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Can Multiyear Rollover Hedging Increase

Mean Returns?

Byung-Sam Yoon and B. Wade Brorsen

Both market advisors and researchers have often suggested multiyear rollover hedging as
a way to increase producer returns. This study determines whether rollover hedging can
increase expected returns for producers. For rollover hedging to increase expected returns,
futures prices must follow a mean-reverting process. To test for the existence of mean
reversion in agricultural commodity prices, this study uses a longer set of price data and
a wider range of test procedures than past research. With the use of both the return pre-
dictability test from long-horizon regression and the variance ratio test, we find that mean
reversion does not exist in futures prices for corn, wheat, soybean, soybean oil, and soy-
bean meal. The findings are consistent with the weak form of market efficiency. Simulated
trading results for 3-year rollover hedges provide additional evidence that the expected
returns to the rollover hedging strategies are not statistically different from the expected

returns to routine annual hedges and cash sale at harvest.
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When agricultural commodity prices are un-
usually high, producers are tempted to try to
lock in prices for several years of production
at high levels. Some have argued that produc-
ers can capture the benefits of higher prices
over an extended period of time by multiyear
rollover hedging (Gardner; Kenyon and Beck-
man). Rollover hedging recommendations are
sometimes made in the popular press and ex-
tension literature when crop prices are high.
For example, Farm Journal economist Bob
Utterback recommended the following strate-
gy (Utterback, p. 7).

The trigger for selling multiple years’ crops
is a close in the lead-month futures below
the 18-day moving average; we’ll buy Sep-
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tember put options two strikes in the money.
My plan is to price 100% of expected 1997
production when the trigger is tripped, and
the "98 and ’99 crops if the trigger occurs
above $4. Then we’ll convert the put options
to futures when weather scares are past, and
just keep rolling them forward.

The available empirical literature (Conley
and Almonte-Alvarez; Gardner; Huang, Turn-
er, and Houston; Kenyon and Beckman; Turn-
er and Heboyan) has mostly found that roll-
over hedging increases mean returns but has
used sample sizes that are too small to be con-
clusive and has not included significance tests.
The literature has also given scant consider-
ation to the connections between rollover
hedging, the efficient market hypothesis, and
the underlying stochastic process.

A survey of extension marketing econo-
mists found that a majority of extension econ-
omists did not disagree with the statement that
rollover hedging can increase expected returns
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(Brorsen and Anderson). Lence and Hayenga
used a large sample size and found that it is
infeasible for hedge-to-arrive contracts involv-
ing interyear rollover hedging to lock in high
current prices for crops to be harvested one or
more years in the future. Yet, their results still
leave open the possibility of a small increase
in returns.

Rollover hedging is different from standard
hedging' in that it involves continuously
switching from a nearby futures contract to a
more distant futures contract. In rollover hedg-
ing, the hedger first opens a position in a near-
by futures contract and later closes it while
simultaneously opening the same position
with a more distant futures contract. Interest-
ingly, in the finance literature (e.g., Ross), roll-
over hedging is considered a way to lock in
the long-run equilibrium value and is viewed
solely as a means of reducing risk. Only in the
agricultural economics literature is rollover
hedging considered a way to increase mean
returns.

For rollover hedging to increase expected
returns, futures price movements should fol-
low a mean reversion process in which price
gradually moves toward its underlying fun-
damental value whenever it deviates from the
underlying value. A mean reversion price pro-
cess violates the efficient market hypothesis
that is associated with the assertion that fu-
tures price changes are unpredictable. Cash
prices? should be mean reverting as long-run
adjustments in supply and demand force cash
prices back to their long-term equilibrium
(Dixit and Pindyck, pp. 74-78). In an efficient
market, the mean reversion of cash prices
would have been foreseen by futures traders,
and there would be no mean reversion in in-
dividual futures contracts.

This study primarily aimed to determine

! Another difference is that past agricultural eco-
nomics research has advocated rollover hedging more
as a speculative strategy than as a way to stabilize in-
come, whereas hedging is usually promoted as a way
to stabilize income by reducing price risk.

2 Tests showed cash wheat prices were indeed
mean reverting. The results are not presented here be-
cause cash prices are outside the focus of the article,
and we did not have comparable data for the other
commodities.

whether rollover hedging could be used to in-
crease mean returns for producers. Specifical-
ly, in this study, we determined whether fu-
tures prices are mean reverting in corn,
soybean, and wheat markets by two different
statistical tests. Futures prices must be mean
reverting for rollover hedging to increase ex-
pected returns. In addition, simulations were
conducted to provide additional evidence
about whether rollover hedging could increase
expected returns. Past simulation studies had
too few observations to have any confidence
in them. This study uses more commodities
and longer time series than past research. Fur-
thermore, although Irwin, Zulauf, and Jackson
have examined mean reversion for a subset of
the dataset used here, past studies have not
included both mean reversion tests and simu-
lation studies, which makes it difficult to de-
termine whether differences in results are due
to differences in techniques or differences in
data.

