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Abstract

Commodity futures risk premiums vary across commiegland over time depending on the level
of physical inventories, as predicted by the Themfr§storage. Using a comprehensive dataset on
31 commodity futures and physical inventories bewd 969 and 2006, we show that the
convenience yield is a decreasing, non-linearimrlahip of inventories. Price measures, such as
the futures basis (“backwardation”), prior futureturns, and prior spot returns reflect the stéte o
inventories and are informative about commodityifes risk premiums. We reject the Keynesian
“hedging pressure” hypothesis that these positians an important determinant of risk
premiums.
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1. Introduction

The relationship between storage and commodityrdégtuisk premiums is a classic question in
the history of financial economiés.n this paper we analyze the fundamentals of codity
futures risk premiums and show that time-seriedatian and cross-sectional variation in
commodity futures risk premiums are determinedhgylevel of inventories of the commodity in
the economy. The starting point of our analysithes traditional Theory of Storage. Originally
proposed by Kaldor (1939), the theory providesik ietween the term structure of futures prices
and the level of inventories of commaodities. Thigk| also known as “cost of carry arbitrage,”
predicts that in order to induce storage, futunesep and expected spot prices of commodities
have to rise sufficiently over time to compensatesntory holders for the costs associated with
storage.

In addition to market expectations of future spitgs, futures prices potentially embed a
risk premium that is a compensation for insurargarest future spot price risk. Whether futures
prices also embed risk premiums has been more aamgial in the literature. In part, this
controversy stems from the difficulty in detectingk premiums in volatile markets using small
samples and short time series, and the lack oflation of commodity futures returns with
conventional measures of systematic risk suggestde asset pricing literature.

To formalize the link between futures prices argk fpremiums, Gorton, Hayashi, and
Rouwenhorst (GHR 2007) present a simple theoretiséénsion of the theory of inventory
behavior developed by Deaton and Laroque (DL 1984} Routledge, Seppi and Spatt (RSS,
2000). Their models predict a link between the lleok inventories and future spot price
volatility. Inventories act as buffer stocks whican be used to absorb shocks to demand and
supply dampening the impact on spot prices. DL stiwat at low inventory levels, the risk of a
“stock-out” (exhaustion of inventories) increasad axpected future spot price volatility rises. In
an extension of the DL model which includes a fesumarket, RSS show how the shape of the
futures curve reflects the state of inventories amphals expectations about future spot price
volatility. Deaton and Laroque (1992) and Routledgeppi and Spatt (2000) have explained the
existence of a convenience yield as arising from ghobability of a stock-out of inventories.
Because DL and RSS study storage in a risk-newwald, risk premiums are zero by

construction, and futures prices simply reflectentptions about future spot prices.

! See, for example, Keynes (1927), Kaldor (1939), Hick8gL9Working (1949), Telser (1958), and
Cootner (1960, 1967).



To allow for a link between inventories and futuresk premiums, GHR (2007) extend
the DL model to include risk-averse agents and dgimg motive on behalf of producers. The
GHR model predicts a link between the state of rieees, the shape of the futures curve, and
expected futures risk premiums. Given that futureatracts provide insurance against price
volatility, the level of inventories is negativalglated to the required risk premium of commodity
futures. The main contribution of our paper is toyide empirical tests of these predictions.

Despite the long history of the traditional TheofyStorage, surprisingly few researchers
have attempted to directly test the theory usingemtory datd. Often cited reasons include
problems related to the availability and the pooaliy of inventory data, and issues regarding
the appropriate definition of relevant inventoriédost tests of the Theory of Storage have
focused instead on testing predictions about tlat{ve) volatility of spot and futures prices.

The first contribution of this paper is to presergasures of inventories for a large cross-
section of 31 commodities between 1969 and 2006 ,sapw that these measures of inventories
are reflected in the shape of the futures curveredicted by the Theory of Storage. As with
much of the previous literature our initial focsson thebasis the difference between ticarrent
spot commodity price and the current (nearest tduritg) futures price (expressed as a
percentage of the spot price). We link the basight level of inventories, and empirically
document the nonlinear relationship predicted lgyekistence of the non-negativity constraint on
inventories. In particular, low inventory levelsr fa commodity are associated with an inverted
(“backwardated”) term structure of futures pricesbijle high levels of inventories are associated
with an upward sloping futures curve (“contangdt).addition we show that the relationship
between inventories and the shape of the futurasedsa non-linear: the slope of the futures curve
becomes steeper as inventories decline.

The second contribution of the paper is to documamt empirical link between
inventories and risk premiums. We present two gktests to examine whether inventory levels
are negatively associated with risk premiums on ooty futures. The first set of tests uses
inventories directly as explanatory variables fisk premiums. In addition to simple regression
based evidence, we show that sorting commodityrdéstunto portfolios based on inventory
measures is correlated with future average retuvdkile a direct test of the theory, the
interpretation of these findings is complicated dy unknown timing lag in the information

release of inventories data, and subsequent deisiors. The second set of tests uses price-

2 Exceptions include Dincerler, Khokher and Titman (2088})) Dinceler, Khokher and Simin (2004). The

former paper examines the effect of storage on Natural Gae$ureturns between 1994 and 2001; the
latter paper examines the role of inventories and hedgegspre for risk premiums in futures of Gold,

Copper, Crude Oil, and Natural Gas between 1995 and 2004.



based signals to proxy for inventories. We firstwgtthat the futures basis, prior futures returns,
and prior spot price changes are correlated witheati inventory levels. Next, we show that

these price-based measures of inventories areniafre about the expected returns of portfolios
sorted on these measures. Inspection of the ingemtoaracteristics of these sorted portfolios
confirms that the risk premiums carry a common congnt, earned in part by investing in

commodities in low inventory states. The returnsied on “momentum” and “backwardation”

strategies can therefore be interpreted as compemsarned for bearing risk during times when
inventories are low.

Finally, we characterize the behavior of markettipgrants in futures markets in
response to changes in inventories. This is ofréstebecause much of the literature on
commodity futures has assigned an important roteedoehavior of market participants in setting
risk premiums. For example, in the Theory of NorBatkwardation, Keynes (1930) conjectured
that the long side of a commodity futures contnaculd receive a risk premium because of
hedging demand by producers. And in empirical imp@atations of the Theory of Normal
Backwardation, researchers have linked “hedginggue” to variation in futures risk premiums
(e.g., Carter et al (1983), Bessembinder (1992Rdaa et al (2000)). Using data obtained from

the Report of Tradenmeleased by the Commodity Futures Trading Comiissive show that the

positions of traders are contemporaneously cogelavith inventories and futures prices.
However, we find no evidence that these positiaescarrelated with ex-ante risk premiums of
commodity futures. We therefore reject the hedgprgssure hypothesis as an alternative
explanation for the variation of risk premiums do@nted in our empirical work.

Our research builds on two strands of literaturbe Tirst starts with the traditional
Theory of Storage developed by Kaldor (1939), Wagk(1949), and Brennan (1958), who
explain futures prices in terms of the cost of ap@; interest rates, and a convenience yield. The
convenience yield was posited to explain why inggntholders would hold inventories during
periods of expected decline of spot prices. Teétthe Theory of Storage include Fama and
French (1988) and Ng and Pirrong (1994), amongrstt&oth papers use the interest-adjusted
basis as a proxy for inventories and examine tletioa between the futures basis and price
volatility.® Fama and French (1988) analyze daily futures pri¢emetals over the period 1972 to
1983. Without inventory data, they use two proXmsdetermining when inventories are low.
One proxy is the sign of the interest-adjustedsadie second proxy is the phase of the business
cycle. Fama and French (1988) argue that inversti@ie relatively low during recessions. With

these proxies for inventory levels, they test thgipothesis that futures prices are less variable

% Equation (1) below defines the basis.



than spot prices when inventory is low, an implmatof the Theory of Storage, according to
French (1986). They find evidence to support thedjmtions of Theory of Storage. Ng and
Pirrong (1994) study four industrial metals. Likanka and French (1988) they use the interest
adjusted basis as a summary of supply and demamditioms and do not use inventory data.
They examine the marginal impact of the basis (#pFead”) on variances, correlations, and
elasticities of spot and futures. Their evidencedasistent with a concave, increasing relation
between the adjusted spreads and inventories fot apd future return volatilities. Our
contribution to this literature is that we direcxamine the relationship between the basis and
inventories using a large cross-section of comnegliin addition, our sample covers a longer
span of time than previous research.

The second strand of literature primarily focusewariation of risk premiums. Fama and
French (1987) study 21 commodity futures using flyrdata, over various periods, all ending in
July 1984 and starting as early as March 1966.y Examine both the variation in the futures
basis and the information content in the basis abdures risk premiums. They find evidence
that the basis varies with interest rates and s@dsqa proxy for convenience yields, since
inventories are higher just after the harvest fpicaltural commodities). They also decompose
changes in the basis into the change in the expep®t price and the risk premium and conclude
that most of the information in the basis concesrgected future spot price movements. Nash
(2001), Erb and Harvey (2006), and Gorton and Ranwest (2006) provide recent evidence of a
relationship between the futures basis and futuigs premiums. Momentum in commodity
futures has been documented by Pirrong (2005), d&fdb Harvey (2006), Miffre and Rallis
(2007), andShen, Szakmary, and Sharrg2007). Chang (1985), Bessembinder (1992) and De
Roon, Nijman and Veld (2000), Dincerler, Khokhedafitman (2003) and Dincerler, Khokher
and Simin (2004) provide empirical evidence thatiérs’ positions are correlated with expected
futures returns. Our contribution relative to th@sgers is to explain the relation between the
returns and commodity characteristics as arisimgnffundamental variation in inventories as
predicted by the Theory of Storage. And we show #ected futures returns are driven by
inventories, instead of positions of traders.

In addition to these papers, there is a largeslitee about unconditional risk premiums
in commodity futures markets. Attempts to empiticaheasure the risk premium on individual
commodity futures have yielded mixed results (dee,example, Bessembinder (1992), Kolb
(1992), and Erb and Harvey (2006)). Most of thaseliss use small samples in both the time
series and cross sectional dimensions. Lookingogfgtios of commodity futures returns has
produced different results. Bodie and Rosansky @L98nd Gorton and Rouwenhorst (2005,



2006) provide empirical evidence that, consisteith iKeynes' and Hicks’ prediction, long
investors in commaodity futures have historicallyresl a positive risk premium. The issue of
reconciling commodity risk premiums with receivesbet pricing theory has generally been met
with limited success (see, for example, Dusak (19Jd8gannathan (1985)). The current paper
sheds little light on this debate, other than tggast that one avenue to look for a unified
explanation of risk premiums is to consider systsr@mponents of risk that are correlated with
variation of inventories.

The remainder of the paper is organized as follolmsSection 2 we examine the
relationship between inventories and futures prinemore detail. We summarize the theoretical
results of GHR (2007) in this section. Sectiondguments our data and some stylized facts.
Section 4 presents the empirical evidence on tikedetween futures prices and inventories, and
provides evidence that the state of inventoriepiselated with expected commodity futures risk
premiums. In Section 5 we analyze the returns tcegrased commodity selection strategies,
linking these price-based signals to time-seried @oss-sectional variation in commodity risk
premiums. Section 6 looks in detail at the risk egtdrn relationship between futures risk premia
and the volatility of returnsin Section 7 we characterize the behavior of figunearkets
participants depending on the state of inventori€ke final section summarizes our results and

suggests some possible avenues for future research.

2. The Theory of Storage and Commaodity Futures

In this section we briefly review some of the exigttheories and outline the theoretical model of
GHR (2007) and its testable hypotheses.

An upward sloping futures curve is consistent wdth expected future spot price that
rewards inventory holders for the cost of carryingentories, including marginal warehousing
costs, insurance, and the interest foregone orcdbéal invested in the inventories. This link
between the futures price and the expected fupoegice is known as “cost-of-carry” arbitrage.
The cost-of-carry argument has difficulty explagpidownward sloping futures curves. That is,
researchers recognized early on that this arguosemtot rationally explain why inventory is held
when there is a predictalbdieclinein spot prices, when futures prices fall belowtgmices — i.e.
agricultural products are held over the harvesiopewhen prices predictably fall. To reconcile
spot prices at levels above futures prices Kaldb®@37) postulated the existence of a
“convenience yield” that holders of physical comiitied earn but which does not accrue to

holders of futures. This became known as the Theb8torage.



This Theory of Storage (see, Kaldor (1939), Workihg49), and Brennan (1956)) can be
stated in terms of thieasis the difference between the contemporaneous suet ip periodt, S,
and the futures price (as of da}dor delivery at datd, F,r." It views the (negative of) the basis
as consisting of the cost-of-carry: interest foregto borrow to buy the commoditg,r,(where
r. is the interest charge on a dollar frano T), plus the marginal storage costs minus a

“convenience yield,t:
Ft,T_SZSrt-'-Wt_Ct' (1)

Equation (1) is often rationalized as following rfrothe absence of arbitrage. Because the
convenience yield is unobservable, an alternativavvof equation (1) is merely that of a
definition of the convenience yield. Economic enitfor equation (1) is provided by the
assertion that the convenience yield, which isliasis adjusted for interest charges and storage
costs, falls at a decreasing rate as aggregatatonyerises.

The Theory of Storage derives a relationship betmemtemporaneous spot and futures
prices. Another view of commodity futures is theedhy of Normal Backwardation, which
compares futures prices to expected future spaegriAs pointed out by Fama and French
(1988), these views are not mutually exclusive. Tieory of Normal Backwardation views
futures markets as a risk transfer mechanism wielatg (risk-averse) investors earn a risk
premium for bearing future spot risk that commogitgducers want to hedge. This theory builds
on the view that the basis consists of two comptmem risk premiumz, 1, and the expected

appreciation or depreciation of the future spoteari
Fir =S =[Ec(Sr) - &) -7, 2)

wherer;t = E(S7) — Rt . Equation (2) merely defines the risk premiumcéwing to Keynes
mt > 0, which implies that the futures price is aet discount (i.e., is “backwardated”) to the
expected future spot price at ddigthe date the futures contract expires. Keynes Hicls
(1939) view the risk premium as the outcome of sheply and demand for long and short
positions in the futures markets (“hedging pressuréf hedging demand exceeds the supply of

long investors, the risk premium will be positiv€he content of the Theory of Normal

* The basis is also sometimes referred to as “badlatian”. In empirical applications, the basis ften
measured as the difference between the nearesesutontract (i.e., the contract that is closest to
maturity), and the next contract. This is due ffialilties observing the spot price.



