
SECTION 4: PRICE RELATIONSHIPS 

This section contains one paper each on pricing over time, space, and 
form. The papers by Bobst and Pickett involve futures markets directly, 
while the Cox and Wright paper on the grading of feeder cattle (pricing 
over form) does not. However, this latter paper is concerned with informa
tion systems and accurate pricing of a cash commodity, an investigation 
highly related to futures market studies. 

The underlying theories of how prices are expected to vary over time, 
space, and form in a perfect market context will not be repeated here. 
For a review of these theories see Bressler and King (1970), or Tomek 
and Robinson (1972). Much of the relevant theoretical and empirical 
background in the case of futures markets which is related to this section 
was cited in the introduction to tiiis volume. 

Bobst, investigating price differences over space, determines the effect 
location may have on basis variability, and hence, the potential hedging 
risks facing livestock producers. After developing three measures of hedg
ing effectiveness, Bobst tests the hypothesis that no difference exists in the 
variability of hedging revenues for Southern markets in comparison with 
futures contract-delivery markets. Results indicate no significant location-
basis variability for hogs, but location biases do exist for fed cattle. Impli
cation of these results on hedging effectiveness are analyzed. 

Pickett examines the theory of temporal-price relationships for storable 
commodities and applies it to the frozen pork-belly market. A hypothesized 
role of this futures market is the temporal guidance of seasonal inventories, 
with cash-futures price differences reflecting and determining inventory 
positions. After the development of a supply-of-storage function, several 
models are estimated where the quantity of frozen pork-belly inventories 
is regressed on current and lagged cash-futures price spreads as well as 
lagged quantity. Results of the models with regard to supporting the 
supply-of-storage hypothesis are mixed. A detailed discussion of statistical 
and data problems is given, along with an examination of the inability of 
the hypothesized model to discriminate between alternative explanations, 
of the observed phenomenon. 
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Cox and Wright investigate the feeder-cattle information system. In
spection of teletype market-news reports reveals a large and incompre
hensible list of descriptors for feeder cattle, a factor increasing the risks 
of cattle buying and feeding. Due to this large variety of names and de
scriptions, Arizona cattle feeders largely ignore or discount formalized 
market-news reports. In order to predict future feedlot performance more 
accurately and improve information flows, the authors construct a set of 
descriptors that partition feeder cattle according to basic traits. Using a 
price simulation model to test their proposed revision of feeder-cattle 
grades, they demonstrate that significant improvements in feeding returns 
are potentially possible. 
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The Effects of Location-Basis Variability 
on Livestock Hedging in the South 
Barry W. Bobst 

Live-animal futures contracts have had a spectacularly successful develop
ment. Trading volume and open interest in nonstorable commodities such 
as steers, hogs, and feeder cattle are increasing year by year; yet at the 
same time, the hedging activity represented in these contracts is very small 
compared to the potential afforded by the livestock industry. Public rela
tions and educational efforts have been and are being made to arouse 
interest in potential hedgers. For potential hedgers in business circles, the 
imprimatur of the Harvard Business School has been placed on hedging 
in livestock and other commodities by the publication of a book by 
Arthur (1971). Efforts have also been directed towards farmers with some 
success, as noted by Futrell (1970). 

Live-animal futures contracts provide an alternative marketing pro
cedure for cattle and hog producers. This alternative is best described 
in the context of the vertical coordination of marketing that takes place 
between livestock producers and buyers. The simplest means of coordina
tion between livestock feeders and packers is the open market: feeders 
sell to the highest-bidding packer with no prior arrangements concerning 
die timing of the sale, quality of livestock offered, or price. Taking the 
open market as a base, a spectrum of alternative coordinating arrange
ments can exist, ranging from informal agreements to written contracts 
that specify one or more of the terms of trade to vertical integration, in 
which feeding and packing activities are carried out by the same firm and 
coordination becomes a matter of administrative arrangement. Hedging 
fits into this spectrum in a variety of ways. For example, hedging can be 
used in conjunction with open markets, with various kinds of contracts, 
or even by vertically integrated firms. The potential for hedging in a 
region, therefore, is an important aspect of efforts to devise vertical co-
Barry W. Bobst is a faculty member at the University of Kentucky. This paper was. 
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ordination methods which will improve the efficiency of livestock market
ing in the region. 

Regionality of hedging is stressed because of the geographic structure 
of livestock feeding in the United States. The traditional heartland of 
cattle and hog feeding is the Com Belt, and most livestock futures-contract 
delivery points have been located there. In the South, cattle feeding has 
increased greatly in Oklahoma and Texas, the westernmost states in the 
region. From the standpoint of the potential of hedging in vertical coordi
nation arrangements, the lack of futures-contract delivery points in the 
region is an important factor. None of the delivery points for live hogs is 
located in the region. No delivery point for Choice steers was located in 
the region until August, 1971 when Guymon, Oklahoma, was so desig
nated. The fact that most of the Southern region is remote from contract 
delivery points means that location-basis variability is an important factor 
in assessing the potential of hedging in vertical coordination arrangements. 
The objective of this study has, therefore, been to measure location-basis 
variability in Southern markets, and to assess the effects of this variability 
on hedging. 