Theories of Mean Reversion

Since Fama’s discussion of efficient capital
markets, the efficient market hypothesis
(EMH) has become the dominant paradigm
used by economists to understand and inves-
tigate the behavior of financial and commodity
markets. The efficient market hypothesis holds
that the market adjusts so quickly to new in-
formation that there exist no trading rules that
consistently outperform the market in terms of
expected returns. If there are inefficiencies,
they are expected to be either too small or too
short-lived to be exploited by investors. Thus,
it is best for investors in the stock market to
buy and hold a diversified market portfolio
rather than attempt to time investments to beat
the market.

However, in contrast to the efficient market
hypothesis, a substantial number of anomalies
in asset prices have been documented by fi-
nancial researchers. Some have found mean
reversion in asset prices and further suggested
that asset prices are somewhat predictable.
The literature explaining market inefficiencies
and mean reversion in asset prices focuses on
investor irrationality (noise) and temporary
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deviations of market price from its fundamen-
tal value. There is substantial evidence that
people are not as rational as economists like
to assume.

Biases of Judgment and Decision Making

Kahneman, Slovic, and Tversky and Kahne-
man and Riepe argue that there are many sys-
tematic errors of judgment and decision mak-
ing that are relevant tor investor behavior in
financial and commodity markets.

First, investors tend to be overconfident or
overoptimistic in their own abilities, which
makes them bear more risk or attribute their
investment success to skill rather than luck.
Second, when only a few observations are
available, investors tend to place too much
weight on the available data and thus make
erroneous inferences (fallacy of small num-
bers). Third, investors tend to think backward
and consistently exaggerate what they knew in
foresight (hindsight bias). They not only tend
to view what has happened as having been in-
evitable, but also to view it as having appeared
relatively inevitable before it happened. Thus,
hindsight is an important element of investor
overconfidence and a cause of regret (or my-
opic loss aversion). Fourth, investors put too
little weight on background information and
too much weight on new information in mak-
ing inferences, which might lead them to over-
react to news. Finally, investors tend to ex-
trapolate recent trends into the future that are
at odds with long-run averages and statistical
odds, which can lead them to chase trends.
Any trend that is inconsistent with market fun-
damentals will be temporary and prices will
reverse toward their long-run mean.

Behavioral finance offers some theoretical
support for mean reversion in futures prices.
However, previous research on rollover hedg-
ing (Conley and Almonte-Alvarez; Gardner;
Huang, Turner, and Houston; Kenyon and
Beckman) can be tainted by the fallacy of
small numbers or hindsight bias.

Overreaction or Overshooting

Using evidence from cognitive psychology,
De Bondt and Thaler (1985, 1987) argue that
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the stock market systematically overreacts to
news about fundamentals. Rausser and Wal-
raven also argue that agricultural commodity
markets overreact to a disturbance (e.g.,
droughts and other weather-related phenome-
na) and, therefore, prices of agricultural com-
modities overshoot their final equilibrium lev-
els.

As a consequence of investor overreaction,
asset prices can temporarily depart from their
underlying fundamental values. When pricing
errors from overreaction bias are eventually
corrected, asset prices revert to their long-term
mean. This investor overreaction hypothesis
suggests that, on average, assets that have per-
formed poorly (well) in one period will earn
above-average (below-average) returns in the
next period. Thus, a contrarian strategy of
buying past losers and selling past winners
should yield abnormal returns.

Fads or Speculative Bubbles

Shiller and Poterba and Summers argue that
asset prices are heavily affected by fads or
waves of optimistic or pessimistic market psy-
chology. Similarly, Summers, West, and
McQueen and Thorley explain anomalies in
asset prices by a speculative bubble that is
characterized by a long run-up in price (or a
long run of many small positive abnormal re-
turns) followed by a dramatic price drop or
crash (relatively few large negative abnormal
returns). The fads or speculative bubbles often
drive the market price from its fundamental
value and induce excess volatility. According
to these explanations, mean reversion in asset
prices occurs during the process in which tran-
sitory pricing errors induced by fads or spec-
ulative bubbles are corrected.

Time-Varying Risk Premium

For speculators who act as insurers to be in-
duced to trade, they must be paid a risk pre-
mium as compensation for bearing the risks
hedgers want to transfer. The risk premium
equals the difference between the current fu-
tures price and the expected future spot price.

