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INTRODUCTION

Futures price contracts and options on price futures have been used for
quite some time to manage price risk. However, similar market-based
instruments for managing yield risk have not been available. Instead, fed-
eral agricultural support programs such as deficiency payments and non-
recourse loan programs along witb subsidized crop yield insurance pro-
grams bave served as alternatives to market-based risk management
mecbanisms. On 2 June 1995, tbe Cbicago Board of Trade (CBOT)
launcbed an interesting innovation into tbe agricultural markets, namely
tbe quantity-based crop yield futures and options contracts. Tbe first
listed for trading was tbe Iowa Corn Yield Insurance Futures and Options
contract, wbicb started witb fairly modest volume and open interest.
Tben, surprisingly, on 19 January 1996, tbe CBOT added a U.S. contract
plus four additional state corn yield contracts for Illinois, Indiana, Obio,
and Nebraska, tbereby furtber diluting tbe already tbin market in tbe
existing Iowa contract. Tbe idea bebind tbe move was tbat tbe low cor-
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relation between tbe Iowa state-average yield and individual farms' yields
across tbe country represents a limiting factor toward more rapid accep-
tance of tbe yield contract as a revenue insurance vebicle and tbat adding
more contracts would partially solve tbe problem. As it turned out, tbe
introduction of more corn yield contracts did not increase tbe liquidity
of tbe market, and tbe original plan to add several otber yield contracts
sucb as Illinois Soybean, Kansas Winter Wbeat, and Nortb Dakota Spring
Wbeat bas been scrapped. As of May 1997, tbe six corn yield contracts
are still officially listed for trading at tbe CBOT, but tbe excbange records
bardly any action at all.

Tbis article is motivated by several interesting empirical problems
surrounding tbe issue of tbe success/failure of tbe newly introduced yield
futures contract. Casting tbe problem in tbe risk minimization framework
and tbereby measuring tbe bedging effectiveness by tbe reduction in tbe
variance of revenue, two questions emerge. Wbat are tbe factors deter-
mining tbe bedging effectiveness of yield futures? Are tbose factors strong
enougb to guarantee revenue stabilization to producers in regions outside
tbe geograpbical coverage of tbe yield contract? Tbe effectiveness of tbe
dual bedging strategy witb price and yield futures is examined using tbe
example of tbree bypotbetical corn producers located in tbe major corn
producing counties in Nortb Carolina. Tbe idea is tbat corn yields in
Nortb Carolina are sufficiently different from corn yields in Iowa to make
tbe answers to tbe questions meaningful.

Tbe bebavior of a firm under joint price and output uncertainty bas
been studied previously in tbe literature. In a pioneering work, McKinnon
(1967) sbowed tbat, since tbe correlation between individual yield and
local price is typically negative, tbe risk minimizing bedge against price
risk is less tban tbe expected output. Extensions of McKinnon's risk min-
imization analysis bave generally focused on attempts to cast tbe problem
into tbe expected utility maximization framework. Since tbe general so-
lution to tbe expected utility maximization problem is not analytically
tractable, most autbors bave embraced some assumptions regarding tbe
form of tbe utility function and tbe distribution of tbe random variables.
Standard examples include tbe joint normality of profits and prices
(Grant, 1985), or constant absolute risk aversion (CARA) and normally
distributed profits/revenues wbicb reduce tbe expected utility maximiza-
tion approacb to tbe analytically simpler mean-variance framework
(Rolfo, 1980). Problems witb assuming tbe normality of profits, wbicb is
tbe product of two random variables (price and quantity), were addressed
in Lapan and Moscbini (1994). Tbey derived an exact solution for tbe
optimal futures bedge for tbe CARA utility function and jointly, normally
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distributed price, basis, and yield, but not profits. Vukina, Li, and Hol-
tbausen (1996) bave sbown tbat even witb two instruments (price and
yield futures contracts) for managing tbe price and yield risks and no
price basis and yield basis risks, tbe firm still cannot generally eliminate
all uncertainty. However, even in tbe presence of botb price and yield
basis risks, a risk minimizing firm can reduce its variance of revenue by
bedging in botb markets ratber tban just using tbe price futures market.

Tbe tbeoretical results sbow tbat tbe effectiveness of tbe dual bedge
depends, critically, on tbe price and yield basis risks and tbat tbe intro-
duction of tbe second instrument into tbe risk minimizing bedging strat-
egy generally increases tbe demand for tbe first instrument. Tbe empirical
results indicate a small, altbougb statistically significant, reduction in tbe
variance of revenue caused by bedging in botb markets ratber tban just
using tbe price futures market for two of tbe tbree analyzed counties.

THE MODEL

Tbe traditional role of bedging is risk reduction. Witb tbe presence of
joint price and output uncertainties and tbe availability of two bedging
instruments, tbe problem facing tbe agricultural firm is one of selecting
tbe optimal position in botb price and yield futures markets tbat will
minimize tbe variance of revenue. Consider a two-period problem. In tbe
first (planting) period, all decisions regarding futures positions are made,
and in tbe second (barvesting) period, all uncertainties are resolved and
all outstanding positions are closed and proceeds collected. Of course,
minimizing tbe variance of revenue makes sense only for a given scale of
production, because otberwise a farmer could always minimize risk by
producing notbing. Tberefore, tbe scale of production (tbe number of
acres planted), X, is exogenous to tbe farmer's decision problem, and tbe
total output is Xy, wbere y denotes stocbastic yield. Tbe problem can be
defined as

min E[M - E{M)]^

hf,K

s.t.

