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INTRODUCTION

Commodity futures exchanges often allow shorts to deliver multiple
grades of commodity at one of several geographic locations as a
means of expanding deliver\ capacity. This is intended to thwart
market manipulations by large long traders and ensure proper price
convergence al expiration. The Chicago Board ot Trade (C BT),
for instance, has followed such a policy for many years in its
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grain futures contracts. Similarly, cotton, live hog, sugar, cocoa,
and coffee futures (to name but a few) confer delivery options
on shorts.

The literature on futures contract delivery options implies
that allowing a short to choose the place, time, or grade delivered
affects a contract's price dynamics. This theory implies that
adding a location as a delivery' point, for example, makes the
futures price a function of the spot price at the newly designated
point.' This influences the correlation between the futures price
and the spot price at that location. The delivery options may
also affect the correlations between the futures price and prices
at olher locations. These correlations determine how basis risk
(and hence hedging effectiveness) varies across locations and
among grades.

Since the hedging performance of a futures contract is a
primary determinant of its succe.ss, it is extremely important For
an exchange to select an appropriate delivery specification. A
particular set of deliver^' locutions and grades may achieve better
hedging effectiveness than would occur under an alternative
specification. The exchange may also face trade-offs when
designing a delivery specification, lledgers at location 1 may
prefer delivery specification A to specification B, while hedgers at
location 2 may prefer B to A. The optimal delivery specification
therefore depends upon many factors, including price relations
lie t ween locations and grades, and the distribution of hedger
characteristics.

Some academic investigations of these issues do exist. Working
(1954) anaH'zed how a change in the type of wheat allowed for delivery
on the Kansas City Board of Trade's futures contract affects various
groups of hedgers. He showed that the addition of delivery options
can change the hedging performance of a futures contract. Garbade
and Silher (1983) employed a three equation structural model to
show that the addition of a new delivery point increases hedging
effectiveness at that location, but reduces hedging effectiveness at
the original delivery point. Similarly, Tashjian et al. (1992) used a
RIack-SchoIes type model to estimate the effect of delivery specifi-

'Tlie cxacl funclionyl relation depends upon time to contract expiration, ihe prices of other
(leliverubles. relative price variability, and delivery premia and discounts. The empirical and
simulation analyses which follow explicitly incorporate these dependencies.
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cation on hedging effectiveness.^ Their results are similar to those
of Garbade-Silber. Kamara and Siegel (1987) used a Black-Scholes
type model to demonstrate that hedging effectiveness improves when
traders use the model to adjust hedge ratios to reflect cbanges in
the relative prices of deliverables. Gay and Manaster (1984) found
that the option to deliver the cheapest of hard or soft wheat was
incorporated in wheat futures prices in the 1975-1979 period. Hemler
(1990) estimated the value of the quality option in Treasury-bond
futures prices.

This article expands upon the previous research in four ways.
First, it demonstrates empirically that the price of a location option
is incorporated into the price of Chicago Board of Trade corn and
soybean futures as tbe tbeory predicts. Second, simulation analysis
sbows tbat the hedging effectiveness of a contract varies with delivery
specification. Third, it examines the effect of delivery specification
changes on hedging in both deliverable and non-deliverable locations,
while previous studies examine only deliverables. Since most cash trade
in grain occurs outside of delivery markets — i.e., at "out-of-position"
locations—-good hedging performance at non-delivery points is a crucial
characteristic of commodity futures contract. Fourlh, it discusses otber
implications of delivery specification for cash price distributions and
market liquidity.

The results of the simulation analysis are striking. Based on
Black—Scholes type option pricing techniques, the simulations imply
that (a) adding delivery points, and (b) changing the differentials at
which shorts can deliver, can significantly improve hedging effective-
ness. The estimates imply that a reduction in tbe discount on deliveries
at Toledo and tbe addition of St. Louis as a delivery point at a premium
would bave improved hedging effectiveness appreciably for both corn
and soybeans at commercially important locations tbrougbout the
United States during the 1984- 1989 period. Two factors arc responsible
for this improvement. First, St. Louis is more integrated into current

'Tashjian et al. claim thai their methodolo t̂y allows one to explicitly consider the effect of sijuec/es
on hedj;ing effectiveness. This claim is incorrect for two reasons. They assume that in ihe event of
a squeeze the futures price converj>es to the spot price plus a premium. This cannoi occur, as it
would imply the existence of an arhitriige opportunity li.e.. buy the cash, sell the luttire. deliver '̂
immediatelyl. The model of Pirrunf; (f-JQ?) implies that cash and lutures prices in the delivery
tiiarkel must he equal during the delivery period, and that maniptilation artificially drives apart
the delivery market and out-of-pusition spot market prices. Also. the\ assume that the probability
ofa squeeze is independent of delivery specification. Since alkming a delivery option increases
the elasticity of supply to delivery markets, adding delivery points should reduee the probability of
miinipulation.
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casb grain trading patterns than Chicago [Thompson, Fiauser, and Eales
(1990)|. This reflects tbe fong run decline in tbe importance of Chicago
as a major cash grain market. Therefore, St. Louis prices are more highly
correlated with prices at major production, processing, and export points
than Chicago prices. Second, expanding the number of delivery points
diversifies away some deliver\-point-specific risk. Tbis makes the futures
price a better measure of systemic demand and supply conditions.

Tbese results are extremely important to market partieipants and
policy makers because it is eommonly believed [see Edwards and
Edwards (1984)1 tbat liberalizing a contracts delivery specification to
reduce tbe likelibood of manipulation impairs bedging performance,
fbe finding tbat tbe designation of multiple delivery points at
discounts/premia tbat reflect typical commercial price differences
may actually improve bedging performance implies that tbe anti-
manipulation goals of tbe Commodity Exchange Act of 1936 are
consonant witb the interests of bedgers.

The remainder of this artiele is organized as follows: it re\iews
tbe effect of deliver}- options on tbe pricing of futures contracts and
demonstrates how correlations between spot and futures prices vary
as deliverv specification changes, and presents an empirical analysis
of the focation option modef for corn and soybean futures eontracts
over tbe 1984-1989 period. Tbe results are stronger tban tbose of
Gay-Manaster, and serve to validate tbe relevance of bigher dimension
delivery option formulae and spot price data used in the simulations
tbat are described. Tbese simulations sbow bow cbanging the delivery
specification ean affect hedging performance. Tbe final section provides
a summary of the work and briefly discusses some of tbe otber possible
effects of adding delivery points.

DELIVERY LOCATION OPTIONS, PRICING,
AND HEDGING EFFECTIVENESS: THEORY

A futures contract on a particular eommodity tbat allows the short to
deliver (a) one of several grades of that eommodity, and/or (b) at one of
several locations, extends valuable delivery options to shorts. According
to tbe analyses of StuI/ (1982) and Johnson (1987), tbe price of sucb
a futures contract equals tbe value of an option to buy tbe cbeapest to
deliver (C.T.D.) variety at tbe C.T.D. location, wbere the option bears
a strike price of zero. Tbis is true because shorts tender tbe C.T.D.
to minimize tbe costs of satisfying tbeir contractual obligation. Tbus,
during tbe delivery period, tbe futures price converges to tbe price of tbe
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C.T.D. (This artiele foeuses upon multiple dt'Iivory points exclusively,
even through most of the conclusions are also relevant for contracts
allowing delivery of different varieties or quafities.)