The basic procedure of this study has been to generate measures of 
hedging-revenue variability for Southern markets and to compare them 
with similarly generated measures for a central futures-contract delivery 
market. Revenue variabilities were compared to test the hypothesis of no 
difference in variability among markets against the hypothesis that dif
ferences existed. These were one-sided tests, since if location basis exists, 
it will result in higher variabilities in the distant markets. Similar tests 
were conducted to measure the location effect on other aspects of hedging 
performance. The point of view taken in the research has been that of 
livestock producers. That is, the hedges that have been postulated have 
been short hedges intended to avert the risk of price declines on inventories 
of livestock on feed, and the timing of hedges has been tailored to fit 
various feeding situations. Thus formulated, the analyses do not represent 
the situation of long hedgers, although the outcome of a long hedge is 
the negative of a short hedge with the same timing so that where variance 
is used as the measure of variability, the measures will be the same. How
ever, the timings of the hedges are not likely to be the same. A long hedger 
can be envisioned as a packer seeking to avert the risk-of-price increases 
on forward sales commitments. The timing of such hedges is not likely 
to be the same as for short hedgers. 

For the markets, study period, and hedging systems used in this study, 
no significant effects of location-basis variability were found for slaughter 
hogs. However, and again with the same qualifications, significant effects 
were found for fed cattle in the South and the Southern Plains. 
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THEORETICAL ISSUES 

Location-basis variability can be defined as: the distortion in hedging re
sults that occurs by virtue of the hedger's location at some point distant 
from a futures-contract delivery point market. Location basis is unhedge-
able. At the same time, variation in location basis does not necessarily 
exist and if so, has its origin in the state of spatial competition in a geo
graphically dispersed market for the commodity in question rather than 
in the futures market for that commodity. In a perfectly competitive spa
tial market, with free trade, perfect knowledge, large numbers of buyers 
and sellers, and so on, price differences between any two points cannot 
exceed the transfer cost between them in the short run (Bressler and King, 
1970). In the long run, entry, exit, and resource revaluation will cause 
price differences to just equal transfer costs. Short run or long run, the 
perfectly competitive spatial market implies a stable configuration of price 
differentials among points in a geographic market — otherwise known as 
a price surface. Fluctuations in demand or supply at various points in the 
market cause fluctuations in price which are reflected evenly across the 
price surface, leaving the transfer-cost generated gradient of the surface 
unchanged. At the limit, only changes in transfer costs themselves can 
change the price-surface gradient. 

Stability of the price surface for a commodity has two implications of 
interest in an analysis of hedging in a spatial market. First, the stability 
of the surface itself suggests predictability. If prices at points A and B 
bear a certain relationship to one another at one point in time, the same 
relationship can be safely predicted to hold in the future, given only that 
transfer costs remain constant. While the absolute level of future prices 
at A and B may be very unpredictable, the relationship between them is 
nearly perfectly predictable. The other implication is that prices at points 
A and B will be perfectly correlated. Thus, where price changes are linear 
(measured in dollars and cents), price variance will be the same every
where even though means will vary along the price surface. 

In addition, with the perfect correlation among prices, location-basis 
variability will not exist in a perfectly competitive spatial market. This 
can be seen by examining the variance components of a short-revenue 
hedging equation. Omitting brokerage fees, the hedging-revenue function 
is formulated as follows: 

Rijgt = Pigt "T" Hjm Cmt (1) 

where Rijgt is hedging revenue in market region i, hedge length ;', for 
commodity grade g which is sold on date t; Pigt is the cash price at market 
i for grade g on date t; H3m is the futures contract price in which the hedge 
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was placed on a date specified by hedge length ; in the contract maturing 
in period m; and Cmt is the price at which the contract was repurchased 
on date t. All variables are measured in the units appropriate to the com
modity. For livestock, this is dollars per hundredweight. 

Mean and Variance of Hedging Revenue 

Consider the mean and variance of hedging revenue over a period in 
which contract m is the nearby futures contract. Mean hedging revenue 
will be the algebraic sum of the means of the prices in Equation 1. 
That is: 

Rijg = Pig + Hjm Cm, t'= 1, 2 , . . . T, (2) 

where T is the total number of sales dates for which contract m is the 
nearby contract. At the limit, T is infinitely large, since sales can con
ceivably be continuous. The realities of marketing institutions, however, 
limit price observations to a daily or weekly basis. Variance of hedging 
revenue is the algebraic sum of the variances and covariances of its com
ponents. The equation is as follows: 

V(Rt„) = V(Pig) •+ V(Hjm) + V(Cm) 4- 2CV(Pig,Hjm) 
- 2CV(Pig, Cm) - 2CV(Hjm, Cm), t = 1, 2 , . . . T, (3) 

where V stands for variance and CV stands for covariance. This variance 
equation stands for any given market region i. For the location-basis vari
able to be nonexistent in a perfectly competitive spatial market, the vari
ances in any two market regions must be equal. This can be shown by 
decomposing the covariance terms in Equation 3 in light of the previous 
conclusions about spatial price relationships, viz., prices along the price 
surface are perfectly correlated and have equal variance. 