M - pXy + (F - f)hf + K(Z - z)K (1)
wbere M represents joint income from casb marketing and futures trad-
ing, p is local casb price, F is futures price at planting,/is futures price
at barvest, hf is price futures market position (positive if sbort, negative
if long), y is individual farm's yield (busbels/acre), Z is contract underlying
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yield at planting, z is contract underlying yield at harvest, and h^ is yield
futures market position (positive if short, negative if long). The underlying
instrument of the Iowa Corn Yield Insurance Futures is the official state-
based yield estimates released during the growing and harvesting season
hy the U.S. Department of Agriculture (USDA). The unit of trading is
the Iowa yield estimate in bushels/acre harvested times a multiplier, K =
$100 (e.g., a yield of 132.2 bu./acre gives a contract value of $13,220).
Contract months are September and January, and contracts are settled in
cash following the release of the USDA's report. The lowercase symbols,
p,f, y, and z, denote stochastic variables, and the uppercase letters, F, Z,
X, and K, denote known constants. The formulation of the problem in
eq. (1) captures the presence of both price and yield basis risks.

Assuming that the random variables have finite and time invariant
second moments, the minimization problem in eq. (1) translates into

min Var(M) = ajf -\- hjaj -\- K^hlol -

where CTR = Var(R) = Var(pX}') is the variance of revenue without hedging
(cash marketing), aj = var(/), a^ = var(z), a^f = cov{R,f), aj^ = cov(z,
/ ) , and (TR2 — cov(R, z). Solving eq. (1') gives the formulae for the risk
minimizing hedges in price and yield futures:

(2.2)

with p denoting correlation coefficients. For instance, p^^, = G^lap.^ is the
correlation coefficient between futures price and contract underlying
yield. ̂  It is assumed that the Hessian of Var(M) is a positive definite and
symmetric matrix such that the first order conditions describe strict local
minimum. Consequently, the denominators of eqs. (2.1) and (2.2) are
positive, and both price and yield hedges can be either short or long
depending on the signs and relative magnitudes of the correlation terms.

The above results are not based on any assumption about the distri-
bution of random variables. However, further insights into the problem
can be developed by decomposing correlation coefficients involving the

' By replacing correlation coefficients with corresponding variances and eovarianees, the results (2, t)
and (2,2) become identical to those obtained by Vukina et al, (t996).
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revenue part (R) in terms of their fundamental random variables, p and
y. To accomplish this, one has to assume that the stochastic variahles, p,
f, y, and z, are multivariate normal.^ Following this assumption, Vukina
etal. (1996) show that

PRf = — (jJ-yf^pPpf + Mpf^yPyf) (3-1)

PRZ ~ (My^pPpz + Mp(^yPyz) (3.2)

where//y = E{y) and ju^ = E{p). Equation (3.1) indicates that the cor-
relation coefficient hetween revenue and futures price can he expressed
as weighted sum of the correlation coefficient hetween cash and futures
price ippf) and the correlation coefficient hetween the farm's yield and
futures price {p^f) hecause the third moment of pf^f disappears under the
joint normality of p, y, and/. Suhstituting eqs. (3.1) and (3.2) into eqs.
(2.1) and (2.2) yields risk minimizing dual hedges under normality:

/ ~ ~~n 3T y^y^P^Ppf ~ PpzPfz) + Mp^^yiPyf ~ PfzPyz)] (4.1)
"•/I ~ Pfz)

l^pf^yKPyz - PfzPyf) + Py^^pKPpz " PfzPpf)\ (4 .2)

The interpretation of the hedging demand functions (4.1) and (4.2) is
facilitated hy noticing that one minus the correlation coefficient hetween
cash price and futures price (1 — p^f) represents a natural measure of
the price hasis risk, whereas (1 — /Ĵ )̂ can he used as a measure of yield
hasis risk. As indicated hy eq. (4.2), the risk minimizing demand for yield
contracts is inversely related to the yield hasis risk [as Py^ increases, the
yield hasis risk (1 — Py^ decreases] and the volatility of the contract
underlying yield [o^.

The first part of the expression (4.2), namely, Xfi^Oyipy^ — pfj>yj)l
¥^a^{\ — pj^, represents the "direct hedging" demand for yield futures,
in the sense that it minimizes yield risk holding cash price constant. If,
in addition to holding the cash price constant, it is assumed that the
futures price is constant as well, the direct hedging position reduces to a
simple risk minimizing hedge in yield futures, X/x^OyPyjKa^. This expres-
sion can he referred to as the "primary direct hedge" hecause this portion

^As correctly pointed out by an anonymous referee, the assumption of normally distributed yields is
not supported empirically. However, the insights gained hy assuming joint normality prohably justify
the use of this admittedly restrictive assumption.
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of the yield contracts demanded serves the sole purpose of minimizing
yield risk, assuming there are no price risk and price futures contracts.
The leftover part of the direct hedging component is the adjustment to
the primary direct hedge when the constant futures price assumption is
relaxed. The adjustment term, given by the product between pf^ and p.^,
reflects the efFect of the interaction between futures price with cash and
futures yield on tbe demand for yield contract.