Backwardation therefore comes from the assertiah ledgers are on net short and offer a risk
premium to long investors, who are risk averse.

Since the Theory of Storage and the Theory of NorBeckwardation were first
articulated, a large theoretical literature hasettgved® Our starting point is the modern version
of the Theory of Storage due to Deaton and Lardd®®2, henceforth DL). Their goal is to
explain the behavior of observed spot commoditggsi which display high volatility, high
positive skewness, and significant kurtosis. Comityoprices show infrequent upward spikes,
but no downward spikes. In their model commaoditices, in the absence of any inventories,
would be i.i.d. because “harvests” of commodities ia.d. These price dynamics are changed
fundamentally when inventories are present. Imwée$ cannot be negative (goods cannot be
transferred from the future to the past), so thera non-negativity constraint on inventories
which “introduces an essential non-linearity whichrries through into non-linearity of the
predicted commodity price series” (DL, p. 1).

DL (1992) do not model futures markets. Routled§eppi, and Spatt (RSS, 2000)
introduce a futures market into the DL model andvwshhow the “convenience yield” arises
endogenously as a function of the inventory lewel the shock (“harvests”) affecting supply and
demand of the commaodity. The convenience yielde-tenefit accruing to the physical owners
of a commodity — arises from the non-negativity stosint on inventories, which creates an
option for the inventory holder of selling commaekt in the spot market when inventories are
low.

In the DL and RSS models agents are risk-neutrahcld, the commaodity futures risk
premium, which is central to the Theory of NormacRBwardation of Keynes and Hicks, is zero
by assumption. In the GHR (2007) model of commof#iityres,boththe convenience yieldnd
the risk premium emerge endogenously as functibimssentory. In this sense, equations (1) and
(2) are both consistent with our equilibrium moded. link the equilibrium spot prices emanating
from inter-temporal inventory decisions to commgdittures, GHR extend the DL model by
adding futures markets and risk-averse investothdis model. They also assume that inventory
holders face a bankruptcy cost, which provides thétin a hedging motive. The existence of the
futures market provides the inventory holders wdth opportunity to hedge bankruptcy costs.
They can use the futures market to transfer fusyn@ price risk to risk averse investors, at a

price. The model determines the risk premium paidhe inventory holders to the risk-averse

® The literature on commodity futures is vast, and mvake no attempt at a comprehensive survey.
Reviews of the literature are provided by Cart&d9d), Kamara (1982), and Gray and Rutledge (1971),
among others.



investors, as a function of the extent of the sizéhe expected bankruptcy costs, the degree of
risk aversion of the investors, and the level ekmtories. The level of inventories matters for the

risk premium because, as in DL, future spot priagance is negatively related to the level of

inventories. That is, when inventories are low, ¥heéance of the future spot price is higher due
to an increased likelihood of a stock-out, resgltim the risk-averse long investors demanding a
higher risk premium. The actual amount of hedgiray mither increase or decrease, depending
on the relative sensitivities of the inventory hesisl and the investors to risk. We can summarize

the relevant comparative statistics of the GHR matefollows.

An inverse and nonlinear basis-inventory relati®ositive demand shocks and negative supply
shocks lead to a drop in inventories, and resudniincrease in spot prices, signalling the soarcit
of the commodity in the spot market. Futures [wiedl also increase, but not by as much as spot
prices. First, futures prices reflect expectatiahsut future spot prices, and embed expectations
that inventories will be restored over time andtgpaes will return to “normal” levels. Second,
the risk premium may increase. Both effects aetitten the difference between spot and futures
prices. This inverse relation between the bagikimventory should become more pronounced as
the inventory level is near stock-out if the demémdthe commodity remains positive for very
high prices, which is the case during occasionigempikes. We will be looking for evidence of

this nonlinearity. This can be viewed as a teshefDL model of storage dynamics.

An inverse risk premium-inventory relatioWhen inventories are low and spot prices higb, t
buffer function of inventories to absorb shocksdiminished. In these circumstances the risk of a
stock-out increases, which raises the conditiormalance (volatility) of the future spot price.
Because commodity futures are used to insure pigkeinventory theory predicts an increase in

the risk premium.

Momentum in commodity futures excess retudighough not formally modelled by GHR,
inventories can only be restored through new prbdca process which can take a considerable
amount of time depending on the commodity. Theeefeviations of inventories from normal
levels are expected to be persistent, as are dimbpility of stock-outs and associated changes in
the conditional volatility of spot prices. Becays&st unexpected increases in spot and futures
prices are signals of past shocks to inventortesy aire expected to be correlated with expected

futures risk premiums. This will induce a form ah6mentum” in futures excess returns: the
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initial unexpected spot price spike due to a negashock to inventories will be followed by a
temporary period of high expected futures retuangiat commodity.

We now turn to testing these predictions.
3. Data and Summary Statistics

3.1 Commodity Futures Prices
Monthly data on futures prices of individual comritied were obtained from the Commodities
Research Bureau (CRB) and the London Metals Exah@nlE). The details of these data are
described in Gorton and Rouwenhorst (2006), whdistuall 36 commodities futures that were
traded at the four North American exchanges (NYMEX,BOT, CBOT, and CME) and the
LME in 2004. For the present study, we drop eleityr (because no inventory exists by its very
nature), and gold and silver (because these aenmtity financial futures). This leaves us with
33 commodities. We constructed rolling commoditiufas excess returns by selecting at the end
of each month the nearest to maturity contractwmatld not expire during the next month. That
is, the excess return from the end of mdrtththe next month end is calculated as:

Ft+1,T - Ft,T

I:'[,T

whereF, 1 is the futures price at the end of mohthn the nearest contract whose expiration date
T is after the end of monti+1, andF..,r is the price of the same contract at the end arfitm
t+1.

Table 1 contains simple summary statistics for3dBeommodities for periods ending in
December 2006. In addition to the 33 commodity resy the first row of the table (labeled
“index”) shows the statistics for an equally-weighemonthly rebalanced, index of the
commodity futures returns. It is therefore theemaverage for each month of the excess returns
for those commodity futures that were traded irt thanth. The period of calculation, which ends
in December 2006, differs across commodities bex#us starting month varies. We take the
starting month to be the latest of: the first moothhe inventory series, the 12th month since the
futures contract for the commaodity started to tradel December 1969. We require a 12-month
trading history because later in the paper we exdmine the role of prior 12-month returns. We
require the starting month to be December 1968ettrliest because before 1970 we have only
two commodities (Cocoa and Soybeans) for which latilres price data and inventory data are
available. The third column indicates the first toaf the sample for the commodity. The fourth

column of the table lists the number of monthlyerations in our sample.
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Columns 5-9 of the table have summary statisticthefdistribution of excess returns.
Although the sample period is slightly differenathin Gorton and Rouwenhorst (2006), these
summary statistics are qualitatively similar toithstudy. Of the 33 sample commodities 26 (21)
earned a positive risk premium over the sample easored by the sample arithmetic (geometric)
average excess return. An equally-weighted indereghan excess return of 5.48% per annum.
The next columns show that the return distributiohsommodity futures typically are skewed to
the right and have fat tails. DL (1992) make simo@servations concerning the distribution of
commodity spot prices. Columns 10 and 11 indichtg tommodity futures excess returns are
positively correlated (on average) with the retumms other commodity futures, but the
correlations are on average low (0.12). The ave@geelation of individual returns with the
return on the equally-weighted index is 0.40.

Finally, the last column of the table shows that $hmple average (percentage) basis has
been negative for two-thirds of the commodifiesn equally-weighted portfolio of the sample
commodities had an average basis of —2.10%, iridig&ihat on average across commaodities and
time periods futures prices have exceeded conteanpous spot prices. Otherwise stated, on
average, commodity futures markets have been inté&cmo.” At the same time, the average
excess return on the equally-weighted index has Ipesitive (5.48% per annum), indicating a
historical risk premium to the long side of a conality futures position.

These observations are of interest, because theefutbasis is often referred to by
practitioners as the “roll-yield” of a commoditytfwes position, and a positive roll yield (also
referred to as “backwardation”) is sometimes vievesda requirement for the existence of a
positive risk premium to a long position in comntgdiutures markets. This view is typically
based on arguments such as that portrayed in Figuileigure 1 plots the average basis against
the average return on individual collateralizedufas during the 1991-2006 period. Figure 1
suggests a connection between the risk premiuncamunodity characteristics, as measured by
the basis. A simple linear regression has an Rusglof 52%.

In our discussion of equations (1) and (2) in $#cf, we already observed that these are
not mutually exclusive: the futures basis compéuasges prices to contemporaneous spot prices,
while the risk premium in equation (2) is the diffece between futures prices and expected

future spot prices. Equation (1) shows that for cmdities to be stored, futures prices have to

® The basis is calculated for each commodity asRE11) * 365/(D2 — D1), where F1 is the nearesurfes
contract and F2 is the next nearest futures canttdcand D2 are the number of days until the tiegting
date of the respective contracts. The period exech the sample is calculated for the basis imftbe
month indicated in third column of the table to Mower 2006, so the sample size is the same afothat
the excess return.
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exceed contemporaneous spot prices to compensatetamy holders for the full cost of storage.
Only when inventories are sufficiently low can #mot price exceed the futures price corrected
for the cost of carry, i.e. when the convenienaddyis sufficiently high. The sample average
basis of —2.1% simply indicates that inventoriegehbeen sufficiently high on average for the
convenience yield not to exceed the full cost ofaje. At the same time futures prices have been
set at a discount to average future spot pricegnding the long side of the futures position for
providing price insurancé.

Figure 1 suggests a link between the presenceskfpiiemiums and the basis. In this
paper we explore this link in detail. We will shakat the cross-section dependence arises from
the fact that some commaodities are harder to $hae others. The relationship between the basis
and ex-ante risk premiums is the subject of Sediaon which we examine the predictive power
of the basis for risk premiums, and the extent lictv this predictability stems from variation in

inventory levels. In the next sub-section we witkgent our inventory data.

3.2 Inventory Data

There are many issues involved in compiling a ddtas inventories, the least of which is the
absence of a common data source. In addition ta dagilability, there is the important
conceptual question of how to define the relevameitories. Because most commaodity futures
contracts call for physical delivery at a particulacation, futures prices should reflect the
perceived relative scarcity of the amount of theswdity which is available for immediate and
future delivery at that location. For example, datavarehouse stocks of industrial metals held at
the exchange are available from the LME, but n@ datavailable on stocks that are held off-
exchange but that could be economically delivertethe warehouse on short notice. Similarly,
relevant Crude QOil inventories would include notygphysical stocks held at the delivery point in
Cushing, Oklahoma, but also oil which is held atinational locations but that could be
economically shipped there, or perhaps even govemhrstocks. Aside from the definition of
relevant inventories there is a timing issue. Infation about inventories is often published with
a lag and subsequently revised. This creates adingsisue in matching variation of prices to
variation of inventories. Despite these potentaleaats, the behavior of inventories is central to
the Theory of Storage and for this reason it isdrtgnt to attempt to document the empirical

relationship between measured inventories anddatprices.

" A reference to financial futures may be instruetin this context, as financial futures do not have
convenience yield. When the dividend yield on agsits below the interest rate, equity futuresepsigll
exceed spot prices, and the markets will be in taogo” This is not incompatible with the presenéa o
positive equity risk premium.
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We collected a sample of inventory data for theirBBvidual commodities of Table 1
from a variety of sources. With the exception of§&y Feeder Cattle, and Rough Rice, we were
able to find monthly data for all commodities. Hegeder Cattle, we do not use the available
inventory series which is quarterly. Instead we @smonth-ahead values of the Live Cattle
inventory for the current monthly level of Feedatie, under the assumption that it takes three
months to feed calves to create what are calledd¥d@attle. A detailed description of these data
is in the Appendix. In the rest of the paper, wi @avop Sugar and Rough Rice and focus on the
31 commodities with monthly inventory data.

Examination of the data reveals that the inventimye-series of most commodities
contains a time-trend and exhibits strong seaseaahtion. We estimated individual inventory
trends by applying a Hodrick-Prescott filter to thg of inventories for individual commodities.
We will sometimes refer to the Hodrick-Prescott {Hiered inventory data as the “normal”
inventory level and denote it by .

To illustrate the seasonal variation of commaodityeintories around these trends we ran
a regression of the deviations of the log of ineeies from their HP-fitted trends on monthly
dummy variables. Table 2 reports the regressionltseglong with the autocorrelation of the
residuals (which are de-trended and de-seasonalizedtories). The table helps to illustrate two
stylized facts about inventories. First, inventdeyels are persistent. At 0.71 inventories of
Soybean Meal have the lowest sample first-ordeocautelation, and the median first-order
autocorrelation exceeds 0.90. Second, there age lenoss-sectional differences in the seasonal
behavior of inventories. This is illustrated in &ig 2, which shows the seasonal variation of
inventories of Natural Gas, Wheat, and Corn. Thesaeal variation of inventories stems from
both demand and supply. Many agricultural commesitare harvested once a year and
inventories are held to meet demand throughoutyélze. Inventories therefore are lowest just
prior to the harvest season and peak at the ernttieoharvest season. For example, Corn is
harvested in late summer to fall in North Amerid¢éheat is harvested in the early summer in the

Southern states and late summer in the NorthetasstaVheat inventories therefore are lowest

8 The smoothness parameter we use when applyingHturick-Prescott filter to monthly series is
determined as follows. Ravin and Uhlig (2002) reomnd adjusting the smoothness parameter in
proportion to the fourth power of the relative fuegcy. So ik is the smoothness parameter for a quarterly
series, the monthly equivalentigimes 3(=81). In business cycle analysis, it is custontaryse 1,600
for quarterly series. As shown in Ravin and UL{#602), this amounts to retaining peak-to-peakicgtl
movements of roughly 10 years or longer, so thferihce between the raw series and the filteradsser
consists of movements of relatively short durationr®ne would think that determinants of a normal
inventory, such as storability and production fléliiy, change only gradually. If so, the smoothse
parameter should be larger. From visual inspectianchose a smoothness parameter of 160,000 (whose
monthly equivalent is this times 81). This amountsetaining peak-to-peak cyclical movements afidb

30 years or longer.
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just prior to the harvest season and peak at tHeokthe harvest season. Contrary to Corn and
Wheat, Natural Gas is produced throughout the ym#trheating demand has a strong seasonal
component which peaks during the winter monthsrifigumonths of low demand, Natural Gas is
stored in underground salt domes. Industrial Matalentories exhibit little seasonal variation as
exhibited by the low regression R-squared givehahle 2. Crude Oil is demanded and produced
during the year, but demand for its derivativesHeating Oil and Unleaded Gas --- is more
seasonal. Because Soybean Oil and Soy Meal areedecommodities and can be produced

throughout the year, they exhibit less seasontidy the inventories of Soybeans themselves.

