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INTRODUCTION

A number of studies have tested the efficiency of commodities futures markets by
estimating a variant of the equation

(1)

where 5,+^ = commodity spot price in t + N; Ff = the price in r of a futures contract
expiring in t + N. Market efficiency is equated with unbiasedness, hence the null
hypothesis is A'o = 0 and K\ = I. Most studies reject the hypothesis, particularly for long
forecast horizons [e.g., Bigman, Goldfarb, Schechtman (1983); Martin and Garcia (1981);
Leuthold (1974)]. The conclusion that futures markets are inefficient is conditional on
the assumption that there is no risk premium. However, rejection of the null hypothesis
is consistent with the intertemporal hedging theory which implies that risk premia cause
Ĵ o '^ 0 and Ki ¥^ 1 even if markets are efficient. The intertemporal model is an extension
of the theory of normal backwardation, advanced by Keynes (1930), which hypothesizes
that hedging pressure creates a differential between the futures price and the expected
spot price at contract expiration. This risk premium compensates speculators for bearing
spot price risk.

Another criticism of studies that have estimated (1) is that the problem of overlapping
observations has been ignored [Elam and Dixon, (1988); Hein, Ma and MacDonald
(1990); Kahl and Tomek (1986)]. The problem arises when the data has an observation
interval shorter than the forecast horizon which introduces a moving average process
in the residuals of (1). This implies that only short forecast horizons can be tested,
or that observations must be deleted to test long forecast horizons. In this study, the
problem is solved with the application of a technique developed by Hansen and Hodrick
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(1980) which allows pooled data to be used in tests of the risk premium at long forecast
horizons by correcting for inefficiency caused by residual correlation. This technique is
more powerful than ordinary least squares estimated with nonoverlapping observations.
In addition, an important implication of the intertemporal theory, that the risk premium
is a function of the futures price at long forecast horizons, can be tested by estimating
(1) at various forecast horizons. As with other tests for the existence of risk premia, this
test is limited because the hypothesis is conditional on the maintained assumption of
market efficiency. Nevertheless, one can determine whether estimates of KQ and AT, are
consistent with the intertemporal hedging theory.

PREVIOUS RESEARCH AND THEORETICAL CONSIDERATIONS
Two theories indicate risk premia may exist in commodities futures markets. Asset
equilibrium models imply risk premia are determined by commodity price correlations
with returns on other assets or factors affecting asset returns. Most evidence fails to
support this view [e.g., Dusak (1973); Baxter, Conine, and Tamarkin (1985); Ehrhardt,
Jordan, and Walkling (1987)]. The theory of normal backwardation hypothesizes that
net hedging pressure biases the futures prices above or below the expected spot price
depending on whether net hedging is long or short.' Evidence on normal backwardation
is inconclusive [e.g.. Park (1985); Kolb (1992); Fama and French (1987)]. Attempts to
explicitly link the risk premium to measures of hedging demand have also had mixed
results. For example, Maddala and Yoo (1991) find such a link using spot price variance;
whereas, Raynauld and Tessier (1984) find risk premia do not depend on inventory levels.^

The theory of normal backwardation is based on a simple hedging model where agents
are assumed to make production and consumption plans independently of current futures
prices and hedge these positions in the futures markets. This implies that the intercept,
Â o, is biased away form zero and the futures price coefficient, Ku equals one. The
intertemporal hedging theory [Danthine (1978)] asserts that production, inventory, and
hedging decisions are made jointly and depend on the current futures price, F^. Hence,
the risk premium has a portion dependent on the futures price causing A:I to be biased
away from one and KQ away from zero.

The difference between the simple and intertemporal hedging models can be illustrated
with an example. Suppose there are three types of agents in the market: commodity
producers (farmers), consumers, i.e., intermediate good producers (buyers), and inventory
holders. Assume all agents completely hedge their commodity positions and also take
speculative positions depending on [E,iS,+i) - F,]. Then

F,] + y,+, = x{ (2a)

[-£,(5,+,) + F,] - e,+i = -Xj' (2b)

n'[-E,iS,+ i) + F,] + /, = X' (2c)

'The normal backwardation hypothesis originally assumed that producers and inventory holders are hedgers,
hence the futures price is biased below expected spot prices.

