work.

First, while the existence of risk premiums in commodity futures mar-
kets has been a point of contention, historically, long portfolios of futures
have displayed positive risk premiums. Consistent long-only risk premiums
for individual commodities are doubtful, however, as their risk-adjusted re-
turns entail a high degree of idiosyncratic risk.

Second, commodity index investments have historically exhibited risk-
adjusted returns similar to stocks. Further, the correlations of commodities
with stocks, bonds, inflation, and the business cycle render them attractive
portfolio components in a strategic sense.

Third, previous studies have documented that commodities appear to ex-
hibit time-varying, and oftentimes negative, risk premiums. The market can
transmit important information in this respect via the term structure by indicat-
ing whether commodity futures should be included in the portfolio as well as
whether risk premiums are likely to be earned as a result of going short or long.

Finally, commodity futures returns may vary systematically and pre-
dictably to economic, monetary, inflationary, and seasonal factors and may
also exhibit momentum. Consideration of these factors can have significant
implications for optimal investment behavior. However, detecting meaning-
ful signals from economic, inflationary, and monetary variables ex ante can
be challenging. Furthermore, the variation of commodities to monetary
conditions is unstable at best, at least in a portfolio context.

The bulk of our analysis consisted of estimating “optimal” portfolios in
a simple mean-variance framework when conditioning on various ex post
and ex ante criteria. As our review and analysis noted, the performance of
futures investments can vary significantly through time, across commod-
ities, and even with respect to structural factors. Consequently, the dynamic
nature of commodity price behavior reinforces the importance of under-
standing the fundamental nature of inter-asset relations when making port-
folio allocation decisions.
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commodities have enjoyed a renewed high interest and increasing atten-
tion from both investors and academics within the last years. After oil
prices were in discussion during the oil price shocks in the 1970s, a period
of declining commodity prices followed for the next 20 years, which went
along with little attention from the academic side. As of the third quarter
2007, prices of most commodities are at a record high in nominal terms and
at a still very high level in real terms, and futures prices suggest that the high
prices are expected to stay high for some time.

Most of the literature on commodities concentrates on long-term passive
investments in commodity futures. However, a pure buy-and-hold strategy

87
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may lead to higher risk positions and further disadvantages for the
investor. On the one hand, investors have no influence on the timing and the
weights of the constituents of the portfolio and thus cannot react to market
changes. On the other hand, Akey shows that active management gives
the investor the opportunity to minimize risk and take advantage of the mar-
ket circumstances.! In order to be successful, the investor needs a sound
understanding of the determinants of commodity prices and the inter-
dependencies between them and traditional assets. Commodities are a very
heterogeneous asset class and daily price changes are mainly driven by a vari-
ety of commodity specific factors. However, commodity prices are also sub-
ject to macroeconomic changes that are common to all commodities. Pindyck
and Rotemberg find comovements between largely unrelated commodities
that are affected by common macroeconomic shocks.> Hence, current and ex-
pected values of macroeconomic factors such as inflation, interest rates, and
industrial production affect the supply and demand for commodities and thus
their current and expected prices. They show that the demand for commod-
ities can be determined directly, such as through an increase in world industri-
al production, which will raise the demand for energy as well as for industrial
and precious metals, or it can also be influenced indirectly through storage
costs. For storable commodities, the demand for holding storage and hence
current prices are driven by the opportunity costs of holding storage. For in-
stance, higher interest rates can directly lower commodity prices because of its
negative effect on economic conditions in general and the demand for com-
modities in particular. At the same time, commodity prices can also decline
because of an increase in the opportunity costs for holding storage. Accord-
ingly, the aim of this chapter is to show the relationship between commodities
and the macroeconomy.’

GOMMODITIES AS AN INFLATION HEDGE

According to Greer, one important property of commodity investments,
besides being implemented as an instrument for diversification, is that

'Rian P. Akey, “Commodities: A Case for Active Management,” Journal of Alterna-
tive Investments (Fall 2005), pp. 8-29.

ZRobert S. Pindyck and Julio J. Rotemberg, “The Excess Co-Movement of Com-
modity Prices,” The Economic Journal (December 1990), pp. 1173-1189.

3For empirical evidence that commodities are on average affected by the same mac-
roeconomic determinants that also affect stock and bond markets see Warren Bailey
and K. C. Chan, “Macroeconomic Influences and the Variability of the Commodity
Futures Basis,” Journal of Finance (June 1993), pp. 555-573.
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commodities can be used as a hedge against inflation.* The value of nomi-
nally denominated assets such as bonds and stocks decreases when inflation
and unexpected inflation increases. In theory, stocks represent claims
against real assets but as companies have nominally fixed contracts with
suppliers, workers, and capital, stocks do not react directly to an increase in
inflation. Stocks represent company ownership and a share in the payout of
dividends. Bonds represent a claim on debt repayment and, in contrast to
stocks, the bondholder receives a predefined stream of cash flows. The
present value of the future cash flows depends on the size and timing of the
cash flow and the assumed interest rate. Commodity futures in contrast rep-
resent the expected spot price in the future and therefore futures prices in-
crease when expected inflation increases. In fact, the increase of commodity
prices itself causes inflation as commodities are part of the basket of goods
from which the aggregated inflation of an economy is calculated. Further-
more, futures represent short-term contracts and can react to changes in un-
expected inflation as the new information is taken into account when rolling
into the next future. Previous studies show empirically that annual returns
of commodity futures are positively correlated with changes in inflation and
that commodities provide an effective inflation hedge during periods of high
inflation.’ Gorton and Rouwenhorst show for the time period 1959 to 2004
that commodities can be used as a hedge against inflation, so that a positive
correlation between the total return indexes and the U.S. CPI (Consumer
Price Index) ranging from 0.01 for monthly futures to 0.45 for five-year
averages of monthly futures exists.® In contrast, the correlation coefficients
between stocks, bonds, and inflation range between —0.12 and —0.32 de-
pending on the time period under consideration.

For our empirical analysis we use the excess return indexes of the
Goldman Sachs Commodity Index (GSCI) for energy, industrial metals, pre-
cious metals, agriculture, and livestock to construct an equally weighted

“*Robert J. Greer, “Conservative Commodities: A Key Inflation Hedge,” Journal of
Portfolio Management (Summer 1978), pp. 26-29.

SSee, for example, Zvi Bodie and Victor I. Rosansky, “Risk and Return in Commod-
ity Futures,” Financial Analysts Journal (May-June 1980), pp. 3—14; Ernest M.
Ankrim and Chris R. Hensel, “Commodities in Asset Allocation: A Real-Asset
Alternative to Real Estate,” Financial Analysts Journal (May-June 1993), pp. 20—
29; and Kenneth A. Froot, “Hedging Portfolios with Real Assets,” Journal of Portfo-
lio Management (Summer 1995), pp. 60-77.

®Gary Gorton and Geert K. Rouwenhorst, “Facts and Fantasies about Commodities
Futures,” Financial Analysts Journal (April 2006), pp. 47-68.
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composite index.” The excess return index does not include the return of the
collateral and thus provides a better exposure to commodities than, say,
the total return index which is heavily influenced by the return of the risk-
free rate of the collateral. All subindexes are normalized to 100 in 1983Q1.
After this date the composite index was not rebalanced as this would
amount in an active trading strategy of selling the subindex with increasing
returns and buying the subindex with decreasing returns. This approach en-
sures pure development of commodity prices; that is, we try to avoid per-
formance influences which arise from portfolio rebalancing. For a measure
of inflation we use the U.S. CPI as well as the CPI for Europe and Asia. Nor-
mally, in literature on commodities only the U.S. CPI is considered, which
seems to be too narrow of a perspective.® Investors are concerned about in-
flation in their respective home country and not necessarily about U.S. infla-
tion. For instance, European or Asian investors shift money into
commodities when inflation in Europe or Asia rises. However, including
Asian and European inflation can solve this problem but also raises others.
First, inflation measures in those regions are averages of different countries,
which might bias the estimated correlation, and second, European or Asian
investors also have to consider exchange rate movements when investing in
dollar denominated commodities, so that the effects of exchange rate move-
ments have to be taken into account as well. Exhibit 4.1 shows the correla-
tion coefficients between inflation in the different regions and the commodity
index returns for the time period 1983Q1 to 2007Q1.° As can be seen, the
commodity composite index is positively correlated with U.S. inflation but
the correlation can be almost completely attributed to the energy index.
World stocks and bonds are negatively correlated with U.S. inflation as
the nominally denominated value of those assets decreases when inflation
increases. Thus, higher inflation means lower returns for stocks and bonds.
European inflation is positively and significantly correlated with energy but
again uncorrelated with the other commodity indexes. Asian inflation is

"The composite index offered by Goldman Sachs is a production-weighted index
with energy having a weight of around 70%. Our equally weighted index has the
advantage of not being dominated by the energy sector. However, as mentioned
above, the index is not rebalanced so that the weights in this passive index can vary
according to the magnitude of price changes in the individual commodity sectors
over time.

8See, for example, Claude B. Erb and Campbell R. Harvey, “The Strategic and
Tactical Value of Commodity Futures,” Financial Analysts Journal (March—April
2006), pp. 69-97.

*We also compared European inflation with the commodity indexes denominated in
euros instead of U.S. dollars. The results (not shown here) did not change
significantly.
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EXHIBIT 4.1 Correlations between Monthly Inflation of Different Countries and
Commodity Returns, January 1983 to January 2007

Variable U.S. Inflation EU Inflation Asian Inflation
Composite 0.3131° 0.1022 —0.0619
Agriculture —0.0148 0.0008 0.0301
Energy 0.3405° 0.2141° —-0.1251°
Industrial metals 0.0735 —0.0578 0.0890
Livestock 0.0400 -0.0159 -0.0183
Precious metals 0.0735 —0.0844 —0.0245
MSCI World -0.0301 —0.0994 0.1044
JPM Global Bond Index —0.0750 —0.0049 —0.0833

2 b and © denotes significance at the 1%, 5%, and 10% level, respectively.

negatively correlated with energy returns which seems puzzling. However,
the correlation coefficients may be biased due to exchange rate movements
and the problem of averaging inflation over different countries with differ-
ent levels of economic development. Furthermore, there are short-term mar-
ket fluctuations which are inherent to monthly data.

Those short-term price fluctuations could obscure the correlation rela-
tionship, so that averages over longer periods of time can give a better pic-
ture of the underlying relationships. If the investment horizon expands to
one, three, and five years, the correlation with EU and Asian inflation shows
a more heterogeneous picture. Exhibit 4.2 displays the correlation of U.S.,
EU, and Asian inflation with commodity returns averaged and rolled over
different time horizons. As can be seen, most commodities are now posi-
tively and significantly correlated with inflation in the United States,
Europe, and Asia. Furthermore, correlations become stronger over a longer
period of time, which suggests that short-run correlations are heavily influ-
enced by short-term market fluctuations. In the United States, correlations
are particularly high for energy over the one-year period and for industrial
and livestock for averages of three and five years. Correlation between the
agriculture index and inflation is much stronger in Asia and in Europe than
in the United States and increases with the investment horizon. The Euro-
pean and Asian markets have to be read again with caution. The coherency
with the agriculture index seems to be strong, especially in Asia. However,
other indexes are significantly negative. Particularly the precious metals in-
dex is negatively correlated with inflation, also to a weaker extent for the
United States. Accordingly, for the European and Asian markets the com-
posite commodity index cannot be used as an inflation protector, but partic-
ular constituents of the index do exhibit the inflation hedge property, which
becomes more efficient over longer investment horizons.
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The drawback of computing correlations between averages is that time
periods of highly positive or negative returns and inflation cannot be taken
into account as the averages smooth the time series. Those periods, how-
ever, are of particular interest as the inflation hedge property becomes espe-
cially valuable during periods of high inflation. Additionally, it would be
interesting to know if the correlations remain stable over time. For this reas-
on one-year and five-year rolling correlation coefficients have been com-
puted for the U.S. CPI and the commodity indexes in order to show the
time varying behavior. Exhibit 4.3 shows the rolling correlation coefficients
for the different time periods.°

Common to all commodity indexes is the fact that the one-year correla-
tion coefficients fluctuate strongly from year to year and range between
+0.8 and —0.8 as in the case of industrial metals and the composite index.'!
For this reason it can be concluded that over short periods of time commod-
ities do not offer an efficient inflation protection. Over longer time periods
of five years, the correlations are more stable but generally of small magni-
tude, ranging between zero for agriculture and around 0.4 for the energy
index.

Therefore, the inflation hedge property often claimed in the literature'
can be strong but also negative during short time periods, but generally re-
mains unclear when European or Asian inflation is considered. Denson
shows for the U.S. inflation that the rolling correlations fluctuate strongly in
the short run, but are more stable and on average positive when considered
over more than three years. Thus, in the long run a positive relationship
between U.S. inflation and commodities exists.'? In order to test the infla-
tion hedge property in more detail, the inflation is decomposed into ex-
pected inflation and unexpected inflation. The reason is that to some extent
expected inflation may be already incorporated in stocks and bonds, so that

19Exhibit 4.2 shows the correlations of returns averaged over one, three, and five
years whereas Exhibit 4.3 shows the monthly rolling correlation coefficients over
observation periods of one and five years.

"However, it should be noted that the coefficients are in part biased due to the auto-
correlation that is generated by the rolling window. In addition, only linear interde-
pendence under the assumption of normality is captured with this measure.
Furthermore, the correlation coefficients are only meaningful if the multivariate dis-
tribution is elliptic. Since most monthly commodity index returns have a positive
skewness and/or an excess kurtosis, the joint distribution is far from being elliptic,
and thus the correlation coefficient does not exhaust the full interval [-1, +1].

12Gee, for example, Robert J. Greer, “The Nature of Commodity Index Returns,”
Journal of Alternative Investments (Summer 2000), pp. 45-52.

13Edwin Denson, “Should Passive Commodities Investments Play a Role in Your
Portfolio?”” Investment Viewpoints, UBS Global Asset Management (2006).
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EXHIBIT 4.3 Rolling Correlation Coefficients for Different Investment Horizons
the inflation hedge property becomes especially valuable in the case of un-
expected changes to inflation. Thus, the commodity returns are regressed
on the two components of inflation according to the following equation:
R; is the return of the respective GSCI commodity excess return index, S is
a constant, the term B E(m;) is expected inflation, whereas 8, (w — E(7;)) is
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the remaining unexpected inflation and e; is an error term. The coefficients
B1 and B, measure the effectiveness of the hedge in the case of expected and
unexpected inflation, respectively. A common approximation for the mar-
ket’s expectation of inflation is the short-term interest rate, that is, the un-
expected inflation is inflation minus the short-term interest rate. Under the
assumption of a constant real interest rate r;, the Fisher equation i; = 7; +
E(7) shows that expected inflation can be expressed by the short-term nom-
inal interest rate. Another possible proxy for unexpected inflation, which
will be used here, is the change in inflation, Ar;. Based on the random walk
hypothesis, the best expectation of this year’s inflation is the inflation of last
year."* Monthly inflation is computed as the percentage change in CPI and
unexpected inflation is computed as the change in inflation:

7y = (log CPI; — log CPI,_1) - 100 (4.2)

n;mexpected — -7 (4.3)

Exhibit 4.4 shows the estimated coefficients and ¢-statistics in brackets
for the monthly commodity indexes. As can be seen, a positive relationship
between expected and unexpected U.S. inflation and the composite as well
as the energy index exists. For both commodity indexes, the effect of unex-
pected inflation is much larger than for expected inflation, so that the hedg-
ing property is much higher when inflation is unexpected. In the case of
European inflation, the inflation hedge property actually holds only for un-
expected inflation. While expected inflation should also be included in the
pricing of nominally denominated assets, such as stocks and bonds, it is the
hedge against unexpected inflation that makes the commodity investments
especially valuable. Erb and Harvey conclude that commodities which are
only storable to a limited extent, such as copper, heating oil, and livestock,
provide a better hedge against unexpected inflation than commodities
which are suitable for storage.'> One reason for this could be that an in-
crease in demand for the former type of commodities increases prices di-
rectly while in the latter case prices are only affected after the storages have
been depleted.

To a lesser extent, unexpected inflation in the United States also plays
a role for the industrial and precious metals indexes where the effects are

“Harry M. Kat and Roel C. Oomen, “What Every Investor Needs to Know About
Commodities, Part II: Multivariate Return Analysis,” Journal of Investment Man-
agement (3rd Quarter 2007), pp. 1-25.

15Erb and Harvey, “The Strategic and Tactical Value of Commodity Futures.”
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significant at the 10% level. In the case of Asian inflation, it does not come
as a surprise that almost none of the #-statistics are significant since the cor-
relation coefficients were not significant on a monthly basis.'® An attempt
to explain the inverse relationship between stocks and commodities and in-
flation is provided by Akey.'” If it is reasonable to assume sticky output
prices, an increase in inflation due to increasing commodity prices raises the
costs for firms who buy commodities as inputs for production. Higher costs
reduce the profits of firms and thus put downward pressure on stock prices.
Over time, higher commodity prices lead to the entry of new commodity
producing firms in the market.'® This raises the supply of commodities
while at the same time firms reduce their demand for commodities due to
the higher costs. Both effects decrease commodity prices and, as the central
bank reduces inflation to more normal levels, profits of firms and, thus,
stock prices increase again.

Another, possibly more relevant explanation is proposed by Greer.'
When inflation increases, the central bank is expected to raise interest rates,
which reduce the present value of future cash flows and thus lower stock
and bond prices. Commodity prices, however, already incorporate the new
inflation rate, so that investors have incentives to move out of stocks and
bonds and into commodities.

9

DYNAMIC LINKAGES OF MONETARY POLICY
AND COMMODITY RETURNS: A VECTOR
AUTOREGRESSIVE ANALYSIS

The inflation target of the Federal Reserve Bank is the core inflation which
excludes the very volatile energy and agriculture indexes, so that changes
in those commodities at first do not affect the inflation target. When com-
modity prices increase to very high levels, however, the effects start to
show in the core inflation which in turn induces a reaction from the cen-
tral bank in order to keep inflation under control. This is why this section
describes the existence of interdependencies between monetary policy and
commodity prices. The effect of a contractive monetary policy can be

'One exception is the energy index where the correlations as well as the OLS regres-
sion coefficients are negative.

17 Akey, “Commodities: A Case for Active Management.”

18Some commodity producing firms such as oil companies have considerable sunk
costs so that supply may be very inelastic even in the long run.

¥Greer, “The Nature of Commodity Index Returns.”
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thought of as a continuation of the inflation effect. As discussed in the pre-
vious section, an increase in inflation increases commodity prices as in-
vestors take advantage of the inflation hedge property and increase their
demand for commodities. Higher inflation then induces the central bank
to increase interest rates in order to decrease inflation. The following peri-
od of disinflation reduces the demand for commodities so that their prices
return to their long-run levels. Armesto and Gavin find evidence that com-
modity futures markets respond positively to an unexpected increase in
the federal funds rate target by raising the inflation rate expected by the
market participants for the next three to nine months.*® Jensen, Johnson,
and Mercer®! analyze the effects of monetary policy in the United States
by distinguishing between subperiods of expansive and contractive mone-
tary policy.?? For the time period 1973 to 1999, the authors find signifi-
cantly higher returns during periods of restrictive monetary policy and
relatively low returns during an expansive period. This seems to be espe-
cially the case for energy and industrial metals, whereas livestock exhibits
inverse but insignificant coefficients. Similar effects have been found by
Kat and Oomen who consider single commodities instead of aggregated
indexes. >’

Frankel proposes an arbitrage model in the style of the overshooting
exchange rate model of Dornbusch in order to explain the inverse relation-
ship between the real interest rate and commodity prices.”* The main argu-
ments are that high real interest rates increase the opportunity costs of
investors who hold commodities in storage, which leads to a temporary

2%Michelle T. Armesto and William T. Gavin, “Monetary Policy and Commodity
Futures,” Federal Reserve Bank of St. Louis Review (2005).

21Gerald R. Jensen, Robert R. Johnson, and Jeffery M. Mercer, “Tactical Asset Allo-
cation and Commodity Futures,” Journal of Portfolio Management (Summer 2002),
pp. 100-111.

22A change in monetary policy is observed if the Federal Reserve Bank changes the
direction of interest rate movements after a prolonged period of interest changes of
the same direction. For example, a contractive monetary policy is observed if the Fed
increases the interest rate after a foregoing period of decreasing interest rates.
*3Harry M. Kat and Roel C. Oomen, “What Every Investor Needs to Know About
Commodities, Part I: Univariate Return Analysis,” Journal of Investment Manage-
ment (First Quarter 2007).

*4Teffrey Frankel, Commodity Prices, Monetary Policy, and Currency Regimes,
NBER Working Paper No. C0011 (May 2006). See also Riidiger Dornbusch, “Ex-
pectations and Exchanges Rate Dynamics,” Journal of Political Economy
(December 1976), pp. 1161-1176.
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reduction in the demand for storable commodities.?* Furthermore, specula-
tors now have higher incentives to move out of commodities and invest in
fixed income assets such as bonds. Both effects reduce the demand for com-
modities and thus decrease commodity prices. In the theoretical model, a
monetary contraction increases nominal interest rates i and often at the
same time decreases expected inflation, so that the ex ante real interest rate
r =i — n° increases. For the reasons described, commodity prices decline.
The decline continues until commodities are generally considered under-
valued and it is expected that commodity prices will appreciate by more
than the costs of holding commodities in storage. Accordingly, investors are
now willing to hold commodities in storage and demand for commodities
increases again. In the long run, the contractive monetary policy also
reduces inflation and the increase in real money growth, whereas the real
interest rate and commodity prices remain unchanged. The theoretical justi-
fication for the overshooting effect is that commodity prices are flexible and
adjust rapidly while most other prices are sticky in the short run. Denoting s
as the log-nominal price of commodities and p as the log-overall price level
so that ¢ = (s — p) denotes real commodity prices, the expected change in
the real price level can be expressed as

E[A(s — p)] = E[A(q)] = —6(9 — 9) (4.4)
E[A(s)] = —6(q —q) + E[Ap] (4.5)

If real commodity prices are higher than the long-run expected price
level g, commodity prices are expected to decrease at a rate 6 so that there is
a tendency to revert back to a long-run equilibrium. Furthermore, an arbi-
trage consideration equates the expected appreciation of commodity prices
E[A(s)] plus the convenience yield adjusted for costs with the nominal inter-
est rate i:

E[A(s)]+c=1i where c=cy—sc—rp (4.6)

cy denotes the convenience yield from holding the stock, which can be inter-
preted as the insurance value of having an assured supply in the case of a
negative supply shock. The storage costs, sc, are the costs for the rent and

250n the one hand, holding commodities in storage gives the investor the return of
an appreciation of the commodities in the future as well as a convenience yield
which is the assurance of having a critical supply in case of a negative supply shock.
On the other hand, the investor has to pay the opportunity costs, that is, the real
interest rates as well as storage costs, and a risk premium for the uncertainty of fu-
ture price changes.
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the security firm, and the risk premium, rp, is the premium for buying and
storing the commodities today in spite of the uncertainty of future commod-

ity prices.
Substituting E[A(s)] from equation 4.5 in 4.6 and rearranging results in
—0(q—q) +E[Ap]=i—c (4.7)
and .
a-7=—(5)6-Esl - (4.8

with i — E[Ap]|=i — n® = r. Equation (4.8) states that if the real interest
rate is higher than the convenience yield minus storage costs and the risk
premium, then investors will find it more profitable to invest in fixed income
and to reduce their demand for commodities, which leads to a lower real
price of commodities relative to their long-run level, g. This could in part
explain why commodity prices were low during the period of high interest
rates in the 1980s and were high in the last years when real interest rate
have been low. In order to test empirically for this negative relationship, an
OLS regression can be applied. Frankel uses annual data of spot prices and
finds a significant negative relationship between three major composite in-
dexes and the real interest rate for the time period 1950 to 2005.%¢

Using monthly futures excess return indexes we apply a Vector Autore-
gressive (VAR) model which is a simultaneous equation model that also
considers the time dimension by including lagged variables. The reasons are
that applying OLS regression with real commodity prices in levels would
result in an estimation bias, since the commodity indexes are nonstationary.
Furthermore, it is unlikely that a change in the real interest rate affects com-
modity prices in the same month so that one would like to take lags into
account. The real commodity indexes are computed as

d .
index,.,] = log (mt:é%lm11 . 100)

In order to have stationary variables, the real indexes are then differenced:*’

Aindex ., = mdexreau — 1ndexrea1’t,1

26Frankel, Commodity Prices, Monetary Policy, and Currency Regimes.

2’The stationarity of the differenced variables was tested using the unit root test
from Peter C. B. Phillips and Pierre Perron, “Testing for a Unit Root in Time Series
Regression,” Biometrika (1988), pp. 335-346.
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The real interest rate is already stationary in levels and is computed by sub-
tracting the inflation rate from the one-year U.S. Treasury Bond. The VAR
model for the case of the two variables with # lags can be expressed as:

Apr=pr+a1Aprg +aApr o+ ... +anApry

(4.9a)
+ Bire—1 + Bore—a + . A+ Buri—n €1

re=p+V1IAp1 + V2Apr 2+ o+ VAP (4.9b)
+rrer Ao+ o+ At ey '
where A p; is the change in the real commodity index at time ¢, #; is the real
interest rate, u; are constants, and ¢;; are error terms. As can be seen from
the first equation, real commodity prices depend on their own realizations
from the previous # periods as well as on lagged real interest rates. The real
interest rate in the second equation depends on the same variables, so that
the two variables have a dynamic interdependent relationship. In contrast to
OLS regression the estimated parameters «;, 8;, y;, and A; cannot be inter-
preted as elasticities, since a shock to the first equation, Aeq ;, increases A p;
in the same period but also increases 7,1 by y;Ag;, in the next period
which in turn has an effect on real commodity prices via the parameter
in period ¢ + 2 and so on. If the model is correctly specified, the error terms
e1; and &, have a mean of zero. Furthermore, correlation, but no auto-
correlation should exist between the two error terms. Otherwise, the good-
ness of fit of the model can be raised by including more variables or more
lags. However, including more lags or variables raises the data require-
ments. Furthermore, too many parameters reduce the number of degrees of
freedom which can result in an estimation bias of the parameters. The num-
ber of optimal lags can be determined with the Akaike criterion which takes
the trade-off between too many and too few lagged variables into account:
d
AIC =1n|0) 200 (4.10)
T

where ’ﬁ’ is the determinant of the estimated covariance matrix of residuals, p
the number of lags, d the number of equations, and T is the number of obser-
vations. For the VAR model the Akaike criterion suggests using lags between
5 and 8, depending on the respective commodity index.?® Exhibit 4.5 shows

28For an introduction into VAR models and their applications see Walter Enders,
Applied Economic Time Series (Hoboken, NJ: John Wiley & Sons, 2004), pp. 264—
272. The coefficients of lagged commodity prices and of equation (4.9b) are not re-
ported to conserve space.
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EXHIBIT 4.5 The Effects of an Increase in the Real Interest Rate on
Commodity Prices*

Composite Agriculture Energy Industrial Metals Livestock Precious Metals

B, 0.001 0.009  —0.004 0.008 ~0.013 0.020
0.127)  [0.893] [-0.173] 0.671]  [~1.347] [2.143]

B, —0.006 0.002  —0.010 —0.004 0.010 ~0.001
[-0.563]  [0.162] [-0.439]  [-0.295] (0.929]  [-0.126]

B; —0.020  —0.023 —0.035 ~0.023 —0.006 ~0.021
[~1.989] [-1.941] [-1.468]  [-1.556]  [-0.604]  [-2.002]

Bs  0.045 0.041  0.069 0.036 0.005 0.051
[4.546)  [3.390]  [3.060] 2.451] 0.479] [4.694]

Bs —0.026  —0.027 —0.038 ~0.027 0.004 ~0.017
[-2.955] [-2.244] [-1.951]  [-2.137] (0.405]  [—1.544]

Be  — 0.023 — — ~0.007 ~0.019
[1.905] [-0.681]  [~1.730]

[ — ~0.010 — — —0.005 0.016
[~0.974] [~0.524] [1.454]

J — — — — — —0.024
[—2.418]

R2  0.110 0.061  0.064 0.077 0.056 0.185

*t-statistics in brackets. Lag length criteria: AIC; based on 289 monthly observa-
tions from January 1983 to January 2007.

the coefficients of the VAR model as well as the #-statistics in brackets for all 8
lags. As expected, changes in the real interest rate do not show any influences
in the first month but rather affect the real commodity prices significantly
starting from lag 4. Furthermore, for almost all commodity indexes it seems
to be the case that the effects are not always negative but rather have an alter-
nating sign.

However, it is not possible to see the overall impact of the real interest rate
and its propagation mechanism over time by looking only at the estimated co-
efficients. Impulse response functions show the dynamic development of the
commodity prices in response to an increase in the interest rate over time. The
impulse response functions can be compactly written in matrix notation as:

= Citrg (4.11)
k=0

with Cgy as the unit matrix. This is the Vector Moving Average (VMA)
description of the VAR model, which explains the development of the
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matrix of variables y, by weighted past shocks ¢_;. The impulse re-
sponse functions show the values of y; over time with a shock relative to
y; without a shock.?? This, however, implicitly assumes the error terms
& between the two equations to be uncorrelated. Since this is rarely the
case, “‘orthogonalized impulse response functions” have to be estimated.
This is done by transforming the parameter matrix Cy, in equation 4.11 so
that the residuals are uncorrelated and can be expressed as C; = C T,
where T is the transformation matrix with the property T-1Q- T~ = . The
modified residuals are now V,_, = T~!.¢,_;, which leads to an orthogonal
and thus uncorrelated covariance matrix ). The idea of this transformation
is to attribute a shock which effects the whole system to one specific variable.
This also means that the impulse response functions react sensitively to
changes of the variable to which the shock is attributed to if high correlation
between the equations exists. For the impulse response functions presented
below, this change in the Cholesky ordering has been performed to test the
robustness of the results. Exhibit 4.6 shows the residual correlation matrix
for the real commodity prices and the real interest rate.

As can be seen, the correlations between the residuals of the real interest
rate and the change in commodity prices are low with 0.089 between interest
rate and industrial metals as the highest correlation. Thus, the impulse re-
sponse functions are robust with respect to the Cholesky ordering. Under the
assumption of shocks to the real interest rate affecting commodity prices,
however, the Cholesky ordering has been set in the order real interest rate-
commodity index. Exhibit 4.7 shows the impulse response functions for the
increase in the real interest rate in the order of two standard deviations.

As can be seen most clearly for precious metals, the real interest rate
first has the expected negative sign but then changes to a positive effect be-
fore turning negative again. Except for livestock this occurrence seems to be
the case for all the commodity indexes but is probably only due to market
fluctuations. An increase in the real interest rate leads to a decrease in the
demand for commodities that reduces their real price. The lower price
in turn may lead some market participants to increase their commodity
holdings, increasing the price again. In conclusion, the negative relationship

EXHIBIT 4.6 Residual Correlation Matrix

Apy, Ap:, Apy, Ap, Apy, Apy,
Variable Composite Agriculture Energy Industrial Precious Metals Livestock

7y 0.060 0.081 0.047 0.089 —0.001 —-0.011

2*The shocks are usually in the order of one or two standard deviations.



104

MECHANICS OF THE COMMODITY MARKET

Composite Agriculture
.05 05
044 04
034 03
02 02
014 014
Q0= T 0
-01 01
-02 ; T T T T r T -02 T T T T T T T T
1t 2 3 4 5 6 7 8 8 10 1 2 3 4 5 6 7 & 8§ 10
Energy Industrial Metals
10
.06+
084
06
.04
04
024 .02
00 e S Py /’/ \\\

e 00 e N e o
-.02 ~ae I QNS et
-04 —— —— -.02 — S

to2z 3 4 5 85 7 8 8 10 1t 2 3 4 5 6 7 8 9 10

Livestock Precious Metals
.05 05

04 04

@ .03
02

024

01 SN e e
P — . 00 4 — hS o S
00 ez e ]

‘ I — ~04
N o2l -

1t 2 3 4 5 6 7 8 9 10 i 2 3 4 5 & 7 8 9 10

EXHIBIT 4.7 Impulse Response Function for an Increase in the Real Interest Rate

between the real interest rate and commodity prices is significant but not
very strong and confirms the previous theoretical derivations as well as the
results found in many other studies.>®

30Gee, for example, Frankel, “Commodity Prices, Monetary Policy, and Currency
Regimes.” Frankel furthermore investigates the effects on inventories and small
economies.
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GOMMODITIES AND EXCHANGE RATES

Commodities account for a quarter of merchandise trade, which again ac-
counts for a quarter in world GDP. Since many developing countries depend
on the export of only a few commodities, it is important to understand the
effects of exchange rate deviations on commodity prices. Many commod-
ities are denominated in U.S. dollars so that exchange rate movements vis-
a-vis the dollar affect the prices for exporters and importers of commodities.
Thus, in addition to the market risk, investors also face an exchange rate
risk.

However, the effects of a volatile exchange rate go beyond the
investors’ risk. A general depreciation of the dollar for example increases
the dollar-denominated commodity prices, as commodity exporters from
other countries demand a higher price in return for the exchange rate loss
and vice versa.’' Exchange rate movements of single currencies can have
substantial effects on the profits of commodity producing firms as well as
on supply changes.*? One prominent example is the case of South Africa in
2001 where the Rand depreciated against the dollar by 35% while at the
same time the gold price in dollars actually decreased by 2.9%. This raised
profits of South African gold companies which in turn expanded production
in the following period. However, it should be noticed that the commodity
supply of nonstorable commodities is fixed in the short run since investment
in commodity infrastructure can take years, so that price movements can be
either caused by changes in the U.S. dollar or by changes in demand. Only
in the long run do further investments in commodity production lead to an
increase in supply. The short-run supply of storable commodities is some-
what more elastic as long as commodity producing firms still have invento-
ries. The relationship between supply and demand is shown in Exhibit 4.8,
which displays a falling demand curve, D, in reaction to higher prices and
fixed short-run supply curves, $°(ns) and §°(s). If demand increases, the sup-
ply of nonstorable commodities, $*(7s), is fixed in the short run or increases
marginally in the case of storable commodities, S*(s), so that mainly prices
increase. Over time, the long-run supply, §, responds to changes in the price
level resulting in an increase in output and a slight decrease in prices.

This makes it difficult to predict commodity price movements in
the future. If world demand remains high in the coming years, if new

31See Robert Keyfitz, Currencies and Commodities: Modelling the Impact of Ex-
change Rates on Commodity Prices in the World Market, Development Prospect
Group, World Bank, 2004.

32Exchange rate movements may come into effect with a lag since in practice this
kind of risk is often hedged for the near future.
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o — 0 (0
EXHIBIT 4.8 Short-Run and Long-Run Responses to
Changes in Demand

investments in commodities are not yet completed, and if the U.S. dollar
continues to depreciate, commodity prices will remain high or will even fur-
ther increase in the near future. On the other hand, an appreciating U.S.
dollar and a higher supply would tend to mean-revert commodity prices to
the long-term real price level, which in theory is the cost of production. The
relationship between the dollar and the commodity composite index can be
seen in Exhibit 4.9 where the dollar exchange rate index is a weighted aver-
age of the foreign exchange value of the dollar against a subset of broad
index currencies. The weights are computed as an average of U.S. bilateral
import shares from and export shares to the issuing country.®* In order to
illustrate the negative relationship more clearly, the exchange rate index is
measured on the left axis in inverted scale and the commodity index is mea-
sured on the right axis.

As can be seen, the negative relationship holds for most of the observed
period with deviations during the mid-1980s but also during the past few
years where the commodity index strongly increased while the exchange
rate remained relatively stable. In the face of high growth in emerging mar-
kets, especially in India and China, this suggests that the latest increase in
commodity prices is due to higher world demand rather than movements in
the exchange rate. Exhibit 4.10 shows the monthly correlation coefficients

>3The index is provided by the Federal Reserve Bank, see http://www.federalreserve.
gov/pubs/bulletin/2005/winter05_index.pdf.
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EXHIBIT 4.9 The Relationship between the Weighted Dollar Exchange Rate
and Commodity Prices
“Exchange rate measured in inverted scale on the left axis and the commodity index

on the right axis; based on 289 monthly observations from January 1983 to January
2007.

between the weighted exchange rate index and the individual commodity
index returns.

As can be seen, most correlation coefficients have the expected negative
sign but are only significantly negative in the case of industrial and precious
metals. This supports the argument that an increase in the exchange rate—
which corresponds to an appreciation of the dollar—decreases commodity
prices and vice versa, albeit not all commodities are affected by the same
magnitude.

GOMMODITIES AND THE BUSINESS CYCLE

The effects of inflation and the real interest rate discussed in the previous
sections imply cyclical behavior of commodities. In a period of strong ex-
pansion, consumer demand is high, unemployment low, and wages increase

EXHIBIT 4.10 Correlations between Commodities and the Exchange Rate (January

1983 to January 2007)

Variable Composite Agriculture Energy Industrial Metals Livestock Precious Metals

AExchange —0.122 0.058 —0.084 —0.339% 0.026 —0.384b
Rate Index

a b and © denotes significance at the 1%, and 5%, level, respectively.
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more than under normal circumstances. This increases inflation, which, in
turn, raises commodity prices if commodities exhibit the inflation hedge
property. In addition, high economic activity also means an increase in the
demand for commodities as most commodities are required as input to
firms’ production. The increase in inflation induces the central bank to raise
the real interest rate in order to prevent the economy from overheating.
When the increase in the real interest rate takes place, the expansion reaches
its peak before growth slows, since investments decline due to higher financ-
ing costs. With a lag of several months the higher real interest rate reduces
the demand for commodities which in turn leads to a decrease of commod-
ity prices. During recessions commodity prices are expected to behave anal-
ogous: at the beginning of a recession, the demand for commodities is low,
which reduces commodity prices. When the real interest rate is cut by the
central bank, commodity prices are expected to increase again.>*

An empirical examination of the business cycle behavior is complicated
by the fact that the change in the real interest rate does not always take
place at the same point in the business cycle; that is, the lag for which
changes in the real interest rate affect the demand for commodities can vary
and other factors like exchange rate movements which are not strongly re-
lated to the business cycle might obscure the relationship.>® Exhibit 4.11
shows the quarterly changes in world industrial production for the time pe-
riod 1983Q1 to 2007Q1.*¢ On the one hand, industrial production is not
perfectly correlated with the business cycle. An increase in economic activ-
ity leads firms to reduce their storages before increasing production and a
recession fills storages up before firms reduce production. However, the ad-
vantage is its closer relation with commodity demand, especially for energy
and industrial metals which is the reason for choosing world industrial pro-
duction instead of world GDP, where the linkage to commodity demand
may not be as direct.

