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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, prior futures returns, and spttrns reflect the state of inventories and are
informative about commodity futures risk premiunifie excess returns to Spot and Futures
Momentum and Backwardation strategies stem in fpamh the selection of commodities when
inventories are low. Positions of futures markesstipipants are correlated with prices and
inventory signals, but we reject the Keynesian fied pressure” hypothesis that these positions
are an important determinant of risk premiums.
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1. Introduction

In this paper we analyze the fundamentals of conitpddtures risk premiums. We show that
time-series variation and cross-sectional variationcommodity futures risk premiums are
determined by the level of inventories of the cordityin the economy. The starting point of our
analysis is the traditional Theory of Storage. (adly proposed by Kaldor (1939), the theory
provides a link between the term structure of fesuprices and the level of inventories of
commodities. This link, also known as “cost of gaarbitrage,” predicts that in order to induce
storage, futures prices and expected spot pricesrafodities have to rise sufficiently over time
to compensate inventory holders for the costs @ssatwith 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 aa@mgial in the literature. In part, this
controversy stems from the difficulty in detectingk premiums in volatile markets using small
samples, and the lack of correlation of commodityifes returns with conventional measures of
systematic risk suggested in the asset pricincplitiee.

To formalize the link between futures prices arsk premiums, we start by presenting a
simple theoretical extension of the theory of ineey behavior developed by Deaton and
Laroque (DL 1992), and Routledge, Seppi and SEES( 2000). Their models predict a link
between the level of inventories and future spdatepvolatility. Inventories act as buffer stocks
which can be used to absorb shocks to demand gpdysuhus dampening the impact on spot
prices. DL show that at low inventory levels, tiskrof a “stock-out” (exhaustion of inventories)
increases and expected future spot price volatilggs. In an extension of the DL model which
includes a futures market, RSS show how the shégheofutures curve reflects the state of
inventories and signals expectations about futpod grice volatility. DL (1992) and RSS (2000)
have explained the existence of a convenience giglarising from the probability of a stock-out
of inventories. Because they study storage irsk-meutral world, risk premiums are zero by
construction, and futures prices simply reflectentptions about future spot prices.

To allow for a link between inventories and futuresk premiums, we extend the DL
model to include risk-averse agents and a hedgiotiven on behalf of producers. Our model
predicts a link between the state of inventoribg, shape of the futures curve, and expected
futures risk premiums. Given that futures contrgetsvide insurance against price volatility, the
level of inventories is negatively related to tleguired risk premium of commodity futures. The

main contribution of our paper is to provide an éioal test of these predictions.



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

The first contribution of this paper is to preseminthly measures of inventories for a
large cross-section of 31 commodities between E&DP2006, and show that these measures of
inventories are reflected in the shape of the &dwurve as predicted by the Theory of Storage.
As with much of the previous literature our initfalcus is on théasis the difference between
the currentspot commodity price and the current (nearestatunty) futures price (expressed as
a percentage of the spot priéa)e link the basis to the level of inventories, amdpirically
document the nonlinear relationship predicted leyakistence 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 (“contangdf).addition, we show that the relationship
between inventories and the shape of the futuregds 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 onroouity futures. The first set of tests uses
inventories directly as explanatory variables fsk premiums. In addition to simple regression
based evidence, we show that sorting commodityréstunto portfolios based on inventory
measures is correlated with future average retuwidkile 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 deisios. The second set of tests uses price-
based signals to proxy for inventories. We firstwghthat the futures basis, prior futures returns,
and prior spot price changes are correlated witleati inventory levels. Next, we show that
these price-based measures of inventories areniatdre about the expected returns of portfolios
sorted on these measures. Inspection of the ingewmtraracteristics of these sorted portfolios

confirms that the risk premiums carry a common congmt, earned in part by investing in

! Exceptions include Dincerler, Khokher and Titman (20@8)] Dincerler, Khokher and Simin (2004).
The former paper examines the effect of Storage on Natural Gmesfueturns between 1994 and 2001;
the latter paper examines the role of inventories and heggisgure for risk premiums in futures of Gold,
Copper, Crude Oil, and Natural Gas between 1995 and 2004.

2 The “spot price” is usually taken to mean the nearest futureactrit.e., the contract that is closest to
maturity) and the “futures price” means the next nearest futoresact.



commodities in low inventory states. The returnsied on “momentum” and “backwardation”
strategies can therefore be interpreted as compi@mssmarned 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 roteédoehavior 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 contrmaectild receive a risk premium due to hedging
demand by producers. And in empirical implementetioof the Theory of Normal
Backwardation, researchers have linked “hedginggue” to variation in futures risk premiums
(e.g., Carter et al (1983), Bessembinder (1992)RDen et al (2000)). Using data obtained from
the Report of Traders released by the Commodityrest Trading Commission, we show that
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 literaturke Tirst starts with the traditional
Theory of Storage developed by Kaldor (1939), Wgk{1949), and Brennan (1958), which
explained the futures prices in terms of the cbstarage, interest rates, and a convenience yield.
The convenience yield was the answer to explain intagntory holders would hold inventories
during periods of expected decline of spot pridessts of the Theory of Storage include Fama
and French (1988) and Ng and Pirrong (1994), amathgrs. Both papers use the interest-
adjusted basis as a proxy for inventories and exartfie relation between the futures basis and
price volatility. Fama and French (1988) analyzéydtures prices of metals over the period
1972 to 1983. Without inventory data, they use praxies for determining when inventories are
low. One proxy is the sign of the interest-adjustedis. The second proxy is the phase of the
business cycle. Fama and French (1988) argue thegntories are relatively low during
recessions. With these proxies for inventory leviisy test their hypothesis that futures prices
are less variable than spot prices when inven®igvi, an implication of the Theory of Storage,
according to French (1987). Ng and Pirrong (1994di\s four industrial metals. Like Fama and
French (1988) they use the adjusted basis as a apnohsupply and demand conditions and do
not use inventory data. They examine the margingbact of the basis (the “spread”) on
variances, correlations, and elasticities of spwt futures. Their evidence is consistent with a

concave, increasing relation between the adjuspeeads and inventories for spot and future



return volatilities. Our contribution to this litgure is that we directly examine the relationship
between the basis and inventories using a largses<gection of commodities. In addition, our
sample covers a longer span of time than previessarch.

The second strand of literature primarily focusesariation of risk premiums. Fama and
French (1987) study 21 commodity futures using thigrdata, 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 ahtures risk premiums. They find evidence
that the basis varies with interest rates and sedsqa proxy for convenience yields, since
inventories are higher just after the harvest fygicaltural commodities). They also decompose
changes in the basis into the change in the exppepiat 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 Sharrf2007). Chang (1985), Bessembinder (1992) and De
Roon, Nijman and Veld (2000), Dincerler, Khokheddritman (2003) and Dincerler, Khokher
and Simin (2004) provide empirical evidence thatlérs’ positions are correlated with expected
futures returns. Our contribution relative to the@spers 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 &xpected futures returns are driven by
inventories, instead of positions of traders.

In addition to these papers, there is a largealitee 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 thdaseliss use small samples in both the time
series and cross sectional dimensions. Lookingodfgdios of commodity futures returns has
produced different results. Bodie and Rosansky @1,98nd Gorton and Rouwenhorst (2005,
2006) provide empirical evidence that, consisteith iKeynes’ and Hicks’ prediction, long
investors in commodity futures have historicallyreal 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 (1938gannathan (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 syst#sm@mponents of risk that are correlated with

variation of inventories.



The remainder of the paper is organized as follolsSection 2 we examine the
relationship between inventories and futures prinesiore detail. We summarize the model in
this section. The model itself is formalized inpmdix A. Section 3 presents our data and some
stylized facts. Section 4 presents the empiricadence on the link between futures prices and
inventories, and provides evidence that the stéténwentories is correlated with expected
commodity futures risk premiums. In Section 5 walgre the returns to price-based commodity
selection strategies, linking these price-basedadsgto time-series and cross-sectional variation
in commodity risk premiums. In Section 6 we chagdze the behavior of futures markets
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 Commodity Futures

In this section we briefly review some of the exigttheories and outline our theoretical model
and its testable hypotheses. For brevity, our #tézal model is contained in Appendix A.

An upward sloping futures curve is consistent vath expected future spot price that
rewards inventory holders for the cost of carryingentories, including marginal warehousing
costs, insurance, and the interest foregone orcdpéal 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 argugsamitot rationally explain why inventory is held
when there is a predictabdeclinein spot prices, when futures prices fall belowtgpices — i.e.,
agricultural products are held over the harvestopewhen prices predictably fall. To reconcile
spot prices at levels above futures prices Kaldb939) postulated the existence of a
“convenience yield” that holders of physical comntied 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 (1958)) can be
stated in terms of thieasis the difference between the contemporaneous sjpet ip period, S,
and the futures price (as of déxdor delivery at datd, F, It views the (negative of) the basis as
consisting of the cost-of-carry: interest foregoméorrow to buy the commodit$ r, (wherer is
the interest charge on a dollar fromto T), plus the marginal storage costg minus a

“convenience yield,t:

Ft,T_St:Strt+Wt_Ct' 1)



Equation (1) is often rationalized as following rfrothe absence of arbitrage. Because the
convenience vyield is unobservable, an alternativavvof equation (1) is merely that of a
definition of the convenience yield. Economic eantfor 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 aggregatatmyerises.

The Theory of Storage derives a relationship betmemmtemporaneous 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
Ft,T_St :[Et(sr)_si]_ﬂt:’ (2)

wherent = E(Sr) — Rt . Equation (2) merely defines the risk premiumcéwing to Keyneg:

> 0, which implies that the futures price is setaadiscount (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 pres3uréf hedging demand exceeds the supply of
long investors, the risk premium will be positiveThe content of the Theory of Normal
Backwardation therefore comes from the assertiah lledgers 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 hasettsyed® Our starting point is the modern version
of the Theory of Storage due to Deaton and Lardd9®2, henceforth DLY. Their goal is to
explain the behavior of observed spot commoditggsi which display high volatility, high

positive skewness, and significant kurtosis. Comityogrices show infrequent upward spikes,

3 The literature on commodity futures is vast, and we malatempt at a comprehensive survey. Reviews
of the literature are provided by Carter (1999), Kamara (198%) Gray and Rutledge (1971), among
others. Telser (2000) provides an overview of the eielsature.

* See also Williams and Wright (1991).



but no downward spikes. In their model commoditices, in the absence of any inventories,
would be i.i.d. because “harvests” of commodities id.d. These price dynamics are changed
fundamentally when inventories are present. Irmwée$ 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 whicarries through into non-linearity of the
predicted commodity price series” (DL, p. 1).

DL do not model futures markets. RSS introducetarés market into the DL model and
show how the “convenience yield” arises endogenyoasla function of the inventory level and
the shock (“harvests”) affecting supply and demahthe commodity. The convenience yield —
the benefit accruing to the physical owners of emmmdity — arises from the non-negativity
constraint on inventories, which creates an opfibwrthe inventory holder of selling commodities
in the spot market when inventories are low.

In the DL and RSS models agents are risk-neutrahcl, the commodity futures risk
premium, which is central to the Theory of NormalcRwardation of Keynes and Hicks, is zero
by assumption. In our model of commodity futuresesented in Appendix Apoth the
convenience yiel@nd the risk premium emerge endogenously as functémsventory. In this
sense, equations (1) and (2) are both consistetit aur equilibrium model. To link the
equilibrium spot prices emanating from inter-tengdanventory decisions to commaodity futures,
we extend the DL model by adding futures markets risk-averse investors to their model. We
also assume that inventory holders face a bankyumist, which provides them with a hedging
motive. The existence of the futures market presithe inventory holders with an opportunity to
hedge bankruptcy costs. They can use the futusekanto transfer future spot price risk to risk
averse investors, at a price. The model determihesrisk premium paid by the inventory
holders to the risk-averse investors, as a functibrihe extent of the size of the expected
bankruptcy costs, the degree of risk aversion efittvestors, and the level of inventories. The
level of inventories matters for the risk premiuscause, as in DL, future spot price variance is
negatively related to the level of inventories. fTlsa when inventories are low, the variance of
the future spot price is higher due to an incredisetihood of a stock-out, resulting in the risk-
averse investors demanding a higher risk premiune dctual amount of hedging may either
increase or decrease, depending on the relativeitiséties of the inventory holders and the

investors to risk. We can summarize the relevantparative statistics of the model, as follows.

An inverse and nonlinear basis-inventory relati®wositive demand shocks and negative supply

shocks lead to a drop in inventories, and resudinimncrease in spot prices, signalling the saarcit



of the commodity in the spot market. Futures pwiedl 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 basisiaventory should become more pronounced as
the inventory level is near stock-out if the demé&mdthe commodity remains positive for very
high prices, which is the case during occasioniaempikes. 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 highb, t
buffer function of inventories to absorb shockdiminished. In these circumstances, the risk of a
stock-out increases which raises the conditionalamae (volatility) of the future spot price.
Because commaodity futures are used to insure piskginventory theory predicts an increase in

the risk premium.