A common approach in past research used
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to test for a risk premium is to test whether
the intercept is zero and the slope is one in a
regression of cash prices on futures prices. For
corn and soybean, Kenyon, Jones, and Mc-
Guirk found that this hypothesis could not be
rejected. Zulauf et al. updated their work and
found one case in which soybean futures were
found to be biased with the use of price-level
data. In their percentage change regressions,
they found no bias. Their percentage change
model is likely the more appropriate model
(Williams and Wright, p. 191). This set of
work is testing a linear relationship and a con-
stant risk premium, whereas rollover hedging
hypothesizes a nonlinear relationship between
cash and futures. But, such models likely still
have some power to reject the null in the pres-
ence of the nonlinear model suggested by roll-
over hedging.

Hartzmark and Fama and French (1987,
1988) argue that because the amount of risk
that speculators must bear varies through time,
asset prices exhibit mean-reverting behavior.
Kolb finds that futures markets for grains such
as wheat, corn, and oats do not consistently
exhibit a risk premium. McKenzie and Holt
find a small risk premium during times of high
uncertainty. A risk premium existing only dur-
ing times of high prices has not been tested in
past research. A time-varying risk premium
provides another alternative explanation of
why rollover hedging could be profitable.

Although the dominant theory is still effi-
cient markets, there are alternative theories
that can explain temporary deviations of asset
prices from their equilibrium. In financial lit-
erature, judgment biases, investor overreac-
tion, fads or bubbles, and time-varying risk
premia are cited as a source of market ineffi-
ciencies. However, if such inefficiencies exist-
ed in the past, by making them known, the
actions of traders could cause them to disap-
pear, so there is a good reason to be cautious
in recommending such strategies to farmers.

Data
The agricultural commodities chosen for the

analysis of mean reversion in futures prices
are corn, wheat, soybean, soybean oil, and

soybean meal. Futures prices from the Chica-
go Board of Trade are obtained from the An-
nual Report of the Board of Trade of the City
of Chicago and from a computer database
compiled by Technical Tools, Inc. The sample
period extends from January 1891 through
December 1999 for corn and wheat, from Jan-
uary 1951 through December 1999 for soy-
bean, and from January 1959 through Decem-
ber 1999 for soybean oil and soybean meal.?
This is the longest set of futures price data
ever used to study rollover hedging. A long
data set increases the power of the statistical
tests, but it increases the chances of structural
change* occurring during the observation pe-
riod.

To test for mean reversion in agricultural
futures prices, return horizons of 1, 3, and 6
months are examined. For each return horizon,
the beginning price and ending price are taken
to calculate the k-month returns. The futures
contract used to calculate the k-month returns
is defined as the nearby futures contract that
has enough days to maturity to cover the k-
month period. The beginning price is the set-
tlement price for a given futures contract on
the first trading day of each calendar month,
and the ending price is the closing price for
the corresponding futures contract on the first
trading day of the coming month with k-month
interval. For example, constructing a 3-month
return horizon for corn in January, the begin-
ning price is the closing price of May futures
observed on the first trading day in January,

3 This study planned to extend the data period of
each commodity to the launch date of each futures con-
tract, but in early years after the introduction of futures
contracts, the trading volume was extremely low and
prices of only a few nearby contracts were irregularly
reported. These years might be considered a learning
period during which markets learn how to price new
contracts; thus, they were excluded from the price se-
ries. The launch dates of futures contracts are as fol-
lows: corn and wheat, January 2, 1877; soybean, Oc-
tober 5, 1936; soybean oil, July 17, 1950; and soybean
meal, August 19, 1951,

4 Structural change tests were conducted for the
variance ratio tests by splitting the sample into two
equal sizes. In all cases, there was no rejection of the
random walk null with either subsample, which is the
same finding as for the entire dataset, except for corn
with a 1-month horizon.
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and the ending price is the closing price for
the same May futures contract observed on the
first trading day in April. The k-month returns
are defined as the natural logarithmic differ-
ence between the beginning price and the end-
ing price of the k-month horizon.

To test for mean reversion, the underlying
mean value of the commodities must be esti-
mated. In this study, 5-year moving averages
are used to estimate the mean value of each
commodity. The futures prices used to calcu-
late the 5-year moving averages are closing
prices for the futures contract nearest to ma-
turity on the first trading day of each calendar
month. For example, the 5-year moving av-
erage for January 1999 is the sum of the near-
by closing futures prices on the first trading
day of each month from January 1994 through
December 1998 divided by 60.

Procedures

This study uses two statistical tests—the re-
turn predictability test and the variance ratio
test—to test for the existence of mean rever-
sion in agricultural futures prices and also con-
ducts simulations to determine whether a mul-
tiyear rollover hedge can increase the hedger’s
average returns compared with marketing al-
ternatives.

