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Abstract

In this paper, we examine the temporal stability of the evidence for two
commodity futures pricing theories. We investigate whether the forecast
power of commodity futures can be attributed to the extent to which they
exhibit seasonality and we also consider whether there are time varying pa-
rameters or structural breaks in these pricing relationships. Compared to
previous studies, we �nd stronger evidence of seasonality in the basis, which
supports the theory of storage. The power of the basis to forecast subse-
quent price changes is also strengthened, while results on the presence of
a risk premium are inconclusive. In addition, we show that the forecasting
power of commodity futures cannot be attributed to the extent to which
they exhibit seasonality. We �nd that in most cases where structural breaks
occur, only changes in the intercepts and not the slopes are detected, illus-
trating that the forecast power of the basis is stable over di�erent economic
environments.
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1 Introduction

Commodities have recently caught much attention, due in part to increased mar-

ket sizes, the lack of investor returns from other asset classes,and volatile price

movements. Commodity prices rose rapidly in the late 2000s as a result of the

booming economies of developing countries and supply constraints,reaching a

peak in early 2011. However, prices declined subsequently following the markets'

concerns about the benign economic recovery. Di�erent from other asset classes

such as stocks and bonds, commodities have distinctive features and are less ex-

plored. Commodities each have their own production and re�ning processes and

are subject to a number of supply constraints and political inuences. On the

supply side, for example, weather disruptions periodically a�ect most agricultural

commodities, and political unrest in the Middle East and North Africa has led

to substantial oil price uctuations. On the demand side, reducedgrowth in the

need for commodities as raw materials arising from the debt crisis andthe slowing

Chinese economy have had signi�cant consequences.

Apart from their hedging function for commercial traders, commodities are

now regarded by investors as good alternative investments due totheir historically

low correlations with other asset classes. This attraction of commodities has

been further heightened by the bursting of the stock market `internet bubble'

and the recent `subprime' and sovereign debt crises. As a consequence of the

inconvenience of physically holding a commodity, investors turn to commodity

derivatives, traditionally commodity futures in particular. Thus, a knowledge of

commodity futures pricing helps investors to understand the underlying risks and

enables them to compose optimal portfolios.

Commodity futures pricing theories have been examined from di�erent per-

spectives. The relatively less debatedtheory of storageis built on the foundations

of time value and net return from physically holding the commodity. Di�er-

ent from other assets, futures contracts written on commodities embed a unique

component - the convenience yield1 - which accrues to the physical holder of a

commodity but not to the holder of the futures contract. This is because the

1See, e.g., Brennan and Schwartz (1985) who de�ne convenience yield as `the ow of services
that accrues to an owner of physical commodity but not to the owner of a contract for future
delivery of the commodity.'
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commodity can be used as an input to increase production in the caseof an un-

expected demand peak in the product market. For example, holdingan inventory

of wheat can help to mitigate a sudden surge in the demand for breador a dis-

ruption to the supply of wheat. It is generally agreed that the convenience yield

is inversely related to the inventory level, which is veri�ed by Ng and Pirrong

(1994) and Milonas and Thomadakis (1997), who measure the convenience yield

in a real options framework. However, the unobservable nature of the convenience

yield makes empirical investigation di�cult. To deal with this problem, Fama and

French (1987) therefore propose an indirect approach to test the theory of storage

and �nd supportive results.

Another body of literature aims to address the question of the existence of a

risk premium in commodity futures markets (risk premium theory). The issue of

whether there should be a risk premium is not exclusive to the theoryof storage

but requires an examination of commodity futures prices from another perspective.

It originates from the theory of normal backwardation proposedby Keynes (1930),

where the term structure of commodity prices is attributed to thegreater hedging

pressure of commodity producers who need to sell the commodity,which was

indeed the case in the 1930s in the UK. Under the implicit assumption ofa net

long position, normal backwardation theory states that higher demand from short

hedgers to transfer price risk leads the futures price to be below the expected spot

price. But, as Cootner (1960) argues, this does not need to be the case in certain

sectors or at all points in time. There might also exist greater hedging pressure

for long positions in the futures market. For example, some manufacturers utilize

commodities in their production processes and might be willing to pay for price

security, leading to a positive risk premium. Hedging pressure theory therefore

postulates that the sign of the risk premium varies between commodities (and

possibly over time) as it is a function of the current net hedging position in the

speci�c market.

The crucial role of hedging positions for risk premia and conditional risk mea-

sures are investigated by Bessembinder (1992), whereas Dusak (1973) and Mi�re

(2000) conduct analyses in a CAPM context. From another perspective, Rockwell

(1967) and Chang (1985) stress that the risk premium is the reward to speculators

without predictive ability concerning the price trend and that evidence for a risk
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premium should be distinguished from a reward for superior forecasting ability.

Chatrath et al. (1997) separate market participants into several categories and

�nd that the main source of return for large speculators is the owof risk pre-

mia rather than their timing ability. In more recent studies including Kolb (1992),

Gorton and Rouwenhorst (2006) and Erb and Harvey (2006), theauthors abstract

from the debate on whether speculators are net long or net shortbut examine a

key implication of the theory of normal backwardation: whether commodities

provide positive excess returns either individually or at the portfoliolevel. The

individual commodity results are not uniform and the portfolio performances are

sensitive to component weighting and other methodological aspects. So far, the

evidence for risk premia is less clear than that for the theory of storage.

In this paper, we extend the empirical work presented in the seminal study

by Fama and French (1987), denoted FF hereafter, in several directions. First,

the empirical tests performed by FF had limited power due to their limited data

availability. Therefore, now 25 years later, we are able to considerably extend

their sample period. Second, we also extend the universe of commodities ana-

lyzed by considering the heavily traded commodity subgroup of energy futures

contracts. Third, we analyze time-varying patterns and possible structural breaks

in the series. Fourth, we investigate the causal relationship between seasonality

and the forecast power of the basis. Our results show that over alonger time scale,

evidence of seasonality in the basis is enhanced, which supports thetheory of stor-

age. In testing for forecast power and risk premia, stronger evidence, mostly for

seasonal commodities, is found regarding the forecast power of the basis while the

evidence for time-varying risk premia is less consistent across series. By analyzing

the 12-month basis, the causal relationship between the seasonality and forecast

power in the basis is rejected. Moreover, structural breaks aredetected for energy

commodities in the forecast power tests. Finally, several robustness tests con�rm

our �ndings.

The remainder of this article is organized as follows: Section 2 introduces the

two theories examined in the study. A description of the data employed follows in

Section 3. The empirical results from applying the tests of the two pricing theories

using our extended dataset are presented in Section 4. Structural stability tests

are conducted in Section 5, and �nally, Section 6 concludes.
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2 Theories of Commodity Futures Pricing

The two commodity futures pricing theories we re-examine are the theory of stor-

age and the risk premium theory. These two theories are not mutually exclusive

but can explain the same phenomenon from di�erent perspectives.FF �nd that

the evidence for the theory of storage is stronger than that forthe theory of the

risk premium.

2.1 The Theory of Storage

Following the cost of carry relationship, the theory of storage decomposes the

basis, i.e. the di�erence between the futures and spot prices, intothree elements

- interest rate cost, marginal storage cost and convenience yield. The spread

between futures and spot prices can be expressed as:

F (t; T ) � S(t) = S(t)R(t; T ) + W(t; T ) � C(t; T ) (1)

whereF (t; T ) is the price of the futures contract at timet for commodity delivery

at time T, S(t) is the contemporaneous spot price,R(t; T ) is the interest rate,

W(t; T ) is the marginal storage cost, andC(t; T ) is the marginal convenience

yield.