Tbe second part of tbe expression (4.2), namely, Xfiya^ip^^ — P0yf)l
Ko't(l — /?!), is tbe "cross-bedging" demand for yield contracts in the
sense tbat tbis portion of tbe demand for yield futures is used to bedge
price risk bolding tbe spot yield constant. Again, tbe first component of
tbe cross-bedge part is tbe primary cross-bedge and tbe second term re-
flects tbe influence of price futures on tbe cross-bedging demand for yield
contracts. Similar interpretation bolds for tbe risk minimizing bedge in
price futures given by eq. (4.1).

HEDGING EFFECTIVENESS OF YIELD
CONTRACTS

In tbe risk minimizing framework, bedging effectiveness is measured by
tbe reduction in tbe variance of revenues. One can compare tbe reduction
in tbe variance of revenue between various bedging strategies and tbe
casb marketing strategy, or between two different bedging strategies. Us-
ing R = pXy for tbe revenue witbout bedging, one can define Rp = R
+ (F — f)hp as tbe revenue resulting from bedging using only tbe risk
minimizing bedge in price futures, RQZ = R + K.{Z — z)fio^ as tbe revenue
resulting from bedging using only tbe risk minimizing yield bedge, and
Rf^ = R -\- {F — f)hf + K(Z — z)n^ as tbe revenue resulting from bedging
using botb price and yield futures. Tbe following four cases under joint
price and yield risk are investigated:

Al = Var(R) - Var (V = ojifi^f > 0 (5.1)

A2 = Var(R) - Var(Roz) = ^^^^(^oz)' ^ 0 (5.2)

A3 = Var(Rp) - Var(Ryi) = K}al{\ - ppiti.f > 0 (5.3)

2

A4 = Var(R) - Var(R^) = A3 + - f > 0 (5.4)
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Tbe expression (5.1) is tbe variance of revenue eliminated by single bedg-
ing in price futures compared to tbe casb marketing only strategy, and

ttjQ is tbe risk minimizing bedge in price futures under joint price and
yield risk, assuming tbe yield futures contract does not exist. Tbe expres-
sion (5.2) is tbe variance of revenue eliminated by single bedging in yield
futures compared to tbe casb marketing strategy, and WQZ is tbe risk min-
imizing bedge in yield futures, assuming a price futures contract does not
exist. ̂  Expression (5.3) represents tbe reduction in revenue variance by
entering tbe crop yield futures market in excess of being bedged in tbe
price futures, and expression (5.4) represents tbe reduction in tbe vari-
ance of revenue from tbe dual bedging over tbe casb marketing strategy."*

Expressions (5.1) and (5.2) are always nonnegative, indicating tbat
engaging in bedging witb eitber price futures or yield futures contracts
bas tbe potential to reduce tbe variance of revenue over casb marketing
strategy. Simultaneous bedging in price and yield futures enables furtber
reduction in tbe variance of revenue. Expression (5.3) is always nonneg-
ative regardless of wbetber tbe risk minimizing bedge in yield futures is
long or sbort. If A3 equals zero, bedging in crop yield futures does not
contribute to tbe variance reduction. By construction, A3 equals zero only
if tbe risk minimizing yield futures position equals zero. Notice tbat tbe
above conclusions are Free of assumptions about tbe distribution of ran-
dom variables. Tbe expressions for Aj, A2, and A3 can be evaluated by
using eitber tbe general formulae for risk minimizing bedges or tbose
based on joint normality. For example, tbe sign of eq. (5.3) is invariant to
wbetber h^ is expressed by eq. (2.2) or by its normal counterpart (4.2).

However, to figure out wbicb factors influence tbe bedging effec-
tiveness of tbese bedging strategies and in wbat direction, one bas to
make an assumption about tbe joint normality of prices and yields. For
example, referring to tbe formula for tbe optimal single bedge in yield
futures under normality in footnote 3, one can see tbat tbe reduction in
tbe variance of revenue generated by bedging in yield futures compared
to tbe casb marketing strategy (A2) is determined by tbe weigbted sum
of tbe correlation coefficient between casb price and futures yield {p^^ <

^The formulae for the single risk minimizing hedges, ftp and /jo ,̂ are given in eqs. (Al. 1) and (Al.2).
Introducing normality, i.e., using expressions (3.1) and (3.2), eqs. (Al.l) and (A1.2) become

-v X A X

V = - (My'^pPvf + Mp^rPyf) and ''Oz = ^ (Myf^pPpz + Mpf^yP)^)

results for A4 in eq. (5.4) follows directly from the definition of A3 and the result for
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0) and tbe correlation coefficient between tbe farm's yield and futures
yield {py^ > 0). Differentiating A2 witb respect to Py^ explains tbe impact
of tbe yield basis on bedging effectiveness:

^ fio,) (6)

Tbe sign of tbe derivative is positive only if tbe risk minimizing bedge is
sbort. Hence, a decrease in tbe yield basis risk, i.e., an increase in tbe
correlation between spot yield and futures yield (py^), enbances tbe bedg-
ing performance of tbe risk minimizing sbort bedge in yield futures con-
tracts compared to tbe casb marketing strategy. Contrary to tbat, if tbe
risk minimizing bedge is long, an increase in tbe yield basis risk improves
bedging effectiveness. Parallel comparative statics result is obtained for
tbe reduction in revenue variance caused by single bedging in price fu-
tures contracts over tbe casb marketing only strategy (AJ.

