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Cash Ethanol Cross-Hedging Opportunities

Jason R.V. Franken and Joe L. Parcell

Increased use of alternative fuels and low commodity prices have contributed to the recent
expansion of the U.S. ethanol industry. As with any competitive industry, some level of
output price risk exists in the form of volatility: yet, no actively traded ethanol futures market
exists to mitigate output price risk. This study reports estimated minimum variance cross-
hedge ratios between Detroit spot cash ethanol and the New York Mercantile Exchange
unleaded gasoline futures for 1-, 4-, 8-, 12-, 16-, 20-, 24-, and 28-week hedge horizons. The
research suggests that a one-to-one cross-hedge ratio is not appropriate for some horizons.
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The high demand for fuel and the resulting
fuel prices have contributed to the recent ex-
pansion of the U.S. ethanol industry. Addi-
tionally, government grants and subsidies have
increased interest in producing ethanol.! Eth-
anol production has reached record levels
(Figure 1), becoming a substantial source of
corn demand, with a potential for and expec-
tations of further growth.? As with any com-
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"In October 2002, the USDA awarded nearly $40
million in producer value-added grants. Of this
amount, $6.5 million was awarded to 24 ethanol pro-
jects for planning purposes (e.g., market analysis de-
velopment, legal counsel, and business plan develop-
ment). This announcement provided further evidence
of planned expansion in the ethanol industry.

? The National Corn Growers Association has pub-
licly stated its support for the Renewable Fuels for En-
ergy Security Act that would potentially boost annual
ethanol production to 16 billion gallons within the next
10 to 15 years.

petitive industry, some level of price risk for
ethanol exists in the form of price volatility.
Contracting exclusively in cash markets could
leave ethanol producers and purchasers ex-
posed to price volatility, depending on con-
tract terms. Contractual agreements are widely
used in this industry and are often based on
the New York Mercantile Exchange (NY-
MEX) unleaded gasoline futures (Gerhold).
Industry expansion is likely to heighten the
demand for price risk management tools. Eth-
anol plant owners (e.g., agricultural producers
and industry) and purchasers of ethanol could
benefit from various techniques to manage
price volatility. For ethanol, however, no fu-
tures market is actively traded. Producers and
purchasers of ethanol might find cross-hedg-
ing ethanol with unleaded gasoline futures
contracts to be effective in reducing exposure
to price volatility. The objective of this study
is to estimate the cross-hedge relationship be-
tween spot ethanol and the NYMEX unleaded
gasoline futures market for various cross-
hedging horizons.

A cross-hedge is performed by hedging the
cash price of one commodity with the futures
contract price of a different, but related, com-
modity. A hedger locks in a price for a cash
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commodity by cross-hedging that commodity
with a related commodity traded at one of the
commodity exchanges. Therefore, a cross-
hedge uses information in one market (e.g.,
the NYMEX unleaded gasoline futures mar-
ket) to predict the price of a different com-
modity in another market (e.g., a spot ethanol
market).

In order for cross-hedging to reduce ex-
posure to price volatility, the prices of the
commodities being cross-hedged must be re-
lated, so that the respective prices follow in a
predictable manner (Graff et al.). The Detroit
spot ethanol and the NYMEX unleaded gas-
oline futures markets historically have traded
in similar patterns, but at different levels (Fig-
ure 2).

Most ethanol production is contracted on
volume, but the price may be left open-ended
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U.S. Annual Fuel Ethanol Production (Source: Energy Information Administration

for future negotiations depending on the pref-
erences of the buyer (Gerhold). Ethanol trades
at lower prices than other gasoline oxygenates,
and its value is based on octane ratings. Eth-
anol producers typically contract ethanol from
1 to 6 months out. Ethanol price is either set
at a flat price, using the average ethanol price
at base hubs, or determined by an index based
on a historical ethanol-gasoline price spread
(Gerhold).

The conventional practice of hedging gas-
oline in unleaded gasoline futures markets is
to use one 42,000-gallon futures contract for
each 42,000 gallons of gasoline to be hedged.
However, because ethanol is not a perfect sub-
stitute for gasoline, cross-hedging in a one-to-
one ratio (i.e., hedging 42,000 gallons of eth-
anol against one 42.,000-gallon unleaded
gasoline futures contract) might be inappro-
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priate. Discussions with industry persons re-
vealed that cross-hedging in a one-to-one ratio
is the general routine followed (Gerhold). This
study examines the effectiveness of such one-
to-one cross-hedging relationships. Processors,
purchasers, and merchandisers of ethanol can
use this research to understand the effective-
ness of cross-hedging cash ethanol in the un-
leaded gasoline futures market.