Convenience yield arises as inventory can be regarded as a real option to reduce

production costs when there is unexpected demand. By holding physical storage,

producers can avoid surging production costs and the trouble of placing frequent

orders. The higher the inventory level, the lower the marginal convenience yield

as supply shortages are less likely. The convenience yield, initially documented

by Kaldor (1939), describes the linkage between current inventory levels and the

future scarcity of a commodity. If a market is tight due to a shortage of supply, the

commodity spot price is higher than the futures price (i.e. the basis is negative)

and inventory holders bene�t more from owning the underlying good. Therefore,

the convenience yield should be greater in absolute value than marginal costs (or

the cost of carry) and thus net convenience yield is negative in thatcase. This

theory is elaborated by Working (1949) and Brennan (1958), and Pindyck (2001)

further links the cash and storage markets to determine the short term dynamics

of spot prices. Nevertheless, empirically, one big problem is that theconvenience
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yield is not directly observable and good inventory data are not easilyavailable.

Therefore, FF propose to instead test whether there are seasonal changes in

the basis. Given a valid relationship between the basis and other storage costs, as

well as a link between the convenience yield and inventory level, the model predicts

seasonal changes in the convenience yield and in the basis for certain commodities

which have seasonal supply or demand patterns. The detection ofseasonality

in the basis is conducted by individual OLS regressions for each commodity as

follows:
F (t; T ) � S(t)

S(t)
=

12X

m=1

� mdm + �R (t; T ) + e(t; T ) (2)

wheredm is a seasonal dummy variable withdm = 1 if the futures contract matures

in month m, and dm = 0 otherwise, � m is the coe�cient of the seasonal dummy

variable in month m, � is the interest rate coe�cient and e(t; T ) is the error term,

which is assumed to be normally distributed and captures data tracking errors,

daily price limits, etc.

As discussed in FF, it is expected that there will be a one-for-one variation of

the basis with interest rates. Moreover, seasonality in the basis is easier to detect

for commodities that have seasonal patterns in demand or supply and that have

high storage costs, such as animal commodities.

2.2 Spot Price Forecasts and the Risk Premium

The second theory under consideration is the risk premium theory.According to

this theory, the futures price is assumed to be the sum of the expected spot price

and a risk premium which compensates speculators for taking on theprice risk

from hedgers. Therefore, the sign of the risk premium depends onwhether hedging

pressure is greater on the long or short side of the market. Moreover, Telser (1958)

and Rockwell (1967) argue that the di�erential between the futures price and the

expected spot price will vanish in a competitive market if speculatorsare eager to

trade. Cootner (1960) points out the non-inclusion of opportunity cost in Tesler's

argument and postulates that risk premia are not constant throughout the futures

contract life as demand and supply changes do not happen instantaneously. The

futures prices can be expressed as:
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F (t; T ) = E t [S(T)] + E t [P(t; T )] (3)

Thus, the basis can be written as:

F (t; T ) � S(t) = E t [P(t; T )] + E t [S(T) � S(t)] (4)

where

Et [P(t; T )] = F (t; T ) � Et [S(T)] (5)

S(T) is the realized spot price at timeT and P(t; T ) is the risk premium at time

t to be realized atT.

To test this model, as suggested by FF, we run separate regressions of the

realized price change and the realized risk premium against the basis.

S(T) � S(t) = a1 + b1[F (t; T ) � S(t)] + u(t; T ) (6)

F (t; T ) � S(T) = a2 + b2[F (t; T ) � S(t)] + z(t; T ) (7)

Here we regard the realized price changes and the realized risk premia as the

optimal forecasts of subsequent spot price changes and risk premia. As the basis

is the sum of the realized risk premium and the realized spot price change, the

two regressions will always meet several summation constraints:a1 + a2 = 0,

u + z = 0, and b1 + b2 = 1.2 A signi�cant positive b1 implies that information

regarding the future spot price change is embedded in the basis, whereas there

exists a time-varying risk premium ifb2 is signi�cantly positive. FF point out that

the variation of the basis will not reliably explain the change in the risk premium

or in the spot price if the basis standard deviation is much smaller thanthat of

the risk premium and of the spot price change.

2Since mathematically the parameters of these two equations are subject to summation con-
straints, this restriction will always apply and thus no hypothesis test is either necessary or
possible.
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3 Data

Commodity futures prices are obtained from the Commodity Research Bureau

(CRB). We aim to investigate the same commodities as FF. In addition,we include

several highly traded energy commodities contracts (heating oil, natural gas, crude

oil and gasoline) traded on the New York Mercantile Exchange.3 Three of the

twenty-one commodities used by FF are not available from the CRB { namely

eggs, broilers and plywood. Therefore, twenty two commodities in �ve subgroups

- agricultural, wood, animal, metal and energy { are included in our study. We use

the beginning-of-month prices for all twenty two commodities futures contracts of

di�erent maturities. The nearest futures contract is used as a proxy for the spot

price.4

The dataset employed in our study ranges from early 1966 to mid-2010.5 Con-

sequently, we more than double the sample size compared to FF. Interest rates are

sampled from Thomson Reuters Datastream'sUS Treasury Bill Yield 2nd Market.

For each basis observation, the corresponding beginning of monthyield with the

same maturity is used.

Table 1 provides summary statistics for the 6-month basis of each commodity.

The standard deviations are close to the values reported by FF, indicating that

basis variability has not changed signi�cantly over time. Metals have the least

variation, while animal commodities have the highest standard deviations. The

energy subgroup also exhibits a uctuating basis, where all four commodities have

standard deviations greater than 7%; for natural gas, it even reaches 19.65%,

which is the highest among all commodities considered.

To get a better feel for the empirical features of the data, Figure 1 displays

as exemplars two commodities' (crude oil and soybean) price series. More for-

3Electricity is another commodity of the energy segment. However,as it is quite distinct and
only a relatively short time series is available we do not include it in our study. For analyses
of risk premia in electricity markets see, e.g., Longsta� and Wang (2004) and Daskalakis and
Markellos (2009).

4For energy commodities, futures contracts traded on NYMEX stop trading before the de-
livery month and the spot prices are proxied by the prices of the contract which will mature
in the next month. For non-energy commodities, spot prices are observed from the currently
maturing futures contract.

5The live hogs, copper and gasoline contracts stopped trading before mid-2010. For consis-
tency with the underlying assets, we collect the data only until their �nal trading days.
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mally, we conduct tests for stationarity, autocorrelation and normality. The aug-

mented Dickey{Fuller test rejects the null hypothesis of a unit root for most of the

commodities, except gold, which means that these commodities' timeseries are

stationary. The Ljung{Box test mostly has lowp-values, which is in line with pre-

vious �ndings, providing evidence for autocorrelation except in thecases of cotton

and pork bellies. The results of the Jarque{Bera test show that only for the bases

of lumber, feeder cattle and gasoline is Gaussianity not rejected, implying more

skewness and/or heavier tails than the Normal distribution would imply.

4 Empirical Results

4.1 Seasonality test results

Interest rates and the bases

The results of regression (2) for testing the storage model are shown in Table 2.

To make the longer dataset results comparable, we replicate FF's work using the

CRB data for the same sample period as them { early 1966 to mid-1984, and we

�nd that our replication results are quite similar to theirs. Using the extended

dataset, all standard errors of the interest rate coe�cients are reduced compared

with those from the smaller dataset, and 16 out of 22 commodities have standard

errors not bigger than 0.5, which indicates that estimation precisionhas been

increased relative to that using the smaller dataset.

As in FF, metals track the interest rate best among all the subgroups. How-

ever, compared with the results in FF, a more concrete relationshipis demon-

strated: the slope estimate is 1.12 for gold with a standard error ofjust 0.03 and

the squared coe�cient of determination for the regression is 89%.Moreover, the

� of silver is estimated to be 1.00, and the explanatory power is 36%. Platinum

also has a slope estimate close to one but with a lowerR2. The indication for

copper is weaker as the� is estimated to be 1.93 and the standard error is rather

big (0.52).