4. Inventories and Futures Prices

This section provides empirical evidence aboutréiationship between (1) inventory levels and
risk premiums of commodity futures and (2) betweemntories and the basis. In Section 4.1 we
test the central prediction of the Theory of Stertttat the marginal convenience yield as proxied
for by the basis is a declining function of invaim#s. This motivates the use of the basis as a
measure of the state of inventories. Section 4dn@xes the link between inventories and risk

premiums.

4.1.Basisand I nventories
As a preliminary test, we examine whether the fdubasis varies between high and low
inventory months. Let | and I* indicate the actaald normal inventory level at the end of the
month? For each commodity we calculate the average Hasisnonths when the normalized
inventory I/I* (the ratio of inventory level to thdP-filtered inventory) is below 1 and above 1.
The results are summarized in Panel A of Figuréhe. figure illustrates that for all commodities
low inventory months are associated with above ayeibasis for that commodity and that the
basis is below average during high inventory manths indicated by the red line, the difference
is statistically significant at the conventional %%el for most commodities. (The calculation of
thet-values is explained in GHR (2007) Appendix C.)

To further explore the non-linear relationship bedw the basis and inventories we

estimate the following regression:

Basis= linearfunctionof seasonadlummiest h(x) + error,

° For simplicity we have omitted time subscriptst keep in mind that the normal inventory level ojes
through time.
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where X is the normalized inventory level I/1*. The hypesis is that as the inventory levels fall
below “normal,” as measured by I*, the basis insesaat an increasing rate. To allow for this
nonlinearity we applied the “cubic spline regres8itechnique (see. e.g., Green and Silverman
(1994) for a textbook treatment). This is a techrifpr estimating potentially nonlinear functions.
Splines are piece-wise polynomial functions thattdigether at “knots.” In the case of cubic
splines, the first and second derivatives are nontis at the knotS.

To test whether the basis is negatively relateidventories and whether the relationship

is, in fact, nonlinear, we will estimate the slopeplied by the spline functiof(x) at the

average level of inventories (I #)las well as in situations when inventories falb@2below
average (I/I* = 0.75). For each commodity, the genperiod is the same as shown in Table 1.
The results of these tests are summarized in Tabdad illustrated in Panel A of Figure 4 for
Copper and Panel B for Crude Oil.

The second and third columns of Table 3 show thalhe average level of inventories
(i.e., at I=I*), the estimated slope of the basigeintory regression is negative for all commodities
except one, and statistically significant for mdtren half of the commodities. For each
commodity group, using pooled OLS we estimate thefficients under the constraint that they
are the same within groups. Inspection of the sfzée coefficients shows that the relationship is
particularly strong for commodities in the Energpup (the pooled OLS estimate for Energy is
—1.546), while many Industrial Metals tend to hal@pe coefficients that are relatively small in
magnitude (the pooled OLS estimate is —0.051). dtréal Metals are relatively easy and cheap to
store, and equilibrium inventories of Industrial téls are expected to be large on average relative
to demand. By comparison, Energy which is more ypw@hd expensive to store, should have
lower inventories relative to demand. Cross-sedliatifferences in storability should therefore
be reflected in the sensitivity of the basis toeintory shocks. Perishability also helps to explain

why the slope coefficients for Meats are on avelagger than for commodities in the Softs and

19 The internal breakpoints that define the piecewisgments are called “knots.” Lt (j =12,...,d,

0< X, <X, <..<Xj;) be so-called “knots”. The cubic spline techniqagproximatesh(X) by:
J

h(x) = Bix+ :82)(2 + /83X3 + ZIB3+j (x= X; ){x > Xj}l
j=1

wherél{} is the indicator function. By construction, thewed derivative of(X) is continuous at each
knot. The attraction of a cubic spline is that #proximating function is linear in powersXf We
experimented with] on our data, and decided to skt=1 and setX, to be 1 (i.e.,] =1*). For larger

values ofJ , there were too many peaks and troughs in theastd cubic spline.
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Grains groups. Because storage costs provide antime to economize on inventories, it is also
expected that the variation of inventories is loi@r commodities that are difficult to store,
relative to commodities that are easy to stores thiillustrated in the two panels of Figure 4
which shows much larger variation in the inventerid copper than in the inventories of crude
oil.

To examine the non-linearity of the basis-inventoglationship, the fourth column of
Table 3 reports the slope when inventories falkb9o from their average value. In the case of
Copper, for example, the estimated slope measureédeaaverage level of inventories equals
—0.032 { = —0.61) and steepens to —0.153=(-2.76) when inventories drop by 25%. This
difference of 0.121, given in column 6, is sigrdfit at the 5% levelt & 5.64). Inspection of
columns 6 and 7 shows a pattern of steepening slégremany commodities in the Metals,
Grains, and Softs group. The results are weakerMeats and Energies. Inspection of the
inventory data for energy commodities shows thatadnical inventories often fluctuate within a
narrow range, and in some cases do not fall totebelevel of 0.75. Consequently, the slope
coefficients at 0.75 are merely polynomial extrations of a relationship constructed to fit a
different portion of the sample and should be takéh caution. This point is clearly seen from
Panel B of Figure 4 for Crude Oil.

Overall our results are not inconsistent with theedry of Storagé® We find that there
is a clear negative relationship between normalingdntories and the basis and that for many
commodities the slope of the basis-inventory curgéeomes more negative at lower inventories
levels. And we find steeper slopes at normal inmgntevels for commaodities that are difficult to

store. We turn to the relationship between inveasoand risk premiums next.

4.2.Inventories and Futures Risk Premiums

As mentioned previously, the Theory of Storage doeDL (1992) does not make direct
predictions about futures risk premiums, but indteeakes predictions about the future volatility
of spot prices. This prediction stems from the thett when inventories are low, the ability of
inventories to absorb shocks to demand and suppldiminished, raising the conditional
volatility of future spot prices. In our model, tioe extent that the risk premium on long futures
positions is compensation paid by hedgers to olitsinrance against price risk, the mean excess
return from commaodity futures should increase wheare spot price risk increases. Therefore,

the Theory of Storage implies that the state oéimury at the end of the month is a key predictor

" The results of Table 3 are not significantly atkif the dependent variable is the interestedsaeil
basis; see Equation (1).
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of the excess return from the end of the monthhértext and that the mean excess return and
inventory are inversely related.

As a first test of this prediction, we perform adar regression of the monthly excess
return on I/I* measured at the end of the previmenth as well as monthly dummies. The
Theory predicts that I/1*, our measure of the st#tewventories, should have a negative effect on
the subsequent excess returns. The results aretedpo Table 4. Unlike in the basis-on-
inventory regression of Table 3, we only considex tinear specification because the excess
return is a hard variable to predict, as evideringfie low R-squared in Table 4. As is apparent
from the lowt-values, the I/I* coefficients are not sharply estted. However, most of them have
the expected negative sign. If we impose the wtigin of a common slope coefficient within
groups, we find marginally significant negative pocoefficients for Meats and Energy. These
groups also exhibit a larger sensitivity of retutnsinventories, which is consistent with our
findings in Table 3 that futures prices of commieditthat are difficult to store are more sensitive
to inventory shocks than commaodities that are inadft easy to store.

In a second test, we examine the results of a simpiting strategy, whereby at the end
of each month we cross-sectionally rank the comtiesdbased on their level of normalized
inventories. We compare the average return of Hghiorof commodities in the top half in terms
of normalized inventories to the average retura pbrtfolio comprised of the commaodities in the
bottom half of this ranking. We measure the totalifes returns of these portfolios during the
month until the last day of the month when we rd-aad rebalance. The portfolios are equally-
weighted. This test is nonparametric; it allows #onon-linear relationship between inventories
and the risk premium. And comparing the returnsclodracteristic-sorted portfolios has the
additional attractive feature that it controls floe cross-sectional dependence.

The results are given in Table 5. The returns @& ittventory-sorted portfolios are
consistent with the predictions of the theory tloat inventories are associated with high future
risk premiums. Panel A summarizes the returns ésdlportfolios in deviation from the equally-
weighted index. The first columns show that the Liowentory portfolio has outperformed the
High Inventory portfolios in 56% of the months beem 1969 and 2006. The annualized average
out-performance was 8.06 %= 3.19). The next columns show that the perforraatitference
between the inventory-sorted portfolios has betively stable during the most recent period.

In Panel B of Table 5, we summarize various charatics of the commodities in the
inventory sorted portfolios: for reasons we wilsdliss in greater detail in the next section, we
report the average prior 12-month futures returiorpto portfolio formation, the average

percentage 12-month change in spot prices, theagedutures basis and the average commodity
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volatility (measured as the standard deviationailfydexcess returns during the month) during the
holding period. The Low Inventory portfolio selectommodities with a high basis: the
difference between the basis of the Low and Higlefiory portfolios exceeds 14%= 14.51).
This is, of course, a direct implication of the ©he of Storage, and consistent with our earlier
findings in Table 3, and Figure 3. In addition tavimg a higher basis, Low Inventory
commodities also have higher prior spot and priotures returns than High Inventory
commodities. Over the full sample, the 12-monthurfe$ return difference prior to inclusion in
the portfolio is about 14.9% per annui=(—6.45). The high prior futures return of the Low
Inventory portfolio suggests that our portfolio tsocapture more than variation of inventories
that is predictable. High prior futures returns areindication of past negative shocks to supply
and/or positive shocks to demand. Because invastaannot be replenished instantaneously, the
prior futures return history carries informationoab the current state of inventories. We will
return to this issue in the next section when weestigate the extent to which inventory
dynamics can be responsible for the presence ofentamm in commodity futures markets.

Finally, the right hand of Panel B summarizes tbsitons of traders in futures markets.
It shows that Commercial traders are net shorbimroodity futures markets and as a percentage
of open interest, that their positions are largeigh Inventory commaodities. Data on positions
of large traders is published by the Commodity FeguTrading Commission (CFTC). In the

CFTC's Commitment of Traders Repoftsge traders are classified as “commercials” ravri-

commercials.” This is discussed further in Secfion

Two caveats are in order about our trading rulé feisst, the tests do not control for
(unknown) publication delays in the release of meey data. If news about inventories is
negatively correlated with contemporaneous spaepriand inventory data is released with a lag,
this will create a negative correlation betweenowations to inventories and subsequent spot
price innovations. Because futures prices will nithgpot price innovations, the delay of news
about inventories will create a correlation betwiementories and subsequent futures returns that
is unrelated to futures risk premiums. Second tesirdoes not exploit cross-sectional differences
between commodities. Because commodities differténms of storability (perishability,
bulkiness, and capacity constraints of storage)Tiheory of Storage predicts that equilibrium
inventory policies will differ across commoditigsurthermore, uncertainty about future demand
and supply is also likely to vary across commoditieading to cross-sectional differences in
optimal inventory policies that are positively asisted with future risk premiums.

Absent a structural equilibrium model that includesltiple commodities we have no

guide as to how to compare the state of inventosig®ss commodities. Theoretically, the
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important state variable is the “likelihood of dtemut,” which we have proxied for by using I/I*,
the inventory level relative to normal inventoriesit this measure does not permit comparisons
across commodities. In the next section we willnaixee three predictions of the Theory of

Storage that use price-based measures of theo$tateentories that circumvent these difficulties.

5. Price-Based Tests of the Cross-Sectional Variatioof Futures Risk Premiums

In the previous section we provided evidence thatdhape of a futures curve, i.e., the basis,
reflects information about the state of that comitytsl inventory, and that inventory levels are
negatively related to subsequent excess returasrtomodity futures. In this section we discuss
three additional and related predictions of theodrheof Storage about spot and futures prices.
First, when inventories fall spot prices will inas, signalling the scarcity of the commodity for
immediate delivery. High spot prices are therefarsignal of the state of inventories. Second,
shocks to current inventories also raise futurésepralthough not by as much as spot prices
reflecting expectations that inventories will bstored over time and spot prices will return to
“normal” (and perhaps because the risk premiunsyiddence, the futures basis widens. Third, to
the extent that inventories are slow to adjustt piesnand and supply shocks will persist in
current inventory levels. Because unanticipatedckhido demand and supply affect futures
prices, the futures return history of a commodityries information about past demand and
supply shocks that may not be fully resolved duthtoslow adjustment of inventories. In sum,
the level of spot prices, the futures basis, aridrfutures returns can be expected to carry
information about the current state of inventoriagd hence will be correlated with risk
premiums.

Panel B of Figure 3 illustrates the relation betveeventories and 12-month prior
futures returns for individual commodities. SimitarPanel A, for the basis, we calculate average
prior 12-month futures returns for each commodityrhonths when I/1* is above unity and when
I/I* is below 1. The Figure illustrates that for stacommodities, high normalized inventories are
associated with low futures returns over the pyiear, while low inventory states are associated
with high prior 12-month futures returns. Taken dthger, Figure 3 shows that prior futures
returns and the basis are informative price-baggthls of the level of inventories. To the extent
that the level of inventories is relevant for fgsirisk premiums, as suggested in Table 5, it can
be expected that prior futures and spot returnstlamdasis predict risk premiums on commodity
futures. In the remainder of this section we wilamine the extent to which these price signals

carry information about expected futures returns.
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There are two advantages to using observable pase$ndicators of the state of
inventories. First, price information does not euffrom revisions and publication delays
associated with inventory data. Second, using prilermation opens the potential to exploit
cross-sectional differences between expected contyndotures returns. For example, if a
particular commodity is difficult or costly to srthen all else equal, the Theory of Storage
predicts a lower level of equilibrium inventoriesower average inventories will make a
commodity more susceptible to the risk of stockspwnd the associated futures contract is
expected to have a higher equilibrium risk premidio. the extent that these cross-sectional
differences are embedded in the shape of the futtueve such as the basis, we expect our price
signals to capture this information about crossiseal differences in expected futures returns

To quantify the information in price signals abboth the cross-sectional and time-series
variation in risk premiums, we divide the samplecommodities into halves at the end of each
month based on their prior performance and therdstiasis. We measure the total futures
returns of these portfolios during the month utité last day of the month when we re-sort and
rebalance. The portfolios are equally-weighted. Teeformance and characteristics of the
portfolios are given in Tables 6, 7 and 8.