The covariance between any two variables (say 1 and 2) can be de
composed as follows: 

CV(1,2) = r(l,2)V(l)V(2), (4) 

where r ( l , 2) is the correlation coefficient between the variables and V(l) 
and V(2) are their respective standard deviations. In addition, if 

r ( l , 2 ) = l , (5) 

and r(l,x) = y, (6) 

then r(2, x) = y 

also, where x is any variable and y is any value that the correlation coeffi
cient can assume, from — 1 to 4-1. 

Let 1 and 2 above stand for two market regions in which hedging has 
taken place over the same market period T for the same commodity grade 
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g. When inspecting hedging-revenue variance, Equation 3 in the light of 
the relationships developed in Equations 4, 5, and 6, Market 1 can be 
substituted for Market 2, and vice versa, in every term in which they occur 
with no change in value. Each component of variance in one market 
equals the corresponding term in the other. Thus, in a perfectly competi
tive spatial market, hedging-revenue variances will be the same every
where and location-basis variability, in the sense of a dispersion of hedging 
results from one area to another, will be nonexistent. This is so, even 
though mean hedging revenues will vary from area to area along the 
price-surface gradient. 

Imperfect Spatial Competition 

In the real world, knowledge is imperfect, requisite large numbers of 
buyers and sellers are not present in all areas, rigidities in commodity 
transport exist, and quality differences represented by commodity grades 
are not perceived in the same way at all places and times. Leads and lags 
in price adjustments among markets can exist. Under these conditions of 
imperfect spatial competition, location-basis variability may occur. With 
less than perfect correlations between futures contract-delivery markets 
and distant markets, and possibly different variances as well, hedging-
revenue variances may be higher in distant markets than at the contract-
delivery market; however, this is an empirical question. The existence of 
significant location-basis variability cannot be inferred a priori from an 
imperfect state of spatial competition. The question of how much imper
fection there is must be addressed. 

Alternative Measures of Location-Basis Variability 

The foregoing discussion leads to two alternative measures of location-
basis variability: first, comparisons of cash-market correlation coefficients 
between contract-delivery markets and distant markets; and second, com
parison of hedging-revenue variances through estimates of Equation 3 for 
various markets. The latter procedure was chosen for purposes of this 
study. A comparison of cash-market correlations has the virtue of sim
plicity, but would not capture the time dimension of hedging. Equation 3 
shows that hedging-revenue variance is affected by the relationship be
tween cash and futures prices at two different points in time. Covariance 
terms relate local price to the futures price at which the hedge is placed, 
and to the futures price at which the hedge is lifted or covered. A con
temporaneous correlation between local cash prices and cash prices in the 
delivery market would ignore the lagged relationship, and a lagged corre-
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lation would ignore the contemporaneous relationship. For these reasons, 
a direct comparison of variances seems the better of these alternatives. 

A third analytical alternative exists, which is to use a portfolio-type 
procedure of the sort suggested by Ward and Fletcher (1971), and applied 
empirically by Heifner (1969), and Holland, Purcell, and Hague (1972). 
Work on optimal and minimum-risk hedging strategies is certainly neces
sary, and location-basis variability analysis of the type implied by the 
second alternative, is no substitute for microanalysis of hedging for local 
markets. However, data problems crop up when portfolio-type analyses 
are applied for interregional comparisons of the sort that have been the 
objective of this study. This type of analysis requires knowledge of the 
production function for feeding in each area of application. As Ehrich 
(1969) points out, available (secondary) cost data may not represent the 
minimum-cost situation for a region. Also, the upgrading of livestock 
while on feed introduces a bias unless the degree of upgrading is known 
and taken into account. Thus, intimate knowledge of local conditions is 
necessary for the successful application of a portfolio-type procedure. 
Under these circumstances, the simpler model, which is specifically di
rected toward measurement of location-basis variability without at the 
same time trying to solve hedging management problems in a number of 
regions, was adopted. 

Hedging Error and Bias 

The analytical procedure suggested by Equations 1, 2, and 3, has some 
capabilities beyond the measurement of location-basis variability. The 
procedure has some capacity for measurement and analysis of what 
is referred to in this report as hedging error, and of the more familiar 
subject of futures price bias. Hedging error is essentially an ex ante con
cept that evaluates the outcome of a hedge from the point of view of 
expectations at the time the hedge was placed, and is closely related to 
the textbook concept of the perfect hedge. Bias takes an ex post view of 
the outcome of a hedge and is essentially a comparison of hedging revenue 
with the revenue that would have been received had hedging not been 
undertaken. 