The StulzVjohnson analyses imply that the delivery option is valuable
if tbe prices of deliverables are not perfectly correlated. Prices of spatial
commodities—costly to transport goods produced and consumed in
geographically dispersed locations^—are typically imperfectly correlated
because spatially separated goods are imperfect substitutes, and demand
and supply shocks are usually imperfectly correlated across locations.
Fbus, tbe option to deliver at one of several locations is likely to be
valuable in markets for commodities sucb as grains, industrial metals,
coffee, sugar, and cotton.

To determine at time ( a futures priee for a eontract witb multiple
deliverables, assume tbat:

1. Sborts ean delivery at any one of >i locations.

2. Tbe lorward priees at all tbese loeations are distributed lognormally.

3. Trading in futures contracts and tbe deliverable commodities is
continuous and costless.

4. There are no delivery discounts or premia (this assumption is waived
below).

5. There are T years to expiration t)l a lutures contract.

Civen these assumptions, Jobnson (1987) proved tbat tbe lutures
price at ( equals;

wbere Pj(f) is ihc forward price at t for delivery at location i at time
/ + r, and

ii',-(O ^ N,,-i({z;/}] = 'i „; pi)

Tbe expression N,,-|(.) is tbe n — 1 variate cumulative normal distri-
bution function. Tbe arguments of tbe normal c.d.f. are:

wbere ITJJ = var(dln(Pj(O/f'ii'))}- The correlation vector is:

Pi = [pUhPili pi,u,pi\j . ..}
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where

(Tj -

Piji ^ '-
o-ij

fJ'i - PijO-iO-j - pikO-iCTj + pikO-jO-k
Pijk = ^

O'ijO-jk

with af - var(dln Pi(O) and p,; = eorr(dln Pi{t), din Pj{t)). Tbe ele-
ments of tbe correlation vector p, give tbe correlations between tbe
relative priees at tbe deliverable locations.

Expression (!) states tbat tbe futures price is a weigbted sum of tbe
forward prices of tbe deliverables. The weigbts on tbe prices in (I) —
tbe cumulative normal terms—depend upon tbe relative prices in the
various delivery markets. Low price markets receive greater weights. To
see wby, note tbat for location i, Pi(t) is in tbe denominator of the
relative price ratios in the Zij. As a result, given the prices for j i^ t,
Zij varies inversely with Pj(t). Since the normal c.d.f. is increasing in its
arguments, u';(0 increases as Pi(t) declines. This is an intuitive result.
A market with a relatively low priee prior to the delivery period is more
likely to have a relatively low price during the delivery period. It is
therefore more likely to be cheapest to deliver at contract expiration.
Since the futures price is the expected value of the C.T.D. eommodity
(under the risk neutral density) at contract expiration, such relatively
inexpensive locations receive greater weight in determining the futures
price prior to expiration.

In many tutures markets, deliveries at certain locations are subject
to discounts or premia. For example, a short who delivers corn in Toledo
receives $0.04 less per busbel tban one wbo delivers simultaneously in
Cbicago. To account for such premia and discounts, one can replace
each Pi{t) in (i) and (2) with:

P*(0 = PM + di

where di is the adjustment applied to the futures settlement price of
deliverable i. Since discounts penalize delivery at a particular place wbile
premia reward delivery, d; > 0 for discounts, and d; < 0 for premia.
Tbus, increasing tbe premium or reducing tbe discount of deliverable i
increases WjiO, certeris paribus

It is well known that a futures contract's bedging effectiveness de-
pends upon tbe correlation between spot and forward prices [Ederington
(1979)]. It is possible to demonstrate tbat the instantaneous correlation
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between tbe percentage change in the futures priee [given by (I)] and

the percentage cbange in tbe price at any location z equals:

wbere pizii) = corr(d!n Pj((),dln P-Jt)), and tbe standard deviation of

tbe futures priee equals

\ 1 / . / . " fV'^" ' i \ ' ' / - 'n< ' i" ( I ^ rnax[o";J (5)

Since the Wiit) depend upon the delivery specification, these equations
imply that the choice of delivery points and differentials affect the
hedging performance of a futures eontract.

An examination of (4) and (5) reveals three salient facts. First, an
increase in the u'i(O of deliverables with large values of p, ; (due, for
instance, to an increase in the premium or rcduetion in a discount for
such a deliverable) tends to increase hedging effectiveness.

Second, if the p;, < 1, a diversification effect tends to improve
hedging effectiveness at non-deliverahle locations under multipfe de-
fivery point contracts vis-a-vis single delivery point contracts. Certeris
paribus, diversification reduces the variance of ihe futures price. Ac-
cording to (4), the spot-futures correlation at z varies inversely wilh
the futures price variance, so this reduction in af: improves hedging
effectiveness. This is an intuitive result. Specifying a large number of
deliverables means tbal tbe idiosyncratic price movements of any single
deliverable are diversified away, so tbe futures price reflects only tbe
systemic variability in tbe underlying commodity prices.

A somewbat extreme example illustrates bow expanding tbe number
of delivery points can reduce tbe variance of the futures priee. Assume
aj ^ aj = a and pj^ ^ pj~ ^ pij ^ p < 1 where 2 # i, j for all i, and
j , then

ar — a.
\

Note that since (a) u'i(t) < 1 for all i, and (b) the weights at each loca-

tion approach 0 and n increases, the first summation term approaches

This location nuiy or may not l)t' a dfii\cry point.
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0 for large n. Thus, for large n

ap
\

ap

where the second approximation is due to the fact that Xf-i "';(') ^ 1-
Moreover, under the assumptions ot this example, the numerator in
(4) approximately equals ap. Thus, for large n, pf- = 1 even thougb
Pfz < 1 tor smalt w.

It should be noted that adding more delivery points does not
alivays improve hedging efiecliveness. Tbe reason for this is elear. As
noted earlier, adding low correlation delivery points tends to reduce
bedging effectiveness. Tbe adverse effect of adding such a delivery
point could well dominate tbe diversification effect. However, wben tbe
correlation at ibe new delivery point is nol mucb below the correlations
ol existing delivery points, the diversification effect tends to improve
hedging performance.

Under more general eonditions, diversification magnifies the ef-
fect of the correlation between high variance defiverabfes and P^, as
ail af > 1 for these deliverables. The diversitieation effect may eitber
magnify or diminish tbe effect of tbe correlation between low variance
deliverables and P;. Along witb tbe previous results, this implies tbat an
increase in the weight of high variance, high correlation deliverables may
improve out-of-position hedging performance substantially. Increasing
tbe weigbt of high variance, low correlation deliverables may degrade
bedging performance.