Return Predictability Test

The return predictability test examines wheth-
er the deviation of current market prices from
estimates of underlying mean value can help
predict returns over various horizons (Cutler,
Poterba, and Summers; Irwin, Zulauf, and
Jackson). We study returns over different ho-
rizons by estimating

)] (n Py — In P)

= oy + Bk(ln Mt — In P/) + &

where P,,, is the futures price at the end of
the return horizon, P, is the futures price at the
beginning of the return horizon, and M, is an
estimated mean value at the beginning of the
return horizon. The logarithmic price-relative
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In P,,, — In P, is the continuously compound-
ed return over k months.

The estimated coefficient B, is the rate of
mean reversion, meaning the fraction of the
price deviation from the underlying mean val-
ue that is adjusted over a k-month horizon. For
example, if the current price is 1% below
(above) the mean value, then returns will be
increased (decreased) by 0.01F over the next
k months. A finding that (3, is significantly
greater than zero is evidence in favor of a
mean reversion process.

Overlapping sample periods are used. Or-
dinary least squares can produce consistent
parameter estimates in this case, but the usual
standard errors estimated are biased because
of serial correlation in the error terms (Harri
and Brorsen). In this study, the standard errors
of regression coefficients are bias-adjusted by
the Newey-West correction method (Newey
and West). The Newey-West method is con-
sistent but tends to underestimate standard er-
rors in small samples. It is possible to correct
the standard errors with Monte Carlo methods,
but there is no need to here because the null
hypothesis is not rejected even with standard
errors that are underestimated.

One possible criticism of the return pre-
dictability test is that Equation (1) specifies a
constant parameter process. The way rollover
hedging strategies are implemented assumes
mean reversion only occurs once prices pass
a certain threshold. Slope dummies were in-
serted in Equation (1) on the basis of how far
the futures price was away from the estimated
mean. Such a model is a form of the threshold
autoregressive model (see Campbell, Lo, and
MacKinlay, p. 472, for a definition of thresh-
old autoregressive models). In no case was the
slope dummy significant, so the model in
Equation (1) was used.

Variance Ratio Test

The variance ratio test uses the fact that if the
natural logarithm of a price series P, follows
a random walk process, then the variance of
k-period returns should equal & times the var-
iance of one-period returns (Cochrane; Kim,
Nelson, and Startz; Lo and MacKinlay; Poter-
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ba and Summers). The general k-period vari-
ance ratio statistic VR(k) is defined as

Var[r, ()] o2(k)
k Var[r (1)]  ko?(1)

k—1
=1+23 (1 - i)pm,

(2)  VR) =

where r(k) = r, + r,_; + -+ + r_,,; that is,
k-period continuously compounded return
r(1) is a one-period return, and p(z) is the rth-
order autocorrelation coefficient of return se-
ries r,. Equation (2) shows that VR(k) is a par-
ticular linear combination of the first ¢+ — 1
autocorrelation coefficients of return series r,
with linearly declining weights.

Lo and MacKinlay show that the variance
ratio estimator can be calculated as

1 nk
— > (P, = Py — k)2,

M o=k

3 o k)

where

m

k
kink — k + 1)(1 - ——) and
nk

1 uk R
@ o) =gy Z (P, = Py — ),
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nk

NS _
M_nkz(["

P_) = “]“(Pnk = Py),
nk
where P, and P,, are the first and last obser-
vation of the price series. Lo and MacKinlay
derive test statistics under both homoscedas-
ticity and heteroscedasticity. Because futures
returns have been shown to exhibit conditional
heteroscedasticity (Yang and Brorsen), the as-
ymptotic variance of the variance ratio, li(k),
is computed under heteroscedasticity.
The standard Z test statistic, Z(k), is

VR(k) — 1

5 N, 1),
[W}

(5) Zi =

where — indicates that the standardized test
statistic is asymptotically normally distributed.

A variance ratio equal to one implies that the
futures price follows a random walk process,
whereas a variance ratio of less than one im-
plies a mean reversion process. The variance
ratio rank tests of Wright were also considered
because they are robust to conditional heter-
oscedasticity and nonnormality. Because the
tests of Wright were all statistically insignifi-
cant, they are not reported here.

Simulations

Testing the returns obtained by simulated trad-
ing strategies is a more direct test of the ef-
fectiveness of rollover hedging than statistical
tests. The disadvantage of simulations is that
few signals might be generated, so tests might
have low power. Therefore, the simulations
could be the least useful of the three tests.