In the familiar example of the perfect hedge, the commodity in ques
tion is sold short, convergence between cash and futures prices in the 
delivery month are exact, and the commodity is sold and the contract is 
covered to achieve an outcome just equal to the price at which the com
modity was sold short. Two modifications to the perfect hedge concept 
are necessary. First, there is the implicit assumption that the expected 
revenue equals the sale price. This not only implies location at the par 
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delivery point, but also implies that the hedger has no price expectations 
of his own other than what is reflected in the futures price. As Hieronymus 
(1971) indicated, hedging is performed with some price expectation in 
mind, otherwise known as basis trading. The second modification is that 
convergence between cash and futures prices is seldom exact, nor do the 
price changes in the two markets necessarily exactly parallel each other. 
Futures prices in the nearby contract and cash prices will be highly, but 
not perfectly, correlated. 

Basis expectation can be quantified in the following manner: 

E(Rijgt) — Hjm 4- Zigt, (7) 

where E(Rijgt) is expected hedging revenue; Hjm is the hedging price as 
previously defined; and Zigt is the basis differential which relates the fu
tures price to the hedger's own situation. The basis differential has spatial, 
grade, and time dimensions, and may also reflect the hedger's own price 
forecast. Expected hedging revenue, therefore, contains an objective com
ponent (the futures contract price) and a subjective component (the 
hedger's estimate of the basis differential). 

Hedging error is defined as the difference between received and ex
pected hedging revenue, or: 

Uigt = Rijgt ~ E(Rijgt) . (8) 

Substituting Equations 1 and 7 into Equation 8, the hedging-error func
tion reduces to : 

Uigt — Pigt C m ( Zigt- (") 

Note that length of hedge does not affect hedging error. Hedging error, 
as expressed in Equation 9, is composed of the realized basis (Pigt ~ Cmt) 
less the anticipated basis Zigt. In the par delivery market, realized basis 
will be zero for the delivery grade if convergence is exact. This meets the 
condition for a perfect hedge, so hedging error will be zero if the antici
pated basis was also zero. For nonconvergence and for other cash markets, 
realized basis will be different from zero, but hedging error may or may 
not be zero, depending on the level of the anticipated basis. 

Thus, hedging error cannot be estimated in its entirety without knowl
edge of the anticipated basis. Since anticipated basis is fundamentally in 
the mind of the hedger, it cannot be estimated except on a case-by-case 
basis. However, the realized-basis component can be estimated from mar
ket data. Estimates of this component are useful in that they give a mea
sure of the error against which a hedger must work in his particular 
market. The realized-basis component of hedging error will be referred 
to as U'igt and is: 

U'igt — Pigt Cmt (10) 
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with variance, 

V(U\g) = V(Pi0) ,+ V(Cm) -2CV(Pig,Cm),t =l,2,...T. (11) 

A comparison of Equations 11 and 3 shows that realized-basis variance is 
a major component of hedging-revenue variance and that both can be 
expected to be affected by location. 

The role of the individual in anticipating basis change is an intriguing 
aspect of the hedging-error function. Equation 9 shows that hedging 
error will always be zero if the anticipated basis is of an appropriate value. 
Tha t is, a really clever forecaster can overcome the difficulties imposed by 
imperfect convergence, location, and grade-basis variability, at least in 
principle. Of course, the ability of our hypothetical clever forecaster to 
know fairly precisely the outcome of a hedge does not mean that he will 
necessarily place that hedge, which brings us to the bias. 

Bias is usually defined as the persistent deviation of futures prices at 
different points in time. A downward bias is said to exist when prices 
persistently tend to rise over the life of a contract; upward bias is the 
reverse of this. Bias can also be approached from the point of view of the 
hedger. In this case, an ex post evaluation of hedging results compares 
hedging revenue with the revenue that would have been received without 
hedging. In the context of the price models developed here, this is: 

Bjgt = Rijgt — Pigt, (12) 

where Bjgt is the measure of bias. Substituting Equation 1 into Equation 
12 reduces the bias equation to the difference between futures prices; 
that is, 

Bjgt = Hjm Cmt. (13) 

Note that bias is not affected by location. Bias, if present in a futures 
market, affects hedgers in all locations equally. 

Summary: Theoretical Issues 

Three measures of hedging effectiveness have been developed in this sec
tion: first, hedging-revenue variance, the measure of primary interest in 
the empirical portion of the study, has been argued to be the same every
where in a perfectly competitive spatial market. However, market imper
fections may give rise to locational differences. Other things remaining 
equal, if hedging-revenue variances differ significantly among locations, 
location-basis variability can be said to be present. Obviously, the various 
cash-market price variances must be among the things remaining equal. 

The second measure of effectiveness developed is hedging error, where 
expected hedging revenue is taken as the basis of comparison. While not 
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observable in its entirety, hedging error's realized-basis component can be 
measured from market data. Since location enters into the realized-basis 
component, variance may differ by location. 

Third, the concept of basis was examined, only to find that location is 
not a factor. Bias, therefore, lies outside the scope of this study. 