34For further literature on the relationship between commodity prices and the busi-
ness cycle see, for example, Bruce Bjornson and Colin A. Carter, “New Evidence on
Agricultural Commodity Return Performance under Time-Varying Risk,” American
Journal of Agricultural Economics (August 1997), pp. 918-930; and Eugene F.
Fama and Kenneth R. French, “Business Cycles and the Behavior of Metals Prices,”
Journal of Finance (December 1988), pp. 1075-1093, among others.
35Furthermore, business cycles are far from recurrent regular patterns. In fact, many
economists believe business cycles to be only stochastic fluctuations of the market.
See, for example, Robert G. King, Charles I. Plosser, James H. Stock, and Mark W.
Watson, “Stochastic Trends and Economic Fluctuations,” American Economic Re-
view (September 1991), pp. 819-840.

3¢Qur proxy for world industrial production includes all OECD countries plus Bra-
zil, Mexico, India, and China. China is included in the index from 1990Q1 on.
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EXHIBIT 4.11 Quarterly Changes in World Industrial Production

The quarterly changes in industrial production are now divided into
subperiods: strong expansion, weak expansion, strong recession, and weak
recession. We define a strong expansion as a period in which growth is pos-
itive and increasing for at least two quarters. A weak expansion corre-
sponds to the same time period with positive but decreasing growth. A
strong recession occurs when growth becomes increasingly negative for at
least two quarters, and a weak recession corresponds to two consecutive
quarters of negative but increasing growth. Exhibit 4.12 displays the four
phases of the business cycle.

Peak

Strong Weak
Expansion Expansion

Weak

Recession

Strong
Recession

Trough

EXHIBIT 4.12 Business Cycle Phases
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EXHIBIT 4.18 Return Properties During Different Phases of the Business Cycle

Strong Weak Strong Weak
Expansion Expansion Recession Recession

Index (#18) (#23) (#4) (#8)

Composite 7.09 2.62 —3.52 -9.99
Agriculture -5.81 —6.43 -1.76 -12.76
Energy 37.37 10.03 —7.45 —4.89
Industrial metals 4.12 —4.39 —5.73(22.14) —6.30
Livestock —4.03 5.79 —1.06 -9.76
Precious metals -1.79 1.21 -13.87 -13.77
JPM Bonds 7.77 7.58 —4.74 5.04
MSCI World 15.86 6.17 6.37 2.69

For the time period 1983Q1 to 2007Q1, the most phases detected were
strong and weak expansions as industrial production follows a positive
long-term growth path. Accordingly, only four and eight periods were ob-
served for the strong and weak recession, respectively, while a strong or
weak expansion occurred 18 and 23 times. Exhibit 4.13 shows the average
returns of the individual commodity index as well as the average returns for
stocks and bonds under the respective phase of the business cycle. The clear-
est result can be seen for the energy index which is probably most strongly
affected by changes in industrial production. In a strong expansion, energy
demand is especially high, driving up energy prices while prices decrease
during recession periods. The other index which is expected to show a
strong reaction to the business cycle is industrial metals. Returns are posi-
tive during a strong expansion and decrease otherwise except for the strong
recession. The return of 22.14% seems to be puzzling but is the result of
only one outlier of 39.32% in 1989Q1. If this outlier is removed, the return
becomes a more reasonable —5.73%. It is worth noticing that the returns
for the energy and industrial metals index are much lower during weak ex-
pansions than during strong ones. On the one hand, this may be due to low-
er demand during these phases. However, it might be also by reason of
increased interest rates which lower commodity prices as well. In fact, if a
strong expansion precedes a weak expansion, the weak expansion may be
because of increased real interest rates. The agricultural and precious metals
index show negative returns for almost all periods as those indexes gener-
ally declined during the period under consideration. For the precious metals
index, however the returns are more negative during recession periods than
during expansive periods.

Many commodity indexes such as agriculture, industrial metals, and
livestock show less negative returns during strong recessions than during
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weak recessions. This could be because of the effect of a lower real interest
rate during recession periods. During strong recession periods, the bond in-
dex for example exhibits negative returns and the lower real interest rate in
general might induce investors to shift part of their capital into commod-
ities, so that the lower demand during those periods is partly compensated
by the gain in relative attractiveness of commodities.

Combining the demand effects from the business cycle and the exchange
rate effects discussed above, an estimation equation can be expressed by the
following regression:

Rt =+ ,81 . AIPWt,1 + ,32 . AEXC[ —+ &t (4.12)

where R; denotes the quarterly return of the individual commodity index,
AIPW,_q is the percentage change in world industrial production from the
previous quarter, and AEXC; is the percentage change in the weighted ex-
change rate index. The lag in world industrial production takes into account
that most commodities are storable to some degree, so that higher demand
for commodities does not increase commodity prices until the following
quarter. Exchange rate movements in contrast affect commodity prices di-
rectly and enter equation (4.12) in the current period. Exhibit 4.14 displays
the regression results for the time period 1983Q1 to 2007Q1. The coeffi-
cient B; in the case of the composite index shows that an increase in world
demand for commodities by 1% increases commodity prices with a lag of
one quarter on average by 0.6%. However, the effect is only significant for
the energy index but insignificant for the other indexes.

A general appreciation of the U.S. dollar by 1% decreases commodity
prices by around 0.6% in the case of precious metals and by around 1% for

EXHIBIT 4.14 The Effects of World Demand and the Exchange Rate on
Commodity Returns, (1983Q1 to 2007Q1)

Industrial Precious
Variable Composite Agriculture  Energy Metals  Livestock  Metals

o ~0.106 ~0.577  —1.059 1.023 0296  —1234
[-0.162]  [-0.655] [-0.583]  [0.799] [0.334] [—1.871]

B 0.600°  —0.750¢ 3.060° 0312 0.102 0.265
[1.816]  [—1.681] [3.325]  [0.481] [0.227]  [0.795]
—0.182 0.080  —0.324  —1.0482  0.041  —0.603

B [—1.182] [0.386] [-0.755] [-3.478] [0.195] [-3.882]

a b and © denotes significance at the 1%, 5%, and 10% level, respectively; based on

quarterly data (96 observations).
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industrial metals. Thus, a higher value of the dollar has a negative effect on
commodity prices.

GONGLUSION

This chapter presented an overview of macroeconomic influences on com-
modity prices and provided empirical evidence for the relationship between
commodity prices and inflation, monetary policy, exchange rate move-
ments, and the business cycle. Commodities are a very heterogeneous asset
class but some effects apply to all indexes: Most commodities exhibit an
inflation hedge property when compared with U.S. inflation. For European
and Asian inflation and when considering different time horizons, the infla-
tion hedge property becomes more ambiguous, so that the general effect is
unclear. Closely linked to inflation are the changes in the real interest rate.
An increase in the real interest rate decreases real commodity prices with a
lag of two or more quarters as investors react to increasing opportunity
costs and shift part of their financial capital out of commodities. Exchange
rate movements can have considerable effects on the supply and demand for
commodities since most commodities are denominated in U.S. dollars. A
general depreciation of the dollar increases commodity prices as export
countries demand higher prices in order to compensate the exchange rate
loss. Changes in the return patterns of commodities over time are reflected
in different phases of the business cycle. In a period of economic expansion
the demand for commodities increases. At the same time, the central bank is
likely to raise real interest rates which decreases the demand for commod-
ities. While the former increases commodity prices, the latter decreases
them, so that a decomposition of the effects would be necessary and remains
to further research. The overall picture, however, is that commodity returns
are higher during expansive periods and lower or negative during reces-
sions, which means that the demand effect is stronger compared to the real
interest rate effect.
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he valuation of commodity futures contracts is typically regarded to be

more complex than the valuation of financial assets and their derivatives.
The reason is the hybrid character of the underlying commodity: On one
hand, commodities serve as consumption and processing goods. On the oth-
er hand, they also share certain characteristics of financial assets in the sense
that they have a unique equilibrium market price, and that they are subject
to speculative storage. In short, commodity spot prices are a mixture of pri-
ces for consumption goods, reflecting the current scarcity of the good, and
of asset prices, reflecting the expectation of future spot prices and an ex-
pected risk premium. Depending on either view, commodity futures are:

® Derivatives written on asset-like underlying securities and should be
valued using arbitrage-based techniques, or alternatively

B Derivatives written on nontradable state variables or spot commodity
prices and should be valued with equilibrium asset pricing techniques

As a result of that hybrid character, two broad classes of valuation mod-
els are used for commodity futures: risk premium models (RPM) and

113
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convenience yield models (CYM). Risk premium models value commodity
futures with respect to the expected commodity spot price discounted by an
appropriate risk premium. They derive the risk premium from specific
equilibrium conditions and fundamental factors such as aggregate wealth,
real consumption, or the hedging pressure.

Convenience yield models, in turn, are arbitrage-based valuation con-
cepts. They value commodity futures with respect to the current commodity
spot price and an appropriate convenience yield. Convenience yields depend
on inventories and reflect expectations about the availability of commod-
ities, sometimes called the “‘immediacy” of a market. If inventories are low,
the convenience yield is high, and vice versa.'

Resulting from the hybrid role of commodities as assets and consumption
goods, there is a large variety of valuation models for commodity futures.
For hardly any other type of derivative security, both arbitrage-related and
equilibrium asset pricing concepts have been applied so naturally alongside
each other for such a long time—starting from the early literature in the
1930s until today. Keynes’ (1930) theory of “normal backwardation? is
one of the first equilibrium asset pricing models for commodity futures. The
works of Kaldor (1939) and Working (1948, 1949) introduce the first
arbitrage-related concepts.> Examples from the more recent literature are
the risk premium model of DeRoon, Nijman, and Veld (2000) and the con-
venience yield model of Cassus and Collin-Dufresne (2005).*

In this chapter, the risk premium model and the convenience yield model
in commodity futures valuation are highlighted, and the way they can be
related. It is shown that these models are mutually consistent, and how they
can be used to explain the term structure of commodity futures prices, and

"The concept was developed by Kaldor as a theoretical explanation of Keynes’ nor-
mal backwardation in commodities markets; Nicholas Kaldor, “Speculation and
Economic Stability,” Review of Economic Studies 26, no. 1 (1939), pp. 1-27.

>The practical usage of “backwardation” refers to markets in which futures prices are
below current spot prices. Keynes’ ““normal backwardation” refers to futures prices
below expected spot prices at expiration. See John M. Keynes, A Treatise on Money,
Vol. 2: The Applied Theory of Money (London: Macmillan, 1930), pp. 142-147.
SHolbrook Working, “Theory of the Inverse Carrying Charge in Futures Markets,”
Journal of Farm Economics 30, no. 1 (1948) pp. 1-28; and Holbrook Working,
“The Theory of Price of Storage,” American Economic Review 39, no. 6 (1949),
pp. 1254-1262.

*Frans A. De Roon, Theo E. Nijman, and Chris Veld, “Hedging Pressure Effects in
Futures Markets,” Journal of Finance 55, no. 3 (2000), pp. 1437-1456; and Jaime
Casassus and Pierre Collin-Dufresne, “Stochastic Convenience Yield Implied from
Commodity Futures and Interest Rates,” Journal of Finance 60, no. 5 (2005),
pp. 2283-2331.
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the return components of futures contracts. For example, the decomposi-
tion of futures returns into a “roll” and “spot” yield is common among
practitioners, but the relation to economic pricing models remains often ob-
scure. We highlight these basic relations with empirical characteristics of
commodity futures returns.

LIMITATION OF RISK NEUTRAL PRICING

It is well-known from general finance textbooks that arbitrage pricing can
typically not be applied to commodity futures contracts due to the value
of commodities as consumption and processing goods. The underlying of
financial futures contracts are financial assets (stocks, bonds, or other deriv-
atives) that are, by definition, in strictly positive supply, always available,
and fully tradable. Therefore, it is always possible to construct a portfolio
that replicates the payoff of the futures contract. In order to exclude arbi-
trage opportunities, the futures price satisfies

F,q =S, elr-3(T=)

which means that after adjusting for time (interest, 7) and payoffs (divi-
dends, coupons, §), the futures price is fully determined by the current spot
price of the underlying asset, S. In practitioner wording, the equation states
that the futures price corresponds to the cost of carry, which consists of the
spot price, the risk-free rate, and the dividend yield of the underlying, and
refers to the costs associated with carrying (maintaining) a spot position
over the life of a futures (or general: a derivatives) contract.

Commodities differ in several important aspects from financial assets.
First, they do not pay a financial yield like dividends or coupons to the own-
er, but entail storage costs. If they are expressed as a constant proportion of
the value of the underlying they can be treated as negative dividend yields.
Then, the cost of carry for commodity futures comprises the commodity
spot price, the risk-free rate, and the storage costs, 7. The previous equa-
tion becomes

For =8, elrt(T=) (5.1)

representing the cost-of-carry formula for commodity futures.

Second, and more important, unlike financial assets, the main purpose
of commodities is consumption and processing. By definition, commodities
are not designed to be carried from one period to the next and the
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commodity supply is not stable over time. Therefore, no replicating portfolio
can be constructed, and equation (5.1) cannot be expected to hold in
general.

To illustrate the effect of consumption and processing for the feasibility
of the replication trading strategy, assume there are two types of inventories
of the commodity:

B Speculative inventories of excess supplies of the commodity, which are
not needed for consumption or processing over the life of the futures
contract.

B Consumption inventories of the commodity, which are needed for con-
sumption or processing in the nearer future.

If the commodity futures price exceeds the cost-of-carry price in equa-
tion (5.1),

Fir > S elrmlT=0
arbitrage implies to short the futures contract and to invest in the replicating
portfolio. For the replicating portfolio, the arbitrageur has to borrow the
amount of S; ¢”(T~%) to buy the commodity in the cash market and to cover
the instantaneous storage costs 7. Through this trading strategy, arbitrag-
eurs increase speculative inventories of the commodity, drive down the fu-
tures price and drive up the commodity spot price until equation (5.1) is
restored. Consequently, the futures price cannot exceed the cost-of-carry
price in equation (5.1) in the absence of arbitrage.’

The distinctive nature of commodity futures becomes important when
the futures price falls short of the price in equation (5.1), that is,

For<S e[r+m](T7t)

In this case, arbitrage would imply to go short in the replicating portfo-
lio and long in the futures contract: Take a long position in the futures

°Tt should be noted that this mechanism only works if the underlying is storable over
the life of the futures contract. The storability and feasibility of the trading strategy
depend on the type of the commodity. Some commodities, like electricity, cannot be
stored and have to be consumed immediately. Others, like meat or grains, are perish-
able and can only be stored for a limited time period. For agricultural goods, more-
over, the quality varies from harvest to harvest, and the stored commodity of last
year’s harvest might be a different good from this year’s harvest. For these commod-
ities it is possible that F, 7> 5; elrtm)(T=1); that is, the futures price can exceed the
cost of carry.
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contract, (short) sell the commodity to save the storage costs 72 and invest
the proceeds at the riskless rate 7.

(Short) selling of the physical commodity is possible as long as there are
positive supplies of speculative inventories. If the commodity becomes
scarce and these inventories are driven down to zero, the futures price can
fall short of equation (5.1), or the spot price can rise above the (discounted)
futures price in equation (5.1), respectively. Owners of consumption inven-
tories cannot (short) sell their inventories if they need the physical commod-
ity for consumption or processing. In other words, for the owner of
consumption inventories the commodity is a different good from the com-
modity futures contract, which is useless for production and consumption.
Consequently, consumption inventories of the commodity cannot be used
to build a replicating portfolio for the commodity futures contract, and the
futures contract cannot be used to replace inventories of the physical com-
modity in consumption or processing.

Arbitrage and the replicating portfolio work in one way, but not in the
other. This mechanism establishes an arbitrage (upper) bound for commod-
ity futures rather than an arbitrage price,

Fip <8 el (5.2)

In fact, it is not even necessary that speculative inventories are driven
down to zero. It is sufficient that there is a positive probability of zero in-
ventories over the life of the futures contract to drive the spot price above
the discounted futures value, F, 1 e~ (rtm)(T=1) < §, If there is a possibility
that stockouts occur, the ownership of the physical commodity is more val-
uable than the ownership of the commodity future because only the holder
of the physical commodity can benefit from potential temporary shortages
of the commodity.

Several authors show that the payoff from holding commodity in-
ventories is equal to an option payoff.® If there is a positive probability
that inventories are driven to zero over the life of the futures contract,

®Robert H. Litzenberger and Nir Rabinowitz, “Backwardation in Oil Futures
Markets: Theory and Empirical Evidence,” Journal of Finance 50, no. 5 (1995),
pp. 1517-1545; Nikolaos T. Milonas and Stavros B. Thomadakis, ‘“Convenience
Yield and the Option to Liquidate for Commodities with a Crop Cycle,” European
Review of Agricultural Economics 24, no. 2 (1997), pp. 267-283; Nikolaos T.
Milonas and Stavros B. Thomadakis, “Convenience Yields as Call Options: An Em-
pirical Analysis,” Journal of Futures Markets 17, no. 1 (1998), pp. 1-15; and Rich-
ard Heaney, “Approximation for Convenience Yield in Commodity Futures
Pricing,” Journal of Futures Markets 22, no. 10 (2002), pp. 1005-1017.
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this option has a strictly positive value. Consequently, the spot price of
the commodity will always exceed the discounted futures price by the
value of this option, and equation (5.2) becomes a strict inequality,
Fir<S: elrtm)(T—t)

* If speculative inventories of the commodity are empty, it is not possible
to construct a replicating portfolio or to value commodity futures based on
a replicating portfolio as the previous section has shown. Risk-neutral valu-
ation concepts fail for the same reason: If inventories are empty there will
still be a market price for the commodity. But this price only reflects the
current scarcity of the commodity and its consumption value, not its asset
value. If inventories are zero, “any information about the future supply and
demand of the underlying commodity cannot influence the corresponding
cash price” as Neftci notes.” From a financial point of view, the underlying
is not a tradable asset anymore and the commodity spot price is detached
from price expectations.

If standard arbitrage arguments cannot be applied to price commodity
futures, one has to look for alternatives. Two well-established models, the
convenience yield model (CYM) and the risk premium model (RPM), are
presented in the next section, and their relationship is examined.

TWO BASIC MODELS

The first part of this section addresses the general functional form of risk
premium models for commodity futures based on the notion that commod-
ity futures are pure assets and can be valued by equilibrium asset pricing.
The second part derives the general functional form of convenience yield
models from the fact that the physical commodity is not a pure asset as
opposed to the futures contract. The last part of this section combines
the two models in one equation. In the rest of the chapter, it is shown
how the two models help in interpreting the term structure of commodity
futures and the (actual and expected) returns on futures contracts (see
Exhibit 5.1).

Risk Premium Models

The physical commodity is not a pure asset due to its additional value as a
production and consumption good. In order to make this difference explicit,

7Sahli N. Neftci, An Introduction in the Mathematics of Financial Derivatives, 2nd
ed. (Orlando, FL: Academic Press, 2000).



The Relationship Between Risk Premium and Convenience Yield Models 119

———————— >
risk premium models | convenience yield models
l o~ - - /’
A A v
returns term structure

of commodity futures of commodity futures

EXHIBIT 8.1 Relationship between Risk Premium and Convenience Yield Models
Source: Viola Market, Commodities as Assets and Consumption Goods: Impl-
ications for the Valuation of Commodity Futures (Doctoral Dissertation, University
of St. Gallen and Basel, 2005).

we denote the spot price of the physical commodity by S, and the spot
price of an asset by S2.
A general form to express asset values is®

S = eTlreroemT=0E, (4] (5.3)

where $4 depicts the price for the asset at time T >¢; r is the risk-free rate
and rp the asset specific risk premium using continuous compounding. m
denotes a known yield which can be either interpreted as the proportional
storage cost of commodities or the (negative) dividend yield of stocks,
m = —46.

For a commodity, we can define a hypothetical or quasi-asset value of
the commodity as the risk-adjusted present value of the expected commod-
ity spot price of time T.

S? — e—[r+rp+m](T—t) Et [S%jl (5.4)

Notice that due to the additional consumption of the physical commod-
ity, the actual spot price is above the quasi-asset value, S¢ >S4, but the
magnitude of the deviation cannot be determined in the context of this
model.

8 Asset values can be more generally expressed as SA = E,[A,7X71], where A, is a
stochastic deflator and X7 denotes the payoff for the asset of time I.
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The relationship of the commodity futures price F; 1 to the quasi-asset
value follows from the cost-of-carry formula (5.1)°,

Fyp = el Tt gA (5.5)

and is given by arbitrage. In contrast, the commodity futures price cannot
be directly related to the current spot price in the context of this model, but
replacing (5.4) in equation (5.5) leads to

Fop=e"PT-VE, [Sﬂ (5.6)

This equation is the general risk premium model for commodity futures
stating that the commodity futures price equals the expected commodity
spot price, discounted by a risk premium or excess return to compensate for
the price risk of the commodity. Since futures contracts have a zero value at
initiation, they do not bind any capital and do not pay a risk-free rate.

Convenience Yield Models

The risk premium model does not provide a relationship between the “quasi-
asset price” (given by equation (5.4)) and the actual spot price of commod-
ities. In general the two prices cannot be expected to coincide.'® Specifically,
we claim that S¢ > §4 because of the additional consumption value of the
physical commodity and the nonnegativity constraints of inventories. Con-
venience yield models determine the difference between S2* and S¢. The vari-
ous models differ in the way they motivate the convenience yield, and in the
functional form of the relationship. We chose a particularly simple form,
namely

2= 1+ Y| T = (T (5.7)

°In the stochastic deflator setting, we have 0 = Et[A,‘T(StC—Ft‘,T)] which can be ex-
pressed as F,7E([A. 1] = E/[A,7S]. Recognizing E,[A,1]=e *(T~" and
S4 = E,[A; 7S], equations (5.5) and (5.6) are straightforward.

19See Kenneth R. French, “A Comparison of Futures and Forward Prices,” Journal
of Financial Economics 12, no. 3 (1983), pp. 311-342, in which he notes “a present
value of the maturity spot price is not observable for most commodities™ (p. 314).
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where CY (cy) denotes the convenience yield in terms of simple (continu-
ously compounded) returns. It can be interpreted as the proportion of the
commodity spot price which is not attributable to its value as an asset but
to other benefits of the commodity, particularly its consumption value.'!
Often, the convenience yield is compared to the dividend yield which ac-
crues to the holder of common stock. Similar to dividend yields, the conven-
ience yield captures the (nonmonetary) benefit which accrues to the owner
of the physical commodity.

Replacing S in equation (5.5) by equation (5.7), the futures price of
commodities can now be directly related to the spot price of the commodity,
namely

c
r4m(T—1) §A — plr+m](T—) S elrtm—ey)(T—1) §C (5.8)

F,r=e
5T ecy(T—1)

It is apparent that the convenience yield captures the deviation of the
futures price from the cost-of-carry formula in equation (5.1). Since CY is
assumed to be positive, the futures price falls short of the cost-of-carry
formula.

Synthesis

Comparing equations (5.6) and (5.8) provides a synthesis of the two
models:

For = e PT0E, [$G) = erm-olT-0ge (5.9)

The commodity futures price equals the expected spot price of the com-
modity discounted by an appropriate risk premium. To the extent that the
physical commodity is storable, the commodity spot price behaves like an
asset and contains information about this expectation and the expected risk
premium. The convenience yield measures how valuable the informational
content of the spot price is. The higher inventories are, the lower is the con-
venience yield; that is, the more the spot price behaves like an asset and re-
flects spot price expectations and expected risk premiums. As inventories
decrease, the link between current commodity spot prices and price
expectations weakens, which is reflected in a higher convenience yield.

"please note that for nonstorable commodities, like electricity, the commodity spot
price only reflects the current demand and supply condition and is completely de-
tached from spot price expectations or the “quasi-asset price.”” For these commod-
ities it is also possible that S¢ < $4 or CY < 0 and ¢y < 0.
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Our derivation clarifies two points:

® Convenience yield models can be “derived” from risk premium models
for commodity futures; that is, the two valuation approaches are mutu-
ally consistent.

B It seems to be more appropriate to view convenience yields as a residual
in the asset pricing formula for commodity spot prices (equation (5.4))
rather than in the cost-of-carry formula for commodity futures prices
(equation (5.1)). After all, it is the commodity spot price and not the
commodity futures price, which does not obey the laws of asset pricing.

This idea is implicitly accounted for by many convenience yield models,
but there are only few articles which provide a direct comparison and appli-
cation of both types of models. Fama and French emphasize that the “two
popular views of commodity futures prices” are ‘‘alternative but not com-
peting views” and (implicitly) combine risk premium and convenience yield
models in one equation.'* Bessembinder et al. equate the risk premium with
the convenience yield formula to estimate the expected mean reversion in
commodity spot prices from current spot- and futures prices of the com-
modity."® Both articles use risk premium models and convenience yield
models in a common application but they do not discuss the economic rela-
tionship between them.

TERM STRUCTURE OF COMMODITY PRICES

In this section, we investigate the interpretation of the term structure of
commodity futures prices under the two models discussed before.

TS Under the Risk Premium Model

We examine two futures contracts with maturities T; and T, and take the
natural log of equation (5.6). The logarithmic futures prices become

InF, 1, = —rp(Ty —t) +InE; [S%}

12Eugene F. Fama and Kenneth R. French, “Commodity Futures Pricing: Some Evi-
dence on Forecast Power, Premiums, and the Theory of Storage,” Journal of Busi-
ness 60, no. 1 (1987), pp. 55-73.

3 Hendrik Bessembinder, Jay F. Coughenour, Paul J. Seguin, and Margaret Monroe
Smoller, “Mean Reversion in Equilibrium Asset Prices: Evidence from the Futures
Term Structure,” Journal of Finance 50, no. 1 (1995), pp. 361-375.
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and

In F, 7, = —rp(Ts — #) + In Eq [,

Representing the slope of the relevant segment of the term structure by
Ft.TZ

In Foro

we get

F
In-tT2 = InE; [S%] —InE; [S%] —rp(Ty —t—T1 +1)
t, Ty

The first two terms denote the expected growth rate of the spot price
between Ty and T», as perceived from t; this will be denoted by
a$(t, Ty, To) =InE, [s%] —InE [sgl]
implying
Ft,Tz _ ~C
ln——aS (t,Tl,Tz)—Tp(Tz—Tl) (5.10)
FI,TI

Thus, after adjusting for the risk premium, the term structure reflects
current expectations about future spot price changes. A downward sloping
term structure (backwardation) is either explained by a substantial risk pre-
mium, or anticipated decreases of the spot price, or both.

For financial futures, this expression looks different. Here, the asset
price satisfies equation (5.4); substituting S€ by $*, solving for the expected
spot price and taking logs gives

InE, {Sﬂ =InSA 4 [r+rp+m)(T) —1)
which implies
AR
(|8

—InE, [sglz} —InE [sﬂ —rp(Ty — Ty)

A
F

ST = ZZ} —rp(Ty —Th)
T]i|

In
Ft-,Tl E

=[r+rp+m|(Ty —Ty) —rp(To — Ty)

and

0 (T, T) (5.11)
Firy

Thus, for financial futures, the slope of the term structure just reflects
the risk-free rate adjusted by the yield, § = —m.
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Equation (5.10) is the most specific expression that we can get for the
term structure of commodity futures. Unlike the term structure of financial
futures prices, equation (5.11), the term structure of commodity futures can
assume almost any shape—upward sloping, downward sloping, hump
shaped—depending on the expected change in spot prices. Similar to for-
ward curves for interest rates, it reflects the points on the path that investors
expect the commodity spot price will take. Based on this, Bessembinder et
al. use the term structure of futures prices to detect the expected mean rever-
sion in commodity spot prices. They find significant evidence for expected
mean reversion of prices for agricultural goods and metals, but no evidence
for expected mean reversion of prices for financial assets.'*

TS Under the Gonvenience Yield Model

Under the convenience yield model, the natural logarithm of the commodity
futures price using equation (5.8) is

InFyp=[r+m—cy)(T —t) +InSE
and the slope of the term structure becomes

Ft,Tz

In
FI7T1

=[r+m—cy|(T, — T1) (5.12)

In convenience yield models, the term structure of commodity futures
reflects the risk-free rate, storage costs, and the convenience yield factor. A
decreasing term structure (backwardation) is explained by high convenience
yields compared to interest and storage costs, which occurs if the supply of
the commodity in current spot markets is scarce, and inventory levels are
low. If there is a substantial risk of zero speculative inventories, the con-
venience yield can be substantial and pressures the curve further down."?

Notice that we have assumed for simplicity that the risk-free rate and
the convenience yield are constant and, moreover, do not depend on the
time horizon T — t of the contract. This implies that the log-term structure
is linear in the time horizon (T4, T>). However, in reality, both the risk-free
rate and the convenience yield are time-varying (possibly stochastic), and

4Bessembinder et al., “Mean Reversion in Equilibrium Asset Prices: Evidence from
the Futures Term Structure.”

15As explained in previous footnotes, if a commodity cannot be stored, the con-
venience yield can be positive or negative, reflecting the positive or negative devia-
tion of the current commodity spot price from its quasi-asset price.
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depend on the time to maturity, 7/ and cy!. In this case, the term structure
of commodity prices reflects both the term structure of interest rates and the
term structure of convenience yields.

Relationship

Now, the relationship between the two models is easily established. For equa-
tions (5.10) and (5.12) to be mutually consistent, the following must hold:

a$(t, Ty, Ty) —rp(Ty — Ty) = [r +m — cy)(Tr — Ty)
which implies'®
aS(t. T, T2) = [r+rp+m—cy|(Ta — T4) (5.13)

For financial assets, where cy = 0 and m = —§, this equation states that
the spot price is expected to grow by the risk-free rate, the risk premium mi-
nus the dividend yield—which is the well-known asset pricing relationship.

For commodities, the spot price is also expected to grow at the risk-free
rate, the risk premium, and storage costs. However, today’s spot price, S°,
can overshoot the discounted expected spot price.'” The convenience yield,
cy(Ty — Tq), captures this deviation and thereby reflects the expected de-
cline of commodity spot prices.

Empirical Example

To illustrate the preceding discussion, we display in Exhibit 5.2 the term
structure for four commodities as of January 2007: gold, crude oil, coffee,
and natural gas. The term structure of oil futures prices is interesting be-
cause it displays backwardation and contango at the same time. The term
structure of gold follows a straight line. The curve for natural gas exhibits
strong cyclical components, while the term structure for coffee is increasing
but somehow concave. The interpretation of these structures follows di-
rectly from our preceding discussion, and is delivered in Exhibit 5.3.

For a commodity that is close to a financial asset, gold, the slope of the
curve simply represents the risk-free rate of interest plus storage costs (equa-
tion (5.11)). The term structure of oil looks different: After adjusting for a
risk premium, the term structure reflects expectations about rising spot

1eSee also equation (4) in Kenneth R. French, “Detecting Spot Price Forecasts in Fu-
tures Prices,” Journal of Business 59, no. 2 (1986), pp. 39-54.

7For nonstorable commodities, the spot price can also undershoot the discounted
expected spot price.
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EXHIBIT 8.2 Term Structures for Different Commodities, January 9, 2007
Source: Exhibit created from data obtained from Datastream.

prices until June 2008, and gradually decreasing prices thereafter (equation
(5.10)). The rising term structure at the short end is generally interpreted as
a consequence of the substantial amount of money flowing to the commod-
ities markets in the past months, particularly into the commodity indexes
where oil represents a large fraction. Rolling the futures contracts pushes
nearby prices below those of contracts for later delivery. In real terms, con-
tango can be seen as a signal of temporary surplus in the physical oil mar-
ket, where high inventories are accumulated driving down the convenience
yield on the physical commodity to discourage further storage. At longer
time horizons, the picture is reversed; if worries about the security of future
supplies dominate and inventories are reduced, the link between current
spot prices and price expectations weakens, which is reflected in higher con-
venience yields (backwardation).
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EXHIBIT 8.3 Interpretation of Term Structures in Exhibit 5.2

Risk Premium Model

Convenience Yield Model

Crude oil

Gold

Natural gas

Coffee

Expected change in spot
prices — Risk premium

&§ (2, Ty, Ta) — rp(Ta, T1)

Net of the risk premium—the
oil price is expected to rise
until June 2008 and then to
decrease gradually

Net of the risk premium—the

gold price is expected to rise by

the cost-of-carry (risk-free rate
and storage cost)

Net of the risk premium—the
gas price is expected to be
high in winter times (when
natural gas is scarce and
valuable) and to be low in
summer times, January 2007
(warm winter, no scarcity) is
an exception of this rule

Net of the risk premium—the
coffee price is expected to
increase

Risk free rate + Storage cost —
Convenience yield
(= temporary scarcity)

(r+ m — cy)(T> — Ty)

Strong supply of oil and
negative cost of carry
discourage additional
storage

Risk-free rate and storage cost

Strong supply in summer times
(and warm Winter 2007);
first expected shortage in
future winter times

Strong supply of coffee,
negative cost-of-carry

Contango is also the picture for coffee futures across the whole matu-
rity spectrum and can be interpreted, after adjusting for a risk premium, as
reflecting expectations about increasing spot prices. In real terms, the nega-
tive cost-of-carry is caused by low current spot prices and high inventories.
A recent market commentary on the coffee market illustrates this point:

The bulls are pointing to 2007’s expected 31.5 million bag Brazil-
ian crop as reason enough to buy coffee now. After all, it is a sub-
stantial decrease from 2006’s massive 43 million bag harvest and
some analysts expect Brazilian coffee exports to drop as much as
10% in 2007 as a result. While this may be true, this viewpoint
does not take into account the massive supplies in storage left over
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from the 2006 harvest. The South American coffee harvest typically
wraps up in October. Most of this coffee is still sitting in Brazilian
warehouses looking for a home. But Brazil is becoming much more
active in exporting at current price levels. In December, coffee ex-
ports from Brazil were up 26.4% over last year at the same time."®

The term structure for natural gas is more complex and is driven, net of
the risk premium, by high spot price expectations in the winter (when natu-
ral gas is scarce and valuable) and low price expectations in summer times.
Notice that the typical pattern is violated in our example for the next-to-
expire January 2007 contract because of high winter temperatures and no
scarcity in the supply. Of course, storability of this commodity is limited, so
that convenience yields can have either sign, and constitute a substantial
portion of the cost-of-carry.

FUTURES RETURNS

In this section, we investigate the interpretation of futures returns, based on
the risk premium and convenience yield model.

Returns Under the Risk Premium Model

Under the risk premium model as given in equation (5.6), the natural loga-
rithm of a futures price in ¢ of a contract with maturity T is given by

InF,r=—rp(T—t)+InE; [S%]
and one period later, the respective expression is
InFrpyr = —rp(T—t— 1)+ InEyy [sﬂ
The continuously compounded futures return over [¢, ¢ + 1] then becomes
Frepitr =InFpqg 7 —InFp
— (T —t—1) +1InEpyq [S%'] - (—rp(T —#)+InE [S%D

—rp(=1) +1InEypyq [S%] —InE, [Sﬂ

rp+InE; [Sﬂ —InE; {Sﬂ

8James Cordier and Michael Gross, Liberty Trading Group, Tampa, FL.
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Defining AlnE, .1 7=InE,,1[S$] — InE,[S], which is the change of
conditional expectations of the spot price in T from ¢ to ¢ + 1, we have

TRl T =1P + Aln Eipi1r (5.14)

Thus according to the risk premium model, the change in futures prices
is the sum of a risk premium and the change in spot price expectations. No-
tice that Aln E; ;1 7 should not be confused with &Sc(t, Ty, T,) in the term
structure equation (5.10) which was, loosely speaking, the expected
“change” (specifically: growth rate) of the spot price between Ty and T, as
perceived in t. The relationship between the “change of expectations”
(which is a random variable in ¢) and “‘expected change” (which is not ran-
dom in #) will be discussed later and in this chapter’s appendix.

Returns Under the Gonvenience Yield Model

The futures price under the convenience yield model is given by equation
(5.8), and its natural logarithm in # and ¢ + 1 is, respectively, given by

InF,r=[r+m—cy|(T—t) +1Ins¢

InFgyr=r+m—cy(T—-t-1) +lnStC+1

where we assume, for a moment, a constant convenience yield. Futures re-
turns can then be expressed as

#resi1r =InFgr —InF 1
~C
=[r+m—cy(T—t—-1)+1InS, 4
- ([r—|— m—cy|(T —1t)+ lnStC)

~C
= [r+m—o)(=1) +In[S, | — In[s¢]
respectively
TE 1,041, T = —[r+m—cy]+f§m+1 (5.15)

wher.e ?g Lt denotes the log price.change qf the spot commodity price over
the time interval [¢, ¢ + 1]. According to this expression, the futures return
has two components: the first corresponds to the slope of the observed term
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structure over the respective time horizon (here: [¢, ¢ + 1]). Based on our as-
sumption that 7, m and ¢y are constant, this component is nonstochastic.
The second component is the stochastic spot return of the commodity.

In general, however, the interest rate and the convenience yield are not
constant. If we admit a time-varying convenience yield, the above expres-
sion can be generalized to

77F,t,t+] =In FﬁLlyT —In Ft,T
~ ~C
= [r+m](T_ r— 1) - Cyt+1(T_ t— 1) +11’ISH_1

- ([rer](T —t)—cy (T —t) + lnStC)

=[r+m)(-1)— |y (T—t—=1)—cy:(T—1) | + ln[ggl} - ln[StC]

+Cyt_(55/z+1 _Cyt> (T_t_l)

and consequently
Fraerl = —[r+m] + [cyr — Acy (T —t = V)] +7§, 14 (5.16)

Therefore, according to the convenience yield model, the change in fu-
tures prices can be formally represented by the sum of the cost of carry and
convenience yield over the time period, the actual change in spot prices over
that time period and the change in convenience yields for the remaining
time to maturity. A final warning: Equations (5.15) and (5.16) show how
futures returns, spot returns, and convenience yields are analytically related
under the CYM—but they do not postulate a causal relationship in the
sense that the convenience yield (or its change) is causing futures prices to
fluctuate. This point will be further discussed next.

Relationship

Relating the futures return under the RPM as given by equation (5.14) and
the CYM given by equation (5.15) implies

AlﬂEt,H—l,T =—[r+rp+m—cy]+ fgt’tﬂ (5.17)

or taking expectations yields

E; [A In Et7t+1,T} =—[r+rp+m—cy|+E; {;Sc,t,H»l] (5.18)
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In the chapter’s appendix, it is shown in equation (A5.4) that if the
distribution of the spot price follows a log-normal distribution, then the ex-
pected value of the change in conditional expectations is given by

. 1
E; [A husz,T} =50 (5.19)

which is “small,”” but not zero as one would be tempted to expect (i.e.,
based on the law of iterated expectations). Of course, log-normality may be
a strong assumption for spot prices, and therefore, this relationship holds as
a first approximation, at best.