Theoretical Background

The theoretical model used to derive the em-
pirical cross-hedge model follows from Bror-
sen, Buck, and Koontz and Leuthold, Junkus,
and Cordier. Brorsen, Buck, and Koontz (p.
451) explain that under the assumptions (set
forth by Benninga, Eldor, and Zilcha) of, *. . .
(i) the decision maker is not allowed to par-
ticipate in alternative activities, (ii) no trans-
action costs, (iii) no production risk, (iv) cash
prices are a linear function of futures prices
with an independent error term, and (v) futures
prices are unbiased,” the minimum variance
hedge ratios (developed by Johnson) are con-
sistent with utility-maximizing hedge ratios.
Thus, the minimum variance utility maximi-
zation problem can be specified as

(1) max = X.ER,) + X;E(R;)

E(U)

— N2(X202 + X302 + 2X:X.0.),

where E(U) is the expected utility, X_ is the
amount of the cash price position, E(R,) is the
expected return on the cash position, X is the
amount of the futures price position, E(R;) is
the expected return on the futures position, A
is the relative risk aversion coefficient, a? is
the variance of the cash price change, o7 is the
variance of the futures price change, and o is
the covariance between the cash and futures
price changes.

The optimal futures position for a given
risk aversion level is derived by expressing
Equation (1) in terms of price changes, differ-
entiating with respect to X|, rearranging terms,
and setting the equation equal to 0 (Leuthold,
Junkus, and Cordier). The optimal futures po-
sition can be expressed as

2l

(2) X, = {[E(F,) — F)Ao}} — [X(o4laD)],

where E(F),) is the expectation at time 0 of the
futures price at time 1, F, is the futures price
at time 0, and o./o} is the cross-hedge rela-
tionship.

Empirical analyses to determine cross-
hedging ratios have been carried out exten-
sively for agricultural commodities (e.g.,
Buhr; Graff et al.; Hayenga and DiPietre;
Kahl; Myers and Thompson; Rahman, Turner,
and Costa; Schroeder and Mintert). Anderson
and Danthine provided a theoretical cross-
hedging model from which most empirical
analyses are based, and some authors (e.g.,
Brorsen, Buck, and Koontz) have estimated
optimal hedge ratios dependent on the hedg-
ers’ risk aversion level as specified in Equa-
tion (2). Assuming that the risk aversion level
is significantly high, as in enough to deter
speculation, the first term in Equation (2) be-
comes 0.* Estimating the hedge relationship by
specifying the cash and futures price variables
as changes in price and incorporating prior in-
formation yields, the optimal hedge ratio (My-
ers and Thompson) is*

The more highly correlated the cash price and
futures price are, the closer the cross-hedge
ratio is to 1. The next section describes the
process of estimating the ethanol cross-hedge
ratio.

3 According to Benninga, Eldor, and Zilcha, risk-
averse hedgers want to reduce risk of income by lock-
ing in a margin. Given that the futures market is an
unbiased predictor of future spot prices, speculation is
not expected to be profitable on average. Note that
speculation entails taking on risk above that which can-
not be hedged away.

4 In specifying the empirical model, the data is dif-
ferenced and prior information is included. Thus, al-
though not explicit in the derivation of Equation (3),
the hedge ratio is considered to be optimal under the
assumptions of highly risk-averse hedgers, unbiased
futures markets, differenced data, and the inclusion of
prior information.
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Empirical Model

This study uses the empirical methods of Bror-
sen, Buck, and Koontz to estimate ethanol
cross-hedge ratios for alternative hedging ho-
rizons. Time series data, such as the type used
to estimate cross-hedge ratios, are likely to ex-
hibit autocorrelation and timewise heteroske-
dasticity. A moving average process equal to
the length of the cross-hedge horizon might be
present (Brorsen, Buck, and Koontz). Thus,
autocorrelation is corrected for in the estima-
tion of the cross-hedge ratio by approximating
the moving average process as an autoregres-
sive process with lags of 1 and k. The kth-
order autoregressive process is incorporated to
correct for overlapping time periods between
contracts (Brorsen, Buck, and Koontz.). Fol-
lowing the work of Brorsen, Buck, and
Koontz for cross-hedging wheat, the relation-
ship between ethanol cash prices and unleaded
gasoline futures prices is estimated in changes
to determine the cross-hedge ratio (3,) as