As far as tbe bedging effectiveness of tbe dual bedging strategy is
concerned, tbe comparative statics results are quite similar. As seen from
eq. (5.3), tbe reduction of revenue variance by entering tbe crop yield
futures market in addition to bedging witb price futures depends on tbe
sign of tbe risk minimizing yield bedge. If tbe optimal yield bedge is sbort,
an increase in price (yield) basis risk, i.e., a decrease in correlation be-
tween casb and futures price (spot yield and futures yield), reduces tbe
bedging effectiveness of tbe dual bedging over tbe price-futures-only
bedge. Contrary to tbat, if tbe optimal yield bedge is long (an empirically
unlikely scenario), an increase in price (yield) basis risk improves bedging
effectiveness of tbe two-instrument bedging strategy over tbe price-fu-
tures-only strategy (for details see Vukina et al., 1996).

Before tbe introduction of tbe yield futures contract, only price fu-
tures contracts could bave been used to bedge botb price and yield risks.
Researcbers bave noticed tbat, allowing for yield uncertainty, tbe negative
correlation between yield and futures price {pyf < 0) causes tbe optimal
price futures bedge to become smaller compared to tbe case of nonran-
dom yields. Tbe negative correlation between yield and futures price par-
tially offsets tbe bedging demand for price futures. Tbis result bas become
known in tbe literature as tbe "natural bedge" (McKinnon, 1967; Lapan
and Moscbini, 1994).

Tbe introduction of tbe yield futures as a second instrument into tbe
risk minimizing bedging strategy cbanges tbis result in tbe sense tbat,
under certain conditions, instruments become complementary: i.e., tbe
introduction of tbe second instrument increases tbe demand for tbe first
instrument.
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Proposition

Assuming stocbastic prices and yields, tbe price (yield) futures bedge in
a two-instrument strategy is always larger tban tbe price (yield) futures
bedge in a one-instrument strategy, provided tbat botb one-instrument
positions are sbort.

Proof

Inserting tbe risk minimizing single bedges into tbe price and yield futures
demands from tbe risk minimizing dual strategy (see Appendix A) yields:

KCT,(1 -

Since futures price and futures yield are negatively correlated {pf^ < 0),
it is easily sbown tbat fif > ^p and fi^ > lioz ̂ ^ PRf > ^ and p^^^ > 0, wbicb
are exactly tbe conditions for tbe single bedge positions, Zip and WQZ) being
sbort (positive). Tbe exact opposite is true if single instrument bedges are
botb long (negative). Tbe results are ambiguous wben optimal single in-
strument bedges bave opposite signs. Tbis conclusion is valid for any
distribution of stocbastic variables, p, f, y, and z, witb finite variance-
covariance matrix.

Q.E.D.

Tbe fact tbat tbe addition of tbe yield futures increases tbe demand for
tbe price futures wben tbe risk minimizing strategy calls for tbe estab-
lisbment of a sbort bedge (wbicb is, empirically, generally tbe case) sug-
gests tbat price and yield contracts are complements. Tbe complementary
effect of price and yield futures depends on tbe correlation between price
and yield futures. One extreme is tbe case wbere pf^ = 0. A zero corre-
lation coefficient between futures price and futures yield will
totally eliminate tbe complementary effect, i.e., h^ = noz ^^^ % ~ "fo-
An increase in tbe correlation between futures price and futures yield
tends to raise tbe demand for botb price and yield contracts and, tbere-
fore, strengtbens tbe complementary effect. Tbe futures price of a com-
modity is tbe market anticipation of tbe aggregate quantity of goods de-
manded and supplied. Tbe futures yield reflects tbe state-average yield
forecast, e.g., tbe Iowa average corn yield in tbe case of Iowa corn yield
futures. To raise tbe correlation between tbe price and yield futures, one
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would have to enlarge the geographic coverage of the yield futures con-
tract, e.g., from a state-average yield to a regional- or national-average
yield. On the other hand, increasing the geographic coverage of the yield
futures contract tends to make the market quote of yield futures less
relevant to individual farmers. Consequently, this may decrease the hen-
efit from using the yield contract for hedging purposes. These opposite
effects of the correlation between futures price and futures yield on the
hedging demand for hoth price and yield futures contracts have important
implications for the design of optimal yield contracts.

Finally, the complementarity hetween contracts depends on the vol-
atility of futures price and futures yield. As shown from eq. (7.1), an
increase in the volatility of futures price, as measured hy oy, decreases
the difference between hf and hj^, causing a reduction in demand for the
price contract as a result of adding the yield contract. Similarly, as shown
from eq. (7.2), an increase in the volatility of futures yield (CT̂ ) decreases
the demand for the yield contract caused by addition of the price contract.