Momentum in commodity futures excess retuAithough not formally modelled in our two-
period model of Appendix A, inventories can onlyrbstored through new production, a process
which can take a considerable amount of time depgndn the commodity. Therefore,
deviations of inventories from normal levels ar@aoted to be persistent, as are the probability
of stock-outs and associated changes in the conditivolatility of spot prices. Because past
unexpected increases in spot and futures pricesigmals of past shocks to inventories, they are
expected to be correlated with expected futurels piemiums. This will induce a form of
“momentum” in futures excess returns: the initinexpected spot price spike due to a negative
shock to inventories will be followed by a temparaeriod of high expected futures returns for
that 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 comniies were obtained from the Commodities
Research Bureau (CRB) and the London Metals Exah@olE). The details of these data are
described in Gorton and Rouwenhorst (2006), whdistuall 36 commaodities 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 aemtity 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 contractwimatld not expire during the next month. That
is, the excess return from the end of mdrtththe next is calculated as:

Fo —F

t+1,T t,T

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

Table 1 contains simple summary statistics fordBeommodities for periods ending in
December 2006. In addition to the 33 commodity fesu the first row of the table (labeled
“index”) shows the statistics for an equally-weigdhemonthly rebalanced, index of the
commodity futures returns. It is therefore the@eraverage 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#ws 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 commodity started to trael December 1969We require a 12-month
trading history because later in the paper we e¥ddmine the role of prior 12-month returns. We
require the starting month to be December 196Beatarliest because before 1970 we have only
two commaodities (Cocoa and Soybeans) for which latires price data and inventory data are
available. The third column indicates the first rioaf the sample for the commodity. The fourth
column of the table lists the number of monthlyeations in our sample.

Columns 5-9 of the table have statistics of theesgaeturns. Although the sample period
is slightly different than in Gorton and Rouwenho(2006), these summary statistics are
qualitatively similar to their study. Of the 33 galsn commodities 26 (21) earned a positive risk
premium over the sample as measured by the samipfenatic (geometric) average excess
return. An equally-weighted index earned an exaetsrn of 5.48% per annum. The next
columns show that the return distributions of cordityofutures typically are skewed to the right
and have fat tails. DL (1992) make similar obseoret concerning the distribution of commodity

spot prices. Columns 10 and 11 indicate that conitypwddtures excess returns are positively

® Natural Gas is exempted from this rule. Natural Gas fusieeted trading in April 1990. The starting
month for Natural Gas is nevertheless set to December 1990iskega wish to include this important
commodity in the sub-sample of December 1990-December 20@6etxalimined later in Tables 5-8.
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correlated (on average) with the returns on otleenroodity futures, but the correlations are on
average low (0.12). The average correlation ofviiadial returns with the return on the equally-
weighted index is 0.40.

Finally, the last column of the table shows that shmple average (percentage) basis has
been negative for two-thirds of the commodifidm equally-weighted portfolio of the sample
commodities had an average basis of —2.10%, indgdlhat on average across commodities and
time periods futures prices have exceeded conteanpous spot prices. Otherwise stated, on
average, commodity futures markets have been imté&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 commodity tfwes position, and a positive roll yield
(“backwardation”) is sometimes viewed as a requésirfor the existence of a positive risk
premium to a long position in commodity futures keds. This view is typically based on
arguments such as that portrayed in Figure 1. rEigjplots the average basis against the average
return on individual collateralized futures duritige 1991-2006 period. Figure 1 suggests a
connection between the risk premium and commodigracteristics, as measured by the basis.
A simple linear regression has an R-squared of 52%.

In our discussion of equations (1) and (2) in S#cfl, we already observed that these are
not mutually exclusive: the futures basis compéwmages prices to contemporaneous spot prices,
while the risk premium in equation (2) is the difface between futures prices and expected
future spot prices. Equation (1) shows that for cmdities to be stored, futures prices have to
exceed contemporaneous spot prices to compensaigtany holders for the full cost of storage.
Only when inventories are sufficiently low can tmot price exceed the futures price corrected
for the cost of carry, i.e. when the convenienadyis sufficiently high. The sample average
basis of —2.10% simply indicates that inventoriasehbeen sufficiently high on average for the
convenience yield not to exceed the full cost ofage. At the same time futures prices have been
set at a discount to average future spot priceganding the long side of the futures position for

providing price insurancé.

® The basis is calculated for each commodity as (F1/F2 365#D2 — D1), where F1 is the nearest futures

contract and F2 is the next nearest futures contract; DD2rade the number of days until the last trading

date of the respective contracts. The period over whielsdimple is calculated for the basis is from the

month indicated in third column of the table to Noveml##62 so the sample size is the same as that for
the excess return.

" A reference to financial futures may be instructive in tustext, as financial futures do not have a

convenience yield. When the dividend yield on equities isvb¢he interest rate, equity futures price will
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However compelling Figure 1 may seem at first géaricdoes not directly speak to the
presence of risk premiums because the basis andtfuteturns are ex-post correlated even when
ex-ante risk premiums are zero. To see this, ineagitemporary negative shock to the supply (or
a positive shock to the demand) of a commaodity imoald where risk premiums are zero, and
futures prices simply reflect expectations abotiirel spot prices. This negative shock to supply
will unexpectedly increase both spot and futurésest but increase spot prices more than futures
prices — reflecting expectations that inventoriak e restored over time and spot prices will
revert to their mean. In this event, a positiveifas return coincides with an increase of the basis
By symmetry, during periods of positive supply skeydutures returns will be low during periods
when the basis falls. Ex-post, therefore, commeslitvith a high sample average basis are also
expected to have high realized average returnshht follows, we analyze these issues.

The relationship between the basis and ex-antepristiums is the subject of Section 5,
in which we examine the predictive power of thei®&sr risk premiums, and the extent to which
this predictability stems from variation in inventdevels. In the next sub-section we will present

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 thengwdity 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 oil inventories would include notygphysical stocks held at the delivery point in
Cushing, Oklahoma, but also oil which is held aeiinational 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 potentaleats, the behavior of inventories is central to

exceed spot prices, and the markets will be in “contango” Thistisncompatible with the presence of a
positive equity risk premium.



12

the Theory of Storage, and for this reason it ipanant to attempt to document the empirical
relationship between measured inventories anddatprices.

We collected a sample of inventory data for their8Bvidual commodities of Table 1
from a variety of sources. With the exception o§&uy Feeder Cattle, and Rough Rice, we were
able to find monthly data for all commodities. Hezeder Cattle, we do not use the available
inventory series, which is quarterly. Instead vee 3-month-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 calleddfe@attle. A detailed description of these data
is in Appendix B. In the rest of the paper, welwilop 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 JHiered 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 regressionlteeslong 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 kenoss-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 throughouy#ae. Inventories therefore are lowest just

prior to the harvest season and peak at the ertieoharvest season. For example, Corn is

8 The smoothness parameter we use when applying the Hdétgskott filter to monthly series is
determined as follows. Ravin and Uhlig (2002) recommendstdg the smoothness parameter in
proportion to the fourth power of the relative frequenBgp ifx is the smoothness parameter for a quarterly
series, the monthly equivalentxgimes 3 (=81). In business cycle analysis, it is customary & 1600

for quarterly series. As shown in Ravin and Uhlig02) this amounts to retaining peak-to-peak cyclical
movements of roughly 10 years or longer, so the differdretween the raw series and the filtered series
consists of movements of relatively short durations. @oald think that determinants of a normal
inventory, such as storability and production flexijlithange only gradually. If so, the smoothness
parameter should be larger. From visual inspection, we ches®othness parameter of 160,000 (whose
monthly equivalent is this times 81). This amounteetaining peak-to-peak cyclical movements of about
30 years or longer.
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harvested in late summer to fall in North Ameridéheat is harvested in the early summer in the
Southern states in the U.S., and in late summethén Northern states. Wheat inventories
therefore are lowest just prior to the harvest aeamd peak at the end of the harvest season.
Contrary to Corn and Wheat, Natural Gas is produbeaghout the year, but heating demand
has a strong seasonal component which peaks dilmngiinter months. During months of low
demand, Natural Gas is stored in underground sailted. Industrial Metals inventories exhibit
little seasonal variation as exhibited by the l@gression R-squared given in the table. Crude oll
is demanded and produced during the year, but derfwnits derivatives --- Heating Oil and
Unleaded Gas --- is more seasonal. Because Soydikand Soy Meal are derived commodities
and can be produced throughout the year, they gXbis seasonality than the inventories of

Soybeans themselves.

4. Inventories and Futures Prices

This section provides empirical evidence aboutrétationship 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 Ster#ttat the marginal convenience yield as proxied
for by the basis is a declining function of invengs. This motivates the use of the basis as a
measure of the state of inventories. Section 4d@n@xes the link between inventories and risk

premiums.

4.1.Basisand I nventories

As a preliminary test, we examine whether the ®dubasis 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/1* (the ratio of actual to normal inviemy levels) is below 1 and above 1. The results
are summarized in Figure 3. The figure illustrates for all commodities low inventory months
are associated with above average basis for tmmoality and that the basis is below average
during high inventory months. As indicated by tred line, the difference is statistically
significant at the conventional 5% level for mostrenodities. (The calculation of thealues is

explained in Appendix C.1.)

° For simplicity we have omitted time subscripts, befk in mind that the normal inventory level changes
through time.
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To further explore the non-linear relationship bexdw the basis and inventories we

estimate the following non-linear relationship:

Basis= linearfunctionof seasonalummiest h(x) + error,

where x is the normalized inventory level I/I*. The hypesis is that as 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 regressitechnique (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 relateidtentories and whether the relationship

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

average level of inventories (I #)las well as in situations when inventories falp@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 Tabded illustrated in Figure 4 for Copper and
Crude Qil.

The second and third columns of Table 3 show thdhe average level of inventories
(i.e., at I=I*), the estimated slope of the basigentory regression is negative for all commodities
except one, and statistically significant for mdren half of the commodities. For each
commodity group, using pooled OLS we estimate tefficients under the constraint that they
are the same within groups. Inspection of the gfzbe coefficients shows that the relationship is
particularly strong for commodities in the Energpup (the pooled OLS estimate for Energy is
—154.6), while many Industrial Metals tend to halape coefficients that are relatively small in
magnitude (the pooled OLS estimate is —5.1). Irraldtietals are relatively easy and cheap to

store, and equilibrium inventories of Industrial tsle are expected to be large on average relative

The internal breakpoints that define the piecewise segmentsiléeé “knots.” LetX; (j=22,...,J,
0<x <X, <..<X; ) be so-called “knots”. The cubic spline technigapproximatesh(x )by:

J
h(X) = B+ BoX? + Bax® + 2'83"1 (x=x)%{x>x;}, where 1{} is the indicator function. By
j=1
construction, the second derivative lgix is)continuous at each knot. The attraction of bicspline is
that the approximating function is linear in powefsx. We experimented witld on our data, and
decided to setl = &nd setX; to be 1 (i.e.,| =1*). For larger values af, there were too many peaks
and troughs in the estimated cubic spline.
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to demand. By comparison, Energy, which is moré&ypwand 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
Grains groups. Because storage costs provide antime to economize on inventories, it is also
expected that the variation of inventories is lovi@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 inventerié Copper than in the inventories of Crude
Qil.

To examine the non-linearity of the basis-inventoglationship, the fourth column of
Table 3 reports the slope when inventories falkb$o from their average value. In the case of
Copper, for example, the estimated slope measureédeaaverage level of inventories equals
—-3.2 { = -0.61) and steepens to —15.3 (2.76) when inventories drop by 25%. This differe
of 12.1, given in column 6, is significant at th& %evel ( = 5.64). Inspection of columns 6 and
7 shows a pattern of steepening slopes for manyremtities in the Metals, Grains, and Softs
group. The results are weaker for Meats and Energispection of the inventory data for energy
commodities shows that historical inventories ofilectuate within a narrow range, and in some
cases do not fall to the test level of 0.75. Consatly, the slope coefficients at 0.75 are merely
polynomial extrapolations of a relationship consted to fit a different portion of the sample and
should be taken with caution. This point is cleagen 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 normalin@dntories and the basis and that for many
commodities the slope of the basis-inventory cuygeomes more negative at lower inventories
levels. And we find steeper slopes at normal inmgnkevels for commodities that are difficult to

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

4.2.Inventories and Futures Risk Premiums

As mentioned previously, the Theory of Storage tu®eaton and Laroque (1992) does not
make direct predictions about futures risk premiuing instead makes predictions about the
future volatility of spot prices. This predictiotems from the fact that when inventories are low,
the ability of inventories to absorb shocks to dedhand supply is diminished, raising the

conditional volatility of future spot prices. In omodel, to the extent that the risk premium on

" The results of Table 3 are not significantly atkif the dependent variable is the interestedsaeil
basis; see Equation (1).
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long futures positions is compensation paid by kesi¢go obtain insurance against price risk, the

mean excess return from commodity futures shoudcese when future spot price risk increases.
Therefore, the Theory of Storage implies that tia¢esof inventory at the end of the month is a

key predictor of the excess return from the enthefmonth to the next and that the mean excess
return and inventory are inversely related.

As a first test of this prediction, we perform aelar regression of the monthly excess
return from the end of monthl tot on I/I* measured at the end of mortth as well as monthly
dummies. The Theory predicts that I/I*, our measaf the state of inventories, should have a
negative effect on the subsequent excess retuhesré&sults are reported in Table 4. Unlike in
the basis-on-inventory regression of Table 3, wg oansider the linear specification because the
excess return is a hard variable to predict, adeenied in the low R-squared in Table 4. As is
apparent from the lowvalues, the I/I* coefficients are not sharply estted. However, most of
them have the expected negative sign. If we imploseestriction of a common slope coefficient
within groups, we find marginally significant netyat slope coefficients for Meats and Energy.
These groups also exhibit a larger sensitivityaitims to inventories, which is consistent with
our findings in Table 3 that futures prices of coodlities that are difficult to store are more
sensitive to inventory shocks than commodities dnatrelatively easy to store.