Among the remaining commodities, the agricultural, wood and animal sub-

groups reveal weaker evidence than the metal subgroup. Compared to FF, the

slope estimates are further from one; half of them are negative, such as co�ee
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(-1.75). The energy subgroup, excluding heating oil, shows a negative relation-

ship between the interest rate and the basis. Not only the estimates, but also

their t-statistics, lend no support to our premise: only four commodities (which

are marked with a # in Table 2) do not reject the null hypothesis thatthe slope

estimates are equal to one at the 5% signi�cance level. However, the results in FF

show that only two out of all the commodities have slope estimates more than one

standard error from one, and all the estimates are less than two standard errors

from one.

We further check whether the estimates are signi�cantly di�erentfrom zero.

As shown in Table 2, only half of the commodities (marked with a *) haveslope

estimates di�erent from zero with 95% con�dence. Putting these two separate

t-test results together, only metals exhibit an interest rate coe�cient signi�cantly

di�erent from zero and not signi�cantly di�erent from one at the same time. This

�nding might be explained by wide convenience yield variations which maydistort

the relationship between the basis and interest rate.

Seasonality in the basis

To detect seasonality in the basis, we apply a standardF -test with the null hy-

pothesis that all the seasonal dummy variables have equal coe�cients.6

As for the results from the smaller dataset, seasonality is not observed within

the metal subgroup. On the other hand, the results shown in Table2 support the

conclusion that many agricultural commodities exhibit seasonality in the basis:

oats, orange juice, soybeans and wheat reveal seasonality in the6-month basis

with 99% con�dence and cotton with 95% con�dence. Given that allF -statistics

are signi�cant at much higher con�dence levels, our results are more convincing

than FF's regarding the seasonality in the basis. Wood products,i.e. lumber,

show indications of seasonality in the basis which reects seasonal demand in the

wood industry, while there was no support for seasonality in lumber according to

FF. Two animal commodities (live hogs and pork bellies) present more supportive

results of seasonality in the 6-month basis, but, perhaps surprisingly, the evidence

6Where F -statistic = (ESS new � ESS old )=df 1

RSS new =df 2
, df 1 is the number of new regressors anddf 2 is

the number of observations minus the number of parameters in thenew model. The old model
is the one with the interest rate only, and the new model refers to that including the seasonal
dummies.
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for feeder cattle vanishes. TheF -statistic of feeder cattle is 0.63 compared to 4.48

in FF. The case of feeder cattle will be further discussed in Subsection 4.3.

Seasonality in the basis is also detected in the newly added subgroup of energy

commodities for the heating oil, natural gas and gasoline series. Thisis not too

surprising, as these markets are driven by seasonal demand peaks, and speci�cally

the winter period for heating oil and the summer period for gasoline.However,

crude oil does not show any sign of seasonality since it is the raw formof both

gasoline and heating oil and the two complementary demand peaks smooth out

the seasonal pattern.

Broadly, the results are similar to FF's �ndings. However, when comparing

the results in detail we see that the relationship between the basis and the interest

rate is tighter for metals but looser for other subgroups. In addition, the presence

of seasonality in the basis is reinforced, which con�rms our presupposition that

for seasonal commodities, seasonality in the basis can be found as the convenience

yield varies from season to season along with seasonal changes in inventory levels.

4.2 Forecast power and risk premia

We now present the results for the tests of the forecast power and risk premia.

Table 3 displays individual regression results for each commodity anddi�erent

maturities: short (2-M), medium (6-M) and long (12-M). Table 4 summarizes

the results in terms of signi�cance levels and provides a comparison with our

replication results that employ the same sample period as FF.7

Evidence for forecast power

As shown in Table 4, in general, more support for forecast power is obtained from

the longer dataset than from the shorter period results. Among the agricultural

commodities, strong forecast power is found for six commodities ateach maturity

and another two (co�ee and wheat) have reliable evidence for the two month ba-

sis regression; the remaining two commodities (cocoa and soybean oil) show no

basis forecast power at all. By contrast, in the small sample, only oats demon-

strates strong evidence at every maturity and �ve others have an indication of
7The slight di�erences between the replication results displayed hereand those of FF are

probably due to the di�erent data sources.
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forecast power at some (mainly longer) maturities, but not at all ofthem. Each

commodity within the wood and animal subgroups exhibits forecast power at all

maturities, and most of them haveb1 estimates within the range 0 to 1 (as shown

in Table 3) that are signi�cant with high con�dence (shown in Table 4). On the

other hand, lumber and feeder cattle show less forecast power from the 2-M and

6-M regressions with the small dataset.

The results from the metal subgroup are in line with those of the smaller

dataset, and we cannot observe the existence of forecast power (negative and

insigni�cant value of b1). The newly added subgroup { energy { consistently

exhibits b1 values close to one, and the estimates are signi�cant, suggesting that

the basis contains information about future changes of spot prices, which has

strategic implications for industrial participants.

The results concerning the forecast power in Tables 3 and 4 and those on sea-

sonality in Table 2 suggest that the forecast power in the basis is related to its

seasonality, since the subgroups (agricultural, wood, animal and energy) that show

seasonality exhibit forecast power as well. On the other hand, metals do not dis-

play signi�cant basis forecasting power, and none of them show seasonality in the

basis either. We continue to investigate this relationship later in Subsection 5.1.

Evidence for risk premia

The evidence for risk premia is weaker and less conclusive than that for forecast

power, as seen in Table 4, which is similar to the results from the smallerdataset.

Speci�cally, it is quite common to have signi�cantb1 coe�cients but insigni�cant

b2 coe�cients in Table 3.

Compared with the small sample results, the degree of evidence fora risk

premium di�ers from that for forecast power: some commodities, such as cocoa,

co�ee, cotton, oats, live hogs, copper, gold and silver, gain more support from the

bigger dataset; others such as corn, orange juice, soybean oil and wheat receive

less. Moreover, the evidence is almost evenly distributed among di�erent maturi-

ties while the small sample results are more centered on the shortest maturity.

We categorize the commodities considered based on the results over di�erent

maturities. Lumber displays the strongest evidence as it has a stable b2 estimate

with high con�dence at each maturity. Another ten commodities from the agri-
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cultural, animal and metal subgroups exhibit reasonable evidence as they have

reliable positiveb2 values at some but not all maturities. The newly added sub-

group of energy commodities shows no signs of a risk premium at all.

Overall, our results con�rm and strengthen those reported by FFin terms of

forecast power, but vary from them regarding risk premia as mostcommodities

exhibit mixed changes over the longer period and considering di�erent horizons.

4.3 Seasonality in two subperiods

Inspired by the case of feeder cattle mentioned in Subsection 4.1, where the indi-

cation of seasonality vanishes in the long run, we suspect that this might be driven

by a shift in the seasonal pattern over the last three decades, since the time re-

quired to raise calves into feeder cattle has been shortened by using antibiotics

and high-energy feedstu�, e.g. corn. Thus, we split the long sampleperiod into

two parts (3/66 { 7/84 and 7/84 { 4/10) and apply the F -test to both subperiods'

regression results.

Most of the commodities which show seasonality during the �rst subperiod

also do so for the second as well as over the whole sample period, as depicted

in Table 5. Surprisingly, for feeder cattle, both the �rst and second subperiod

F -statistics (5.18 and 4.56) imply seasonality in the basis but this is not the case

for the whole period. Inspecting the coe�cients of the seasonal dummy variables

for the two subperiods, one can observe that they are of opposite signs and sim-

ilar magnitudes, yielding a cancellation e�ect over the entire sample period. To

investigate the temporal stability of the seasonal coe�cients, weperform a rolling

window analysis. Figure 2 displays series of coe�cients obtained from10-year

rolling windows for feeder cattle and soybeans as illustrations. In the case of

feeder cattle, the dummy variable coe�cients exhibit constant (upward) trends

except for the March contract. The other series in the second panel of the �gure,

soybeans, presents relatively stable dummy variable coe�cients, except again for

the March series.
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5 Additional Tests for Seasonality and Time Sta-

bility

5.1 12-M basis: seasonality and forecast power, risk pre-

mium tests

The 6-M basis results in Subsection 4.1 and 4.2 suggest that commodities showing

seasonality in the basis are more likely to have forecast power for future spot

prices. But is the predictable spot price change mainly caused by theseasonal

pattern? To address this issue, we repeat the forecast power tests using the 12-M

basis. Because there is no annual seasonality in the 12-M basis, thistest should

not be a�ected by annual seasonal patterns, even for the commodities exhibiting

seasonality. If the 12-M basis also shows forecast power, this line of reasoning can

be rejected. First, we test the presumption that the 12-M basis does not exhibit

seasonality. TheF -statistics shown in Table 6 con�rm this prediction as they are

all valued at less than 1.5. Next, we investigate whether forecast power and risk

premia are present in the 12-M basis.