AN EXAMPLE: NORTH CAROLINA CORN
PRODUCERS

To calculate the theoretical reduction in the variance of revenue under
three different marketing scenarios from the preceding section, the three
leading corn producing counties in North Carolina are selected. One local
spot price in each county is used for county level estimates: Elizabeth
City for Pasquotank County, Greenville for Pitt County, and Lumberton
for Robeson County. Since most of the corn in North Carolina is har-
vested in the period between September 1 and October 15, the annual
ohservations used are the averages of weekly observations (Thursdays)
within this six-week period. The cash prices are No. 2 yellow shelled corn
prices paid to producers for grain delivered in bulk to elevators and are
taken from various issues of Weekly Grain Report of the North Carolina
Department of Agriculture. The futures prices are settlement prices for
the CBOT December corn futures. Farm level yields are approximated
with the average county yields. Since yield contracts started trading rela-
tively recently, historical series of trading data on yield futures do not
exist, and hence are approximated with the realized Iowa state-average
yield. The scale of production is fixed at 500 acres.

Allowing for joint price and yield uncertainty, the empirical analysis
is performed for three different risk minimizing hedge scenarios: (i) hedg-
ing with price futures only using formula (Al.l); (ii) hedging with yield
futures only using formula (A1.2); and (iii) simultaneous hedging with
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both price and yield futures using formulae (2.1) and (2.2). To compute
the risk minimizing hedges, it is necessary to quantify the individual de-
cision maker's expectations about the realization of random variables and
the perception of risk. The approach implemented in this study uses price
forecasts to approximate subjective price expectations and the variance-
covariance matrix of forecast errors to measure risk. It is assumed that
the decision maker's information set includes the historical prices and
yields in the harvesting period of each year. The available data set used
in this study covers the 1951—1994 period, for a total of 44 annual
observations.

Estimation and forecasting involve two steps. To correct for possible
deterministic nonstationarities, all time series are first detrended by fit-
ting the linear time trend through the nominal data. In the case of prices,
the estimated time trend takes care of inflation, whereas in the case of
yields, it corrects for the technological change that might have occurred
in corn production during that period. Additionally, in the case of prices,
the time trend is augmented by the dummy variable for the period 1973—
1994 to account for the dramatic changes in the hehavior of prices after
1973 (caused by the combination of various factors such as the world oil
crisis and the collapse of the fixed exchange rates system, to name only
the two most important ones). The ordinary least squares (OLS) estimates
of the individual linear models are summarized in Table I.

In the second step, two models are experimented with. First, the
detrended series is modeled assuming no restrictions on the distribution
of random variables, which leads to a multivariate time series forecasting
model with three random variables (cash revenue, futures price, and fu-
tures yield) jointly modeled. Second, the joint normality of prices and
yields is assumed, which leads to a vector-valued time series forecasting
model with four random variables (cash price, spot yield, futures price,
and futures yield) jointly modeled. In the latter approach, expressions
(3.1)and(3.2) are used to decompose the correlation coefficient between
cash revenue and futures price (puf) and the correlation coefficient be-
tween cash revenue and futures yield {p^z) in terms of the fundamental
variables, p and y. The detrended series are modeled as vector-valued
weakly stationary processes using Aoki's (1987) state-space forecasting
procedure. The description of the state-space parameters estimation and
forecasting procedures of minimal complexity appears in Vukina (1992).
The estimation results presented in the form of correlation coefficients
of in-sample forecast errors for three-variable and four-variable models
are presented in Tables IIA and IIB.
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TABLE I

Time Trend Estimation Results

Model Pasquotank County Pitt County Robeson County

Dependent variable: cash revenue (R)
Constant 41,950.0=
T 135.71

Adjusted 0.7923

Dependent variable; futures price (f)
Constant
T

Dr3-94

Adjusted R2

Dependent variable: futures yield (2)
Constant
T
Adjusted ff

Dependent variable: cash price (p)
Constant 1.5454=
T -0.019067"
D,3_34 1.534=
Adjusted R^ 0.6859

Dependent variable: spot yield (y)
Constant 50.225=
T 1.5324=
Adjusted fl2 0.6517

31,611.0=
176.99

50,582.0=
0.6550

1.5663=
-0.025532=
1.8548=
0.7576

52.29=
1.821 =
0.7093

1.482=
-0.016606
1.516=
0.6942

42.518=
0.91839=
0.3117

24,395.0=
388.5

53,466.0=
0.6915

1.5716=
-0.018584"
1.4896=
0.6765

29.652=
1.3326=
0.4973

"Significant at the 1% levei.
"Significant at the 5% ievel.

The in-sample predictive power of the models is measured by the
mean ahsolute percentage error (MAPE) statistics. The four-variahle
models generally outperform the three-variahle models, largely due to the
relatively poor forecasting results for the revenue variable. As seen from
Tables IIA and IIB, the MAPE for R variable in Robeson county amounts
to 29% and in Pitt county 26%. Among tbe four-variable models, tbe worst
forecasting results are recorded for tbe spot yields in Pitt (25%) and Robe-
son (26%) counties. For the remaining variables, the MAPE statistics are
generally within the 11—13% range.