The expected log spot return of the commodity, measured over a uni-
tary time interval, should therefore satisfy

- 1
E; {7’Sc,t,t+l} =[r+rp+m—cy]— 502 (5.20)

if both models, RPM and CYM, are valid.

Synthesis with the Term Structure

Notice that the condition by equation (5.20) is closely related to the term
structure condition given by equation (5.13):

6§ (t, T1,Ta) = [r+rp+m—cy|(Ta — Ty)

where the left hand side represents the expected growth rate of the spot
price between T4 and T, perceived in . In order to compare the two expres-
sions, we set Ty =t + 1 and T, = T, and the equation becomes

St t+1, T)=fr+rp+m—cy|(T—t—1)

which implies, together with equation (5.20),"”

1
aS(tt+1,T) = (Et[?gt7t+l} +§az>(T—t— 1) (5.21)

This is verified in the appendix, by inserting (AS.5), E; [?SC’LHJ = U,
into (AS.6). -

The Treatment of Causality
Although the aim of the last two sections is to provide a unified view of

RPM and CYM—that is, to relate convenience yields, risk premiums, price

At this stage, the notation may appear somehow confusing. Equation (5.21) can
also be expressed as 4§ (t,£ +1,T) = E; {;SC,HLT] +30(T—t-1).
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expectations, and other variables—it is important to treat causality issues
separately. For instance, equation (5.13) could be written as

ey(Ta = Ty) = [r+rp+m)(Ty = Tr) = &5 (¢, T1, T2) (5.22)
and thereby generating the impression that convenience yields are caused by
risk premia. This interpretation is fallacious because convenience yields do
not contain information about the expected risk premium. They only cap-
ture by how much the expected change in the commodity spot price differs
from the change of the asset value—as defined in equation (5.7), or more
precisely: convenience yields reflect the proportion of the expected change
in commodity spot prices which is not attributable to the risk premium and
the risk-free rate.

This is apparent when we compare the expected spot price change in
equation (5.4) of a financial asset as underlying

&, Tl,Tz)zlnEt[s/}z} —InE [sﬂ =lrtrp—o8|(Th—T))

(with m = —§) with the respective expression in equation (5.13), where a
commodity is the underlying,

4$(t, Ty, T) =InE, [S%} —InE; [s%] =lrtrp+m—cyl(To—Ti)

The convenience yield only captures the additional value of the com-
modity as a consumption good, InS¢ — InSA. The risk premium, in turn,
compensates for price risk and influences the value of the commodity as a
traded asset, In S, Unless the additional consumption value and the risk
premium are correlated, the convenience yield or the term structure should
not contain any information about the expected risk premium. A pure
change in the risk premium will affect In SA, In S¢, and In Fy 1, InF, 1,, but
leave the convenience yield, In S¢ — In S, unaffected.

A simplified case of equation (5.22) is illustrated in Exhibit 5.4, which
is adapted and slightly extended from Figure 1 in Gorton and Rouwen-
horst.?° We set Ty = t and T, = ¢, so that In Et(S%) =ln StC

T =) =[r+rp+m|(T—1)—a§(t,t,T)
=[r+rp+m|(T—1t)+ (lnStC - lnEt<S%>)
which highlights the previous discussion.

2%Figure 1 in Gorton and Rouwenhorst is similar to part of Exhibit 5.4 but focuses
only on the risk premium. Convenience yield is not shown in their Figure 1. Exhibit
5.4 integrates the convenience yield and the “quasi-asset value.” Gorton and Rou-
wenbhorst, “Facts and Fantasies about Commodity Futures.”
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Prices at time ¢

A

Ve InS %

In(SS/E[S)

NT-1) < (T

InF, 1

(r+m)(T-t)

Ins%
- >

Time horizon T

Expected path of commodity spot price
"""""" Expected path of commodity futures price
* Expected path of commodity “quasi-asset value”

EXHIBIT 5.4 Graphical Relationship between Risk Premium- and
Convenience Yield Models

A COMMON DECOMPOSITION OF FUTURES RETURNS

Under the RPM, equation (5.14), futures returns can be understood as the
sum of a risk premium and the change of conditional spot price expecta-
tions. The practical problem in the identification of these components is that
neither risk premia nor changes in expectations can be directly observed.
Alternatively, one could use the decomposition derived from the CYM as
given by equation (5.15) where at least the second term on the right-hand
side of that equation can be easily observed, but the economic rationale for
the first term does not seem to be straightforward.”! However, it can be
easily substituted by an expression known from the CYM-version of the
term-structure as given by equation (5.12).

2!Tt may even appear fallacious to practitioners because they use convenience yields
to explain the term structure of commodity prices, but not to express futures returns.
Specifically, it could create the impression that the convenience yield (or its change)
is causing futures prices to fluctuate. This would be an unusual and economically
doubtful interpretation because convenience yields represent no actual ““yield” in
the sense of a return component. We have rather characterized it as an extra value
component of a consumption good not captured by a standard asset pricing
perspective.
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Spot Plus Roll Yield

Considering two futures contracts with expiration T1 = ¢ + 1 (the nearby
future??) and T, = T (the next-to-expire futures contract) in equation (5.12),

IntT =[r+m—cy|(T—t—1) (5.23)
tt+1

we are able to substitute [r + 7 — cy] with equation (5.15) to get

In Fir In Frri1
~ Ft t+1 ~C Ft T ~C
1’F,t,t+l,T = - T—_7_1 + rS7t,t+l = —T 1 + rS’t7t+l (5.24)
~—
roll y spoty
| Frimt
bttt

The term % is called roll yield by investment practitioners.” In
contrast to maintaining a spot position over time, futures contracts expire
and hence, a futures position must be periodically “rolled” over time: the
expiring futures contract must be sold and the next-to-expire contract must
be bought. In backwardation, where the futures price curve is downward
sloping, an investor sells a higher priced expiring contract and buys a lower
priced next nearby-futures contract—the roll return is positive. Obviously,
the shape of the term structure of futures prices at the short end determines
the sign and the magnitude of the roll yield.

A word of caution: Sometimes, practitioners associate the roll yield
with the risk premium. This is an oversimplified and dangerous interpreta-
tion. Taking expectations of the futures returns in equation (5.14) gives

E; [;F,t,t+1,T} =k {Aln Et,t+l,T:| +rp=—[r+m—cy| +E; [ig,t,m—l}
N—— ———

—_—
1 5 rolly

:_Eo'

22The use of the nearest-to-maturity futures price is often used as proxy for the spot
price in the empirical literature. It ensures that both futures and spot prices refer to
the same quality of the commodity and avoids the problem of nonsynchronous ob-
servations of spot and futures prices. See Fama and French, “Commodity Futures
Pricing: Some Evidence on Forecast Power, Premiums, and the Theory of Storage.”
23Notice that in equation (5.15) the convenience yield is assumed to be constant. The
generalization in (5.16) with a time-dependent yield would make the roll-yield com-
ponent slightly more complex.
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implying
-C 15
—[r+m—cyl=rp-— Et{’s,t,tﬂ} +§U (5.25)
N—
rolly

and together with equation (5.21)

_V+m_wﬂ:rp_&&nt+LYU
N—— (T—t—l)

rolly

Naturally, the roll yield is only equal to the risk premium, 7p, if the ex-
pected growth rate of the spot price, &SC, is zero. However, this does not
hold in general. Rather, equation (5.25) shows that the (average**) roll yield
reflects the expected deviation of the expected spot price change from the
risk premium. The roll yield is the return component which comes from the
economic fact that the expected spot returns of commodities have different
determinants than expected returns on financial assets. For those, the ex-
pected log-spot price change (asset return) is equal to the risk-free rate plus
the risk premium (minus dividend yield; equation (5.4)), so that the roll
yield is equal to the risk-free rate (minus dividend yield).

The common interpretation by practitioners to associate roll yields with
risk premiums is therefore strongly simplified and not valid in general. It is,
after all, the same interpretation as for convenience yields in the context of
equation (5.22): Convenience yields reflect the proportion of the expected
change in commodity spot prices which is not attributable to the risk premi-
um and the risk-free rate. The relationship between roll yield and con-
venience yields is directly derived from equation (5.23) and is clarified next.

Approximating the Gonvenience Yield

In practice, it is not possible to observe convenience yields directly. We can
rearrange (5.23) to receive

I Fyr

n

ﬁz—r—k[c — m]
T—r-1 Y

2*We have assumed constant parameters, including the convenience yield, in this
formulation; in reality, this assumption does not hold, so that our remark should be
about ““average” roll yields.
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However, the storage costs cannot be directly observed. It is therefore
convenient to measure convenience yields net of storage costs, denoted by
cy:

Fer
In——

F
cﬁzay—m:H% (5.26)
—_———

rolly

This is just the roll yield plus the risk-free interest rate. This approxima-
tion is useful in empirical applications.

Data

For the empirical illustrations in Exhibits 5.5 and 5.6, we have selected 23
commodities futures contracts traded at various exchanges across the
world. The analysis is based on daily settlement prices of the second-to-
expire contract, starting (mostly) in January 1986 and ending in December
2006. For the return calculation it is also ensured that the rollover of the
futures positions takes place before the delivery period starts; that is, returns
represent replicable trading strategies.

Empirical Results

Exhibit 5.5 shows the average spot, roll, and futures returns for the various
commodities. About half of the commodities have negative futures returns
(column 5). If the average futures return reflects a risk premium, a negative
value indicates that a positive risk premium is earned on a short futures po-
sition. Substantial short premiums are observed for corn, soybean oil,
wheat, cocoa, coffee, and natural gas. For most other commodities, average
futures returns are positive.

A comparison of spot returns (column 4) with futures returns reveals that,
in the long run, there is no strong relationship between commodity futures
returns and commodity spot price changes. For many commodities with neg-
ative futures returns (short premiums), the spot return is even positive such as
for corn, soybean oil, wheat, and natural gas. For energy commodities with
positive futures returns (long premiums), the spot return is also positive but
can only explain around 30% to 50% of the futures return (see WTI crude
oil, Brent crude oil, or Gas oil). A univariate regression of futures returns on
spot returns shows that only 19.7% of the cross-sectional variance of futures
returns is explained by spot returns (see last row of Exhibit 5.5). Contrary to
the marketing story of many commodity investment vehicles, it should
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not be possible for an investor in commodity futures or commodity in-
dexes (calculated from commodity futures) to benefit from the market-
wide expectation of increasing commodity spot prices: According to the
risk premium model in equation (5.6) the expected spot price is already
reflected in the commodity futures price or, in terms of equation (5.7), the
expected spot price growth is already reflected in the futures term
structure.

According to the return decomposition in equation (5.24), the differ-
ence between the futures return and the spot return is the roll return (shown
in column 3). The roll return captures the slope of the term structure of
futures prices and can be positive (negative slope, backwardation) or nega-
tive (positive slope, contango). We observe positive roll returns for soybean
meal, feeder and live cattle, copper, crude oil, and gasoline contracts, but
small or negative average roll returns on most other commodities. Interest-
ingly, there is a close association between futures and roll returns for many
commodities. The negative futures returns for most agricultural commod-
ities and for natural gas can be mostly attributed to the large negative roll
returns, the positive futures return for the energy contracts is also driven by
the positive roll return. The R? in a regression of futures returns on roll re-
turns is 88.6%.%°

The empirical relationship between futures returns and roll returns sug-
gests two interpretations: (1) futures returns are driven by roll returns and
(2) roll returns reflect risk premiums. This would contradict our interpreta-
tion of equations (5.16), (5.22), and (5.25). A different picture emerges,
however, if the decomposition of futures returns is conditioned on the sign
of the roll return (i.e., backwardation and contango). This is shown in the
Exhibit 5.6.

Based on equation (5.25), positive roll returns indicate the expectation
of declining spot prices (and a long risk premium), and negative roll returns
are an indicator for expected rising spot prices (and a short risk premium).
This is reflected in the figures displayed in Exhibit 5.6. In backwardated
markets, spot prices decline for most commodities, while in contango mar-
kets, spot prices increase. In fact, the observed roll return is largely compen-
sated by subsequent spot price changes. On average, the 20.3% (minus
15.9%) roll return in the backwardation (contango) market is offset by the
subsequent 17.1% spot price decrease (14.4% increase). This suggests that
(1) roll returns are largely offset by subsequent spot price changes; and (2)
roll returns largely reflect expected changes of commodity spot prices.

25Erb and Harvey have earlier investigated this relationship for a similar data set; see
Claude B. Erb and Campbell R. Harvey, “The Tactical and Strategic Value of Com-
modity Futures,” Financial Analysts Journal 62, no. 2 (2006), pp. 69-97.
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However, the figures also suggest that the roll return overshoots the ex-
pected spot price changes: We observe, on average, a positive (negative) net
futures return in times of backwardation (contango). If average futures re-
turns reflect risk premiums, this observation would suggest that a small por-
tion of the roll return does reflect a risk premium. This is contrary to our
interpretation of equation (5.25), which relies on the assumption of an un-
conditional, constant risk premium. If this assumption is relaxed, results in
Exhibit 5.6 provide evidence for a time varying risk premium of commod-
ities conditional on convenience yields or the expected spot price change.

CONCLUSION

Arbitrage pricing cannot be applied to commodity futures because the phys-
ical commodity does not represent a pure asset: Since consumption and
processing of the commodity can drive down inventories to zero, it is not
always possible to construct a replicating portfolio for the futures contract,
and commodity spot prices do not (fully) reflect price expectations and risk
premiums.

The two alternative valuation principles for commodity futures are risk
premium model (RPM) and convenience yield model (CYM). Risk premium
models derive futures prices from expected commodity spot prices at
maturity, and convenience yield models derive futures prices from the cur-
rent commodity spot price.

The chapter shows that the two valuation principles are mutually con-
sistent if convenience yields are regarded as the deviation of the commodity
spot price from its asset value (the present value of the expected commodity
spot price at maturity). By combining risk premium models and con-
venience yield models, it can be shown that convenience yields reflect the
proportion of the expected change in commodity spot prices which is not
attributable to the risk premium and the risk-free rate (i.e., to the quasi-
asset value of the commodity). All relationships are summarized in
Exhibit 5.7.

The relationship between futures returns and convenience yields, or the
term structure respectively, is of particular interest. Can futures returns be
predicted based on the term structure or convenience yields? At first sight,
equations (5.15) and (5.16) seem to suggest such a relationship. But it has
been shown that convenience yields only reflect the temporary “consump-
tion value” of the commodity and are, in general, independent from the ex-
pected risk premium. Again, convenience yields reflect the expected change
in commodity spot prices which is not driven by the risk premium or the
cost of carry. The same interpretation should be applied to roll returns,
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EXHIBIT 8.7 Summary of Relationships

Term Structure Futures Returns
In Fir TEt4+1,T
Ft,T]
Risk premium &g(t, Ty, Ty)— rp+ Aln Bt
model rp(Ty, T1)
Convenience  (r+m —cy)(To — T1) —[r+m —cy] —0—?SC“+1
yield model v
rolly
Relationship &g(t, Ty, T) = Aln Eirpir =
[r+rp+m—cyl(T2,T1) 7[7+rp+m76y]+;gt_¢+l
E, [Aln Et,t+1,T]

= —[r+rp+m—cy

~ 1
+E, (7§t,t+l) == 2 o?

ForT,=t+1,T, =T:

i ) 1
QS +1,T) = (EZ (76 1] +§az>(T —1-1)

because they differ from (storage cost adjusted) convenience yields by the
risk-free rate. Therefore, average roll yields reflect the expected deviation of
the spot price change from the risk premium.

Our empirical illustrations confirm this view: The futures term struc-
ture, convenience yields, and roll returns largely anticipate subsequent spot
price changes. However, a small portion of roll returns is not compensated
by subsequent spot price changes and could be explained as time-varying
risk premiums that are conditional on roll returns and expected spot price
changes. This requires more detailed analysis.
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APPENDIX

We show that unlike intuition would suggest, E; [& InE, ;+1,1] is not equal
to zero. Notice that the expression is defined by

E, [A InE, 1, T} =E, (1n Ers [S%D —InE [sg] (AS5.1)

The first expression on the right hand side is the expected value of the
natural log of E, 4 [S%] which is a random variable, conditional on the in-
formation in ¢. We assume for expositional reasons that the spot price fol-
lows a geometric Wiener-process; that is, the natural log of the spot price is
normally distributed with mean x and variance o both proportional to the
time interval over which the price change is measured. The conditional ex-
pectation is therefore given by

- ~C o) (Tt
Erp [Sﬂ = 8 elit03e7)(T==1)

which is an approximation using Ito’s lemma. Hence, the natural log,
In E; 1 [S$], is normally distributed with expectation

E/(InEya [$5]) = B/ (1n SffH) F (e +0502)(T -t —1),

and substituting E; (ln §g1) = InSE + p yields
E; (1n Er [sﬂ) =InSC+ u+ (u+0.56%)(T — t — 1) (A5.2)
The second expression on the right hand side of (A5.1) is
InE, [sﬂ - (1n SE) ¥ (1 + 0.562)(T — 1) (AS.3)
Inserting (AS5.2) and (AS5.3) in (AS5.1) gives

E; [A lnEt’tH?T} - (mﬁtﬂ [S%D —InE (S%)
=InS¢ +pu+ (u+0.502) (T —t—1)
- [1n SC 4 (u+0.502)(T — t)}

respectively, E; [A InE,, t+17T} =-0.502 (A5.4)
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This should be contrasted to the expected spot return over a (unit) time
interval

Ei(7€001) = B (0[S0 ] — 1n[SC]) = (A5.5)

or the expected “‘change” (growth rate) of the spot price between T and T,
as perceived in ¢, given by

&S (t, Ty, To)=InE, | ST | —InE; [ ST |
- {1n SC 4 (u+0.50%)(Ts — t)}
- {1n SC 4 (u+0.56)(T — t)}
which is
a§(t, Ty, Ty) = (n+0.50) (T, — Ty) (A5.6)
The simplifying assumption regarding the Wiener-process of the under-

lying spot price can be easily generalized, as shown in Ross.?® For a mean-
reverting process

ds¢ = (o =€) dt + 0 (SC) da

where « is the long-run average to which the price reverts, « is the speed at
which the price is pulled to its long-run average, and y is the sensitivity of
the price volatility to price levels, the expected spot price is

E;[S§] = e TS — a(1 - (T
and the futures price is
F, 7 = e ktrPl(T-1) [StC — a(l — eK(T*t))]
Based on this, the preceding analysis can be generalized accordingly.

26Stephen A. Ross, “Hedging Long-Run Commitments: Exercises in Incomplete
Market Pricing,” Chapter 19 in Corporate Hedging in Theory and Practice: Lessons
from Metallgesellschaft, edited by Christopher L. Culp and Merton H. Miller
(London: Risk Books, 1999), pp. 269-288.
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Wood has always been and still is one of the most important natural
substances. It can be used for light and warmth, as a raw material for
furniture, and the construction of buildings and boats. Trees cover approx-
imately one third of the earth’s surface. About 2 billion tons of timber are
harvested per annum, which is more than the yearly output of steel and
cement taken together. These figures alone suffice to justify that the eco-
nomics of forestry is put on the agenda. In the face of discussions on climate
change and the vital role of renewable resources, the optimal cutting strat-
egy deserves special attention. For about two centuries, however, this issue
has been under investigation. Actually, the answer to the question when to
log a tree depends on the specific goal of the decision maker. This fact has
not always been stated precisely. The chapter provides a survey of the
different approaches and clarifies the conditions for their application.

PRODUCTION AS A TIME CONSUMING PROCESS

The production of a good is a process of varying length. Nevertheless, in the
majority of cases, it can be organized in a way that there is a continuous
flow of more or less finished products, some just being started and others
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completed. Besides that, in special branches, a certain period of time has to
elapse in order to allow products to mature. The difference becomes ob-
vious if the production process in an automobile factory is compared to the
one in the timber sector.

In industry, the period to which quantities like profit or costs refer is
open. The figures are related to the chosen time span that can be a day, a
week, a month or a year. Likewise, in a timber company, cultivation will
usually be shaped as woodland with a mixed age structure. Trees are cut
when they have reached a designated size. Thus, the planning of such a
synchronized stock depends on the knowledge when harvesting is most lu-
crative: Forestry management requires clarity about how long a single tree
should grow. This problem of the so-called “optimal rotation period” arises
with all renewable resources, not only in tilling the soil, but also in animal
farming such as pig fattening.'

However, it is astounding that, for the “simple problem” of optimal
forestry, several wrong analyses are encountered.” As Johansson and
Lofgren point out: “Some of the greatest economists have solved the prob-
lem incorrectly.””® It may seem convenient to rely on a widely accepted solu-
tion, yet, it is rewarding to look at alternatives carefully to see which
specific questions they answer.* When we investigate the chosen example, it
will become apparent how the determination of the optimal cultivation
cycle in forestry serves as a demonstration object to compare different eco-
nomic calculations. Especially, the investors’ maxim can be distinguished
from the entrepreneurs’ objective.

Consider the following situation. We assume that wood is growing on a
piece of land. During harvest, cutting and transport costs are proportional

'"Occasionally, the expression reproducible resources is used when the regeneration
cycle is less than one year; rice or corn cultivation comes to mind. When considering
such production processes, labor input is to be optimized and not the production
cycle discussed here.

2See, for example, Holger Wacker and Jiirgen-E. Blank, Ressourcenckonomik,
Band I: Einfilhrung in die Theorie regenerativer natiirlicher Ressourcen (Miinchen/
Wien: Oldenbourg 1998), p. 105; and Ulrich Hampicke, Okologische Okonomie,
Individuum und Natur in der Neoklassik, Natur in der Okonomischen Theorie,
Teil 4 (Opladen: Westdeutscher Verlag 1992), p. 76.

3Per-Olov Johansson and Karl-Gustaf. Lofgren, The Economics of Forestry and
Natural Resources (Oxford: Blackwell, 1985), p. 74.

“See, for instance, Paul A. Samuelson, “Economics of Forestry in an Evolving Soci-
ety,” Economic Enquiry 14, no. 4 (1976), pp. 466—492; and Ulrich van Suntum,
“Johann Heinrich von Thiinen als Kapitaltheoretiker,” in Studien zur Entwicklung
der Okonomischen Theorie XIV, Jobann Heinrich von Thiinen als Wirtschafts-
theoretiker, edited by Heinz Rieter (Berlin: Dunker & Humblot 1995), pp. 87-113.
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to the proceeds. Hence, the net price based on units of quantity (weight or
volume) is given and therefore can be used as a numéraire. Due to these
assumptions, the physical output is equivalent to its monetary valuation.
The revenue of a hectare of trees of age # is specified as follows:

f(t) =31—Ot4(15 —1) (6.1)

The time # is interpreted as number of years. Exhibit 6.1 depicts the
production result depending on the growth period.
The productivity of time is calculated via:

(1) :34—09(15 — 1) —;—Ot4 :ét3(12—t) (6.2)

Setting this equal to zero, the first derivative yields the output maxi-
mum at ¢, = 12. The average output per interval is:

floy 1.3
A .
p 30 (15 —1¢) (6.3)
For an extremum, it is necessary that:
fY_ 1, Ly 1, _
(T —Et (15—t)—%t —%t (45—-41) =0 (6.4)
The average periodical output is maximized at #; = 11.25. Exhibit 6.2
illustrates equations (6.2) and (6.3).

fit)
2000 ﬁ\
fit)
1500 /
1000
500 /
0

2 4 6 8 10 12 ¢

EXHIBIT 6.1 The Production Function
Source: Author.
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EXHIBIT 6.2 Productivity and Average Output
Source: Author.

To emphasize the underlying objective is what will matter most in ana-
lyzing the different alternatives. First, we turn to profit maximization:
Which kind of woodland cultivation fulfils this goal? In order to answer this
question correctly, one has to take into account the actual situation in
which a concrete decision is required.

NET PROCEEDS VERSUS COST RETURN

The Maximum Future Profit

The first scenario considers a cultivator of fallow woodland who borrows
the money for planting costs per hectare (L). For simplicity’s sake, the bank
loan is supposed to be bearing a continuous compounding at an interest rate
i and is paid back completely when the stand is cut. The surplus per hectare
at time ¢, also referred to as profit from this point on, is positive if the inter-
est on the planting costs is not too high:

G(t)= f(t) —Le">0 for0<L< f(t) and 0<i<imax (6.5

Maximizing the income® leads to:

G'(t) = f'(t) —iLe" =0 (6.6)
From equation (6.6) follows:
it =In (%) (6.7)

*We do not state sufficient conditions here and later. Also, we only give solutions
that are relevant from an economic point of view.
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Hence, we derive the production period:

te :l : 1n(%> >0 for f'(tg) >iL (6.8)

1

Setting i = 10% and L = 100, we calculate ¢ = 11.883.

At this point in time, the profit per hectare amounts to
G(tg) = 1743.517. But the cultivator has to wait #¢ years for this event to
occur. However, it is possible to accomplish a backward distribution of the
future value. In general, the annuity z which is equivalent to a prospective
payoff E(T) at time T can be obtained with:

T : T . AT ,

E(T):/ 2. (T dt:/ 2. et dr — [gezt] :g<ea_1) (6.9)
0 0 0

And, therefore:

iE(T)
el —1

z= (6.10)

Inserting G(¢g) and the other data into equation (6.10) yields:

1743.517 - 0.1

= =76.424
%G T 0.1-11883 _q

The annuity zg is equivalent to the present value of the profit accruing in 7
years. Thus, this rent is also suited to characterize the respective lucrativeness.®

An Upper Limit to the Interest Rate

While the optimization of future profit plays no role in the literature, the
determination of the optimal span of time to invest a sum of money can be
found. In this approach, which is often connected with the names Knut
Wicksell (1851-1926) and Kenneth E. Boulding (1910-1993), for example,
the question arises how long (newly) bought wine is to be kept in the cellar
if the development of prices as a function of time is known.” Using continu-
ously compounding interest, Wicksell’s terminology deals with the

®Alternative projects of different lengths are assumed to be executed several times;
the minimum time period for comparison is the smallest common multiple of the
individual cultivation cycles.

7See Knut Wicksell, Vorlesungen iiber Nationalkonomie auf Grundlage des Mar-
ginalprinzips, vol. 1 (Jena: Gustav Fischer, 1913), p. 238; and Kenneth E. Boulding,
Economic Analysis, vol. 2, 4th ed. (New York: Harper and Row, 1966), p. 672.
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maximization of the interest generating energy r of the capital advanced,
subject to the condition that the revenue covers the initial investment in-
cluding interest:

r— Max! s.t.Le" = £(¢) (6.11)
Exhibit 6.3 illustrates the graphical solution to the problem: A curve
representing a continuously compounded investment progresses in such a

way that the production function is just touched upon.
To calculate the ¢-value in question, the constraint in equation (6.11) is

logarithmized and solved for 7:
In (—ff)>
— (6.12)

t

r =
The first derivative with respect to time reads:

dr (];((:)))tln(@> (6.13)

dt 2

We obtain the investment interval #y by setting the nominator equal to
zero:

t
fiew) - tn( L))
ty = (6.14)
v f'(tw)
Let
f(t) Leﬂ’
2000
/ f2)
1000 /
100 T
0 2 4 6 8 10 ¢
Ly
EXHIBIT 6.3 An Upper Limit to the Interest

Rate
Source: Author.
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In our example, equation (6.14) yields a growth period tyw = 8.893.
With this (minimum) duration corresponds the highest rate of interest r*
this project is able to yield. At the same time, the critical market interest rate
imax 18 determined. It must not be exceeded if the investment is to be profit-
able. The maximum rate of return on the advanced costs amounts to:

o '(w)
f(tw)

The future profit is computed with:

= imax = 0.286 (6.15)

f(tw) = Le" ™ = 1273.038

Calculating the equivalent profit flow over time according to (6.10),
one has to take into account that the costs bear an interest rate of
i=0.1<r%

(1273.038 — 100 - ¢1-8:893) . 0.1

= — =71.835
w c0.1-8893 _

This annuity is smaller than the one in the previous case. Therefore, the
Wicksell-Boulding solution or the maximization of the profit rate alias the
return on costs respectively has to be judged as suboptimal.

GAPITAL MANAGEMENT IN FORESTRY

The Stumpage Value

We began our study with a cultivator who borrowed the planting cost L at the
interest rate i. It would be interesting to know the limit of a bank loan if the
stand is used as a collateral and the profit for repayment. Then, the problem is
to find today’s top price that a current cultivation could fetch in the future
market. We are looking for the maximum capital value of wood (KWy):

KWy = f(t)e " — L = f(t)e; Let = igtt) — Max! (6.16)

Optimization leads to:

BV _ e~ fleyi - e =0 (617
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Therefore:

/
_ I (6.18)
0

William St. Jevons® (1835-1882) and Irving Fisher’s (1867-1947) re-
spective rules enunciate an optimal maturity time of a singular project.® If
the growth rate of wood drops down to the level of the interest rate, the
value of the timber stock reaches its maximum. Thus, increasing the interest
rate reduces the rotation period. Equation (6.15), which corresponds to
equation (6.18) for ty = t, provides the previously mentioned maximum
interest rate imax. FOr a given market interest rate i = 10%, we obtain as
cultivation cycle and capital value: ¢y = 11.140 and KWy = 550.433.

For comparison purposes, the corresponding cash flow is of interest.
Since this time we have a forward distribution of a present value into the
future (“capital regain”), we start with:

T
KW(0) :/ v e tdr = [l_ef"trﬁ
0 —1 0

I (e—iT - 1) - % (1 - e—"T) (6.19)

i
Solving for the annuity v gives:
KW(0) - i

P (6.20)

vV =

The concrete result attains the highest value so far:

550.433 - 0.1
Thus, the Jevons-Fisher formula seems to deserve priority. After all, the
outcome exceeds the maximization of the return on an investment in the
Wicksell-Boulding vein. However, the optimal use of forest soil is not a
problem of a single investment, but of a continuous silviculture.

The Productive Powers of Woodland

The previous maximization of a capital value referred to trees of the same
age. Besides, the question arises which profit potential a piece of fallow land

8See William St. Jevons, The Theory of Political Economy, 2nd ed. (London:
Macmillan, 1879), p. 266; and Irving Fisher, The Theory of Interest (New York:
Macmillan, 1930), p. 164.
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has, whose sole possible exploitation is forestry. Consequently, the capital
value of the entire future timber and, therefore, the right price of the plot
has to be calculated. This approach was taken by forester Martin Faust-
mann (1822-1876) in the 19th century: “What is the pure money return
bare woodland will continuously yield every year in the same amount from
now on?””’

The value of real estate (KW7) reflects a sequence of infinite successions
of the same project, taking compound interest rate effects into account. By
this, Faustmann was hoping to gain “necessary insight into forest destruc-
tion by fire, insects, man.”' The productive value of the soil—and not the
value of wood destroyed—according to Faustmann amounts to:

KW= —L+(f() = L) + (F(0) = L)e - (6.21)

Rearranging yields:

KW= (f(t)e™ — L) + (f(t)e ™ — L)e ™ + (f(t)e ™ — L)e %" + ...
(6.22)

Now it is possible to apply the formula for the infinite geometric series:

f(ie™® —L KWy G(t)

KWp = 1_e it 1 _eit it _1

(6.23)

Of course, the Faustmann capital value—like all profitable investments
with infinite lifetime—grows beyond all limits for an interest rate converg-
ing to zero. This phenomenon is independent of the future profit G(¢). In
such a situation, one has to look for a different method with which a precise
rotation period can be found. Furthermore, the interest rate must not ex-
ceed imax because otherwise profits G(z) are actually losses and the capital
value becomes negative too. Within the admissible range, the latter moves
in the opposite direction of changes in the interest rate.

’Martin Faustmann, “Berechnung des Werthes, welchen Waldboden, sowie noch
nicht haubare Holzbestinde fiir die Waldwirthschaft besitzen,” Allgemeine Forst-
und Jagd-Zeitung (December 1849), pp. 441-4535, p. 442. Note: Unless otherwise
stated, all translations are the author’s.

OFaustmann, “Berechnung des Werthes, welchen Waldboden, sowie noch nicht
haubare Holzbestinde fiir die Waldwirthschaft besitzen,” p. 441. Obviously, the de-
finitive uselessness of soil for forestry purposes is meant; this raises the problem of an
adequate compensation.
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The necessary condition for the maximization of the Faustmann value
reads:

KW, [F0e 4 70 (—ie )] (1 =) — (0 ~ L))
e (1—eir)? =
(6.24)
Therefore:

F)(1—e ™) =i(f(t)(1—e ™)+ f(t)e "~ L) (6.25)

And respectively:

i(f(t) - L)

f0) =" (6.26)

From this, ¢ can be deduced if the interest rate as well as the explicit
production function is known. In our example we obtain ¢ty = 10.666 and
KWpr = 828.745. If this capital value can be realized by selling the land (or
leasing it), then the following perpetuity is generated: '

Zp=1i-KWp=0.1-828.745 = 82.8745
A backward distribution of G(¢g) according to (6.10) entails the same

result.'? Before checking whether the plot actually gets the Faustmann val-
ue, we consider a completely different model in the next section.

REVENUES FINANCE EXPENDITURES

Thiinen: Over the Top

Up until now, we envisaged to cultivate on our woodland a cohort of trees
of the same age that were jointly cut down. In reality, there is an ongoing
process of cultivating and harvesting. In our example, this means that

"The formula follows from equation (6.20) for T — cc.

12An alternative way of deriving the Faustmann rotation is to insert the future profit
G(t) = f(t) — Le' into equation (6.10) and to optimize z with respect to . This con-
curs with the search for a maximum annuity of the hypothetical process chain.
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depending on the rotation period #, the ¢-th portion of a hectare is logged
and subsequently reforested.

The topic of a sustained instead of suspended enterprise is found in
the works of Johann Heinrich von Thiinen (1783-1850)."° In contrast to
Faustmann, Thiinen does not just mention the distinction, but actually
applies it by aiming at an income accruing in each time interval. The proce-
dures discussed earlier treated the task as a problem of an investment deci-
sion. Thiinen however focuses on the periodical profit (PG) of the forester.
By doing so, he deducts from the proceeds the planting costs L as well as the
(forgone) interest on the monetary value of the timber stand. In the continu-
ous case, stumpage equals the integral F(z) over the production function f{(#).
Thus, Thiinen’s maximand is:

f(t) —if(t) - L

P =
Gt T

(6.27)

The advantage of this approach is to point the objective function right
from the outset toward a continuous surplus that therefore directly leads
to a synchronized cultivation. The revenues of such a subdivided forest
finance the planting costs of new trees that, as a result, cannot give rise to
any interest demands. In the Thiinen approach, the necessary condition
reads:

dPGT _ (f/(1) — if (1))t — f(8) +iF(1) + L

= P =0 (6.28)

According to this procedure, a single tree will reach an age of:

o Hlr) —iF(tr) — L
= f(er) — if (er)

This yields t7 = 10.453 and PG = 113.488.

(6.29)

13See Johann H. v. Thiinen, Der isolierte Staat in Beziehung auf Landwirtschaft und
Nationalokonomie, Dritter Theil, Grundsdtze zur Bestimmung der Bodenrente, der
vorteilbaftesten Umitriebszeit und des Werths der Holzbestande von verschiedenem
Alter fur Kieferwaldungen (1863), 3rd edition, edited by H. Schumacher-Zarchlin
(Berlin: Wiegant, Hempel & Parey, 1875).

14See Ulrich van Suntum, “Johann Heinrich von Thiinen als Kapitaltheoretiker,”
p- 108. For the discrete case see Peter Manz, “Forestry economics in the steady state:
the contribution of J. H. von Thiinen,” History of Political Economy 18, no. 2
(1986), pp. 281-290.
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The higher surplus of the synchronized production represents an incentive
to focus on the maximization of the periodical profit caused by a staggered
silviculture as compared to the successive methods treated earlier. But, from
an economic point of view, it is questionable to allow the opportunity costs to
enter the objective function. Rather, the subsequent comparison with an alter-
native use of the stumpage serves as a criterion whether the forestry should be
continued or not. Because of this, Thiinen’s thoughts fail to convince.

Back to the Roots: 1788

Nonetheless, there is another cut-down rule which has been discussed among
forest economists for some time. According to this guideline, the difference be-
tween revenues und planting costs per unit of time (and area)(PGy) is decisive:

PG,::fQ%Zfi (6.30)

Actually, in 1788 such an instruction was decreed by the Royal and Im-
perial Austrian government during the reign of Emperor Joseph IL"° This
directive equals Thiinen’s formula for i = 0. The optimization requires:

dPGy _ fi(n)t— (f(5)~L) _
= 2 =0 (6.31)

Solving for ¢ leads to:

QZNW—L
f'(1)
Interestingly, with interest tending to zero, the Faustmann solution con-

verges to equation (6.32) as well. This follows from applying I"'Hospital’s
rule to (6.26):

(6.32)

i—0 teit ¢

Substituting our revenue function in (6.32) and (6.30) gives ¢; = 11.296
and PG; = 169.108.

13See F. C. Osmaston, The Management of Forests (London: George Allen and Un-
win, 1968), p. 188.
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EXHIBIT 6.4 The Maximum Land Rent
Source: Author.

In this case, the optimal rotation period can be easily extracted from a
graphic (see Exhibit 6.4).

A tangent from the planting costs towards f(t) is drawn, determining
the angle o, which represents the maximum surplus per hectare over time.
This is the highest attainable profit stream.

Hence, it becomes clear under which circumstances forestry is no longer
worthwhile. When an alternative turns out to be lucrative, stumpage and
soil are sold in order to capitalize the sales proceeds (U). Then, the follow-
ing condition holds:

U-i>PG, (6.34)

Putting It to the Test

In an often cited paper, Samuelson discusses the just described maximiza-
tion of the sustained net yield.'® According to him, the Austrian cameral
valuation method is incorrect since it does not take interest rate effects into
account.'” Therefore, the difference per year between timber yield and
planting costs appears to him not all that important:

This is so absurd as to be almost believable to the layman—up
to the moment when the economist breaks the news to the

farmer . .. that he can mine the forest by cutting it down without
replanting and sell the land, thereafter putting the proceeds into the
bank . .. and subsequently earn interest forever.'®

16Samuelson, “Economics of Forestry in an Evolving Society,” p. 477.
17Samuelson, “Economics of Forestry in an Evolving Society,” p. 489.
18Samuelson, “Economics of Forestry in an Evolving Society,” p. 474.
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With the insights obtained so far, we are able to appreciate Samuelson’s
criticism. Suppose a forester owning one hectare of Joseph II synchronized
wood follows the recommendation and cuts down the stock, sells the timber
and even finds afterward a buyer for the land paying Faustmann’s value. In
total, our ex-forester receives:

11
U= / . f(t) dt + KWE = 606.401 + 828.745 = 1435.146
0t

On the other hand, the periodic profit PG; computed earlier (inter-
preted as a perpetuity) represents a present value of:

PG .
Pop 169108 _ 469108
i 0.1

Obviously, when seeking advice from Samuelson one takes a loss: The
(maximum) company value U is smaller than the amount we calculate for
our illustration! Indeed, a basic principle of economic behavior states that
the continuous surplus of an enterprise should exceed the interest on the
capitalization of the firms’ assets. This is not the case here since the clear-
cutting condition (6.34) is violated. Therefore, running the business based
on the “rule of thumb””'® from 1788 yields better results than the proposed
logging instruction in the given situation.