In a second test, we examine the results of a simmiting strategy, whereby at the end
of each month we cross-sectionally rank the comtiesdbased on their level of normalized
inventories. The number of available commoditietha end of each month increases over time
because the start date, shown in the third coluhiable 1, differs across commodities. At the
end of the first month (December 1969), for examiblere are seven available commodities. We
compare the average return of a portfolio of comitiexlin the top half in terms of normalized
inventories to the average return of a portfolionpoised of the commaodities in the bottom half
of this ranking. This test has the additional atixee features that it controls for the cross-
sectional dependence and, as it is nonparamdtiaipivs for a non-linear relationship between
inventories and the risk premium.

The results are given in Table 5. The returns @& itventory-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
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between the inventory-sorted portfolios has bedatively stable during the more recent periods
of January 1986-December 2006 and December 1996rakeer 2006.

In Panel B of Table 5, we summarize various charatics of the commodities in the
inventory sorted portfolios: for reasons we wilkdliiss 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 (as mesghby the nearest-to-maturity futures price),
the average futures basis and the average commealayility during the month of the futures
return (defined as the standard deviation of dhityres excess returns). The Low Inventory
portfolio selects commodities with a high basi® thfference between the basis of the Low and
High Inventory portfolios exceeds 12%=14.51). This is, of course, a direct implicatiminthe
Theory of Storage, and consistent with our eafirgtings in Table 3, and Figure 3. In addition to
having a higher basis, Low Inventory commoditiesodhave higher prior spot and prior futures
returns than High Inventory commodities. Over thd Sample, the 12-month futures return
difference prior to inclusion in the portfolio i®@ut 15% per annunt € 6.45). The high prior
futures return of the Low Inventory portfolio sugtgethat our portfolio sorts capture more than
variation of inventories that is predictable. Higtior futures returns are an indication of past
negative shocks to supply and/or positive shocksldmand. Because inventories cannot be
replenished instantaneously, the prior futuresrrehistory carries information about the current
state of inventories. We will return to this issnghe next section when we investigate the extent
to which inventory dynamics can be responsibletfigr presence of momentum in commaodity
futures markets.

Finally, the right hand of Panel B summarizes tobsittons of Traders in the inventory-
sorted portfolios, as reported by the Commoditisiufes Trading Commission (CFTC). These
positions will be discussed in more detail in tetrsection 6 of the paper, but for now note that
Commercial traders are net short in commodity Eumarkets and as a percentage of open
interest, that their positions are larger for Highentory commaodities.

Two caveats are in order about our trading rulé feisst, the tests do not control for
(unknown) publication delays in the release of imoeey data. If news about inventories is
negatively correlated with contemporaneous spaepriand inventory data is released with a lag,
this will create a negative correlation betweenoirations to inventories and subsequent spot
price innovations. Because futures prices will iithgpot price innovations, the delay of news
about inventories will create a correlation betwimentories and subsequent futures returns that
is unrelated to futures risk premiums. Second, tast does not exploit cross-sectional

differences between commodities. Because commeditédfer in terms of storability
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(perishability, bulkiness, and capacity constrawftstorage) the Theory of Storage predicts that
equilibrium inventory policies will differ acrossommodities. Furthermore, uncertainty about
future demand and supply is also likely to varyoasrcommodities, leading to cross-sectional
differences in optimal inventory policies that aasitively associated with futures risk premiums.
Absent a structural equilibrium model that includesltiple commodities we have no
guide as to how to compare the state of inventoaie®ss commodities. Theoretically, the
important state variable is the “likelihood of dtemut,” which we have proxied for by using I/1*,
the inventory level relative to normal inventoriesit this measure does not permit comparisons
across commodities. In the next section we withmine three predictions of the Theory of

Storage that use price-based measures of theo$tate=ntories that circumvent these difficulties.

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

In the previous section, we provided evidence thatshape 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 returnertonodity futures. In this section, we discuss
three additional and related predictions of theofeof Storage about spot and futures prices.
First, when inventories fall spot prices will inase, 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 bstoged 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 plesnand and supply shocks will persist in
current inventory levels. Because unanticipatedclkshido demand and supply affect futures
prices, the futures return history of a commodifries information about past demand and
supply shocks that may not be fully resolved duéhtoslow adjustment of inventories. In sum,
the level of spot prices, the futures basis, andrgdutures returns can be expected to carry
information about the current state of inventoriasd hence will be correlated with risk
premiums.

Panel B of Figure 3 illustrates that the relati@iween inventories and 12-month prior
futures returns for individual commaodities. SimitarPanel A, for the basis, we calculate average
prior 12-month futures returns for each commodityrhonths when I/I* 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
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with high prior 12-month futures returns. Takendthger, 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 returnstlamdbasis predict risk premiums on commodity
futures. In the remainder of this section we wiamine the extent to which these price signals
carry information about expected futures returns.

There are two advantages to using observable pmasesndicators of the state of
inventories. First, price information does not suffrom revisions and publication delays
associated with inventory data. Second, using grit@mation opens the potential to exploit
cross-sectional differences between expected corityndatures returns. For example, if a
particular commodity is difficult or costly to sirthen 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 stockspwtnd 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 crosdiseal 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 samplecofnmodities into halves at the end of each
month based on their prior performance and therdéstibasis. 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#gies 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 5 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 characterigifcthe basis-sorted portfolios. To the
extent that the futures basis carries informatiboua the state of inventories, it can be expected
that the High Basis portfolio selects commoditiest thave 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 (1992) High Basis commoditage expected to have relatively high

future price volatility. These predictions are iedeborne out by the data: the High Basis
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portfolio selects commodities with low inventoriggs= —17.08), high futures returns during the
12-month period prior to portfolio formatioh%£ 12.93), and high spot prices relative to the same
time a year priort(= 10.45). Somewhat surprisingly, the differencenaetn the volatility of the
commodities is both economically as well as statadly relatively small (= 2.13).

The right two-thirds of Table 6 examines two moeeent sub-periods. These panels
show that these returns and portfolio charactesdtiave been relatively stable during the first
and second halves of our sample. The last thres mwPanel B summarize the positions of
Traders in the basis-sorted portfolios, as repongd the Commodities Futures Trading
Commission (CFTC). These will be discussed in nd&til in the next section of the paper, but
for now note that Commercials are on average nettsh both the High and Low Basis
portfolios, and Non-Commercials and small (Non-Regdde) traders are net long. Non-
Commercials are over-weighted in the High Basis moalities, and the reverse holds for the
Non-Reportable positions. There is no significaifftecence in the positions of Commercials
between the two portfolios.

Inspection of the portfolio characteristics suggébat 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 @related with (unconditional) risk premiums. To
examine whether the returns to the basis strategiesire time-series variation of risk premiums
or simply select commodities that are difficult $tore, we repeated the portfolio sorts after
subtracting the full sample mean from the basisfirh commodity. This isolates the returns that
can be attributed to time-series variation of tlasi® from return variation attributed to cross-
sectional variation in the average basis. Unreporgsults show that the sample average return
difference between High and Low (de-meaned) Bamifqdios is 10.13%t(= 3.52), which is not
significantly different from the returns associateith sorting on the raw basis. This suggests that
the returns of sorting commodities on the raw basimarily captures time-variation of futures
returns that is associated with time variationnvkeintories.

Table 7 summarizes the returns to sorting commexlitnh 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, e&gect relatively distant prior shocks to

inventories to carry information about current iniggies. Because some commodities have
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distinct annual seasonal variation in productioer, 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 monmartortfolios.

Panel A shows that High Momentum commodities hawparformed 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 tkaeess returns are slightly higher for the second
half of the sample, as well as the fraction of it@nths the excess return is positive (65% since
1990, versus 58% over the full sample). Panel Bvshibat Momentum portfolios take positions
in similar commaodities as the Basis-sorted porlin 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 characteristiifésrences are
large and clearly indicate that portfolios sortedimventories, the basis, and prior performance
take correlated positions in ways that are predibigthe Theory of Storage. This is reflected in
the correlation between the returns to High Basi 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 followingrece run-up.

Finally, Table 8 reports the results from sortimgnenodities 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 tnyear ago. Panel A of the Table shows
that the results for portfolios sorted on Spot Matuen are quantitatively similar to those sorted
on Futures Momentum. The High Spot Momentum padfdias outperformed the Low
Momentum portfolio by 13.85 % annualized< 4.95) over the full sample, and by 16.03%
during the last 16 years £ 4.47). And High Spot Momentum commodities hagatively low
inventories, high futures momentum, and a high ddsispection of the Positions of Traders
shows that Commercials hedge more after spot ptiee® 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 Appendix A, riskmpittms of commodity futures vary with the
state of inventories. Portfolios that take possidiased on prior futures return, prior spot returns
and the futures basis select commodity futures b&low average inventories which the Theory

predicts are expected to earn higher risk premiuvteeover, these risk premiums are highly
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significant, both in a statistical sense as wellrman economic sense. We also presented some
evidence that the Position of Traders varies withreturn of the price-based portfolio strategies
— especially Momentum and Inventories, althoughitierpretation of the positions evidence is
somewhat ambiguous. Commercials increase theitt glusitions after a price run-up, but also
when inventories are high. Non-commercials takgdatong positions in commodities with high
momentum, and, to a lesser extent, high basis.

In our model in Appendix A, the correlation betwaewentories and the amount of open
interest in the futures market is ambiguous anceddp on the relative sensitivities of the risk-
averse investors and the inventory holders, seekifgedge bankruptcy costs. However, the co-
movement between the basis, inventories, momentthtraders’ positions raises the question of
a causal relationship; in particular we are inte@svhether the positions of market participants
can provide an alternative explanation for our itessiWWe explore this issue in more depth in the

next section.

6. 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 commodityrdathhave low correlations with equities and
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 Keynesta#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 gffieculators 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 kadders. Empirically, hedging pressure is
measured using data on positions of large traddbigmed by the CFTC. In the Commitment of
Traders Reporttarge traders are classified as “commercials” ran-commercials.” The CFTC

omits information about the specific identities todiders, but it has become customary in the
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academic literature to view commercials as hedgars non-commercial as investdfSeveral
papers, including papers by Carter, Rausser, ahchigc (1983), Chang (1985), Bessembinder
(1992), and De Roon, Nijman, and Veld (2000), Ditegze Khokher and Titman (2003) and
Dincerler, Khokher and Simin (2004) show that thkative size of the commercial positions is
correlated with futures risk premiurtis.

The interpretation of the empirical evidence ongdied 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 speak smsatrelationship’ 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
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 umtgritiout future spot prices. Therefore, the
second question of interest is: if hedging pressgueglicts ex-ante risk premiums, to what extent
does this reflect an optimal response to fundanhehtacks?

Table 9 provides a summary of the net positionsraders® For each commodity we
report the average net long position by tradergmate the standard deviation of the position, the
percentage of the months the position is long, ai as the persistence of the position as
measured by the first-order autocorrelation coefit (rho). All positions are measured as a
fraction of the total open interest in that comntpdrhe first observation about Table 9 is that
commercials are on average net short in most ngrikehile non-commercials and non-
reportable positions are on average net long. Thibroadly consistent with the Keynesian

hypothesis. Exceptions include Corn, Feeder Gdt#an Hogs and Milk, where the average

2n addition, the CFTC has a category of “non-regiolg positions,” which includes either commercial o
non-commercial positions that are below the repgrtimits set by the CFTC. These would include eagith
small hedgers or speculators. For the exact diefirsi see
http://www.cftc.gov/opa/backgrounder/opacot596.hBee also Ederington and Lee (2002) for a disonssi
about the accuracy of the classifications.

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

14 De Roon, et al (2000) is the only paper to exantfireecorrelation between returns and ex-ante hgdgin
pressure, but we were unable to qualitatively ogpdi their results. They appear to be studying the
contemporaneous correlation. Our results are sinal&/ang (2003).

15 The CFTC does not cover LME commodities, and tiveresufficient data for Butter and Coal which are
also excluded from Table 9.
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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 tasih®ws that there are large cross-sectional
differences in net positions over time: the averatgndard deviation of the net position of
commercials in column 4 of Table 9 is 15% per mowtso, there are large cross-sectional
differences across commodities. For example, comiaierin Oats and Platinum are short more
than 90% of the months, while the Crude Oil andnCaymmercials are almost equally likely to
be long or short. Non-Reportable positions in Cefége always net long, while non-reportable
positions in Corn and Feeder Cattle are almostysdwhort. Positions are uniformly persistent for
all commodities: the first-order autocorrelatiorighe positions of commercials range from 0.59
for Coffee to 0.92 for Palladium. It is notablettlize non-reportable positions are on average net
long in most contracts and for most of the timed&tailed explanation of these differences is
beyond the scope of this paper as our main focumishe question whether these positions
predict risk premiums.