Panel A of Table 6 summarizes the returns on thi#gios formed by sorting based on
the basis. Over the full sample period since 1966, High Basis portfolio outperformed the
equally-weighted index by 5.42% annualized H 3.98) while the Low Basis portfolio
underperformed the average commaodity by 4.82%+3.44). The difference between the High
and Low Basis portfolio was positive in 58% of thenths and averaged 10.23% annualized (
3.73).

Panel B of Table 6 reports several characterisifcthe basis-sorted portfolios. To the
extent that the futures basis carries informatiboud the state of inventories, it can be expected
that the High Basis portfolio selects commoditiestthave below average inventories, high spot
prices (measured relative to the same time last),yaad high prior 12-month futures returns.
And as predicted by DL, High Basis commodities expected to have relatively high future
price volatility. These predictions are indeed lwowut by the data: the High Basis portfolio
selects commodities with low inventorigs=(—-17.08), high futures returns during the 12-month
period prior to portfolio formationt (= 12.93), and high spot prices relative to the séime a
year prior { = 10.45). Somewhat surprisingly, the differencenaein the volatility (measured as
the standard deviation of daily excess returnsndguthe month) of the commodities is both
economically as well as statistically relativelyadh{t = 2.13). We return to this issue below in

Section 6.
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The right two-thirds of Table 6 examines two moeeant sub-periods. These panels
show that these returns and portfolio charactesgtiave been relatively stable during the first
and second halves of our sample. The last thres @wPanel B summarize the positions of
Traders in the basis-sorted portfolios, as reponyd the Commodities Futures Trading
Commission (CFTC). These will be discussed in nuetail in Section 7 of the paper, but for
now note that Commercials are on average net ghdwbth the High and Low Basis portfolios,
and Non-Commercials and small (Non-Reportable)etradre net long. Non-Commercials are
over-weighted in the High Basis commodities, ane tbverse holds for the Non-Reportable
positions. There is no significant difference begwéhe positions of Commercials between the
two portfolios.

Inspection of the portfolio characteristics suggebat the basis-sorted portfolios capture
time-series variation of risk premiums by selectiogmmodities when inventories are low.
However, as pointed out before, differences in basis can also reflect cross-sectional
differences in storability of commodities that a@related with (unconditional) risk premiums.
To examine whether the returns to the basis siegegapture time-series variation of risk
premiums or simply select commodities that areidift to store, we repeat the portfolio sorts
after subtracting the full sample mean from theisddsr each commodity. This isolates the
returns that can be attributed to time-series tiarieof the basis from return variation attributed
to cross-sectional variation in the average basiseported results show that the sample average
return difference between High and Low (de-mearBadis portfolios is 9.72% € 3.75) which
is not significantly different from the returns askgted with sorting on the raw basis. This
suggests that the returns of sorting commoditiestten raw basis primarily captures time-
variation of futures returns that is associatedhiine variation of inventories.

Table 7 summarizes the returns to sorting comnexlitih Futures Momentum, measured
as the prior 12-month futures return. Although motaen has been documented at horizons
ranging from one month to one year, we chose tortepsults for a relatively long prior return
interval (e.g., see Pirrong (2005) and Shen, Szaknaad Sharma (2007)). Our choice is driven
by our goal of constructing a price-based meastireventories. Based on the empirical evidence
of Table 2 that inventories are slow to adjust, egect relatively distant prior shocks to
inventories to carry information about current ini@ies. Because some commodities have
distinct annual seasonal variation in productioe, mclude a history of up to one year in our
price-based measure of past positive demand shockgegative supply shocks. Unreported
results show that sorting on longer term measufrg@ast futures returns increases the dispersion

between the inventory characteristics of the moomargortfolios.



22

Panel A shows that High Momentum commaodities hauwpearformed a portfolio of Low
Momentum commodity futures by 13.36% per anntim 4.93), earning positive excess returns
in 58% of the months. The point estimates for tkeeas returns are slightly higher for the second
half of the sample, as well as the fraction of th@nths the excess return is positive (65% since
1990, versus 58% over the full sample). Panel Bvshihat Momentum portfolios take positions
in similar commodities as the Basis-sorted porliln particular, the High Momentum portfolio
selects commodities with High Basis and below ayeraventories, while the Low Momentum
portfolio does the opposite. Thestatistics associated with these characteristiiésrences are
large and clearly indicate that portfolios sortedilmventories, the basis, and prior performance
take correlated positions in ways that is predidigdhe Theory of Storage. This is reflected in
the correlation between the returns to High Basis$ ldigh Momentum portfolios, which is 0.87
over the full sample period. Inspection of the Ross of Traders reveals that Commercials
increase their short positions in commodities tkaperience price increases, while Non-
Commercials take larger long positions followingrace run-up.

Finally, Table 8 reports the results from sortirmgnenodities based on the change in the
year-on-year percentage change of the commodity mice. In light of the seasonality of spot
prices of many commodities the 12-month prior gdtirn captures the change in the relative
scarcity of each commodity compared to the same tinyear ago. Panel A of the Table shows
that the results for portfolios sorted on Spot Matnen are quantitatively similar to those sorted
on Futures Momentum. The High Spot Momentum pddfdias outperformed the Low
Momentum portfolio by 13.85% annualizéd=(4.95) over the full sample, and by 16.03% during
the last 16 yearst (= 4.47). And High Spot Momentum commodities haetatively low
inventories, high futures momentum, and a high shdsispection of the Positions of Traders
shows that Commercials hedge more after spot phiee® increased, and that much of the
liquidity to them is provided by the Non-Commersial

The main conclusion from Tables 5-8 is that, cdmsiswith the predictions of the
Theory of Storage developed in GHR (2007), risknpuens of commaodity futures vary with the
state of inventories. Portfolios that take possidi@sed on prior futures return, prior spot returns
and the futures basis select commodity futures iélow average inventories which the Theory
predicts are expected to earn higher risk premiudeover, these risk premiums are highly
significant, both in a statistical sense as wellnaan economic sense. We also presented some
evidence that the Position of Traders varies withrieturn of the price-based portfolio strategies
— especially Momentum and Inventories, althoughitierpretation of the positions evidence is

somewhat ambiguous. Commercials increase theirt giamitions after price run-up, but also
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when inventories are high. Non-commercials takgdatong positions in commodities with high
momentum, and to a lesser extent high basis.

In the GHR model, the correlation between invereweand the amount of open interest in
the futures market is ambiguous and depends orrelaive sensitivities of the risk-averse
investors and the inventory holders, seeking toghebtlankruptcy costs. However, the co-
movement between the basis, inventories, momentwhiraders’ positions raises the question of
a causal relationship; in particular we are intiex@sin whether the positions of market
participants can provide an alternative explanattrour results. We explore this issue in more

depth in Section 7.

6. The Risk Premium and Price Volatility

In the GHR extension of the Theory of Storage,ftheres risk premium is linked to the state of
inventories through expected future spot price tldla At low inventory levels risk-averse
agents require a higher risk premium, because ldwéfer stocks increase the volatility of
expected future spot prices (DL (1992)). In our groal work thus far, we find evidence of a
link between the level of inventories (and priceaswaes of that level) and risk premiums, but the
evidence of the relationship with volatility is weaOur measures of monthly futures return
volatility, calculated from the volatility of dailyeturns, are generally higher for low inventory
portfolios than for high inventory portfolios, bdtables 5-8 show that a test of statistical
significance generally fails to reject the hypotked equal volatilities.

At first glance, these weak volatility results afesome concern as they are central to the
insurance argument of the theory. However, ouritgbib detect volatility effects may be
weakened by the migration of commodities betweeatf@ms in the presence of cross-sectional
differences in volatility. For example, the arrivafl spring marks the end of a period of peak
demand for Natural Gas as well as the start ofgtioaving season for Wheat. Uncertainty about
Wheat prices is likely to rise relative to uncertgiabout Natural Gas prices. However, if Wheat
were to replace Natural Gas in the High Basis pbeotfduring the spring, the volatility of the
average commodity in the High Basis portfolio kly to fall relative to the average volatility of
commodities in the Low Basis portfolio. This ischase Natural Gas has much higher
unconditional volatility than Wheat (see Tabledgspite the fact that Wheat Prices become more
volatile during the growing season, and Natural @G@ses become less volatile after the end of
winter.

We perform two tests of the inventory-volatilityasinel in which we control for cross-

sectional differences among commodity price vatas. In the first test, we recalculate Tables
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5-8 using the demeaned time series of returns harhcteristics of each commodity. Demeaning
the data prior to sorting removes the effects obsfsectional differences between commodities,
and isolates the time series variation of the rettand characteristics in the data. It therefore
addresses the question of whether the volatilitg obmmodity is high or low relative to its own
average when it is included in a particular poitfoTable 9 summarizes thestatistics for the
difference between the average volatility of commiesl in the High and Low portfolios sorted
by the various characteristics: panel A appliethhéodemeaned data and, for comparison, panel B
collects the-statistics from the original data in Tables %8.

Table 9 shows that controlling for the cross-seaiaifferences between commodities
significantly sharpens our previous findings folatility. The top panel shows that High Basis
and High Momentum are associated with above avesafjgequent return volatility, while low
values of these characteristics are associated lvelbw average volatility. The size of tle
statistics indicates that these differences araifsignt at the 5% level for all sub-periods
considered. The results for the inventory sortedifpl@s remain qualitatively unchanged.

In our second test we directly examine the distrdsuof monthly returns conditional on
a proxy for the state of inventories. The hypothésithat both the mean and standard deviation
will be higher when inventories are lower. To cohfior cross-sectional differences of average
returns and price volatility, we examine the coiodidl distribution of normalized commodity
returns, obtained by rescaling the time-seriesxoéss returns for each commodity to have zero
mean and unit standard deviation. Next, we rankwailable observations by commodity on the
Basis observed at the end of the prior month. Bterms corresponding to the lowest (highest)
Basis quintile are assigned to the Low (High) Bas@malized distribution. These two
conditional distributions therefore each contaid26f the (normalized) return observations of
each of the sample commaodities. The normalizatibthe returns facilitates the comparison
across commodities.

The two distributions are displayed in Figure 5,ickhvisualizes the properties of the
conditional (normalized) distributions of returrs summarized in the embedded table. The High
Basis distribution has higher mean and standardatien than the Low Basis distribution.
Testing for the difference in the High Basis andviBasis distributions is complicated by the
fact that the (normalized) returns used to caleultie two distributions are not independent

draws from the same distribution, so the usuaktésg., the Kolmogorov-Smirnov test) for the

2 For brevity, the full tables are not included e tpaper but are available from the authors onestqu
With the exception of the volatility results repdtin Table 9, the results for the demeaned daa ar
guantitatively similar those of Tables 5-8.
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difference in two distributions cannot be used.e Thturns conditional on the Basis signal for

each commodity may be serially uncorrelated, beay tare contemporaneously correlated across
commodities. In order to address this issue, westtoct a bootstrap of the return distributions

which preserves the cross section correlation ofimodity Basis measures, but delinks these
signals from the timing of the returri. The delinking of the signals from the returnsl allow

us to produce bootstrapped distributions which lbanused to test whether the differences in
moments, displayed in Figure 5, are statisticatipiicant.

The results are shown in Table 10. The Table shiows bootstrap experiments, one
corresponds to i.i.d. draws of different monthssiginals. The other three are block bootstraps,
which draw three, six, and twelve month blocks,spreing the potential autocorrelation of
excess return$. The Table providep-values and confidence intervals for differencerieans,
difference in standard deviations (Std), differeircekewness (Skew), and difference in kurtosis
(Kurt). As expected, the Table shows that the ayerexcess return of the High and Low Basis
portfolios are significantly different when evaledtagainst the bootstrapped distributign (
value<0.002). The average difference of 14.3%igh8Y higher than the difference between the
average returns of sorted portfolios in reportetl@a for the same period (11.57%). More
interestingly the difference between the standadations of the two distributions is 29% and
highly significant p-value <0.001). The significant difference in thanslard error of returns of
the two distributions is consistent with the préidic of the theory. It is this higher risk which
commands the higher mean, also significantly highan the Low Basis portfolio. The table also
shows that skewness and kurtosis are not signtficalifferent. These results are robust to the

time period considered.

7. Risk Premiums and the Positions of Traders

It is difficult to reconcile commodity futures riggemiums with traditional asset pricing models,

because historical excess returns to commodityrdathave low correlations with equities and

13 First, construct a matrix where the rows are sigif@a each commodity (1, 0, -1; where 1 (-1) inthsaa
month in the highest (lowest) 20% Basis monthstliat commodity; O indicates the remaining months).
Columns of the matrix are monthly dates. To cormsteu bootstrapped distribution of returns, randomly
rearrange the columns (or blocks of columns) sottf@time dimension of basis signal is scrambiéigh
and Low Basis return distributions are construttg@pplying the scrambled signals.

14 The sample correspond to the sixteen year perfoil980/12 — 2006/12 (28 commodities). As the
bootstrap procedure described above requires ngingislata three commodities milk, butter and coal a
dropped.

15 Other sample periods considered were 1959/7 —/200@ commodities), 1970/1 — 2006/12 (15
commodities), and 1973/1 — 2006/12 (17 commodities)
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aggregate consumption, which are important measafrask in traditional asset pricing models
[e.g., Jagannathan (1985), and Gorton and Rouwsnli@®06)]. In part for this reason, the
prevailing explanation for commodity futures riskemiums in the empirical literature has been
hedging-pressure, which is based on the Keynesla#ori of Normal Backwardation. This
section re-examines the evidence for the hedgiegspire hypothesis, and tests whether hedging
pressure can provide an alternative explanatiothi®wariation of the risk premiums documented
in this paper.