First, we test the presumption that the 12-M basis does not exhibitseasonality.

The F -statistics shown in Table 6 con�rm this prediction as they are all valued

at less than 1.5. Next, we investigate whether forecast power andrisk premia are

present in the 12-M basis.

The forecast power and risk premium test results for the 12-M basis are shown

in Table 7. One can see that these results are quite similar to those ofthe other

maturities listed in Table 4. Only in the case of lumber does the 12-M basis not

show forecast power (yet the 6-M basis does for this series). Thesimilarity of

results suggests that forecast power is not caused by seasonality in the basis, and

what the basis predicts is not only the expected seasonal change of the spot price.

On the other hand, having evidence for the agricultural, wood, animal and energy

commodities but not for metals implies that the basis of seasonal commodities can

predict the unseasonal spot price change better than the basis of metals which we

assume do not exhibit seasonal demand and supply.
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5.2 Time series of estimates - rolling windows

To analyze the temporal stability of the results in more detail, we investigate how

the evidence for the forecast power and risk premium of each commodity evolves

over time by plotting the time series of slope coe�cient estimates together with

their signi�cance. Figure 3 presents a time series of 6-M basis test results for

certain commodities of di�erent performances, where 20 years ofobservations are

taken as the window length and the windows are rolled over each year.8 In this

�gure, the horizontal line is the slope estimate over the whole periodand it is solid

if it is signi�cant and dashed otherwise. The dots on the wave are theestimates

from each window of observations and are marked with an asterisk ifthe t-statistic

is above two, and not otherwise.

The left side shows the time-varying estimates for forecast power(b1), from

which we can look in detail at the evidence over time, especially for those series

that showed signi�cant evidence overall (marked with a + in Table 4).Amongst

the fourteen commodities which demonstrate reliable forecast power over the

whole sample period, ten have consistent results over time and can be catego-

rized as havingConsistent Forecast Power(CF). They have stable and signi�cant

slope estimates for most of the subsamples. Another four commodities can be

grouped as havingVarying Forecast Power(VF): oats, corn, soybean meal and

crude oil, as their results sometimes show signi�cantb1 values with wide swings

over time.

The results regarding the risk premia on the right side of the �guresuctuate

more than those of the forecast power on the left. Only one commodity has signi�-

cant and stableb2 coe�cients for all subperiods and is therefore classi�ed as having

a Consistent Premium(CP). The remaining seven commodities having signi�cant

risk premia over the whole sample period but that are sometimes insigni�cant in

the rolling samples are classi�ed as having aVarying Premium (VP). For example,

soybean oil and lumber haveb2 estimates that are signi�cantly above one from

the earliest windows but gradually slide below zero at the end. We summarize all

the commodities (including those not shown in Figure 3 due to space constraints)

according to the rolling window results in Table 8. As displayed, only live hogs

8For energy commodities, a window length of 10 years is taken as theyhave relative short
sample periods.

14



shows consistent forecast power and has a signi�cant risk premiumat the same

time. The table also indicates that forecast power is more temporallystable than

the existence of a risk premium as the commodities are more concentrated in the

column Consistent Forecast Powerthan in the column Varying Forecast Power,

but the majority of the commodities are classi�ed as having aVarying Premium

instead ofConsistent Premium.

5.3 Removing outliers

As a robustness check, we repeat the previous analysis by re-running regressions

(6) and (7) after removing outliers from the dataset. We de�ne anoutlier to

be any value that is more than 2.6 standard deviations from the meanfor each

commodity. The most obvious change is that the time-varying risk premia for

metals become signi�cant for both the 6-M and 12-M basis.9 All four metal

commodities under investigation have positive coe�cient estimates and most are

signi�cant at high con�dence levels, while the original data do not have these

features. Apart from that, the risk premia remain largely the same.

The outlier-free dataset provides us with quite similar results for the 6-M and

12-M basis forecast power tests. All the agricultural (except cocoa and co�ee),

animal and energy10 commodities have signi�cantb1 coe�cients but nothing can

be found for the metals subgroup. The biggest di�erence occurs for lumber where

the 6-M basis can predict the future spot price but the 12-M basis cannot.

5.4 Structural break tests

After removing outliers, we conduct Quandt-Andrews structural break tests with

exogenous break points. We employ the 12-M basis since it is likely to beless

a�ected by seasonal patterns. This is especially interesting for those commodities

that exhibited time varying behavior in Subsection 5.2.11

9The outlier-free results are quite similar to those from the original dataset and so we do not
report them here to save space, although they are available upon request.

10The 12-M gasoline result is not precise due to the limited number of observations.
11See also Arouri et al. (2012) for another paper that recently tested for structural breaks in

commodity markets, although in a di�erent context. The authors a rgue that the existence of
structural breaks suggests spurious long memories in the time series.
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According to the structural break test summary statistics (Maximum, Expo-

nential and AverageF -statistics), ten of them (three agricultural, three metal and

all four energy commodities) reject the null hypothesis of no structural breaks.

The dates where the maximum statistics occur for the remaining series indicate

the most likely break point locations. The corresponding dates for these are:

5/1996 for cotton, 3/1990 for orange juice, 1/2000 for soybean meal, 12/1974

for copper, 6/2001 for gold, 7/1983 for silver, 11/1998 for heating oil, crude oil

and gasoline, and 09/2005 for natural gas. For each of these, weare able to �nd

intuitively plausible explanations for why the breaks occur when theydo:

� World cotton production increased due to the impact of domestic policy

reforms in the largest cotton producing countries. In the 1995/96 season,

the Chinese government used advance payments to cotton producers before

planting, preferential rates on loans and other incentive policies tostimulate

production.

� The big freeze of 1989-90 caused by an arctic blast hit the Florida citrus

crops which are mainly used for orange juice.

� The structural break that occurred for the soybean meal series corresponded

with the EU ban on meat and bone meal as permissible products to feed

livestock following the spread of Bovine Spongiform Encephalopathy(BSE)

in the EU. Accordingly, demand for soybean meal has increased as amajor

alternative feed component.

� For copper, the price boomed at the end of 1974 due to a strong global

macroeconomic performance and high ination.

� In 2000, worries about central bank gold sales and a lack of investor interest

drove the gold price down irrespective of its continuing role as a store of

value. The Swiss National Bank embarked on selling 1,300 tons of gold

(half its reserves), and the British government continued its driveto sell 415

tons of gold from its reserves.

� Silver prices experienced a highly erratic price pro�le during the 1980s. After

the traumatic event of \Silver Thursday," speculative activity and increased
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secondary recovery of silver together with reduced ination expectations

precipitated a downward trend in prices from 1983.

� At the end of 1998, oil experienced its lowest price since the pre-Embargo

days of 1972, which was caused by the combined impact of the Asia-Paci�c

economic slump and an OPEC quota increase. Subsequently, the price

traded within a higher range attributable to the booming global economy.

� In 2005, Hurricane Katrina destroyed natural gas production facilities and

severely reduced supply levels.