Tbe information from Tables IIA and IIB in the form of tbe forecast
error variance-covariance matrices is used to calculate risk minimizing
bedging positions as well as tbe reductions in tbe variance of revenue due
to various bedging strategies. Tbese results are presented in Tables IIIA
and IIIB. The tbird and fourtb rows in tbe tables give tbe percentage
reduction in tbe variance of revenue due to implementation of various
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Estimated

MAPE»
Cash revenue (/-?)
Futures price (0
Futures yield (z)

MAPE
Cash revenue (fl)
Futures price (f)
Futures yield (z)

MAPE
Cash revenue (fl)
Futures price (0
Futures yield (z)

TABLE IIA

Correlation Coefficient Matrix of Forecast Errors:
Variables (H,/, z) Jointly

Cash
Revenue (R)

Pasquotank County
18.17%

1

Pitt County
25.53%

1

Robeson County
29.06%

1

Modeled

Futures
Price if)

11.75%
0.64
1

12.34%
0.54
1

13.03%
0.57
1

Three Random

Futures
Yield (z)

12.21%
-0.03
-0.18

1

12.49%
0.20

-0.29
1

12.01%
0.11

-0.27
1

•MAPE = mean absolute percentage error.

hedging strategies. The basis for comparison in the third row is the var-
iance of cash (no hedge) revenue [af^ = Var{R)] and the basis for com-
parison in the fourth row is the variance of the price-hedge-only revenue
(Rjo). In either situation, the estimate of CTR is needed. In the three-series
models where cash revenue is modeled jointly with futures price and
futures yield, this measurement can be recovered directly from the model
as the forecast error variance of revenue. Using the four-series model
where the fundamental variables, p and y, are modeled rather then their
product, an analytical expression for CTR is needed. Under the assumption
of joint normality between p and y, Var(R) can be decomposed into a
linear function of variances of p and y and covariance between p and y
(see Appendix B).

The results for all tbree counties are fairly similar. The joint nor-
mality of random variables assumption case (Table IIIB) typically pro-
duces larger reductions in the variance of revenue than the no distribu-
tional assumption case (Table IIIA). Tbe correlation coefficients between
cash price and futures price are relatively high for all three counties: 0.95
for Pasquotank, 0.92 for Pitt, and 0.91 for Robeson. In the no distribu-
tional assumption case, the introduction of bedging in price futures re-
duces the variance of cash marketing revenue by 41% in Pasquotank
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TABLE IIB

Estimated Correlation Coefficient Matrix of Forecast Errors: Four Random
Variables (p, y, f, z) Jointly Modeled

MAPE"
Cash price (p)
Spot yield (y)
Futures price (f)
Futures yield (z)

MAPE
Cash price (p)
Spot yield (y)
Futures price (0
Futures yield (z)

MAPE
Cash price (p)
Spot yield (y)
Futures price {f)
Futures yield (z)

Cash
Price (p)

13.19%
1

12.77%
1

11.84%
1

Spot
Yield (y)

Pasquotank County:
15.51%

-0.07
1

Pitt County
24.95%

-0.04
1

Robeson County
26.18%
-0.19

1

Futures
Price (f)

13.25%
0.95
0
1

12.99%
0.92
0.10
1

11.44%
0.91
0.02
1

Futures
Yield (z)

11.71%
-0.20

0.16
-0.22

1

12.01%
-0.27

0.46
-0.24

1

11.74%
-0.33

0.44
-0.28

1

"MAPE = mean absolute percentage error.

county, 29% in Pitt county, and 32% in Robeson county. The numbers for
the normality assumption case are 66% for Pasquotank, 46% for Pitt, and
41% for Robeson. The correlation coefficients between county level yield
and Iowa state-average yield are as low as 0.16 for Pasquotank county
and as high as 0.46 for Pitt county. Using only yield contracts to hedge
against price and yield risks generates substantially smaller reductions in
the variance of revenue than using only price contracts. In the three-
series model case, these reductions amount to 0.12% for Pasquotank, 4%
for Pitt, and 1.2% for Robeson counties and are achieved by going long
0.43 contracts of yield futures in Pasquotank county, going short 2.6
contracts in Pitt county, and going short 1.4 contracts in Robeson county.

Using price futures contracts in combination with yield futures con-
tracts generates more pronounced variance of revenue reductions than
using the price contracts alone. In the four-series model case, further
reduction in the variance of revenue generated by the inclusion of the
yield futures hedging instrument over the price hedge strategy amounts
to 2.84% in Pasquotank, 23.87% in Pitt, and 19.02% in Robeson. Rela-
tively smaller reduction in the variance of revenue generated by the dual
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TABLE IIIA

Comparison of Various Hedging Scenarios for 500 Acres of Corn: Three
Random Variables Jointly Modeled (No Distributional Assumptions)

No. of price contracts
No. of yield contracts
Variance reduction over no hedge
Variance reduction over price hedge

No. of price contracts
No. of yield contracts
Variance reduction over no hedge
Variance reduction over price hedge

No. of price contracts
No. of yield contracts
Variance reduction over no hedge
Variance reduction over price hedge

Price
Futures Only

Pasquotank County
7.56

41.26%

Pitt County
5.79

28.96%

Robeson County
6.09

32.25%

Yield
Futures Only

-0.43
0.12%

2.56
3.99%

1.40
1.20%

Price and
Yield Futures

1.15
1.05

41.94%
1.15%

6.99
4.96

42.68%
19.31%

6.91
3.61

39.64%
10.90%

TABLE IIIB

Comparison of Various Hedging Scenarios for 500 Acres of Corn: Four Random
Variables Jointly Modeled (Assuming Joint Normality)

No. of price contracts
No. of yield contracts
Variance reduction over no hedge
Variance reduction over price hedge