Table 10 summarizes the results of regressionsuwirds excess returns on hedging
pressure, defined as the net long position of coroigle scaled by the open interest as in Table
9. Hedging pressure enters this regression eitbietemporaneously or predictively: in the left
columns of each panel the monthly futures retutvéent—1 andt are regressed on the hedging
pressure measured at tipén the right columns hedging pressure is measurdteaat time—1.

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 10 show
that the slope coefficients are generally signiftbanegative 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 avevafgav 1%, compared to 10% on average in the
coincident regressions. These results are theréf@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.

6 We also conducted a sort of commodities into ptic$ based on beginning of period hedging pressure
along the same lines as the portfolio sorts inemB-8. Unreported results show that we find ndevie
that these sorts were informative about spreadihgds risk premiums.
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This would make non-commercials appear to be momerihvestors. Indeed, the results in
Tables 7 and 8 which summarize the characterisfigertfolios 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 contitarthe existing literature, we find no
evidence that supports a hedging pressure exptendr risk premiums in commodity futures
markets. Instead, we have shown that risk premiggstematically 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 predictaaleation of risk premiums? And second, can
we reconcile these risk premiums with modern gsseing theories of risk?

Answering these questions is beyond the scopeeotctiirent 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 wagness the excess returns of High Basis
portfolio on the excess return of the Low Invergerportfolio, we find a significant intercept of
2.4% p.a. (= 1.58). A similar regression of the excess retwhbligh Momentum portfolio on
the excess returns of the Low Inventories portfblis an intercept of 4.0% p.&.<2.27). This
suggests that there is an orthogonal componertetaeturns to basis and momentum portfolios
that is not captured by variation of inventoriehisTmay be due to a combination of noise in the
measurement of inventories, or that our inventanyssdo not capture cross-sectional differences
in inventory dynamics across commodities that areetated with risk premiums. Alternatively,
it may be due to an omitted risk factor that dritbesh the returns to basis and prior-return sorted
portfolios. If we run a regression of the composeaot the returns to basis and momentum
portfolios that are orthogonal to inventories ooheather, we find that the resulting intercept of
that regression to be insignificantly differentrfr@ero, both economically as well as statistically.
This suggests that basis and momentum portfoliogag® a common source of risk that is
orthogonal to variation in inventories, and is cemgated for in average returns. We leave a full

exploration of these issues to future research.

7. Summary and conclusions

This paper examines the relationship between thee sif inventories and risk premiums of
individual commodity futures, as predicted by theddrn Theory of Storage. For this purpose,
we collect a comprehensive historical monthly dettaef inventories for 31 individual

commodities over a 37-year period between 1969 20@6. Our major findings can be
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summarized as follows. First, consistent with thredjctions of the Theory of Storage, we
empirically document a negative, non-linear reladltip between the futures basis (convenience
yield) and the level of inventories: at low inverytdevels the basis increases at an increasing
rate. Second, we show that the state of inventasiesformative about futures risk premiums.
Although inventory data suffer from measuremenbtrrwe show that commodity futures and
spot prices carry relevant information about theesbf inventories that can be used to provide
additional evidence about the role of inventori@sféitures risk premiums. In particular we show
that prior futures returns, prior spot price changed the futures basis are correlated with futures
risk premiums as predicted by the Theory. Finallie distinguish our explanation of risk
premiums from the Theory of Normal Backwardatioiieh — in its empirical implementation —
attributes risk premiums to “hedging pressure” bymnercial hedgers. While the positions of
participants in futures markets vary with both retuand the state of inventories, we find no

evidence that the positions of futures tradersiptetk premiums on commodity futures.
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Appendix A: Storage and Commodity Futures

Deaton and Laroque (1992) present an infinite looriznodel of intertemporal inventory
dynamics with risk neutral agents. The goal ofrtheodel is to explain spot commodity price
dynamics, in particular, the extreme volatility ggot commodity prices, and the prevalence of
pronounced upward price spikes with no downwar#espiresulting in high positive skewness.
The model is not about futures markets, and futoraskets are not included. In Section 1 of this
Appendix we present a simple two period versioDe&ton and Laroque. In Section 2 we add a
commodity futures market to the model.

Al. A Two-Period Deaton and Laroque Model

There is a single good in the economy, the “comtyddihere are three dates, t=0, t=1, and t=2
and two classes of agents in the economy. Theréaeatory holders who sell the commodity

and who want to maximize t=2 wealth, denominateddatlars. Inventory holders sell the

commodity to commodity buyers, who want units of tommodity and pay dollars to obtain
these units. Commodity buyers’ preferences aranddfover the commodity.

We consider the storage decision of a representatiympetitive, risk neutral, inventory holder.
At t=0 the inventory holder has on hand an amouyiof the single good in the economy. At t=1
the inventory holder will receive a random endowtnefnthe single good,;zdrawn from f(z),
which has suppoitz, Z] . Commodity buyers’ demand for the commodity atedat and 2 is
summarized by D(p). Prices at dates 1 and 2 arangd p, respectively. The price of the
commodity is expressed in terms of dollars per ohitcommodity. The demand function is a
continuously differentiable, monotonically decreasifunction of price. There is a constant
returns to scale storage technology available @drthientory holder, but goods depreciate so that
one unit stored at t=0 yields @runits at t=1, where @<1. The interest rate is zero.

Before the t=0 goods market opens the inventorgdrothooses an amount of inventogy,td
carry over to t=1. So, at t=0 the amount availdbitesale in the commodity market is-z lp. At
t=1, the inventory holder receives the realizatiprand so the amount available for sale in the
t=1 goods market is; z lo(1-9).

At t=0 the representative inventory holder chookgstaking prices as given, to maximize
expected dollar profits:

Max Ilp = p)(Zo - |o) + E[p_[(Z]_ + |0(1 —6))] S.t. bE 0. (Al)

Deaton and Laroque emphasize the constraint teantlentory must be nonnegative, i.e., goods
from the future, t=1 (g, cannot be sold earlier, at t=0. For example, i very low, e.g., zero,
then the inventory holder would like to sell mote=0, but cannot.

An equilibrium is a set of pricesy@nd p such that (i) the goods markets at t=0 and t=1,

respectively, clear; and (ii) the inventory holdgnofits are maximal. Deaton and Laroque point
out that profit maximization implies the followirfgo arbitrage” conditions:

lo= 0 if (1 -8)E(py) < o

lo> 0 if (1 —8)E(p) = po.
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In words, inventories,o) are zero if there is an expected loss from hgldimem. Inventory
holders will hold inventory only if there is an eqied profit from doing so, and they will
increase their holdings until current and futurpested prices are equatédeaton and Laroque
combine the above “no arbitrage” profit maximizaticonditions with market clearing to obtain
an expression for the equilibrium price processaininfinite horizon setting). They then prove
that there exists a unique rational expectatioitegunction.

We proceed to solve for the equilibrium in a diffler way, with an eye toward adding a
commodity futures market in the next section. Bgwecursively, consider the goods market at
t=1. At that date there are no decisions to beanas this is the last goods market and so there is
no point to storing goods any further. The inveptoolder simply puts all his remaining goods
on the market. Market clearing implies:

D(pl) =z + (1 —8)'0.
This determines the equilibrium price (inverse ded)as: p1 =Ti(z+@-9)ly).

Now we turn to date t=0. The market at this datestralso clear, for any level of commodity
inventory chosen by the inventory holder. So, fioeg ly:

D(po) = 2 - lo,

which vyields the equilibrium price (inverse demant the first commodity market
p; =T,(z,—1,). For equilibrium prices we will use the notatibp andI';, suppressing the

arguments of these functions unless needed foityclaNote thatl', andI'; are continuously
differentiable, monotonically decreasing functiafishe quantity supplied on the market.

Substituting the market-clearing equilibrium pride® the inventory decision problem at t=0, the
inventory holder chooseg o maximize:

MaxIlp=Tq(zo — lp) + El1(z1 + 1o(1 —0))] s.t. hb>0
where the arguments of the equilibrium price fumtsil'y and T'; have been suppressed.
Since the representative inventory holder is agpader, the first order condition is:
E[l(1-8)]= Ip-2 (A2)

where) is the Lagrange multiplier on the non-negativipnstraint ond. E(*) is the expectation
operator taken over uncertainty with respect;to z

If the non-negativity constraint is binding, thern=l0. Otherwise)} = 0 and there is a positive
amount of inventory carried forward. In other wgr@équation (A2) results in the same Deaton
and Laroque arbitrage conditions for inventories, tBe solution to (A2) gives the equilibrium
value of | as a function of the market clearing prices. Stuistg that value into the market

" Like Deaton and Laroque, we ignore any exogenoassuimed “convenience yields.” Routledge, Seppi,
and Spatt (2000) show how the nonnegativity coitgttaads to an endogenous convenience vyield in the
Deaton and Laroque model with risk neutral futuraeders.
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clearing price equations determines the prices. is THompletes the determination of the
equilibrium?®

Deaton and Laroque (1992) also prove that the negi@fI'; is decreasing inpland increasing in
Iy, a result that will be important beldw.

A2. Storage Dynamics and Commodity Futures

We now introduce a commaodity futures market whipkrts at t=0 and settles at t=1. The futures
exchange specifies that one unit of the good cpomds to one futures contract. In the futures
market at t=0 there is a price $F at which the tvagling parties agree to trade. F will be
determined in equilibrium. The parties agree at th&t the “long” investor will pay $F per
contract to the “short” investor at t=1. In exchanthe short investor agrees at t=0 to deliver one
unit of the commaodity to the long investor at t®t €ach contract entered into at t=0.

We assume that futures contracts must be fullyatmibdlized for the “long” investor, so that a
purchase of N futures contracts at price $F, pertraot, requires $NF to be set aside in an
account at the futures exchange at4%0.

We also now introduce a large number of competitiigk averse, speculators, each with utility
defined over second period wealth (measured irad)ll U(W), where U>0 and U”<0. Each
speculator receives an endowmentod@lars at date t=0.

At t=0 the representative speculator chooses adstposition NF by “going long” N futures
contracts. Settlement in the futures market ocatits=1 just before trade in the second period
goods market. So, the long investor will take dativof N units of the commodity and sell that
amount in the goods market, receiving dollars. fislkefaced by the long investor is that the price
of the commodity in the second period commodity ketris low, exactly the risk that the
inventory holder seeks to hedge.

Inventory holders have a hedging demand, Because we now assume that they face a
bankruptcy cost. That is, inventory holders wangdo‘short” futures in order to hedge the price
risk emanating from the randomness @f Eor simplicity, we write the bankruptcy cost in
reduced form as the function g(&, NF), where the first partial derivatives areradgative, i.e.,

the likelihood of incurring the bankruptcy costdisclining as z lo, or hedging increase, &and N

are endogenous choice variables of the inventotgdehnowhile 7z is an exogenous variable
realized at t=1. The price F is determined in eéluim. For simplicity, we assume that all
second derivatives and cross partials are Zero.

Implicitly, bankruptcy corresponds to second perjrdfits falling below a threshold (a debt
level). Since the only source of uncertainty jshankruptcy corresponds to a realized value, of z
below a critical value. That critical value depemasl, and the amount of hedging. Intuitively,
the risk faced by the inventory holder is that theealization is low. Holding a higher level of
inventory, b, serves as a buffer against this possibility. i@y, the futures market provides a

18 See Deaton and Laroque (1992) for a formal dédmat

19 See Lemma 4 in the Appendix of Deaton and Lar¢062), p. 22.

20We assume fully collateralized futures for longestors for simplicity. The alternative is to ingeoa
bankruptcy cost and associated constraint thastaite account the possibility that a futures Iamgestor
might not be able to honor the futures contrattat

2L Without this assumption further assumptions wdwdde to be made about the size of these effectisein
proof of the proposition below.
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way to hedge this risk. Thus, we intentionally owhdtails, but assume that bankruptcy is less
likely to occur to the extent that the inventoryides has more inventory to sell in the second
market and has hedged the price risk associatédsedond period sales.

The bankruptcy cost is to be thought of as a redifmen for a variety of motivations for firms to
hedge that have been discussed in the literat@er goal is only to provide a parsimonious
motivation for a hedging demand.

Discussion of the Model

Futures contracts are not redundant in the modeh\aentory holders’ behavior will change, in
that their intertemporal allocation of goods betweeriods one and two will differ from the case
where there is bankruptcy cost and no futures nigrlead the case where there are bankruptcy
costs and there is a futures market. The likehobincurring the bankruptcy cost declines if
inventories are higher, but it may be cheaper tighehe bankruptcy risk in the futures market
rather than increase inventories. In the preseidbeobankruptcy cost, the futures market is
welfare improving, although we cannot formally derswate this because the agents demanding
the goods in the two periods are not formally medel

Also, note that the inventory holder is engagetcost-of-carry arbitrage.” If holding inventory
until next period, and foregoing this period’s priwhile incurring the depreciation cost, is lower
than the expected price next period, then the itorgrholder should engage in that transaction —
except that the expected bankruptcy cost mustkentato account. There are no agents in the
model who can engage in cost of carry arbitragbit facing the expected bankruptcy cost.

The speculators are a distinct group from the agemio are implicitly modeled by the demand
functions each period. Again, this is for simgiici As will be seen, it allows for goods market to
clear independently of the speculators’ behavior.

The risk faced by a long investor in the futureskatis the price risk of the second period goods
market, where the long investor sells goods reckivesettle the futures contracts. We leave open
the question of whether this risk is systematicdarsyncratic, but we assume that the risk averse
speculator cannot diversify this risk.