Tbird. ibe preceding two points imply tbat adding new delivery
locations lends to reduce bedging effectiveness at tbe ofd ones and
improve it at tbe new ones. This is true for two reasons. First, bedging
effectiveness at a point is maximized if it is ibe sole delivery point. In tbis
case, the lutures price is then perfectty correlated with the spot priee:
adding more delivery points necessarily reduces this correlation. Second,
adding 2 as a delivery point leads to the incorporation of p-^. ^ ' > Piẑ
i i= z in (4).

Two major conclusions flow troni the foregoing analysis. The
futures price should incorporate the prices of all deliverables as implied
by (1). Moreover, varying tbe delivery speeification of a futures contract
by adding or deleting delivery points, or ebanging delivery differentials,
sbould ebange hedging effeetiveness. Changes in specification that
increase the probability tbat delivery will occur at high correlation
locations should improve hedging effectiveness. Inereasing the num-
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ber of deliverablos also introduces a diversification effect which may
also improve hedging elfecliveness by reducing dclivery-market-specilic
variations in the futures price. The following sections present tests of
these implicalions using data from the corn and soybean markets for
the period 1984-1989.

AN EMPIRICAL ANALYSIS OF
EXISTING DELIVERY OPTIONS

Ihis section tests whether the model given by (1) accurately explains

the observed relationship between tbe futures and spot prices of corn

and soybeans. Ihe corn and soybean contracts do not embed an

option equivalent to the hard wheat-soft wheat choice implicit in

the wheat contract studied by Gay—Manaster. Although the short can

deliver different qualities of corn and soybeans against the contract

at fixed differentials, this option is ol secondary importance for these

commodities because the relative priees of these grades do not vary

much. Ihus, n = 2 lor corn and soybeans, so one can rewrite (I) as:

Fit) ^ PciDNiid^it]) + PiiDNAdzU)) (6)

w h e r e Pc (^) is t h e f o r w a r d p r i c e of c o r n ( s o y b e a n s ) in C h i c a g o , PjU) is
t h e f o r w a r d p r i c e o f c o r n ( s o y b e a n s ) in T o l e d o , iV | ( . ) is t h e u n i v a r i a t e
n o r m a l c.d.f . , a n d

d\{t} ^

w h e r e

(Tcj = var din
V P(:ii)J

Not ing that N\ix) ^ 1 — j \ ' | (—, \ ) and rea r rang ing t e rms in (6) implies

F i t ) ^ P ( i t ) - [ P c - ( t ) N \ i - d i ( t ) ) - P - i { t ) N \ ( d 2 i t ) ) ]

- Pc{O[l - -\'i(-^i(()) + -i^.^]id2it))] (7)

The bracketed term on the first line of (7) is the value of an option to
exchange corn (soybeans) in Cbicago for corn (soybeans) in Toledo [see
Margrabe (1979)].

Taking natural logarithms of (7) produces:

In Fit) = \nP({t) + in Z(f) (8)
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w here

PcM
In words, Z(() is the futures price (which embeds a delivery option) as
a fraction of the Chicago forward price (whieh does not). As a result,
2(0 varies inversely with the value ot the exchange option. Thus, (7)
and (8) demonstrate that the futures price can change because (a) the
forward price in Chicago changes, and/or (b) the value of the delivery
option rises relative to the Chicago forward price.

Testing whether (8) accurately describes corn and soybean prices
requires data on futures prices and Toledo and Cbicago cash forward
prices. The futures prices used are daily settlement prices reported by
the Cbicago Board of Trade. Unfortunately, there are no data available
on cash forward prices in the delivery markets. The available cash
price data report spot bids by terminal market elevators to purchase
grain to arrive within IS days. The United States Department of
Agriculture collects these bids from tbe major elevators in each market
at the close of each days futures trading, and reports the highest
and lowest bid in each market.

These priees are potentially noisy estimates of equilibrium prices
for grain because elevators do no necessarily transact at their bids.
Moreover, since the elevator bids are spot prices, they do not reflect
the costs of carry that elevators ineur over the period ending with
the expiration date of the futures contract; this cost Is embedded in
forward priees. It is necessary, therefore, either to adjust the price
data to reflect the cost of carry, or to alter the specifieation of the
econometric tests. Gay and Manaster attempt to correct for this problem
by adjusting spot prices by the posted price of storage that terminal
elevators charge, and the time value of money until contract expiration
to calculate a synthetic forward price. These adjustments may introduce
a measurement error because holders of inventories of grain may receive
a stream of benefits—a convenience yield—that depresses the forward
price relative to the spot price. This implicit return on grain inventories
is unobserved, which may cause random deviations between the forward
price imputed in this fashion and the true forward price.

There is an alternative approach to the problem posed by tbe
inability to observe the true returns to storage. Specifically, one can
express the relationship between the forward price P{t) and the spot
price S(i) as follows:

Pit) = Sft)^'''"*"''^''*''' + wd) (9)
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rit) is the risk free interest rate at ^ wit) is the cost regular delivery
elevators charge to store the commodity until contract expiration, and
r^il) is the convenience yield accruing to holders of inventories of the
eommodity at (. If there are implicit benefits to storing the commodity
this convenience yield is positive; i.e., r^it) > 0. Empirical evidence
dating from Working (1948) and Brennan (1958) implies that this yield
is a decreasing, convex funetion of inventories.

If rit) — rdt) in Chicago equals r(/) — rj.(l) in Toledo, substitution
ot (9) into (8) produces:

In F*(0 ^ ln(F(O " «'(0) - rit)t - ln Sdl) + In 2*(0 - Tr,it)

(10)

In this expression. In F it) is the log futures price net ot carrying costs,
and 2 (0 is computed by replacing P( (0 sind Pjit) in the expression
tor 2(0 with Scit) iir\d S T ( O . respectively. Taking first differences of
(10) implies

Aln F*(0 - Aln Scit) + Aln Z*(0 - ArrJO (II)

This equation implies that three factors determine percentage changes
in the cost of carry adjusted futures price: (i) cbanges in the Chicago
spot priee, (ii) changes in the value of the delivery option relative to the
Chicago price, and (iii) changes in the convenience yield.

Recall that Ar^^O cannot be observed independently, so (I 1) cannot
be estimated directly. The model of French (1986) implies, however, that
(a) changes in the convenience yield are correlated with cbanges in the
spot price, and (b) the size of this correlation depends upon r^-it — 1)."*
By exploiting this relationship, it is possible to specify a mode! that can
be estimated using the available data.

Specifically, when current shocks lo supply and demand condi-
tions predominate, the changes in the spot priee and changes in the
convenience yield are positively correlated. To see why, note that in
response to a positive current demand shock, the spot price rises and
inventories decline. The decline in inventories increases the convenience
yield. Furthermore, recall that the convenience yield is a convex function
of inventories; i.e., a one-unit change in inventory has a larger effect on
r^it), the smaller the initial level of stocks. Therefore, when r^•it — 1)

Nnlt' thai r,.(l — I) Is reKited to iriverilon conditions immediately prior to I he shock ihat generates

the rcitjrti ;it I. while r,.(() incltides ihe eCifcts uf [he shock. Thus . viiriiUiuns in r,(J - 1) measure

viiriiitioris in initial supply and demund conditions. I herelore r^U - 1) is in the rt'le\;int informalion

set, while r((fl is not.
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is large, the correlation between Aln S'c (0 and Ar^(O is large as well.
When r^it — 1) = 0 (i.e., the market is at full carry), however, a change
in inventories has a very small affect on the convenience yield; the
correlation between the change in the spot price and the change in
the eonvenicnce yield is approximately 0 as a result.