No. of price contracts
No. of yield contracts
Variance reduction over no hedge
Variance reduction over price hedge

No. of price contracts
No. of yield contracts
Variance reduction over no hedge
Variance reduction over price hedge

Price
Futures Only

Pasquotank County
11.14

65.77%

Pitt County
8.48

46.33%

Robeson County
8.69

41.26%

Yield
Futures Only

-1.38
0.66%

2.69
3.44%

2.03
1.96%

Price and
Yield Futures

11.45
1.72

66.74%
2.84%

9.57
5.36

59.14%
23.87%

10.02
5.05

52.43%
19.02%
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hedging strategy over the single price futures hedging strategy in Pasquo-
tank county can he explained hy the low correlation hetween county level
yields and the Iowa state average. Stronger correlation hetween county
level yield and the contract underlying yield (such as the case in Pitt
county —0.46) produces a larger additional variance reduction (23.9%).

Tahles IIIA and IIIB also show the complementary effect of the price
and yield contracts. For all three counties, with and without distrihutional
assumption, the hedging positions from dual hedging strategies exceed
their counterparts from single hedge strategies. In general, yield hedges
exhihit much stronger complementary effects than price hedges. In Pitt
county, for instance, under normality assumption, the optimal price
hedge increased from 8.48 in the single contract strategy to 9.57 con-
tracts in the dual strategy, whereas the optimal yield hedge increased from
2.69 to 5.36 contracts.

At this stage, the natural question to ask is whether the calculated
reductions in the variahility of revenue hetween various scenarios are
statistically different from each other. To answer that question, the 95%
hootstrapped confidence intervals for each percentage reduction in the
variance of revenue is constructed and the results are presented in Tahles
IVA and IVB. Bootstrapping is chosen hecause the analytical formula for
standard errors of the required statistics may he very complicated, or even
impossihle, to derive. The procedure used involves four steps:

1. Checking the whiteness of residuals from the state-space multivariate
time series models. If the model is properly specified the residuals
should he white noise. Using the Fisher-Kappa test (Fuller, 1976), the
results do not reject the null hypotheses that the forecasting errors
are white noise in 19 of 21 times series. The only two cases where the
white noise hypothesis is rejected are local yield residuals in Pitt and
Roheson counties in the four time series {p,f, y, z) models.

2. Drawing 10,000 independent hootstrap samples with replacement
from the white noise forecasting errors, each sample consists of 44
ohservations. The sampling is done hy picking three (or four, when
assuming the joint normality of the stochastic variahles) contempo-
raneous errors at once to maintain their contemporaneous covariance
structure.

3. Computing the hootstrap replication corresponding to each hootstrap
sample. In this case, a hootstrap replication is the percentage variance
reduction from different hedging scenarios (Aj, A2, A3, A4).

4. Since some of the histograms of 10,000 hootstrap replications exhihit
asymmetrical distrihutions, the hias-corrected and accelerated (BCa)
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TABLEIVA

Bootstrapped 95% Confidence Intervals of the Percentage Variance Reduction
over No-Hedge (Cash-Only) Strategy

County

Pasquotank

Pitt

Robeson

Pasquotank

Pitt

Robeson

Distributional
Assumption

None
Normal
None
Normai
None
Normai

None
Normai
None
Normai
None
Normai

Estimate of
Variance

Reduction (%}

Single Hedge:
41,26
65.77
28.96
46.33
32.25
41.26

Single Hedge:
0.12
0,66
3,99
3,44
1,20
1,96

Lower Confidence
Limit (%)

Price Futures
12.64
46.25

7,20
25,41
10,26
17,88

Yield Futures
0
0
0
0
0
0

Upper Confidence
Limit {%)

64,78
80,06
54,35
62,91
54,37
59,75

0.38
6,38

28,67
25,75
54,37
17,01

TABLEIVB

Bootstrapped 95% Confidence Intervals of Variance Reduction Due to
Dual Hedging

County

Pasquotank

Pitt

Robeson

Pasquotank

Pitt

Robeson

Distrihutional
Assumption

None
Normai
None
Normai
None
Normai

None
Normai
None
Normai
None
Normai

Estimate of
Variance

Reduction (%)

Compared to No
41,94
66.74
42.68
59,14
39,64
52,43

Lower Confidence
Limit (%)

Hedge (Cash)
11,80
45.95
12,92
36,70
14,62
29,54

Compared to Price-Futures-Oniy Hedge
1,15
2,84

19,31
23,87
10,90
19,02

0
0
0,49
2,40
0,09
0,87

Upper Confidence
Limit (%)

64,55
79,67
66,67
74,36
57,59
69,24

10,74
19.99
58,53
58,79
48,35
59,33
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method by Efron and Tibshirani (1993) is used in constructing 95%
confidence intervals.

In hedging by price futures only (Table IVA), the variance reduction
under normal assumption is still larger than that without any distribu-
tional assumption. For example, the result obtained under normality for
Pasquotank county shows that 95% of the time the reduction in the var-
iance of revenue falls between 46% and 80%. The results strongly support
the theoretical results obtained earlier that engaging in hedging with price
futures contracts in the presence of joint price and yield uncertainty guar-
antees the reduction in the variance of revenue over cash marketing. On
the other hand, hedging price and yield risk with yield futures only does
not always result in a reduction of variance of revenue over cash market-
ing because the lower limits of the 95% confidence interval for all the
three counties equal zero.