LOCATION-BASIS VARIABILITY FOR SLAUGHTER HOGS 

Three preconceived ideas were carried into the research on location-basis 
variability for slaughter hogs. First, daily price observations would have 
to be the data base if useful measurements were to be obtained, because 
of the frequency of price changes for hogs. Lags in price change between 
markets, which might be apparent in daily data, might well be covered 
up in weekly averages. Second, the market data used should be available 
and familiar to farmers, to whom the results will eventually be transmitted 
in one form or another. For this reason, Omaha was chosen as the refer
ence delivery point market over Peoria, Illinois, which is the par delivery 
market. During this study, Omaha prices seemed more available to south
ern producers, at least through the newspapers, than Peoria prices. Third, 
the study was restricted to 1971 because of the illiquidity of the live-hog 
futures market until the last few years, and due to the large amounts of 
data to be handled when working with multiple markets on a daily basis. 

Markets and Grades Selected 

Three Southern hog markets were selected for use in the study: the west
ern Kentucky (purchase area) buying stations; the Southeast direct mar
ket (southwestern Georgia and adjacent areas of Alabama and Florida); 
and the North Carolina auctions. By southern standards, these are regions 
of concentrated slaughter-hog production and marketing. Their markets 
also have the virtue of having daily price reports made for them. Prices 
in Kentucky, the Southeast market, and at Omaha were reported on the 
basis of USDA grades. Delivery specifications for the live-hog contract 
are also on the basis of USDA grades. Prices for North Carolina, however, 
were reported on the basis of a state grade, called "North Carolina Top 
Hog." Prices were not reported for any lower grades in North Carolina. 
While a state grade does not necessarily conform to U.S. grade standards, 
"North Carolina Top Hogs" are reported to be essentially comparable to 
U.S. l's and 2's weighing 200 to 220 pounds (Holland, Purcell, and 
Hague, 1972). 

Hedging Systems 

Two hog production and marketing systems were postulated for purposes 
of calculating hedging results. The systems differ by the length of run 
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of the hedge. The longer-run system was a farrow-finish system, in which 
a hedge was placed when pigs were farrowed and lifted 174 days later 
when the finished hogs were assumed to be marketed. The second system 
was envisioned as a specialized feeding enterprise in which 50-pound 
feeder pigs are fed to market weight. The hedge was assumed to be placed 
at the time the feeder pigs were purchased and lifted 106 days later when 
the finished hogs were marketed. The lengths of the hedges, 174 and 106 
days respectively, were derived from National Research Council growth-
rate standards and expected lengths of time necessary to achieve a market 
weight of 225 pounds (National Research Council, 1970). Variation 
around the mean growth rate would cause a dispersion of weights and 
grades around this mean weight so that individual lots of hogs might fall 
into any of the reported grade and weight ranges. 

Method of Calculation 

Hedging revenues were calculated for the two hedging systems for each 
reported grade in the selected markets for 1971. Equation 1 describes the 
calculation process employed. Calculation was oriented on the marketing 
date, with hedges placed 174 and 106 days prior to that date. If any 
indicated hedging date fell on a weekend or holiday, the hedge was placed 
on the next available date on which hog futures contracts were traded. 
Hedges were assumed to be lifted on the same day hogs were marketed, 
or on the next available date in the few cases where holidays did not 
coincide. 

Marketings which took place in a contract-delivery month were as
sumed to be hedged in that contract up to the 15th of the month. Market
ings which took place after the 15th were assumed to be hedged in the 
next contract, as were marketings in noncontract months. That is, market
ings for January, 1971, and for February, through the 15th, were assumed 
to be hedged in the February contract. Marketings for February 16, 
through April 15, were hedged in the April contract, and so on. The 15th 
of a contract month was used as the cutoff point rather than the 20th, 
when contracts normally expire, in order to avoid liquidity problems which 
might arise nearer the expiration date. 

Daily closing prices of futures contracts and the midpoints of daily 
trading ranges reported for cash-market hogs were the prices used in the 
calculations. Means, variances, and covariance components for hedging 
revenues, and realized-hedging errors were calculated according to Equa
tions 1 and 10 respectively. These statistics were adjusted for missing cash-
price data. No attempt was made to interpolate missing data from nearby 
prices. 
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Results 

Hedging-revenue results are summarized in Table 1. 
Reported grade and weight ranges are not uniform among markets. 

The lightest-weight, highest-grade range reported in the Kentucky market 
is the same as the mediumweight, medium-grade range at Omaha. Also, 
the weight ranges in the Southeast market are somewhat larger than at 
Omaha. This raises a question of differences in variances of cash prices 
between markets, which can be answered empirically. Inequality of vari
ances can occur because of differences in market level; that is, between 
auctions, terminals, and so forth. However, the perfectly competitive spa
tial market model discussed previously would suggest equal variances. 
Differences in market level cause differences in exchange costs which, like 
transfer costs, will be reflected in price differentials. 