Further analysis of the commodities showing structural bre aks

Based on the structural break points detected, two di�erent techniques are adopted

to identify the pre- and post-break features. First, we divide theobservations into

two samples and analyze them separately. Table 9 displays the results. Heating

oil only shows reliable forecast power after the break point and copper behaves

the other way, showing some forecast power only before the break. The same

results are found from both sub-periods for the remaining commodities, with the

agricultural and energy series displaying forecast power but not the metals. Re-

garding the risk premium, only silver provides reliable evidence during both the

pre- and post-break periods, while indications are found from heating oil before

the break and cotton, orange juice, and copper after the break.

Dividing the sample period into two parts introduces two problems: one is a

reduced number of observations,e.g. 43 observations for the second sub-period in

the case of natural gas. Another issue is that the type of break (parallel shift or

tilt) is given little attention. So second, we include dummy variables to analyze

possible intercept and slope coe�cient changes over time. The original forecast

power and risk premium regression equations (6) and (7) are therefore modi�ed

as follows:

S(T) � S(t) = [ a1 + adD] + [ b1 + bdD][F (t; T ) � S(t)] + u(t; T ) (8)

F (t; T ) � S(T) = [ a2 � adD] + [ b2 � bdD][F (t; T ) � S(t)] + z(t; T ) (9)

whereD is the dummy variable to capture the structural change and is equal to
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zero before the break point and one after the breakpoint,ad is the di�erential

intercept and bd is the di�erential slope coe�cient capturing intercept and slope

changes between the two sub-periods respectively. For the �rstsub-period, the

intercept is a1, while for the second subperiod it is given bya1 + ad. Similarly,

b1 is the �rst subperiod slope coe�cient and b1 + bd is the coe�cient estimate for

the second subperiod.

From the results shown in Table 10, we can observe that the structural breaks

are mostly parallel shifts as eight out of these ten commodities havesigni�cant

intercept di�erential estimates (ad), and amongst them six (cotton, soybean meal,

silver, heating oil, natural gas, crude oil) do not have signi�cant slope di�erential

estimates (bd); only two commodities (orange juice and gasoline) have both sig-

ni�cantly di�erent intercept and slope estimates between the pre-and post-break

periods. The remaining two { copper and gold { seem to have breaks of the tilt

type where only the slope dummy variables (bd) are found to be signi�cant.

6 Conclusions

To better understand the landscape of the increasingly importantcommodity

markets, we address the issue of commodity futures pricing. Usinga much larger

dataset than that employed in Fama and French (1987) and extending their anal-

ysis, we examine the theories that may explain the variation in the basis. Our

study yields several important results. First, we �nd that the relationship be-

tween the interest rate and the basis is stronger for metals while the evidence is

less clear for the other commodities, especially for the energy commodities, which

yield negative slope estimates. This illustrates that other factors,such as storage

cost and convenience yield, may be biasing the relationship between the basis and

interest rates for non-metal commodities. Second, we show thatseasonality is

important for a range of commodities. We also demonstrate that allbases with

di�erent maturities, to various extents, show forecast power, but particularly the

agricultural, wood, animal and energy commodities. However, the evidence for

risk premia is weaker compared with that for forecast power and apparently still

not conclusive enough to resolve the long lasting debate regarding the non-zero

expected premium. Finally, we demonstrate through structural break tests that
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there is a stable relationship between the basis and spot price variability.

Our �ndings have important implications: from a broader point of view, com-

modity prices are inuenced by geopolitical and economic conditions,while in

turn they also play key roles for the macroeconomy. Many countries rely heav-

ily on the import and/or export of primary commodities. Thus, understanding

commodity price behavior is crucial for economic policy and corporate risk man-

agement decisions. Strong and consistent results are found regarding the forecast

power of the basis especially for seasonal commodities, and we showthat this

forecasting ability is not only due to the expected seasonal change. This can help

portfolio managers, commodity traders and risk managers in their decision mak-

ing. Nevertheless, the results provided in this paper do not allow us to deduce

whether a time-varying risk premium exists. Moreover, the temporal instability

and structural breaks resulting from fundamental changes implythat di�erent

price mechanisms exist over di�erent economic regimes. The analysisand mea-

surement of macroeconomic inuences on commodity prices is thus an obvious

area for further research.
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Figure 1: Time Series of Commodity Futures Prices
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Figure 2: Time Series of Seasonal Dummy Variable Coe�cient Estimates
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Figure 3: Time Series of Parameter Estimates

Notes: In these �gures, the horizontal line is the slope estimate over the whole period and it
is solid if it is signi�cant and dashed otherwise. The dots on the wave are the estimates from
each window of observations and each is marked with an asterisk if it has a t-statistic above 2
and not otherwise. The horizontal axis represents the end yearsof the sample windows.
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Table 1: 6-M Basis Descriptive Statistics and Some Test Results

Commodity Exchange Sample period Obs. Maturity months Mean S.D.
ADF test LBQ test Jarque-bera test

t-stat. P-value Q-stat. P-value stat. P-value
Cocoa ICE 3/66-4/10 89 H,U 0.02 6.64 -3.29 0.018 133.32 0.000 20.26 0.003
Co�ee ICE 9/72-4/10 82 H,U 0.02 8.49 -3.60 0.008 96.07 0.000 10.39 0.015
Corn CBT 3/66-4/10 89 H,U, 0.05 5.46 -6.26 0.000 40.32 0.005 26.37 0.002

Cotton ICE 3/67-4/10 88 V,H 0.00 8.50 -9.28 0.000 18.53 0.552 1350.15 0.001
Oats CBT 5/66-4/10 88 H,U 0.04 10.80 -5.54 0.000 50.40 0.000 27.03 0.002

Orange juice ICE 2/67-4/10 257 F,N,H,U,K,X 0.02 8.05 -6.85 0.000 332.75 0.000 76.36 0.001
Soybeans CBT 3/66-4/10 265 F,N,H,U,K,X 0.01 7.05 -5.39 0.000 267.14 0.000 1202.63 0.001

Soybean meal CBT 5/66-4/10 181 F,N,H,U 0.00 8.27 -6.82 0.000 143.55 0.000 168.44 0.001
Soybean oil CBT 5/66- 4/10 181 F,N,H,U 0.00 7.12 -4.97 0.000 335.69 0.000 170.20 0.001

Wheat CBT 5/66-4/10 89 H,U 0.03 7.32 -4.48 0.000 82.01 0.000 22.20 0.003
Lumber CME 1/70-4/10 240 F,N,H,U,K,X 0.05 11.93 -5.81 0.000 493.10 0.000 3.37 0.147

Feeder cattle CME 1/72-4/10 224 H,U,J,V,K,X, 0.00 4.86 -3.04 0.033 326.86 0.000 1.44 0.448
Live hogs CME 3/66-6/96 178 G,Q,J,V,M,Z -0.02 10.83 -4.62 0.000 98.03 0.000 8.11 0.024

Pork bellies CME 5/66-4/10 87 G,Q 0.04 16.73 -4.42 0.001 26.99 0.135 64.97 0.001
Copper Comex 3/66-12/89 121 F,N,H,U 0.01 7.78 -4.28 0.001 292.41 0.000 133.79 0.001

Gold Comex 2/75-4/10 212 G,Q,J,V,M,Z 0.03 1.88 -1.44 0.564 1832.54 0.000 64.01 0.001
Platinum NYM 3/68-4/10 164 F,N,J,V 0.01 3.62 -5.15 0.000 371.00 0.000 44.46 0.001

Silver Comex 1/67-4/10 245 F,N,H,U 0.03 2.48 -4.53 0.000 455.73 0.000 12063.06 0.001
Heating oil NYMEX 11/78-04/10 364 All calendar months 0.00 8.82 -2.79 0.060 990.85 0.000 17.04 0.003
Natural gas NYMEX 04/90-04/10 240 All calendar months 0.06 19.65 -2.74 0.068 515.67 0.000 26.71 0.001