Conversely, wUen future demand and supply shocks predominate,
changes in the spot price and changes in the convenience yield are
negatively correlated. To understand this relationship, consider the
effects of an increase in the expected future harvest. This leads to a
reduction in both the spot price and the level of inventory because it
lowers the need to carry over stocks. The decline in stocks increases
the convenience yield, so the spot price and r^-it) move in opposite
directions. Again, convexity implies that (a) when r^it — 1) = 0, this
correlation is approximately 0, and (b) the correlation between Aln Scit)
and Ar(.(O is increasing (in absolute value) in r^-it — 1).

Thus, the French model implies that r^.it — l)Aln Scii) can serve
as a proxy for Ar((O because Aln Sdt) and Ar^^it) are correlated,
and beeause this correlation varies direetiy (in absolute value) with
the level of the convenience yield. This suggests the following model
specitication:

Aln F*(() =a + ^ , Ain Scit) + /32Aln 2(0

t - l ) ( r + 1) (12)

French's theory and (10) imply ^i ^ I; given the value of the delivery
option, if the convenience yield does not change, spot prices and futures
prices should change hy identical amounts. The term ^3 Aln Sf (()r(.(( —
l)(r + 1) is the proxy for -Arr^^O in (10). The foregoing discussion
implies /3^ < 0 if current shocks dominate, while /3^ > 0 if future
shocks do so. Since shocks to the impending harvest are the most likely
source of future shocks for corn and soybeans, one would expect ^1 > 0
during the summer and early tall months when the most information
about the future harvest is fortheoming. It is consistent with the theory
to observe fii < 0 after the harvest.^

Tlxclusion of iht- convenience yield lerm from (12) docs nol affect ihe etnpirical results in
any importiinl way; the delivery option and spot priee coeffielenls are almost always staiistically
incllslingtiishahle Ironi 1.00 even when this variable is excluded. This lerm Is included in the
reported results because it is sometimes statisiiciiliy significanl. iind to demonstrate that the delivery-
option variahlc is not proxin^; for some convenience yield effect.
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Equation (12) is estimated as follows. For each separate futures
contract, ihe Chicago and Toledo spot prices and the futures settlement
price (whieh should be contemporaneous with the spot price proxies)
are determined for each day during a period tieginning 90 calendar days
prior to the last trading dale of each futures contract. The spol price
proxy tor each location is the average of the high and low bids in that
loeation. The CBT's regular storage rate (5c per month over the sample
period) is used to calculate wit). Finally, the Eurodollar interest rate is
employed to calculate rit)r.

It is also necessary to calculate acr to estimate Z*(0- For
the entire 90-day sample window for each contract, the variance of
Aln (Pc(O/Pr(O) is calculated from daily data; acj is set equal to
this sample variance. Given the estimate of this parameter, Z*(0 is
ealeulated. In general, 2 (0 is cltjse to I. In the entire corn sample, for
instance, the average of Z (0 equals 0.970. ln the soybean sample, this
average equals 0.991. These results imply that the delivery option, on
average, equals 0.9% (3%) of the Chicago spot price for soybeans (corn).
These values are similar to those found by Gay and Manaster (1984)
lor the wheat quality option and Hemler (1990) for the Treasury Bond
quality option. The disparity between the average value of Z'^(0 for the
two commodities is readily explained by the fact that soybeans are the
higher valued commodity, but each is equally costly to transport. Thus,
smaller relative price variations in soybeans are sufficient to induce
spatial arbitrage. This smaller relative price variability in soybeans
makes the delivery option relative to the value of the Chicago spot
price smaller for soybeans than for corn. The greater integration of ihe
soybean market is also manifest in the generally higher across-Iocation
price correlations for soybeans (see Tables V and VI).

Finally, since (r + l)r,.(( - I) is not observed directly, it is inferred
from futures and spol prices. Rewriting (10) implies:

(r + \)rM - I ) - ln S( (( - I ) + In Z(t - 1) - ln F* ( / - I ) (13)

Thus, under the joint null hypothesis ihat (a) the futures market is
in equilibrium at t - 1, and (b) the delivery opiion mode! is correct,
plugging the observed spot and futures prices, the interest rate, and the
storage charge into (13) produces r̂ .(/ - I).

To estimate (12), the observations for a given eommodity are pooled
across years Ijy contract month. For example, all observations for March
soybean contracts for each of the years 1984-1989 are combined into
a data set tor a single regression. Since there are seven soybean and
five corn contracts per year, seven soybean regressions and five corn
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regressions are estimated. This pooling is motivated by the fact that the
Chicago spot-futures basis is considerably more volatile in the summer
months than in the winter and spring. For comparison, all observations
for each commodity are also jjooled into a single data set.

Several problematic observations are excluded from the analysis. In
particular, days are not included when a limit price move occurs during
thai day. Several observations where the spol price moved by an extreme
amount due to congested or manipulated conditions at the expiration of
a contract expiring in an earlier month are also omitted. For example,
data from the period July 19, 1989-July 21, 1989 are deleted from the
September regressions because of the impact of the Ferruzzi squeeze of
the July contract on spot prices.''

Tables I and II report for soybeans and corn, respectively, the esti-
mates of a, /3|, (5i, and fii, and their White heteroskedastic consistent
standard errors. The results reveal that the delivery option is embedded
into the futures price. For both corn and soybeans for all delivery
months, the delivery option coefficient ifii) is positive and significantly
different from zero. iVlore importantly, the values of fi2 Ĵ re close to the
theoretieal value of 1.00. As a result, one cannot reject at the 5% level
the hypothesis that this coefficient equals 1.00 for four of five corn
regressions (March, May, July, and September) and for six of seven soy-
bean regressions. The spot price coefficients are also large and positive,
and are statistically different from 1.00 only for March soybeans.

The tables also report the F-statistic to test the hypothesis fi\ =
^ 2 = 1 - This hypothesis is rejected at the 5% level for only May
and December corn, and March soybeans. Finally, one cannot reject
the hypothesis that /3| ^ /3> ^ I in the entire sample for soybeans.
Although one can reject this hypothesis for corn, it Is not rejected when
the December data are excluded; the F-statistic in this case is 2.35.
The results demonstrate that the delivery option is embedded in futures
prices as theory predicts.

Given ihat in the sample period the CBT considered Toledo a safety
valve delivery point, some may find it surprising that the delivery option
coefficients are so close to their theoretical values. Since appreciable
deliveries occurred in Toledo during this period, however, these results
are plausible. Shorts delivered each commodity there in each year of the
sample except for soybeans in 1985. During the sample period, 22.2%

''A list of excluded data points and the circumstances surrounding each episode is available Irom
the autbors on request.
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of soybean deliveries and 17.8% of corn deliveries occurred in Toledo
[Commodity Futures Trading Commission (1991), Table 8].