^Breeden's (1980) consumption CAPM could also be viewed as a consumption hedging model since
risk premia are functions of aggregated consumption deviations. He finds significant risk premia for some
commodities.
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where

Y,+\ = commodity output planned in t and produced in f -I- 1;

Q,+i = commodity purchases planned in t and made in f + 1;

/, = inventory holdings at the beginning of period r + 1;

Xf = aggregate futures contract supply by farmers, commodity buyers, and

and inventory holders {k = / , b, i);

/I* = a measure of risk aversion, assumed constant, for /c = f,b,i.

The futures market condition is

X{ + X; - Xf = 0 (3)

hence
1

n

where n = n^ + n'' + n'.
Here Ki — \ and KQ is the second term on the right-hand side. Because Q,+i, Y,+],

and /, are predetermined, they appear only in the intercept of (1). Instead, suppose Q,+\,
Y,+\, and /, are determined jointly with X*. Therefore, they depend on expected spot
price and/or current futures price.^ In the extreme case where future spot price uncertainty
is the agents' only source of uncertainty, current futures price completely replaces the
expected spot price in agents' decisions; hence:

y,H-i = bF, + e{+i • (4a)

(2,+, =A - aF, + ef.,, (4b)

/, = d{F, - S,) (4c)

where e* = random errors representing production uncertainty for farmers and buyers
(it = / , b) and are independently and identically distributed with zero means and constant
variances. Expressions (4a-c) replace Q,+i, Y,+i, and /, in (2a-c) which are then
substituted into (3) to get

nE,{S,+i) = in + d + b + a)F, - dS, - A (5)

The rational expectations solution to the spot market equilibrium condition is

(6)

where 0 < A s 1. Equation (6) is substituted for 5, in (5) to get

n ( l — A) An + d

The first term on the right-hand side is KQ which is nonzero, and the coefficient of F, is
K\ which is not equal to one. It can be shown that K\ < 1 (see Appendix). These results
hold even when the model is generalized to include multiple sources of uncertainty so
that (4a-c) depend on both E,{S,+\) and F, and commodity positions are not completely

•'Functions (2a-c) and (4a-c) can be derived from utility maximization conditions. These derivations are in
a separate Appendix available from the author upon request. This version of the intertemporal hedging model
is described in Turnovsky, t983 and Kawai, 1983.
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hedged.'* At short horizons commodity producers and consumers (intermediate producers)
are assumed to have already planned production and consumption because of production
lags, so the price dependent portion of the risk premium should disappear and ATj = 1
(see discussion in the Appendix).

To summarize, the intertemporal hedging theory implies that Ko i" 0 and A"] < 1 at
long horizons; Ko "^ 0 but ATi = 1 at short horizons. This hypothesis is conditional on
the maintained assumption that markets are efficient. Alternatively, the same results could
simply reflect inefficiency in the absence of a risk premium.

DATA CHARACTERISTICS

The five commodities are the live hog and live cattle contracts from the Chicago
Mercantile Exchange, the silver and soybean contracts from the Chicago Board of
Trade, and the frozen orange juice concentrate contract from the New York Cotton
Exchange.^ These commodities are chosen because they have six futures contracts equally
spaced throughout the year. The February, April, June, August, October, and December
contracts are pooled to obtain the hog, cattle, and silver price series covering 1966-1987,
1967-1987, and 1970-1978, respectively. The January, March, May, July, September,
and November contracts are pooled to get the orange juice and soybean series which cover
1968-1987 and 1973-1987. Since six contracts per year are pooled, the observation
interval is 2 months. The spot price series is actually the futures price on the day of
contract expiration because arbitrage will drive the two prices together at that time.* The
futures prices were selected at four forecast horizons; 8, 12, 24, and 40 weeks prior to
expiration. If the day chosen fell on a holiday, the following business day was used.
The observation was not used if there was an absence of trades.^ Prices are the day's
settlement prices.

All price series follow an upward trend because of inflation over the period, so the
producer price index is used to convert prices to their 1982-1983 values. This conversion
expresses prices in constant dollars to eliminate this trend.

The Dickey-Fuller r-statistics are computed to determine whether the constant price
series follow processes with unit roots [Dickey, Bell, and Miller (1986)]. When trends
implied by the existence of unit roots are ignored, testing will overstate the strength of
the relationship between the spot price and the futures price and understate evidence of
a risk premium [Granger and Newbold (1977); Plosser and Schwert (1978)]. The null
hypothesis that a unit root exists is rejected at the 2.5% level by four orange juice series
and at the 5% level by all five. Three hog series rejected the hypothesis at the 2.5%
level, four rejected it at the 5% level; and one marginally failed to reject it at the 5%
level. The hypothesis is rejected at the 2.5% level by one cattle and one soybean series;
it is rejected at the 5% level for two soybean and two cattle series. The hypothesis is
not rejected for the silver data.