However, it needs to be taken into account that the direct comparison
between the theories is improper: Faustmann is (yet) located on empty land
and looks for its value, whereas Joseph II continuously wants to make as
much profit as possible out of his already existing trees.”’ This discrepancy
is also of importance to the modern forester. Furthermore, institutional
changes need to be taken into account.

9See Philip A. Neher, “Forests,” in The New Palgrave, vol. 2 (London, New York,
and Tokyo: Macmillan/Stockton Press/Maruzen, 1994), pp. 412-414.

2%In science, there has been a long-term conflict between these opposing schools. For
the history of this quarrel, see Cristof Wagner, Lebrbuch der theoretischen Forstein-
richtung (Berlin: Parey, 1928), who summarizes: “Hence, we have sustainability
against profitability, Prussia versus Saxony” (p. 199). However, this confrontation
misses the point. A sustainable production is also possible with the Faustmann rota-
tion period, but leads to suboptimal earnings. Inserting in equation (6.30) ¢z from
our illustration, we gain: PGy = 165.920 < PG; = 169.108.
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FROM FEUDALISM TO CAPITALISM

The Accumulation Phase

In what follows, an entrepreneur seeking to maximize his profit is intro-
duced as an idealized economic agent. This person is not constrained by the
capital he is able to invest in a project, but by the demand side. His main
task is to supply goods at prices no less than unit costs. For analytical reas-
ons, we assume that the entrepreneur does not resort to own money—his
reputation or a convincing business concept will grant him a loan. From this
standpoint, rates on return—figures providing a relationship of surplus to
capital advanced—are not suitable as an indication for economic success.
The limits of woodland prices and forest values first and foremost reflect
the concerns of investors, not those of entrepreneurs striving for profit
maximization.

In our model world, at least one of the entrepreneur’s problems is not
that difficult. The revenues of wood production are known; sales do not
pose a problem. Once all costs including the use of forest soil have to be
incurred, which rotation period proves to be optimal?

In a first step, the woodland shall only be available for purchase by for-
esters accumulating land piece by piece at the Faustmann value. Period after
period, depending on a given growth phase T, an additional part 1/T of a
hectare is acquired. Additionally, there are planting costs. Hence, the fol-
lowing debt has amassed until the (yet unknown) optimal rotation period T
is reached:

1 (T el —1
Dpuy(T) :/O T(K\X/F—FL)e’( dr = (KWF+L)( = ) (6.35)

Substituting in this expression the Faustmann rotation ¢y as well as the
other data, we get:

e0.1-10.666 _ 1

> =1659.20

The interest accumulated with this debt during the construction of the
silviculture just equals the periodic surplus from the synchronized
cultivation:

PGy — f(tFt)i—L — i Dypyy(tp) = 165.920
F
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This equation characterizes the nature of Faustmann’s woodland value
from a buyer’s point of view: It represents the maximum amount of money
an entrepreneur without means is able to pay for additional land in order to
create a staggered forest while time elapses.?! If the purchaser wants to
make profit, the actual price for the additional woodland bought year after
year must be lower than the Faustmann value. It is therefore a constraint for
forestry business just as the maximum interest rate 7, is.

In order to prepare for the next section, let us now take a short look at the
alternative to woodland acquisition: The entrepreneur disburses a rent R per
period and hectare. While the necessary expenses for the planting still sum up
until the desired ages of the trees are reached, the formula for the accumulated
debt from rent payments looks different. The total loan at time T amounts to

T : T .
DRent(T) = / t%Rel(T_t) dt + / %LCZ(T_t)dt
0 0

R T (AT
_ (e iT 12) + Li(e 1) (6.36)
=T

For the entrepreneur’s profits after completion of the synchronized silvi-
culture, we obtain:

f(T)-L

PG(T) = =%

—R—i- DRent(T) (637)

With a given rent R, our model forester chooses the appropriate T. De-
pending on the assumptions about the variables and data, he can pay off his
debt sooner or later. Hence, provided the undertaking is crowned with suc-
cess, there will be no more borrowing costs one fine day—the same situation
as with the purchase of forest soil. Then, the following equation holds:

PG =1 =R (6.38)

Let us take a closer look at the long run and the determination of the
rent.

21«Herr Faustmann must have reasoned along lines somewhat as follows: If I were
to start planning a forest from scratch, how much could I afford to pay for bare
land?”” G. Robinson Gregory, Forest Resource Economics (New York: John Wiley
& Sons, 1972), pp. 286. In Appendix A of this chapter, it is proven that the accumu-
lated debt from the purchase of land at the Faustmann price and the subsequent
planting of the whole area cannot be made up by revenues since they merely suffice
to pay for interest.
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Land Rent in Competition

From a modern stance, the 1788 regulation has one disadvantage. It served
as a maxim in feudalism: Forestry was performed by the proprietor himself,
who at times possessed giant estates. He acted in personal union as a land-
owner as well as a timber producer without consideration of rent payments.
Furthermore, Nature herself took care of the first cultivation free of charge.
Under these circumstances, the landowner was geared to the entire continu-
ous stream of income from his property.

In modern capitalism, separation serves the purpose of realizing some-
thing important: The function of an entrepreneur and a resource provider
has to be distinguished. Otherwise, the income categories profit of wood
production and rent for land lease cannot be isolated. In the following, we
consider the long-term situation where investment expenses to create a
synchronized production structure has already been paid off. Let us assume
that the use of a hectare requires payment of rent R > 0. Moreover, in every
period there is one hectare ready for harvesting. Equation (6.38) provides
the hectare profit (HG):

HG=t PG(t)=f(t)—~L—R - t (6.39)

The last term on the right side of equation (6.39) states the total rent
due. Differentiating yields:

HG =f(t)-R (6.40)

Thus, the necessary condition for an optimum reads:

f(t)=R (6.41)

This result makes sense from an economic point of view: In equili-
brium, productivity of time equals rent. If land is available at no costs, har-
vesting occurs at the maximum return f(#,,) independent of the interest rate
and planting costs. As expected, the earnings per hectare are smaller than
those under the 1788 regime:

HGw _ f(tw) =L _, _2073.6 — 100

—0=164.4
- - 5 0 = 164.466

Nevertheless, total profit is higher since more soil is cultivated for free:

HG,, =164.466 - 12 =1973.6 > PGy - t; = 169.108 - 11.296 = 1910.24
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In such a situation, consumption of land does not need to be taken into
account. Rather, it seems now reasonable to choose the same amount of
costs L which also may be a wage bill as a reference point for a comparison
between different logging strategies. Equation (6.41) informs us when to
terminate the trees’ growth. Minimizing the costs per unit of timber then
proves to be the crucial criterion for the choice of technique in forestry.

If rent has to be paid, then the life cycle of the trees is shortened com-
pared to their maximum size. To boot, if profits vanish in consequence of
the competition for scarce plots of the same fertility, HG in equation (6.39)
will tend to zero. Consequently, the landowner can pocket the maximum
profit per hectare in the form of rent:

(6.42)

This is equivalent to the Joseph II case: There are no entrepreneurial
foresters, but only proprietors who maximize their income per area unit;
the economy shows signs of feudalism.””> For modern times, David
Ricardo’s (1772-1823) exploration of capitalism is appropriate. He consid-
ered an expanding economy where land of decreasing quality is taken under
the plough. Then, the farmers do not pay any rent for the least cultivated
plot. Nevertheless, the superior ground receives a premium depending on
its fertility.

LOOKING BACK AND AROUND

Initially, there was a forester who sought advice from an economist but re-
ceived inadequate counsel. And this happened in a field where established
knowledge is supposed to be solid: The analysis of a clearly structured mi-
croeconomic decision situation.

The question arises why the academic tenet led to wrong conclusions.
The answer is that different problem-solving approaches were mixed up.
Computing the maximum interest rate on the costs advanced or the deter-
mination of (interest rate dependent) capital values of timber or land respec-
tively may be significant within the investment calculus, but this does not
provide an optimal cut-down strategy from an entrepreneurial point of view
in long-term forestry.

22In Appendix B of this chapter it is demonstrated, what the owner of a plot of soil
must do to realize a synchronized planting.
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Moreover, the widely accepted Faustmann approach suffers from a dis-
crepancy between theory and practice which has to be explained. Without
doubt, the choice of the interest rate used in calculations is more or less ar-
bitrary. Remarkably, however, often unrealistically low interest rates are
chosen for the purpose of obtaining desired results. Many years ago, a silvi-
culture interest rate of 3.5% had been proposed.*® But convincing argu-
ments for such conventions are still lacking.”* In fact, the use of a forestry
interest rate makes the Faustmann formula compatible to real behavior.
Thus, the observable forest management reconciles something that is felt to
be right with a supposedly correct course of action, which unfortunately
does not quite fit the plan. Consequently, demands from scientists for an
allegedly necessary deforestation policy are ignored.*’

When a forester pays a rent for someone’s land, he compensates differ-
ences in fertility—and who has nothing special to offer will earn nothing in
return. The choice of the profit maximizing rotation period depends on
these rent rates. Harvesting takes place when the increase in the value of
wood has decreased toward the payment for a part of the earth’s surface.
If land is free of charge, trees grow up until the maximum return f(,,),
which is equivalent to the minimization of cultivation costs. Production effi-
ciency on fertile land, on the other hand, includes a compensation for Na-
ture’s extra powers. The optimal time for logging can be observed between
tj—Joseph II’s interval maximizing rent per hectare—and #,,, the span of
time until tree growth has peaked.

The deliberations above reveal why fallow field generally is quite cheap:
The price of soil as a capitalized rent merely reflects differences in fertility.
Against this background, the significance of the Faustmann formula fades
away, even when its proper purpose is considered, namely the determina-
tion of pure land value. The productive power of soil merely provides an
extreme solution never attained in practice.

Demand dictates the price of real estate when supply cannot be in-
creased. Contrary to timber, the available ground and its quality is a fixed

23See Max Robert Pressler, Der Rationelle Waldwirth und sein Waldbau des héchs-
ten Ertrages, Zweites (selbststindiges) Buch, Die forstliche Finanzrechnung mit An-
wendung auf Wald-Werthschdtzung und -Wirthschaftsbetrieb (Dresden: Tuerk,
1859), p. 10.

24See the reflections of Wolfgang Sagl, Bewertung in Forstbetrieben (Berlin and
Wien: Blackwell Wissenschafts-Verlag, 1995), p. 59.

25Swiss foresters have to deal with the following instruction: “The cultivation cycle
within Switzerland needs to be reduced by one third . . . and the average wood sup-
ply is to be reduced to 50 per cent of today’s value.” Peter Manz, Die Kapitalintensi-
tat der schweizerischen Holzproduktion, Eine theoretische und empirische
Untersuchung (Bern: Paul Haupt, 1987), p. 189.
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quantity. Hence, the rent requested for its use reflects scarcity. In capitalism,
these circumstances determine the value of landed property.

Yet, forestry comes up with another peculiarity: In Central Europe,
there is almost no stock of trees currently available for rent. The rather long
gestation periods require contracts with a legal force over several genera-
tions. According to § 594 b BGB, German law provides that rent contracts
signed for more than thirty years have a period of notice of just one year
after this time. The only alternative would be to sign the contract for the
lifetime of the renter or the landowner which also does not guarantee the
necessary long-term planning certainty. Hence, forestry is performed almost
exclusively by the landowner.

GONCLUSION

In closing, we will point out the capital theoretic implications of the preced-
ing analysis. Provided that the forests possess a perfectly adjusted age spec-
trum, the interest rate is of no special significance. Though the return of a
single tree depends on its maturity, there is a quasi-physically determined
way of generating the maximum surplus. It is the task of the accumulation
process to install the optimal production structure efficiently.

Just as with the continuous and circular production in the industrial
sector, one has to free oneself from the concrete product and the time until
its completion in order to consider the flows as a whole. In any case, it is
misleading to interpret the interest on the costs during a production period
as profit, instead of paying attention to the difference between revenue and
costs.*® The production process in general is not organized successively but
synchronized. Hence, the result of this investigation fits into a uniform and
elementary theory of the choice of technique, which offers more explana-
tory power than other endeavors to treat the subject.

APPENDIX A

In footnote 21, it has been remarked that the accumulated debt from the
purchase of land at a price equal to the Faustmann value (6.23) and the

26See in detail Fritz Helmedag, ‘“Warenproduktion mittels Arbeit oder die
Neueroffnung der Debatte,” in Nach der Wertdiskussion, edited by Kai Eicker-
Wolf, Torsten Niechoj, and Dorothee Wolf (Forschungsgruppe Politische Okonomie:
Marburg, 1999), pp. 67-91.
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subsequent planting of the whole area cannot be retired out of revenues.
The share of interest in total debt amounts to

(f<f>—L FL) 1) = -1 (A6.1)

1—e it

Thus, net revenues are just enough to pay interest.

If land is purchased successively, production also covers merely interest.
During the gestation period of the staggered silviculture, the entrepreneur
has to buy additional plots step by step. Substituting in the formula for the
debts from the gradual acquisition of land (6.35) the Faustmann value
(6.23), leads to the interest charge at time ¢:

i - Dpyy = i(KWg + L) (eit — 1) - i(’[(t)eit L L) (eit — 1) (A6.2)

it 1—e it

This expression boils down to:

fl - L

; (A6.3)

i- DBuy:

Obviously, the successive sale of soil at the Faustmann value entails a
synchronized production. This is the only way to pay the burden of interest
with the proceeds. Redemption, let alone profit, is out of the question. Ac-
tually, the Faustmann capital value sets an upper limit to the price of a piece

of land.

APPENDIX B

Now we fulfil the promise given in footnote 22, namely to illustrate in some
detail how the planting of a synchronized forest comes about. Consider a
forester who owns a plot of soil. Investments are financed by loans. It is to
clarify whether the agent will be free from the ““fetters of interest’ at the end
of the construction period. Then, he can continuously pocket profits accord-
ing to the Joseph II rule.

One might think that—notwithstanding the intention to create finally
a staggered forest—the whole area is planted in the first instance. In the
years to come (1/£)-th of the stock is sold and replanted respectively. This
procedure, however, has the disadvantage that trees are cut which do not
refund their compounded planting costs during the start-up period. Such
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loss-making deals must be excluded. The critical minimum growth time #x
results from:

f(tg) = Le' (B6.1)
Inserting the data of the example gives:
tg =4.63 (B6.2)
At the beginning of the project the open space in percent is:
1
o= 40.99% (B6.3)
i

Thus, initially the forester cultivates approximately 60% of the soil. Let
us first calculate the cumulated costs up to the minimum age ¢x. The first
planting amounts to:

FP = 0.5901 - 100 - 1 463 = 93,757 (B6.4)

Besides, the costs of the succeeding seedlings have to be taken into
account:

463 4
SP :/ — 100 - 014630 dp — 52,127 (B6.5)
0 i

After 4.63 years, the forester faces a totally wooded area and a moun-
tain of debt to the tune of:

D(tg) = FP + SP =93.757 + 52.127 = 145.884 (B6.6)

Short of knowing how the repayment is stipulated, we charge interest

until z;:
D(y) = 145.884 . 01(1=463) — 284 124 (B6.7)

But from #x onwards there are net revenues that are brought to a bank
in order to yield interest:

7]

N() = / L (f) — 100) 10 dr — 665408 (B6.8)
4.631%

Balancing gives:

V(#7) = N(¢j) — D(t)) = 665.408 — 284.124 — 381.284  (B6.9)

Apparently, once the forester has created a synchronized silviculture, he
possesses not only a fortune of V(#7) = 381.284 but he also receives the
maximum profit PG; = 169.108 per hectare and year from this time on.
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long with growing investor interest in commodity investments has come

a dramatic increase in the number of commodity indexes being pub-
lished worldwide. These indexes are widely used as price indicators for
economists and investors. However, they are also rapidly assuming the role
of comparison benchmarks in portfolio management, as well as acting as
underlying instruments for certain derivative structures.

Recent empirical studies have focused mainly on single commodity in-
dexes or a group of subindexes of the same provider, using a comparison
analysis to contrast the risk and return of these indexes versus traditional
asset classes. This approach, however, neglects the questions of validity and
reliability that arise from using commodity indexes from various providers.
An effective empirical approach would focus on the heterogeneity of
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commodity indexes by comparing the risk-return behavior of single com-
modity subindexes in order to detect significant shifts among individual
benchmark portfolios.

This chapter will examine for the first time the entire universe of com-
modity indexes for three index types: spot, excess, and total return. Our
data come from nine index providers and cover the period January 2001 to
September 2006. We examine the heterogeneity of performance results with
the help of different statistical variables, and distinguish between both, pub-
lished aggregated indexes (composite indexes), which include all commod-
ity sectors according to different weighting schemes, and sector-specific
indexes (sector indexes). According to the literature, one solution to the
problem of a representative benchmark; that is, in the case of heterogeneous
risk-return characteristics of financial benchmark portfolios, is to equally
weight the respective indexes. Due to the fact that equal weighting does not
completely eliminate distortions in the benchmark, we advise using an un-
biased procedure such as principal components analysis.

In general, enormous differences in the risk-return characteristics exist
within the various sector indexes as well as between the same commodity
sectors of various index providers we study here. Some overlapping index
performance differences are to be expected per se due to the heterogeneity
of the commodity sectors and their various factors of influence. However,
we find considerably divergent results even within, for example, the indus-
trials group.’ Furthermore, due to differences in index construction, we
find enormous performance deviations among the total and excess return
indexes.

This chapter is organized as follows. The next section contains a sum-
mary of the various commodity indexes and their respective construction
features. We then describe our data basis and compare statistical properties.
The crucial question here is: To what extent does the choice of a specific
index family lead to distortions and/or divergent results in performance
evaluation? The subsequent section provides a possible solution to the het-
erogeneity problem by using principal components analysis to construct an
implicit index that represents an aggregation of competing indexes. We con-
clude with a summary of the main results, and discuss the recommended
course of action for investors.

"The largest observed difference in annualized returns is in the industrial metals—
total return indexes (Commodity Research Bureau versus Rogers International
Commodity Index (RICI)). If we adjust the RICI by removing indexes with a history
of less than one year, the maximum difference is reduced to 13.45%, which clearly
dilutes the statement about degree of heterogeneity.
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SUMMARY OF COMMODITY INDEXES

Choosing a benchmark should be the first step when investing in a particular
asset class. It constitutes the operationalization of investors’ preferences and
serves as a reference point within the performance measurement. According to
Sharpe, a suitable benchmark must be a cost-effective investment alternative
that is available for purchase in the market and subject to the same restrictions
as the actively (or passively) managed portfolio.” It should be difficult to beat
on a risk-adjusted basis and be chosen prior to managing the actual portfolio.
For active and passive investment strategies, a well-established index is often
chosen as a neutral reference point. And in traditional markets, indexes of repu-
table providers are already established as reference portfolios. However, in the
commodity universe, choosing a benchmark is a much more complex task.

Erb and Harvey discuss how to define a representative commodity futures
benchmark.? They note that the concept of market capitalization in an aggre-
gated equity or fixed income index is not transferable to a commodity futures
index because the outstanding buy and sell positions will cancel each other out in
futures contracts. Hence, there are no uniform restrictions on the design of com-
modity futures indexes, and they may vary greatly in composition, weighting
scheme, or rebalancing frequency, all of which may result in tremendous diver-
gences in the risk-return characteristics. Therefore, Erb and Harvey propose con-
sidering individual commodity indexes as different portfolio strategies.*

Since the universe of commodity futures has grown continuously, it is
possible to conduct a historical time series analysis. CRB/Reuters and the
Goldman Sachs Commodity Index (GSCI) have the longest histories; the lat-
ter has the largest open interest. The GSCI was introduced in 1991 and back-
filled to 1970.° Furthermore, the performance of the Rogers International
Commodity Index and the Deutsche Bank Liquid Commodity Index (DBLCI)
are hypothetically traced back to the base year 1984 (RICI) and 1988
(DBLCI) in the year of introduction 1998 and 2003, respectively. Thus, when
a benchmark is introduced, the best practice is ideally to backfill performance

2William F. Sharpe, “Asset Allocation: Management Style and Performance Measure-
ment,” Journal of Portfolio Management 18, no. 2 (1992), pp. 7-19.

3Claude B. Erb and Campbell R. Harvey, “The Tactical and Strategic Value of Com-
modity Futures,” Financial Analysts Journal 62, no. 2 (2006), pp. 69-97.

*Erb and Harvey, “The Tactical and Strategic Value of Commodity Futures.”

3In 1970, the composite index was composed of only cattle, corn, soybeans, and
wheat. Currently, these make up only 12.3% of the index and are therefore signifi-
cantly less important than crude oil, currently the largest constituent with 34.4% (as
of March 23, 2007). Nowadays, a classification typically includes energy, agricul-
ture with soft commodities and grains and seeds, industrials, precious metals, live-
stock, and others (e.g., rubber and wood).
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for a certain number of years.® Among the latest commodity index providers
are Lehman Brothers (LBCI) and Deutsche Borse (CXCI), which were both
released in 2006. The weights of commodity futures are derived from produc-
tion quantities as (1) lagged rolling five-year averages (e.g., the GSCI); (2)
liquidity (e.g., the DJAIG); (3) production volume (e.g., the DJAIG); (4) open
interest (e.g., the CXCI); or (5) equally weighted (the CRB)). Depending on
the weighting scheme, significant shifts through time may result. Thus, as
Exhibit 7.1 for the GSCI shows, long-term historical comparison is limited.
In general, the market is determined by the commodity indexes shown
in Exhibit 7.2. The scope of the individual indexes varies among providers.
For example, Dow Jones-American International Group (DJAIG) calcu-
lates 84 commodity indexes for different subsectors and individual com-
modities; Mount Lucas Management (MLM), on the other hand, restricts
itself to just one.” Most providers, however, have indexes for several sec-
tors, such as energy, metal, or agriculture. Only Standard & Poor’s (S&P)

100%
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Agricultural Energy Industrial Metals ~ Livestock ~ Precious Metals

EXHIBIT 7.1 GSCI Index Weighting over Time
Source: Exhibit created from data obtained from Bloomberg.

®For example, the GSCI indexes were backfilled to 1970.

"The MLM index differentiates itself by also containing fixed income and FX fu-
tures. Its composition is inspected and adjusted by a committee once a year. Further-
more, the rules for weighting and rolling follow those for trend-following strategies:
They are subject to yearly changes, but are not touched during the rest of the year. In
this way, MLM is still classified as a passive index. It is distinctly different from the
other indexes shown in Exhibit 7.2.
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offers composite indexes. Note that total return indexes are generally com-
puted by all providers, while spot and excess return indexes are not offered
on a regular basis.®

The amount of subsectors or commodity types, respectively, in each
(composite) index depends on the individual selection criteria of the index
provider. Popular criteria are liquidity (DJAIG, S&P, LBCI, CXCI), eco-
nomic or industrial importance (RICI, GSCI), and the mapping of a suffi-
ciently large commodity universe (CRB). The Liquid Commodities Index
(DBLCI) from Deutsche Bank is constructed from six subsectors or com-
modities that are themselves a large part of their sector.” With 36 commod-
ities, the Rogers International Commodity Index (RICI) provides the largest
number of subsectors, as well as the most exotic. The indexes we study here
generally differ with respect to the number of commodities covered and
their broadness, and they range from 6 to 36 different commodities.

All index providers must rebalance the individual sectors and change
their index composition on a yearly basis, except for CRB, which is perma-
nently rebalanced due to equal weighting, and CXCI, which rebalances
quarterly. The DJAIG is the only index that sets fixed constraints for indi-
vidual sectors (a maximum of 33%) and commodities (between 2%
and 15%).

Most of the futures found in the indexes are international (originating
usually in the United States or Great Britain). An exception is the S&P,
which contains only U.S.-based futures. Japanese, Canadian, or Australian
futures are only very seldom considered (e.g., RICI).

Most index providers perform a monthly rollover, which, in commod-
ity indexes, usually occurs onto the nearby future (e.g., DJAIG, RICI, GSCI;
in comparison to the average from two nearby futures in the case of S&P).
In general, this rollover method is called continuous nearby. Only CXCI, in
order to always have the futures with the highest liquidity, rolls the futures
as soon as the open interest of the new futures exceeds that of the old one.
Alternatively, DBLCI chooses the futures with the highest anticipated roll-
over return.

CRB uses a different approach called forward averaging: A choice and
subsequent average (arithmetic mean) is made, and calculated from two to
five futures with a maturity of up to six months.

Index calculation and weighting follow the rules of commodity selec-
tion. Two popular methods are using the arithmetic averaging of produc-
tion (DJAIG, RICI, GSCI), and using liquidity data (S&P, LBCI, DBLCI,

8DJAIG is the only provider of indexes on forwards of composite indexes.
“Examples are West Texas intermediate crude oil for energy, and aluminum for in-
dustrial metals.
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EXHIBIT 7.3 Commodity Sector Weights as of January 2007

CRB DJAIG RICI? GSCI
Energy 17.65% 32.98% 48.00% 67.58%
Grains and seeds 17.65% 20.91% 16.52% 8.64%
Industrial metals 11.76% 21.62% 10.30% 12.29%
Livestock and meats 11.76% 9.15% 3.00% 5.30%
Precious metals 17.65% 9.11% 6.80% 2.53%
Soft commodities 23.53% 6.16% 15.38% 3.66%
Total (rounded) 100.00% 100.00% 100.00% 100.00%

Source: Exhibit created from data obtained from Commodity Research Bureau,
Dow Jones, Beeland Management Company, and Goldman Sachs.
?As of the end of 2005.

CXCI). CRB uses the geometric averaging and equal weights the index com-
ponents. This procedure shields CRB from the extreme changes common to
important commodity (classes) like oil or energy, but it also allows less im-
portant commodities to receive higher weights.

This approach, however, denies higher exposures to rallying commod-
ities, while simultaneously increasing exposure to commodities with de-
creasing value. As a result, we believe the arithmetic mean is the best
choice, as it better reflects market trends by allocating exposure evenly
to individual commodity components. However, the S&P index is an
exception—here, arithmetically and geometrically computed indexes are
provided. The stability and consistency of the index weights is maintained
by monthly rebalancing.

Exhibit 7.3 compares the weights of the individual commodity sectors in
the composite indexes of the most important commodity index providers.'°

EMPIRICAL ANALYSIS OF THE COMMODITY
BENCHMARK PROBLEM

This section compares the data series for nine different commodity index
providers based on the CRB sector classification. Our calculations are based
on continuously compounded daily and monthly returns for January 2001

19The individual sectors are aggregated on the basis of CRB’s classification as fol-
lows: energy (crude oil, heating oil, natural gas), grains and seeds (corn, soybeans,
wheat), industrials (aluminum, copper, cotton, nickel, zinc), livestock (live cattle,
lean hogs), precious metals (gold, platinum, silver), and soft commodities (cocoa,
coffee, orange juice, sugar).
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to September 2006.'! We investigate the three index types as available for
the composite index: total return (TR), excess return (ER), and spot return
(SR). We also examine the six sector indexes: energy, grains and seeds, in-
dustrials, livestock and meats, precious metals, and soft commodities.
Exhibit 7.4 summarizes index provider availability.

EXHIBIT 7.4 Commodity Index Components of the Database

Sector/Index |CRB|DJAIG| RICI |GSCI|SPCX|LBCI|MCCI|DBLCI MLM

Composite| TR X X X X X X X X°
ER X X X X X
SR| X X X X

Energy TR| X X 11/2004| X X X X
ER 11/2004| X X X X
SR X X X

Grains TR| X X X X X2

and seeds

ER 01/2006% X X X2
SR X X X

Industrial | TR| X X 01/2006| X X xb X

metals

ER 01/2006| X X X X
SR| X X X X

Livestock | TR| X X X X X2

and meats

ER X X X2
SR| X X X X

Precious | TR| X X 01/2006| X X X

metals

ER 01/2006| X X X
SR X X X

Softs TR| X X 11/2004| X X X X2
ER 11/2004| X X X?
SR X X X

Index construction is equally weighted, contrary to Exhibit 7.2.
®Data available only on a weekly basis.

“Data available only on a monthly basis.

Source: Exhibit created from data obtained from Bloomberg.

1 Qur observation period results from the index with the shortest data history, the
Lehman Brothers total return composite index, whose data tracking began on De-
cember 29, 2000.



178 PERFORMANCE MEASUREMENT

In order to determine whether there is any heterogeneity among the in-
dexes, we use one- and two-dimensional quantitative measures and their ex-
treme values and differences (range), which can be interpreted as the
maximum possible bias between two commodity indexes. In practice, this
suggests that the extent of the spread or the respective choice of a specific
index can influence and/or distort an investment decision compared with
indexes of other providers.

Return and Volatility

If we consider the historical development of the total return composite in-
dexes in Exhibit 7.5 since January 2001, we note that all indexes except
MIM follow an overall trend of varying intensity. As discussed earlier, this
may be attributable to differences in index construction, selection criteria,
and weighting schemes (see Exhibit 7.2).

In order to quantify the diverging values of the commodity indexes,
we next compare the generated annualized returns. Exhibit 7.6 shows sig-
nificant divergences within the respective sectors, which can either in-
crease or decrease depending on the chosen index version. Among the
total return indexes, the maximum return differences are most significant
within industrials (44.9%), energy (28.5%), and softs (17.6%). The max-
imum return difference within industrials is between CRB and RICI. How-
ever, note that data for the latter exists only since January 2006. Adjusting

Index Value

50 T T T T T T T T T T T T T T T T
Jan- May- Sep- Jan- May- Sep- Jan- May- Sep- Jan- May- Sep- Jan- May- Sep- Jan- May- Sep-
0t o1 01 02 02 02 03 03 03 04 04 04 05 05 05 06 06 06

——DJAIG = ——-RICI ------- GSCI SPCX LBCI MCCI - -- —- DBLCI —«—MLM

EXHIBIT 7.5 Historical Performance of the Composite Indexes (monthly data
time series, indexed to 100)
Source: Exhibit created from data obtained from Bloomberg.
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EXHIBIT 7.6 Annualized Returns, January 2001 to September 2006

Friedman
Sector Indexes Min Max Range Mean Test
Total Return Index
Composite 1.67% 16.34% 14.67% 10.72% 11.691
Energy 3.03%  31.49%  28.46% 15.09%  33.513%
Grains and seeds -2.45% 7.11% 9.56% 2.71% 18.553*
Industrial metals 14.63%  59.53%  44.90% 29.14% 10.782¢
Livestock and meats 2.04% 11.10% 9.06% 4.43% 8.859°¢
Precious metals 15.70% 17.16% 1.46% 16.44% 2.788
Softs -5.97% 11.66% 17.63% 1.59% 12.259°
Excess Return Index
Composite 7.43% 13.79% 6.36% 10.86% 7.212
Energy -0.24%  28.35%  28.59% 12.40% 36.335°
Grains and seeds -26.46% 243%  28.89% ~7.24% 3.176
Industrial metals 21.04% 52.99% 31.95% 29.11% 6.653¢
Livestock and meats 0.12% 8.43% 8.31% 3.06% 6.382°
Precious metals 10.93% 14.35% 3.42% 13.09% 1.971
Softs -6.09% 8.98% 15.07% —0.35% 3.294
Spot Return Index
Composite 8.18%  25.36% 17.17% 15.62% 12.053%
Energy 18.43%  25.91% 7.48% 21.05% 2.735
Grains and seeds 7.89% 8.87% 0.97% 8.30% 1.059
Industrial metals 9.37%  25.82% 16.45% 19.93% 6.265°
Livestock and meats 3.80% 9.25% 5.46% 5.76% 3.335
Precious metals 16.43% 17.75% 1.32% 17.15% 2.735
Softs 6.08% 14.05% 7.97% 10.32% 1.853

Source: Exhibit created from data obtained from Bloomberg.

Note: The calculations for the Friedman test are based on N = 68 monthly return
observations. Indexes with shorter life spans are not considered.
2 b and € denote significance at confidence levels of 99%, 95%, and 90%, respectively.

for this very short history leads to a maximum difference of 13.5% (CRB

versus LBCI).

The explanation for the difference in energy indexes is similar. How-
ever, the maximum difference is reduced by 6.8% to 21.7% (DBLCI 31.5%
versus LBCI 9.8%). The highest degree of homogeneity can be found in the
precious metal total return indexes, with a maximum difference of below
1.5%. Only the grains and seeds spot return indexes remain under this val-
ue, with a difference of less than 1%.
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In general, these significant differences suggest that heterogeneity is
present. To verify whether the calculated index returns differ significantly,
we apply the nonparametric Friedman test for dependent samples in
Exhibit 7.6. The Friedman rank variance analysis simultaneously checks for
[ dependent sample differences with respect to the central tendency. The de-
cision to use a nonparametric test under the assumption of dependent sam-
ples is justified by the fact that returns of commodity futures indexes are
generally not normally distributed. Additionally, the different index pro-
viders refer partially to the same futures contracts, hence this leads us to the
assumption of combined samples. The hypotheses are:'*

H. Several dependent samples stem from the same population, or from
all I samples follow the same return levels.

H;. Several dependent samples stem from different populations, or at
least from one of the / samples follow a diverging return.

Hence, investigating the null hypothesis involves verifying whether the
populations, from which the [ samples stem, coincide with regard to the
central tendency. Considering that the rank sum lezl R;; for each of the 7
units equals [/ - (I + 1)]/2 withi = 1,...,#, and with » units the total sum of
possible rank values is [#-]- (I 4+ 1)]/2, the test statistic can be deducted from
the deviations of sample rank values from their respective expected values.

To avoid having the deviations cancel each other out, we use squared
differences according to the variance calculation. Due to sample error, we
must consider the possible variance of the rank values of / samples and »
units, as well as the correction factor [(/ — 1)]/! for finite populations. We
thus obtain the following test statistic:

n-(I+1)]?
F—llzl:[Rj_ 2 ]— 12 XI:RZ—3~(1+1) (7.1)
R = G R r =T '
12

which, for large samples (z > 10 and I > 4), is approximately x* distributed
with v = [ — 1 degrees of freedom."?

2Myles Hollander and Douglas A. Wolfe, Nonparametric Statistical Methods,
(New York: John Wiley & Sons, 1999).

3peter Sprent and Nigel C. Smeeton, Applied Nonparametric Statistical Methods
(Boca Raton, FL: Chapman and Hall/CRC, 2007); Myles Hollander and Douglas A.
Wolfe, Nonparametric Statistical Methods (New York: John Wiley & Sons, 1999).
This approximated test is more conservative in most cases.
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Significant differences occur primarily within the total return indexes.
We note a highly significant deviation at the 1% significance level for
grains and seeds as well as energy. The significant differences in return
levels for the energy sector also remain when referring to excess return
indexes. Major deviations are most obvious in the total return indexes
because of differing construction methodologies; their influence in spot
return indexes is only minor. However, note that the Friedman test for
ordinally scaled variables considers the rank sequence and not the abso-
lute return differences.

Exhibit 7.7 provides further investigation into the return properties by
comparing the respective (minimal, maximal, and average percentage) peri-
ods with positive returns as fraction of the total period among the different
index providers. On an average daily basis, only eight of the 21 indexes
have more than 50% positive daily returns (industrials and precious metals
for the spot and total return composite). On an average monthly basis, how-
ever, all indexes—with the exception of grains and seeds and softs for the
excess and total return indexes—have more than 50% of all months a pos-
itive return.

On a disaggregated level, this number increases the most for LBCI,
going from 49.6% to 66.2%. The smoothing effect evident from using
monthly data, however, implies that the respective reference numbers di-
verge even more. For example, the maximum difference in the spot compo-
site indexes increases from 1.5% to 8.8%; for industrials total return index,
it goes from 7.8% to0 22.1%.

Exhibit 7.8 subsequently calculates the percentage of average gain and
loss on a daily and monthly basis resulting from the periods of positive and
negative returns. The results show that the energy sector earned the largest
average daily and monthly gain over all index variations. We assume the
energy sector is highly volatile as it also shows the largest average losses per
period.

In comparison, the industrials, precious metals, and soft commod-
ities sectors show the worst average values on a daily basis. On a
monthly basis, the lowest performers are the composite total return in-
dex with 4.12%, the composite spot return index with 4.05%, and the
livestock and meats excess return index with 3.49%. In general, for the
majority of indexes, the average return increase dominates the loss in
value over a period. This ratio is negative only for livestock and meats
and precious metals.

Another decision criterion which determines the success of an invest-
ment is implied risk, here expressed as the return volatility (the annualized
standard deviation). Although RICI’s missing data history distorts the state-
ments at first, even after adjusting for it, significant differences between the
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indexes remain. Hence, the assumption of heterogeneity of indexes in re-
gard to volatility expressed as return variation around the mean again
prevails.

The lowest risk is found in the spot return composite index, for exam-
ple, the CRB (6.3%); the highest is found in the GSCI (23.3%) (see
Exhibit 7.9). Volatility is identical within the grains and seeds spot return (a
maximum difference of 0.1%), and precious metals spot return indexes (a
maximum difference of 0.8%).

The use of monthly data can lead to a stronger reduction in minimum
values than maximum values, which are partially increasing. As a result, the
difference (range) among the extreme values can increase when compared
to daily data. Hence, the volatility of the RICI total return index decreased
from 13.2% to 11.9%.

On the other hand, the annualized standard deviation of the Deutsche
Bank indexes increased from 21.8% to 23.3%. These descriptive results
strongly illustrate the diverging implications for investors when making
investment decisions or conducting performance evaluation. So, within
our sample period, we find average sector-specific volatilities of between
13.95% and 34.02%. For all sectors and index types, we find an average of
20.25%.

Correlations

Another clue when investigating diverging commodity index performance
can be found by analyzing intrasector correlation structures among indexes
of different providers. On a daily basis, the maximum difference of correla-
tion coefficients among the indexes of a sector ranges from 0.021 (precious
metals excess return) to 0.924 (livestock and meats spot return). For
monthly data, the numbers range from 0.021 (precious metals spot return)
to 0.728 (composite total return), as can be seen in Exhibit 7.10.