A basic assumption in the multiyear roll-
over hedge is that unusually high prices occur
infrequently and that when they occur, hedgers
should lock in these favorable prices for sev-
eral years of production. To identify unusually
favorable prices, the cumulative frequency
distribution of the past 60 months (or 5 years)
of futures prices is used. The futures prices
used to calculate the 5-year moving frequency
distribution of historical prices are closing
prices for the new crop futures contract ob-
served on the first trading day of each calendar
month. Specifically, December futures prices
for corn, July futures prices for wheat, and
November futures prices for soybean are used
to construct the frequency distribution. The fu-
tures price series extends over the period
1948-1999 for corn and wheat and 1958-1999
for soybean. Before the first year of the sample
periods, only old crop futures contracts were
reported for early months of the year. There-
fore, we couldn’t go back farther in time to
construct the frequency distribution with new
crop futures prices. At the beginning of each
month, the frequency distribution of the his-
torical futures prices is updated by adding the
price of the most recent month and deleting
the most distant month’s price, thus keeping a
constant sample size of 60 observations.

In this study, the trigger price level to enter
into a rollover hedge is set at the upper 10%
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of the frequency distribution.’ Three-year roll-
over hedging periods are used. The marketing
alternatives considered are routine annual
hedges and cash sale at harvest. No consid-
eration is made of possible tax consequences,
which could be a major disadvantage of roll-
over hedging.®

In choosing a method of rolling over fu-
tures contracts, the first decision to be made is
the selection of contract months involved in
rollovers. The previous studies (Conley and
Almonte-Alvarez; Gardner; Huang, Turner,
and Houston; Kenyon and Beckman) simply
chose to roll over from the maturing new crop
futures contract to the next new crop futures
contract. For example, the December 1994
corn futures contract was switched to a De-
cember 1995 corn futures contract at harvest
time in 1994.

In this study, two different rollover meth-
ods are used. The first method is to continu-
ously roll over from the maturing contract to
the subsequent contract with the use of every
contract month (““‘continuous rollovers’”). For
example, a 3-year rollover hedge for corn is
initiated with the December contract of the
first year, and when the December contract
matures, it is rolled into the March contract of
the second year, and then the maturing March
contract is rolled into the subsequent contract.
This process of rolling over contracts is con-
tinued until the rollover hedge is finally lifted.

The second method is to roll over from the
maturing new crop futures contract to the next
new crop contract in the following year, as
done in previous studies, but includes one in-
termediate contract month to serve as a bridge

5 This study has also simulated the same trading
strategies at the trigger price levels of 5% and 15% of
the frequency distribution. Such simulations yielded
essentially the same results as the simulation at the
10% trigger price level.

6 Purcell (p. 56) argued, ‘“there are no clear court
rulings on what is and is not hedging.” But, rollover
hedging might fail to meet the “equal and opposite”’
test and it could also be classified as speculative (and
thus subject to loss limitations) because rollover hedg-
ing as studied here has a profit motivation. Therefore,
a producer could go ahead and treat rollover hedging
as hedging for tax purposes, but if audited, they risk
having their losses subjected to loss limitations.
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between the new crop futures contracts
(“bridged rollovers”). Specifically, May fu-
tures contract for corn and soybean, and De-
cember futures contract for wheat are used as
bridge contracts. Thus, for example, the ma-
turing December futures contract for corn of
the first year is rolled into the May contract of
the second year, and when the May contract
matures, it is rolled into the December contract
of the second year, and so on.

The second decision to be made in the
method of rolling over contracts is the selec-
tion of a point in time to roll over (i.e., when
to switch from the maturing contract to the
next contract). Ma, Mercer, and Walker sug-
gest that the use of first notice days as rollover
dates is a logical choice for most purposes, as
well as a popular choice for trading purposes.
This study also uses the first notice day (i.e.,
the last business day of the month preceding
the delivery month) as the rollover date to
switch contracts and terminal dates to lift the
hedge. The 3-year rollover hedging rules used
in the study are summarized as follows.

First, the producer is assumed to produce
5,000 bushels or one contract of corn, wheat,
or soybean each year. At the beginning of each
calendar month, if a price equal to or exceed-
ing the trigger price level is observed, the
hedger will sell three contracts to execute a 3-
year rollover hedge. Once a 3-year rollover
hedge is executed in any year, no new addi-
tional positions are taken with other price sig-
nals within the same year because the 5,000
bushels of crop for each year are already
priced. However, even when a rollover hedge
is already in place for the production of the
year, the hedger will sell additional contracts
for the expected crop in the following years to
a total of three contracts. For example, assume
that a 3-year rollover hedge is initiated for
corn in May 1995. The producer would sell
three December 1995 contracts. Even if anoth-
er price above the trigger price level is ob-
served in July 1995, the producer is not al-
lowed to sell additional contracts. However, if
a new price exceeding the trigger price level
is observed in June 1996, the producer will
sell one contract for the expected 1998 crop,
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besides the 1996 and 1997 crops already
priced in May 1995.