Crude oil NYMEX 03/83-04/10 320 All calendar months -0.02 7.15 -5.17 0.000 811.58 0.000 14.24 0.005
Gasoline NYMEX 12/84-12/06 243 All calendar months -0.03 9.62 -2.95 0.041 567.13 0.000 0.15 0.500

Notes: 1 Letters in the �fth column are the symbols used for futures co ntract delivery months in the CRB database. F-Jan., G-Feb., H-Mar., J-Apr., K-May, M-June,
N-July, Q-Aug., U-Sep., V-Oct., X-Nov., Z-Dec. 2 Obs. is the number of 6-M basis observations for each commodi ty. 3 S.D. is the standard deviation of the basis.
4 ADF is the Augmented Dickey{Fuller test with the null hypoth esis that there is a unit root. 5 LBQ-test is Ljung{Box Q test with the null hypothesis that th e data
are independently distributed. The number of lag tested is 2 0. 6 The Jarque{Bera test statistic follows a chi-squared distr ibution with 2 degree of freedom.
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Table 2: 6-M Basis Seasonality Regression Results

Commodity � s(� ) R2
1 R2

2
t � statistics F - statistics

� � 1
s( � )

� � 0
s( � ) df 2 5% F df 1 5% 1%

Cocoa -0.17 0.47 -0.02 -0.01 -2.47 -0.36 87 1.99 0.36 1 3.96 6.96
Co�ee -1.75 0.56 0.09 0.08 -4.88 -3.11 * 80 1.99 1.18 4 2.49 3.56
Corn -0.33 0.38 0.01 0.00 -3.48 -0.87 87 1.99 2.28 1 3.96 6.96

Cotton -1.04 1.27 0.04 0.00 -1.61 # -0.82 86 1.99 5.22 + 1 3.96 6.96
Oats 0.89 0.70 0.15 0.01 -0.16 # 1.26 86 1.99 15.46 ++ 1 3.96 6.96

Orange juice -0.89 0.33 0.07 0.02 -5.70 -2.68 * 255 1.96 3.80 ++ 5 2.26 3.11
Soybeans 1.54 0.26 0.25 0.10 2.08 5.93 * 263 1.96 12.04 ++ 5 2.26 3.11

Soybean meal 2.16 0.39 0.16 0.14 2.96 5.51 * 179 1.96 2.10 5 2.26 3.11
Soybean oil -0.08 0.37 -0.01 -0.01 -2.92 -0.22 179 1.96 0.95 5 2.26 3.11

Wheat 0.02 0.48 0.15 -0.01 -2.07 0.04 87 1.99 17.66 ++ 1 3.96 6.96
Lumber 0.79 0.50 0.04 0.00 -0.42 # 1.57 238 1.96 3.02 + 5 2.26 3.11

Feeder cattle 0.41 0.21 0.01 0.01 -2.85 2.01 * 222 1.96 0.63 5 2.26 3.11
Live hogs 2.38 0.57 0.20 0.08 2.41 4.15 * 176 1.96 3.91 ++ 9 1.93 2.5

Pork bellies 1.56 1.17 0.09 0.01 0.47 # 1.33 85 1.99 9.01 ++ 1 3.96 6.96
Copper 1.93 0.52 0.09 0.11 1.80 # 3.73 * 119 1.98 0.54 5 2.31 3.21

Gold 1.12 0.03 0.88 0.89 4.27 40.02 * 210 1.96 0.19 5 2.26 3.11
Platinum 1.16 0.17 0.20 0.21 0.92 # 6.72 * 162 1.98 0.29 3 2.65 3.88

Silver 1.00 0.09 0.36 0.36 0.01 # 11.65 * 243 1.96 0.83 5 2.26 3.11
Heating oil 0.44 0.23 0.33 0.01 -2.41 1.89 362 1.96 16.68 ++ 11 1.84 2.34
Natural gas -2.38 1.10 0.35 0.00 -3.08 -2.17 * 238 1.96 12.76 ++ 11 1.84 2.34

Crude oil -1.14 0.33 0.01 0.03 -6.39 -3.40 * 318 1.96 0.33 11 1.84 2.34
Gasoline -1.33 0.48 0.43 0.02 -4.87 -2.78 * 241 1.96 17.13 ++ 11 1.84 2.34

Notes: * The model is: F ( t;T ) � S ( t )
S ( t ) =

P 12
m =1 � m dm + �R (t; T ) + e(t; T )

1 Commodities marked with a # are those where the null hypothes is that the slope estimate is one cannot be rejected at the 5% s igni�-
cance level. 2 Commodities which have slope estimates signi�cantly di�er ent from zero at the 5% level are marked with a *.
3 df 2 is the degrees of freedom for the t-test when regressing the basis on the interest rate. df 1 is the degrees of freedom of the numerator
in the F -test. 4 Commodities marked with a ++ are those having signi�cant F -statistics at the 1% level, and with a + means that its
seasonal dummy coe�cients are not equal at the 5% level. 5 Columns headed with percentages are critical values at thos e signi�cance
levels. 6 R2

1 is the adjusted coe�cient of determination for the regressi on including seasonal dummies and R2
2 is that for the simple

regression of the basis on the interest rate. 7 The 6-M basis of cotton is not available, and hence the 3-M one s are used instead.
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Table 3: Spot Price Change and Risk Premium Regressions Results

Commodity
2-M 6-M 10-M

Obs. b1 b2 t ( b1) t ( b2) R 2
1 R 2

2 Obs. b1 b2 t ( b1) t ( b2) R 2
1 R 2

2 Obs. b1 b2 t ( b1) t ( b2) R 2
1 R 2

2

Cocoa 132 0.33 0.67 0.92 1.82 0.00 0.02 88 0.05 0.95 0.17 2.96 -0.01 0.08 130 0.19 0.81 0.45 1.88 0.00 0.08

Co�ee 128 0.64 0.36 2.28 1.28 0.02 0.00 81 0.26 0.74 0.83 2.38 -0.01 0.04 126 0.39 0.61 1.31 2.05 0.01 0.04

Corn 132 0.95 0.05 3.05 0.16 0.08 -0.01 88 1.00 0.00 2.41 -0.01 0.07 -0.01 130 1.27 -0.27 5.45 -1.16 0.18 0.00

Cotton 132 0.73 0.27 2.92 1.09 0.03 0.00 88 0.72 0.28 4.44 1.74 0.14 0.02 130 0.64 0.36 3.08 1.77 0.11 0.04

Oats 132 0.68 0.32 2.62 1.25 0.07 0.01 87 0.69 0.31 4.19 1.86 0.13 0.02 120 0.52 0.48 2.00 1.84 0.04 0.03

Orange juice 255 0.57 0.43 2.84 2.15 0.03 0.02 254 0.88 0.12 3.88 0.54 0.09 0.00 249 1.11 -0.11 5.45 -0.54 0.17 0.00

Soybeans 265 1.02 -0.02 4.72 -0.11 0.09 0.00 262 1.00 0.00 4.50 -0.01 0.15 0.00 261 0.98 0.02 4.21 0.07 0.14 0.00

Soybean meal 270 1.46 -0.46 2.22 -0.70 0.10 0.01 179 0.72 0.28 2.97 1.13 0.09 0.01 259 0.92 0.08 4.96 0.41 0.17 0.00

Soybean oil 270 0.35 0.65 1.52 2.80 0.01 0.03 178 0.25 0.75 0.71 2.10 0.00 0.06 261 0.38 0.62 1.12 1.85 0.02 0.05

Wheat 132 0.88 0.12 5.00 0.66 0.06 -0.01 88 0.45 0.55 1.51 1.83 0.02 0.03 127 0.14 0.86 0.54 3.41 0.00 0.10

Lumber 239 0.55 0.45 4.15 3.34 0.06 0.04 237 0.50 0.50 3.53 3.58 0.08 0.09 168 0.30 0.70 1.74 3.99 0.03 0.15

Feeder cattle 180 0.87 0.13 3.17 0.46 0.08 0.00 221 0.80 0.20 3.82 0.98 0.10 0.00 88 0.62 0.38 1.84 1.12 0.06 0.01

Live hogs 191 0.77 0.23 8.85 2.58 0.22 0.02 177 0.73 0.27 5.60 2.07 0.18 0.02 151 0.79 0.21 5.60 1.47 0.25 0.02

Pork bellies 89 2.12 -1.12 2.21 -1.17 0.04 0.00 86 1.12 -0.12 9.43 -1.01 0.30 -0.01 80 1.12 -0.12 5.87 -0.63 0.43 0.00

Copper 205 0.28 0.72 0.62 1.62 0.00 0.02 121 0.42 0.58 1.64 2.21 0.02 0.04 127 0.27 0.73 0.69 1.82 0.00 0.06

Gold 401 -0.86 1.86 -0.62 1.34 0.00 0.02 209 -0.88 1.88 -0.73 1.55 0.01 0.05 202 -1.03 2.03 -1.00 1.97 0.02 0.08

Platinum ... ... ... ... ... ... ... 162 0.33 0.67 0.45 0.91 0.00 0.01 ... ... ... ... ... ... ...