With respect to location-basis variability, the focus of attention is on the 
variances presented in Table 1. To review the conditions of the hypothesis 
of location-basis variability, if hedging-revenue variances can be shown to 
be unequal, then location-basis variability is presumed to be present. Bart-
lett's test of equality of variances has been used to test the null hypothesis 
of equality in cash-market price variances and in hedging-revenue vari
ances. Results of these tests are presented in Table 2. 

The figures shown in the top portion of Table 2 are the Bartlett's test 
statistics for equality of variances of the variables shown on the rows for 
the grade and weight classes shown in the columns. The figures in the 
lower portion of the table show the critical values of F against which the 
test values should be compared. F-ratios greater than the critical values 
indicate significant differences among the variances compared in the test. 
No test statistic exceeds its critical value. Cash-price variances within 
grades, and hedging-revenue variances are not significantly different from 
one another. This means that there is no indication of significant location-
basis variability. Of course, the test that was employed called for identical 
grades in all markets. This was not possible, but the wider reporting ranges 
in the Southern markets would, if anything, increase variance differences 
with respect to Omaha so that the test results are strengthened rather than 
weakened by the reporting differences. 

The implications of the results of the variance tests are fairly clear. 
Location-basis variability was not a significant factor for Southern market 
hedgers in 1971. As far as basis was concerned, they could hedge as effec
tively as their colleagues in the Omaha area. As shown by the hedging-
revenue means in Table 1, mean revenues were less in the Southern mar
kets, but so were cash-market means. Mean hedging revenues corre
sponded to the spatial price surface. 
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TABLE 1 
HOG PRICE AND HEDGING-REVENUE SUMMARY STATISTICS 

BY GRADE, FOUR MARKETS, 1971 

Market/Grade 

Omaha terminal 
market 

(252 observations) 
U.S. 1-2 
(200-220 pounds) 
U.S. 1-3 
(200-240 pounds) 
U.S. 2-4 
(240-270 pounds)-

Kentucky buying 
stationsb 

(254 observations) 
U.S. 1-3 
(200-240 pounds) 
U.S. 2-1 
(190-240 pounds) 
U.S. 2-4 
(240-260 pounds) 

Southeast direct 
(251 observations) 

U.S. 1-2 
(200-230 pounds) 
U.S. 2-3 
(190-240 pounds) 
U.S. 2-4 
(240-270 pounds) 

North Carolina 
auctions 

(242 observations) 
North Carolina 

top hog 

Cash Market 
Price" 

Mean 

19.31 

19.03 

18.36 

18.56 

18.14 

17.73 

18.46 

17.83 

17.33 

17.96 

Variance 

2.39 

2.45 

2.45 

2.72 

2.79 

2.85 

2.52 

2.62 

2.66 

2.71 

Hedging 

Farrow-Finish 

Mean Variance 

20.36 

20.09 

19.41 

19.61 

19.20 

18.79 

19.51 

18.88 

18.39 

19.03 

2.57 

2.61 

3.01 

2.83 

2.88 

2.89 

2.97 

3.06 

3.10 

2.98 

Revenue8 

Feeder-

Mean 

19.25 

18.97 

18.29 

18.48 

18.07 

17.66 

18.41 

17.77 

17.28 

17.91 

Pig-Finish 

Variance 

4.58 

4.78 

5.20 

4.77 

4.81 

4.84 

4.81 

4.88 

4.90 

4.79 
a Dollars per cwt. 
» A fourth grade of heavy hogs is reported for Kentucky but not included here. 
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TABLE 2 
BARTLETT'S TEST OF EQUALITY OF VARIANCE OF CASH HOG PRICES 

AND HEDGING REVENUES BY GRADE, FOUR MARKETS, 1971" 

Test Item 

Cash prices 
Farrow-finish hedging system 
Feeder-pig-finish 

hedging system 

F.05(3,oo) 

F.05(2,oo) 

Lightweight, 
High-Grade 

Hogs 

1.60 
1.06 

0.31 

2.60 

Mediumweight, 
Medium-Grade 

Hogs 

(F-ratios) 
0.54 
0.80 

1.05 

Critical values 

2.99 

Heavyweight, 
Low-Grade 

Hogs 

0.70 
0.17 

0.19 

2.99 
a The procedure for Bartlett's test of equality of variances is summarized in Ward and Fletcher 
(1971). 

Inspection of the variances of the two hedging systems shows that timing 
of the hedge had a great effect on the variability of results. Location, how
ever, had no bearing. 

A question does arise about the effectiveness of hedging in any location 
when hedging-revenue variances are compared to corresponding cash-
market variances. Variances tend to be slightly larger for the farrow-
finish hedging system and considerably larger for the feeder-pig-finish 
system. However, such comparisons are implicitly ex post in nature. As 
previously pointed out, hedging effectiveness also needs to be evaluated 
ex ante, from the point of view of the expectations held at the time hedges 
were placed. The realized-basis component of hedging error provides a 
partial measure of ex ante hedging effectiveness. Data for this component 
are presented in Table 3. 