The somewhat superior performance of the models in ihe summer
months suf»gests that measurement error is primarily responsible for the
differences between the theoretical values of the coefficients implied
by the deliver) option model and the estimated parameters. Anderson
{198S) shows that grain futures prices are more volatile in the summer
months. If the variability of the measurement error is of similar magni-
tude in summer and winter/spring, one would expeet to reject the model
more frequently in the post-harvest months as the relative impact of
measurement error is larger during this period. The results presented
here are generally supportive of this hypothesis.'

These findings provide considerable support for the delivery option
model. They are, moreover, somewhat stronger than those of Cay
and Manaster. The coefficients on the quality opiion variahle in their
wheat regressions are typically considerably less than 1.00. Indeed,
their parameter estimates are close to the theoretical value only tor
observations from the 30-day period prior to contract expiration. Fhe
estimates presented here include observations from the entire three-
month period prior to contract expiration. Hean' trading occurs for
each contract throughout this entire 90-day interval. Moreover, their
estimated spol price coefficients are all significantly less than one while
the coefficients reported here are almost always insignificantly different
Irom one.

DELIVERY SPECIFICATION AND
OUT-OF-POSITION HEDGING
EFFECTIVENESS

The results of the preceding seetion demonstrate that the location option
is a crucial determinant of corn and soyhean futures prices. According to
the analysis of the second section, this implies that hedging effectiveness
depends upon delivery specification. This section presents simulation
results that demonstrate that changes in the deliver)' specification can
suhstantially affect hedging performance for both in-position and oul-
of-position hedgers. These results provide a striking illustration of how

'Reverse regressions of Aln .S( 10 - i l n Z(() againsl Aln F*(^) and (T + \)rAl " I)Aln /•'*(() art-
estimated also Lo dctcrjnlne whether errors in measuring the spot price have apprefiablc efFecls
on these results. In this spccificdtion. thf theorelital v;)lue of the eoefficient on the change in
ihe futures price equiiK I. This hypothesis is not rejeeted this hypothesis for any nf the delivery
months. Thus, il is possible ihut measurement error has some iidverse effects on the estimates
reported in Tahles I and II.
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changes in delivery specification can significantly improve the hedging
performance ot a futures contract for a spatial commodity.

Simulations are the most revealing way to examine the relation
between delivery specification and hedging performance because pi-~ in
(4) changes as the prices of the deliverables change. This is due to the
fact that relative price changes alter the u'iit), which affects the corre-
lation both directly and through its effect on the futures price volatility.
There may be, therefore, no unique ranking by delivery specification of
instantaneous hedging effectiveness at a particular loeation. For some
price vectors, specification A may dominate specification B, while the
opposite may be true for other vectors. Since the simulations compute
measures of the hedging effectiveness of different delivery specifications
over a wide range of prices, it is possible to determine whether one
specification generally produces superior risk reduction even if it does
not do so for all possible combinations of deliverable prices.

The pricing of corn and soybean futures contracts under the
following three delivery specifications are examined.

1. The first specifieation is that employed by the Board of Trade prior
to the end of 1993; Toledo deliver)' is discounted S0.08/bu for
soybeans and $0.04/bu for corn. These discounts are fairly, large,
and purposely so. Until recently the CBT intended deiivery to occur
at Toledo only in the event of congestion in Chicago; i.e., Toledo
was a safety valve.

2. The second delivery system retains Chicago and Toledo as delivery
points, but eliminates the Toledo discount for both corn and beans.
That is, under the second specifieation. shorts may deliver both corn
and soybeans in Toledo at "par". Since the average Chicago soybean
(corn) price was roughly equal to the average Toledo soybean (corn)
price during the 1984-1989 period, this is a two-point "economic
par" delivery system because each loeation was nearly equally likely
to be C.T.D.

i. The third delivery system adds St. Louis as an economic par deliver)'
point for both corn and soybeans. Since St. Louis prices tend to
exceed Chicago and Toledo priees by a uide margin it is necessary
to give shorts a premium for deliveries in St. Louis to make it
economical to deliver there. The analysis uses the average difference
between the St. Louis and Chicago prices during the 1984-1989
period—$0.10/bu for both corn and beans — as the premium. This
system is somewhat more liberal than the one recently adopted by
the CBT, which retains a discount for Toledo deliveries and which
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specifies a smaller $0.07/bu premium for St. Louis deliveries. The
more liberal system is employed in the simulations to provide a more
striking comparison of bedging effectiveness under difierent delivery
systems.

The simulation design is as follows. On Wednesday of each week
from 1984-1989 the averages of the high and low bid prices for spot
corn and soybeans at Chicago. Toledo, and {for the third specification)
St. Louis are determined. Using these prices and formula (1). the
price of three synthetic futures contracts for botb corn and soybeans
which expire five weeks from that Wednesday are calculated (i.e.,
T = 5/S2). The first synthetic futures price is calculated assuming
delivery specification 1, the second assuming delivery specification 2.
and the tbird assuming delivery specitication 3.^ Proceeding to the
following Wednesday, the prices of tbe three synthetic futures contracts
are calculated using the prices prevailing on that day and assuming
T = 4/52. The logarithm of the ratio of the five-vveek-to-expiration to tbe
four-week-to-expiration synthetic futures prices equals the percentage
cbange in the futures price over the week long holding period.

For each Wednesday-to-Wednesday holding period, the percentage
changes in the corn and soybean cash prices at several commercially
important locations are also calculated. These locations are: Chicago,
Toledo, St. Louis, Central Illinois, the Culf of Mexico (NOl^) . Central
[owa, Minneapolis, and Kansas City. Each is an important storage,
processing, export or production point. A viable futures contract should
hedge changes in spot prices at these locations. A particular synthetic
futures contract delivery specification is superior to another if its hedging
performance dominates that of the alternatives for a sufficiently large
number of hedgers.

The H^ of a regression of the percentage ehange in a spot price
against the percentage change in a futures price equals the square of the
sample correlation between these two variables, and is the most common
measure of the hedging effectiveness of a contract. It is therefore
possible to determine whether spot and futures prices are generally more
highly correlated under one specification than another by comparing
R̂  s of regressions of the form;

I" S;(^7] - a + ^ In ^ ^ ^ ^ + e(t)

"It is assumed that futures eontratts e.xpire every week. In other words, the existinn expiration cycle
is not used.
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where S',(0 is the spot price at location i at time t. Fit) is a synthetic
futures price, and e(0 is a random error term. Since there are three
synthetic futures prices, three regressions are run for each location. The
hedging ctfectiveness of the competing synthetic contracts are ranked
by comparing R~'s across tbese regressions. To determine whether
relative hedging effectiveness varies over time, six sets of regressions
are performed, one set for each of the years 1984- 1989.