Second, at rollover dates, the hedger will
roll forward to the next contract month by si-
multaneously closing the positions on all con-
tracts and opening new positions on the re-
maining unhedged long-term production.

Trading futures contracts incurs transaction
costs, which include brokerage fees and li-
quidity costs. It is assumed that brokerage fees
are $50 for a round-turn trade (i.e., buying and
selling) of a 5,000-bushel futures contract. Li-
quidity costs are payments earned by floor
traders for the services of filling an order im-
mediately at the market price. They are in-
curred each time a futures contract is traded.
Liquidity costs for the grain futures market is
estimated to be one price tick (% cent per
bushel) for the more heavily traded nearby
contracts and two price ticks for the more
lightly traded contracts that are more than 5
months from delivery (Brorsen; Thompson
and Waller). With the two components com-
bined, transaction costs are at least $75 (or 1.5
cents per bushel) for a round-turn futures
trade.

The expected returns from the 3-year roll-
over hedge can be calculated for each year
separately. Denote the initial futures price at
which a 3-year rollover hedge is placed as F,
and assume that crop size for each year is
equal to one contract. Then, the producer’s
revenue for the first year is given by

(6) R, =F, + B — C

where B, is the contemporaneous cash-futures
basis at the time the cash sale is made in the
first year, and C is the futures transaction
costs. For corn, B, is the difference between
the producer’s cash price and the December
futures price on the first notice date of the De-
cember contract in the first year.
The revenue for the second year is

N
(7) R,=F,+ > 8, +B,~ N+ 1)C,
k=1

where S, is the spread between the maturing
futures contract and the next futures contract

at a rollover date, B, is the contemporaneous
cash-futures basis in the second year, N is the
number of rollovers, and C is the futures trans-
action costs. For example, when continuous
rollovers are used for corn, there are five roll-
over spreads involved in one crop year (i.e.,
the December—March spread, the March—May
spread, the May-July spread, the July—Sep-
tember spread, and the September—December
spread).
Finally, the revenue for the third year is

2N
® R,=F + > S +B,— 2N+ 1)C
k=1

where Bj; is the contemporaneous cash-futures
basis in the third year.

Generalizing to an n-year rollover hedge
for any commodity, the revenue in year t can
be written as

{-N

(9 R =F+ > S +B - [(t- DN+ 1]C
k=1

where F; is the initial futures price at which
an n-year rollover hedge is placed, Z{-PV S,
is the sum of spreads at rollovers, B, is the
contemporaneous cash-futures basis at the
time the cash sale is made in year ¢, N is the
number of rollovers in 1 crop year, and [(z —
1N + 1]C is the total futures transaction
costs. The total revenue for the n-year rollover
hedge is 27, R,.

For routine annual hedges, the producer
would hedge each year’s crop by selling a new
crop contract at or soon after planting. Spe-
cifically, December corn and November soy-
bean contracts are sold on the first trading day
of May, and July wheat contracts are sold on
the first trading day of December. The annual
hedges are also lifted on the first notice day
of each new crop futures contract.

For cash sales at harvest, the producer will
sell each year’s crop when harvested at the
harvest-time cash price. In this study, U.S.
monthly average prices at harvest for each
commodity are used. Specifically, November
average prices for corn, October average pric-
es for soybean, and June average prices for
wheat are used because the first notice dates
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Table 1. Results of Return Predictability Tests with the Use of Futures Prices

Return
Horizon Data No. of
Commodity (k months) Period Observations B t-statistics R?
Corn 1 1891-1999 1,200 -0.02 —2.06* 0.01
3 1891-1999 1,198 -0.04 —1.65 0.01
6 19481999 618 0.06 1.23 0.01
Wheat 1 1891-1999 1,193 —0.00 —0.34 0.00
3 1891-1999 1,191 -0.01 —-0.24 0.00
G 1948-1999 618 0.00 0.93 0.01
Soybean 1 19511999 526 0.02 0.81 0.00
3 1951-1999 524 0.07 1.04 0.01
6 19571999 509 0.07 0.88 0.01
Soybean Oil 1 1959-1999 431 -0.01 —0.26 0.00
3 1959-1999 429 0.02 0.26 0.00
6 1959-1999 426 0.08 0.80 0.01
Soybean Meal 1 1959-1999 431 0.02 0.56 0.00
3 1959-1999 429 0.05 0.66 0.01
6 1959-1999 426 0.06 0.56 0.00

Notes: The estimated regression equation is (In P,,, — In P) = o, + B, (In M, — In P) + g, where (In P,,, —ln P)
is the continuously compounded return in futures prices from month 7 to month 7 + k, and (In M, —In P) is the natural
logarithmic difference between the estimated mean value on the first trading day of month 7 and the closing futures
price on the first trading day of month r. The r-statistics are bias-corrected by the Newey-West procedure.