In the Keynesian view, the function of commodityuites markets is to enable a risk
transfer between hedgers and investors/speculaldrs. Theory of Normal Backwardation
postulates that hedgers are on net short, and giffeculators a risk premium by setting futures
prices at a discount relative to expected futui ppices. Academic researchers have tested this
prediction by examining the relation between fusureturns and “hedging pressure” — defined as
the relative size of the short positions taken ladders. Empirically, hedging pressure is
measured using data on positions of large tradgfighed by the Commodity Futures Trading

Commission (CFTC). In the CFTC’s Commitment of TeeslReportdarge traders are classified

as “commercials” or “non-commercials.” The CFTC tsninformation about the specific
identities of traders, but it has become custonvathe academic literature to view commercials
as hedgers and non-commercial as investoBeveral papers, including papers by Carter,
Rausser, and Schmitz (1983), Chang (1985), Bessel@bi{1992), and DeRoon, Nijman, and
Veld (2000), Dincerler, Khokher and Titman (2008)daDincerler, Khokher and Simin (2004)
show that the relative size of the commercial paisitis correlated with futures risk premiums.
The interpretation of the empirical evidence ongied pressure is complicated by two
issues. First, most papers documeroatemporaneousorrelation between futures prices and
traders’ positions. The contemporaneous correlatiag simply reflect the response of traders to
changes in futures prices, and does not spealcamsal relationshiff. The first question we ask
therefore is whether hedging pressure is correlat@th expectedfuture commodity risk

premiums. Second, these papers treat hedging peeasiwexogenous, but it seems reasonable to

18| addition the CFTC has a category of “non-refaeaositions,” which includes either commercial or
non-commercial positions that are below the repgrtimits set by the CFTC. These would include esith
small hedgers or speculators therefore. For the actex definitions see
http://www.cftc.gov/opa/backgrounder/opacot596.h8ae also Ederington and Lee (2002) for a disonssi
about the accuracy of the classifications.

" See also Van der Goorbergh (2004) and Szymano(&®@6). Bryant, Bessler and Haigh (2006)
guestion the hedging pressure hypothesis.

8 DeRoon et al (2000) is the only paper to examiredorrelation between returns and ex-ante hedging
pressure, but we were unable to qualitatively ogpéi their results. They appear to be studying the
contemporaneous correlation.
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assume that traders’ positions reflect an equilibriresponse to demand and supply shocks to
physical commodity markets. For example, when aatieg supply shock drives down
inventories and increases current spot and futpriess, hedgers might find it advantageous to
hedge more in equilibrium, despite the fact that tompensation they have to offer to
speculators has increased due to increased umtgrehout future spot prices. Therefore, the
second question of interest is: if hedging presgueelicts ex-ante risk premiums, to what extent
does this reflect an optimal response to fundanmshtacks?

Table 11 provides a summary of the net positiongraders. For each commodity we
report the average net position by trader categibry,standard deviation of the position, the
percentage of the months the position is long, af as the persistence of the position as
measured by the first-order autocorrelation cogdfic (rho). All positions are measured as a
fraction of the total open interest in that comntpdihe first observation about Table 11 is that
commercials are on average net short in most narkehile non-commercials and non-
reportable positions are on average net long. Thibroadly consistent with the Keynesian
hypothesis. Exceptions include Corn, Feeder Gdttan Hogs and Milk, where the average
position of the commercials is net long. If all ghpositions were taken up by commercials, their
average position would be 100% of the open intetastead, the average net short position of
commercials across commodities is about 10%, winditates that commercials are both long
and short in a given month. In addition, the tatth®ws that there are large cross-sectional
differences in net positions over time: the averatadard deviation of the net position of
commercials is 15% per month. Also, there are laogess-sectional differences across
commodities. For example, commercials in Oats datindm are short more than 90% of the
months, while the Crude Oil and Corn commerciaésamost equally likely to be long or short.
Non-Reportable positions in Coffee are always agg]) while non-reportable positions in Corn
and Feeder Cattle are almost always short. Posiiom uniformly persistent for all commodities:
the first-order autocorrelations of the positiofig@mmercials range from 0.59 for Coffee to 0.92
for Palladium. It is notable that the non-reporgapbsitions are on average net long in most
contracts, and most of the time. A detailed exgianaf these differences is beyond the scope of
this paper, as our main focus is on the questiogthdr these positions predict risk premiums.

Table 12 summarizes the results of regressionautirds excess returns on hedging
pressure, defined as the net long position of coroigs scaled by the open interest as in Table
11. Hedging pressure enters this regression etiigiemporaneously or predictively: in the left
columns of each panel the monthly futures retutwéent—1 andt are regressed on the hedging

pressure measured at tipén the right columns hedging pressure is measurdteaat time—1.
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A negative slope coefficient in the table meang #raincrease in hedging (decrease of long
position) by commercials is associated with a hightures return. The results in Table 12 show
that the slope coefficients are generally signiftganegative when hedging pressure is measured
at the end of the return interval (i.e., contemperausly), but insignificantly different from zero
when hedging pressure is measured at the begimfitite return interval (i.e., lagged). The R-
squared of the predictive regressions is on avdratgev 1%, compared to 10% on average in the
coincident regressions. These results are theréh@onsistent with the hypothesis that hedging
pressure is an important determinant of ex-ante piemiums, and consistent with a story that
traders adjust their positions as futures priceangl®® In particular, the significantly negative
slope coefficients in the coincident regressiordicate that commercials increase their short
positions as prices go up, while non-commerciatseiase their long positions in a rising market.
This would make non-commercials appear to be momerihvestors. Indeed, the results in
Tables 7 and 8 which summarize the characterisfigrtfolios sorted on prior futures or prior
spot price returns indicate that non-commerciake targer long positions in high momentum
commodities than in commodities with poor priorfpemance.

The main conclusion of this section is that coptttarthe existing literature, we find no
evidence that supports a hedging pressure expdantdr risk premiums in commodity futures
markets. Instead, we have shown that risk premiggsematically vary with the state of
inventories, as predicted by the Theory of Stordgeo questions remain. First, does our single
factor explanation capture most of the predictatalgation of risk premiums? And second: can
we reconcile these risk premiums with modern gsseing theories of risk?

Answering these questions is beyond the scopeetctiirent paper, but we leave the
reader with partial answers to these questionsh¥¥e shown that portfolios sorted on basis and
momentum take positions in low inventories. If vegness the excess returns of the High Basis
portfolio on the excess return of the Low Inverdgerportfolio, we find a significant intercept of
2.4% p.a. (= 1.58). A similar regression of the excess retuihe High Momentum portfolio
on the excess returns of the Low Inventories pbotfoas an intercept of 4.1% p.d.< 2.27).
This suggests that there is an orthogonal compottenhe returns to basis and momentum
portfolios that is not captured by variation of é@méories. This may be due to a combination of
noise in the measurement of inventories, or thairoeentory sorts do not capture cross-sectional

differences in inventory dynamics across commaslitleat are correlated with risk premiums.

¥ We also conducted a sort of commodities into ptic$ based on beginning of period hedging pressure
along the same lines as the portfolio sorts ine®B-8. Unreported results show that we find ndenvie
that these sorts were informative about spreadihgés risk premiums.
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Alternatively it may be due to an omitted risk facthat drives both the returns to basis and prior-
return sorted portfolios. If we run a regressionttod components of the returns to basis and
momentum portfolios that are orthogonal to inveie®ion each other, we find that the resulting
intercept of that regression to be insignificartifferent from zero, both economically as well as
statistically. This suggests that basis and mommergartfolios contain a common source of risk
that is orthogonal to variation in inventories, ang@ompensated for in average returns. We leave

a full exploration of these issues to future resiear

8. Summary and Conclusions

This paper examines the relationship between tag gif inventories and risk premiums of
individual commodity futures, as predicted by theddrn Theory of Storage. For this purpose,
we collect a comprehensive historical dataset wémmories for 31 individual commodities over a
37-year period between 1969 and 2006. Our majdirfgs can be summarized as follows. First,
consistent with the predictions of the Theory ofr&ge, we empirically document a negative,
non-linear relationship between the futures bagisenience yield) and the level of inventories:
at low inventory levels the basis increases ahareasing rate. Second, we show that the state of
inventories is informative about futures risk prams. Although inventory data suffer from
measurement error, we show that commaodity futunesspot prices carry relevant information
about the state of inventories that can be usqutdeide additional evidence about the role of
inventories for futures risk premiums. In partiawge show that prior futures returns, prior spot
price changes and the futures basis are correfatbdutures risk premiums as predicted by the
Theory. We also looked specifically at the causdd between futures risk premiums and the
volatility of expected future spot prices. Voldsilis higher when inventories are low, resulting
in higher futures risk premiums. We confirmed thek-return tradeoff. Finally, we distinguish
our explanation of risk premiums from the TheoryNdrmal Backwardation, which — in its
empirical implementation — attributes risk premiumas “hedging pressure” by Commercial
hedgers. While the positions of participants irufas markets vary with both returns and the state
of inventories, we find no evidence that the possi of futures traders predict risk premiums on

commodity futures.
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Appendix: Inventory Data

Aluminum: Source: London Metals Exchange: “Warehouse stocRtart date: 12/29/1978.
Periodicity: daily.

Butter. Source: U.S. Department of Agriculture: “Commelrstacks of butter in the U.S. on

first of the month in thousands of pounds.” Stiate: 12/31/1969. Periodicity: monthly.

Data to 12/31/2004 is compiled in an Excel tableHBnpnomic Research Services (ERS-
USDA) from National Agricultural Statistics ServEeéNASS-USDA) data. Then, the data is
taken directly from NASS-USDA monthly Cold Storaggports. Data as of the first of the

month is shifted to the end of previous month.

Coal: Department of Energy: Monthly Energy Revieid).S. Coal stocks.” Start date:
03/31/1999. Periodicity: monthly

Cocoa: Source: New York Board of Trade, sum of threeeseriVisible stocks of cocoa in
New York warehouses” (thousands of bags), sam@Miiadelphia warehouses and for Port
of Hampton Road warehouses. Data to 04/30/1999@® times the monthly series of the
same data compiled by Commodity Research Burea (€&arbooks CD) in millions of
bags and rounded to one decimal place. Start #&8&/1931. Periodicity: monthly.

Coffee: Source: New York Board of Trade: “Exchange waretgostocks, 60 kg bags.” Start
date: 1/31/1983. Periodicity: monthly.

Copper: Source: London Metals Exchange. Start date: 1721%eriodicity: daily.

Corn: Source: USDA Livestock and Seed Division, PortlaDg. “Stocks of Grain at
Selected Terminals and Elevator Sites, thousandbushels.” Start date: 06/25/1974.
Periodicity: weekly.

Cotton: Source: New York Board of Trade: “Certificated \&awuse Stocks, 480 Ib bales.”
Start date: 12/31/1989. Periodicity: weekly.

Crude Oil: Source: Department of Energy: Monthly Energy Revie).S. crude oil ending
stocks non-SPR, thousands of barrels.” Start d484/1945. Periodicity: monthly.

Feeder Cattle: For Feeder Cattle, we do not use the availablentory series which is
guarterly. Instead we use 3-month-ahead valudkeof.ive Cattle inventory for the current
monthly level of Feeder Cattle, under the assumptiat it takes three months to feed calves
to create what are called Feeder Cattle. Sourc8. Department of Agriculture: “Cold
storage holdings of frozen beef in the U.S. ont fifsthe month in thousands of pounds.”
Start date: 12/31/1969. Periodicity: monthly. D&al2/31/2004 is compiled in an Excel
table by Economic Research Services (ERS-USDA) fidational Agricultural Statistics
Services (NASS-USDA) data. Then, the data is tadiesctly from NASS-USDA monthly
Cold Storage reports. Data as of the first of thoath is shifted to the end of previous month
and then shifted 3 months forward to account fer drerage time feeder cattle spends in
feedlots.

Heating Oil: Department of Energy: Monthly Energy ReviéWw.S. total distillate stocks.”
Start date: 1/31/1945. Periodicity: monthly.
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12. Lead: Source: London Metals Exchange: “Warehouse stocksstart date: 1/2/1970.
Periodicity: daily.

13. Lean Hogs: Source: U.S. Department of Agriculture: “Cold sige holdings of frozen pork
in the U.S. on first of the month in thousands ofipds.” Start date: 12/31/1969. Periodicity:
monthly. Data to 12/31/2004 is compiled in an Exeddle by Economic Research Services
(ERS-USDA) from National Agricultural Statistics 18iees (NASS-USDA) data. Then, the
data is taken directly from NASS-USDA monthly C&8tbrage reports. Data as of the first of
the month is shifted to the end of previous month.

14. Live Cattle: Source: U.S. Department of Agriculture: “Cold stgpe holdings of frozen beef
in the U.S. on first of the month in thousands ofipds.” Start date: 12/31/1969. Periodicity:
monthly. Data to 12/31/2004 is compiled in an Exeddle by Economic Research Services
(ERS-USDA) from National Agricultural Statistics 18iees (NASS-USDA) data. Then, the
data is taken directly from NASS-USDA monthly C&8tbrage reports. Data as of the first of
the month is shifted to the end of previous month.

15. Lumber: American Forest & Paper Association: “Stocks ¢gjoof softwood in the United
States, on the first of the month, in millions afabd feet.” Data compiled by Commodity
Research Bureau (CRB Yearbooks CD) and roundednto decimal place. Start date:
12/31/1969. Periodicity: monthly. Data as of tivstfof the month is shifted to the end of
previous month.

16. Milk: Source: U.S. Department of Agriculture: “Commelraocks of milk in the U.S. on
first of the month in thousands of pounds.” Stiate: 12/31/1969. Periodicity: monthly.
Data compiled in an Excel table by Economic Rese&ervices (ERS-USDA) from National
Agricultural Statistics Services (NASS-USDA) dafaata as of the first of the month is
shifted to the end of previous month.

17. Natural Gas: Department of Energy: Monthly Energy RevieW).S. total natural gas in
underground storage (working gas), millions of culeiet.” Start date: 9/30/1975. Periodicity:
monthly.

18. Nickel: Source: London Metals Exchange: “Warehouse stocRtwrt date: 7/13/1979.
Periodicity: daily.

19. Oats: Source: USDA Livestock and Seed Division, Portldd&. “Stocks of Grain at
Selected Terminals and Elevator Sites, thousandbushels.” Start date: 06/25/1974.
Periodicity: weekly.

20. Orange Juice: Source: U.S. Department of Agriculture: “Cold stpgastocks of orange juice
concentrate in the U.S., millions of pounds.” State: 12/31/1969. Periodicity: monthly.
Data to 12/31/2004 is compiled by Commodity Rede&@wreau (CRB Yearbooks CD) from
National Agricultural Statistics Services (NASS-USdata and rounded to 1 decimal place.
Then, the data is taken directly from NASS-USDA thdyn Cold Storage reports. Data as of
the first of the month is shifted to the end ofyioes month.

21. Palladium: Source: New York Mercantile Exchange: “Warehossecks.” Start date:
10/31/1995. Periodicity: daily.
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Platinum: Source: New York Mercantile Exchange: “Warehowsecks.” Start date:
10/31/1995. Periodicity: daily.