Table III (IV) reports the R^'s for the soybean (corn) regressions.
In each table, rows labelled "I", "2," and "3" present hedging effective-
ness estimates across the locations for delivery specifications 1, 2, and
3, respectively. These results reveal that liberalizing the deiivery specifi-
cation systematically improves hedging effectiveness outside of Chicago.
For virtually every location for each year tor each commodity, R-'s for
specifications 2 and 3 exceed those for specification 1. Moreover, for all
locations other than Chicago and Toledo, hedging effectiveness is almost
always largest for specification 3. Indeed, while the gains in hedging
effectiveness resulting from the elimination of the Toledo discount are
frequently modest, the gains resulting from the adoption ofa three-point
economic par deliver) system including St. Louis are often suhstantial.
Furthermore, the hedging effectiveness ordering is very stable over time.
Given this uniformity and stability, these results strongly suggest that
the adoption of an economic par delivery system would have improved
hedging effectiveness in 1984-1989 for virtually ail bedgers outside
of Chicago.

A simple nonparametric approach demonstrates that the consis-
tency of superior hedging for specitication 3 across years and locations
is extremely unlikely to have resulted from chance. Assume under
the null hypothesis that true hedging effectiveness for a particular
location is equal for specifications 1 and 3, but in any finite sample
the observed hedging effectiveness could differ between specifications
due to sampling error. Under this null, in a collection of samples
the hedging effectiveness of specification I would exceed that achieved
under specification 3 about balf the time, while specification 3 would
dominate about half the time as well. For all locations out-of-position
during the sample period (i.e., all points other than Chicago and Toledo),
the R^ for specification 3 exceeds that for specification I for 32 out of
36 observations for soybeans and 33 out of 36 observations for corn.
One can. therefore, reject the equal effectiveness null at a confidence
level of 1.6 X 10"" for soybeans and 6.1 X 10"'" for corn.

These results are eonsistent with the implications derived in the
preceding section. First, prices in Central Illinois, the Culf, and the
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TABLE III
Soybean Hedging Effectiveness under Alternative Delivery Specifications

Delivery
Specification

1
2
3

1
2

3

1
2
3

1
2
3

1
2
3

1

a
3

cm

0.986
0.906
0.899

0.965
0.918
0,898

0.896
0,833
0,788

0,915
0,901
0,899

0,993
0,985
0,977

0,957
0,931
0.918

70/-

0,977
0,991
0,977

0,956
0,990
0.982

0,890
0.943
0.953

0,875
0.911
0,869

0,982
0.986
0,965

0,943
0,961
0,949

SL

0.941
0.935
0,971

0,899
0,910
0,945

0,775
0,789
0,860

0,769
0,770
0.903

0,964
0,964
0 992

0,939
0.941
0.975

CfL

0,949
0.948
0971

0.875
0.883
0,905

0 855
0.861
0.883

0,838
0,649
0,890

0,922
0,923
0,959

0,952
0,054
0,965

GULF

1984

0.951
0.940
0,940

1985

0.865
0,881
0,890

1986

0.803
0,814
0,841

1987

0,857
0,870
0911

1988

0,959
0,961
0.976

1989

0,930
0,920
0.958

0,952
0,942
0,934

0,734
0.750
0,750

0,640
0,658
0.673

0,709
0,709
0.832

0,921
0.923
0.959

0.931
0,932
0,953

CIA

0,957

0,958
0,974

0,871
0,883
0.901

0,694
0,693
0,740

0,893
0,904

0,920

0.974
0,976
0,989

0,944
0.951
0,959

KC

0,966
0.963
0,943

0,758
0,769
0,777

0,644
0,638
0.643

0,862
0.875
0.873

0,958
0,961
0.976

0.891
0.904
0.883

CHI - Chicago
TOL = Toledo
SL = SI. LOUIS

CiL = Central Illinois
GULF - Gult of Mexico (NOLft)
MN = Minneapolis
CIA = Central Iowa
KC = Kansas City
Reported stalislic equals fl^ (mm a regression ot percentage change in the spot price at the relevant location versus the
percentage change in the simulated futures pnce for the relevant specification.
Specification 1, Chicago at par, Toledo at +8.
Specification 2, Chicago at par, Toledo al par.
Specification 3, Chicago at par, Toledo at par, St, Louis at -10,
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TABLE IV

Com Hedging Effectiveness under Alternative Delivery Specifications

Delivery'
Specification

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

CHi

0975
0.946
0.901

0.756
0.616
0.637

0.961
0.930
0.720

0,968
0.927
0.877

0.998
0,994
0,982

0,993
0,983
0.942

70/,

0,603
0,663
0,655

0,627
0,747
0,736

0,850
0,894
0.774

0,900
0.948
0.932

0.960
0,968
0,967

0,824
0,853
0,878

SL

0.458
0.485
0,639

0.637
0.620
0,782

0,669
0,678
0.960

0,723
0,737
0,822

0,911
0,913
0.962

0,827
0.831
0,945

CiL

0,518
0.551
0,656

0,487
0,509
0.502

0.722
0,730
0,919

0,809
0.828
0.878

0,959
0,963
0,975

0.837
0.849
0,907

GULF

1984

0.448
0,479
0,622

1985

0,563
0,603
0,707

1986

0,711
0.727
0,892

1987

0,750
0,757
0,796

1988

0,892
0,896
0,901

1989

0,877
0.884
0,908

MN

0,510
0.527
0,625

0,550
0,577
0,697

0.646
0.665
0,823

0.628
0,646
0,688

0.935
0,937
0,955

0,673
0,680
0.725

CM

0,493
0,514
0,560

0,401
0.479
0,531

0,580
0.581
0,643

0,716
0.736
0.736

0.947
0,951
0,966

0,889
0,898
0,932

KC

0,431
0.471
0.558

0,446
0.523
0,637

0,536
0,548
0.563

0,874
0,880
0,870

0,891
0,896
0.890

0,879
0,890
0.909

CHI = Chicago
TOL = Toledo
SL = St, LOUIS

CIL = Central Illinois
GULF = Gulf of Mexico (NOLA)
MN = Minneapolis
CIA = Central Iowa
KC = Kansas City
Reported statistic equais R^ from a regression of percentage change in the spot price at the relevant location versus the
percentage change in the simulated futures price for the relevant specification.
Specification 1. Chicago at par, Toledo al +4.
Specification 2. Chicago at par. Toledo at par.
Specification 3. Chicago at par, Toledo at par, St. Louis al -10,
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other locations tend to be more closely related to Toledo and St. Louis
prices than Chicago prices. Table V (VI) presents the R^'s of annual
regressions of percentage soyhean (corn) price changes at the out-of-
position locations versus the percentage changes in soybean (corn) prices
at Cbicago, Toledo, and St. Louis, respectively. Tbe Toledo and St. Louis
R^'s systematically exceed the Chicago ones. Tbis result reflects tbe fact
that St. Louis and Toledo are currently more integrated into grain trading
patterns than Chicago [Thompson, Hauser. and Eales (1990)]. Since the
economic par system increases the weights of the former locations in
the futures price relative to their weights in the safety valve system.

TABLE V

Soybean Percentage Price Cbange Squared Correlations

CHI
TOL
SL

CHI
TOL
SL

CHI
TOL
SL

CHI
TOL
SL

CHI
TOL
SL

CHI
TOL
SL

,S/.