* Regression coefficients are statistically significant at the 5% level.

for the December corn futures contract, No-
vember soybean futures contract, and July
wheat futures contract are the last business
days in November, October, and June, respec-
tively.

Results

The results of the return predictability test are
presented in Table 1. The estimated § coeffi-
cients are not statistically significant at the 5%
level, except for corn with a 1-month return
horizon. But the negative B coefficient of
—0.02 suggests mean aversion rather than
mean reversion. Overall, the regression R? val-
ues are extremely low. The R? value represents
the percentage of the observed change over
the return horizon that is explained by the dif-
ference between the futures price and the
mean value at the beginning of the return ho-
rizon. Thus, the deviation of the futures price
from its estimated mean value explains, at
most, 1.0% of the observed change in the fu-
tures price.

The variance ratio test results in Table 2
also find little evidence of mean reversion in
futures prices. None of the variance ratios,
VR(k), are significantly different from 1.0.
Several of the variance ratios are greater than
1.0, which would indicate positive serial cor-
relation (mean aversion) rather than mean re-
version.

The results of simulations for corn, soy-
bean, and wheat marketing strategies are re-
ported in Table 3. The expected prices from
the 3-year rollover hedges are higher than the
expected prices from the routine annual hedg-
es and cash sales at harvest across all three
commodities. The 3-year rollover hedges are
selective in that the producer only enters into
a rollover hedge when current futures prices
at the beginning of the month exceed a pre-
determined percentage level of the 5-year
moving frequency distribution. However, the
standard deviation of expected prices for the
3-year rollover hedges are much larger than
the routine annual hedges and cash sales at
harvest.
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Table 2. Results of Variance Ratio Tests with the Use of the Nearby Futures Price Series

Return Variance
Horizon Data No. of Ratio

Commodity (k months) Period Observations [VR(k)] Z-statistic
Corn 3 18911999 1,257 1.10 1.80

6 1,254 1.12 1.38
Wheat 3 1891-1999 1,250 1.06 1.19

6 1,247 1.03 0.39
Soybean 3 19511999 583 1.11 0.78

6 580 1.04 —-0.13
Soybean Oil 3 1959-1999 488 0.98 -=0.17

6 485 0.96 -0.26
Soybean Meal 3 1959-1999 488 1.09 0.70

6 485 1.04 0.18

Notes: The variance ratio is VR(k) = [0%(k))/[ko?(1)], where o?(k) is the variance of k~-month returns and ¢2(1) is the
variance of 1-month returns. The null hypothesis is that VR(k) = 1, meaning that futures prices follow a random walk
process. No ratio is statistically different from 1.0 at the 5% level.

The results for corn marketing strategies
show that the expected prices for the 3-year
rollover hedges with a bridge contract are
higher than those that use every contract
month continuously because continuous roll-
overs involve higher transaction costs. Routine
annual hedges and cash sales at harvest have
almost identical means and standard devia-
tions of expected prices.

The results for soybean marketing strate-
gies show that 3-year rollover hedges have the
highest expected prices and also the largest
standard deviations at all trigger price levels.
The expected prices from the continuous roll-
over hedges are higher than the expected pric-
es from the bridged rollover hedges, whereas
the standard deviations of the bridged rollover
hedges are larger than the standard deviations
of the continuous rollover hedges. Thus, from
the mean variance (EV) criterion, the contin-
uous rollover hedges dominate the bridged
rollover hedges.

The results for wheat marketing strategies
show that cash sale at harvest has the lowest
price and lowest standard deviation. The ex-
pected prices from the continuous rollover
hedges are higher than the expected prices
from the bridged rollover hedges in spite of

higher transaction costs. This is mainly be-
cause of the larger gains in rollover spreads.

To determine whether the expected prices
from the 3-year rollover hedges are equal to
the expected prices from the marketing alter-
natives, paired difference tests are used. Paired
difference tests use the pairwise differences
(d,) of the expected prices between two mar-
keting strategies. The null hypothesis to be
tested is that the mean of the paired differenc-
es of the expected prices from two marketing
strategies is zero; in other words, the expected
prices of the two marketing strategies are
equal.