Without including the MLM composite indexes, the maximum dif-
ference in total return index variants is 0.130. Considering the extreme
values, it is obvious that no negative correlations exist. This means
that the individual indexes develop at most independently, but not
contrarily.

The highest degree of homogeneity exists among the precious metals
spot return indexes, with an average correlation coefficient of 0.987. The
smallest average correlation coefficient is found in livestock and meats spot
return, with 0.461. Furthermore, note that only 15 of the 42 minimum val-
ues fall below 0.500; only four fall between 0 and 0.250. Hence, when
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188 PERFORMANCE MEASUREMENT

considering correlation analysis, the commodity index universe presents
more likely a homogeneous picture.’

In addition to the preceding correlation analysis, we also derive a sim-
ple reference number for determining heterogeneity in the indexes of differ-
ent index providers:

HI = 1—average correlation. (7.2)

Hence a heterogeneity indicator (HI) of 1 represents a perfectly hetero-
geneous situation. With values around 40%, the strongest heterogeneity
seems to be in the soft commodity sector, independent from the return fre-
quency. At the same time, daily calculated index returns have a tendency
toward stronger heterogeneity, especially for the industrials indexes. It is
obvious that the heterogeneity indicator for the composite, industrials, live-
stock and meats, and soft commodities spot return indexes shows higher
values.

Skew and Kurtosis

In order to further verify the quality of commodity index returns, we
must investigate skew and kurtosis in more detail, since those qualities

“The average correlations between individual commodity futures and specific com-
modity sectors are generally low. Erb and Harvey study 12 commodity futures and
show that the average correlation coefficient between them and the GSCI composite
index is a mere 0.20 for the time period December 1982 to May 2005. For individual
commodity futures, they find an average correlation coefficient of only 0.09. In light
of the extraordinary heterogeneity of commodity futures returns, the authors con-
clude that the average commodity investment does not exist, but that commodities
are ““a market of individual dissimilar assets.”” These results are confirmed by Gorton
and Rouwenhorst for the period July 1959 to December 2004 with their construc-
tion of a commodity futures index. They found a correlation of 0.0975 among indi-
vidual commodity futures. The existence of lower correlations between individual
commodity markets allows for the construction of diversified commodity portfolios
with correspondingly low risks. These commodity portfolios further serve to reduce
the total risk of portfolios composed primarily of financial asset classes. See Erb and
Harvey, ‘““The Tactical and Strategic Value of Commodity Futures”; and Gary Gor-
ton and K. Geert Rouwenhorst, “Facts and Fantasies about Commodity Futures,”
Financial Analysts Journal 62, no. 2 (2006), pp. 47-68.
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EXHIBIT 7.11 Frequency Distribution of the Monthly Returns of the

Composite Indexes
Source: Exhibit created from data obtained from Bloomberg.

allow us to draw conclusions about future return probabilities. The
monthly returns of the total return composite indexes in Exhibit 7.11
exhibit exemplary frequency distributions. Nevertheless, they do not
have a uniform distribution pattern. We also do not see low return var-
iations around a positive mean as well as no contemporaneously preven-
tion of extreme values (fat tails), which are both return characteristics
investors find desirable.

In order to quantify the assumption of nonnormality in Exhibit
7.11, we calculate the normalized third central distributional moment
called skewness, defined by an asymmetric, unimodal frequency distri-
bution. We distinguish between left skewed, right skewed, and nor-
mally distributed return distributions. If the result of the relative
skewness parameter is smaller than zero (left skewed), there is a high-
er probability of high negative monthly returns when compared to the
normal distribution.

The results in Exhibit 7.12 show rather small deviations among indi-
vidual skewness values. The largest difference of 2.201 is found for the
industrials excess return indexes (RICI versus MCCI), and is due to the
fact that RICI tracking started in 2006, a good year for commodity invest-
ing. Leaving out the RICI, however, decreases the maximum difference
to a negligible skewness of 0.260. The high percentage of left-skewed
indexes on the one hand and their reduction by switching to monthly
data on the other hand is, however, remarkable. The strongest shift
is observed within the industrials total return indexes. Based on the aver-
age skewness parameters, the number of sectors with left-skewed distribu-
tions is reduced by 25% when monthly index data are considered.
For risk-averse investors, the monthly return distribution in the industrials
excess return index is most advantageous, with an average skew of
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0.817. Livestock and meats excess return index has the worst, with
~0.744."

The measure of the strength of concentration of a distribution around
its expected value is called kurtosis. It is calculated as the normalized fourth
central moment. The results of the kurtosis analysis are also summarized in
Exhibit 7.12, where a relative kurtosis value of 3 or an excess kurtosis value
of 0 defines the existence of a normal distribution. Having thick distribution
ends (“fat tails) is referred to as having positive excess kurtosis; having
thinner tails when compared to the normal distribution indicates negative
excess kurtosis.

Risk-averse investors prefer negative excess kurtosis or in comparison
to normal distribution lower probability of extreme values. Negative skew-
ness and positive excess kurtosis are distribution properties, which investors
do not appreciate, because they imply more overall large returns (positive
and negative) compared to the normal distribution. The larger negative re-
turns are generally not compensated for by larger positive returns.

We see from Exhibit 7.12 that the kurtosis values tend to be approxi-
mately homogeneous. Only three sector indexes have larger maximum
differences:

The industrials excess return index on a daily data basis has a 34.4 dif-
ference in excess kurtosis. However, adjusting for the RICI with an excess
kurtosis of 39.40 decreases the difference to 1.21.

The livestock and meats spot return index on a daily data basis has a
26.5 difference — DJAIG (27.45) versus LBCI (0.98).

The soft commodities spot return index on a daily data basis has a 13.4
difference in excess kurtosis — DJAIG (0.59) versus GSCI (13.99).

The kurtosis of the livestock and meats — DJAIG index is influenced
heavily by two extreme daily return values: 12.83% (on February 10,
2006), and +14.28% (on January 13, 2006). Adjusting for these values de-
creases the average excess kurtosis to 1.91. The comparable daily returns
for the soft commodities — GSCI Index are —11.76% (June 7, 2004), and
+10.34% (June 8, 2004). The adjusted kurtosis is 2.64. The fact that the

15 According to Kat and Oomen, the return distributions of daily commodity indexes
have very few skew properties. This, however, is contrary to the results of Anson and
Gorton and Rouwenhorst. Using monthly data, these authors verified empirically
that commodity futures prices follow a return distribution with right skew due to
the supply shock vulnerability of commodities. Harry M. Kat and Roel C. A.
Oomen, “What Every Investor Should Know About Commodities, Part 1,”” Journal
of Investment Management 5, no. 1 (2007), pp. 1-25; Mark J. P. Anson, The Hand-
book of Alternative Assets (Hoboken, NJ: John Wiley & Sons, 2006); and Gorton
and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
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extreme values occurred on consecutive days suggests that problems in the
index calculation dominate the true return deviations.

The kurtosis effects from daily data indicate a leptokurtic distribution
for almost all indexes. This for risk-averse investors unfavorable distribu-
tion feature is especially apparent within industrials and precious metals.®
Similarly to equity returns, Exhibit 7.12 substantiates a shift from a
leptokurtic to a platykurtic or mesokurtic distribution when moving to
monthly data.

Taking the empirical distribution moment results skewness S and kurto-
sis K as a basis, the normal distribution assumption can be statistically veri-
fied using Jarque-Bera test. The null hypothesis Ho: ““The returns follow a
normal distribution,” is tested against the alternative hypothesis Hy: “The
returns do not follow a normal distribution.” The respective Jarque-Bera
test statistic is

]B:g. {SM%- (K—3)2} (7.3)

In the case of normal distribution, skewness and excess kurtosis (K — 3)
take a value of 0 (or 3 for kurtosis, respectively), which also yields a value of
0 for the test statistic. High values for the test statistic in Exhibit 7.12, how-
ever, suggest rejection of the normal distribution assumption. The Jarque-
Bera values based on monthly data indicate a generally more homogeneous
picture than those based on daily data.

The largest Jarque-Bera values on a monthly basis are in the index var-
iants of industrials—LBCI and MCCI (Total return = 14.62 and 17.11; Ex-
cess return = 13.75 and 11.27; Spot return = 14.46 and n.a.). Exhibit 7.12
summarizes the frequency of occurrence of normally (#NV) and non-
normally distributed (#nNV) indexes (see the last lines). For monthly data,
19 of 42 strategy indexes, or 45%, indicate nonnormally distributed return
distributions. Based on average Jarque-Bera values, the null hypothesis is
rejected for only five strategy indexes—industrials and livestock and
meats—according to the critical value of the null hypothesis (existence of
normality). However, the extent to which the values for the test statistic
exceed the critical values needed to accept the null hypothesis (the existence
of a normal distribution) is not excessively high.

1®This coincides with the empirical results of Kat and Oomen, who verified excess
kurtosis or fat tails for all commodities except cattle, hogs, cacao, azuki beans, rub-
ber, silk, wood, and eggs. See Kat and Oomen, ‘““What Every Investor Should Know
About Commodities, Part I.”
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To conclude, note that the monthly results for the commodity indexes
studied here tend to follow a normal distribution for the sample period.
This suggests a homogeneous picture because of the only minor differences
among the individual sector groups.

The Sharpe and Sortino Ratios

Following up on the preceding daily and monthly return analysis, we now
use two-dimensional performance measures to examine discrepancies
among the indexes. These measures offer the advantage of simultaneously
combining return and risk into a single performance number. The Sharpe
ratio relates the realized excess return, defined as the difference between
portfolio return and the risk-free interest rate, to the risk taken, and can be
interpreted as the risk premium per unit of total risk.'” Thus, the higher the
compensation for risk taken, the higher the Sharpe ratio.

On average, the most attractive risk-adjusted returns are found in the
industrials index variants (see Exhibit 7.13). The results based on daily
data, however, are overshadowed by those based on monthly data. In addi-
tion to industrials, all index variants of precious metals show a positive
Sharpe ratio, that is, a positive risk premium.

The least attractive sectors are grains and seeds and soft commodities
(total return and excess return indexes), and livestock and meats (all index
variants). All have a negative average Sharpe ratio or risk premium on aver-
age. At the index provider level, the RICI industrials index (total return and
excess return indexes) yields the highest Sharpe ratios due to its short his-
tory characterized by a positive environment. The grains and seeds excess
return index of RICI is the worst performer, with a Sharpe ratio of —3.18
since inception.

Independent from the adjustment for such extreme values, the results in
Exhibit 7.13 confirm a rather homogeneous character. The maximum
monthly differences range from a negligible 0.03 for grains and seeds spot
return indexes (DJAIG versus GSCI), to 1.78 for industrials total return in-
dexes (CRB versus RICI), or to 0.88 when not including RICI (CRB versus
MCCI).

The Deutsche Bank index family (DBLCI) has the largest number of
risk-return-dominating indexes, with seven “maximum” Sharpe ratios, fol-
lowed by CRB and DJAIG with four each. On the other hand, the Goldman
Sachs index family has eight “minimum” Sharpe ratios. This number would
be even worse if the list were adjusted for the RICI indexes (six minimum

\illiam F. Sharpe, “Mutual Fund Performance,” Journal of Business 39, no. 1
(1966), pp. 119-129. In this study, we use a risk-free interest rate of 4%.
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values)—the number of inferior commodity futures indexes would increase
by two. The number of sector indexes with a negative Sharpe ratio is largest
within the excess return indexes, with 43% (daily data) and 37% (monthly
data). The number is lowest within the spot return indexes, with 13% (daily
data) and 8% (monthly data), respectively.

By replacing standard deviation in the Sharpe ratio with the downside
deviation measure, we can obtain the Sortino ratio, a default variance-based
performance measure that measures excess return over a minimum return
per unit of downside deviation. This downside risk measure allows us to
modify the risk concept so that only negative shifts of the return from a pre-
determined minimum return (target return) are perceived as risk. Hence, we
implicitly consider the skewness of the distribution by including downside
risk while neglecting the right side of the probability distribution.

Compared to the Sharpe ratio, the sector indexes with left-skewed re-
turn distributions appear less attractive. The positive implications for the
maximum values range between 0.0 and 0.80 (industrials total return index
on a daily basis, RICI with 1.51 versus 2.50). The extreme values within
industrials again result from RICI’s short history.

Strategies with higher Sharpe ratios also tend to have higher Sortino
ratios. Hence, we see that the industrials total return indexes on a daily ba-
sis (including RICI) have 1.46, and the softs excess return indexes on a daily
basis have —0.49. These are the highest and lowest average Sortino ratios,
respectively. At the index provider level, the industrials—total return index
on a daily basis from RICI has 2.50, followed by DBLCI with 1.65 (the
highest Sortino ratio), and the softs total return index on a daily basis from
GSCI has —0.86 (the lowest). Divergence among index providers is simi-
larly compared with the Sharpe ratio.

A SOLUTION FOR HETEROGENEOUS INDEXES

In light of the existing heterogeneity and missing representation of com-
modity indexes, this section attempts to construct a more representative
and stable benchmark. We follow Amenc and Martellini’s methodology,
and refer to this benchmark as an index of indexes.'® The idea here is to
combine the individual competing indexes so that their common inherent
information is used effectively. In this case, the literature often suggests
constructing an equally weighted portfolio composed of the individual in-
dexes in order to obtain a one-dimensional overview of contrasting return

"8Noel Amenc and Lionel Martellini, The Brave New World of Hedge Fund Indices,
Working Paper, Edhec Business School, Lille, 2002.
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information. Because the individual index providers consider different fu-
tures contracts with respect to choice and size, such an equally weighted
index seems to represent performance more completely.

However, in following this approach, distortions may occur if the
performance of an index (or a small group of indexes) differs distinctly
from the majority being studied. To avoid such a bias in the information
and to guarantee a high degree of representativity, we use factor analysis,
which explicitly neglects the assumption of equal weights. In a statistical-
econometrical sense, the best possible one-dimensional extraction of rele-
vant information within the commodity futures sector coincides with the
largest share of explained variance, that is, the largest possible share of
information contained in the index provider data. With respect to factor
analysis, this means the first component generated by principal compo-
nents (PC) analysis represents the “pure” composite or sector index, be-
cause it comprises the largest share of variation among the indexes under
consideration.

During the procedure of this multivariate method, the correlation
structures of the individual indexes are first analyzed to reveal their inter-
dependencies. The goal is to select a handful of factors out of the huge
amount of observable variables that reproduce the data structure to a high
degree, and to explain the variance in these variables with implicit factors.
Mathematically speaking, M correlated variables are transformed into a re-
duced number of orthogonal factors F in such a way that every implicit
factor can be represented as a linear combination of the initial variables.

Starting from the definition of a return matrix R:"’

R = (RtWt)lgth 1<m<M (7.4)

with M variables or respective individual indexes of a sector and T = 68
monthly return observations, we obtain the factor notation:

m
Rim =Y \/%iUim Vi (7.5)
=1

with: (U
(u”

Vv

) = (Uim)1<i m<m the matrix of the 11 eigenvectors of R'R,
) = (Umi)1<; m<m the transposition of U, and
(Vii)1<1<T 1<m<m the matrix of the eigenvectors RR'.

"The notation occurs primarily in accordance to Amenc and Martellini. See Amenc
and Martellini, “The Brave New World of Hedge Fund Indices.”
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Defining S;,, = /A;U;,, as the factor sensitivity of the m-th variable
with respect to the i-th factor, Equation (7.5) can be written as:

1 1
Rim = Z\/):Uim Vi + &tm = ZS,—mFU— + &tm (7.6)

i=1 i=1

with i = 1... M factors F, representing a set of orthogonal variables. The
choice of the factors is conducted according to the Kaiser criterion. The first
I factors explain an as large as possible share of the return variance of the
commodity indexes, while the unexplained part is interpreted as white
noise, that is, the residuals ¢, are uncorrelated The share of explained var-
iance for the first I factors is then given by 1, 1,/ M, 4.

In order to achieve “the best one-dimensional summary” of a set of
competing indexes, we set I = 1 in equation (7.6). Hence, we consider only
the first factor with the largest share of explained variance.

Exhibit 7.14 shows the implicit pure composite and sector indexes ex-
tracted from the PC analysis using the total return indexes as an example.
Only one factor was generated in all cases, so one-dimensionality is assured
and Varimax rotation to generate ordinary structure can be neglected.

The explained variance for the composite index is 83.79%. For the sec-
tor indexes, it is 96.37% for energy; 93.69% for grains and seeds; 89.13%
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EXHIBIT 7.14 Total Return Indexes after Principal Components Analysis
Source: Exhibit created from data obtained from Bloomberg.
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Index Value
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EXHIBIT 7.15 Comparison of the Initial Total Return Composite Indexes with the
Implicit Total Return Composite Index
Source: Exhibit created from data obtained from Bloomberg.

for industrials; 92.14% for livestock and meats; 96.48% for precious met-
als; and 68.93% for soft commodities. For the sake of simplicity, we refrain
from transforming the standardized factor values onto the initial variable
levels when representing performance, even though the return time series
are standardized before subjected to principal component analysis.

We compare the original time series of the total return composite
indexes based on standardized returns with the implicit “pure” composite
index after PC analysis. Exhibit 7.15 shows clearly that there are fewer dis-
tortions after the factor analysis when compared to equal weights. This is
because we do not include the contrarian development of the MLM compo-
site index in the construction of the index of indexes.>”

CONCLUSION

A commodity futures index offers broad exposure to individual commodity
sectors via the futures market. Because these, based on technical rules,

2The strong deviation in the development of the MLM index is motivated by the
index composition, which includes commodity futures as well as financial and inter-
est rate futures.
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passive, long-only indexes represent an investible and replicable investment
alternative, they can be used for benchmark purpose on one hand, and as an
underlying for numerous derivative financial instruments on the other. Al-
most a dozen of these indexes exist, but they differ dramatically in composi-
tion and in construction, and hence exhibit divergent performance
attributes.

This study analyzes the published composite and sector commodity in-
dexes of nine chosen providers for the total return, excess return, and spot
return index types. The index providers differ with regard to the number of
sectors included, their selection criteria, and their index weights. Our em-
pirical results show a potentially strong performance divergence among the
individual strategies depending on which statistical ratios are chosen. On a
daily basis, we observe differences for our sample period among the individ-
ual total return sector indexes with regard to annualized return per-
formance of up to 44.90%, a Sharpe ratio of up to 1.39, a Sortino ratio of
up to 2.03, correlation coefficients of up to 0.866, and volatility of up to
15.28%.

The industrials and energy sectors, as well as the composite indexes, ex-
hibit the highest degree of heterogeneity with regard to annualized per-
formance among all indexes. We find the highest degree of homogeneity in the
grains and seeds—spot return indexes, with a difference of less than 1%. Gen-
erally speaking, the observed differences in annualized return performance are
highest for the total return indexes and lowest for the spot return indexes.

Our results also display a more homogeneous picture of commodity in-
dexes generated from daily data than from monthly data. Independent of
the return frequency, the soft commodities sector shows the highest degree
of heterogeneity, according to the heterogeneity indicator. As for the higher
moments of the return distribution of commodity futures indexes, we can
conclude that the considered commodity indexes follow a normal distribu-
tion on monthly basis, and hence are more likely to show a homogeneous
picture. Also with regard to two-dimensional performance measures, such
as the Sharpe or Sortino ratios, commodity futures appear to be a rather
homogeneous asset class. Independent of the extent of heterogeneity ob-
served, investors should always consider several variables when making in-
vestment decisions. Optimization on the basis of an isolated variable or
index is not informative and thus not advisable.

Despite the partial homogeneity, interested investors can also judge pos-
sible investments via arithmetic means and the extreme values in the context
of commodity investments instead of comparing them with a single index.
Thus the realized results can serve as a kind of benchmark in the sense

of an index on one hand, and as a range of statistical values on the other
hand.
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Alternatively, an index of indexes can be considered for comparison
purposes as shown, for example, on the basis of principal components anal-
ysis. We could also verify that the factor analysis approach is connected
with less distortions than an equally weighted index of indexes, and should
thus be preferred by investors.

When judging our results and the conclusions reached about the par-
tially low degree of heterogeneity within the sector indexes, note that most
currently available index providers were initially founded with the boom of
the commodities market, and that the available data was produced from
backfilling. Hence, it is possible that the index values calculated afterward
oriented themselves to the actual values of established indexes, and were
therefore responsible for part of the homogeneity. To be most effective,
these “new” indexes must first prove themselves with their own real history.
For the interested investor, this implies that the homogeneity we find here
may just be preliminary. Great care should be taken in choosing a suitable
benchmark for all future investment decisions.
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n the early years of this century, investors shunned commodity invest-

ments. This was due to their only moderate returns having been achieved
in the 1980s and 1990s, their perceived high-risk profile, and because re-
search was lacking. Little knowledge was available about this asset class. In
the very-recent past, however, many investors have been moving funds into
commodities since this asset class has generated remarkably good returns
over the five-year period ending in 2006. Prominent institutional investors,
including Harvard University, PGGM (Dutch health and welfare sector
fund), and the Ontario Teachers’ Pension Plan, have allocated some portion
of their assets to commodities. According to Layard-Liesching, institutional
investors have invested $120 billion in long-only commodity strategies,
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while an estimated $50 billion of this amount is invested in the Goldman
Sachs Commodity Index (GSCI).! Akey estimates that assets linked to pas-
sive commodity indexes surged to $84 billion at the end of the first quarter
of 2006, which represents a nearly doubling from the year-earlier estimate
of $40 billion.> CalPERS estimates that open interest in commodity futures
were $350 billion at the end of 2005.% The investment and academic com-
munities are now showing a renewed interest in commodities. Commodities
have emerged from their former obscurity and made their way to the front
pages of mainstream investment magazines. This chapter purports to pro-
vide an introduction on the performance characteristics of commodity fu-
tures and provide an overview of the relevant literature.

Financial assets are held for investment purposes, whereas the ultimate
use for commodities is in the production of final goods. Financial assets
have an active market for borrowing and lending, which is not true for com-
modities. “Storing” of financial assets is cheap in comparison to commod-
ities where storage costs can, in some cases, be prohibitively high. An
inherent feature of commodities is that supply and demand will be often
not in balance leading to occasional volatile price swings. The major reason
for this is the long lead-time between making a production decision involv-
ing the commodity in question and its actual availability.

There are a number of options available to investors seeking commodity
exposure. The most feasible approach, though, is holding a long position in
collateralized commodity futures. Futures are agreements to buy or sell a
commodity at a future date but at a price that is agreed upon today. Except
for collateral requirements used as margin to take a position, futures do not
require a cash outlay for either buyers or sellers.

HISTORICAL RETURNS

To investigate the long-term risk and return properties of commodities,
Gorton and Rouwenhorst constructed a commodity futures index covering

'"Ronald G. Layard-Liesching, “Investing in Commodities,” in Global Perspectives
on Investment Management: Learning from the Leaders, edited by Rodney N.
Sullivan (Charlottesville: CFA Institute, 2006).

ZRian P. Akey, “Alpha, Beta and Commodities: Can a Commodities Investment Be
Both a High Risk-Adjusted Return Source, and a Portfolio Hedge?” Journal of
Wealth Management (Fall 2006), pp. 63-84.

3CalPERS, Investments in Commodity Futures, Presentation (March 2006).
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the time period July 1959 through December 2004.* The index is fully col-
lateralized by a position in 30-day U.S. Treasury bills, and contracts are re-
balanced to equal weights on a monthly basis.” The rebalancing procedure
is equivalent to a trading strategy that buys losers and sells winners at the
end of each month. Temporary price fluctuations that partially revert dur-
ing the next month can, thus, cause the equally weighted index to outper-
form the buy-and-hold index.

Gorton and Rouwenhorst compare the inflation-adjusted average an-
nualized returns of their index under different assumptions about rebalanc-
ing with an equally weighted portfolio of spot commodity prices.® Their
results indicate that over the whole sample period the returns for an invest-
ment in commodity futures have exceeded both the return to a holder of
spot commodities and inflation. The negligible buy-and-hold spot return of
3.47% was lower than the average inflation of 4.13%, consistent with the
notion that over the studied period, from 1959 to 2004, commodity prices
did not keep pace with inflation. Furthermore, they find that the historical
performance of the monthly rebalanced futures index is lower than that of
an index that is rebalanced less frequently.

Furthermore Gorton and Rouwenhorst show that the historical risk
premium for annualized monthly returns of commodity futures was about
5.23% a year, which is about equal to the risk premium of stocks, 5.65% a
year, as measured by the S&P 500. At the same time, commodity futures
returns exhibited lower risk than stocks; the standard deviation was
12.10% and 14.85%, respectively. With regard to a measure incorporating
both return and risk, they present the Sharpe ratio, defined as the average
excess return divided by its standard deviation. In this context, commodity
futures returns provided a superior Sharpe ratio of 0.43 versus 0.38 and
0.26 for stocks and bonds, respectively.

In contrast, Erb and Harvey stress the obstacles involved in finding an
objective representative of the asset class commodity futures and discuss

*This index initially consisted of nine commodity futures, which has gradually
increased to 36. They claim that using a broad index to investigate commodity fu-
tures helps to “reduce the noise inherent in individual commodity data.” See Gary
Gorton and K. Geert Rouwenhorst, “Facts and Fantasies about Commodity Fu-
tures,” Financial Analyst Journal (March—April 2006), pp. 47-68.

SPopular collateralized commodity futures indexes such as the Goldman Sachs Com-
modity Index and the Dow Jones-AIG Commodity Index are not equally weighted
and weighting schemes are based on production levels for the former and liquidity
measures on the latter. The Reuters/Jefferies CRB Futures Price Index was histori-
cally a geometrically averaged and equally weighted index, but after changes in its
weighting methodology it is now fairly similar to the DJ-AIGCI.

®Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
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some of the challenges in determining a return figure.” For instance, the con-
cept of market capitalization to determine the composition of an aggregate
market, as it is applied in stock and bond markets, is irrelevant with com-
modity futures because the outstanding value of long and short futures con-
tracts is exactly offsetting. Consequently, there is not an agreed-upon
composition in the commodity futures market. The three most widely
known commodity futures indexes (GSCI, Dow Jones-AIG Commodity In-
dex, Reuters/Jefferies CRB Index) differ in their constituents, weighting
schemes, and rebalancing rules and, thus, offer varying return and risk
characteristics.® Erb and Harvey, therefore, propose that investors should
view the different commodity indexes as different commodity portfolio
strategies.

With the passage of time, the universe of commodity futures increases.
When conducting a historical time series analysis, there will always be a
trade-off between simultaneously providing a sufficiently long enough time
period for analysis and identifying a broad representative cross-section of
individual commodity futures. The GSCI offers the longest history of avail-
able commodity futures indexes. It was created in 1991 with a backfilled
history that begins on January 2, 1970. The weights of the commodity fu-
tures are determined on delayed rolling five-year averages of production
quantities. In 1970, the index included only four commodity futures: cattle,
corn, soybeans, and wheat. As of February 2007, these original constituents
make up only 13.4% of the entire index, which is, significantly smaller than
the two most important components at present; that is, crude oil and Brent
crude oil, which represent 48.3% of the index. The index’s changing com-
position makes long-term historical comparisons difficult at best.

For their analysis, Erb and Harvey considered the 12 individual constit-
uents of the GSCI that have been available since December 1982. At that
time, heating oil entered the GSCI as the first energy component. Exhibit
8.1 provides a detailed review of the historical risk premiums for the indi-
vidual commodity futures, the six GSCI sectors, the GSCI (Composite), and
U.S. bonds and stocks. Erb and Harvey demonstrate that only four (copper,
heating oil, live cattle, and cotton) of the 12 individual commodity futures
provided positive excess returns. Hence, it is fair to say that the average

’Claude Erb and Campbell Harvey, “The Strategic and Tactical Value of Commod-
ity Futures,” Financial Analyst Journal (March-April 2006), pp. 69-97.

8In general, commodity return indexes can be split into three categories. Spot in-
dexes, which measure the return stemming from changes in commodity prices. Ex-
cess return (ER) indexes, which measure the return of investing in commodity
futures by taking both spot return and roll yield into account. Finally, total return
(TR) indexes also incorporate the collateral yield.
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EXHIBIT 8.1 Historical Excess Returns (December 1982-December 2004)

Index/Sector/Commodity Geometric Standard Sharpe
Futures/Portfolio Mean (%) Deviation (%) Ratio
GSCI 4.49 16.97 0.26
Sectors
Nonenergy —-0.12 9.87 —0.01
Energy 7.06 31.23 0.23
Livestock 2.45 14.51 0.17
Agriculture -3.13 14.35 -0.22
Industrial metals 4.00 22.82 0.18
Precious metals —5.42 14.88 —0.36
Commodity futures
Heating oil 5.53 32.55 0.17
Live cattle 5.07 13.98 0.36
Live hogs -2.75 24.21 —0.11
Wheat -5.39 21.05 -0.26
Corn -5.63 22.65 -0.25
Soybeans -0.35 21.49 —-0.02
Sugar -3.12 38.65 —0.08
Coffee —6.36 39.69 -0.16
Cotton 0.10 22.64 0.00
Gold —5.68 14.36 —0.40
Silver —-8.09 25.03 -0.32
Copper 6.17 25.69 0.24
Portfolios
Initially EW; 0.70 10.61 0.07
buy-and-hold
EW rebalanced 1.01 10.05 0.10
Average of 12 -1.71 25.16 —0.07
commodity futures
Bonds (Lehman 3.45 4.65 0.74
Aggregate)
Stocks (S&P 500) 7.35 15.30 0.48

Source: Erb and Harvey, “The Strategic and Tactical Value of Commodity
Futures,” p. 74. Copyright 2006 CFA Institute. Reproduced and republished from
the Financial Analysts Journal with permission from CFA Institute. All rights
reserved.

annualized excess return of the average individual commodity futures has
been approximately zero. Exhibit 8.1 gives further information for the ex-
cess returns of an initially equally weighted (EW) buy-and-hold portfolio,
of an EW portfolio rebalanced monthly, and of the average of the 12



208 PERFORMANCE MEASUREMENT

commodity futures. The EW portfolio, rebalanced monthly, had an excess
return of 1.01% in a year, which appears much smaller than the excess re-
turn of the GSCI of 4.49%.°

In another study, Kat and Oomen investigated 42 different commodity
futures covering the period January 1965 to February 2005, using daily set-
tlement prices (where available). They conclude that most commodity fu-
tures did not offer a risk premium. Kat and Oomen cautiously remind
investors “how dangerous it is to draw general conclusions about the risk
premium in commodity futures by only looking at the returns on one specif-
ic index.”'?

Gorton and Rouwenhorst empirically investigated the distribution of
monthly returns of commodity futures, stocks, and bonds. Over the 1959
to 2004 time period, they find that commodity futures monthly returns
had a standard deviation of 3.47, compared to 4.27 for stocks and 2.45
for bonds. The authors further investigate the return patterns and, there-
fore, state both skewness and kurtosis. They furthermore provide evi-
dence that all three asset classes cannot be fully described by a normal
distribution. The skewness of stock returns equaled —0.34; that is, inves-
tors faced a distribution that is characterized by many small gains, how-
ever, by a higher probability of extreme losses in comparison to normal
distribution. This introduces undesirable additional risk to stock inves-
tors. Contrarily, there were substantial positive price outliers with com-
modity futures; the skewness was 0.71. Commodity futures returns had a
positive kurtosis of 4.53, indicating a distribution that is more peaked
and has more realizations in the tails than would be warranted by a nor-
mal distribution.!

Commodity markets are regularly faced with a constellation of supply/
demand disequilibrium. In the short run, new supplies of commodities can-
not be instantly drilled, grown, or mined. In the absence of immediate new
supplies, there are only two variables that can adjust to equilibrate supply
and demand: a change in inventory and/or a change in price. In a first sce-
nario, consider an unexpected surge in demand for oil, which could have
been caused by particularly cold weather or military actions. In times of ad-
equate inventories, reserve stockpiles will decrease and the price will possi-
bly go up slightly or might even stay constant. However, if there are not

?Erb and Harvey, “The Strategic and Tactical Value of Commodity Futures.”
Harry M. Kat and Roel C. A. Oomen, “What Every Investor Should Know about
Commodities, Part I: Univariate Return Analysis,” Journal of Investment Manage-
ment 5,no. 1(2007), pp. 1-25.

""Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
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sufficient inventories, only the price can respond, hence it will move up
sharply within days. In a second, opposing scenario, the market might be
confronted with an ample supply, for example, one caused by a recent rise
in OPEC output quotas. Under these circumstances, the oil market has two
ways to react: a build-up in inventories and a price decrease. This asymmet-
rical pattern is the reason behind the returns’ positive skewness.'?

RETURN DECOMPOSITION AND
DIVERSIFICATION RETURN

While it is surely important to calculate and know historical returns,
investors must formulate forward-looking expectations for future returns.
This issue is addressed by decomposing the return into building blocks.

Erb and Harvey suggest that the return of a cash-collateralized portfo-
lio of commodity futures can be decomposed into three components:'>

® Cash return = Collateral return
® Excess return = Spot return + Roll return
® Diversification return'*

Regarding the first component, in a collateralized commodity futures
index investment for every desired US$1 in commodity futures exposure,
the investor sets aside US$1 in collateral such as Treasury bills or similar
cash equivalents. The position is, thus, not leveraged but fully collateral-
ized. The cash return depends on the type of collateral used. Assuming the
investor uses Treasury bills as collateral, the cash return (collateral return)
will be equal to the Treasury bill rate.

The second building block comprises the excess return as the sum of
spot return and roll return. The spot return is the change in the commod-
ity price in the spot market and the most straightforward component for
investors to understand. This is the directional exposure to commodities
most investors require when their investment decision is based on a bull-
ish outlook for commodities. Occasionally investors do delve into the

2Hilary Till, “Risk Management Lessons in Leveraged Commodity Futures Trad-
ing,” Commodities (September 2002), pp. 1-4.

13Erb and Harvey, “The Strategic and Tactical Value of Commodity Futures.”
“The term diversification return was coined by Booth and Fama. See David Booth
and Eugene Fama, “Diversification Return and Asset Contributions,” Financial An-
alysts Journal (May—June 1992), pp. 26-32.
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question of which commodities offer the highest expected future returns.
It may come as a surprise to some of these investors that spot prices have
not been a meaningful driver of historical total returns. In this context,
Beenen writes, “Over the long term price movements have contributed
little to the return, as commodities tend to mean revert to inflation/cost
of production.”!® Futures investors almost never intend to take delivery
of a commodity. Instead, they wish to maintain a commodity futures po-
sition. This is done by continuously ““rolling over’ market exposure, that
is selling an expiring futures contract and buying a yet-to-expire
contract. The roll return stems from this procedure. Technically speak-
ing, the roll return depends on the return from “rolling” up or down the
futures curve, depending on the shape of the curve. There are two dis-
tinct term structures: backwardation and contango. With backwarda-
tion, futures prices decline with time to maturity (futures price is at a
discount to spot price and “rolls up” to the spot price as the delivery
date approaches). Earning a roll yield when a futures curve is
backwardated is analogous to the returns a long-term bond investor
earns from rolling down a steeply sloped yield curve. With contango, fu-
tures prices rise with time to maturity (futures price is at a premium to
spot price and ‘“‘rolls down” to the spot price as the delivery date ap-
proaches). It is important to note that the roll yield is not related to di-
rect exposure to actual commodities. The spot price can stay constant
(spot return equals zero), but an investor will still be able to earn a roll
return if a backwardated future was purchased. With a contango future
and a constant spot price, the reverse occurs. Under these circumstances
the investor will face a loss from the futures contract converging to a
lower spot price. This is known as negative roll return. In summary, only
when the future spot price deviates from the futures price there will be a
roll yield. Obviously, the future spot price is unknown at inception of a
future agreement. The roll yield can be considered to be a risk premium
priced into the future contract to compensate the holder for bearing the
commodity price risk. In Exhibit 8.2, Erb and Harvey illustrate how im-
portant roll returns have been in explaining commodity futures’ excess
returns from December 1982 through May 2004. The adjusted co-
efficient of determination (R?) indicates that roll returns described 91.6%
of the variation of individual commodity futures returns. It is worth

3Telle Beenen, “Commodity Investing: A Pension Fund Perspective,” Futures Indus-
try (September—October 20035), pp. 18-22.
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EXHIBIT 8.2 Commodity Excess Returns and Roll Returns, December 1982 to
May 2004

Source: Erb and Harvey, “The Strategic and Tactical Value of Commodity
Futures,” p. 80. Copyright 2006 CFA Institute. Reproduced and republished from
the Financial Analysts Journal with permission from CFA Institute. All rights
reserved.

noting that, in a historical perspective, roll returns have thus been the
dominant driver of commodity futures’ performance.'®

As a third building block, Erb and Harvey refer to the diversification
return stemming from constructing portfolios by combing different assets.
Due to different price behavior of the portfolio holdings, the better perform-
ing constituents gain in relative weight versus the worse performing constit-
uents. Rebalancing occurs when the weights of the different portfolio
constituents need to be adjusted back to index weights. The return for an
equally weighted portfolio can exceed the average returns for its constitu-
ents. Erb and Harvey dubbed this the rebalancing effect or, metaphorically,
“turning water into wine.” The so-called “diversification return” is defined

16A number of other studies have also shown that, over long time frames, roll yields
are the main, reliable source of return for commodity futures investors, typically ac-
counting for the majority of a long commodity futures investment. Please refer to,
for example, Kat and Oomen, “What Every Investor Should Know about Commod-
ities, Part I: Univariate Return Analysis”; Daniel J. Nash, “Long-Term Investing in
Commodities,” Global Pensions Quarterly (January 2001), pp. 25-31; and Hilary
Till and Joseph Eagleeye, ““Timing is Everything, Especially with a Commodity In-
dex,” Futures Magazine (August 2003).
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as the difference between a rebalanced portfolio’s geometric return and the
weighted average geometric return of the portfolio’s constituents. Erb and
Harvey coined diversification return as “the one free lunch that can raise a
portfolio’s geometric return.”!” Exhibit 8.3 describes the mechanics of the
portfolio diversification return for an equally weighted portfolio using his-
torical annual excess returns for the GSCI heating oil index and the S&P
500 over the 1994 to 2003 period. Heating oil had a geometric annual ex-
cess return of 8.21%; the S&P 500 had a geometric annual excess return of
6.76%; and the equally weighted average of these two returns was 7.49%.
If an investor had invested in an equally weighted portfolio with annual re-
balancing toward equal weights, the geometric excess return would have
been 10.95%. This return is significantly larger than the return of either of

EXHIBIT 8.3 Mechanics of the Diversification Return: S&P 500 and Heating Oil,

1994-2003
Heating Oil S&P 500 Equal-Weighted
Excess Return Excess Return Excess Return

1994 19.96% —-2.92% 8.52%
1995 7.73% 31.82% 19.78%
1996 67.37% 17.71% 42.54%
1997 —35.06% 28.11% —3.48%
1998 -50.51% 23.51% —-13.50%
1999 73.92% 16.30% 4511%
2000 66.71% —15.06% 25.82%
2001 —36.62% —-15.97% —26.30%
2002 41.40% —23.80% 8.80%
2003 21.90% 27.62% 24.76%
Geometric return 8.21% 6.76% 10.95%
Standard deviation 43.51% 19.85% 21.26%
Weighted average 7.49%

Geometric mean
Diversification 3.46%

return

Source: Erb and Harvey, “The Strategic and Tactical Value of Commodity Futures,”
p. 85. Copyright 2006 CFA Institute. Reproduced and republished from the Finan-
cial Analysts Journal with permission from CFA Institute. All rights reserved.