(4)  AEthanol Cash Price,
= By + B\(AFutures Price,)
+ p,[AEthanol Cash Price,_, — By
+ B (AFutures Price,_,)]
+ p[AEthanol Cash Price, , — B,

+ B (AFutures Price, )],

where AEthanol Cash Price, is the difference
in the ethanol cash price over the period ¢ —
k to t; AFutures Price, is the difference in the
nearby NYMEX unleaded gasoline futures
price over the period t — k to t; AEthanol Cash
Price, , is the AEthanol Cash Price, lagged
one period; AFutures Price, , is the AFutures
Price, lagged one period; AEthanol Cash
Price, , is the AEthanol Cash Price, lagged k
periods: AFutures Price, , is the AFutures
Price, lagged k periods; p, is the first-order
autocorrelation parameter; p, is the kth-order
autocorrelation parameter; (3, is the intercept;
and B, is the cross-hedge ratio. Following
from the results of Myers and Thompson,
specifying the cash and futures price variables
as changes in price and incorporating prior in-
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formation yields the optimal hedge ratio. For
this study, the cross-hedging horizons ana-
lyzed (denoted by A) are 1, 4, 8, 12, 16, 20,
24, and 28 weeks.?

Another potential problem, heteroskedas-
ticity in the error terms, can result from the
cyclical periods of high and low volatility in
the unleaded gasoline futures contract. A gen-
eralized autoregressive conditionally hetero-
skedastic (GARCH) process is implemented to
correct for the presence of heteroskedasticity.

Following the methodology of Brorsen,
Buck, and Koontz, an estimated generalized
least squares (EGLS) process is used to correct
for autocorrelation first and heteroskedasticity
second because GARCH parameter estimates
are not consistent in the presence of autocor-
relation. First, nonlinear least squares is used
to estimate Equation (4). Second, a GARCH
(1, 1) model is used to derive the residuals of
the nonlinear least squares estimate of Equa-
tion (4). Last, Equation (4) is estimated using
weighted nonlinear least squares. The three-
step EGLS process is completed using SHA-
ZAM 9.0.¢

Equation (4) can be rearranged to deter-
mine the quantity of cash ethanol to hedge per
NYMEX unleaded gasoline futures contract.
The cross-hedge relationship from Equation
(4) is used in conjunction with the NYMEX
contract quantity specification of 42,000 gal-
lons to determine the approximate gallons of
ethanol to hedge. The relationship can be ex-
pressed as

(5)  Cash Ethanol Quantity Hedged
_ Futures Contract Quantity
R B
_ 42,000 gallons
- Bt

3 One reviewer raised the issue of why these time
horizons were chosen. Typically, ethanol is forward-
contracted in 1- to 6-month periods (Gerhold), and un-
leaded gasoline futures contracts are usually offered
less than 60 weeks prior to expiration.

o Note that adjusting the data and residuals to com-
pensate for the presence of autocorrelation and heter-
oskedasticity yields parameter estimates similar to the
OLS estimated parameters, but with efficient standard
errors.



Franken and Parcell: Ethanol Hedging Opportunities

513

Table 1. Summary Statistics for Variables Used in Estimation of Cross-Hedging Ethanol in
Gasoline Futures, Weekly data between January 1, 1989, and November 29, 2001

Standard
Price ($/gallon) Average  Deviation Minimum Maximum
Nearby NYMEX unleaded gasoline futures price $0.60 $0.15 $0.29 $1.14
Detroit spot ethanol price $1.19 $0.17 $0.95 $1.77

For example, one 42,000-gallon gasoline con-
tract on the NYMEX would be appropriately
cross-hedged against 42,000 gallons of ethanol
if the cross-hedge ratio (3,) was determined to
be 1. Similarly, if the cross-hedge ratio was
estimated to be 0.80, then 52,500 gallons of
ethanol would be hedged against one NYMEX
unleaded gasoline futures contract.