Pork Bellies: Source: U.S. Department of Agriculture: “Frozemkpbelly storage stocks in

the United States, on first of the month, in thowsaof pounds.” Start date: 12/31/1969.
Periodicity: monthly. Data to 12/31/2004 is comgilén an Excel table by Economic

Research Services (ERS-USDA) from National Agrioat Statistics Services (NASS-
USDA) data. Then, the data is taken directly frorAS$-USDA monthly Cold Storage

reports. Data as of the first of the month is glifto the end of previous month.

Propane: Source: Department of Energy: Monthly Energy Revi8J.S. ending stocks of
Propane/Propylene, thousands of barrels.” Staet d&431/1971. Periodicity: monthly.

Soybeans:Source: USDA Livestock and Seed Division, Portl@. “Stocks of Grain at
Selected Terminals and Elevator Sites, Thousand8ushels”. Start date: 06/25/1974.
Periodicity: weekly. From 12/31/1961 to 05/31/19@D0 * monthly series of the same data
compiled (in millions of bushels) by Commodity Rassh Bureau (CRB Yearbooks CD) and
rounded to 1 decimal place as “Commercial stocksoybeans in the United States, on the
first month, in millions of bushels.” and shifterlthe end of previous month.

Soybean Oil: Source: Economic Research Services, U.S. Depatiofégriculture: “Stocks

of soybean oil (crude and refined) at factories wadehouses in the United States on the first
of month, millions of pounds. Data compiled by Coodity Research Bureau (CRB
Yearbooks CD) and rounded to 1 decimal place. 8tte: 9/30/1970. Periodicity: monthly.
Data as of the first of the month is shifted to ¢imel of previous month.

Soybean Meal: Source: Economic Research Services, U.S. Departiwiei\griculture:
“Stocks, including mill feed and lecithin of soylmeaake and meal at oil mills in the United
States on the first of the month in thousands oftstons.” Data compiled by Commodity
Research Bureau (CRB Yearbooks CD) and rounded tdedmal place. Start date:
9/30/1970. Periodicity: monthly. Data as of thestfiof the month is shifted to the end of
previous month.

Tin: Source: London Metals Exchange: “Warehouse stocksStart date: 1/2/1970.
Periodicity: daily. Gap in the data from Jan. 1986/30/1989 during the suspension of
trading due to tin crisis. Contract resumed tradimdune 1989, but it took another 12 months
or so for warehouse stocks to rise from extremely levels. We only used data from
6/30/1990.

Unleaded Gas:Source: Department of Energy: Monthly Energy RevigdJ.S. total motor
gasoline ending stocks, thousands of barrels.'t 8tde: 3/31/1981. Periodicity: monthly.

Wheat: Source: USDA Livestock and Seed Division, PortlddR. “Stocks of Grain at
Selected Terminals and Elevator Sites, Thousand8ushels”. Start date: 06/25/1974.
Periodicity: weekly. From 06/30/1970 to 05/31/19R0D0 * monthly series of the same data
compiled (in millions of bushels) by Commodity Rassh Bureau (CRB Yearbooks CD) and
rounded to 1 decimal place as “Commercial stocldonfiestic wheat in the United States, on
the first month, in millions of bushels of domestibeat in storage in public and private
elevators in 39 markets and wheat afloat in vesselsarges at lake and seaboard ports, the
first Saturday of the month.” and shifted to the efhprevious month.
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31. Zinc: Source: London Metals Exchange: “Warehouse stbock&tart date: 1/2/1970.
Periodicity: daily.
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Table 1: Summary of Commodity Futures Returns 1969/2-2006/12

The table summarizes the average excess retuinditidual commaodity futures, expressed as perpentannum.
Column 2 gives the number of monthly observatiaonghie sample, followed by the arithmetic and geoimet
average returns. The next columns give the anrediliolatility (defined as the standard deviationnudnthly
excess return multiplied by the square root of BRewness, and kurtosis of the monthly return itistion,
followed by the average pair-wise correlation witib other sample commodities and an equally-weibjimtgex that
includes all commodities. The final column gives #wverage futures basis, measured as the percetittegence
between the nearest and next-to-maturity futuresraots and expressed as a percent per annum.

Coén modity Commodity Start N Arithm Geom. Stdev Skew Kurt Corrw/ Corrw/ Avg Basis
roup Mean Mean others Index
Index Index 1969/12 444 5.48 458 13.5 0.91 8.71 0.40 1.00 -2.10
Copper 1969/12 444 7.77 4.06 27.7 0.77 6.10 0.19 0.40 0.37
Platinum 1995/10 134 12.82 11.28 176 -0.16 2.83 0.12 0.33 2.59
Palladium 1995/10 134 13.41 6.76 37.2 0.60 4.89 0.09 0.25 -0.11
Metals Zinc 1989/1 215 3.77 1.17 23.2 0.71 4.21 0.14 0.35 -3.51
Lead 1989/1 215 4.90 2.18 23.7 0.69 4.05 0.11 0.28 -3.22
Nickel 1988/2 226 16.65 9.37 41.5 3.06  25.99 0.14 0.40 2.67
Aluminum 1988/6 222 -2.06 -3.93 19.3  -0.11 4.03 0.16 0.41 -4.09
Tin 1990/7 197 4.11 2.39 18.9 0.88 5.76 0.14 0.37 -1.54
Cotton 1989/12 204 -4.10 -7.64 26.7 0.27 3.46 0.08 0.22 -7.30
Cocoa 1969/12 444 5.94 0.89 32,5 0.83 4.62 0.07 0.27 -1.86
Softs Sugar 1989/12 204 6.78 2.71 28.6 0.09 3.20 0.07 0.20 3.18
0J 1969/12 444 458 0.11 31.3 201  14.87 0.03 0.16 -3.97
Lumber 1970/10 434 0.50 -3.95 30.0 0.42 4.34 0.09 0.19 -7.61
Coffee 1983/1 287 2.17 -4.95 38.9 1.09 5.71 0.07 0.21 -5.83
Wheat 1970/6 438 -0.80 -3.84 25.0 0.79 5.91 0.15 0.52 -5.02
Corn 1974/6 390 -5.42 -8.06 23.4 1.12 9.34 0.18 0.57 -9.76
Soybeans 1969/12 444 3.31 -0.52 28.6 1.70  13.54 0.20 0.70 -2.80
Grains Soybean Oil 1970/9 435 7.49 2.46 33.1 1.64 9.79 0.16 0.60 0.02
Soybean Meal 1970/9 435 6.80 1.46 34.6 2,55  21.08 0.18 0.65 -0.72
Oats 1974/6 390 -2.02 -6.77 32.6 283 2767 0.13 0.49 -7.91
Rough Rice 1987/8 232 -6.35 -10.48 29.4 1.19 8.40 0.07 0.18 -13.06
Pork Bellies 1969/12 444 1.77 -5.36 38.3 0.58 4.41 0.13 0.44 458
Live Cattle 1969/12 444 6.37 4.61 187  -0.23 4.49 0.14 0.44 1.33
Meats Lean Hogs 1969/12 444 7.54 3.81 27.4 0.15 4.35 0.15 0.50 -5.86
Feeder Cattle  1972/11 409 2.87 1.37 17.2  -0.53 5.74 0.08 0.32 1.55
Milk 1997/1 119 5.14 1.34 28.2 0.87 5.46 0.05 0.12 1.16
Butter 1997/9 111 11.03 4.78 36.1 0.68 5.40 0.03 0.11 -7.18
Heating Oil 1979/11 325 9.00 4.44 30.7 0.62 4.66 0.15 0.45 2.24
Crude Oil 1984/3 273 14.47 8.98 33.7 0.60 5.83 0.13 0.47 5.81
Energies Gasoline 1985/12 252 18.35 12.24 36.0 0.90 5.71 0.14 0.51 7.85
Propane 1988/8 220 27.03 17.56 48.7 3.95 3752 0.14 0.52 9.41
Natural Gas 1990/12 192 8.67 -5.63 54.5 0.55 3.74 0.10 0.42 -15.66
Coal 2002/7 53 -2.53 -4.05 17.6 0.33 2.61 0.17 0.49 -8.45




Table 2: Inventories and Seasonality

The table summarizes results from a regressionedfahded inventories on monthly dummies. De-trdnideentories are defined as I6¢f) where log() is the log level of
inventories and lodf() is the fitted value of applying a Hodrick-Presditer to the log of inventories. The second cofugives the start of the time series of inventof@gseach
commodity; the end of the sample is December 2806sequent columns give the estimated dummy caeftain percents, and the R-squared of the regresthe final column
gives the first-order autocorrelation of monthlytdended inventories

Commodiy Commaodity Start N Coefficients of Monthly Dummies R-sq tho
Group Name Jan Feb March Apr May June July Aug Sept Oct Nov c De
Copper 1969/12 445 49 24 -6.4 -4.5 -5.3 -10.3 4-6. 45 8.9 4.4 3.6 4.2 0.01 0.98
Platinum 1995/10 135 -6.4 -10.4 -5.6 -35 -13.3 JF15 193 18.1 20.8 2.7 -3.1 -2.6 0.05 0.86
Palladium 1995/10 135 -5.3 9.4 14.0 -9.4 -5.7 -1.8 -16.3 -17.2 2.3 2.1 -1.9 31.6 0.01 0.94
Metals Zinc 1969/12 445 0.7 -1.0 2.1 0.4 1.2 -0.1 -0.7 33 45 0.9 -2.9 -4.1 0.00 0.97
Lead 1969/12 445 -0.7 -1.9 -4.0 3.1 2.7 21 4.4 33 47 2.3 0.2 -4.5 0.00 0.97
Nickel 1980/4 321 104 2.8 0.2 55 8.1 -4.1 -8.7 .6-9 -2.8 -5.4 -3.1 7.0 0.00 0.96
Aluminum 1979/12 325 5.0 33 15 0.2 -2.9 -2.3 42 -23 -0.5 -0.8 3.4 -0.2 0.00 0.98
Tin 1990/6 199 7.9 2.0 1.9 -1.3 -4.4 -7.0 -5.0 0.8 -1.0 -3.7 -0.1 10.3 0.01 0.95
Cotton 1989/12 205 -3.8 20.7 34.7 34.4 28.3 163 9 7. -456 -57.2 -34.1 -8.8 6.7 0.12 0.81
Cocoa 1969/12 445 -9.4 -6.2 0.0 5.6 14.3 15.9 19.7 9.8 25 -16.1 -23.1 -12.6 0.04 0.94
Softs 0J 1969/12 445 -1.8 10.3 11.7 18.7 26.8 24.9 154 9 1 -141 -29.3 -37.8 -25.9 0.49 0.92
Lumber 1969/12 445 0.0 1.3 1.8 1.4 -0.9 -0.9 1.4 1.4- -0.2 0.7 -0.6 0.1 0.01 0.90
Coffee 1983/1 288 -10.4 -9.9 6.5 -0.7 13.2 11.6 216. 105 7.4 -16.4 -28.3 0.3 0.01 0.96
Wheat 1970/6 439 -0.5 -9.3 -17.9 -31.2 -41.9 -19.3 11.4 26.0 30.5 26.3 16.4 6.9 0.34 0.96
Corn 1974/6 391 30.0 27.3 23.3 12.6 -7.0 -24.8 7-39. -48.9 -34.2 6.5 29.0 28.4 0.42 0.91
Grains Soybeans 1969/12 445 37.2 316 25.2 11.6 -6.7 -24.6-47.3 -79.6 -84.8 37.8 52.6 45.9 0.61 0.76
Soybean Oil 1970/9 436 6.3 6.7 7.4 7.9 7.2 34 17 -52 -13.8 -13.3 -8.0 0.7 0.07 0.97
Soybean Meal 1970/9 436 5.0 34 1.9 4.7 8.2 21 4 3. -142 -18.4 -2.5 6.1 4.9 0.07 0.71
Oats 1974/6 391 8.6 2.6 -3.6 -12.6 -26.6 -32.1 7-23. 1.3 21.3 27.0 21.6 15.4 0.12 0.94
Pork Bellies 1969/12 445 20.7 23.9 43.8 57.2 61.8 8.94 5.4 -64.6 -121.1 -82.5 -15.0 20.9 0.70 0.87
Live Cattle 1969/12 445 7.8 4.2 3.5 1.2 -3.0 -53 5.2- -5.8 -4.4 -1.2 2.0 6.0 0.09 0.92
Meats Lean Hogs 1969/12 445 0.7 3.0 7.8 17.3 16.6 75 5 -4. -16.8 -16.3 -8.6 -3.0 -3.6 0.30 0.91
Feeder Cattle 1969/12 445 1.3 -3.0 -5.3 -5.2 -5.8 4.4 - -1.2 2.0 6.1 7.8 4.1 35 0.09 0.92
Milk 1970/1 444 -6.9 -4.4 -2.9 25 9.0 12.1 13.3 38. 1.6 -5.0 -13.7 -13.9 0.28 0.95
Butter 1970/1 444 -13.3 0.5 5.2 18.5 29.1 26.1 25.2 134 -2.6 -14.3 -40.9 -46.7 0.23 0.91
Heating Oil 1969/12 445 2.0 -9.4 -19.5 -21.0 -14.9 -7.7 2.6 9.1 13.7 14.9 17.1 12.9 0.50 0.92
Crude Oll 1969/12 445 -1.5 -1.2 1.0 2.6 31 17 04 -11 -25 -0.1 0.1 -2.3 0.07 0.94
Energies Gasoline 1969/12 445 5.5 5.9 2.4 0.6 0.2 -0.8 -1.8 -4.4 -2.0 -3.9 -1.5 -0.1 0.26 0.85
Propane 1971/1 432 -17.8 -34.7 -36.8 -24.8 -7.5 5.9 16.6 23.2 26.3 24.3 19.9 55 0.66 0.90
Natural Gas 1975/9 376 -10.4 -34.3 -47.3 -38.6 319. -25 10.7 21.5 31.1 36.2 325 16.7 0.79 0.91

Coal 1999/3 94 -4.9 -4.5 -0.2 4.5 6.7 5.9 1.4 -2.8 -4.4 -2.0 0.1 -0.8 0.17 0.94




Table 3: Futures Basis and Inventories

The table reports the results of a regression efftiiures basis on I/I* (the ratio of actual to mai inventory level) and monthly
dummies, using a cubic spline regression (see@e8tR for how I* is calculated). The sample périor each commodity is the same as
in Table 1. The basis is defined as the annualiifdrence between the nearest to maturity futymése and the next futures price.
Columns 2 to 5 report the slope and associatdetistics of the regression at I/I* = 1 and I#*0.75. The next two columns report the
difference in the slopes and-aalue for the difference. The standard errorthefcoefficient estimates used for calculatingtthalues
are calculated using the Newey-West method forectirrg error serial correlation with a bandwidth & months. The estimates
reported for each commodity group are the slopetaadlies when the coefficients of the cubic spliegression are estimated by pooled
OLS, which constrains coefficients to be the sammss commodities of the same group. The standaais of the pooled OLS
coefficient estimates take into account serial @ation as well as cross-commodity correlationhi@ error terms. They also take into
account the fact that the data is an unbalanceel pam, the starting month differs across comriesli See Appendix C of GHR (2007)
for technical details about this joint estimationan unbalanced panel.