7Campbell calls portfolio diversification the one “free lunch” in finance because it
allows an investor to reduce a portfolio’s standard deviation of return without re-
ducing the portfolio’s arithmetic return. See John Y. Campbell, “Diversification: A
Bigger Free Lunch,” Canadian Investment Review (Winter 2000), pp. 14-15.
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the two portfolio constituents. The diversification return is simply the dif-
ference between 10.95% and 7.49%, or 3.46%.'%

Erb and Harvey illustrate in Exhibit 8.4 that a higher average standard
deviation for all individual portfolio constituents and a lower correlation of
returns between each constituent lead to a higher diversification return.'”

Erb and Harvey criticize Gorton and Rouwenhorst for mistaking a di-
versification return for a risk premium. Gorton and Rouwenhorst report a
4.52% excess return for their equally weighted and rebalanced portfolio.*’

EXHIBIT 8.4 Diversification Return Drivers

Diversification Return Number of

Average Securities in Portfolio
Average Standard

Correlation Deviation 10 15 20 25 30

0.0 10% 0.45% 0.47% 0.48% 0.48% 0.48%
0.1 10% 0.41% 0.42% 0.43% 0.43% 0.44%
0.2 10% 0.36% 0.37% 0.38% 0.38% 0.38%
0.3 10% 0.32% 0.33% 0.33% 0.34% 0.34%
0.0 20% 1.80%  1.87%  1.90%  1.92%  1.93%
0.1 20% 1.62% 1.68% 1.71% 1.73% 1.74%
0.2 20% 1.44% 1.49% 1.52% 1.54% 1.55%
0.3 20% 1.26% 1.31% 1.33% 1.34% 1.35%
0.0 30% 405%  420%  4.28%  4.32%  4.35%
0.1 30% 3.65% 3.78% 3.85% 3.89% 3.92%
0.2 30% 3.24% 3.36% 3.42% 3.46% 3.48%
0.3 30% 2.84% 2.94% 2.99% 3.02% 3.05%
0.0 40% 720%  7.47%  7.60%  7.68%  7.73%
0.1 40% 6.48% 6.72% 6.84% 6.91% 6.96%
0.2 40% 5.76% 5.97% 6.08% 6.14% 6.19%
0.3 40% 5.04% 5.23% 5.32% 5.38% 5.41%

Source: Erb and Harvey, “The Strategic and Tactical Value of Commodity Futures,”
p- 86. Copyright 2006 CFA Institute. Reproduced and republished from the Finan-
cial Analysts Journal with permission from CFA Institute. All rights reserved.

18Erb and Harvey, “The Strategic and Tactical Value of Commodity Futures.”

®0On page 86 of their article, Erb and Harvey also present a formula for the diversi-
fication return: %(1 — 1/K)o?(1 — o) where K = number of securities, o> = average
variance of all portfolio constituents, and o = average correlation of portfolio
constituents.

2Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
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Erb and Harvey approximate a diversification return for the index Gorton
and Rouwenhorst used in the range of 3.0% through 4.5%. This comprises
almost all of the excess return. This complicates the argument for a risk pre-
mium. In response to Erb and Harvey, Gorton and Rouwenhorst published
a note which draws the conclusion that “diversification returns are a mathe-
matical property of geometric averages . . . It is not common to subtract
this difference from the risk premium estimate.”*"

GORRELATIONS

Allocating funds to an asset that exhibits a negative correlation to a given
portfolio can improve the return and risk characteristics of that portfolio
even if the newly allocated asset is characterized by a substantially higher
stand-alone risk. Gorton and Rouwenhorst reveal that commodity futures
returns have been negatively correlated with returns of stocks and bonds at
quarterly, annual, and five-year horizons. They find that at a five-year hori-
zon commodity future returns had negative correlation coefficients of
—0.42 and —0.25 with stocks and bonds, respectively. Their numbers fur-
ther indicate that correlation patterns increase with the holding period and
they conclude that diversification benefits are greatest when measured over
longer time horizons.

Thus, the question arises, why are correlations negative? Or, asked dif-
ferently, why does commodity price behavior deviate from patterns ob-
served in prices of financial assets such as stocks and bonds? There are
several reasons for this, the most important one being a positive reaction to
inflation and different investment behavior over the business cycle. Com-
modity markets are characterized by unique idiosyncrasies. For example,
such events as droughts, frosts, extreme weather conditions, strikes and cur-
rent economic conditions have the potential to severely impact commodity
prices, while at the same time such events have only a very limited effect on
stocks and bonds.

In adverse market circumstances, stocks and bonds often fall in tandem.
During unfavorable periods, noncorrelation, or better, negative correlation,
appears to be especially valuable to investors. For this reason, Gorton and
Rouwenhorst isolated the 5% and 1% worst-equity market months during
1959 and 2004. They observe that diversification benefits from investments
in commodity futures persist. Gorton and Rouwenhorst show that, during
the 1% of months with lowest stock returns when stocks fell, on average,

21For a more complete discussion, see G. Gorton and K. Geert Rouwenhorst, A Note
on Erb and Harvey, Yale ICF Working Paper No. 06-02, January 2006.
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13.87% a month, commodity futures returned an average of 2.38%. In an-
other study, Idzorek analyzes annual data between 1970 and 2004 finding
eight years that U.S. stocks had negative total returns. During these eight
years, while U.S. stocks suffered a —12.28% average arithmetic annual re-
turn, commodities offered a high average arithmetic annual return of
19.02%.%* These empirical findings provide evidence that commodity fu-
tures have historically performed significantly better when stocks and bonds
falter most.

While Gorton and Rouwenhorst examined the correlation properties of
their broad commodity futures index, Erb and Harvey pursued an extensive
study to obtain correlation patterns in individual commodity futures and
specific commodity futures sectors. Exhibit 8.5 illustrates that average cor-
relations are low. The average correlation of the 12 commodity futures with
the GSCI is 0.20 and the average cross-correlation of individual commodity
futures is only 0.09 providing evidence that they are driven by somewhat
unrelated fundamentals. Agriculture and livestock commodities, for exam-
ple, are more likely to be affected by seasonal weather and harvest produc-
tivity patterns whereas energy and industrial metals mostly depend on the
current state of world economic growth. Amid this high degree of heteroge-
neity in commodity futures returns, the “average commodity” does not ap-
pear to exist. Erb and Harvey suggest that commodity futures represent “a
market of individual dissimilar assets.” In practice it is, therefore, possible
to be in a general uptrend or downtrend market for commodities, while
at the same time an individual commodity exhibits an entirely opposite
price move.

INFLATION

The ultimate objective of investors is to preserve the real purchasing power
of their assets. For that reason, inflation must be considered. Ideally, portfo-
lio assets exhibit a positive relationship to inflation. Unfortunately, many
traditional asset classes are vulnerable to high inflation and represent a poor
inflation hedge. Analyzing the hedging properties of commodity futures

2>Thomas M. Idzorek, “Strategic Asset Allocation and Commodities,” Chapter 6 in
Intelligent Commodity Investing, edited by Hilary Till and Joseph Eagleeye
(London: Risk Books, 2007). To analyze the return properties of commodity futures,
Idzorek formed an equally weighted composite of four total return commodity in-
dexes: Goldman Sachs Commodities Index (GSCI), Dow Jones-AIG Commodity
Index (D]-AIG), Reuters/Jefferies CRB Index (R]J-CRB), and Gorton and Rouwen-
horst Commodity Index (GRCI).
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218 PERFORMANCE MEASUREMENT

appears complicated, as Akey points out, that “we have not experienced an
inflationary environment of any magnitude in the last quarter-century and
we do not have the luxury of backfilling our active data set to include infor-
mation from the 1970s.”%

Gorton and Rouwenhorst show for the time period from July 1959 to
December 2004, that on a one-year horizon, stocks and bonds had correla-
tion coefficients of —0.19 and —0.32, respectively. These numbers imply
that traditional asset classes such as stocks and bonds usually suffer in peri-
ods of high inflation. Why do these conventional asset classes provide a
poor inflation hedge? Bonds are nominally denominated assets providing a
predetermined stream of cash flows in the future. The problem the bond
investor could face is that inflation will be higher than it will be expected.
In this adverse situation, the real purchasing power of a bond’s cash flow
will fall short of expectations. Considering an investment in stocks, rising
inflation usually increases supply costs to companies and, assuming sticky
output prices, higher costs squeeze margins resulting in lower profits and
deflated stock prices. One could also argue that, when applying a dividend
discount model, inflation decreases the present value of future dividends
through a greater nominal interest rate.

In contrast, commodity futures’ prices offer opposing inflation hedging
properties, that is, they are positively correlated with inflation. Kat and
Oomen show based on daily settlement prices on 142 different commodity
futures contracts for the time period from January 1965 to February 2005
that commodity futures returns are positively correlated with unexpected
inflation.”* Considering a one-year horizon, Gorton and Rouwenhorst
show that the correlation coefficient between commodity futures and infla-
tion between July 1959 and December 2004 was 0.29. One explanation
that Erb and Harvey provide for positive correlations with inflation is that
commodities are, to a certain extent, linked to inflation because they repre-
sent about a 40% weight in the U.S. Consumer Price Index (CPI).

Erb and Harvey, additionally, investigated the inflation sensitivity of in-
dividual commodity futures. They provide evidence that not all commodity
futures can be considered as a good inflation hedge. The authors demon-
strate that commodity futures with the highest historical roll return had the
highest correlation with inflation as can be viewed in Exhibit 8.6. In the
past, commodities that were difficult-to-store, such as heating oil, copper,

23 Akey, “Alpha, Beta and Commodities: Can a Commodities Investment Be Both a
High Risk-Adjusted Return Source, and a Portfolio Hedge?”

**Harry M. Kat and Roel C. A. Oomen, “What Every Investor Should Know about
Commodities, Part II: Multivariate Return Analysis,” Journal of Investment Man-
agement 5,no. 3 (2007).
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EXHIBIT 8.6 Unexpected Inflation Betas and Roll Returns, December 1982 to
December 2003

Source: Erb and Harvey, “The Strategic and Tactical Value of Commodity
Futures,” p. 83. Copyright 2006 CFA Institute. Reproduced and republished from
the Financial Analysts Jowrnal with permission from CFA Institute. All rights
reserved.

and live cattle had both high roll yields and positive inflation betas. Erb and
Harvey give the following conclusions regarding inflation exposure:

B Individual commodity futures have experienced varying exposures to
inflation.

® The commodity futures’ magnitude of hedging has been correlated with
its roll yield.

B The ability of a commodity futures portfolio to serve as an inflation
hedge is driven by the composition of the portfolio.

B A portfolio that historically maximized the ability to hedge inflation fo-
cused on commodity futures that are difficult to store.

RETURNS OVER THE BUSINESS CYCLE

It was already demonstrated that commodity futures exhibit negative corre-
lation with both stocks and bonds. One of the reasons for this phenomenon
is their opposite reaction to inflation, as shown in the previous section.
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Another reason is the different behavior they have shown over the busi-
ness cycle. Obviously, asset returns do vary with the stage of the business
cycle. However, what is the reasoning behind this? A good starting point in
answering this question is to ponder what commodity futures, stocks, and
bonds conceptually represent. A commodity futures’ long-position is a
claim on an unanticipated commodity price change where there are no cash
flows involved. In contrast, stocks represent company ownership and a
share in residual cash flows. Bonds represent a claim on debt repayment
and, in contrast to stocks, the bondholder receives a stream of cash flows.
The present value of future cash flows depends on the size and timing of the
cash flow and the interest rate assumed. Because the future is uncertain, it is
expectation, or more precisely the change in expectations, that drives the
performance of stocks and bonds. In this context, current business condi-
tions play only a minor role. Generally, both stocks and bonds tend to per-
form best when economic conditions are at their worst and the potential for
improvement is highest. On the other hand, when the economy is strong
and the potential for negative surprises is great, stocks and bonds tend to
perform worst. In contrast, commodities are more directly tied to current
economic conditions. In summary, commodities tend to generate their best
returns in periods of high economic activity and their worst returns in peri-
ods of low activity.

Gorton and Rouwenhorst identified seven complete business cycles dur-
ing the measurement period 1959 through 2004. They show that commod-
ity futures offered a positive average return of 3.74% in an early stage of a
recession, while stocks and bonds lost on average 18.64% and 3.88%, re-
spectively. The returns reversed in a late stage of a recession: stocks and
bonds yielded high positive performance, while commodity futures had neg-
ative returns. Gorton and Rouwenhorst caution that these results are ex
post facto and purely descriptive as business cycles can only be dated “after
the fact.” These findings, however, demonstrate that investments in com-
modity futures have the capability to add diversity to a traditional portfolio
consisting of stocks and bonds.

TACTICAL ASSET ALLOCGATION

Gorton and Rouwenhorst suggest that a diversified investment in commod-
ity futures is capable of earning a risk premium equivalent to a stock invest-
ment. The authors depict no active strategy approaches.

Contrarily, Erb and Harvey describe four tactical approaches which
will now be examined. These four strategies are based on two primary
ideas: pursuing a momentum strategy, and using the information content of
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EXHIBIT 8.7 GSCI Momentum Returns, December 1969 to May 2004

Trailing Annual

Excess Return 12/1969-5/2004 12/1969-12/1982 12/1982-5/2004
Greater than 0 13.47% 17.49% 11.34%
Less than 0 —~5.49% -9.89% —4.07%

Source: Erb and Harvey, “The Strategic and Tactical Value of Commodity Futures,”
p- 91. Copyright 2006 CFA Institute. Reproduced and republished from the Finan-
cial Analysts Journal with permission from CFA Institute. All rights reserved.

the term structure. Some of these strategies go beyond conventional long-
only investments and may also encompass going short particular commod-
ity futures. The first two strategies aim to profit from return momentum.
The underlying assumption is that movements in asset prices over a partic-
ular period of time, for example 6 or 12 months, tend to predict future
movements in the same direction.

First, Erb and Harvey exploit a strategy on the GSCI, which goes long
the index for one month if the previous one-year’s excess return was posi-
tive, and going short the index if the prior one-year’s excess return was neg-
ative. Exhibit 8.7 portrays the results of this strategy. The momentum effect
is evident over different time intervals, although it appears strongest in the
first 13 years of the sample period, with returns of 17.49% if the GSCI had
positive momentum versus —9.89% if the GSCI had negative momentum.

Subsequently, a momentum strategy on individual commodity futures is
presented. In this approach, an equally weighted portfolio of the four com-
modity futures having the highest prior 12-month returns (winner portfo-
lio), a portfolio of the four worst-performing commodity futures (loser
portfolio), and a long-short portfolio are created. The long-short portfolio
achieved the highest excess return of 10.8%. The results are reproduced in
Exhibit 8.8. Exhibit 8.9 shows the development of an investment according
to the different strategies.

Alternatively, a momentum strategy could apply the principle of going
long those individual commodity futures that had positive returns over the
past 12 months and going short those that had negative returns. In the event
that all individual commodity futures had negative past returns, all portfo-
lio positions would be short. The opposite constellation would be true if all
commodity futures had positive past returns, all portfolio positions would
then be long. Exhibit 8.10 displays the growth of $1 invested in this trend-
following strategy (rebalanced monthly) in comparison to an equally
weighted portfolio of the 12 components of the GSCI and the GSCI itself.
The trend-following portfolio had the highest return of 6.54% versus
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EXHIBIT 8.8 Momentum Portfolios
(December 1982-May 2004)

Portfolio Excess Return
Winner 7.0%
Loser —-3.4%
Long-Short 10.8%

Source: Erb and Harvey, ““The Strategic and Tactical Value of
Commodity Futures,” p. 92. Copyright 2006 CFA Institute. Re-
produced and republished from the Financial Analysts Journal
with permission from CFA Institute. All rights reserved.

4.39% for the long-only GSCI and only 1.01% for the equally weighted
portfolio.?

The third and fourth strategies employ the information content of the
term structure of future prices, which can be considered the most useful in-
formation for identifying prospective performance. The GSCI futures

1 oo m ool

Growth of $1

e Y apr

1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

Worst four commodities Equally weighted average

— - - Best four commodities Long-short

EXHIBIT 8.9 Momentum Portfolios, December 1982 to May 2004

Source: Erb and Harvey, “The Strategic and Tactical Value of Commodity
Futures,” p. 92 retained. Copyright 2006 CFA Institute. Reproduced and
republished from the Financial Analysts Journal with permission from CFA
Institute. All rights reserved.

25Erb and Harvey, “The Strategic and Tactical Value of Commodity Futures.”
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EXHIBIT 8.10 Individual Commodity Momentum Portfolio, December 1982 to
May 2004

Source: Erb and Harvey, “The Strategic and Tactical Value of Commodity
Futures,” p. 93. Copyright 2006 CFA Institute. Reproduced and republished from
the Financial Analysts Journal with permission from CFA Institute. All rights
reserved.

contract has been in backwardation about 50% of the time since its incep-
tion in 1992.

In a third strategy, Erb and Harvey present a relatively straightforward
approach in using the information content in the term structure of the
GSCI. They suggest a strategy which goes long the GSCI when it is back-
wardated and short when it is contangoed. As Exhibit 8.11 illustrates, for

EXHIBIT 8.11 GSCI Term Structure Strategy (July 1992-May 2004)

Compound Annualized

Annualized Standard Sharpe
Strategy Excess Return Deviation Ratio
Long if GSCI backwardated 11.25% 18.71% 0.60
Long if GSCI contangoed -5.01% 17.57% -0.29
Long if GSCI backwardated; 8.18% 18.12% 0.45

short if GSCI contangoed

Source: Erb and Harvey, “The Strategic and Tactical Value of Commodity Futures,”
p. 93. Copyright 2006 CFA Institute. Reproduced and republished from the Finan-
cial Analysts Journal with permission from CFA Institute. All rights reserved.



224 PERFORMANCE MEASUREMENT

the time period 1992 until 2004 the annualized excess return of this long-
short strategy was 8.18%. The results for being long, when the GSCI was
backwardated produced an annual excess return of 11.25%. On the con-
trary, an investor who would have been long if the term structure had been
contangoed experienced a negative annualized excess return of —5.01%.
These are impressive results, and they provide investors with an important
yardstick. Historically, the payoff to timing, based on the term structure,
has been a successful strategy. Assuming that the same factors will prevail
in the future, pursuing the same, or some similar, strategy appears an appro-
priate one for a prudent investor.

Erb and Harvey present a fourth strategy: the investor goes long the six
commodities that each month had the highest ratio of nearby futures price
to next-nearby futures price and short the six commodities with the lowest
ratio of nearby futures price to next-nearby futures price. From the results
in Exhibit 8.12, it is evident that commodity futures price term structures
have given investors a valuable tactical allocation framework for alloca-
tions among individual commodity futures. A long-only GSCI investment
yielded the best annualized excess return of 4.49%. However, also taking
risk into consideration, the long-short portfolio offered a Sharpe ratio that
is almost twice as high as the Sharpe ratio for the long-only GSCI and more
than four times higher than the ratio for the equally weighted portfolio. Erb
and Harvey conclude: “Historically, the term structure seems to have been
an effective tactical indicator of when to go long or go short a broadly di-
versified commodity futures portfolio.”

EXHIBIT 8.12 Term Structure Strategy on Individual Commodities’ Term
Structures, December 1982 to May 2004

Compound Annualized
Annualized Standard Sharpe
Strategy Excess Return Deviation Ratio
Long backwardated 3.65% 7.79% 0.47
commodities and short
contangoed commodities
Long EW portfolio 1.01% 10.05% 0.10
Long GSCI 4.49% 16.97% 0.26

Source: Erb and Harvey, ‘“The Strategic and Tactical Value of Commodity Fu-
tures,” p. 93. Copyright 2006 CFA Institute. Reproduced and republished from
the Financial Analysts Journal with permission from CFA Institute. All rights
reserved.
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GONCLUSION

In this chapter, we provided an overview of the performance characteristics
of commodity futures. Based on the cited studies we can show that com-
modity futures have low correlations to stocks and bonds, are a hedge
against inflation, and thus provide diversification benefits to a traditional
portfolio. Historically, individual commodity futures exhibited unique
characteristics complicating the argument that the universe of all commod-
ity futures represents an asset class. The intrinsic characteristics of commod-
ity futures and the high degree of heterogeneity argue for active investing
instead of a purely passive investment. Added value can be achieved
through skillful management, such as applying, for example, momentum-
based strategies and approaches based on term structures of future prices.
Some authors claim that return prospects from commodity futures may be
lower than history suggests.?® It is conceivable that with commodity inves-
tors, versus commodity commercials, taking up an ever increasing share of
the commodity futures markets that future roll returns could diminish.*”
Many commodity futures term structures today imply lower, or even nega-
tive, future roll returns.”® Therefore, potential commodity investors must
pursue a diligent and careful analysis over the entire universe of commodity
futures.

Although prudent investors might assume much lower future returns
from investments in commodity futures than historical returns suggest, such
positive characteristics as commodities” uncorrelated nature to bonds and

26Wilshire currently forecasts a 5.5% annual return for commodity futures, which
consists of 2.5% inflation plus 3.0% for the combined roll and rebalancing returns.
See Steven Foresti and Thomas Toth, Commodity Futures Investing: Is All That
Glitters Gold? Presentation, Wilshire Associates, Inc. (March 2005); Barclays’ re-
search comes up with a conservative return forecast of 6.0% annual return for com-
modity futures, which consists of 2.0% real spot return plus a 3.25% risk-free rate
estimate plus a 0.75% roll yield estimate. See David W. Burkart, Commodities and
Real-Return Strategies in the Investment Mix (Charlottesville: CFA Institute, 2006).
?7See also Kat and Oomen, “What Every Investor Should Know about Commod-
ities, Part I: Univariate Return Analysis.”

28 Akey notes that, “While many attribute the move from backwardation to contan-
go as a fund-driven phenomenon (i.e., the long-biased investor money flowing into
the asset class through index-linked products have disrupted a balance in the term
structure), others find such analysis ignores the backwardation in many other com-
modity markets.” See Akey, “Alpha, Beta and Commodities: Can a Commodities
Investment Be Both a High Risk-Adjusted Return Source, and a Portfolio Hedge?”
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stocks, and their inflation hedging properties, presumably will continue to
exist in the future although there is no guarantee.”” Therefore, the impetus
behind a strategic allocation must not necessarily be to seek high investment
returns but, alternatively, to achieve an increase in portfolio diversification
while reducing the overall portfolio risk.

2Kat and Oomen even argue ““a zero or even negative risk premium is not necessa-
rily a reason to refrain from allocating to a particular asset class. It very much de-
pends on what the remainder of the return distribution looks like. As long as the
lack of expected return is compensated by significant positive skewness and/or low
or even negative correlation with other asset classes, it may still make sense to invest
in it, despite the low expected return.” See Kat and Oomen, “What Every Investor
Should Know about Commodities, Part I: Univariate Return Analysis.”
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commodity investments have become increasingly popular among inves-
tors over the last couple of years. Initially reserved for high-net-worth
individuals, commodities progressively drew the attention of private and
institutional investors. There seem to be two main reasons for the attractive-
ness of commodities. First, commodities tend to offer diversification benefits
with respect to other investment opportunities such as stocks and bonds.
Second, commodities have shown up remarkable performance in recent
years, with the total return index of the Dow Jones-AIG Commodity Index
family returning in excess of 16% each year from 2002 to 2006.

In a low interest rate environment, the strong performance of commodity
investments was the main driver behind their success. The recent price surge
in commodities is the result of strong demand shocks across all sectors, sup-
ply shocks in some sectors (e.g., crude oil), and structural money flows
into all sectors from different investor types (private investors, institutional
investors, banks, and hedge funds). In particular, the strong economic
growth of rapidly developing countries like China, India, and Brazil and
the accompanying need for energy and industrial metals led to a structural
excess demand on commodity markets.

Investors usually obtain commodity exposure via futures contracts.
Commodity futures do not represent direct exposure to actual commodities.

227
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In fact, commodity futures represent bets on the expected future spot price.
Inventory decisions, storage cost, and interest rates link the expected future
spot price to the current spot price. Unlike equities, which entitle the holder
to a continuing stake in a company, commodity futures contracts specify a
delivery date for the underlying physical commodity. In order to avoid
delivery and maintain a long futures position, maturing contracts are sold
and contracts that have not yet reached the delivery period are purchased.
This process is known as rolling a futures position. The return associated
with this process—the roll return (or roll yield)—is an important compo-
nent of the total return of a commodity investment.

Though the statistical properties of financial asset returns have been
studied extensively, few studies have been done on the price fluctuations of
commodities. Except of Gorton and Rouwenhorst,” Erb and Harvey,® and
Kat and Oomen,* an in-depth analysis of commodity futures as an asset
class has been lacking. In this chapter, we investigate the empirical proper-
ties of a diversified basket of commodity futures represented by the Dow
Jones-AIG Commodity Index. This index is constructed as a rolling index
without a prespecified maturity. It serves itself as an underlying for deriva-
tives and passive investment products (e.g., exchange-traded funds). In our
analysis, we derive some stylized facts about commodity futures and
address some commonly raised questions by investors:

B What is the risk-return profile of commodities?

B What is the contribution of the different return components (spot, roll,
and collateral return) to the total return of a commodity investment?

B Are commodity returns normally distributed or do they exhibit skew-
ness and/or excess kurtosis?

B Do commodity returns show serial correlation?

B Do commodities offer diversification benefits to a portfolio of tradition-
al asset classes?

® Do commodities offer an inflation hedge?

"When we speak of commodities or commodity indexes, we actually mean commod-
ity futures and commodity futures indexes.

2Gary Gorton and K. Geert Rouwenhorst, “Facts and Fantasies about Commodity
Futures,” Financial Analysts Journal 62, no. 2 (2006), pp. 47-68.

3Claude Erb and Campbell R. Harvey, “The Tactical and Strategic Value of Com-
modity Futures.” Financial Analysts Journal 6, no. 2 (2006), pp. 69-97.

*Harry M. Kat and Roel C. A. Oomen, “What Every Investor Should Know About
Commodities Part I Journal of Investment Management 5, no. 1 (2007), pp. 1-25;
and Harry M. Kat and Roel C. A. Oomen, “What Every Investor Should Know
About Commodities, Part II: Multivariate Analysis,” Journal of Investment Manage-
ment 5, no. 3 (2007), pp. 1-25.
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SOURCES OF RETURN: AN ILLUSTRATION

To ensure comparability between the performance of an investment in com-
modity futures and other asset classes, we need to control for leverage when
calculating futures returns. We make the common assumption that futures
positions will be fully collateralized. Given this assumption, the total return
of a commodity futures investment is’

Total return = Futures return + Collateral return (9.1)

The collateral return is the interest earned on the cash value of the in-
vestment, that is, the fully collateralized commodity futures position. The
futures return or excess return is the percentage change in price of the rele-
vant futures contract. It can be decomposed in a spot and roll return
component:

Futures return = Spot return + Roll return (9.2)

The spot return is the percentage change in the spot price of the under-
lying commodity. Because “good” spot price data are not available for most
commodities, the price of the near-month contract (also called spot-month
contract) is taken to approximate the spot price.® The roll return is implic-
itly defined by equation (9.2). It is the return one would obtain if at maturity
of the futures contract the spot price was unchanged, that is, the return from
“rolling” up or down the term structure of futures prices. When the market
is in backwardation the roll return is positive; when it is in contango the roll
return is negative.

Combining equations (9.1) and (9.2), we obtain the decomposition of
the total return of a collateralized commodity futures investment:

Total return = Spotreturn + Roll return + Collateral return. (9.3)

To illustrate the return decomposition of futures or excess returns into
spot and roll returns, let us consider the situation in the crude oil market
over the period December 2005 to June 2006. The prices of the crude oil

3See Harry M. Kat and Roel C. A. Omen, “What Every Investor Should Know
About Commodities Part I.

®See Viola Markert, Commodities as Assets and Consumption Goods: Implications
for the Valuation of Commodity Futures, Ph.D. thesis, University St. Gallen (2005);
and Gary Gorton and K. Geert Rouwenhorst, “Facts and Fantasies about Commod-
ity Futures,” Financial Analysts Journal 62, no. 2 (2006), pp. 47-68.
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futures contracts are shown in Exhibit 9.1 for the different maturities. For
each monthly observation date (in rows), the table shows the futures curve
up to the maturity July 2006 (in columns). The price of the spot-month fu-
tures contract (printed in bold letters) is taken as a proxy for the spot price.
We start by computing the futures return time series. At the end of De-
cember 2005 (“roll-over date”), the investor opens a long position in the
February contract for a price of 61.04. Before the January contract expires,
the investor closes his position in the February contract for a price of 68.35.
Simultaneously, he opens a new position in the March contract for a price
of 67.92. The (simple) futures return for January can then be calculated as

68.35
Futures return (Jan) = 2104 -1=11.98%

Analogously, the February futures return is computed as

1.1
Futures return (Feb) = 27—92 -1 =10.04%

The complete futures return or excess return series is shown in the
“Futures Return” column in Exhibit 9.2.

In a second step, we compute the corresponding spot return series. The
spot return for January is given by

Spotreturn (Jan) = gi Zg 1=17.89%

In the same way, we obtain the spot return for February:

Spot return (Feb) = 2%1; ;2 = —-10.61%

EXHIBIT 9.1 Futures Prices for Crude Oil

Crude Oil (USD) Jan06 Feb06 Mar06 Apr06 May06 Jun06 Jul 06

30 Dec 05 5798 61.04 62.09 62.35 62.70 63.00 63.25
31 Jan 06 68.35 6792 68.74  69.28 69.70  70.01
28 Feb 06 61.10 61.41 63.01 64.06 64.83
31 Mar 06 60.57  66.63 6793 68.67
28 Apr 06 71.95 71.88  73.50
31 May 06 69.23 71.29
30 Jun 06 68.94

Source: Exhibit created from data obtained from Bloomberg.
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EXHIBIT 9.2 Futures, Spot, and Roll Returns for Crude Oil

Futures Return Spot Return Roll Return
Jan 06 11.98% 17.89% —-5.91%
Feb 06 —10.04% —10.61% 0.57%
Mar 06 -1.37% —0.87% —0.50%
Apr 06 7.98% 18.79% —10.80%
May 06 -3.69% —-3.78% 0.09%
Jun 06 —3.30% —0.42% —2.88%

Source: Exhibit created from data obtained from Bloomberg.

The complete series of spot returns is shown in the column “Spot Re-
turn” in Exhibit 9.2. The roll return is the difference between the futures
return and the spot return. It is shown in the last column of Exhibit 9.2.
Obviously, although the spot price of crude oil went up in the sample peri-
od, the roll returns were mostly negative. This is due to the contango situa-

tion, which characterized the crude oil market for most of the years 2005
and 2006.”

UNIVARIATE ANALYSIS

The aim of this section and the next is to characterize the commodity
futures asset class. We use publicly available index data from Dow Jones
Indexes and AIG International Inc. to identify the main (statistical) proper-
ties of commodity futures (index) returns. This section provides a univariate
analysis of commodity returns, whereas the next section examines their
multivariate characteristics.

Data

The Dow Jones-AIG Commodity Index (DJ-AIGCI) is a rolling, highly
liquid, well diversified and investable commodity futures index.® It mimics
the performance of a broad basket of futures contracts traded at U.S.

"Over the last two decades, the NYMEX WTI crude oil market was approximately
60% in backwardation and 40% in contango.

8The CBOT introduced futures contracts on the DJ-AIGCI in November 16, 2001.
In addition, there exist a number of exchange traded funds, structured products, cer-
tificates, etc. that provide easy exposure to the DJ-AIGCI.
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exchanges and the LME on 19 physical commodities from the energy, in-
dustrials and metals, and agriculture sector.”

Our sample comprises monthly index data of the DJ-AIGCI total re-
turn, excess return, and spot return index over the period January 1991 to
July 2006. To study the relationship of commodities with traditional asset
classes, our sample also includes monthly time series of the Standard &
Poor’s 500 total return index (S&P 500) and the JPMorgan Government
Bond U.S. total return index (JPM U.S. Bond). To study if commodities
serve as an inflation hedge, our sample also includes monthly data of the
OECD U.S. Consumer Price Index (CPI).

Risk and Return Characteristics

Exhibit 9.3 compares the total return index of the DJ-AIGCI with the excess
and spot return index between January 1991 and July 2006. Apparently,
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EXHIBIT 9.3 Performance of the DJ-AIGCI Spot, Excess
and Total Return Index, January 1991 to July 2006
Source: Exhibit created from data obtained from
Bloomberg.

*The weighting scheme of the DJ-AIGCI relies primarily on liquidity data and, to a
lesser extent, on dollar-adjusted production data. To help insure diversified expo-
sure, the index relies on several diversification rules. For example, no single com-
modity may constitute more than 15% or less than 2% of the index. The index is
rebalanced annually by an Oversight Committee.
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there are large differences between the historical performance of the spot,
excess, and total return index. The total return index has outperformed the
spot and excess return index. Because the majority of commodities were
trading in contango in the sample period, the spot return index was better
performing than the excess return index.

Exhibit 9.4 reports an average annual (arithmetic) roll yield of
—2.76%. This means that an investor has lost on average —2.76% p.a. from
rolling futures forward to the next maturity. Approximately 50% of the
total return, or roughly 4% p.a., can be attributed to the interest rate
component—the collateral return. The collateral return overcompensates
for the negative roll return such that an investor in commodity futures could
fully benefit from the attractive spot return of commodities in the
period 1991 to 2006.

Exhibit 9.5 compares the performance of the DJ-AIGCI total return
index (“Commodities”), the S&P 500 total return index (‘“‘Stocks’’), and
the JPM U.S. Bond total return index (“Bonds™) for the period January
1991 to July 2006. Three observations can be made from this exhibit:

1. Stocks outperformed commodities in the sample period; both asset
classes outperformed bonds.
2. Stocks and commodities have experienced higher volatility than

bonds.

3. Since 1999, commodities are in a bull market.

Exhibit 9.6 summarizes the risk-return characteristics of the three asset
classes. It reports the annualized geometric and arithmetic mean, the an-
nualized volatility or standard deviation, the risk premium (over the aver-
age implied collateral return), the ¢-statistic for a risk premium of zero, and
the Sharpe ratio for the three asset classes. The values for the t-statistic in-
dicate a statistically significant positive risk premium for all three asset
classes. While commodities exhibit a similar volatility than stocks in the
sample period, their average return is significantly lower. This results in a
lower Sharpe ratio for commodities than for stocks.

EXHIBIT 9.4 Average Annualized Spot, Roll, Collateral, and Total Return of the
DJ-AIGCI, January 1991 to July 2006

Total Return  Spot Return  Roll Return  Collateral Return

Geometric mean 7.95% 6.69% —-2.74% 4.02%
Arithmetic mean 8.73% 7.45% —-2.76% 4.04%

Source: Exhibit created from data obtained from Bloomberg.
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EXHIBIT 9.5 Performance of Commodities (DJ-AIGCI
total return), Stocks (S&P 500), and Bonds (JPM U.S.
Bond), January 1991 to July 2006

Source: Exhibit created from data obtained from
Bloomberg.

EXHIBIT 9.6 Annual Risk-Return Characteristics of Commodities (DJ-AIGCI
total return), Stocks (S&P 500), and Bonds (JPM U.S. Bond), January 1991 to

July 2006

Commodities Stocks Bonds
Geometric mean 7.95% 11.31% 6.79%
Arithmetic mean 8.73% 12.36% 6.90%
Volatility 12.14% 13.81% 4.53%
Risk premium 4.69% 8.32% 2.86%
t-Statistic 5.28 8.24 8.63
Sharpe ratio 0.39 0.60 0.63

Source: Exhibit created from data obtained from Bloomberg.

Distributional Characteristics

Exhibit 9.7 presents descriptive statistics on the distribution of monthly
total returns of commodities, stocks, and bonds. The distribution of com-
modity returns appears to be close to a normal distribution, as the skew-
ness and excess kurtosis values are around zero and the median closely
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EXHIBIT 9.7 Summary Statistics for Monthly Total Returns of Commodities,

Stocks, and Bonds
Commodities Stocks Bonds

Minimum —7.54% —14.46% —4.68%
25% quantile —-1.23% -1.62% —-0.23%
Mean 0.70% 0.98% 0.56%
Median 0.72% 1.24% 0.57%
75% quantile 2.54% 3.74% 1.44%
Maximum 10.23% 11.44% 3.72%
Skewness 0.10 —0.48 -0.51
Excess kurtosis 0.05 0.90 0.98

Source: Exhibit created from data obtained from Bloomberg.

matches the mean.'® To check more rigorously, we perform Jarque-Bera
and Anderson-Darling normality tests.'' The null hypothesis of a normal
distribution cannot be rejected at the 5% level in both tests, thus supporting
the hypothesis of normally distributed commodity returns. Exhibit 9.8 illus-
trates these findings graphically. The empirical density is computed as a
smoothed function of the histogram using a normal kernel.'* Superimposed
on the empirical density is a normal distribution having the same mean and
the same variance as that estimated from the sample. In contrast to com-
modities, the Gaussian assumption is rejected for stocks and bonds at all
relevant significance levels.

Serial Gorrelation

To test whether monthly commodity returns are independent, we plot the
sample autocorrelation function (ACF) in Exhibit 9.9. Although some auto-
correlations (e.g., at lag 3) are statistically different from zero at the 5%
level, there is no systematic pattern of autocorrelations. To investigate this
further, we compute the Ljung-Box test statistic of the joint null hypothesis
that all of the first 10 autocorrelations are zero. The p-value of 0.11 indi-
cates no significant autocorrelation for commodity returns up to lag 10.

19The normal distribution exhibits a skewness and excess kurtosis (defined as kurto-
sis minus 3) of 0.

"For a detailed description of these tests and other statistical concepts used in this
chapter, see, for example, Ruey S. Tsay, Analysis of Financial Time Series (Hobo-
ken, NJ: John Wiley & Sons, 2005).