0,882
0,942

1

0,867
0,882

1

0,770
0,636

1

0 789
0.897

1

0,901
0,933

1

0,813
0,848

1

CIL

0.888
0.953
0.951

0,843
0.857
0.883

0,717
0.813
0.835

0.757
0.795
0.784

0.927
0.955
0,965

0.831
0.910
0,919

GUi.l

0,962
0.918
0,919

0,825
0.882
0,882

0,616
0,792
0,817

0,846
0.882
0.905

0.954
0,967
0.972

0.923
0,900
0.967

1984

1985

1986

1987

1988

1989

0,961
0,950
0,884

0,608
0,606
0.586

0,528
0,662
0,617

0,782
0,777
0.832

0,811
0,860
0.890

0,710
0,794
0,834

CiA

0,927
0,947
0,952

0,829
0,886
0,869

0,608
0,647
0,785

0,881
0,894
0,897

0,965
0.960
0.982

0.928
0.929
0,941

KC

0.949
0,950
0,884

0.687
0,776
0.697

0.523
0,503
0.491

0.851
0,855
0.800

0,951
0,962
0.967

0,767
0,820
0,735
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TABLE VI

Corn Percentage Price Change Squared Correlations

CHI
TOL
SL

CHI
TOL
SL

CHI
TOL
SL

CHI
TOL
SL

CHI
TOL
SL

CHI
TOL
SL

0.380
0.446

1

0.565
0.575

1

0.632
0.594

1

0.672
0.715

1

0.905
0.929

1

0,815
0.815

1

CIL

0.411
0,506
0,819

0.428
0,531
0.567

0,691
0,660
0.921

0.758
0.820
0.916

0.952
0.979
0-958

0,816
0.886
0.877

CL'LF

0,437
0,463
0.885

0 417
0.646
0,744

0.645
0.685
0.888

0.713
0.722
0,791

0.886
0.928
0.897

0.958
0.835
0.860

1984

1985

1986

1987

1988

1989

0.537
0.485
0.726

0,430
0,603
0.637

0.607
0.670
0.809

0,567
0,640
0,772

0.930
0.929
0,942

0.658
0.688
0.693

Cl,\

0,328
0.423
0.463

0,502
0,626
0,563

0,552
0.669
0.631

0,668
0.764
0.665

0.939
0.971
0,955

0,872
0,890
0.878

KC

0,403
0,505
0.630

0.398
0,542
0.579

0.529
0.607
0.563

0.817
0.825
0.737

0.883
0,911
0.850

0,860
0.900
0.832

the simulated increase in hedging effectiveness reflects a closer match
between the economic par specification and the current structure of
grain flows.

Second, there h evidence that diversification also contributes to the
superior hedging results achieved under specification 3. For example,
spot-synthetic futures R" s are frequently larger than the maximum of
the R^'s from the regressions of the log difference of the spot price of
interest on the log difference ot each deliverahle. Under specification 3,
this occurs for 25 out of 30 (12 out of 30) ohservations for soybeans
(com) in Central Illinois, Central Iowa, Minnesota, and the Gulf of
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Mexico. Moreover, there are occasions (such as for Minnesota and
Kansas City soybeans in 1985) where hedging effectiveness improves
even when low correlation delivery points are added, or delivery is
made more economical at low correlation delivery points. These results
are consistent with the conjecture made earlier that an economic par
futures price is not affected as dramatically by idiosyncratic demand
and supply shocks at any single point because it is an average of several
prices. Instead, under the economic par specification, the futures price
more accurately reflects systemic supply and demand conditions. This
increases hedging effectiveness for out-of-position hedgers. Thus, an
economic par system is more effectively integrated with the broader
cash trade.

These results can be restated in terms of the basis. A high corre-
lation between the prices at two points implies that the basis between
these two points is stable. Adding to the delivery set a location with
a price that is highly correlated with the price at location 2 therefore
reduces the variability of the basis between the futures price and the spot
price at location z. Moreover, reducing delivery point specific price noise
through diversification also stabilizes the basis. Thus, the two effects
simulated here reduce basis risk.*̂

In sum, the simulations demonstrate that the hedging performance
of a futures contract on a spatial commodity depends crucially upon
delivery specification. During the sample period, the movement to
an economic par delivery specification on corn and soybean futures
contracts would have improved hedging effectiveness (i.e., reduced basis
risk) over wide ranges of deliverable prices tor a number of commercially
important locations. These results provide a striking illustration that an
increase in the number of delivery points may do more than simply
reduce the likelihood of long manipulation. A more expansive delivery
specification may also dramatically improve the value of a futures
contract as a risk management tool for spatially dispersed hedgers.

To evaluate fully the effects of more liberal delivery specifications,
it is necessary to address several other issues. Most importantly, delivery
specification changes may alter cash price distributions because traders

A simulation analysis of the variance of ihc hasis of the synlhetic futures prices (nol reported
here) shows that the hasis is less variable under delivery specification i than under specificatinn I.
Indeed, the ordering of hasis variante (from l(»west to highest) is identical tn the tirderinn of hedging
effectiveness (from highest to lowest) for eath location in each year. In principle, a cash settled
contract tied to an average of spot prices at several locations could achieve the same results as the
economic par futures contract: see Hauser. Thompson, and Chaherii (1992) for an analysis of cash
settlement in corn and soybeans. The potential for manipulation of cash prices and price reports
in the grain market makes cash settlement for these commodities problematic, however.
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sometimes participate in the delivery process for reasons unrelated
to cash market fundamentals (e.g., they may take large deliveries to
circumvent foreign capital controls, or to squeeze the market). Such
behavior can cause erratic movements in relative prices. This would
tend to reduce correlations between spot prices in a newly designated
delivery market and prices elsewhere, which would degrade hedging
effectiveness. However, the addition of a new delivery point would also
tend to increase correlations between prices at existing delivery points
and prices at other locations, because it would reduce this "delivery
pressure" at these existing locations. Thus, the net effect of adding
delivery points on cash price distributions and hedging effectiveness
is ambiguous. Pirrong et al. (1992) analy7.ed this issue in detail, and
determined that changes in cash price distributions resulting from
the adoption of delivery specification 3 would probably not off-set the
improvements in effectiveness quantified here. Indeed, since Chicago is
now a relatively isolated and small cash market which is vulnerable to
this sort of trading (as compared to a market on the Mississippi, like
St. Louis), it is plausible that this problem would actually decline in
importance in an economic par system. This is true because the more
liberal delivery specification would displace delivery pressure from a
market where little trading occurs (Chicago), to a market where trading
volume is large (St. Louis), thus further improving hedging effectiveness.

Changing delivery specification may have other effects. First, adding
delivery points may reduce the likelihood of manipulation by large
long traders, but increase the likelihood of manipulation by large short
traders. Both types of manipulation can impair market liquidity and
increase basis risk. Second, adding delivery points may reduce the value
of the delivery mechanism as a means of merchandising the underlying
commodity because it is difficult for sborts and longs to coordinate
ownership transfers. Third, expanding the deliverable set transforms
the futures contract into a market-basket security. This may reduce
the severity of adverse selection problems that arise when some traders
possess location-specific information,"* and may improve liquidity as a
result. Fourth, it may be costlier to arbitrage a contract with multiple
deliverables than one requiring delivery at only a single location. Higher
costs of arbitrage could lead to a noisier futures price, and lead to poorer
hedging performance. Fifth, movement to an economic par delivery
system could increase the value of the futures contract as a price

'"Suhrahmanyam (1991) demonstrates how the adoption of a market basket security can signifi-
cantly reduce adverse selection costs.
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discovery tool. That is, because an economic par futures price is a
broader, more diversified index of value than a single delivery point
price, it provides a more representative measure of prices across a
large geographic area. This price is less influenced by location-specific
demand and supply shocks, so it is a more reliable signal of value to
traders located away from the delivery markets.