Data

Weekly average price data from January 1,
1989, to November 29, 2001, for NYMEX un-
leaded gasoline futures contracts and weekly
average Detroit spot ethanol prices were com-
piled. NYMEX unleaded gasoline futures con-
tracts are traded for each month of the calen-
dar year, and the delivery location is the New
York Harbor. Summary statistics are listed in
Table 1. To conserve space, we reported only
the summary statistics for a nearby month data
series.

The NYMEX unleaded gasoline futures
contract is rolled forward to the next contract
on the first day of the contract expiration
month. This method is used because cash eth-
anol long hedgers would avoid taking delivery
of gasoline during the contract expiration
month. Similarly, because the contract speci-
fies a New York Harbor delivery location,
many unleaded gasoline long hedgers will exit
the market prior to the expiration month.
Changes in futures prices over the cross-hedge
horizon were computed for the representative
contract month for when the hedge is to be
lifted. For instance, if the cross-hedge is to be
lifted during any week in February 2001, then
the change in the futures price over the 1-, 4-,
8-, 12-, 16-, 20-, 24-, and 28-week horizons is
in reference to the March 2001 contract. NY-
MEX unleaded gasoline futures prices were

obtained from the Commodity Research Bu-
reau. The Detroit ethanol spot price data were
obtained from Kapell.

Results

As previously mentioned, the time series data
used for this study could exhibit statistical is-
sues (i.e., autocorrelation and heteroskedastic-
ity), for which the EGLS process corrects. Af-
ter transforming the data for first- and
kth-order autocorrelation, an autoregressive
conditional heteroskedasticity test of the errors
was performed. The Harvey test statistic was
used to test the null hypothesis of homoske-
dasticity. Tests failed to reject the null hypoth-
esis for each cross-hedge horizon.” The auto-
correlation coefficients, constants, and the
estimated cross-hedge relationships from
Equation (4) are presented in Table 2. The au-
tocorrelation parameter estimates are signifi-
cant for each of the cross-hedge horizons, ex-
cept the 1-week horizon, indicating the strong
presence of autocorrelation. This result was as
hypothesized.

The R? statistics reported for the price
change models are a measure of hedging ef-
fectiveness. Leuthold, Junkus, and Cordier (p.
94) state, **. .. hedging effectiveness refers to
the reduction in variance as a proportion of
total variance that results from maintaining a
hedged position rather than an unhedged po-
sition.” The R? terms become progressively
better for forecasts further out. The R? on the
1-week cross-hedge horizon, however, indi-
cates relatively little hedging effectiveness.
Thus, a hedger would be as well off to remain
unhedged for a 1-week horizon.

7 Summary heteroskedasticity test statistics are
available from the authors on request.
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Table 2. Estimated Cross-Hedge Relationships from Equation (4)

Cross-Hedge Horizon I-week 4-week 8-week
Constant (B,) —0.001 —0.002 —0.003
(0.002) (0.005) (0.010)
Cross-hedge ratio (B,) 0.833%** 0.867*** 0.930%:#*
(0.045) (0.045) (0.047)
Ist-order autocorrelation (p,) 0.022 0.823%** 0.907 *#**
(0.039) (0.025) (0.019)
kth-order autocorrelation (p,) NA —~0.202¥+* —0.110%**
NA (0.026) (0.020)
R? 0.338 0.786 0.884
Hy: B, = 1 (p-value reported) <(.01*** <(.0] *** 0.135
Quantity (gallons)? 50,420 48,443 42,000

Note: Number of observations = 678. Standard errors are reported in parentheses below coefficients.

* Quantity of ethanol per 42,000-gallon unleaded gasoline futures contract. Forty-two thousand gallons of ethanol are
hedged with each NYMEX unleaded gasoline futures contract for the 8-, 12-, and 16-week cross-hedge horizons because
the cross-hedge ratios for these horizons are not statistically different from 1.

##*% Gignificance level = .01.
** Significance level = .05.