12See Bernard W. Silverman, Density Estimation for Statistics and Data Analysis
(London: Chapman and Hall, 1986).
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EXHIBIT 9.8 Empirical and Normal Density of Monthly
Commodity Returns as Represented by the DJ-AIGCI
Total Return Index, January 1991 to July 2006

Source: Exhibit created from data obtained from
Bloomberg.
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EXHIBIT 9.9 Sample Autocorrelation Function (ACF)
of Monthly Commodity Returns Over the Time
Period January 1991 to July 2006

Source: Exhibit created from data obtained from
Bloomberg.

Note: The parallel lines indicate the 95% confidence
interval.
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For the stock and bond market indexes, we find also little evidence of statis-
tically significant autocorrelation. This is consistent with informationally
efficient markets, where price changes must be unpredictable if they are
properly anticipated by market participants.

MULTIVARIATE ANALYSIS

Dependence Structure with Stocks and Bonds

Exhibit 9.10 shows the (linear) correlations between commodities, stocks,
and bonds. As was already documented by Gorton and Rouwenhorst,'® the
correlation of commodities with stocks and bonds is close to zero. This
makes commodities effective in diversifying equity and bond portfolios.

However, from an asset allocation perspective it is not so much the
average correlation that matters, but more the correlation in negative mar-
ket environments, particularly in crash situations. It is thus important to an-
alyze whether the zero correlation between commodities and stocks holds
up when stock returns are negative—a time when diversification is needed
most. Exhibit 9.11 shows a scatter plot of commodity and stock returns,
where data points with a positive (negative) stock return are marked with a
cross (circle). The pattern of data points indicates a zero correlation between
commodity and stock returns for both positive and negative stock returns.
In fact, when stock returns are positive (negative) the sample correlation is
0.03 (0.07). During the months of negative equity performance, when stocks
fell on average by 3.13% per month, commodities experienced a positive
average return of 0.20% per month. It thus seems that the diversification
benefits of commodities work well in poor equity market environments.

The analysis has shown that commodities show little correlation with
stocks and bonds. This leads to the conclusion that commodities are
actually an asset class in its own right.

EXHIBIT 9.10 Correlations between Monthly Returns of Commodities, Stocks, and
Bonds, January 1991 to July 2006

Commodities Stocks Bonds
Commodities 1.00 0.08 0.01
Stocks 0.08 1.00 —0.04
Bonds 0.01 —0.04 1.00

Source: Exhibit created from data obtained from Bloomberg.

13See Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
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EXHIBIT 9.11 Stock Returns versus Commodity Returns
Source: Exhibit created from data obtained from
Bloomberg.

Note: Positive (negative) stock returns are marked with

a cross (circle).

Commodity Returns and Inflation

Bottom line, investors care about real returns; that is, they want to outper-
form inflation. It is very well known that traditional asset classes often
exhibit a negative correlation to inflation. The reasoning is as follows:
In times of economic growth, prices and interest rates tend to rise. Higher
prices and higher interest rates reduce the growth potential and the profits
of a company. This reduces the present value of future cash flows and thus
stock and bond prices. For commodities the opposite is true. In situations of
economic growth, inventories are falling and commodity prices tend to rise.
From this point of view, higher inflation is likely to come along with nega-
tive stock and bond returns, but positive commodity returns. Since expected
future inflation will already be incorporated in asset prices, asset prices may
also be sensitive to unexpected inflation. Unexpected inflation is not easy to
measure. Following Kat and Oomen,'* we use the change of inflation as a
proxy for unexpected inflation.

1See Kat and Oomen, “What Every Investor Should Know About Commodities
Part II: Multivariate Return Analysis.”
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EXHIBIT 9.12 Correlations between Monthly Returns of Commodities, Stocks, and
Bonds with Different Components of Inflation, January 1991 to July 2006

Inflation Unexpected Inflation
Commodities 0.14* 0.28?
Stocks —-0.10 —0.05
Bonds —0.06 0.04

Source: Exhibit created from data obtained from Bloomberg.
“Indicates the correlation is significant at the 5% level.

Exhibit 9.12 shows the correlations between monthly returns of com-
modities, stocks, and bonds with inflation—defined as the one month rela-
tive change of CPI—and unexpected inflation. The latter is defined as the
change of inflation. As suggested by economic theory, stocks and bonds are
negatively correlated with inflation, while the correlation of commodities
with inflation is positive. Only the correlation of commodities with inflation
is statistically different from zero at the 5% level. Commodity returns are
even more positively correlated to unexpected inflation. Again, the correla-
tion coefficient is statistically significant at the 5% level. Unlike stocks and
bonds, commodities therefore tend to provide investors with a hedge
against inflation.

CONGLUSION

Using monthly data from Dow Jones-AIG over the time period January
1991 to July 2006, our analysis led to the following observations on com-
modity (futures) index returns:"*

B The total return from an unleveraged commodity index investment is
positive, on average, and comparable in magnitude and volatility to
equity returns.

® The average spot and collateral return is positive, while the average roll
return is negative. This means that, on average, the market was in
contango.

® Commodity index returns are almost normally distributed. Skewness
and excess kurtosis is minimal and largely insignificant.

® Commodity index returns exhibit only little serial correlation.

I5Note that these results partially depend on the sample period and observation
frequency.
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B Commodity index returns are uncorrelated with stock and bond
returns. This holds also true in negative equity market environments
when diversification is needed most.

® Commodity index returns are positively correlated with inflation. They
are even more positively correlated with unexpected inflation—defined
as the change in the rate of inflation.

Our analyses suggest that commodities are an asset class which is at-
tractive to diversify traditional portfolios of stocks and bonds.
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t is well known that commodity investment provides diversification bene-
fits to a portfolio. (See, for example, Abanomey and Mathur'; Anson?;

Gorton and Rouwenhorst?®; Jensen, Johnson, and Mercer*; and the CISDM

"Walid S. Abanomey and Ike Mathur, “The Hedging Benefits of Commodity Futures
in International Portfolio Diversification,” Journal of Alternative Investments (Win-
ter 1999), pp. 51-62.

*Mark J. P. Anson, “Maximizing Utility with Commodity Futures Diversification,”
Journal of Portfolio Management 25, no. 4 (1999), pp. 86-94.

3Gary Gorton and Geert K. Rouwenhorst, “Facts and Fantasies about Commodity
Futures,” Financial Analysts Journal 62, no. 2 (2006), pp. 47-68.

*Gerald R. Jensen, Robert R. Johnson, and Jeffrey M. Mercer, “Tactical Asset Allo-
cation and Commodity Futures,” Journal of Portfolio Management 58, no. 2
(2002), pp. 100-111.
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Research Department.” Commodity futures tend to have equity-like returns,
and are negatively correlated with stocks and bonds. When the returns on
bonds or equities are low, the returns on commodity futures might be high.
Thus, adding commodities in the investment universe makes it possible to
achieve higher returns of the whole portfolio without increasing risks. Fur-
thermore, commodities might help investors hedge against inflation since
commodities tend to have higher returns when inflation rises, while bonds
and equities tend to perform worse with rising inflation. Investors are there-
fore getting more interested in the statistical and economic foundations of
commodity investing. In this chapter, we investigate whether commodities
extend the investment universe for U.S.-based investors. In other words, does
the inclusion of commodities into portfolios lead to statistically significant
improvements in the efficiency (best risk-return trade-off) of an investor’s
portfolio?®

The outline of this chapter is as follows. First, we review the term asset
class from a financial economist’s perspective. We argue that the gist of an
asset class is that it can provide a risk premium (additional return over the
risk free rate) that cannot be explained by existing asset classes. Next we
apply standard statistical tests to find out whether commodities indeed ex-
pose investors to asset class specific returns. That is, are investors better off
adding commodities to a given portfolio?” Finally, we review the logic for
the existence of an unconditional risk premium in commodity investing and
elaborate on the practical difficulties of capturing asset class specific returns
by unconditional long-only investing in commodity indexes.

SCISDM Research Department, “The Benefits of Commodity Investment: 2006 Up-
date,” Center for International Securities and Derivatives Markets, Isenberg School
of Management, University of Massachusetts, Amherst, Massachusetts (2006),
http://cisdm.som.umass.edu/research/pdffiles/benefitsofcommodities.pdf.

®For the more formally minded reader, we need to test whether adding commodities
to the investment opportunity set (U.S. equities and U.S. bonds) significantly im-
proves the utility of mean-variance investors.

"We look at the asset allocation problem from the perspective of an asset only invest-
or (i.e., an investor with an implicit cash benchmark). For an investor with fixed
income-like pension liabilities many arguments made in this chapter do not hold.
For example: While commodities reduce risk due to their low correlation with other
assets for an asset only investor they actually increase risk for a liability driven in-
vestor. A low correlation with the local discount factor (bonds) here means that as-
sets and liabilities are likely to drift apart, which makes commodities not a
diversifying but a risk-increasing investment.
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HOW FINANCIAL ECONOMISTS VIEW ASSET CLASSES

In practical investment management an asset class is a group of assets that
investors regard as homogeneous enough (high internal correlation) as well
as unique enough (low external correlation) to consider separate strategic
allocations worthwhile. Equities and government bonds are an example of
asset classes that offer distinctly different economic characteristics. While
equities participate in economic growth, government bonds offer a reces-
sion hedge that secures an investor’s nominal wealth. Both assets offer dis-
tinct features that cannot be replicated by the other asset. There is no
redundancy here.

Why do investors care about the notion of an asset class? That is, why
do investors have a desire to group assets together into categories? First, it is
easier to make top-down investment decisions across assets that react to dif-
ferent economic forces. Asset classes as such should reflect economically
meaningful categories, that is, they should differ in their economic sensitiv-
ities.® Second, asset classes make it easier for the analyst to employ quanti-
tative portfolio construction (asset allocation) techniques. Mean-variance
optimizers tend to magnify the impact of the estimation error on portfolio
weights. For example, if assets A and B have similar features (i.e., high cor-
relation and similar risk), and asset A has a slightly higher return due to
estimation error, the portfolio optimizer will put most (or all) of its weights
on asset A even though assets A and B are quite similar. Both assets are seen
as close substitutes, while asset classes by definition are not. Finally, there is
a continuing search in the financial industry to uncover new asset classes.
After all, finding a new asset class promises larger risk diversification for
clients and asset managers find a new product offering. For these reasons
asset classes are normally used to split up the investment universe into buck-
ets that are used for asset allocation as well as manager search purposes.
Also asset managers tend to have organized their firms across asset classes
for very much the same reasons.

Now that we know the potential benefits from defining (and finding)
new asset classes we need to answer an important question: How can we
reliably test for asset classes? Practitioners often focus on low (external) cor-
relation as indication whether a group of assets form an asset class. This
however can prove fallacious. Low correlation is not enough. After all, lot-
tery tickets have (by definition) zero correlation with equities and bonds.
Their negative expected return will stop us from investing any fraction of

8From this it is easy to see why hedge funds cannot be an asset class. They do not
share unique economic exposures as they are rather a form of unconstrained
investing.
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our wealth into those assets. What is the correct (statistical) interpretation
of an asset class?” It is defined in the following section.

REMOVE THE BORDER

Any suspected asset class i with returns (R;) earning a risk premium above
cash (c¢) that cannot be explained by other j = 1,..., ] already existing asset
classes with risk premium (R; — ¢) can be regarded as an asset class in its
own right.

What does this mean? Suppose equities and bonds earn a risk premium
of 5% and 2% each. Their volatilities are 15% and 5%. Assume further
zero correlation between both asset classes. Let us engineer a new asset that
implicitly consists of 25% equities, 25% bonds, and 50% asset-class-
specific risk with 30% volatility and zero expected return. The correlation
of this new asset with equities turns out to be

_ Cov(0.25-R,+0.25-R, +0.5-Ry, R,)
P /Var(025-R, + 025-R, + 0.5-Ry)y/Var(Ry)

0.25-Var(R,)

= == 0.24
/0.25%Var(R,) + 0.252Var(R,) + 0.52Var(R,)\/Var(R,)

(10.1)

This asset enjoys low correlation, but it offers no extra return rela-
tive to an investment of 25% equity, 25% bonds, and 50% cash. Even
worse it exposes the investor to too much risk as a return matching in-
vestment in 25% equity, 25% bonds, and 50% cash would also carry
substantially lower risk. We see that low correlation and the existence of
a risk premium is not enough to conclude that we have found an asset
class. Any portfolio optimization exercise would find that investment op-
portunities are already spanned by existing assets and that the new asset
would only expose investors to additional risk. The mean-variance opti-
mizer would not invest into this asset, and the efficient frontier would
not shift to the upper left. What distinguishes an asset class from a redun-
dant asset is a return on its asset specific risk. What happens if the ex-
pected return on our asset specific risk is positive? In this case we suspect
we have found a new asset class, but we must make sure it is not only

?See Robert J. Greer, “What is an Asset Class, Anyway?” Journal of Portfolio Man-
agement 23, no. 2 (1997), pp. 86-91.
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positive but also statistically significant. What this means is that a shift in
the frontier to the upper left is not enough either. It needs to be a statisti-
cally significant shift.

How can we test for a statistically meaningful improvement of our in-
vestment universe? We first need to find a portfolio of existing asset classes
that tracks any suspected asset class as closely as possible. In other words,
we try to replicate returns of a potentially new asset class with what we al-
ready got. After we have found this portfolio we can then measure the dif-
ferential (asset class specific) returns and test whether they are statistically
significant. Rather than this two step procedure we run a regression be-
tween the excess returns of a candidate asset class and other established as-
set classes.'”

J
(Ri—c)=a+> Bij(Rj—c)+¢ (10.2)
=1

If the constant term in this regression (a) is significantly different
from zero, we can consider it as an asset class. The regression coefficients
Bj can be interpreted as the portfolio weights in a tracking portfolio of
“old” assets that try to replicate a ““new”” asset class. This is the basic idea
behind all tests for what academics call mean-variance spanning. Only if
asset-class-specific returns are statistically different from zero have we
found a new asset class. We notice that correlation plays only an indirect
roll. What matters is whether part of the risk premium is not explained by
other asset classes. Obviously, the higher the correlation, the more sys-
tematic exposures and hence explained risk premium exists. But high cor-
relation is not necessarily enough to justify a negative judgment. Neither
is low correlation enough to prove uniqueness. After all, coin flipping is
very diversifying. In fact, we test whether a given asset class extends the
mean-variance frontier (shifts it to the upper left) in a statistically signifi-
cant way.

19Most formal tests on mean-variance spanning use total returns (not risk premia).
These tests also need the sum of exposures (betas) to existing assets to add up to one.
However, as we use excess returns over cash, betas (effectively weights of a replicat-
ing portfolio) do not need to add to one. The missing allocation can always be filled
up with cash (negative cash in case of leverage) to create portfolios that add up (to
one). For a review on mean-variance spanning tests, see Frans A. DeRoon and Theo
E. Nijman, “Testing for Mean Variance Spanning: A Survey,” Journal of Empirical
Finance 8, no. 2 (2001), pp. 111-155.
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RISK, RETURN, AND DIVERSIFICATION

In this section, we look at an investor that currently holds U.S. Equity (proxied
by the value-weighted returns on all NYSE, AMEX, and Nasdaq stocks'!)
and U.S. bonds (proxied by Lehman Brothers U.S. Aggregate Bond Index).
We investigate five commodity indexes for their diversifying properties. Four
of them are commodity indexes in the usual sense, that is, they represent a
portfolio of cash collateralized commodity futures:'* the Goldman Sachs
Commodity Index (GSCI), the Deutsche Bank Liquid Commodity Index
(DBLCI), the Deutsche Bank Liquid Commodity Index—Mean Reversion
(DBLCI-MR), and the Deutsche Bank Liquid Commodity Index—Optimum
Yield (DBLCI-OY). The fifth one is an index for commodity stocks (CSI). The
CSl is a 50/50 mix of MSCI world energy and world material. The data range
is from January 1989 to June 2006. We calculate monthly excess returns (over
one-month Treasury bill rate) in dollars."® Exhibit 10.1 surveys the different
index concepts.'* Both the GSCI and DBLCI are passive indexes that attempt
to capture an unconditional risk premium. Contrary to that philosophy are
the DBLCI-MR and the DBLCI-OY. Here both indexes reflect active strat-
egies (overweight relative cheap commodities, and underweight relative ex-
pensive commodities or roll into futures contracts to optimize roll yield).

Exhibit created from data obtained from Goldman Sachs, Deutsche
Bank, and MSCI Barra.

"The data source is the Data Library of Dr. Kenneth R. French’s web site, http:/
mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html.

12A commodity futures contract is an agreement to buy or sell a quantity of the
underlying commodity at a date in the future at a specified price. The specified price
is the futures price, which is agreed on when the counterparties of the commodity
futures contract enter the contract. Contracts are available for energy, livestock,
agriculture, industrial, and precious metals. Commodity indices in turn have expo-
sure to these sectors according to their specific index construction rules.

13When we talk about commodity investments we mean cash collateralized invest-
ments in commodity futures to put the returns at par with unleveraged investments.
With cash collateralization we mean that a futures contract with 200,000 U.S. dollar
value is backed by a 200,000 U.S. dollar cash deposit. This is equivalent to a margin
account that requires us to deposit the total contract value.

“The source for GSCI information is Goldman Sachs web site, http://www2
.goldmansachs.com/gsci/. The sources for information about Deutsche Bank com-
modity indexes are “A User Guide To Commodities,” Deutsche Bank (July 2006),
http://dbfunds.db.com/Pdfs/dbuserguidetocomm.pdf; and e-mail communications
with Michael Lewis of Deutsche Bank. The information in Exhibit 10.1 for CSI is
for its components: the MSCI world energy and world materials. The sources are
http://www.mscibarra.com/ and e-mail communications with client service of MSCI.
The data source for CSI is FactSet.
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EXHIBIT 10.2 Unconditional Historic Correlation and Annualized Volatility (main
diagonal) for the Investment Opportunity Set (based on monthly excess returns),
January 1989 to June 2006

GSCI DBLCI DBLCI-MR DBLCI-OY CSI U.S.Bonds U.S. Equity

GSCI 0.19 0.93 0.79 0.89 024 -0.01 —0.04
DBLCI 0.93 0.20 0.89 0.95 020 -0.06 —0.04
DBLCI-MR 0.79  0.89 0.17 0.87 022 -0.07 —0.03
DBLCI-OY 0.89 0.95 0.87 0.15 026 —0.09 0.00
CSI 0.24 0.20 0.22 0.26 0.15 0.04 0.63
U.S.Bonds —-0.01 —-0.06 —0.07 —-0.09 0.04 0.04 0.12
U.S. Equity —0.04 —-0.04 —0.03 0.00 0.63 0.12 0.14

Source: Exhibit created from data obtained from Bloomberg, FactSet, Datastream,
and Kenneth French’s website http://mba.tuck.dartmouth.edu/pages/faculty/ken
french/data_library.html.

Exhibit 10.2 presents the correlations and annualized volatilities for the
investment opportunity set. We multiply the monthly volatility by v/12 to
get the annualized volatility. The four commodity indexes for futures are
fairly similar in terms of volatility and correlation. Note that even though
the DBLCI-OY shows the lowest volatility (15%), this volatility is still high-
er than U.S. equities for the same time period. The index for commodity
stocks (CSI) is different from the commodity future indexes using correla-
tion as a measure of similarity. First, the four commodity future indexes are
highly correlated among themselves, while the correlations of CSI with the
four commodity future indexes are relatively low. For example, the correla-
tion of DBLCI and DBLCI-OY is 0.95, while the correlation of CSI and
DBLCI-OY is only 0.26. Second, the four commodity future indexes are
negatively correlated with U.S. bonds and equity, while the CSI is positively
correlated with U.S. bonds and equity. For example, the correlation of CSI
and U.S. equity is 0.63, which is intuitive since the CSI is a portfolio of com-
modity stocks.

Exhibit 10.3 presents the monthly risk premium, standard deviation,
and respective t-value for the investment opportunity set. Each of the three
DB commodity future indexes (DBLCI, DBLCI-MR, and DBLCI-OY) has a
high monthly risk premium (over 80 basis points) with a ¢-value larger than

2. The DBLCI-OY has the largest t-Value15(2.76 = 8:82% 210). This is not

15The #-value (significance of monthly average returns) is calculated by multiplying
the ratio of risk premium to standard deviation with the square root of the number
of observations. Note that the returns need to be normal for the t-test to be valid.
Otherwise, a nonparametric test such as the Wilcoxon test needs to be applied.
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EXHIBIT 10.83 Monthly Risk Premium, Standard Deviation, and Respective z-value
(210 observations) for the Investment Opportunity Set (based on monthly excess
returns), January 1989 to June 2006

DBLCI- DBLCI- U.S. U.S.
GSCI DBLCI MR (0) ¢ CSI Bonds Equity
Risk premium  0.57% 0.85% 0.80% 0.84% 0.59% 0.22% 0.64%
Standard 5.56% 5.70%  5.04% 4.38% 4.42% 1.09% 4.13%
deviation
t-value 1.50 2.16 2.31 2.76 1.93 2.93 2.24

Source: Exhibit created from data obtained from Bloomberg, FactSet, Datastream,
and Kenneth French’s website http://mba.tuck.dartmouth.edu/pages/faculty/ken
french/data_library.html.

entirely surprising since the DBLCI-OY takes into consideration the com-
modity term structure dynamics. The CSI has a relatively high monthly risk
premium (59 basis points) with a ¢-value of 1.93. However this does not
necessarily qualify commodity investments as an asset class.

We see that commodity investments provide diversification benefits to
the portfolio due to their low correlation with existing asset classes. How-
ever, as we have seen in our previous discussion that this is not a sufficient
condition to qualify for an asset class.'® All commodity indexes also provide
a substantial risk premium that has the same level of magnitude of the
equity risk premium or above. Again this is strong circumstantial evidence
but no proof to make commodities an asset class in its own. What will really
matter is the significance of the asset class specific risk premium, not the
significance of the total risk premium.

EMPIRICAL RESULTS

Investors with Equity and Bond Universe

This section applies the regression based mean-variance spanning tests to a
U.S.-based investor. To formally test whether commodities extend the in-
vestment opportunity set, we need to remove that part of the risk premium
that is already explained by existing asset classes (here equities and bonds)

1eSee Gorton and Rouwenhorst, “Facts and Fantasies about Commodity Futures.”
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and test whatever is left () for significance. We apply the regression based
tests for mean-variance spanning to our commodity indexes.'” Specifically,
we regress the five commodity indexes on the U.S. equity and bond index.'®
In other words, we start with looking at a U.S.-based investor that used to
invest in U.S. equities and U.S. bonds to see whether an investment into
commodities will improve her risk return trade-off. We present the regres-
sion coefficients and the corresponding p-values. The p-values calculate the
likelihood that a given statistic has been produced by chance (i.e., purely
accidental). A p-value of 5% indicates significance at the 5% level; that is,
only in 5% of all random samples would we see a value of the test statistic
that is that high. It also means that the null hypothesis is rejected at the 5%
significance level. For robustness, we report the usual p-values, the p-values
of White adjustment, and the p-values of Newey-West adjustment. The lat-
ter two (White and Newey-West adjusted p-values) are robust to deviations
from the classical regression assumptions.'’

Exhibit 10.4 shows the regression coefficients together with their re-
spective p-values. While we cannot reject the null hypothesis (at the 5%
level), that commodities are not a unique asset class for the GSCI and CSI,
we can do so for the DBLCI, DBLCI-MR as well as the DBLCI-OY. Inves-
ting into the DBLCI, DBLCI-MR, or DBLCI-OY would have significantly
extended the investment universe over this time period. The main reason
for this is that the risk premia for the GSCI and CSI indexes have not been
significant for the respective time period in the first place.

The only exception is the CSI. Not only does it show the most pro-
nounced and most significant equity beta, but also the lowest and most
insignificant alpha. This confirms the intuition of many practitioners
that commodity stocks trade more like stocks and much less so than
commodities.

7More sophisticated statistical procedures, which account for missing data and ac-
count for the covariance structure between commodities and time series that have a
longer history, implicitly assume mean-variance spanning. This makes them of little
appeal.

18See this chapter’s appendix for an implementation in Microsoft Excel.

PThe classical regression models assume that the regression residuals are spherical;
that is, the residuals have constant variances and are not correlated. The White ad-
justment is robust when the regression residuals do not have constant variances, and
the Newey-West adjustment is robust when the regression residuals are serially cor-
related and/or do not have constant variances. See William H. Greene, Econometric
Analysis (Upper Saddle River, NJ: Prentice Hall, 2003) for details.
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EXHIBIT 10.4 Estimated Parameters and the Corresponding p-values from Linear
Regression of Commodity Excess Returns versus Equity and Bond Market Excess
Returns (based on monthly excess returns), January 1989 to June 2006

Regression White Adjustment Newey-West
Estimate p-value p-value Adjustment p-value
GSCI o 0.01 0.13 0.14 0.16
Bus Bonds —0.02 0.96 0.96 0.96
Bus Equiy  —0.05 0.59 0.66 0.70
DBLCI o 0.01 0.02 0.02 0.03
Bus Bonds ~ —0.31 0.39 0.34 0.35
Bus Equiy  —0.05 0.62 0.69 0.73
DBLCI-MR o 0.01 0.01 0.02 0.03
Bus Bonds ~ —0.33 0.31 0.28 0.29
Bus Equiy  —0.03 0.76 0.79 0.82
DBLCI-OY a 0.01 0.00 0.00 0.01
Bus Bonds ~ —0.36 0.20 0.15 0.15
Bus Equiy  0.01  0.93 0.94 0.95
CSI a 0.00 0.45 0.44 0.43
Bus Bonas ~ —0.14 0.52 0.43 0.42
Bus Equity 0.68 0.00 0.00 0.00

Source: Exhibit created from data obtained from Bloomberg, FactSet, Datastream,
and Kenneth French’s website http://mba.tuck.dartmouth.edu/pages/faculty/ken
french/data_library.html.

Extending the Universe: The Inclusion of
Inflation-Linked Bonds

Interest in commodities has also grown as inflation hedging benefits have
been highlighted by investors and commodity index providers. Commod-
ities tend to have higher returns when inflation rises, while stocks and bonds
tend to perform worse with rising inflation. Commodities, particularly en-
ergy, are an important input factor. An increase in commodity prices is
therefore likely to feed through to broader CPI (consumer price inflation)
measures. However, if the correlation between inflation-linked bonds—
Treasury inflation protected securities (TIPS)*°—and commodity indexes is

2OTTPS are inflation-protected securities issued by the U.S. Treasury. The principal is
linked to the Consumer Price Index (CPI). Interest is paid semiannually, with a fixed
coupon rate of the inflation adjusted principal. For details about TIPS, see http://
www.treasurydirect.gov/indiv/research/indepth/tips/res_tips_rates.htm.
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substantial, or more precisely if part of the risk premium earned by com-
modities is already explained by inflation-linked bonds, the case for com-
modities is weakened.”!

In our framework, we can investigate this by running a linear regression
of commodity returns against bond, equity, and inflation-linked bond re-
turns. In other words, we add inflation-linked bonds to an investor’s core
universe and test whether adding on commodities will help to significantly
improve the risk return efficiency of portfolios. For inflation-linked bonds
we use monthly returns for U.S. TIPS by Merrill Lynch (Merrill Lynch U.S.
Treasury Inflation-linked, available since September 2000%). In the rest of
this section, we first show the summary statistics. Then we present the re-
gression coefficients and the corresponding p-values.

Exhibits 10.5 and 10.6 present the summary statistics of the commod-
ity, equity, and bond indexes. Note that the risk premium for U.S. equities is
negative (—12 basis points) for this time period. The negative risk premium
is not statistically significant though. The risk premium for CSI is positive
(105 basis points) with a t-statistics of 1.84. The correlation between CSI
and U.S. equity is 0.70.

EXHIBIT 10.5 Unconditional Historic Correlation and Annualized Volatility (main
diagonal) for the Investment Opportunity Set (based on monthly excess returns),
September 2000 to June 2006

DBLCI- DBLCI- U.s. U.S.
GSCI DBLCI MR oYy CSI Bonds Equity TIPS
GSCI 0.22  0.93 0.69 0.88 0.34 0.02 -0.02 0.21
DBLCI 0.93 0.18 0.80 0.93 0.33 0.01 0.02 023

DBLCI-MR  0.69  0.80 0.13 0.77 0.29 0.04 0.08 0.22
DBLCI-OY 0.88 0.93 0.77 0.15 0.43 —-0.06 0.14 0.14
CSI 0.34 0.33 0.29 0.43 0.17 -0.21 0.70 -0.12
U.S. Bonds 0.02  0.01 0.04 -0.06 -0.21 0.04 -0.34 0.85
U.S. Equity —-0.02  0.02 0.08 0.14 0.70 —-0.34 0.15 -0.24
TIPS 021 0.23 0.22 0.14 -0.12 0.85 -0.24 0.06

Source: Exhibit created from data obtained from Bloomberg, FactSet, Datastream,
and Kenneth French’s website http://mba.tuck.dartmouth.edu/pages/faculty/ken
french/data_library.html.

21Given the high volatility of commodity investments, the inflation hedging argu-
ment is already weak as this kind of “hedge” would expose investors at the same
time to considerable (noninflation-related) noise. It is further weakened by the exis-
tence of an asset that can pinpoint inflation risks.

22The results are similar if we use Lehman Brothers TIPS, available from March
2000.
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EXHIBIT 10.6 Monthly Risk Premium, Standard Deviation, and Respective z-value
(210 observations) for the Investment Opportunity Set (based on monthly excess
returns) January 1989 to June 2006

DBLCI- DBLCI- U.S. U.S.
GSCI DBLCI MR oy CSI Bonds Equity TIPS

Risk premium 0.81% 1.06% 0.96% 1.49% 1.05% 0.20% -0.12% 0.44%

Standard 6.27% 5.32% 3.86% 4.32% 4.77% 1.06% 4.45% 1.75%
deviation

t-value 1.07 1.66 2.08 2.88 1.84 1.60 -0.22 212

Source: Exhibit created from data obtained from Bloomberg, FactSet, Datastream,
and Kenneth French’s website http://mba.tuck.dartmouth.edu/pages/faculty/ken
french/data_library.html.

Exhibit 10.5 also confirms our intuition that commodity indexes and in-
flation-linked bonds should show positive correlation. U.S. equity and CSI
instead show negative correlation with TIPS. Some part of the risk premium
for commodities can surely be attributed to TIPS. How will this change our
results? Will commodities still look like an asset class of its own?

Exhibit 10.7 presents the regression estimates and the corresponding
p-values, where again White p-value stands for p-value with White adjust-
ment and NW p-value stands for p-value with Newey-West adjustment.
The left panel shows the regression results including TIPS, and the right
panel shows the regression results excluding TIPS. We need to run two sep-
arate regressions for comparative purposes. Due to the data availability for
TIPS, we can only look at a shorter time horizon.

Interestingly, we see a material shift in sign and size of bond beta (and its
significance) when TIPS are included. This indicates that commodity returns are
correlated with inflation as the regression builds a leveraged long or short port-
folio of nominal and real bonds in order to isolate the effect of inflation. Includ-
ing TIPS, all alpha values drop (due to the return explained by existing inflation-
linked assets) and all p-values rise, thus weakening the case for commodities as
an asset class. At the 10% confidence level, only the DBLCI-OY and the CSI
remain significant. The significance of the CSI is surprising. However this is due
to significant exposures to value and size that are not captured by simple market
returns. Introducing these factors would leave its alpha largely insignificant.”?

23The p-values of alpha for CSI are 0.49, 0.45 (with White correction), 0.24 (with
Newey-West correction) if we include the value and size factors in the right hand
side of the regressions. DBLCI-OY remains significant at the 10% significance level
with the value and size factors. The data source for the value and size factors is Dr.
Kenneth French’s Data Library at http://mba.tuck.dartmouth.edu/pages/faculty/
ken.french/data_library.html.
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The fact that the DBLCI-OY comes out as the index with the best asset
specific risk return relation has nothing to do with the authors’ affiliation.
There are more likely more subtle things at work. Note that all indexes follow
different construction rules. They are essentially constructed by applying a giv-
en construction rule to the history of known futures returns. At the date of their
first release they represent perfectly in sample optimized baskets, unless you
believe that an index provider would launch an index with inferior risk return
characteristics than its competitors. As times goes by, the performance be-
comes more out of sample and the significance of the risk premium usually
drops. In this light, it is not surprising that the GSCI that was launched in 1991
by now exhibits not quite so strong performance. The GSCI returned 15.3%
against 11.6% for the S&P 500 for the time period up to 1992 (i.e., with back-
filled data) but returned less than half of its original return (7%) versus an al-
most unchanged return of 10.4% for the S&P 500 between 1992 and 2004.%*

The evidence on commodities as an asset class is less clear than what is
commonly believed. Commodities prove to be highly useful for a traditional
investor focusing on bonds and equities, but much less so for an investor
that is willing to include inflation-linked bonds. Having said that, the docu-
mented results still show economic significance (i.e., they are economically
meaningful) and might be sample specific. After all, even a p-value of 0.24
indicates a test statistic that still leans more towards the existence of com-
modities as an asset class than not.

So far we implicitly assumed that commodity indexes reflect asset class
returns, the same way a capitalization-weighted stock index reflected the
return of equities as an asset class. Whether commodity indexes are repre-
sentative of an asset class and as such reflect a passive form of investment is
subject to some debate. We will argue in the next section that commodity
indexes are more active strategies rather than passive investments due to the
lack of an objective market weighting.”’

POTENTIAL PITFALLS OF COMMODITY
INDEX PERFORMANCE

Normal Backwardation Is Not Normal

To answer the question whether commodities are an asset class of their
own, we should answer the question whether there is an unconditional
risk premium for commodity investments. An unconditional risk premium

24See Claude B. Erb and Campbell R. Harvey, “The Tactical and Strategic Value of
Commodity Futures,” Financial Analysts Journal 62, no. 2 (2006), pp. 69-97.

25See Erb and Harvey for an extensive treat of this idea. Erb and Harvey, “The
Tactical and Strategic Value of Commodity Futures.”
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can be collected by a buy-and-hold investor over time as compensation for
taking on commodity risk. This contrasts with a conditional risk premium
that only materializes conditional on a particular economic environment.
The strategic buy-and-hold investor in commodities will not be able to col-
lect a conditional risk premium. The question we want to ask here is: How
much theoretical support is there for the existence of an unconditional risk
premium?%®

The support for the existence of an unconditional risk premium for in-
vestors who strategically long commodity futures is Keynes’ theory of nor-
mal backwardation.?” Normal backwardation postulates that today’s
futures price is lower than the expected future spot price. The idea here is
that producers of commodities would sell commodity futures to provide in-
surance against fluctuations in the commodity prices. For example, a corn
producer will sell corn futures to hedge the risk that the corn price might be
low in the future. Investors who buy corn futures essentially provide insur-
ance for the corn producer. Hence, they would require a futures price lower

26The most commonly used framework for the existence of a structural risk premi-
um is the capital asset pricing model (CAPM). According to the CAPM, the expected
rate of return of a given security is the risk free rate plus the market risk premium
times the beta of the security, where the market risk premium is the excess return of
the market over the risk-free rate, and the beta of the security measures the sensitiv-
ity of the security to the market (or measures the systematic risk). The market is the
whole stock market. A usual proxy for the market is a value-weighted stock market
index, such as S&P 500. In the CAPM, the market risk-adjusted excess returns of the
commodity futures should be proportional to its market beta. The empirical litera-
ture shows little support for a CAPM-motivated risk premium. Dusak documents
low expected returns and low stock market betas for wheat, corn, and soybeans for
the time period 1952 to 1967. Katherine Dusak, “Futures Trading and Investor Re-
turns: An Investigation of Commodity Market Risk Premiums,” Journal of Political
Economy 81, no. 6 (1973), pp. 1387-1406.

More recently, Erb and Harvey report insignificant betas for a variety of risk in-
dexes such as the market, value-minus-growth, small-minus-large stocks as well as
bond market risk. These findings are consistent with our own data that suggest very
low correlations between futures-based commodity indexes and stock returns (e.g.,
zero correlation between U.S. equities and DBLCI-OY). Given the theoretical and
empirical problems attached to the CAPM, we should not be overly concerned. We
will ignore the CAPM here because, after all, it is difficult to see how we can apply
the CAPM to commodities, if commodities themselves are not part of the market
portfolio. Claude B. Erb and Campbell R. Harvey, The Tactical and Strategic Value
of Commodity Futures, Working Paper, Unabridged Version (January 2006).
2’John M. Keynes, A Treatise on Money, vol. 2 (London: Macmillan, 1930).
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than the expected future spot price. A long position in the corn futures will
receive an unconditional risk premium from corn producers for taking the
future spot price fluctuation risk. In essence, the theory of normal back-
wardation implies that there is an insurance risk premium for risk-averse
investors to induce them to hold the commodity futures. The theory can
only be tested indirectly as normal backwardation is not observable. After
all, the expected future spot price is not observable. If, however, we could
instead find positive excess returns for all commodity futures we might use
this as ex post evidence for the existence of normal backwardation (i.e., an
unconditional risk premium).

The empirical findings about normal backwardation are negative. For
example, Bodie and Rosansky,?® Kolb,?* and Gorton and Rouwenhorst>°
document the excess returns of individual commodity futures and find
that the theory of normal backwardation is rejected for average individual
commodity futures. In Exhibit 10.8 we plot annualized excess returns ver-
sus annualized roll returns. The roll return is the return from the passage of
time (carry) assuming the term structure of futures contract does not
change. If a market is in backwardation (longer term futures contracts
sell at lower prices, i.e. downward sloping term structure of futures prices)
the return from rolling up the curve (i.e., selling a 3-month futures after
1 month as a 2-month futures, the expected roll return) is positive, while
it is negative if markets are in contango (upwards sloping term structure).
The greater the slope of the term structure, the more pronounced these
effects are.

Only 3 out of 12 commodity futures had positive excess returns over
cash and only three commodity futures had a significant positive roll return.
The theory of normal backwardation is inconsistent with these observations
or, as Kolb phrased it, normal backwardation is not normal. This sharply
contrasts with Keynes theory of normal backwardation that applies (if it
were correct) also to markets that are in contango (where the futures price
is higher than the current spot price as it usually is with financial markets).>!

287vi Bodie and Victor Rosansky, “Risk and Return in Commodity Futures,” Finan-
cial Analysts Journal 36, no. 3 (1980), pp. 27-39.

ZPRobert W. Kolb, “Is Normal Backwardation Normal?” Journal of Futures Mar-
kets 12, no. 1 (1992), pp. 75-91.