commodity slope at 1 t slope at 0.75 t difference t R-sq
Metals group -0.051 -2.46 -0.118 -6.01 0.067 4.70

Copper -0.032 -0.61 -0.153 -2.76 0.121 5.64 0.41
Platinum -0.034 -1.10 -0.031 -0.93 -0.003 -0.12 10.4
Palladium -0.045 -1.46 -0.032 -1.26 -0.013 -1.03  190.
Zinc -0.019 -0.39 -0.096 -2.22 0.076 3.32 0.32
Lead -0.146 -2.83 -0.270 -5.57 0.124 4.34 0.54
Nickel -0.039 -1.06 -0.136 -4.13 0.096 5.95 0.55
Aluminum -0.057 -1.64 -0.094 -2.86 0.037 2.16 0.25
Tin -0.001 -0.02 -0.093 -3.03 0.092 5.06 0.40
Softs group -0.193 -5.65 -0.257 -8.37 0.064 4.93

Cotton -0.166 -2.62 -0.244 -3.86 0.078 3.51 0.30
Cocoa -0.171 -2.47 -0.273 -3.47 0.102 3.30 0.31
0J -0.389 -3.74 -0.347 -2.75 -0.043 -0.45 0.25
Lumber -1.091 -2.33 -5.466 -1.97 4.375 1.42 0.33
Coffee -0.092 -2.17 -0.162 -4.45 0.070 4.98 0.62
Grains group -0.214 -5.10 -0.251 -5.02 0.037 1.39

Wheat -0.287 -3.10 -0.453 -3.48 0.165 1.78 0.28
Corn -0.072 -0.93 -0.200 -1.91 0.128 1.61 0.31
Soybeans -0.249 -4.06 -0.331 -4.46 0.082 2.47 0.27
Soybean Oil -0.521 -3.74 -0.716 -3.75 0.195 1.05 290.
Soybean Meal 0.035 0.31 0.186 1.29 -0.150 -1.03 0.16
Oats -0.126 -1.14 -0.155 -1.25 0.029 0.45 0.18
Meats group -0.598 -7.03 -0.602 -6.27 0.004 0.12

Pork Bellies -0.358 -5.94 -0.392 -5.31 0.034 1.17 .460
Live Cattle -0.434 -2.34 -0.093 -0.16 -0.341 -0.51 0.18
Lean Hogs -1.223 -5.34 -0.644 -1.24 -0.579 -0.91 620.
Feeder Cattle -0.142 -0.92 -0.278 -0.61 0.137 0.26 0.16
Milk -0.638 -0.64 -8.299 -2.08 7.661 1.67 0.43
Butter -0.517 -3.74 -0.472 -2.99 -0.045 -0.54 0.35
Energies group -1.546 -7.61 -1.496 -4.15 -0.050 -0.16

Heating Oil -1.376 -6.03 -0.993 -1.18 -0.382 -0.40 0.59
Crude Oil -3.039 -6.06 16.888 0.90 -19.928 -1.05 460.
Gasoline -3.596 -4.11 -17.527 -0.40 13.931 0.32 00.5
Propane -1.410 -5.21 -1.446 -4.61 0.036 0.13 0.56
Natural Gas -1.749 -2.94 -1.224 -1.93 -0.525 -0.85 0.55

Coal -0.649 -1.63 -2.108 -0.15 1.459 0.10 0.45




Table 4: Commodity Excess Return and Inventories

The table reports the results of a regression dfithtp percentage excess futures returns on dedteitventories at the end of the
previous month, in addition to monthly dummies. tBended inventories are defined as I/1*, the rafiactual to normal inventory levels.

Normal inventories are defined as the fitted valoésapplying a Hodrick-Prescott filter to inventesi The standard errors of the
coefficient estimates used for calculating thalues are calculated using the Newey-West metbiodorrecting error serial correlation

with a bandwidth of 12 months. The estimates regbofor each commodity group are the coefficierd astatistics when coefficients

are constrained to be the same. For technicaillslatzout this constrained estimation, see Appefidof GHR (2007).

coefficient of

commodity e t R-sq
Metals group -0.040 -0.09

Copper -0.421 -0.85 0.03
Platinum -1.071 -1.15 0.10
Palladium 0.767 1.03 0.08
Zinc -0.398 -0.76 0.04
Lead -0.504 -0.62 0.03
Nickel -0.160 -0.28 0.03
Aluminum 0.542 1.58 0.05
Tin 0.779 0.94 0.08
Softs group -0.240 -0.64

Cotton -0.933 -1.42 0.04
Cocoa -0.345 -0.46 0.03
0J -3.347 -1.73 0.06
Lumber -11.839 -2.52 0.08
Coffee -0.029 -0.08 0.05
Grains group -0.773 -1.43

Wheat -1.850 -1.47 0.03
Corn 0.444 0.37 0.02
Soybeans -0.333 -0.29 0.02
Soybean Oil -1.474 -0.79 0.02
Soybean Meal -0.687 -0.43 0.02
Oats -0.751 -0.86 0.01
Meats group -2.819 -2.22

Pork Bellies -2.256 -1.98 0.05
Live Cattle -2.131 -1.20 0.01
Lean Hogs -4.262 -2.13 0.05
Feeder Cattle -3.172 -1.84 0.03
Milk -11.810 -1.57 0.09
Butter -3.290 -1.19 0.06
Energies group -8.706 -1.75

Heating Oil -6.608 -1.65 0.08
Crude Oil -7.152 -0.60 0.06
Gasoline -4.005 -0.24 0.09
Propane -10.921 -1.78 0.09
Natural Gas -10.215 -1.17 0.04

Coal -8.052 -0.52 0.25




Table 5: Returns and Characteristics of PortfoliosSorted on the Inventories

At the end of each month the available commodities ranked from high to low using normalized ineeiets, defined as the ratio of the actual level of
inventories (1) divided by the fitted value of HB-ttended inventories (I*). The top half of the aoodities are assigned to the High inventory padfahd the
commodities with the lowest basis to the Low ineeptportfolio. Panel A of the table summarizes #mnualized return distributions of the High and Low
portfolios in excess of the equally-weighted (EWdléx. Average returns and standard deviations greegsed as percent per annum. The bottom panel
summarizes information about the average charatiteriof the commodities in the High and Low pditfe, as well as the positions of Traders as ddfimg
the CFTC. Characteristics include: average 12-mduiilres return prior to portfolio formation, theemage 12-month prior % change in spot price pidor
portfolio formation, the average percentage basisreormalized inventories at the time of rankinggrage normalized inventories expressed as therelifte,
stated in percents, between the log of actual itoress and HP de-trended inventories, and vohatigfined as the average % standard deviationeofitily
commodity futures returns during the trading moRbsitions of Traders are measures as a perc@mef Interest at the time of sorting. The columessare
the characteristics of the commaodities in the Hightfolio, the Low portfolio, and thestatistic for the difference. Details of the cdétion of thet-statistics are

in Appendix C of GHR (2007).

1969/12-2006/12 1986/1-2006/12 1990/12-2006/12

Panel A: Returns Relative to EW Index

High Low H-L High Low H-L High Low H-L
Mean -3.85 421 -8.06 -3.64 3.61 -7.25 -4.38 4.37 -8.75
Standard Deviation 7.77 7.80 15.48 7.03 7.04 14.02 6.44 7 6.412.84
t -statistic (mean) -3.03 3.32 -3.19 -2.34 2.33 -2.34 -2.83 802 -2.82
% Excess Return>0 4257 56.53 43.47 41.04 57.37 42.23 741.67.29 43.23

Panel B: Average Portfolio Characteristics

High Low t-stat High Low t-stat High Low t-stat
Prior 12m return 0.41 15.31 -6.45 1.24 12.97 -5.54 0.05 2a1. -5.43
Prior 12m spot return 6.00 9.78 -2.58 5.00 8.85 -2.39 5.338.59 -1.95
Basis -7.78 461 -1451 -6.86 451 -11.40 -8.81 279 -13.14
Inventories 36.37 -36.15 47.14 37.20 -35.19 37.01 40.80 .0731 33.52
Volatility (+1) 23.40 23.86 -1.15 23.75 23.90 -0.27 23.84 3.4B 0.66
Commercials -11.71 -7.97 -5.03 -12.33 -8.00 -4.81
Non-Commercials 5.59 5.28 0.58 6.01 5.66 0.53

Non Reportable 6.08 2.75 5.29 6.27 2.41 5.23




Table 6: Returns and Characteristics of PortfoliosSorted on the Futures Basis

At the end of each month the available commodaresranked from high to low using the futures hatg$ined as the annualized percentage differeateden
the nearest and next futures price. The top hali@tcommodities are assigned to the High Basi$ghiorand the commaodities with the lowest basishe Low
Basis portfolio. Panel A of the table summarizes éimnualized return distributions of the High armvlLportfolios in excess of the equally-weighted (EW
index. Average returns and standard deviationggpeessed as percent per annum. The bottom pamehatizes information about the average charadtsist
of the commodities in the High and Low portfolias, well as the positions of Traders as definechbyaFTC. Characteristics include: average 12-mfuithies
return prior to portfolio formation, the averagerh@nth prior % change in spot price prior to pditfdormation, the average percentage basis anchalored
inventories at the time of ranking, average nornegliinventories expressed as percentage diffefegtoeeen the log of actual inventories and HP dedied
inventories, and volatility defined as the aver&gstandard deviation of the daily commodity futuretsirns during the trading month. Positions ofdera are
measures as a percent of Open Interest at thedinserting. The columns measure the characteristiche commodities in the High portfolio, the Low
portfolio, and thd-statistic for the difference. Details of the caddtion of thet-statistics are in Appendix C of GHR (2007).

1969/12-2006/12 1986/1-2006/12 1990/12-2006/12

Panel A: Returns Relative to EW Index

High Low H-L High Low H-L High Low H-L
Mean 542 -482 10.23 5.04 -4.70 9.74 5,71 -5.86 11.57
Standard Deviation 7.76 7.93 1558 6.87 7.13 13.93 6.08 8 6.012.10

t -statistic (mean) 398 -3.44 3.73 3.55 -3.14 3.36 4.04 04.1 4.08
% Excess Return>0 58.56 42.79 57.88 61.35 39.04 61.35 263.867.50 63.02
Panel B: Average Portfolio Characteristics
High Low t-stat High Low t-stat High Low t-stat
Prior 12m return 21.02 -511 1293 19.68 -540 12.99 17.565.93 10.56
Prior 12m spot return 15.61 0.29 10.45 1439 -0.51 9.51 114 0.00 7.16
Basis 15.32 -18.40 46.42 15.44 -17.73 42.10 13.04 -19.01 8336.
Inventories -14.87 15.31 -17.08 -13.78 1595 -13.65 -0.349.09 -13.76
Volatility (+1) 24.07 23.23 2.13 24.30 23.31 1.72 23.98 3®B. 0.99
Commercials -8.94 -10.34 1.46 -9.87 -10.01 0.13
Non-Commercials 6.89 3.95 4.24 7.78 3.92 4.81
Non Reportable 2.38 6.12 -7.00 2.52 5.73 -5.99




Table 7: Returns and Characteristics of PortfoliosSorted on the Prior 12-month Futures Return

At the end of each month the available commodities ranked from high to low using prior 12-monttufes return. The top half of the commodities are
assigned to the High momentum portfolio and the roodities with the lowest basis to the Low Momentpartfolio. Panel A of the table summarizes the
annualized return distributions of the High and Lpuartfolios in excess of the equally-weighted (EiMlex. Average returns and standard deviations are
expressed as percent per annum. The bottom pamebatizes information about the average charadterief the commaodities in the High and Low porifsli

as well as the positions of Traders as definechbyQFTC. Characteristics include: average 12-mfutthres return prior to portfolio formation, theessge 12-
month prior % change in spot price prior to poitfolormation, the average percentage basis and alimed inventories at the time of ranking, average
normalized inventories expressed as percentagereliffe between the log of actual inventories anddeHrended inventories, and volatility definedtlas
average % standard deviation of the daily commddityres returns during the trading month. Pos#tiohTraders are measures as a percent of Opepdhtd

the time of sorting. The columns measure the chanistics of the commodities in the High portfolibe Low portfolio, and thé-statistic for the difference.
Details of the calculation of thestatistics are in Appendix C of GHR (2007).

1969/12-2006/12 1986/1-2006/12 1990/12-2006/12

Panel A: Returns Relative to EW Index

High Low H-L High Low H-L High Low H-L
Mean 6.54 -6.82 13.36 6.81 -7.03 13.84 7.69 -7.67 15.36
Standard Deviation 8.52 8.62 16.99 7.80 790 15.53 6.84 3 6.813.64
t -statistic (mean) 4.82 -4.95 4.93 4.24 -4.35 4.34 456 2-4.6 4.60
% Excess Return>0 58.78 42.34 58.11 61.35 39.44 60.96 864.85.42 64.58

Panel B: Average Portfolio Characteristics

High Low t-stat High Low t-stat High Low t-stat

Prior 12m return 32.62 -16.65 21.34 31.57 -17.14 27.03 4®@9.-17.79 25.54
Prior 12m spot return 26.22 -10.43 23.52 25,54 -11.70 1&4. 25.37 -11.23 20.33
Basis 6.73 -9.96 19.15 6.94 -9.30 17.97 5.03 -11.08 14.73
Inventories -9.30 9.88 -8.26 -7.29 9.44 -6.07 -3.51 13.29 .745
Volatility (+1) 24.10 23.28 1.71 24.43 23.24 1.83 2437 9. 1.83
Commercials -11.57 -8.01 -2.73 -12.53 -7.46 -3.61
Non-Commercials 9.02 1.58 9.81 10.11 1.24 11.72

Non Reportable 2.74 6.18 -4.31 2.67 5.89 -3.67




Table 8: Returns and Characteristics of PortfoliosSorted on the Prior 12-month Spot Return

At the end of each month the available commodadiesranked from high to low using prior 12-montltsgeturn, defined as the percentage change ispgbe
price. The top half of the commodities are assigonetie High momentum portfolio and the commoditiéth the lowest basis to the Low Momentum portioli
Panel A of the table summarizes the annualizednetistributions of the High and Low portfolioséxcess of the equally-weighted index (EW) indexerage
returns and standard deviations are expressed rasnpeper annum. The bottom panel summarizes irgtom about the average characteristics of the
commodities in the High and Low portfolios, as wadl the positions of Traders as defined by the CHIi@racteristics include: average 12-month futures
return prior to portfolio formation, the averagerh@nth prior % change in spot price prior to pditfdormation, the average percentage basis anchalared
inventories at the time of ranking, average normegliinventories expressed as percentage diffefegtwecen the log of actual inventories and HP dedied
inventories, and volatility defined as the aver&gstandard deviation of the daily commodity futuresirns during the trading month. Positions ofdera are
measures as a percent of Open Interest at thedinserting. The columns measure the characteristiche commodities in the High portfolio, the Low
portfolio, and the-statistic for the difference. Details of the cdddion of thet-statistics are in Appendix C of GHR (2007).