Equilibrium with a Futures Market

At t=0 the (representative) speculator uses sonmésaEndowment to “buy” $NF futures, i.e., N
contracts each at price $F. Recall that, by assomphis futures position must be fully
collateralized. He sets that amount aside as eo#ih{at the futures exchange), leaving him with
& — N'F dollars at t=0 which he stores until t=1. In diium N- = N°. we sometimes omit the
superscript. At t=1 he receives his collateral hdmk uses that to settle his futures position. He
pays NF dollars and receives N units of the comtgpdihich he can sell in the goods market at
the equilibrium price of’; per unit, i.e., N['; is the value of what he receives. Summarizing, at
t=1 his wealth is:

W=(&—-NF)+Ni=&+NI1-F).

Let N be the number of futures contracts the speculatailling to go long at t=0 at price F.
Then at t=0 the speculator’s problem is to choodseoN

%2 gee, e.g., Getzy, Minton, and Schrand (1997) aiath&@n and Smith (1999).
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Max E[U(W)] s.t. W = g+ N*(I'; — F).
The first order condition is:

1-Fy=0 (A3)

E[U(T; ~ F)] =0 orE[U" (-

Note thatl’; — F is the (realized) risk premium on the futupesition. If things go well for the
futures investor, this will be positive, but theautes position is risky and this term might turrt ou
to be negative. The first order condition values tisk premium with the pricing kernel U’
(which here is trivial as it is a one-period prabje The first order condition makes clear that the
speculator must be rewarded for taking risk, asutfilily function is concave. He increases his
futures position until there is no further expeogeth to doing so.

Turning to the inventory holder, let®Nve the number of contracts the inventory holdeviikng
to go short at t=0. This is the number of unitsred commodity that the inventory holder must
deliver to physically settle his futures positionnaaturity, t=1. In exchange, he receives $NF.
The inventory holder choosesand N to:

Max Tlo = po(2o - lo) + E[pu(z1 + lo(1 —8)-N°) + NF] — E[g(z, lo, N%F)]

s.t. b>0.

A Rational Expectations Equilibrium is a set ofgesIy, Iy and F such that: (i) the goods
markets at t=0 and t=1 clear; (i) the futures neaet t=0 clears, i.e.,'"Ne N°= N; (iii) inventory
profits are maximal; and (iv), the speculator’ditytis maximal.
As before, we start at t=1. The amount supplietthénsecond period goods market consists of the
inventory holder’s final inventory, net of what wased to settle his futures position,+z (1 —
d)lo — N, plus the amount of goods delivered to thecslagor in the futures market, N. So the
goods market clearing condition is:

D(p) =z +[(1 -8)lo— N]+ N =27 + [(1-9)lo= Iy,
which yields p;” =T;(l,) (i.e., the inverse of the demand function).
Given | and the initial endowmentg,zat t=0 the goods market clears if:
D(po) = 20— o,

which implies thatpg = (z, — 1) is the equilibrium price. As above, we will use thetation
I'p andT; for equilibrium prices, respectively, suppresding arguments of these functions.

Given the equilibrium prices in the goods markEgsandI'y, respectively, at t=0 the price-taking
inventory holder chooseg &nd N to:

Max T = I (20 — o) + E[l1(z1 + lo(1 —8) — N) + N°F] - E[g(2, lo, NF)]

s.t. b>0.
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The first order conditions with respect taahd N, respectively, are:

E[r -8 =To -1+ E(g', ) (A%)
ELH gy, (AS)

where) is the Lagrange multiplier on the non-negativibnstraint on inventories. Recall that the
partial derivatives of the bankruptcy function aregative, i.e., expected marginal bankruptcy
costs are decreasing if inventories or hedgingemee.

Equation (A4) alters the Deaton and Laroque “natidpe” condition. Now there is an incentive
to hedge against the bankruptcy cost even if erpeagtofits from carrying inventory are negative
at the margin. Holding more in inventory makesuming the bankruptcy cost less likely. |If
there is an interior solution wherg0, thenk=0, which will henceforth assume is the case.

Equation (A5) expresses the risk transfer functidnthe futures market. The expected risk
premium, earned by the speculator, i5:Ef F]. Since the right-hand side of (A5) is pagit{the
partial derivative is negative), the expected fskmium paid to the speculator,TE[— F], is
positive. However, the inventory holder does nonhanif the risk premium is expected to be
positive, i.e., an expected net positive paymenthto speculators, because it helps reduce the
expected bankruptcy cost. It is also instructivevtite (A5) as:

o EM)
1-E(g'y)

Since the partial derivative is negative, it isacléhat in equilibrium (i.e., evaluating (A5) akth
equilibrium values) F will be set at a discountth® expected future spot price, where the
discount is a function of the expected bankruptogtcIn this sense, the model displays
Keynesian “normal backwardation.”

We have already determined the market clearing ggoites, as functions of the inventory
decision, §, an endogenous variable. Equation (A4) determities equilibrium level of
inventories, §. The futures market must also clear, i.et, &N°=N. The supply of futures
contracts is determined by equation (A3) and thmadel for futures contracts is determined by
equation (A5). Equation (A3) (substituting in theu@ibrium valuel’;) and equation (A5) jointly
clear the futures market by determining N and RviSg (A5) for F and substituting into (A3),
eliminating F, gives an expression implicitly detining the equilibrium N:

11 - 9E(9) ) _ =y
E[U Fl](l N J E[U']E[r,]. (A6)

This completes determination of the equilibrium.
Some Results
The source of the risk premium in the futures markehésrisk premium in the spot market.

Comparing the inventory holder’s first order condiBo(A2) and (A4), it is clear that the
inventory holder requires a higher expected returrholding inventory intertemporally due to
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the presence of the bankruptcy cost. Just as the e@glitpremium is inherited by S&P futures,
so the commodity futures inherit the risk premium i@ $pot commodity prices.

The fundamental state variable of commodity futurethés level of inventories. To see this
consider a reduction in inventories due to an exogeshock (alternatively this can be thought
of as an exogenous change in net demand), 4,8s, reduced. When this occurs the expected risk
premium rises. The result of Deaton and Laroquetti@tvariance of’; is decreasing inyland
increasing inlystill holds. Since the variance of the second periad phce (the risk borne by
the long investors and shed by the short investors) daeseewhen inventories go down, the
expected risk premium in the futures market (the corsgion paid to the long investor by the
short investor) rises. This can be seen from the denwarite long position, Nby the investors
(Equation (A3)), and the demand to short, By the inventory holders (Equation (A5)). This is
shown in the figure below.

The Expected Risk Premium Rises When Inventoridls Fa
N Eq. (A5)

A

E[l; - F]
F

N": Eq. (A3)

N

But, note that while the expected risk premium rigdgen inventories fall, the equilibrium
number of futures contracts, N, may rise or fall (igpo the figure shows N rising). This depends
on the relative curvature of the demand and suppigtions for long and short futures positions.
This ambiguity will be important when we analyze fositions of traders in the main text.

When inventories,g decline, the basi§, — F, increases. To see this first notice that we tieere
following results due to the properties of the invaetemand function:

Mo o Mooy Mo

3z, EN aly

So,Ty increases. Then for the basis to increase when ionestdecline, either F must go down
or, at least, not rise by as muchlgs We know thatdE(rl)AI <0. Looking at equation (A5),
0
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we can see what happens to F in equilibrium whedezlines. Since the bankruptcy costs
display constant marginal costs (by assumption), F msst g down whenglgoes down.
Equation (A4) determines the equilibrium level of/entories. Note that it depends on the
equilibrium number of futures contracts and on theildgium futures price because those are
arguments of the g function. The total differentsal i

0E(,) ar ar
1-9)? Ydl, -—2dl, -—2dz, =0.
1-9) Ay 0 ar, 0 oz, %

Recall that we have assumed constant marginal costscdarhise rewritten as:

jﬁ (1-0)2 OE(My) _ 0l | _dly
Z dlg dlg ) 0z

o dl, E(,) . o - angd 9" o i
which implies that Ao >0 becausea A . <0; A, >0; and oz <0. This shows

that the basis widens when inventories go down.

As in RSS (2000), there is an endogenous implied “epm@nce yield” that arises just as RSS
showed.
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Appendix B: Inventory Data

Aluminum: Source: London Metals Exchange: “Warehouse stock&aft @ate: 12/29/1978.
Periodicity: daily.

Butter: Source: U.S. Department of Agriculture: “Commersiacks of butter in the U.S. on
first of the month in thousands of pounds.” Start da®&31/1969. Periodicity: monthly.
Data to 12/31/2004 is compiled in an Excel tableHnpnomic Research Services (ERS-
USDA) from National Agricultural Statistics ServicesASS-USDA) data. Then, the data is
taken directly from NASS-USDA monthly Cold Storagmports. Data as of the first of the
month is shifted to the end of previous month.

Coal: Department of Energy: Monthly Energy Revief).S. Coal stocks.” Start date:
03/31/1999. Periodicity: monthly. At the time ofiting, the data was not available for
December 2006. The value for this month is assumed tqbeal to the November 2006
value.

Cocoa: Source: New York Board of Trade, sum of three sefMsible stocks of cocoa in
New York warehouses” (thousands of bags), same for Riilaidh warehouses and for Port
of Hampton Road warehouses. Data to 04/30/1999 i6 fi6ts the monthly series of the
same data compiled by Commodity Research Bureau (CRBod@es CD) in millions of
bags and rounded to one decimal place. Start d&&/1P31. Periodicity: monthly.

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

Copper: Source: London Metals Exchange. Start date: 1/Z¥1®&riodicity: daily.
Corn: Source: USDA Livestock and Seed Division, Portlan@. OStocks of Grain at
Selected Terminals and Elevator Sites, thousands of Isusi&tart date: 06/25/1974.

Periodicity: weekly.

Cotton: Source: New York Board of Trade: “Certificated Waouse Stocks, 480 |b bales.”
Start date: 12/31/1989. Periodicity: weekly.

Crude Oil: Source: Department of Energy: Monthly Energy Renvie).S. crude oil ending
stocks non-SPR, thousands of barrels.” Start date:198%/ Periodicity: monthly.

Feeder Cattle: For Feeder Cattle, we do not use the availablentove series which is
quarterly. Instead we use 3-month-ahead valueseoLithe Cattle inventory for the current
monthly level of Feeder Cattle, under the assumptianit 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. on fifsthe month in thousands of pounds.”
Start date: 12/31/1969. Periodicity: monthly. Datal®/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 takeectly from NASS-USDA monthly
Cold Storage reports. Data as of the first of the manshifted to the end of previous month
and then shifted 3 months forward to account fordherage time feeder cattle spends in
feedlots.
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11. Heating Oil: Department of Energy: Monthly Energy ReviéWw.S. total distillate stocks.”
Start date: 1/31/1945. Periodicity: monthly.

12. Lead: Source: London Metals Exchange: “Warehouse stocks.’art State: 1/2/1970.
Periodicity: daily.

13. Lean Hogs: Source: U.S. Department of Agriculture: “Cold stardwpldings of frozen pork
in the U.S. on first of the month in thousands of pauh Start date: 12/31/1969. Periodicity:
monthly. Data to 12/31/2004 is compiled in an Exedlle by Economic Research Services
(ERS-USDA) from National Agricultural Statistics Siees (NASS-USDA) data. Then, the
data is taken directly from NASS-USDA monthly Colwbi&ge 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 stardwpldings of frozen beef
in the U.S. on first of the month in thousands of misuh Start date: 12/31/1969. Periodicity:
monthly. Data to 12/31/2004 is compiled in an Exedlle by Economic Research Services
(ERS-USDA) from National Agricultural Statistics Siees (NASS-USDA) data. Then, the
data is taken directly from NASS-USDA monthly Colwbi&ge reports. Data as of the first of
the month is shifted to the end of previous month.

15. Lumber: American Forest & Paper Association: “Stocks (grossodtivood in the United
States, on the first of the month, in millions of wbéeet.” Data compiled by Commodity
Research Bureau (CRB Yearbooks CD) and rounded todewemal place. Start date:
12/31/1969. Periodicity: monthly. Data as of thsstfiof the month is shifted to the end of
previous month. At the time of writing, data were awvailable for June 2006 to December
2006. The values for those months are assumed to Barieas the May 2006 value.

16. Milk: Source: U.S. Department of Agriculture: “Commercialcks of milk in the U.S. on
first of the month in thousands of pounds.” Start da®31/1969. Periodicity: monthly.
Data compiled in an Excel table by Economic Rese8mfrices (ERS-USDA) from National
Agricultural Statistics Services (NASS-USDA) data. Dats 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 cubietf Start date: 9/30/1975. Periodicity:
monthly.

18. Nickel: Source: London Metals Exchange: “Warehouse stocksft $ate: 7/13/1979.
Periodicity: daily.

19. Oats: Source: USDA Livestock and Seed Division, Portland. O8ocks of Grain at
Selected Terminals and Elevator Sites, thousands of Isust&tart date: 06/25/1974.
Periodicity: weekly.

20. Orange Juice: Source: U.S. Department of Agriculture: “Cold sta@agocks of orange juice
concentrate in the U.S., millions of pounds.” Staated 12/31/1969. Periodicity: monthly.
Data to 12/31/2004 is compiled by Commodity Rese8uafeau (CRB Yearbooks CD) from
National Agricultural Statistics Services (NASS-USDdgta and rounded to 1 decimal place.
Then, the data is taken directly from NASS-USDA nntCold Storage reports. Data as of
the first of the month is shifted to the end of pregiononth.
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23.