Proofs for the generalized model are in a separate Appendix available from the author upon request.
'Data are from the Center for the Study of Futures Markets, Columbia University.
''By using the futures price on expiration day rather than the price quoted in the spot market, the problem

of basis risk is avoided if these two commodities differ in some way, e.g., grade or location. However, the
delivery basis risk, which arises when futures contracts allow delivery of several varieties in several locations
is not avoided. This may create a risk premium also. For example, Kamara (1990) discovered such a risk
premium in the soybean market. The risk premia found in this study may be caused by delivery risk. This is
an area for future research.

'There are 2 and 22 such observations for hogs at the 24- and 40-week horizon respectively; 1 for orange
juice at the 40-week horizon; 1 for soybeans at the 12-, 24-, and 40-week horizon; and 2 for silver at the
40-week horizon.
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Since these results indicate the cattle, soybean, and silver series may have trends, the
4>-statistic is computed to determine whether the trends are deterministic or stochastic,
i.e., random walks [Dickey and Fuller (1981)]. The random walk hypothesis is rejected
for all soybean and three cattle series. It is not rejected by the silver series nor two cattle
series.* A linear time trend is used to detrend data for all three commodities. Although the
silver and two cattle series do not reject the random walk hypothesis, economic theory
indicates that constant prices are determined by marginal costs in the long run; hence, it is
implausible they are random walks.^ However, since there will be strong serial correlation
in the residuals if a deterministic trend is used when the actual trend is stochastic, this
assumption's validity can be checked [(Plosser and Schwert (1978); Durlauf and Phillips
(1988)]. In Table I the Durbin-Watson statistic indicates that the deterministic trend
assumption is valid in the 8 week silver regression. The moving average process in the
residuals, introduced by overlapping observation intervals, renders this statistic useless
in the regressions where the forecast horizon exceeds 8 weeks. For these cases, the
Durbin-Watson statistic is computed for regressions estimated on subsets of the data.
For example, in 12 week regressions, data pooled over three contracts with expiration
dates 3 months apart are used. The Durbin-Watson statistic supports the use of the
linear trend variable in all but two regressions.'"

ESTIMATION TECHNIQUE
When (1) is estimated at a forecast horizon greater than the observation interval, a
moving average process will be introduced in the residuals. For example, at the 8-week
horizon there will be no residual correlation, but at the 12-week horizon, the residuals
follow a moving average process of order one because the forecast horizon overlaps
two observation intervals [see Granger and Newbold (1977, p. 115)]. Since the form of
the serial correlation is known, an obvious solution is to use generalized least squares.
However, this implies estimation of

Y^i-(t>yS,+N-i = KoY.(-<f>y + KiY.^-<f>yF^_, + e,+N (8)
1=0 i=0 i=0

Lagged values of the spot price and the futures price appear on the left-hand and
right-hand sides of (8), respectively. Because common economic processes determine
both variables, least squares estimates will be inconsistent. The Hansen—Hodrick (1980)
technique entails estimating (1) with ordinary least squares and then replacing the usual
diagonal residual variance-covariance matrix with one that includes estimates of the off-
diagonal elements implied by the known structure. For example, if the residuals follow

spot, 8- and t2-week futures price series reject the hypothesis; the 24- and 40-week futures series fail
to reject the hypothesis in the cattle market.

'The linear trend is estimated with the spot price series for each commodity and used to detrend all five
series since the maintained hypothesis is that futures prices are unbiased estimates of expected spot prices.

'"The exceptions are one silver and one cattle regression estimated with a subset of data at the 24-week
horizon. However, the regressions estimated on other subsets at the same horizon did support the hypothesis.
Therefore, it is assumed that when all the contracts are pooled, the deterministic trend is a reasonable
assumption.
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a moving average process of degree one, the covariance matrix is

r? w 0 ••• 0

vv

0

0

w

vv
0 vv

0

vv
cr?

where vv = cov(e,_ie,) and vv = cov(e,e,+i). This method incorporates knowledge
about the true residual covariance matrix into estimates of the coefficient covariance
matrix to improve the efficiency of the estimates. Because estimates of n are not
necessarily positive semi-definite, a modification which imposes a system of declining
weights on off-diagonal covariances is used to ensure positive semi-definiteness [see
Newey and West (1987)].