Silver 443 -0.14 1.14 -0.33 2.59 0.00 0.02 242 0.24 0.76 0.16 0.51 0.00 0.00 239 -2.13 3.13 -2.00 2.94 0.04 0.09

Heating oil 369 1.02 -0.02 4.43 -0.09 0.09 0.00 358 0.91 0.09 3.58 0.37 0.11 0.00 289 0.55 0.45 1.80 1.46 0.03 0.02

Natural gas 238 1.04 -0.04 8.92 -0.34 0.25 0.00 234 0.81 0.19 6.37 1.47 0.20 0.01 230 0.92 0.08 4.97 0.46 0.17 0.00

Crude oil 322 0.88 0.12 2.44 0.33 0.04 0.00 314 0.98 0.02 2.59 0.07 0.07 0.00 288 0.84 0.16 2.78 0.52 0.07 0.00

Gasoline 259 1.10 -0.10 5.60 -0.51 0.15 0.00 243 0.88 0.12 5.74 0.80 0.16 0.00 149 0.88 0.12 2.84 0.39 0.12 0.00

Notes: * The model is: S ( T ) � S ( t ) = a1 + b1 [F ( t; T ) � S ( t )] + u ( t; T ), F ( t; T ) � S ( T ) = a2 + b2 [F ( t; T ) � S ( t )] + z ( t; T )
1 All the prices are transformed into their natural logarithm s �rst. 2 To compute the t -statistics, the standard errors are adjusted for autocorr elation of the regression residuals using the method
of Newey{West. 3 R 2

1 is the adjusted coe�cient of determination for the forecast power regression and R 2
2 is the adjusted coe�cient of determination for the risk prem ium regression.
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Table 4: Summary of Forecast and Risk Premium Results together with Results from FF's Sample Period

Commodity
Large dataset (3/1966-4/2010) Small dataset (3/1966-7/1984)

Forecast power Risk premium Forecast power Risk premium
2-M 6-M 10-M 2-M 6-M 10-M 2-M 6-M 10-M 2-M 6-M 10-M

Cocoa * *** * * **
Co�ee ++ ** + *
Corn +++ ++ +++ ***

Cotton +++ +++ +++ * * ++
Oats ++ +++ ++ * * +++ +++ +++

Orange juice +++ +++ +++ ** + +++ +++ *** *
Soybeans +++ +++ +++ +++ +++

Soybean meal ++ +++ +++ +++
Soybean oil *** ** * *** *** ***

Wheat +++ * *** * *** ***
Lumber +++ +++ + *** *** *** + ++ *** *** ***

Feeder cattle +++ +++ + ++ ++
Live hogs +++ +++ +++ *** ** +++ +++ +++ ** *

Pork bellies ++ +++ +++ +++ +++
Copper ** * + +

Gold **
Platinum

Silver *** *** **
Heating oil +++ +++ +
Natural gas +++ +++ +++

Crude oil ++ +++ +++
Gasoline +++ +++ +++

Notes: 1 A + indicates the forecast power of the basis from regression equation (6). Commodities marked with a + , ++ or +++
denote that its t-statistic is signi�cant at the 10%, 5% or 1% level respectiv ely. Similarly, a commodity showing the existence of a risk
premium that is signi�cant in regression (7) is marked with a *, ** or ** if it is signi�cant at the 10%, 5% or 1% level respect ively.
2 Energy commodities started to trade in the 1990s; there is no result over the shorter sample period to compare with and so t he corre-
sponding area in the table is shaded.
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Table 5: Tests for Seasonality in Sub-periods

Commodity
1966-2010 1966-1984 1984-2010

Obs. F -statistic Obs. F -statistic Obs. F -statistic
Cocoa 89 0.36 37 0.00 52 14.86
Co�ee 82 1.18 30 0.84 44 0.01
Corn 89 2.28 37 0.10 51 2.60

Cotton 88 5.22 + 35 2.37 52 2.54
Oats 88 15.46 ++ 35 7.64 ++ 52 7.59 ++

Orange juice 257 3.80 ++ 103 3.40 ++ 153 1.90
Soybeans 265 12.04 ++ 111 5.81 ++ 153 7.04 ++

Soybean meal 181 2.10 77 0.72 99 2.04
Soybean oil 181 0.95 77 1.13 99 0.60

Wheat 89 17.66 ++ 36 10.01 ++ 52 8.72 ++
Lumber 240 3.02 + 77 1.50 162 2.13

Feeder cattle 224 0.63 69 5.18 ++ 153 4.56 ++
Live hogs 178 3.91 ++ 105 1.37 71 6.92 ++

Pork bellies 87 9.01 ++ 35 3.85 51 5.12 +
Copper 121 0.54 92 0.98 27 0.30

Gold 212 0.19 57 0.29 154 0.29
Platinum 164 0.29 64 0.39 99 0.26

Silver 245 0.83 90 0.90 154 0.21
Notes: 1 A commodity marked with ++ means its F -statistic is signi�cant at the 1% level and
+ at the 5% level.

30



Table 6: 12-M Basis Seasonality Test Results

Commodity Obs. � s:e:(� ) R2
1 R2

2 df F � stats:
Cocoa 217 0.059 0.249 -0.016 -0.004 4 0.396
Co�ee 173 -1.902 0.277 0.200 0.216 4 0.146
Corn 191 -0.387 0.226 0.006 0.011 4 0.752

Cotton 221 -0.905 0.267 0.032 0.045 4 0.271
Oats 75 0.754 0.959 -0.029 -0.005 4 0.598

Orange juice 222 -0.938 0.231 0.053 0.067 5 0.335
Soybeans 251 1.012 0.158 0.127 0.139 6 0.400

Soybean meal 254 1.392 0.194 0.155 0.166 7 0.561
Soybean oil 270 0.335 0.163 0.010 0.012 8 0.944

Wheat 169 0.155 0.251 -0.019 -0.004 4 0.401
Lumber 100 1.188 0.442 0.031 0.056 5 0.487

Live hogs 157 1.618 0.351 0.129 0.123 6 1.198
Pork bellies 109 1.712 0.657 0.046 0.059 4 0.652

Copper 144 1.698 0.328 0.145 0.170 6 0.297
Gold 212 1.086 0.024 0.904 0.907 5 0.056

Platinum 126 1.253 0.164 0.305 0.318 3 0.272
Silver 259 1.011 0.054 0.569 0.573 5 0.517

Heating oil 246 -0.017 0.280 -0.038 -0.004 11 0.267
Natural gas 219 -2.984 0.708 0.056 0.073 11 0.659

Crude oil 266 -0.943 0.295 0.005 0.036 11 0.258
Gasoline 24 -4.118 1.253 0.328 0.280 10 1.350