Finally, it is worth noting that the CBT apparently recognizes the
potentially beneficial effects of liberalizing delivery specifications for
grains, because in 1992 the exchange submitted to tbe Commodity
Futures Trading Commission a proposal to allow delivery of corn and
soybeans (as well as wheat) in Si. Louis, beginning in late 1993, at a
$0.07/bu premium over Chicago. The CFTC has approved this proposal.
This change in delivery specification provides institutional validation of
the conclusions of this article.

SUMIVIARY, CONCLUSIONS,
AND EXTENSIONS

This article investigates whether the option to delivery at Chicago or
Toledo affects the price of the Chicago Board of Trade's corn and
soybean futures contracts. It further examines how adding delivery
points and adjusting delivery differentials for these contracts would
affect pricing and hedging performance. The results are consistent
with the theory of delivery options pricing. Corn and soybean futures
prices are discounted by the value of the existing option to deliver at
one of two locations, and the coefficients on the estimated location
option in the futures price regressions are almost always insignificantly
different from the theoretical value of one. Moreover, changes in delivery
specification can markedly affect the value of futures contracts as
risk management tools. In particular, the addition of delivery points
leads to a diversification effect which frequently improves hedging
effectiveness, while the addition of high correlation location as delivery
points enhances hedging performance even further.

This analysis has significant policy implications for physical com-
modity futures markets. Most importantly, permitting delivery at several
locations at differentials that reflect average price differences between
these locations can dramatically alter the correlations between futures
prices and spot prices at both deliverable and nondeliverable points.
For the specific commodities examined over the sample period, these
changes are decidedly beneficial. Reducing the discount for delivery at
Toledo, and allowing delivery in St. Louis at a premium that reflects
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its usually higher spot price, improves corn and soybean hedging effec-
tiveness systematically at several major production, consumption, and
export points.

In sum, given the frequent controversy surrounding the delivery
specifications of physical commodity contracts, these results and the
methods used to derive them are of considerable practical importance.
They show that the benefits of an economic par, multiple delivery
point system may extend far beyond that traditionally considered—the
deterrence of long manipulation. The fact that liquidity considerations
drastically constrain the number of viable futures contracts for a particu-
lar commodity bolsters this conclusion. In most cases, a futures contract
is a "one size fits all" proposition. A sophisticated choice of delivery
points, grades, and differentials may create a contract that fits a diverse
population of hedgers better than a single delivery point system. The
ability to change such features, moreover, allows an exchange to adjust
the price behavior of its contracts to reflect changes in the characteristics
of the hedging population, and changes in the spatial pattern of cash
market trading. The fact that CBT has recently liberalized its delivery
rules for grains along the lines suggested here provides market evidence
that these benefits can be significant.

BIBLIOGRAPHY

Anderson, R. (1985): "Some Determinants of tbe Volatility of Futures Prices,"
The Joumal of Futures Markets, 5:331 -348 .

Brennan, M. (1958): "The Supply of Storage," American Economic Rei'iew,
47:50-72.

Commodity Futures Trading Commission (1991): "An Analysis of the Delivery
Point Provisions of the Chicago Board of Trade's Corn. Wheat, and
Soybean Futures Contracts," Washington, D.C.: Government Printing
Office.

Ederington, L. (1979): "The Hedging Performance ofa New Market," JoHnwr/
of Finance, 34:157-170.

Edwards, F., and Edwards, L. (1984): "The Law and Economics of Market
Manipulation," The Journal of Futures Markets, 4:333-366.

Federal Trade Commission (1920): Report on The Grain Trade, Washington,
D.C.: Govemment Printing Office.

French, K. (1986): "Detecting Spot Price Forecasts in Futures Prices," Jowrtia/
of Business, 59:S39-S54.

Garbadc, K., and Silber. W. (1983): "Futures Contracts with Multiple Varieties:
An Analysis of Premiums and Discounts," joumal nf Business 56:249—272.

Gay, G., and Manaster, S. (1984): "The Quality Option Implicit in Futures
Contracts," JoMma/ of Financial Economics 13:353-370.



Delivery Points 573

Grossman, S. (1 986): "An Analysis of the Role of insider Trading' on Futures
Markets," Jounia/ rj/Business, 59;SI29-SI46.

Hauser, R., Thompson, S., and Chaherii, N. (1992): "Cash Settlement for Corn
and Soybeans," Proceedings, NCR-134 Conference on Applied Commodity
Price Analysis Forecasting, and Market Risk Management," pp. 323-334.

Hemler, M. (1990): "The Quality Delivery Option in Treasury Bond Futures
Contracts," yoiirnfl/ of Finance, 45:1565-1586.

Johnson. H. (1987): "Options on the Maximum or Minimum of Several Assets,"
Joumal of Financial and Quantitative Analysis, 22:277-283.

Kamara, A., and Siejjel, A. (1987): "Optimal Hedging in Futures Markets With
Multiple Delivery Specifications." ^onrno/ of Finance, 42:1007-1021.

Kyle, A. (1985): "Continuous Auctions and Insider Trading," Econometrica,
53:1315-1335.

Margrabe, W. (1978): "Ihe Value of the Option to Exchange One Asset For
Another," JoM?-nfli of Finance, 33:177-186.

Pirrong. S. C. (1993): "Manipukuion of the Commodity Futures Market
Delivery Process." yoiirjwi/ of Business, 66:335-370.

Pirrong, S.C., Kormendi, R . C , and Haddock. D. (1992): Graiyi Futures
Markets in the 1990s: An Economic Appraisal, Boston: KJuwer Academic
Publishers.

Stuiz, R. (1982): "Options on the Minimum or the Maximum of Two Risky
Assets: Analysis and Applications." Joumal of Financial Economics,
10:161-185.'

Subramhmanyam. A. (1991): "A Theory of Trading in Stock Index Futures,"
Rei'ieiv of Financial Studies, 4 : 1 7 - 5 1 .

Tashjian, E.. MeConncll, J., and Schachter. B. (1992): "Delivery Options and
Hedging Effectiveness," mimeo.

Thompson, S.. Hauser. R.. and Eales, J. (1990): "An Empirical Analysis of Cash
and Futures Grain Price Relationships in the North Central Region," Nor/fc
Central Joumal of Agricultural Economics, 12:241-254.

Working. H. (1948): "The Theory of the Inverse Carrying Charge in Futures
Markets," JourHrt/ of Farm Economics, 30:1-28.

Working, H. (1954): "Whose Markets? Evidence on Some Aspects of Futures
Trading," Joumal of Marketing, 19:1 - 1 I.