Heteroskedasticity in the residuals of (1) is detected using White's (1980) test
so a variation of the Hansen-Hodrick technique which incorporates a conditional
heteroskedasticity correction is used (Hansen, 1982). Since a study by Mishkin (1990)
suggests that corrections for heteroskedasticity when its form is unknown can cause
misleading results, estimates are obtained without a heteroskedastic correction as well.
However, significance results are similar."

RESULTS
Table 1 reports the regression estimates using pooled data for each commodity at each
forecast horizon. The dependent variable is iE,{S,+\) - F,] to highlight the role of the
price-dependent component of the risk premium {K\ - \)F, which acts as an offset to
the constant component KQ on the right-hand side. Residual serial correlation caused
by overlapping observations is reflected in the Durbin-Watson statistics for all horizons
greater than 8 weeks. The coefficient variances and f-statistics are obtained with the
method described above.

There are significant constant risk premia (i.e., nonzero intercepts) in: the cattle and
soybean regressions; the 12-, 24-, and 40-week orange juice regressions; the 8-, 24-, and
40-week silver regressions; and the 12-week hog regression. Positive intercepts imply that
hedging demand is net short, so production and inventory hedging dominate consumption
hedging. The size of the constant risk premium decreases at shorter forecast horizons
except in the silver market.

The model predicts that Kx is below one at long forecast horizons, i.e., before
consumption and production plans are final. At short horizons, K\ = 1 after plans are
made and hedged in the futures markets. Soybean, silver, cattle, and frozen orange juice
estimates show this pattern; K\ is below one and becomes closer to one at shorter
forecast horizons. Hog regressions do not show this pattern, possibly because hog
production/consumption plans are made in advance of the 40-week horizon and yield
is predetermined. The cattle estimates are inconsistent with hog estimates if this is so,
since cattle consumption lags are probably similar and the production cycle is longer
than that for hogs. The cattle results, however, are supported by Kahl and Tomek's

"When uncorrected standard errors are used, Ko becomes significantly positive in the 24-week hog regression
and K\ becomes significantly below one in the 12-week hog regression at the 10% level. In the 8 week silver
regression, K\ becomes insignificantly different from one at the 5% level. All other significance results are
unchanged.
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(1986) research on market efficiency in the cattle and soybean markets. They found
similar results for these two markets at the 2- and 8-month horizon using the seemingly
unrelated regression (SUR) approach. They viewed their estimates as evidence rejecting
market efficiency. However, because the hypothesis is joint, their evidence also can be
interpreted as support for the existence of risk premia.

Kolb (1992) and Park (1985) also studied the correlation of normal backwardation,
i.e., risk premia, with forecast horizon using a different technique.'^ However, they test
the significance of the constant risk premium KQ (expressed as a rate of return) but not
the price-dependent risk premium (ATi - \)F,. Results may change if this term is omitted
since it offsets the constant term KQ. When the price-dependent term is omitted here, KQ
becomes insignificant in the soybean and orange juice markets, marginally significant at
the 8- and 12-week horizon in the silver market, and remains significant in the cattle
market. Interestingly, KQ becomes significant in the hog market when {Ki - l)F, is
omitted. Although the results are consistent with Kolb for these commodities, except
orange juice; futures price coefficient estimates in Table I suggest that A"] = 1 is a valid
assumption only in the hog market.

CONCLUSIONS

This study differs from previous research on the normal backwardation hypothesis at
long forecast horizons by applying the more powerful Hansen-Hodrick technique rather
than ordinary least squares. This technique yields consistent estimates from pooled data
while correcting for inefficiency caused by the attendant residual correlation. Price
data are also converted to constant prices and, where necessary, detrended to achieve
stationarity and avoid misleading significance results. Based on the intertemporal model,
risk premia are hypothesized to have two components, a constant component and a
price-dependent component which diminishes as forecast horizon decreases. Significant
constant risk premia are found in five commodity markets. Four markets also exhibit
significant price-dependent risk premia with behavior consistent with the predictions of
the model. However, conclusions regarding the existence of risk premia are conditional
on the assumption of market efficiency.

Appendix

The Futures Price Coefficient at Long Forecast Horizons

In this section (5) through (7) are derived and the results are used to prove that AT] < 1 at
long forecast horizons. The market clearing conditions for the futures and spot markets
are (3) and

t- /,+ , - Y,+i + I, (Al)

After substituting (2a-c) and (4a-c) into (3) and (Al) these equilibria are (5) and

A - aF, + d{F,+i - S,+i) = bF, + d(F, - S,) + e,+i (A2)

where e,+i = ef+, - gf+, and n = n^ + n'' + n'.