The means of the realized-basis statistics of Table 3 primarily reflect 
spatial differentials and are of little concern here. Comparing variances 
in Table 3 with the corresponding values in Table 1, note that variances 
of realized basis were substantially less than hedging-revenue variances, 
and they were substantially less than corresponding cash-market price 
variances. They, too, showed no location effect. While total hedging-error 
variances may have differed from realized-basis variances, depending on 
the skills of the hedgers who might have been in the market in 1971, the 
data indicate that price risk from the ex ante point of view could have 
been shifted away from hog producers in 1971. In summary, hedging of 
slaughter hogs in 1971 appeared to have been effective ex ante but ineffec-
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tive from the ex post point of view. In any case, location-basis variability 
did not appear to be present. 

LOCATION-BASIS VARIABILITY FOR FED CATTLE 

Somewhat different problems are confronted when analyzing location-
basis variability for fed cattle as opposed to hogs. In the first place, the 
frequency of price change is much less for cattle. Weekly prices were 
considered adequate to capture the detail of price change for fed cattle, 
where daily prices were employed for hogs. Consequently, a longer time 
span was covered, but this was offset by a profusion of feeding systems. 
Eleven different lengths of hedge were required for four sex-grade com
binations. In addition to these factors, a structural change took place in 
the Choice steer futures contract during the study period. The par delivery 
point was shifted and a discount delivery point was established in one of 
the distant markets under study. 

TABLE 3 
REALIZED-BASIS STATISTICS FOR HEDGING REVENUES BY GRADE, FOUR MARKETS, 1971 

Market/Grade 

Omaha terminal market 
U.S. 1-2 
(200-220 pounds) 
U.S. 1-3 
(200-240 pounds) 
U.S. 2-4 
(240-270 pounds) 

Kentucky buying stations 
U.S. 1-3 
(200-240 pounds) 
U.S. 2-4 
(190-240 pounds) 
U.S. 2-A 
(240-260 pounds) 

Southeast direct 
U.S. 1-2 
(200-230 pounds) 
U.S. 2-3 
(190-240 pounds) 
U.S. 2-4 
(240-270 pounds) 

North Carolina auctions 
North Carolina top hog 

(Dollars 
Mean 

- 0 . 7 8 

- 1 . 0 5 

- 1 . 7 3 

- 1 . 5 2 

- 1 . 9 4 

- 2 . 3 5 

- 1 . 6 1 

- 2 . 2 5 

- 2 . 7 4 

- 2 . 1 1 

ser cwt.) 
Variance 

1.48 

1.53 

1.85 

1.49 

1.48 

1.44 

1.45 

1.46 

1.47 

1.47 
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Markets, Grades, and Study Period 

Market selection was guided by location of cattle feeding within the South
ern region and by accompanying availability of price reports. Three mar
kets were selected: Kentucky, Georgia, and the Southern Plains area of 
Texas and Oklahoma. Omaha was selected as the reference delivery-
point market. Prices in Kentucky and at Omaha were reported on the 
basis of terminal market sales. Prices in the Georgia region (reported 
from Thomasville) were on a direct, at-plant basis for Choice steers and 
from auction sales for other grade-sex combinations. Prices in the South
ern Plains region were reported F.O.B. feedlots, assuming a 4 percent 
shrink. Four grade-sex combinations were reported from all markets: 
Choice steers, Good steers, Choice heifers, and Good heifers. Where dif
ferent weight ranges were reported for the same grade of cattle, as was 
the case for Choice steers in the Southern Plains, prices for the lighter 
weight range were used. 

The study period selected was January, 1969, through June, 1972, a 
total of 21 successive contract periods. This time span encompassed a 
structural change in the Choice-cattle futures contract. With the August, 
1971 contract, the par delivery point was shifted to Omaha. Prior to that, 
Omaha had been a delivery point, but at a 75 cents per hundredweight 
discount. At the same time, Guymon, Oklahoma, which is in the Southern 
Plains area, was designated a delivery point at a $1 per hundredweight 
discount. The discontinuity in hedging results caused by the structural 
changes was taken into account by shifting the time focus of the study to 
a contract-period basis and using pooled within-contract variances for 
purposes of hypothesis testing. The Southern Plains area was treated as a 
distant market throughout the study period despite the establishment of 
a delivery point there. Justification for this lay in the fact that the delivery 
point was in effect only for the last six contracts and because, as shown 
by Crow, Riley, and Purcell (1972), the delivery discount appears to be 
so unrealistically large as to render the point ineffective. 

Hedging periods were derived from postulated feeding systems which 
were differentiated by sex, grade, and breed of feeder cattle. Times on 
feed were derived for these different types both as weaned calves and as 
backgrounded yearlings from National Research Council rate-of-gain stan
dards. Hedging periods were assumed to be equal to times on feed. That 
is, hedges were assumed to be placed in the week cattle were placed on 
feed and lifted the week they attained target finishing weights. These data 
are summarized in Table 4. 