24,

25.

26.

27.

28.

29.

30.
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Palladium: Source: New York Mercantile Exchange: “Warehousmckst.” Start date:
10/31/1995. Periodicity: daily.

Platinum: Source: New York Mercantile Exchange: “Warehouseckst.” Start date:
10/31/1995. Periodicity: daily.

Pork Bellies: Source: U.S. Department of Agriculture: “Frozenkpbelly storage stocks in
the United States, on first of the month, in thousasfdpounds.” Start date: 12/31/1969.
Periodicity: monthly. Data to 12/31/2004 is compiled an Excel table by Economic
Research Services (ERS-USDA) from National Agricultustatistics Services (NASS-
USDA) data. Then, the data is taken directly from S$AUSDA monthly Cold Storage
reports. Data as of the first of the month is shiftethéoend of previous month.

Propane: Source: Department of Energy: Monthly Energy RevigWwS. ending stocks of
Propane/Propylene, thousands of barrels.” Start @£8&/1971. Periodicity: monthly.

Soybeans:Source: USDA Livestock and Seed Division, Portland. C&Rocks of Grain at
Selected Terminals and Elevator Sites, Thousands of eRisihStart date: 06/25/1974.
Periodicity: weekly. From 12/31/1961 to 05/31/190D0 * monthly series of the same data
compiled (in millions of bushels) by Commodity ResearcheBu (CRB Yearbooks CD) and
rounded to 1 decimal place as “Commercial stocks of smde the United States, on the
first month, in millions of bushels.” and shifted t@tbnd of previous month.

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

of soybean oil (crude and refined) at factories anteWwouses in the United States on the first
of month, millions of pounds. Data compiled by CommpdResearch Bureau (CRB
Yearbooks CD) and rounded to 1 decimal place. Stae: ®/30/1970. Periodicity: monthly.
Data as of the first of the month is shifted to the @ngrevious month.

Soybean Meal: Source: Economic Research Services, U.S. Departwfertgriculture:
“Stocks, including mill feed and lecithin of soybeeake and meal at oil mills in the United
States on the first of the month in thousands of slmd.t Data compiled by Commodity
Research Bureau (CRB Yearbooks CD) and rounded tcecimdl 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 stocks.tart Slate: 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 tradinduine 1989, but it took another 12 months
or so for warehouse stocks to rise from extremely lovels&evWe only used data from
6/30/1990.

Unleaded Gas:Source: Department of Energy: Monthly Energy RevigwS. total motor
gasoline ending stocks, thousands of barrels.” Start 8&#/1981. Periodicity: monthly.

Wheat: Source: USDA Livestock and Seed Division, Portland. OStocks of Grain at
Selected Terminals and Elevator Sites, Thousands of eBishStart 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 ResearcheBu (CRB Yearbooks CD) and
rounded to 1 decimal place as “Commercial stocks of domeheat in the United States, on
the first month, in millions of bushels of domestic wh&astorage in public and private
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elevators in 39 markets and wheat afloat in vesselsrgebat lake and seaboard ports, the
first Saturday of the month.” and shifted to the ehgdrevious month.

31. Zinc: Source: London Metals Exchange: “Warehouse stocks.tart Slate: 1/2/1970.
Periodicity: daily.
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Appendix C: Details of Estimation Procedures

This appendix is in two parts, describing the procedfoesalculating two sorts of statistics
employed in the paper. The first part concerng-statistics for the mean. It has two paragraphs.
The first, which is about thestatistics for scalar time series with serial correlaimown in
Tables 5-8), is fairly standard, but is described herecbmpleteness and as a lead-in to the
second paragraph, where calculation ofttetatistics for the difference in the two sample means
(shown in Figure 3) is discussed. The second part ist dbewstandard errors amdtatistics of
the pooled OLS coefficients on an unbalanced pahelhvihe errors are serially correlated. The
t-values based on those standard errors appear in Tadhes43

C1. t-statistics for the Mean of a Serially Correlated 8ries

1 n
Let{y,} be the serially correlated scalar time series and ret—z Y, be the sample mean.
t=1
We wish to calculate thiestatistics for testing the null hypothesis that the petpn mean of the
series is zero. Under suitable assumptions (see, e.cqashig000, Chapter 6.5)), we can show
that, under the null,

Jny [0}, - N(0,Avar(y)),
where Avar(y), sometimes called tHeng-run varianceis given by

Avar(y) = o +2> ¥, = D ¥ ¥ SEMY.) -
j=1

j:—oo
The so-called Newey-West estimate of the long-rurevas is:
q 1 n
EstAva(y)= > |1- Vi, Vi E—— D VYo -
j:z_q q+1 : l n_thlt i
Under suitable conditions, this is a consistent estinatdvar(y). Therefore, we havetaatio
for the sample mean that is asymptotically standarchabr

__ Ay
4 Est.Ava(y)

This is thet-statistics displayed in Tables 5-8.

J

t

[T, - N (01).

The t-statistics graphed in Figure 3 in red is thatistics for the following difference in the
sample means created by two time s¢§nesz, } :

n

: > % 1 > XIZEZYU

#Htlz 21} iz #Ht|z <1} o n=
where#{t | z, 21} is the cardinality of the sét | z, 21} and
(1 1 . _#[t]|z 21}
=| Nz 21} —— Az <1} x, Us————,
Yi [ﬂ{zt } 1_[1{4 }th H -

(In Panel A of Figure 3, for examplg, is the basis and, is the normalized inventory.) So, as
in the previous paragraph, the difference in samplansiean be written as a sample average of a
given seriey,. However, since each observation of the sdrigp here depends on a common

random variablg/, the long-run variance of the sample mearypfvill involve the asymptotic

variance of iz if [ converges to its population mean only at the usual rate oi/ﬁ We
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ignore this possible complication by assuming that thevergence ofi is faster than\/ﬁ.
This is a reasonable assumption to make in the contexigafe 3 because by constructian
(the normalized inventory) is above 1 for almost Itfadf time.

C2. Calculating Standard Errors of pooled OLS Estinates

The system of equations estimated in Tables 3 and 4ecamitben as

Yot =2 O+ &, (M=212,...M;t=12..n) (C1)
where t denotes the period anoh denotes the commodity, witM being the number of
commodities. z,, (Lx1) is the L-dimensional vector of regressors in timth equation for
periodt. In the case of Table 3, for exampkg, consists of 16 variables: the 12 monthly

2
X

mt !

dummies, X, x>, and(x,, —1)*{x_ >1} , wherex_, is the ratio of actual to normal

inventory level for commodityn at the end of month For now, assume the sample is a balanced
panel in that(y,,, z,,) is observable for any pa{m,t) .

The pooled OLS estimator @f is

& [EEna | ES e [E2E 0] $2E a0 @

=1\ t=1 m=1\ t=1 m=1 m=1
Substituting (1) into (2), we obtain

M

w6031 a3 ESmen)- 3

m=1

(C3)
where
I 2 &y
I Zy &y
ol PO P T I (C4)
(MLxL) : (MLx1) :
I ZyE e

Under suitable conditions (stated in, e.g., HayasBiOQ2 Chapter 6.5)),\/5(5—5) has a
limiting normal distribution whose variance is given by

Avar(3) =[ [thzmt )TF Avar(g) F[ ( ot mtl ﬂ_l, (C5)

(LxL) (MLXML)

1 n
where Avar(g) , the long-run variance o’gE—th , is the variance of the limiting
t=1

distribution of—z g, . It can be expressed as:

N
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Avar(g) = Zr =T, +Z(r +T, ) (C6)

(MLxML) j=—o

where [ is thej-th order autocovariance matrix £, } :

r = E[gtgt_j') (j =0£1%2..). (C7)

Since{q,} is asin (4) above, the autocovariarfqeis a partitioned matrix given by:

E(‘gltglt—jzlzlt—j’) E(Elffz,—jzuzz—j') E(gl‘f:m,—j lev;t,—j')
r=| B n,zzu,) Eefai 22 )  E€fi 2ty )

| =
(MLxML)

(C8)

_E(thgl,t—szt Z11—j') E(thgzt—j fot %l,—j’) E(‘El‘\lltgl\/l,t—sztZ\/l,t—j’)_
:(E(“: Ehe-iZ mtzh,t—j'))mh

That is, theifi,h) block of I, is the Lx L matrix E(£,,&, . ZmZe ;) -

The Newey-West estimator &var(Q) is

Est.AvalQ) = Zq:[ -

(MLxML) =g

—) (C9)

WhereI:j is a consistent estimate Efj to be specified below. The parametgtin (C9) is

sometimes called tHeandwidth With Avar(g) thus estimated, we can estimaﬁuar(g) as

Est.Avald) :{Z Zth mt} F'Est.Ava g) F {Z Zth . ] . (C10)

(LxL) (MLxML)

The (asymptotic) standard error of the pooled OLSTes# is the square root g? times the
n

corresponding diagonal element of this matrix. Twalue is the ratio of the point estimate to
this standard error.

To calculateEst.Aval(g), we need to estimaiﬁj 's, which areML x ML matrixes of fourth

moments. For the case of the Metals group in Tableve8,haveM =8 and L =16, so
ML =128. The finite-sample property of thhevalue might be better if we impose conditional

homoskedasticity of the errors (:*.E)(&mtsm_j‘zmt,ZMJ-):E(EnghF ;). Under conditional
homoskedasticity, we can writEj in (8) as products of second moments:

I_j = (E(Emtgh,t—j) E(thzht— j))m’h- (C11)

(MLxML)

The natural estimator of this, which replaces poputatiseans by sample means and the
unobserved error terms by pooled OLS residuals, is

n t=1 m,h
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where Em is the pooled OLS residual

Emt = Y = 2y O
To recapitulate, for balanced panels, the pooled Paiat estimate is (C2) and its asymptotic
variance Est.Aval9) is estimated by (C10) witkest.Avag) given by (C9) and (C12).

We now turn to our treatment of missing observatiomsthé case of Tables 3 and 4, the period
from which (y,,, z,,) is observable depends om That is,(y.,, Z,,) iS observable only for
t=s(m),  Mm+1,..,1, wheres(m is the first period of observation. The sample is an

unbalanced panel in this sense. The pooled OLS estipabis all the available observations in
one sample, so:

(§1)2|:Z[ z thzmlj:| 2[ Z Znt ymtJ' (C2)
m=1\ t=s(m rF1\ £ § m

The expression foESt.Ava(OA') is similarly modified so that the averages overe averages
over available terms. Thus, (C10) becomes

M 1 M n 1
~ 1 ]
Est.Ava y4 F'Est.Avakg) F — >z Z
(L) ()= {Z;n s(m) +1tsz(:‘n) o } (MLxML)(g) [Z{ n—s(m) +1t=52(,‘11) e }
(C10)

and (C12) becomes

~ 1 n ~

I EmtEnt _ (C12)

(MLXML) [n N(mh D+1t N(Zm:hl) e N(mh )+1t N(ghj)zmtzht ] m,h

where N(m h )= max{g(n), ¢ h+ J.
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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 3 gives the first month of the sample pefardthe commodity in question. Column 4 gives thenber of
monthly observations in the sample, followed by #éinghmetic and geometric average returns. The oekimns
give the annualized volatility (defined as the did deviation of monthly excess return multipltadthe square
root of 12), skewness, and kurtosis of the montatyrn distribution, followed by the average paisevcorrelation
with the other sample commodities and an equalligited index that includes all commodities. Thefioolumn
gives the average futures basis, measured as thenpege difference between the nearest and newrgtority
futures contracts and expressed as a percent peman