The cross-hedge ratios are generally less
than 1 and are statistically significant at the
1% level. The cross-hedge ratios are not sta-
tistically different from 1 for the 8-, 12-, or
16-week hedge horizons. Thus, a one-to-one
hedge ratio is appropriate for these horizons.
The appropriate quantities of ethanol to be
hedged against one 42,000-gallon unleaded
gasoline futures contract for each cross-hedge
horizon are calculated by applying the cross-
hedge ratios to Equation (5) and are listed in
gallons across the bottom of Table 2. The
quantity of spot ethanol to hedge declines
from the I-week to the 8-week hedge hori-
zons, remains at 42,000 gallons for the 8-, 12-,

and 16-week hedge horizons, and increases
steadily beyond.

To cover 100% of production, an ethanol
plant that produces 30 million gallons per year
requires 619 futures contracts to cover a
4-week routine cross-hedge, 714 futures con-
tracts to cover an 8-, 12-, or 16-week routine
cross-hedge, and 509 futures contracts to cov-
er a 24-week routine cross-hedge. Further-
more, the estimates indicate that the U.S. eth-
anol industry would require somewhere
between 25,000 and 41,000 NYMEX unlead-
ed gasoline futures contracts to hedge 100%
of production, approximately 1.7 billion gal-
lons in 2001.

$2.00
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Figure 3.

Comparison of Detroit Spot, Gulf Spot, and Minneapolis Spot Ethanol Prices
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Table 2. Extended
12-week 16-week 20-week 24-week 28-week
—-0.01 —-0.027 —0.026 -0.027 —0.049%#
(0.014) (0.021) (0.030) (0.038) (0.024)
0.920%** 1.005%%* 0.83 ] *** 0.712%%** 0.632%**
(0.047) (0.048) (0.047) (0.044) (0.040)
0.943%%* 0.949%** (0.95] sk 0.960%** 0.958%**
(0.016) (0.014) (0.013) (0.011) (0.010)
—0.082%** —0.04 ] *** —0.023%* —0.019%* —0.049# =
(0.015) (0.011) (0.009) (0.007) (0.010)
0.923 0.945 0.947 0.955 0.961
0.088 0.913 <0.0]##** <(.0]1*** <(.0]**#*
42,000 42,000 50,542 58,989 66,456
Discussion (Davies), and Minneapolis spot (American

Cross-hedge relationships between the Detroit
spot ethanol price and the NYMEX unleaded
gasoline futures price were estimated for this
analysis. With EGLS to account for autocor-
relation and heteroskedasticity, cross-hedge
ratios for 1-, 4-, 8-, 12-, 16-, 20-, 24-, and 28-
week cross-hedge horizons were estimated.
The cross-hedge ratios varied from 0.632 for
the 28-week hedge horizon to 1.0 for the 16-
week hedge horizon. The measure of hedging
effectiveness (R?) indicated that placing a
cross-hedge could substantially mitigate price
volatility for the 4-, 8-, 12-, 16-, 20-, 24-, and
28-week cross-hedge horizons.

Two results yield from this analysis. First,
cross-hedging in the NYMEX unleaded gas-
oline futures market can reduce ethanol price
uncertainty. Second, the quantity of spot eth-
anol to cross-hedge with one NYMEX unlead-
ed gasoline futures contract was estimated to
be 48,443 gallons, 42,000 gallons, 42,000 gal-
lons, 42,000 gallons, 50,542 gallons, 58,989
gallons, and 66,456 gallons for the 4-, 8-, 12-,
16-, 20-, 24-, and 28-week cross-hedge hori-
zons, respectively. Thus, sometimes it is ap-
propriate to cross-hedge more than 42,000 gal-
lons of ethanol per 42,000-gallon NYMEX
unleaded gasoline futures contract, as opposed
to hedging in a one-to-one ratio.

Although this study is limited to one lo-
cation, the results might be applicable to eth-
anol prices at other locations. Figure 3 illus-
trates that Detroit spot (Kapell), Gulf spot

Coalition for Ethanol) ethanol prices follow
similar patterns. The correlation coefficients
between the Detroit and Gulf spot ethanol
prices and the Detroit and Minneapolis spot
ethanol prices over the available periods are
0.859 and 0.981, respectively. However, the
brevity of available time series data at other
locations prevents further statistical testing to
validate the above statement.

Although current capacity in the ethanol in-
dustry is far too small to sustain an indepen-
dent ethanol futures contract, this study pro-
vides evidence to suggest that the NYMEX
unleaded gasoline futures market offers price
mitigation opportunities in the absence of a
stand-alone ethanol futures contract.

[Received April 2002; Accepted February 2003.]
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