39Gorton andRouvenhorst, “Facts and Fantasies about Commodity Futures.”
*Note that the theory of normal backwardation is different from backwardation.
Backwardation is a phenomenon that the futures prices decrease as the time to ma-
turity of the futures increases; that is, futures with short maturities are traded at
higher prices. We can view backwardation as a positive carry on a commodity fu-
tures contract but this does not guarantee positive excess returns.
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EXHIBIT 10.8 Excess Return versus Roll Return for Various Commodity Futures
(based on monthly data), December 1982 to October 2006
Source: Exhibit created from data obtained from Datastream.

More modern theories argue for a conditional risk premium. The hedg-
ing pressure hypothesis® is the most prominent among those. While Keynes
normal backwardation assumes that commodity suppliers always need to
pay a risk premium to induce speculators to hold commodities, that hedging
pressure hypothesis works both ways. If the demand side needs to get hold
of commodities in order to avoid disruption or bottlenecks in production

32The hedging pressure hypothesis is due to the following: Paul H. Cootner, “Re-
turns to Speculators: Telser versus Keynes,” Journal of Political Economy 68, no. 4
(1960), pp. 396-404; and Richard Deaves and Itzhak Krinsky, “Do Futures Prices
for Commodities Embody Risk Premiums?” Journal of Futures Markets 15, no. 6
(1995), pp. 637-648.
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and therefore has to hedge against uncertain supplies, he will be required to
pay a risk premium to those who are normally short the futures contract.
Several studies find empirical evidence to support the hedging pressure hy-
pothesis.®® This form of risk premium is here for an investor that engages in
tactical asset allocation, but not for the strategic buy and hold investor.
Hedging pressure however can not be used to argue that commodity index
returns will provide a structural risk premium.

To summarize, normal backwardation does not exist. Not surprisingly
commodity indexes (that are ex post optimized up to the date they are
released) are heavily geared toward those commodity futures that have
been showing the best excess returns (energy in particular oil). Even
worse, hedging pressure can and will change and, as such, there is no the-
oretical support for an unconditional risk premium. This leads index pro-
viders to move to the other extreme. The DBLCI-OY explicitly tries to
capture the conditional nature of excess returns. While this is more in line
with theoretical considerations as well as empirical evidence, it is never-
theless an active strategy.

Risk Premium or Diversification Return?

We can view a commodity index as a portfolio of individual commodity
returns. Hence its return critically depends on the weighting scheme as well
as individual future returns.>* While individual commodity futures show an
ambiguous picture of excess returns (time varying risk premium that is not
even clear to be ex ante positive), the opposite is true for returns on com-
modity indexes. Bodie and Rosansky as well as Gorton and Rouwenhorst
document statistically significant returns for an equally weighted portfolio,
that is, a portfolio without a particular bias to future contracts with positive

33The weather risk premium is the most obvious form of a time varying risk premi-
um that is due to seasonal hedging pressure. Here the demand side is willing to place
a premium on the futures price to secure supply and avoid disruptions. Examples
include a fear of frost in Brazil will induce the demand side (Starbucks) to pay up for
production certainty. However, note that this is a conditional, that is, a time-varying
risk premium. Empirical evidence is provided in Hendrik Bessembinder, “Systematic
Risk, Hedging Pressure and Risk Premiums in Futures Markets,” Review of Finan-
cial Studies 5, no. 4 (1992), pp. 637-667; and Frans DeRoon, Theo E. Nijman, and
Chris Veld, “Hedging Pressure Effects in Futures Markets,” Journal of Finance 55,
no. 3 (2000), pp. 1437-1456.

3*The rebalancing bonus (also called volatility pumping) is described in Robert Fern-
holz and Brian Shay, ““‘Stochastic Portfolio Theory and Stock Market Equilibrium,”
Journal of Finance 37, no. 2 (1982), pp. 615-624; and David G. Luenberger, Invest-
ment Science (New York: Oxford University Press, 1998).
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excess returns. Where does this contradiction come from? Why do com-
modity indexes provide positive excess returns, even though their constitu-
ents on average do not?

Erb and Harvey®’ argue that a commodity futures index is not neces-
sarily a good measure of the aggregate commodity market performance
because part of the excess returns is due to a rebalancing effect. In the
absence of market weightings for commodity index constituents,>® future
positions will be reweighed to some initial weight. We can indirectly infer
the effect of a rebalancing bonus from Exhibit 10.8. Equal weighting all
12 commodity futures returns leads to an annualized excess return of
—1.88%. This differs strongly from the empirical evidence on commodity
returns with the GSCI returning a whopping 3.97% excess return over the
same period or with the excess return of an equally weighted portfolio
over the same time period of 1.21%. Heuristically, the rebalancing bonus
works in the following way. We know that the geometric return is a neg-
ative function of variance. Reducing this variance drag will increase the
geometric return of a portfolio. As a result the geometric return of a re-
balanced portfolio tends to exceed the weighted average return of its com-
ponents. We can approximate the rebalancing return as one half times the
difference between the average variance of i = 1,...,n portfolio compo-
nents, o7, and the portfolio variance, 02, of an equally weighted
portfolio:*”

n
. e 1 -1 2 2
diversification — return ~ 5| n E o5 — 05,
i=1

Commodities are an ideal environment for this strategy as they exhibit
high individual volatility as well as low internal correlation. As such
the diversification benefits of holding an equally weighted portfolio and
maintaining the minimum risk by rebalancing are largest (reducing the var-
iance drag).

33Erb and Harvey, “The Tactical and Strategic Value of Commodity Futures.”

36By the very definition of a futures contract for every long (positioned) investor
there must be an equivalent short (positioned) investor in the same contract. As such
the outstanding value of long and short futures contracts must exactly offset each
other. As a result there is no commodity futures market capitalization. Philosophi-
cally all commodity indices therefore present active strategies as the natural passive
position is impossible to define.

>7Erb and Harvey derive several approximations for the diversification return. See
Erb and Harvey “The Tactical and Strategic Value of Commodity Futures.”
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Note that this essentially is a concave strategy>® that will only fail if
there are long pronounced trends in a given commodity contract. In this
case, we continuously cut back on winning commodities and reinvest in los-
ing commodities (here a convex strategy would perform best). In the pre-
vious case, the diversification return was 2.96%. This is not a risk premium
but the return of an active strategy.

CONGLUSION

As interests in commodity investing grow, investors gradually view com-
modities as an asset class in addition to equities and bonds. We first re-
viewed the concept of an asset class arguing that it is the significance of an
asset class specific risk premium that matters, not the significance of a risk
premium per se.

Adding commodities to a portfolio of U.S. bonds and equities improves
the risk return trade-off materially for all periods under consideration. This
effect is very strong, both economically as well as statistically, and forms the
conventional wisdom about the strategic value of commodities.

The traditional case for commodities, however, comes with three
pinches of salt. First, the historic return of commodity indexes is essentially
a mixture of an in sample optimized (with hindsight constructed) basket
of commodity futures up to its launch date and true out-of-sample per-
formance thereafter. Second, given that individual futures contracts do not
generally provide a risk premium, the size (and sign) of an index risk pre-
mium is not a given without a view on the underlying commodity returns.
Finally, commodity index returns benefit (to varying degrees) from the re-
balancing bonus which does not reflect a risk premium, but rather an active
strategy. The case for an unconditional long position in commodities is
weakened after we allow inflation-linked bonds into an investor’s universe.
After all, commodities have been motivated via their inflation hedging prop-
erties. Thus, it seems important to introduce a pure inflation hedge into the
investment opportunities. Not surprisingly, we find our statistical evidence
to weaken, even though the economic significance remains strong.

Our thoughts in this chapter suggest that unlike with equity or bond
investments, where the uninformed investor naively buys an index fund to
gain exposure to a structural risk premium, more care must be taken in the
commodity space. Informed active strategies will prove to be crucial to reap
the rewards from taking commodity risks.

38Andre F. Perold and William F. Sharpe, “Dynamic Strategies for Asset Alloca-
tion,” Financial Analysts Journal (January/February, 1995), pp. 149-160.
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APPENDIX

Asset Spanning Regression in Microsoft Excel

This appendix gives an example of asset spanning regression in Microsoft
Excel. Exhibit 10A.1 shows the monthly excess returns of DBLCI-OY, U.S.
bonds and U.S. equities from January 1989 to September 1990 in an Excel
worksheet.>” To test whether the DBLCI-OY earns a risk premium that can-
not be explained by U.S. bonds and U.S. equities, we regress the monthly

EXHIBIT 10A.1 Monthly Excess Returns of DBLCI-OY, U.S. Bonds, and U.S.
Equities, January 1989 to September 1990

A B C D
1 Date DBLCI-OY U.S. Bonds U.S. Equity
2 1/31/1989 0.0023 0.0093 0.0606
3 2/28/1989 0.0378 —0.0133 —0.0225
4 3/31/1989 0.0586 —0.0040 0.0148
S 4/28/1989 0.0297 0.0142 0.0415
6 5/31/1989 —0.0225 0.0169 0.0314
7 6/30/1989 0.0336 0.0233 —0.012
8 7/31/1989 —0.0459 0.0114 0.0701
9 8/31/1989 0.0380 —0.0219 0.0147
10 9/29/1989 0.0467 —0.0014 —0.008
11 10/31/1989 0.0018 0.0179 —0.0361
12 11/30/1989 0.0158 0.0026 0.0109
13 12/29/1989 0.0484 —0.0034 0.0122
14 1/31/1990 —0.0145 —0.0222 —0.0758
15 2/28/1990 0.0023 —0.0025 0.0092
16 3/30/1990 —0.0191 —0.0057 0.0177
17 4/30/1990 —0.0139 —0.0161 —0.0352
18 5/31/1990 —0.0369 0.0219 0.0821
19 6/29/1990 —0.0237 0.0098 —0.0105
20 7/31/1990 0.0729 0.0075 —0.0162
21 8/31/1990 0.1344 —0.0201 —0.0985
22 9/28/1990 0.1474 0.0023 —0.0598

Source: Exhibit created from data obtained from Bloomberg, Thomson Financial
DataStream, and Kenneth French’s website http://mba.tuck.dartmouth.edu/pages/
faculty/ken.french/data_library.html.

3Note that the regression example here has only 21 observations due to the limited
space. The sample sizes for the regressions in the main text are larger.
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excess returns of DBLCI-OY on the monthly excess returns of U.S. bonds
and equities. We use the Linear Regression Tool of Excel to do the regres-
sion. For example, on the menu bar, we click Tools, Data Analysis, then
choose Regression from the Analysis Tools, and then click OK. In the pop-
up window, we enter $B$2:$B$22 in “Input Y Range”, and enter
$C$2:$D$22 in “Input X Range”, then click ok. Exhibit 10A.2 shows the
regression outputs. We notice that the regression coefficients for the regres-
sion intercept, U.S. bonds and U.S. equity are 0.02, 0.08, and -0.65, respec-
tively. The corresponding p-values are 0.03, 0.92, and 0.02. The small
p-value for the regression intercept (0.03) means that the DBLCI-OY is not
spanned by the U.S. bonds and U.S. equities at the 3% significance level.

Additional Regression Statistics

In order to make meaningful interpretations for the regression coefficients,
we need to check whether the implied assumptions of OLS regressions are
satisfied. Thus we check the regression diagnostics.

Exhibit 10A.3 presents the regression diagnostics for the regressions in
Exhibit 10.4. We test whether the regression residuals are uncorrelated and
normal. The second column “DW statistics” shows the Durbin-Watson sta-
tistic for the serial correlation tests. If the Durbin-Watson statistic is 2, it
means that there are no serial correlations in the residuals. If the Durbin-
Watson statistic is greater (smaller) than 2, it means that there are negative
(positive) serial correlations in the residuals. The third column shows the
p-values of the correlation test (the Ljung-Box test). The null hypothesis is
that there is no correlation. The fourth column shows the p-values of the
normality test (the Jarque-Bera test). The null hypothesis is that the resid-
uals are normal. We notice from Exhibit 10A.3 that the p-values for the
GSCI, DBLCI, DBLCI-MR, and DBLCI-OY are small, which means that
the null hypothesis of zero correlation and normality are rejected for those
indexes.

Exhibit 10A.4 presents the regression diagnostics for the regressions in
Exhibit 10.7. The p-values for the normality tests are large for all the regres-
sions, which means that the null hypothesis of normality is not rejected. The
p-values for the correlation tests are large except for DBLCI-OY, so the
White and Newey-West p-values would be more accurate than the p-values
without adjustments.
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EXHIBIT 10A.3 Regression Diagnostics (based on monthly excess returns from
January 1989 to June 2006)

DW Statistics ~ p-value (correlation test)  p-value (normality test)

GSCI 1.83 0.00 0.00
DBLCI 1.89 0.00 0.00
DBLCI-MR 1.80 0.00 0.00
DBLCI-OY 1.77 0.03 0.00
CSI 1.93 0.84 0.07

Source: Exhibit created from data obtained from Bloomberg, FactSet, Datastream,
and Kenneth French’s website http://mba.tuck.dartmouth.edu/pages/faculty/ken
french/data_library.html.

EXHIBIT 10A.4 Spanning Regression Diagnostics (based on monthly excess returns
from September 2000 to June 2006)

Panel A: Regression Including TIPS

DW Statistics  p-value (correlation test)  p-value (normality test)

GSCI 1.85 0.15 0.56
DBLCI 1.74 0.12 0.29
DBLCI-MR 1.80 0.51 0.22
DBLCI-OY 1.66 0.00 0.36
CSI 2.30 0.15 0.68

Panel B: Regression Excluding TIPS

DW Statistics  p-value (correlation test) ~ p-value (normality test)

GSCI 1.90 0.15 0.81
DBLCI 1.88 0.11 0.39
DBLCI-MR 1.94 0.22 0.29
DBLCI-OY 1.74 0.01 0.37
CSI 2.31 0.20 0.69

Source: Exhibit created from data obtained from Bloomberg, FactSet, Datastream,
and Kenneth French’s website http://mba.tuck.dartmouth.edu/pages/faculty/ken
french/data_library.html.
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he term managed futures represents an industry comprised of profession-
al money managers known as commodity trading advisors (CTAs)" or
commodity pool operators (CPOs)> who manage client assets on a

"The Commodity Futures Trading Commission (CFTC) defines commodity trading
advisor (CTA) as any person, who, for compensation or profit, directly or indirectly
advises others as to the advisability of buying or selling commodity futures or option
contracts.

2CFTC defines commodity pool operator (CPO) as any individual or firm that oper-
ates a commodity pool. (For example: If a pool is organized as a limited partnership,

266
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discretionary basis using global forward, futures, and options markets as
the primary investment medium. Managed futures provide direct expo-
sure to international financial and nonfinancial asset sectors while offer-
ing (through their ability to take both long and short investment
positions) a means to gain exposure to risk-return patterns not easily ac-
cessible with investment in traditional long-only stock and bond portfo-
lios as well as in many alternative investments such as real estate, private
equity, or commodities. Previous research has shown that managed fu-
tures often provide (1) a reduction in the volatility of stock and bond
portfolios as the result of managed futures low or negative return correla-
tion with stock and bond markets; and (2) enhanced returns to stock,
bond, and stock and bond portfolios during economic environments in
which traditional stock and bond investments often offer limited return
opportunities.’

While academic research has centered primarily on the benefits and risks
of managed futures, less work exists on determining the relative perform-
ance benefits of individual CTAs or individual CTA strategies. One reason
for the lack of research in this area is that traditional multifactor benchmark
models, which are used to describe the market factors driving traditional
stock and bonds as well as many hedge fund strategies, have little use in
describing the return behavior of CTAs. This is mainly due to the
underlying strategy focus of CTAs, which results in investment holdings
which do not traditionally track long-only stock and bond indexes. In fact,
managed futures have been described principally as absolute return strat-
egies since their goal was to obtain positive returns across a variety of mar-
ket environments. This approach has often led to a low exposure to
traditional equity benchmarks (e.g., zero beta) and as a result, relative per-
formance has often been measured in comparison to the risk-free rate.
Today, it is well understood that managed futures require a broader under-
standing of the underlying risk structure of the strategy and that a range of
benchmarking alternatives may be used to provide an understanding of the
underlying returns to a CTA strategy and its performance relative to similar
strategies.

It is not possible in this analysis to convey all the details related to the
benchmarking of managed futures. In this chapter we provide (1) a brief

its general partner typically is its CPO.) A commodity pool is an investment trust,
syndicate, or similar form of enterprise operated for the purpose of trading commod-
ity futures or option contracts.

3Thomas Schneeweis and Jason Remillard, Benefits of Managed Futures, CISDM
Working Paper Series, 2006.
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synopsis of the benefits of managed futures investment; (2) a short review of
manager-based CTA benchmark construction; and (3) an empirical analysis
on the relative performance of various CTA benchmarks (noninvestible
manager-based indexes, investible manager-based indexes, and passive-
security-based indexes). In this analysis the various CTA indexes are com-
pared on a zero risk (e.g., Treasury bill), total risk (Sharpe ratio), market
factor risk (e.g., S&P 500), strategy risk (e.g., passive futures-based CTA
index) and peer group basis (investible and noninvestible manager-based in-
dexes). Lastly, for a selected set of CTAs with full data over the period of
analysis an example of excess return determination on a zero risk, total risk,
market risk, strategy (passive futures-based CTA index) and peer group ba-
sis is provided.

GROWTH AND BENEFIT OF MANAGED FUTURES

Futures and options have been used for centuries both as a risk management
tool and as a return enhancement vehicle. Managed futures, as an invest-
ment alternative, has been available primarily since the 1970s and has expe-
rienced significant growth over the past several decades. Credit Agricole
Structured Asset Management (CASAM) and the Center of International
Securities and Derivatives Markets (CISDM) currently manage a database
that consists of both live and dead CTA fund managers. As shown in
Exhibit 11.1, the assets under management in the CASAM/CISDM CTA
database have grown from approximately $10 billion in 1990 to about
$162 billion at the end of September 2006.

The growth in investor demand for managed futures products indicates
increased investor appreciation of the potential benefits of managed futures.
Such benefits include reduced portfolio risk, potential for enhanced portfo-
lio returns, ability to profit in different economic environments, and the ease
of global diversification.* Furthermore, managed futures benefits from the
special opportunities that futures/options traders have in lower transaction
costs, lower market impact costs, use of leverage, and trading in liquid
markets.

*An often overlooked benefit to U.S. investors is that actual investment in overseas
futures contracts to a U.S. investor may only expose the investor to exchange rate
risk on the change in the value of the futures contract and the required margin re-
quirement of the foreign futures exchange.



CTA/Managed Futures Strategy Benchmarks 269

Managed Futures: Assets Under Management
(1990-3Q 2006)
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EXHIBIT 11.1 Managed Futures Assets Under Management
Source: Exhibit created from data obtained from CASAM/CISDM, BarclayHedge,
Credit Suisse, Calyon Financial, FTSE, MLM, and S&P web sites.

GENERAL DESCRIPTION OF MANAGED FUTURES

Managed futures have long been regarded as skill-based investment strat-
egies. Skill-based strategies obtain returns from the unique skill or strategy
of the trader. Given that these strategy returns are based on managers at-
tempting to maximize returns within the parameters of their trading strat-
egy and are not managed to track a particular stock or bond index, CTAs
are frequently referred to as absolute return strategies. Because managed
futures are actively managed, trader skill is important. However, the lack of
direct stock or bond index tracking by CTAs does not mean that managers
do not have similar sensitivities to traditional market factors or that a CTA
index of like managers with a common basis of return movement cannot be
created. For instance, it has been shown that specific managed futures re-
turns are also driven by systematic movement in market factors (such as
price momentum) that can be replicated using similar traded securities (fu-
tures).’ In fact, a significant majority of CTAs apply momentum-based
strategies.

It is important to note that many managed futures strategies trade pri-
marily in futures markets, which can be considered a net zero sum game. If

SRichard Spurgin, Thomas Schneeweis, and Georgi Georgiev, Benchmarking Com-
modity Trading Advisor Performance with a Passive Futures-Based Index, CISDM
Working Paper Series, 2003.
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CTAs were only trading against other CTAs then one may conclude that
managed futures returns were based solely on manager skills. However,
academics® and practitioners” have shown that some spot market players
are willing to sell or hedge positions even if they expect spot positions to rise
or fall in their favor (e.g., currency and interest rate futures may be traded
profitably as traders act in full knowledge of government policy to smooth
price movements).® In brief, one may think of managed futures returns as
a combination of manager skill and an underlying return to the strategy
itself.

GTA INDEX GONSTRUCTION

CTA Index Design

In the traditional asset area, a wide set of manager-based (e.g., Morning-
star, Lipper) and systematic passive stock and bond indexes (e.g., S&P 500,
Russell 2000) exist. Each differs in performance, selection, and
classification. Similarly, in the CTA area, a number of manager-based,
peer-group-based indexes as well as systematic investible passive-security-
(futures-) based CTA indexes exist. Investors should note that each CTA
manager-based and/or security-based index series has its own approach to
performance presentation, manager selection, and investment style classifi-
cation; however, each generally attempts to meet a series of attributes.
While there is no final agreement as to the criteria for creating such an in-
dex, for CTA indexes to reflect the investment practices and index charac-
teristics common to traditional stock and bond indexes, indexes should
consider the following attributes:

® Unambiguous. CTAs included in an index and the weight assigned to
each fund should be fully disclosed and readily obtainable. The factors
or market strategy the index is designed to track should be explicitly

®For the arguments on the sources of return to managed futures see Richard Spurgin,
Some Thoughts on the Source of Return to Managed Futures, CISDM Working
Paper Series, 2005.

“For the discussion on optimal currency hedging policy with biased forward rates,
see Mark Kritzman, ““The Optimal Currency Hedging Policy with Biased Forward
Rates,” Journal of Portfolio Management 19, no. 4 (1993), pp. 94-100.

80ther examples of individuals willing to pay to reduce risk are those who buy in-
surances. Insurance firms obtain a positive return to risk investment from individuals
wishing to hedge various risks.
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defined. Guidelines for altering the components and weights should be
specified in advance.

B Tnvestibility. While the individual “style” indexes themselves may not
be directly investible, it is expected that investors will be able to earn
the returns associated with the indexes with minimal tracking error and
at relatively low cost.

B Measurability. Investors will have access to the prices or returns used to
compute the indexes so that individual index returns can be indepen-
dently verified.

B Appropriateness. The indexes will exclude funds that a typical investor
would not hold, and will employ commonsense weighting schemes and
rebalancing approaches.

B Accountability. Changes in the indexes’ components and computation
will be made by a committee whose membership is public, and will be
based on established and explicitly articulated procedures.

Major CTA Indexes

Manager Based Publicly available manager-based CTA indexes can be
broadly classified into two categories: Noninvestible manager-based (ac-
tive) indexes and Investible manager-based (active) indexes. The noninvesti-
ble manager-based indexes are generally constructed by major database
providers from managers reporting to their respective databases. It is impor-
tant to point out that none of these noninvestible manager-based CTA in-
dexes completely represent the universe of CTAs and that while the various
databases may contain similar managers some managers only report to a
single database as illustrated in Exhibit 11.2. In contrast, investible
manager-based indexes are generally constructed from a smaller set of man-
agers who report directly to the index provider and are often based on man-
aged accounts in contrast to pooled investment vehicles. In fact, the criteria
used by various database providers to create noninvestible indexes or by in-
vestible CTA platform providers to construct these indexes may vary widely
and can be summarized as follows:

B Selection criteria. Decision rules that determine which CTAs are in-
cluded in the index. Examples of selection criteria include length of track
record, assets under management, and restrictions on new investment.

® Style classification. How each CTA is assigned to a style-specific index,
and whether or not a fund that fails to satisfy the style classification
methodology is excluded from the index.
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CASAM/
CISDM

HFR Barclay

@GS

EXHIBIT 11.2 Representation of Universe of Managers of
Public Databases
Source: Authors.

B Weighting scheme. The weight a particular fund’s return is given in the
index. Common weighting schemes are equally weighted and dollar-
weighted-based on assets under management.

B Tnvestibility. Whether the index is directly or indirectly investible.

For some in the CTA industry, concerns over the previously men-
tioned index criteria are understandable. If one uses the aforementioned
standards for CTA strategy-based (e.g., peer group) indexes then none of
the noninvestible and few currently available investible manager-based
peer group indexes are true indexes, such that perhaps the term bench-
marks may be a better descriptor. Exhibit 11.3 provides a brief compar-
ison of both investible and noninvestible manager-based CTA indexes as
well as passive security-based CTA indexes that are currently in
existence.

Investible Passive-Security- (Futures-) Based CTA Indexes For a number of
CTA strategies there exists investible passive-security- (futures-) based in-
dexes. These indexes have been created to have return characteristics re-
flective of the corresponding noninvestible and/or investible manager-
based CTA indexes. Given that these investible indexes are designed to
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reflect the performance of manager-based CTA strategies, investible
security-based CTA indexes are generally trend following because discre-
tionary CTAs are by their very nature difficult to track in a systematic
manner.

CTA Strategy Indexes

The term managed futures is broad in that it encompasses a variety of differ-
ent CTA strategies. CTAs are generally grouped within two primary types
of trading strategies: discretionary or systematic. Within each of the generic
forms of trading, managers may trade particular market segments such as
currency, financial, physical commodity, and equity.

Trading Strategy Focus

B Discretionary. Trade financial, currency, and commodity futures/
options-based on a wide variety of trading models including those
based on fundamental economic data and/or individual trader’s beliefs.

B Systematic. Trade primarily in the context of a predetermined system-
atic trading model. Most systematic CTAs follow a trend-following
program although some trade countertrend. In addition, trend-
following CTAs may concentrate on short-, mid-, or long-term trends
or a combination thereof.

Futures Markets Traded

Currency. Trade currency futures/options and forward contracts.

Diversified. Trade financial futures/options, currency futures/options
and forward contracts as well as commodity futures/options.

Financial. Trade financial futures/options as well as currency futures/
options and forward contracts.

Physical. Trade OTC and exchange-traded futures and/or options in en-
ergy, agricultural, and metals markets.

Equity. Trade OTC and exchange-traded futures and/or options in
equity-related markets.

Noninvestible Active Manager-Based CTA Indexes Noninvestible indexes

form the largest set of CTA indexes. Principal CTA noninvestible manager-
based indexes include the Barclay BTOP 50 Index, CASAM/CISDM CTA
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Indexes, Barclay CTA Index, CS/Tremont Managed Futures Index, and
Calyon Financial Barclay Index. Characteristics of each of the indexes differ
as follows:

B CASAM/CISDM. The CASAM/CISDM Indexes are a set of asset-
weighted and equally weighted indexes. These indexes span various
market segments such as currencies, financials, and diversified as well
as trading strategies such as systematic or discretionary. The CASAM/
CISDM Hedge Fund/CTA Database is used to select managers for the
various indexes. The indexes are updated monthly with historical index
values dating back to 1979.

® Barclay Group. The Barclay Group Indexes are a set of equally
weighted indexes. Indexes span various market segments such as cur-
rencies, financials, and diversified as well as trading strategies such as
systematic or discretionary. The Barclay Group CTA Database is used
to select managers for the various indexes. The indexes are updated
monthly with historical index values dating back to 1987. In addition
to CTA indexes derived from the Barclay CTA database, Barclay also
provides two additional indexes that represent returns to the overall
CTA Universe.

® Calyon Financial/Barclay Index. The Calyon Financial Barclay Index
provides daily returns from a collection of major CTAs that are open to
new investment. Selection of the pool of qualified CTAs used in con-
struction of the Index is conducted annually, with rebalancing on
January 1 of each year. The index is equal weighted and updated daily.
The index was launched in 2000 and is updated monthly.

® Barclay BTOP 50 Index. The BTOPS50 Index attempts to replicate the
overall composition of the managed futures industry in terms of both
trading style and overall market exposure. The BTOPS50 employs a top-
down approach in selecting its constituent CTAs. The largest investible
trading advisor programs, as measured by assets under management,
are selected for inclusion in the index. Selected trading advisor pro-
grams represent, in aggregate, no less than 50% of the investible assets
of the Barclay CTA Universe each year. The index was launched in
2003 and is updated monthly.

B Credit Suisse/Tremont Managed Futures Index. The Credit Suisse/
Tremont Managed Futures Index is an asset-weighted index based on
funds reporting to the TASS database. Unlike CISDM or the Barclay
Group, Credit Suisse/Tremont does not provide indexes for various
market segments or strategies. The TASS Database is used to select
managers for this index. The indexes are updated monthly with histor-
ical index values dating back to 1994.
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Manager-Based Investible CTA Indexes In addition to manager-based nonin-
vestible CTA indexes manager-based investible CTA indexes are also avail-
able. The principal manager-based investible indexes include the S&P
Managed Futures Index, the CS/Tremont INVX, and the FTSE Hedge
CTA/Managed Futures index. Characteristics of each index are as follows:

B S&P Managed Futures Index (S&P MFI). The S&P MFI is an equally
weighted investible index designed to be representative of investments
in managed futures/CTAs programs. Specifically, the index aims to
track systematic managers employing mainly technical trend-following
and pattern-recognition trading methodologies. The index is updated
daily and was launched in 2002. Currently, the S&P Managed Futures
Index is not offered as an investment product.

® Credit Suisse/Tremont Managed Futures INVX Index. The Credit
Suisse/Tremont Managed Futures INVX Index is an asset-weighted in-
dex based on eligible investible funds reporting to the TASS database.
The TASS Database is used to select managers for this index. Eligible
funds must have a minimum of $50 million in assets under management
with a track record greater than 12 months. The index is reviewed and
rebalanced semi-annually. The index was launched in 2004.

B Other Manager-Based CTA Indexes. There are several other investible
manager-based CTA indexes such as the FTSE Hedge CTA/Managed
Futures Index. Each of these indexes differs as to selection methodol-
ogy, weighting scheme, and style classification.”

Investible Passive GTA Indexes

Like other security-based investible indexes (e.g., S&P 500), CTA passive
security-based indexes are based on a systematic approach index creation
and reflect a particular approach to futures/option trading with the goal
of replicating the underlying return stream to the particular CTA trading strat-
egy. For instance, the MLM Index™ is based on a particular trend-following
model of futures prices for a basket of actively traded futures contracts con-
sisting of commodities, global bonds, and currencies. Other passive investible
CTA indexes such as the MFSB provide CTA indexes and also attempt to gen-
erate returns similar to certain types of trend-based strategies.'®

’We have not included the MSCI systematic CTA indexes in this study due to its
more heterogeneous nature which includes more global macro players.

108 purgin, Schneeweis, and Georgiev. “Benchmarking Commodity Trading Advisor
Performance with a Passive Futures-Based Index.” The MFSB Indices are based on
the methodology presented in this article.
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Issues in CTA Benchmark Design

Since each benchmark index differs to some extent in the methodology in
which they are constructed, it is important to understand some of the poten-
tial problems and limitations that can become a factor in the design of an
appropriate CTA benchmark. These potential problems are discussed next.

Data Issues If one uses a current database to construct one’s own index,
that index may contain selection, backfill, or survivorship bias. When a
public database is used as a basis for index calculation, the public index
return data before the index inception date may also contain backfill and
survivorship bias.

® Selection Bias. This type of bias exists in most indexes. It arises from the
selection methodologies used by the index provider to select funds in the
index. Selection bias can exist in various forms (e.g., if funds are asset
weighted, the index is impacted by larger funds whereas if funds are
equal weighted the index is impacted by funds with higher volatilities).

® Backfill Bias. Since managers typically voluntarily report their results to
benchmark index providers this can present issues that impact the per-
formance of such benchmarks and can potentially provide a misleading
representation of the true performance of the industry or strategy being
presented. A manager may elect to begin submitting his or her returns
to an index only when their results appear favorable. Most of the major
CTA indexes only have limited backfill bias since many have been in
existence since the early 1990s and only in the initial month of report-
ing are new managers part of the index. In practice, backfill bias is diffi-
cult to estimate since certain managers may start reporting to newer
databases at any point in time.

® New Manager Bias. New managers often have fewer assets under man-
agement and may trade more concentrated portfolios. As a result their
performance may not reflect larger mature managers. To eliminate the
upward bias resulting from potential new manager bias, index pro-
viders typically discard the first 12 to 24 months of reported returns in
calculating their indexes or require a particular amount of assets under
management.

B Survivorship Bias. This bias exists when one creates a CTA index from
a current database that includes only those managers who have sur-
vived over time. This leads to an upward bias in benchmark index re-
porting since it does not take into account those managers who
performed poorly and have ceased operating or reporting. Most of the
major CTA indexes have no survivorship bias since they have been in
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existence since the early 1990s in that they do not restate their historical
index return data when managers stop reporting.

Weighting The methodology in which an index is weighted can have a sig-
nificant impact on the interpretation of the performance of an underlying
index.

B Asset versus Equal Weighting. Asset-weighted indexes place propor-
tionately greater emphasis on the returns on larger CTAs when comput-
ing their index performance. This can be an issue in benchmark design
since an asset-weighted index suggests the performance of those CTAs
in the index with the highest assets under management better represents
the performance of the given benchmark. This methodology is more
firm specific than industry specific. Equally weighted indexes do not
present any size-related bias since each fund is given equally propor-
tional weighting in the calculation of the benchmark index.

Manager Selection Constructing a CTA index entails selecting a set of man-
agers that are intended to be representative of a larger universe of CTAs.
Determining the process for choosing managers, ensuring those managers
reflect the intended composite or strategy index being constructed, and de-
ciding the appropriate number of managers for inclusion into the index all
present issues in index construction.

® Fund Composite/Strategy Listing. Defining the CTA universe is a diffi-
cult exercise. There is no general agreement regarding which investment
strategies should be presented or the weights that should be used in de-
termining the performance of such a composite index. As a result, most
investible indexes are constructed at the strategy level, such that the his-
torical pattern of returns may be expected to reflect future performance
characteristics.

B Number of Funds/Managers. There is no single number of managers re-
quired for an index to represent a particular strategy. However, aca-
demic research has shown that approximately four to six CTAs are
required to represent a particular CTA strategy. One issue of impor-
tance however is the degree to which the managers in the index are
equal or asset weighted. A strictly asset-weighted approach may weigh
the index toward a single group of managers such that diversification
within the strategy may be reduced. In addition, if the managers within
the index have dramatically different volatilities, the manager with the
highest volatility will dominate the return movement of the index.
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B Manager Selection Process. Most indexes rely on a set of published
quantitative measures as well as a qualitative oversight approach to
manager selection. The quantitative approaches may differ across strat-
egies, however, they are used to create a set of managers, which gener-
ally trade in similar areas and are sensitive to similar economic factors.

EMPIRICAL ANALYSIS

Data and Methodology

For any particular investor, the fundamental basis for using a particular
CTA index or benchmark is that it should have similar trading and market
factor characteristics to the corresponding CTA or CTA strategy under con-
sideration. In this analysis we provide information on the various trading
and market factor characteristics of a wide range of alternative CTA non-
investible manager-based, investible manager-based, and investible passive-
security- (futures-) based indexes. It is important to point out, the CTA in-
dexes reflect the performance of a portfolio of CTAs. Therefore, similar to
stock indexes and individual stocks, while the returns of a CTA index
may be reflective of the expected returns of a specific CTA, in a particular
strategy the risk estimate for an index will generally be less than any indi-
vidual CTA.

Our analysis consists of using monthly return data for investible and
noninvestible active manager-based CTA indexes as well as investible pas-
sive security-based CTA strategy indexes for the period January 2001
through September 2006. It is important to note that several of the nonin-
vestible and investible manager indexes used in this study were created post
January 2001. To the degree that survivorship bias and/or selection bias ex-
ists in these indexes prior to their date of creation those returns may be up-
wardly biased. For the purposes of our study, the indexes created from the
major databases, CISDM, Barclay, and CS are not affected by survivorship
or backfill bias. However, the BTOP50, S&P, FTSE, and CS investible man-
ager-based indexes were created post January 2001 and may contain a de-
gree of manager selection or backfill bias in their returns between January
2001 and their date of creation. Similarly, the MSFB index was relaunched
in 2001 and to the degree that the passive systematic trend-following model
was based on data in 2001, the returns from the period of testing may result
in upward bias returns for that period.""

"Spurgin, Schneeweis, and Georgiev, “Benchmarking Commodity Trading Advisor
Performance with a Passive Futures-Based Index.”
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Lastly, there has been considerable discussion as to the alternative
means of determining a CTA’s alpha. As previously discussed, CTAs have
been described as skill-based investment strategies. Academic research has
demonstrated CTA returns are in part driven systematically by market fac-
tors such as price momentum, rather than exclusively by individual manag-
er’s alpha.'” In brief, one can think of CTA returns as a combination of
manager skill and an underlying return to the CTA strategy or investment
style itself. Therefore, in order to claim alpha, one should be able to depict
a return in excess of an equally risky and equally investible CTA investment
strategy. The use of the risk-free rate, or an S&P 500 based CAPM while
investible does not reflect similar risk to a CTA. As such, a CTA’s excess
return based on them should not be considered an example of manager skill.
Similarly, the use of return based on an assumed Sharpe ratio or non-
investible multifactor model should not be considered an example of a man-
ager’s alpha, but only his or her excess return relative to that individual risk
measure.

In short, while many CTAs continue to compare themselves with Trea-
sury bill returns, the S&P 500, or even returns based on an expected Sharpe
ratio, the actual excess return of a CTA after considering a wider range of
comparable risky assets is often close to zero (see Exhibit 11.4). This is not
to say that CTAs do not provide value, only that the returns to CTAs are
commensurate with the underlying risks to which they are exposed. For in-
stance, the source of CTA returns may be due to risks from a variety of
market factors (e.g., trading processes) which provide an example of a mul-
tifactor benchmark model for a CTA strategy (see Exhibit 11.5). A similar
sensitivity by certain CTA strategies to stock and bond markets or to com-
mon trading processes would reflect their sensitivities to common market
factors. In brief, the sensitivity of various CTA strategies to various return
factors is based on their similar risk exposure.

In this analysis we also use several investible security (futures) CTA
strategy-based measures of return estimation. To the degree that the

12Schneeweis and Remillard, “Benefits of Managed Futures.”

BIn fact, one can use a number of performance measures to test the relative return
performance of CTAs. See Simon Taylor, “A Brief History of Performance Ratios,”
Hedgequest, Searching for the Perfect Risk-Adjusted Performance Measure, pp. 4-8,
Summer 2005). As discussed previously, for instance, CTAs were once described as
absolute return vehicles since their return was supposedly uncorrelated with any tra-
ditional index. If a CTA’s equity beta was close to zero, then the comparison bench-
mark return was the risk-free rate. Current academic research has shown, however,
that such simple “CAPM”-based measures of return performance often underspecify
the CTA’s expected risk and therefore the CTA’s expected return.
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