The results of the paired difference tests for
corn, soybean, and wheat are presented in Ta-
ble 4. The paired r-tests comparing the ex-
pected prices of the two marketing strategies
are based on the following five pairs of strat-
egies: (1) continuous rollover hedges versus
routine annual hedges (CRH-RAH); (2) con-
tinuous rollover hedges versus cash sales at
harvest (CRH-CSH); (3) bridged rollover
hedges versus routine annual hedges (BRH-
RAH); (4) bridged rollover hedges versus cash
sales at harvest (BRH-CSH); and (5) routine
annual hedges versus cash sale at harvest
(RAH-CSH).

In Table 4, the r-ratios ranging from —0.03
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Table 4. Results of Paired Difference Tests for 3-Year Rollover Hedges, Routine Annual Hedg-
es, and Cash Sale at Harvest, 1948-1999

No. of
Obser-
Statistics vations CRH-RAH CRH-CSH BRH-RAH BRH-CSH RAH-CSH
Corn
Mean 17.04 16.81 20.58 20.35 —0.23
SD 30 81.55 100.39 76.05 95.40 49.73
t-Ratio 1.15 0.92 1.48 1.17 —-0.03
Soybeans
Mean 56.65 57.09 32.76 33.21 0.45
SD 32 186.08 229.00 228.10 272.89 109.35
-Ratio 1.72 1.41 0.81 0.69 0.02
Wheat
Mean 37.92 59.25 28.30 49.63 21.33
SD 24 150.16 158.38 158.61 161.31 62.56
t-Ratio 1.24 1.83 0.87 1.51 1.67

Notes: CRH-RAH denotes the paired difference of the expected price between the continuous rollover hedges and the
routine annual hedges; CRH-CSH denotes the paired difference of the expected price between the continuous rollover
hedges and the cash sales at harvest; BRH-RAH denotes the paired difference of the expected price between the
bridged rollover hedges and the routine annual hedges; BRH-CSH denotes the paired difference of the expected price
between the bridge rollover hedges and the cash sales at harvest; and RAH-CSH denotes the paired difference of the
expected price between the routine annual hedges and the cash sale at harvest. The t-statistic is ¢ = (d — 0)/Vs3/n,
where d is the average of the paired differences (d;) of the expected prices between two marketing strategies, » is the
number of paired differences, and s} = [2%, d? — (I/n)QL, d)?Vn — 1).

to 1.83 indicate that all these pairs for each Conclusions
commodity are not statistically different’ from
each other at the 5% level. This implies that  Both market advisors and researchers have of-
the expected prices from the 3-year rollover oy suggested rollover hedging as a way to in-
hedges are not different from th? expected  crease producer returns. This study determined
prices from the marketing alternatives across  yhether rollover hedging could increase ex-
all'commodities. The IOW power of thff SHAU- pected returns for producers. For rollover
Iauon'approach, even with our extensive df‘l' hedging to increase expected returns, futures
taset, illustrates that even a $0.50/bushel gain prices must follow a mean-reverting process.
is not statistically significant. Although the re- Ty test for the existence of mean reversion in
turns to some O.f the rollover hedgmg strate- agoricultural commodity prices, this study used
gies look enticing, they are not statistically Jonger set of price data and a wider range
SIgm‘ﬁcant. Thus, the simulation results are ;¢ yoq procedures than past research. Although
cgns1stent with the results of the mean rever- | 11ver hedging increasing mean returns is in-
sion tests. consistent with the efficient market hypothe-
sis, there are psychological theories that offer
some support for the profitability rollover
7 The hypothesis tests assume normality of the dif- : bp p y
ferences. On the basis of a Jarque-Bera test, the null hedging. )
hypothesis of normality was rejected for 2 of the 15 With both the return predictability test,
pairs. Because these are multiple comparisons, a joint  which js based on long-horizon regression,

: rmali s structed wit : ¥ . .
test of normality was constructed with a parametric 4 the variance ratio test, we found that mean
bootstrap and the maximum of 15 independent Jarque-

Bera tests as the test statistic. The joint null hypothesis ~ T€VErsion does not exist in futures prices for
of normality could not be rejected. corn, wheat, soybean, soybean oil, and soy-
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bean meal. The findings on futures prices are
consistent with the weak form of market effi-
ciency suggested by Fama and with previous
empirical work.

The simulated trading results for 3-year
rollover hedges provided additional evidence
that the expected returns to the rollover hedg-
ing strategies are not statistically different
from the expected returns to routine annual
hedges and cash sale at harvest. Because of
the positive, but statistically insignificant, re-
turns to the simulation strategies, the results
might not be sufficient to put the issue of roll-
over hedging to rest.

On the basis of this research, we cannot
recommend rollover hedging as a way to in-
crease mean returns. The lack of statistical sig-
nificance is found across three diverse tests.

[Received August 2002; Accepted July 2004.]
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