1969/12-2006/12 1986/1-2006/12 1990/12-2006/12

Panel A: Returns Relative to EW Index

High Low H-L High Low H-L High Low H-L
Mean 6.73 -7.12 13.85 8.55 -8.82 17.37 7.87 -8.16  16.03
Standard Deviation 8.69 8.58 17.19 8.53 8.34 16.83 6.71 8 6.713.44
t -statistic (mean) 4.77 -5.09 4.95 4.79 -5.07 4.94 436 545 4.47
% Excess Return>0 56.76 41.67 57.88 59.76 38.25 60.96 661.86.98 61.98

Panel B: Average Portfolio Characteristics

High Low t-stat High Low t-stat High Low t-stat
Prior 12m return 28.61 -12.79 18.13 27.98 -13.58 22.84 995.-14.41 20.56
Prior 12m spot return 29.78 -13.87 28.85 28.60 -14.67 6@8. 28.15 -14.01 24.84
Basis 3.94 -7.08 11.57 471 -7.05 12.40 3.00 -9.00 10.22
Inventories -3.00 3.27 -2.77 -2.25 4.09 -2.51 1.56 8.17 725
Volatility (+1) 24.18 23.25 1.82 2435 23.33 1.40 2443 @p. 191
Commercials -13.02 -6.45 -6.29 -14.03 -5.83 -7.80
Non-Commercials 9.60 1.14 13.68 10.59 0.95 16.12

Non Reportable 3.68 504 -1.87 3.78 453 -0.93




Table 9: Average Commaodity Return Volatility of Sotted Portfolios

At the end of each month the available commoditiess ranked from high to low using various charasties: normalized
inventories, futures basis, prior 12-month futuetsirns and prior 12-month spot return. The tabports the-statistic of the null
hypothesis that the difference between the vahaiilf the commodities in the High portfolio and thaatility of the commodities
in the Low Characteristic Portfolios is equal taadn panel A, the time series mean of is remofveth the time series of all
commodity returns and characteristics before cotiigithe portfolio sorts. Panel B collects th&tatistics of a similar test on the
raw data, which are reported in Tables 5-9.

Caracteristic 1969/12-2006/12 1986/1-2006/12 1990Aa@6212

Panel A: De-meaned data

Inventories -1.75 -1.59 -0.78
Basis 3.33 5.61 4.68
Prior 12-month futures return 2.77 3.42 3.49
Prior 12-month spot return 2.82 2.75 3.07

Panel B: Raw data

Inventories -1.15 -0.27 0.66
Basis 2.13 1.72 0.99
Prior 12-month futures return 1.71 1.83 1.83

Prior 12-month spot return 1.82 1.4 1.91




Table 10: Difference between the High Basis and Lo®asis Return Distributions
Bootstrap test over sample period: 1990/12 — 2@06/1

The table summarizes the bootstrapped tests offisaymce between the sample moments of the empiceaditional distributions of pooled standardized
commodity futures returns. For each commodity ef2B sample commaodities (31 commodities, exclutMily, Butter, and Coal), standardized futures resur
are calculated by re-normalizing the time series»afess returns to have zero mean and unit stadéaidtion. Next, the standardized returns aredédiinto
quintiles corresponding to the highest (lowest)ilaigg of month basis. Finally the lowest (highesgijntile observations of each of the commodityassigned
to the Low (High) Basis empirical distribution. ®eetwo distributions are illustrated in Figure HieTTable evaluates the difference between the wbder
sample moments of the two conditional distributiagainst those of bootstrapped distributions uttted different assumptions. The bootstrappediligtons
are constructed by randomizing the date assignnedrsignals (or blocks of signals) that are usedamstruct the Basis sorted portfolios. Block btrafss of 3,

6, and 12 months are used to capture the timessgraperties of the signals. Thevalue measures the probability of obtaining adangalue than the sample
statistic under the bootstrapped distribution.

Moment Difference betwetigh and Low conditional distributions

Average Standard Deviation Skewness Kurtosis
Sample Statistic 14.372 29.134 -0.0231 0.6864
i.i.d. Bootstrap
p-value 0.002 <0.001 0.543 0.18

90% Confidence Level

Block 3 Month

[-8.009, 7.980]

[-7.297 , 7.348]

[-0.389 , 0.385]

[-1.190 , 1.227]

p-value <0.001 <0.001 0.351 0.207
90% Confidence Level [-7.259, 7.531] [-7.129, 7.298] -0.477 , 0.254] [-1.146 , 1.312]
Block 6 Month

p-value 0.001 <0.001 0.297 0.276
90% Confidence Level [-6.611, 7.980] [-7.642, 6.768] -0.524 , 0.224] [-0.955 , 1.486]
Block 12 Month

p-value <0.001 <0.001 0.198 0.284
90% Confidence Level [-6.675, 6.964] [-4.979, 6.481] -0.573, 0.138] [-0.874 , 1.466]




Table 11: Summary of Positions of Traders 1986 — P8

The table summarizes the positions of traders mmaodity futures markets according to the clasdifices employed in the Commitment of Traders Report
published by the CFTC: For each category (Commistcidon-Commercials, and Non-Reportables) positiares measured as net long and expressed as a
percentage of Open Interest. The columns reporsdingple average position, the standard deviatidgheposition, the fraction of the months the posits

long, and the first-order autocorrelation (rho}had position.

Net Long Positions of Traders as Percent of Op&rdst

Commercials

Non-Commercials

Non Reportable

Commodity Average Stdev  %Long rho Average Stdev  %Long rho erAge Stdev  %Long rho
Metals Copper -16.67 22.70 26.19 0.76 8.28 17.01 67.86 0.74 .39 8 8.42 85.32 0.81
Platinum -38.93 24.02 7.14 0.71 23.99 22.00 83.73 0.74 14.947.83 97.62 0.79
Palladium -30.48 30.15 22.62 0.92 17.33 18.70 76.59 0.88 1513. 14.72 82.14 0.92
Softs Cotton -4.02 23.11 42.06 0.71 -1.41 19.93 49.60 0.73 42 5. 6.32 83.73 0.76
Cocoa -8.77 16.14 28.97 0.78 2.40 12.61 56.35 0.74 6.38 5.749.298 0.88
Sugar -20.72 21.66 22.62 0.73 9.43 14.85 72.22 0.72 11.30 4 9.090.08 0.77
Orange Juice -15.06 25.57 26.19 0.77 6.38 17.41 64.29 0.70 .68 8 13.65 83.73 0.86
Lumber -10.50 18.62 32.14 0.74 4.57 15.21 66.67 0.62 5.93 0012. 69.84 0.74
Coffee -17.41 15.38 16.67 0.59 6.49 13.65 69.84 0.56 10.92 76 4.100.00 0.76
Grains Wheat -9.35 15.77 30.95 0.73 4.60 12.74 59.52 0.73 5 4.7 8.54 68.25 0.80
Corn 1.01 13.81 51.59 0.76 5.69 10.97 66.27 0.74 -6.70 5.97 .1111 0.83
Soybeans -10.73 17.61 27.38 0.87 6.67 12.68 70.24 0.80 4.06 .68 7 68.65 0.89
Soybean QOil -13.11 18.28 28.97 0.74 5.17 12.94 63.49 0.75 94 7. 7.23 87.70 0.72
Soybean Meal -13.72 14.89 21.43 0.70 4.67 10.25 67.06 0.70 .04 9 5385 94.05 0.69
Oats -37.15 15.92 1.19 0.71 11.95 11.51 90.87 0.77 25.20 913.498.02 0.82
Rough Rice -7.43 21.14 37.07 0.85 2.72 13.35 53.88 0.83 4.713.99 56.90 0.82
Meats Pork Bellies -0.84 14.41 43.65 0.76 -1.91 18.82 44.84 0.68 2.75 18.76 53.17 0.80
Live Cattle -8.31 11.34 26.98 0.85 8.05 10.25 75.40 0.73 60.2 10.21 48.02 0.88
Lean Hogs 0.59 12.02 46.83 0.68 5.81 14.47 66.67 0.64 -6.40 .99 7 17.46 0.56
Feeder Cattle 8.79 11.90 75.00 0.75 8.86 12.96 76.19 0.70 7.651 13.99 14.29 0.87
Milk 10.94 16.42 76.58 0.85 1.12 10.89 45.05 0.75 -12.06 8.83 4.50 0.75
Energies Heating Oil -9.00 9.75 18.65 0.61 1.80 6.26 59.92 550 7.20 5.41 90.87 0.72
Crude Oil -0.10 8.43 47.62 0.66 0.39 6.28 50.79 0.68 -0.29 393. 46.83 0.58
Unleaded Gas -8.76 11.43 23.81 0.60 6.54 8.58 76.19 0.65 2 22450 73.02 0.38
Propane -9.82 11.83 19.74 0.71 -0.61 6.08 28.29 0.71 10.43 .3510 82.24 0.65
Natural Gas -7.01 8.22 22.00 0.63 0.76 7.21 56.00 0.65 6.25 .47 3 98.00 0.79




Table 12: Hedging Pressure and Futures Returns 198& — 2006/12
The table summarizes the results of a simple rsgmesof futures returns realized at the end of imdnbn commercial positions measured at titme
(contemporaneous) and measured at the end of mrdrihgged). Commercial Positions are defined asigidong position in a commodity future expressed a
a percent of the open interest in that commoditygudata obtained from the Report of Traders of @& C. The table reports the slope coefficient tred
associated statistic, and the R-squared of the regression.

Contemporaneous Lagged
Commodity slope t-stat R-sq slope t-stat R-sq
Metals Copper -0.13 -4.95 0.13 -0.02 -0.91 0.00
Platinum -0.10 -7.49 0.16 0.00 -0.03 0.00
Palladium -0.06 -2.54 0.04 -0.03 -1.22 0.01
Softs Cotton -0.16  -8.82 0.22 -0.02 -1.15 0.01
Cocoa -0.15  -4.50 0.09 0.00 0.13 0.00
Sugar -0.19 -7.24 0.18 0.00 -0.08 0.00
Orange Juice -0.07  -3.35 0.05 -0.02 -0.76 0.00
Lumber -0.11  -3.70 0.05 -0.03  -0.97 0.00
Coffee -0.31  -6.85 0.17 0.04 0.86 0.00
Grains Wheat -0.15 -6.12 0.15 0.01 0.49 0.00
Corn -0.23  -8.32 0.21 -0.01 -0.30 0.00
Soybeans -0.10 -5.19 0.08 0.01 0.27 0.00
Soybean Oil -0.16  -8.31 0.18 0.00 0.13 0.00
Soybean Meal -0.20 -7.40 0.17 0.00 -0.04 0.00
Oats -0.01 -0.23 0.00 0.09 2.17 0.02
Rough Rice -0.09 -3.49 0.05 -0.06 -2.43 0.02
Meats Pork Bellies 0.02 0.35 0.00 0.04 0.79 0.00
Live Cattle -0.09 -4.22 0.06 -0.03 -1.38 0.01
Lean Hogs -0.19 -5.63 0.09 0.01 0.22 0.00
Feeder Cattle -0.03 -1.23 0.01 0.05 2.39 0.02
Milk -0.14  -241 0.08 -0.08 -1.23 0.02
Energies  Heating Oll -0.46  -8.22 0.22 -0.05 -0.75 0.00
Crude Oil -0.49  -6.73 0.17 -0.12  -1.60 0.01
Unleaded Gas -0.35 -6.70 0.15 -0.05 -0.95 0.00
Propane 0.10 1.03 0.01 -0.12 -1.22 0.01

Natural Gas -0.77 -6.13 0.17 -0.10 -0.71 0.00




Figure 1

The figure plots the sample average basis agdiessample average collateralized futures returnirfdividual commodity futures between 1990/12 and
2006/12. The basis is measured as the relative giiference between the two closest to maturitytraxts, expressed as a percent per annum

Average Excess Return and Basis of Commodity Futures
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Figure 2: Seasonal Variation of Inventories

The figure graphs the estimated coefficients aégression of log of inventories, measured in deviatrom HP filtered inventories,
on monthly dummies. Panel A plots the seasonalficteits for Natural Gas Inventories, Panel B shdlaes seasonal variation for
inventories of Wheat, and Panel C is for Corn.
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Figure 3
For each commodity we divide the sample in monthemactual relative to normalized inventories isvabunity (High) and when it is below unity (Lovif.
Panel A, we plot for each commodity the averagésbaddigh and Low inventory months, expressedeanidtion from the full sample mean. In Panel B, we
show for each commodity the prior 12-month futuietsirns in High and Low inventory months, expredsseatkviation from the annualized sample average
12-m return. The t-statistics of a test for théedtdnce of +the characteristics is given in red.
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Prior return relative to average

Panel B

Prior 12-month Return and Normalized Inventories
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Figure 4
The figure shows a scatter plot of the monthly olstions of the futures basis against the ratimeéntories relative to trend (I/1*)
for Copper and Crude Oil. The basis is net of sealseffect, i.e., after subtracting the estimaliadar function of monthly
dummies in the cubic spline regression. In addifio red) we give the fitted values of a cubicirsplregression of the basis on
inventories.
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Figure 5

The figure shows the distributions of the normaliZ® have zero mean and unit standard deviatwedss futures returns for the 20% of the obsematioith
the highest Basis and the 20% of the observatiagtistiae lowest Basis.

Conditional Distributions of Commodity Futures Returns
Normalized Monthly Basis-sorted Returns (1990/12 - 2006/12)
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