The two-instrument hedge outperforms the single price futures
hedge for Pitt and Robeson counties. The confidence intervals are fairly
large, especially for the general case and somewhat smaller for the normal
case. In Pitt county, for instance, they range from 0.5% to 58.5% in the
general case and from 2.4% to 58.8% in the normal case. There is no
statistically significant difference in the hedging performance between
hedging with single price contract and dual hedging with price and yield
contracts for Pasquotank county (Table IVB). This is caused hy the pres-
ence of high yield hasis risk, or equivalently, hy the low correlation be-
tween the Pasquotank county-average corn yield and the Iowa state-av-
erage yield.

CONCLUSIONS

This article explores the effectiveness of hedging in yield futures. Mea-
suring the hedging effectiveness by the reduction in the variance of rev-
enue, it is found that the effectiveness of the yield hedge depends, criti-
cally, on the basis risks and that the direction of the effect depends on
the established futures position. If the risk minimizing hedge is short, a
decrease in the yield basis risk, i.e., an increase in the correlation between
spot yield and futures yield (py^), enhances the hedging performance of
the risk minimizing short hedge in yield futures compared to the cash
marketing strategy. Contrary to that, if the risk minimizing hedge is long,
a decrease in the yield basis risk diminishes the hedging effectiveness.

As an extension of the "natural hedge" result, it is shown that the
introduction of the second instrument into the risk minimizing hedging
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strategy generally increases the demand for the first instrument. An in-
crease in the correlation between futures price and futures yield tends to
raise the demand for both price and yield contracts and, therefore,
strengthens the complementary effect.

Empirically, this article examines the effectiveness of the dual hedg-
ing strategy with price and yield futures for hypothetical corn producers
located in the three major corn producing counties in North Carolina.
All theoretical findings are empirically verified. The results show a small,
although statistically significant, reduction in the variance of revenue
caused by hedging in hoth markets rather than just using the price futures
market for two of the three analyzed counties. Relatively modest reduc-
tion in the variance of revenue generated by the dual hedging strategy
over the single price futures hedging strategy can be explained by the low
correlation between individual county level yields in North Carolina and
the contract underlying yield (Iowa state average).

APPENDIX A

Assuming the joint presence of price and yield risks and availability of
only price futures contracts, the dual optimal price hedge from eq. (2.1)
reduces to the single risk minimizing hedge in price futures:

Assuming the availability of only yield futures contracts, the dual optimal
yield hedge from eq. (2.2) reduces to the single risk minimizing hedge in
yield futures:

Both fip and /ioz can be either long ( - ) or short (+) since pi^f and /JR^
may be positive or negative. Solving for p^f and p^^ from eqs. (Al. 1) and
(Al.2) yields:

«̂/ = ™ (A2.1)

PR. = ^ (A2.2)

Inserting eq. (A2.1) into the risk minimizing dual hedge (2.1) yields:
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(A3)

which imphes:

(A4)

Suhstituting fif on the right-hand side of eq. (A4) hy eq. (2.1) and col-
lecting terms gives the desired result in eq. (7.1). Expression (7.2) can he
ohtained in the similar fashion.

APPENDIX B

The variance of revenue under hivariate normality of p and y can he de-
composed using the moment generating function (Steen, 1982, p. 162
177):

(Bl)

(B2)

Var(pXy) = ;

r. , 1 , 2 2 2 2 1
_y(r, s) = exp (r/Zp + sfiy) + - {r'^o^ + 2rsa^ + s^o^)

• W(r, s)2 2N

r) = (r=s =

a

Var(pXy) = a a

(B4)

(B5)

BIBLIOGRAPHY

Aoki, M. (1987): State Space Modeling of Time Series. Berlin: Springer-Verlag.
Efron, B., and Tibshirani, R. (1993): An Introduction to the Bootstrap. New York:

Chapman & Hall.
Fuller, W. A. (1976): Introduction to Statistical Time Series. New York: John Wi-

ley & Sons.
Grant, D. (1985): "Theory of the Firm with Joint Price and Quantity Uncertainty

and a Forward Market," Am.erican Joumal of Agricultural Economics,
67:630-635.

Lapan, H., and Moschini, G. (1994): "Futures Hedging under Price, Basis, and
Production Risk," American Journal of Agricultural Economics, 76:465-477.



Dual Hedging 561

McKinnon, R. I. (1967): "Futures Markets, Buffer Stocks, and Income Stability
for Primary Producers," JoMrwai of Political Economy, 75:844-861.

Rolfo, J. (1980): "Optimal Hedging under Price and Quantity Uncertainty: The
Case of a Cocoa Producer," JournaJ of Political Economy, 88:100-116.

Steen, F. (1982): Elements of Prohahility and Mathematical Statistics. Boston:
Duxbury Press.

Vukina, T. (1992): "Hedging with Forecasting: A State-Space Approach to Mod-
eling Vector Valued Time Series," The Joumal of Futures Markets, 12:307-
327.

Vukina, T , Li, D., and Holthausen, D. (1996): "Hedging with Crop Yield Futures:
A Mean-Variance Analysis," American Joumal of Agricultural Economics,
78:1015-1025.