'^Fama and French (1987) also studied the behavior of the premium at different horizons for a number of
commodities. However, they treated the premium as a function of the basis; whereas here, the,risk premium is
hypothesized to be composed of a constant and price-dependent term.
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Equation (5) is substituted into (A2) for F,+i and F,, which is rearranged to get

in + a + b)^ (a + b + d) ,
£,(5,+,) + S,

(n + a + b + d)

;rd—
Using a factoring technique described by Sargent (1979, p. 178), E,{S,+i) is expressed
in terms of S, and the lag operator is applied to each side of (A3) to get (6) where

dd nil - X) + a + b
and 0 < A < 1. Since the parameters on the right-hand side are positive, the roots are
real. One root lies above unity, the other, below unity. The bounded solution requires the
coefficient of the larger root to vanish, therefore A is set equal to the smaller root A < 1.

Substitution of (6) into (5) yields the joint equilibrium condition (7). The risk premium
has a constant portion, reflected in/(To = AA[n(l - A)]~', and a price-dependent portion,
which biases Ki away from one. To illustrate, suppose there is no hedging demand, hence!
no risk premium. Then, only the speculative components of (2a-c) remain so that (7) is
E,iS,+i) = F, and ^o = 0 and Ki = I.

If the risk premium biases ^ i below one, the inequality

Xin + a + b + d)
K] = — — — < 1

An + d

must hold. Dividing both sides by (An -I- d) and rearranging gives

0 < d(l - A) - \{a + b)

Using the expression for A obtained for (6) (see above), solving for d(l - A) -
\ia + b) and substituting into the inequality above gives

0 < —[nil - A) + a H- fc]
n

which is positive so the inequality holds.

The Futures Price Coefficient at Short Forecast Horizons

It can be shown that when producers are not influenced by the futures price at all, the
price-dependent portion of the risk premium disappears and Ki equals one. Assume that
producers must commit themselves to a production level before actual production occurs
because of lags. At very short forecast horizons aggregate production and consumption
are planned, hence, independent of price, so / ,+, = Y,+i and e,+i = e,+i. The futures
and spot market equilibria are now

nE,iS,+i) = (n + d)F, - dS, + F,+, - G,+, (A6a)

G,+i + ^(F,+i - 5,+i) = 7,+, + diF, - S,) + e,+, (A6b)

where, without loss of generality it is again assumed there is only spot price uncertainty.
The same procedure used to obtain (7) can be used again to express E,iS,+x) as a
function of 5,. Equation (A6a) is solved for F, and f,+i and substituted in (A6b). This
substitution, with rearranging, yields

nE,+xiS,+-2) - nS,+ i - nE,iS,+ i) + nS, = Y,+2
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After the expectations operator and the factoring technique is applied (A7) becomes

£,(S,+,) = AS, + (-^ + ^

which is

£,(S,+i) = S, + (;^)(i ' r+i - Gr+i) + ( 7 + 7 ) '

After substituting the above expression for 5, in (A6a) the following is obtained

= F,

The price-dependent risk premium is zero, i.e., Ki = I. The constant risk premium, ^0,
is the net of the predetermined levels of consumption, production, and inventory hedging.

Intuitively, if the forecast horizon is short enough so that some producers have made
decisions but others have not, the price-dependent risk premium should be smaller, but
should not vanish. The aggregate supply and demand functions in this case are

and

where m* = producers uncommitted to a production level for k = f,b; Yjj+i =
planned output by farmer ; ; and 2;,/+i = planned purchased by commodity buyer ; .
Consumption and production are less dependent on futures prices (parameters a and b
decrease) which should be reflected in a smaller price-dependent risk premium at short
horizons.

No conclusion can be drawn concerning the behavior of KQ over contract lifetime.
Equation (7) indicates that ^0 is positive when there is only spot price risk, bui[ its sign
is ambiguous when external risk exists. At shorter horizons KQ depends on (2,+i and
y,+i, i.e., the relative amount of long and short hedging of predetermined production
levels. Thus, a nonzero KQ indicates the existence of a risk premium due to hedging
demand, but a KQ equal to zero may either indicate no hedging demand or hedging
demand balanced between short and long hedging.
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