Cocr';n r';?g'ty Commodity Start N Al\gllégrr:] CI;:‘/IZOamn. Stdev Skew Kurt Cootrr:g\r’é ?gg&” Avg Basis
Index Index 196912 444 5.48 458 13.5 0.91 8.71 0.40 1.00 -2.10
Copper 196912 444 7.77 4.06 27.7 0.77 6.10 0.19 0.40 0.37
Platinum 199510 134 12.82 11.28 176 -0.16 2.83 0.12 0.33 2.59
Palladium 199510 134 13.41 6.76 37.2 0.60 4.89 0.09 0.25 -0.11
Metals Zinc 198901 215 3.77 1.17 23.2 0.71 4.21 0.14 0.35 -3.51
Lead 198901 215 4.90 2.18 23.7 0.69 4.05 0.11 0.28 -3.22
Nickel 198802 226 16.65 9.37 41.5 3.06 2599 0.14 0.40 2.67
Aluminum 198806 222 -2.06 -3.93 19.3  -0.11 4.03 0.16 0.41 -4.09
Tin 199007 197 4.11 2.39 18.9 0.88 5.76 0.14 0.37 -1.54
Cotton 198912 204 -4.10 -7.64 26.7 0.27 3.46 0.08 0.22 -7.30
Cocoa 196912 444 5.94 0.89 32,5 0.83 4.62 0.07 0.27 -1.86
Softs Sugar 198912 204 6.78 2.71 28.6 0.09 3.20 0.07 0.20 3.18
0J 196912 444 458 0.11 31.3 201  14.87 0.03 0.16 -3.97
Lumber 197010 434 0.50 -3.95 30.0 0.42 4.34 0.09 0.19 -7.61
Coffee 198301 287 2.17 -4.95 38.9 1.09 5.71 0.07 0.21 -5.83
Wheat 197006 438 -0.80 -3.84 25.0 0.79 5.91 0.15 0.52 -5.02
Corn 197406 390 -5.42 -8.06 23.4 1.12 9.34 0.18 0.57 -9.76
Soybeans 196912 444 3.31 -0.52 28.6 1.70  13.54 0.20 0.70 -2.80
Grains Soybean Oil 197009 435 7.49 2.46 33.1 1.64 9.79 0.16 0.60 0.02
Soybean Meal 197009 435 6.80 1.46 34.6 255  21.08 0.18 0.65 -0.72
Oats 197406 390 -2.02 -6.77 32.6 283 2767 0.13 0.49 -7.91
Rough Rice 198708 232 -6.35 10.48 29.4 1.19 8.40 0.07 0.18 -13.06
Pork Bellies 196912 444 1.77 -5.36 38.3 0.58 4.41 0.13 0.44 458
Live Cattle 196912 444 6.37 4.61 187  -0.23 4.49 0.14 0.44 1.33
Meats Lean Hogs 196912 444 7.54 3.81 27.4 0.15 4.35 0.15 0.50 -5.86
Feeder Cattle 197211 409 2.87 1.37 17.2  -0.53 5.74 0.08 0.32 1.55
Milk 199701 119 5.14 1.34 28.2 0.87 5.46 0.05 0.12 1.16
Butter 199709 111 11.03 4.78 36.1 0.68 5.40 0.03 0.11 -7.18
Heating Oil 197911 325 9.00 4.44 30.7 0.62 4.66 0.15 0.45 2.24
Crude Qil 198403 273 14.47 8.98 33.7 0.60 5.83 0.13 0.47 5.81
Energies Gasoline 198512 252 18.35 12.24 36.0 0.90 5.71 0.14 0.51 7.85
Propane 198808 220 27.03 17.56 48.7 3.95 3752 0.14 0.52 9.41
Natural Gas 199012 192 8.67 -5.63 54.5 0.55 3.74 0.10 0.42 -15.66
Coal 200207 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 regressioredfehded inventories on monthly dummies. De-trdrideentories are defined as the percentage demi&tom the normal level
(i.e., 100 times lod(l *) wherel and I* are the levels of actual and normal inveesand log¢) is the fitted value of applying a Hodrick-Presddtér to the log of inventories. The
second column gives the start of the time serieséntories for each commodity; the end of the [ganis December 2006. Subsequent columns give stimaed dummy
coefficients, and the R-squared of the regresdiba.final column gives the first-order autocorriglatof monthly de-trended inventories

Commodity Commodity Coefficients of Monthly Dummies

Group Name Start N Jan Feb March Apr May June July Aug Sept Oct Nov c De R-sq rho
Copper 196912 445 0.049 0.024  -0.064 -0.045 -0.053 -0.103  -0.0640.045 0.089 0.044 0.036 0.042 0.01 0.98

Platinum 199510 135  -0.064 -0.104 -0.056 -0.035 -0.133  -0.157 0.1930.181 0.208 0.027  -0.031  -0.026 0.05 0.86

Palladium 199510 135  -0.053 0.094 0.140  -0.094 -0.057 -0.018 -0.1630.172 0.023  -0.021  -0.019 0.316 0.01 0.94

Metals Zinc 196912 445 0.007  -0.010  -0.021 0.004 0.012  -0.001  -0.007 .03  0.045 0.009  -0.029  -0.041 0.00 0.97
Lead 196912 445  -0.007 -0.019 -0.040 -0.031  -0.027 0.021 0.0440.033 0.047 0.023 0.002  -0.045 0.00 0.97

Nickel 198004 321 0.104 0.028 0.002 0.055 0.081  -0.041  -0.087 09&. -0.028 -0.054  -0.031 0.070 0.00 0.96

Aluminum 197912 325 0.050 0.033 0.015 0.002  -0.029  -0.023  -0.042 .02® -0.005  -0.008 0.034  -0.002 0.00 0.98

Tin 199006 199 0.079 0.020 0.019 -0.013 -0.044 -0.070 -0.050 .00® -0.010 -0.037  -0.001 0.103 0.01 0.95

Cotton 198912 205  -0.038 0.207 0.347 0.344 0.283 0.163 0.079 5&.4 -0572 -0.341  -0.088 0.067 0.12 0.81

Cocoa 196912 445  -0.094 -0.062 0.000 0.056 0.143 0.159 0.197 9%.0 0.025 -0.161 -0.231  -0.126 0.04 0.94

Softs 0J 196912 445  -0.018 0.103 0.117 0.187 0.268 0.249 0.154 9.01-0.141  -0.293  -0.378  -0.259 0.49 0.92
Lumber 196912 445 0.000 0.013 0.018 0.014  -0.009 -0.009 -0.014 .01 -0.002 0.007  -0.006 0.001 0.01 0.90

Coffee 198301 288  -0.104  -0.099 0.065  -0.007 0.132 0.116 0.162 10%. 0.074 -0.164  -0.283 0.003 0.01 0.96

Wheat 197006 439  -0.005 -0.093 -0.179 -0.312  -0.419  -0.193 0.114 0.260 0.305 0.263 0.164 0.069 0.34 0.96

Corn 197406 391 0.300 0.273 0.233 0.126  -0.070  -0.248  -0.397 .48® -0.342 0.065 0.290 0.284 0.42 0.91

Grains Soybeans 196912 445 0.372 0.316 0.252 0.116  -0.067 -0.246  -0.473 .799 -0.848 0.378 0.526 0.459 0.61 0.76
Soybean Oil 197009 436 0.063 0.067 0.074 0.079 0.072 0.034 0.017 20.05-0.138  -0.133  -0.080 0.007 0.07 0.97

Soybean Meal 197009 436 0.050 0.034 0.019 0.047 0.082  -0.021 0.034 4.1 -0.184  -0.025 0.061 0.049 0.07 0.71

Oats 197406 391 0.086 0.026 -0.036 -0.126 -0.266 -0.321  -0.2370.013 0.213 0.270 0.216 0.154 0.12 0.94

Pork Bellies 196912 445 0.207 0.239 0.438 0.572 0.618 0.489 0.054 €0.64-1.211 -0.825  -0.150 0.209 0.70 0.87

Live Cattle 196912 445 0.078 0.042 0.035 0.012 -0.030 -0.053 -0.052 .05® -0.044  -0.012 0.020 0.060 0.09 0.92

Meats Lean Hogs 196912 445 0.007 0.030 0.078 0.173 0.166 0.075 -0.045 6.1 -0.163 -0.086 -0.030  -0.036 0.30 0.91
Feeder Cattle 196912 445 0.013  -0.030 -0.053 -0.052 -0.058 -0.044  -0.0120.020 0.061 0.078 0.041 0.035 0.09 0.92

Milk 197001 444  -0.069 -0.044  -0.029 0.025 0.090 0.121 0.133 08%. 0.016 -0.050 -0.137 -0.139 0.28 0.95

Butter 197001 444  -0.133 0.005 0.052 0.185 0.291 0.261 0.252  40.13-0.026  -0.143  -0.409  -0.467 0.23 0.91

Heating Oil 196912 445 0.020 -0.094 -0.195 -0.210 -0.149  -0.077 0.026 0.091 0.137 0.149 0.171 0.129 0.50 0.92

Crude Oil 196912 445  -0.015 -0.012 0.010 0.026 0.031 0.017 0.004 01L0. -0.025 -0.001 0.001  -0.023 0.07 0.94

Energies Gasoline 196912 445 0.055 0.059 0.024 0.006 0.002  -0.008 -0.018 044€. -0.020 -0.039 -0.015 -0.001 0.26 0.85
Propane 197101 432  -0.178 -0.347 -0.368  -0.248  -0.075 0.059 0.166 0.232 0.263 0.243 0.199 0.055 0.66 0.90

Natural Gas 197509 376  -0.104 -0.343  -0.473 -0.386  -0.193  -0.025 0.1070.215 0.311 0.362 0.325 0.167 0.79 0.91

Coal 199903 94 -0.049 -0.045 -0.002 0.045 0.067 0.059 0.014 02®. -0.044 -0.020 0.001 -0.008 0.17 0.94




Table 3: Futures Basis and Inventories

The table reports the results of a regression efiikures basis (measured as the percentage diffetgetween the nearest and next-to-
maturity futures contracts and expressed as a peps annum) on I/I* (the ratio of actual to notntraventory level) and monthly
dummies, using a cubic spline regression. The Eapgriod for each commodity is the same as in §4bl The basis is defined as the
annualized difference between the nearest to ntvatfufures price and the next futures price. Colan@nto 5 report the slope and
associated-statistics of the regression at I/I* = 1 and IA4*0.75. The next two columns report the differeincéhe slopes and tavalue

for the difference. The standard errors of thdfaent estimates used for calculating thealues are calculated using the Newey-West
method for correcting error serial correlation watbandwidth of 12 months. The estimates repddeéach commodity group are the
slope and-values when the coefficients of the cubic spliegression are estimated by pooled OLS, which cainsticoefficients to be
the same across commodities of the same group.stéhdard errors of the pooled OLS coefficientestes take into account serial and
cross-sectional correlation in the error terms, #rel fact that the data is an unbalanced panel,the starting month differs across
commodities.

Commodity slope at 1 t slope at 0.75 t difference t R-sq
Metals group -5.1 -2.46 -11.8 -6.01 6.7 4.70

Copper -3.2 -0.61 -15.3 -2.76 12.1 5.64 0.41
Platinum -3.4 -1.10 -3.1 -0.93 -0.3 -0.12 0.41
Palladium -4.5 -1.46 -3.2 -1.26 -1.3 -1.03 0.19
Zinc -1.9 -0.39 -9.6 -2.22 7.6 3.32 0.32
Lead -14.6 -2.83 -27.0 -5.57 12.4 4.34 0.54
Nickel -3.9 -1.06 -13.6 -4.13 9.6 5.95 0.55
Aluminum -5.7 -1.64 -9.4 -2.86 3.7 2.16 0.25
Tin -0.1 -0.02 -9.3 -3.03 9.2 5.06 0.40
Softs group -19.3 -5.65 -25.7 -8.37 6.4 493

Cotton -16.6 -2.62 -24.4 -3.86 7.8 3.51 0.30
Cocoa -17.1 -2.47 -27.3 -3.47 10.2 3.30 0.31
0J -38.9 -3.74 -34.7 -2.75 -4.3 -0.45 0.25
Lumber -109.1 -2.33 -546.6 -1.97 437.5 1.42 0.33
Coffee -9.2 -2.17 -16.2 -4.45 7.0 4.98 0.62
Grains group -21.4 -5.10 -25.1 -5.02 3.7 1.39

Wheat -28.7 -3.10 -45.3 -3.48 16.5 1.78 0.28
Corn -7.2 -0.93 -20.0 -1.91 12.8 1.61 0.31
Soybeans -24.9 -4.06 -33.1 -4.46 8.2 2.47 0.27
Soybean Oll -52.1 -3.74 -71.6 -3.75 19.5 1.05 0.29
Soybean Meal 35 0.31 18.6 1.29 -15.0 -1.03 0.16
Oats -12.6 -1.14 -15.5 -1.25 2.9 0.45 0.18
Meats group -59.8 -7.03 -60.2 -6.27 0.4 0.12

Pork Bellies -35.8 -5.94 -39.2 -5.31 3.4 1.17 0.46
Live Cattle -43.4 -2.34 -9.3 -0.16 -34.1 -0.51 0.18
Lean Hogs -122.3 -5.34 -64.4 -1.24 -57.9 -0.91 0.62
Feeder Cattle -14.2 -0.92 -27.8 -0.61 13.7 026 60.1
Milk -63.8 -0.64 -829.9 -2.08 766.1 1.67 0.43
Butter -51.7 -3.74 -47.2 -2.99 -4.5 -0.54 0.35
Energies group -154.6 -7.61 -149.6 -4.15 -5.0 -0.16

Heating Oil -137.6 -6.03 -99.3 -1.18 -38.2 -0.40 59.
Crude Oil -303.9 -6.06 1688.8 0.90 -1992.8 -1.05 460.
Gasoline -359.6 -4.11 -1752.7 -0.40 1393.1 0.32 005
Propane -141.0 -5.21 -144.6 -4.61 3.6 0.13 0.56
Natural Gas -174.9 -2.94 -122.4 -1.93 -52.5 -0.85 .550

Coal -64.9 -1.63 -210.8 -0.15 145.9 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 dedrei/entories at the start of the
month, in addition to monthly dummies. De-trendedentories are defined as I/I*, the ratio of actisahormal inventory levels. Normal
inventories are defined as the fitted values oflyapg a Hodrick-Prescott filter to inventories. Tlseandard errors of the coefficient
estimates used for calculating thealues are calculated using the Newey-West mefbodorrecting error serial correlation with a
bandwidth of 12 months. The estimates reportedefmth commodity group are the coefficient argdatistics when coefficients are
constrained to be the same.