Notes: 1 df is the degrees of freedom of the numerator in the F -test, and s:e:(� ) is the stan-
dard error of the � estimator. 2 The 12-M basis is not available for feeder cattle as the fu-
tures contracts have a trading period of less than one year. G asoline has only a small number
of observations for the same reason.
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Table 7: Forecast Power and Risk Premium Tests for the 12-M Basis

Commodity Obs. b1 b2 t(b1) t(b2) R2
1 R2

2 Forecast Premium
Cocoa 212 0.09 0.91 0.24 2.56 0.00 0.11 **
Co�ee 168 0.53 0.47 2.28 1.99 0.04 0.03 ++ **
Corn 186 1.31 -0.31 6.65 -1.59 0.22 0.01 +++

Cotton 216 0.78 0.22 3.53 1.01 0.13 0.01 +++
Oats 70 0.73 0.27 2.79 1.01 0.10 0.00 +++

Orange juice 216 1.13 -0.13 5.28 -0.62 0.15 0.00 +++
Soybeans 244 1.05 -0.05 4.51 -0.21 0.16 0.00 +++

Soybean meal 246 1.16 -0.16 7.45 -1.05 0.26 0.00 +++
Soybean oil 262 0.87 0.13 3.15 0.46 0.08 0.00 +++

Wheat 164 0.65 0.35 3.33 1.78 0.08 0.02 +++ *
Lumber 95 0.17 0.83 0.87 4.37 0.00 0.21 ***

Live hogs 156 0.79 0.21 5.24 1.35 0.25 0.02 +++
Pork bellies 109 1.08 -0.08 6.00 -0.44 0.36 -0.01 +++

Copper 144 0.54 0.46 1.93 1.62 0.04 0.03 +
Gold 206 -0.99 1.99 -1.07 2.15 0.02 0.09 **

Platinum 124 0.30 0.70 0.36 0.86 0.00 0.01
Silver 253 -1.27 2.27 -1.62 2.89 0.02 0.06 ***

Heating oil 234 0.72 0.28 2.07 0.80 0.05 0.00 ++
Natural gas 207 1.17 -0.17 4.27 -0.62 0.19 0.00 +++

Crude oil 254 0.94 0.06 3.14 0.20 0.09 0.00 +++
Gasoline 24 0.77 0.23 1.55 0.45 0.06 -0.04

Notes: 1 Commodities marked with + are those showing forecast power a t di�erent con�dence levels: + at
the 90%, ++ at the 95% and +++ at the 99% levels.
2 Similarly, a * implies the existence of a risk premium.

Table 8: Categorization of Rolling Window Performances

Consistent Forecast Varying Forecast No Forecast
Consistent
Premium

Live hogs

Varying Cotton Oats Cocoa
Premium Lumber Soybean oil

Wheat
Copper

No Orange juice Corn Co�ee
Premium Soybeans Soybean meal Gold

Feeder cattle Crude oil Platinum
Pork bellies Silver
Heating oil
Natural gas
Gasoline
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Table 9: Two Sub-period Forecast Power and Risk Premium Tests Based on the Identi�ed Break Point (12-M Basis)

Commodity 1st. sub-period Obs. b1 b2 t(b1) t(b2) R2
1 R2

2 Forecast Premium
Cotton 3/66-5/96 146 1.24 -0.24 4.80 -0.93 0.28 0.01 +++

Orange juice 3/71-3/90 103 0.60 0.40 2.73 1.84 0.05 0.02 +++ *
Soybean meal 3/66-1/00 176 1.12 -0.12 4.96 -0.54 0.21 0.00 +++

Copper 3/66-12/74 56 1.81 -0.81 3.81 -1.70 0.23 0.04 +++ *
Gold 2/75-6/01 147 -0.73 1.73 -0.82 1.94 0.01 0.07 *
Silver 3/66-7/83 89 -4.16 5.16 -2.64 3.27 0.14 0.20 ***

Heating oil 02/79 - 11/98 106 0.24 0.76 0.69 2.21 0.00 0.10 **
Natural gas 05/90 - 09/05 158 1.43 -0.43 5.97 -1.79 0.30 0.03 +++ *

Crude oil 04/83 - 11/98 123 0.84 0.16 3.19 0.62 0.10 0.00 +++

Commodity 2nd. sub-period Obs. b1 b2 t(b1) t(b2) R2
1 R2

2 Forecast Premium
Cotton 7/96-3/10 63 2.21 -1.21 4.83 -2.65 0.37 0.14 +++ **

Orange juice 5/90-3/10 108 2.11 -1.11 9.39 -4.94 0.38 0.14 +++ ***
Soybean meal 3/00-4/10 63 1.64 -0.64 4.76 -1.85 0.34 0.06 +++ *

Copper 1/75-12/89 83 -0.47 1.47 -1.33 4.20 0.02 0.25 ***
Gold 8/01-4/10 48 1.79 -0.79 1.51 -0.67 0.05 -0.01
Silver 9/83-4/10 156 -3.48 4.48 -4.27 5.50 0.20 0.29 ***

Heating oil 12/98 - 4/10 121 0.95 0.05 2.49 0.13 0.10 -0.01 ++
Natural gas 10/05 - 4/10 43 1.68 -0.68 4.98 -2.02 0.43 0.10 +++ *

Crude oil 01/99 - 4/10 123 0.85 0.15 2.38 0.41 0.08 -0.01 ++
Notes: 1 R2

1 is the adjusted coe�cient of determination for the forecast power regression andR2
2 is that for the risk premium

regression. 2 Only a few 12-M basis observations (24) are available for gasoline andtherefore no sub-period tests are conducted
on it.
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Table 10: Dummy Variable Regressions for the 12-M Basis

Commodity Obs. a1 a2 ad t(a1) t(a2) t(ad) b1 b2 bd t(b1) t(b2) t(bd) R2
1 R2

2

Cotton 209 0.05 -0.05 -0.29 1.94 -1.94 -4.55 1.24 -0.24 0.97 4.80 -0.93 1.85 0.31 0.14
Orange juice 211 0.04 -0.04 -0.23 1.10 -1.10 -4.11 0.60 0.40 1.51 2.73 1.84 4.89 0.27 0.15

Soybean meal 239 -0.02 0.02 0.16 -0.82 0.82 3.23 1.12 -0.12 0.52 4.96 -0.54 1.25 0.26 0.09
Copper 139 0.14 -0.14 -0.06 1.80 -1.80 -0.72 1.81 -0.81 -2.27 3.81 -1.70 -3.85 0.15 0.17

Gold 195 0.05 -0.05 0.06 0.89 -0.89 0.98 -0.73 1.73 2.52 -0.82 1.94 1.69 0.17 0.26
Silver 245 0.47 -0.47 -0.27 3.42 -3.42 -1.85 -4.16 5.16 0.68 -2.64 3.27 0.38 0.18 0.25

Heating oil 227 -0.04 0.04 0.23 -0.99 0.99 3.30 0.24 0.76 0.71 0.69 2.21 1.39 0.20 0.17
Natural gas 201 0.14 -0.14 -0.52 2.97 -2.97 -3.83 1.43 -0.43 0.26 5.97 -1.79 0.62 0.39 0.26

Crude oil 246 -0.02 0.02 0.21 -0.52 0.52 2.70 0.84 0.16 0.02 3.19 0.62 0.04 0.18 0.12
Gasoline 24 0.22 -0.22 -0.23 1.76 -1.76 -1.84 -2.48 3.48 3.38 -2.58 3.63 3.12 0.77 0.75

Notes: * The model is: S(T) � S(t) = [ a1 + adD] + [ b1 + bdD][F (t; T ) � S(t)] + u(t; T ); F (t; T ) � S(T) = [ a2 � adD] + [ b2 � bdD][F (t; T ) � S(t)] +
z(t; T )
1 R2

1 is the adjusted coe�cient of determination for the forecast power regression andR2
2 is that for the risk premium regression.
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