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 commodaiesranked from high to low using normalized ineeiats, defined as ratio of the actual level of meeies
() divided by the normal level of inventories YI*The top half of the commodities are assignetihéoHigh inventory portfolio and the bottom halftte Low
inventory portfolio. Panel A of the table summasizbe annualized return distributions of the Higkd &ow portfolios in excess of the equally-weigh{edV)
index. Average returns and standard deviationggpeessed as percent per annum. The bottom pamehatizes information about the average charadtsist
of the commaodities in the High and Low portfoli@s, well as the Positions of Traders as definechbyQFTC. Characteristics include: the 12-monthrigu
return prior to portfolio formation, the 12-monthigr % change in spot price prior to portfolio fation, the percentage basis, and the normalizezhtovies
expressed as percentage difference between aotigaitory level (I) and normal inventory level (IiJefined as 100 times log(l/I*)), and volatility fitreed as
the % standard deviation of the daily commaodityifas returns during the month for which the excegn is calculated. Positions of Traders are oregsas a
percent of Open Interest at the time of sortinge €hlumns measure the characteristics of the contiemdh the High portfolio, the Low portfolio, artiet-
statistic for the difference.

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 -3.64 361 -7.25 -4.38 437 -875
Standard Deviation 7.77 7.80 15.48 7.03 7.04 14.02 6.44 7 6.412.84
t -statistic (mean) -3.03 332 -3.19 -2.34 233 -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 futures return 041 1531 -6.45 124 1297 455 0.05 11.20 -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 37.20 -35.19 40.80 -31.07
Volatility (+1) 23.40 2386 -1.15 23.75 2390 -0.27 23.84 3.45 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 6.27 241 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 hati@commodities are assigned to the High Basiggbiorand the bottom half to the Low Basis porifolPanel
A of the table summarizes the annualized returtribligions of the High and Low portfolios in excesfghe equally-weighted (EW) index. Average retuamd
standard deviations are expressed as percent pemarThe bottom panel summarizes information atioeitaverage characteristics of the commoditiefién t
High and Low portfolios, as well as the PositiorisTeaders as defined by the CFTC. Characteristictude: the 12-month futures return prior to pditfo
formation, the 12-month prior % change in spotecior to portfolio formation, the percentage baand the normalized inventories expressed agipige
difference between actual inventory level (1) andmmal inventory level (I*) (defined as 100 timeg(t1*)), and volatility defined as the % standatelviation of
the daily commodity futures returns during the nhafior which the excess return is calculated. Rasitiof Traders are measures as a percent of Ofradnat
the time of sorting. The columns measure the claniatics of the commodities in the High portfolibe Low portfolio, and thestatistic for the difference.

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 9.74 571 -586 1157
Standard Deviation 7.76 7.93 15.58 6.87 7.13 13.93 6.08 8 6.012.10
t -statistic (mean) 398 -344 3.73 355 -3.14 3.36 404 04.1 4.08
% Excess Return>0 58.56 42.79 57.88 61.35 39.04 61.35 263.87.50 63.02

Panel B: Average Portfolio Characteristics

High Low  t-stat High Low t-stat High Low t-stat
Prior 12m futures return 21.02 -5.11 12.93 19.68 -5.40 .992 17.50 -5.93 10.56
Prior 12m spot return 15.61 0.29 10.45 14.39 -0.51 9.51 1114 0.00 7.16
Basis 15.32 -18.40 15.44 -17.73 13.04 -19.01
Inventories -14.87 1531 -17.08 -13.78 1595 -13.65 -9.349.09 -13.76
Volatility (+1) 24.07 23.23 2.13 2430 23.31 1.72 2398 38. 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 2.52 573 -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 thednothalf to the Low Momentum portfolio. Panel A thfe table summarizes the annualized return
distributions of the High and Low portfolios in eas of the equally-weighted (EW) index. Averagemet and standard deviations are expressed ampeere
annum. The bottom panel summarizes information atheuaverage characteristics of the commoditiehénHigh and Low portfolios, as well as the Posisi

of Traders as defined by the CFTC. Characterigticlside: the 12-month futures return prior to palitf formation, the 12-month prior % change in spote
prior to portfolio formation, the percentage basied the normalized inventories expressed as pagerdifference between actual inventory levelagiyl
normal inventory level (I*) (defined as 100 timeg(l/*)), and volatility defined as the % standateviation of the daily commaodity futures returnsidg the
month for which the excess return is calculateditms of Traders are measures as a percent af @perest at the time of sorting. The columns raeashe
characteristics of the commodities in the High fmdid, the Low portfolio, and thestatistic for the difference.

1969/12-2006/12

High Low H-L

Mean 6.54 -6.82 13.36
Standard Deviation 8.52 8.62 16.99
t -statistic (mean) 482 -4.95 4.93
% Excess Return>0 58.78 42.34 58.11

High Low t-stat

Prior 12m futures return 32.62 -16.65

Prior 12m spot return 26.22 -10.43 23.52
Basis 6.73 -9.96 19.15
Inventories -9.30 9.88 -8.26
Volatility (+1) 24.10 23.28 1.71

Commercials
Non-Commercials
Non Reportable

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

Panel A: Returns Relative to EW Index

High Low H-L High Low H-L
6.81 -7.03 13.84 7.69 -7.67 15.36
7.80 7.90 1553 6.84 3 6.813.64

424  -4.35 4.34 456 2-4.6 4.60
61.35 39.44 60.96 864.85.42 64.58

Panel B: Average Portfolio Characteristics

High Low t-stat High Low t-stat
3157 -17.14 29.407.79
2554 -11.70 1e4. 25.37 -11.23 20.33
6.94 930 17.97 5.03 -11.08 14.73
-7.29 9.44 -6.07 -3.51 13.29 .745
2443 23.24 1.83 2437 9F. 1.83
-11.57 -8.01 -2.73 -1253 -7.46  -3.61
9.02 1.58 9.81 10.11 124 11.72

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 assigoethe High momentum portfolio and the bottom halthe Low Momentum portfolio. Panel A of thel@ab
summarizes the annualized return distributionshef High and Low portfolios in excess of the equallighted (EW) index. Average returns and standard
deviations are expressed as percent per annunbditen panel summarizes information about the aeecharacteristics of the commaodities in the Higt a
Low portfolios, as well as the Positions of Tradessdefined by the CFTC. Characteristics include:12-month futures return prior to portfolio fortioa, the
12-month prior % change in spot price prior to fwdid formation, the percentage basis, and the afimed inventories expressed as percentage differen
between actual inventory level (1) and normal ineey level (I*) (defined as 100 times log(l/1*))nd volatility defined as the % standard deviatibthe daily
commodity futures returns during the month for vishilse excess return is calculated. Positions ofl@nsiare measures as a percent of Open Interbst tine

of sorting. The columns measure the characterisfitise commodities in the High portfolio, the Lgwrtfolio, and the-statistic for the difference.

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 8.69 858 17.19 8.53 8.34 16.83 6.71 8 6.713.44
t -statistic (mean) 477 -5.09 4.95 479 -5.07 494 436 54.5 447
% 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 futures return 28.61 -12.79 18.13 27.98 -13.522.84 25.99 -14.41 20.56
Prior 12m spot return 29.78 -13.87 28.60 -14.67 28.15 .0114
Basis 394 -7.08 1157 471 -7.05 1240 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 9@R. 191
Commercials -13.02 -6.45 -6.29 -14.03 -583 -7.80
Non-Commercials 9.60 1.14 13.68 10.59 095 16.12

Non Reportable 3.68 5.04 -1.87 3.78 453 -0.93



Table 9: Summary of Positions of Traders 1986 — 260

The table summarizes the Positions of Traders mneodity futures markets according to the classifices 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 10: Hedging Pressure and Futures Returns 198& — 2006/12

The table summarizes the results of a simple regmesof futures returns realized at the end of fmdnbn Commercial Positions measured at time
(contemporaneous) and measured at the end of rkdrlagged). Commercial Positions are defined asigidong position in a commodity future expressed a
a percent of the Open Interest in that commoditggidata obtained from the Report of Tradefdshe CFTC. The independent variable is measirdevels
(left panel) and in first differences (right pandihe table reports the slope coefficient and 8smeiated-statistic, and the R-squared of the regression.

Independent Variable Commercial Positions (Levels) me@ercial Positions (First Differences)
Contemporaneous Lagged Contemporaneous Lagged
Commodity slope t-stat R-sq slope t-stat R-sq slope t-stat R-sq slope t-stat R-sq
Metals Copper -0.13 -4.95 0.13 -0.02 -0.91 0.00 -0.24 -8.22 .200 -0.02 -0.58 0.00
Platinum -0.10 -7.49 0.16 0.00 -0.03 0.00 -0.16 -9.60 0.27 020. 0.99 0.00
Palladium -0.06 -2.54 0.04 -0.03 -1.22 0.01 -0.18 -4.09 0.06  -0.06 -1.36 0.01
Softs Cotton -0.16 -8.82 0.22 -0.02 -1.15 0.01 -0.23 -9.85 280. 0.00 0.04 0.00
Cocoa -0.15 -4.50 0.09 0.00 0.13 0.00 -0.34 -7.99 0.20 0.02 48 0. 0.00
Sugar -0.19 -7.24 0.18 0.00 -0.08 0.00 -0.34  -10.90 0.33 2-0.0 -0.62 0.00
Orange Juice -0.07 -3.35 0.05 -0.02 -0.76 0.00 -0.13 -455 .070 0.04 1.32 0.01
Lumber -0.11 -3.70 0.05 -0.03 -0.97 0.00 -0.15 -3.70 0.05 30.0 0.79 0.00
Coffee -0.31 -6.85 0.17 0.04 0.86 0.00 -0.42 -9.91 0.26 0.10 961 0.01
Grains Wheat -0.15 -6.12 0.15 0.01 0.49 0.00 -0.31 -10.68 10.3 0.02 0.68 0.00
Corn -0.23 -8.32 0.21 -0.01 -0.30 0.00 -0.46  -13.09 0.40 0.00-0.03 0.00
Soybeans -0.10 -5.19 0.08 0.01 0.27 0.00 -0.41 -11.64 0.36 .02-0 -0.42 0.00
Soybean Oil -0.16 -8.31 0.18 0.00 0.13 0.00 -0.31 -1157 50.3 0.02 0.52 0.00
Soybean Meal -0.20 -7.40 0.17 0.00 -0.04 0.00 -0.33 -10.11 290 0.01 0.13 0.00
Oats -0.01 -0.23 0.00 0.09 2.17 0.02 -0.17 -3.21 0.04 0.01 30.1 0.00
Rough Rice -0.09 -3.49 0.05 -0.06 -2.43 0.02 -0.09 -2.07  20.0 -0.04 -0.78 0.00
Meats Pork Bellies 0.02 0.35 0.00 0.04 0.79 0.00 -0.05 -0.61 0.00 0.06 0.85 0.00
Live Cattle -0.09 -4.22 0.06 -0.03 -1.38 0.01 -0.19 -4.75  080. 0.00 -0.06 0.00
Lean Hogs -0.19 -5.63 0.09 0.01 0.22 0.00 -0.30 -6.46 0.15 06 0. 1.16 0.01
Feeder Cattle -0.03 -1.23 0.01 0.05 2.39 0.02 -0.16 -5.72 12 0. -0.02 -0.80 0.00
Milk -0.14 -2.41 0.08 -0.08 -1.23 0.02 -0.25 -2.57 0.06 -0.13 -1.30 0.02
Energies Heating Oil -0.46 -8.22 0.22 -0.05 -0.75 0.00 10.5 -8.39 0.22 -0.07 -0.97 0.00
Crude Oil -0.49 -6.73 0.17 -0.12 -1.60 0.01 -0.51 -6.34 0.13 -0.07 -0.83 0.00
Unleaded Gas -0.35 -6.70 0.15 -0.05 -0.95 0.00 -0.36 -6.05 .13 0 -0.10 -1.56 0.01
Propane 0.10 1.03 0.01 -0.12 -1.22 0.01 0.38 2.88 0.05 -0.231.69 - 0.02

Natural Gas -0.77 -6.13 0.17 -0.10 -0.71 0.00 -0.90 -6.40 170. -0.14 -0.88 0.00




Figure 1: Excess Returns and Basis

The figure plots the sample average basis agdiestdmple average futures excess return for ingiVidommodity futures between 1990/12 and 2006¥Vh2.
basis is measured as the relative price differeeteeen the two closest to maturity contracts, @sged 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 fitted coefficients of a esgion of log of inventories, measured in deviaffom HP filtered inventories, on
monthly dummies. Panel A plots the seasonal caeiffis for Natural Gas Inventories, and Panel B shthe seasonal variation for
inventories of Corn.
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Seasonal Variation of Corn Inventories
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Figure 3: Normalized Inventories and Characteristic
For each commodity we divide the sample in monthemactual relative to normalized inventories isvabunity (High) and when it is below unity (Lovii.
Panel A, we plot for each commodity the averagéstiasHigh and Low inventory months, expressedenidtion from the full sample mean. In Panel B, we
show for each commodity the prior 12-month futurtsirns in High and Low inventory months, expressedeviation 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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The figure shows a scatter plot of the monthly olestions of the futures basis against the ratimeéntories relative to trend (I/1*)
The basis is net of sealseffect, i.e., after subtracting the estimaliaedar function of monthly
dummies in the cubic spline regression. In addifio red) we give the fitted values of a cubicirsplregression of the basis on

for Copper and Crude Oil.

inventories.
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Figure 4: Basis and Normalized Inventories
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