Hedging revenues were calculated according to Equation 1 for all the 
grade-sex-hedge length combinations shown in Table 4. Hedging-revenue 
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variances were calculated according to Equation 3. Moments were taken 
about individual contract means. Variances were then pooled for the 21 
contracts represented in the data. This procedure avoided any difficulties 
that might have arisen from the structural shift in the futures contract. 
This procedure also served to focus on the variability within contracts, 
which is the relevant component for location-basis analysis. Due to the 
wide range of cattle prices during the study period, taking moments about 
the overall mean would have included among-contract variances so large 
as to mask the within-contract components. 

Procedures used to calculate hedging revenues were similar to those 
used for hogs. Marketings in the contract month were assumed to be 
hedged in that contract up to the week containing the 20th of the month 
(the expiration date) and in the succeeding contract thereafter. Market
ings in months without contracts were hedged in the nearby contract. 
Thus, hedges were placed in each contract for a two-month period. 

Results 

Summary statistics for fed-cattle hedging revenues are presented in Table 
5. The cash-market and hedging-revenue means presented are overall 
means, while the variances are pooled within-contract variances. The 
number of weeks of observations is also included. No attempt was made 
to interpolate for missing prices. Missing prices were especially trouble
some for the Georgia market, where quantities of cattle offered were often 
considered too small to establish a meaningful price. Even so, sufficient 
observations were available to estimate variances for every contract except 
the December, 1970 contract for Choice heifers in Georgia. 

As in the case of hogs, location-basis variability is presumed to be sig
nificant if the hypothesis of equality of hedging-revenue variances for a 
specific grade and length of hedge is rejected, given that cash-market price 
variances among markets are equal. Bartlett's test of equality of variances 
was first applied to cash-market prices. If the hypothesis of equality of 
cash-market price variances was accepted for a given grade of fed cattle, 
tests of equality of variances were then performed for the hedges postu
lated for the grade. On the other hand, rejection of the hypothesis of 
equality of cash-market price variances halted the test procedure. If cash-
price variances are not equal for a particular grade, nothing definite can 
be said about the relationships among hedging-revenue variances. Results 
of this analysis are summarized in Table 6. The hypothesis of equality of 
cash-market price variances could be accepted only for Choice steers. 
F-ratios for the other grades were beyond the critical limits of the F-dis-
tribution test statistic. Thus, for fed cattle other than Choice steers, the 
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TABLE 5 
SUMMARY STATISTICS FOR FED-CATTLE HEDGING REVENUES 

FOUR MARKETS, JANUARY, 1969 —JUNE, 1972 

Prices, Hedging 
Revenues 

Choice steers 

Number of weeks 
Cash price 

Mean 
Variance 

31-week hedge 
Mean 
Variance 

30-week hedge 
Mean 
Variance 

25-week hedge 
Mean 
Variance 

Good steers 

Number of weeks 
Cash price 

Mean 
Variance 

29-week hedge 
Mean 
Variance 

27-week hedge 
Mean 
Variance 

25-week hedge 
Mean 
Variance 

22-week hedge 
Mean 
Variance 

Choice heifers 

Number of weeks 
Cash price 

Mean 
Variance 

19-week hedge 
Mean 
Variance 

16-week hedge 
Mean 
Variance 

Omaha 

178 

31.13 
.73 

28.62 
.39 

28.65 
.41 

28.84 
.47 

181 

28.68 
.57 

26.24 
.37 

26.32 
.40 

26.39 
.41 

26.56 
.45 

181 

30.23 
.77 

28.31 
.65 

28.52 
.61 

Kentucky 

(Dollars 

181 

31.12 
.87 

28.59 
.62 

28.63 
.60 

28.83 
.67 

181 

28.21 
1.00 

25.76 
1.04 

25.84 
1.02 

25.92 
1.00 

26.08 
1.15 

179 

30.23 
.81 

28.29 
.71 

28.51 
.67 

Georgia 

per cwt.) 

159 

31.75 
.76 

29.11 
.63 

29.15 
.67 

29.37 
.80 

171 

28.71 
.31 

26.19 
.57 

26.29 
.63 

26.38 
.61 

26.54 
.74 

133 

30.14 
.49 

27.81 
.99 

28.05 
.84 

Southern 
Plains 

179 

31.01 
.94 

28.45 
.59 

28.49 
.58 

28.68 
.64 

177 

29.08 
.63 

26.64 
.43 

26.73 
.47 

26.81 
.45 

26.98 
.44 

180 

29.66 
.68 

27.73 
.63 

27.94 
.65 
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TABLE 5 (cont.) 

Prices, Hedging 
Revenues 

Good heifers 

Number of weeks 
Cash price 

Mean 
Variance 

21-week hedge 
Mean 
Variance 

17-week hedge 
Mean 
Variance 

13-week hedge 
Mean 
Variance 

Omaha 

180 

27.56 
.57 

25.51 
.48 

25.80 
.61 

26.08 
.56 

Kentucky 

(Dollars 

181 

27.04 
.90 

24.98 
.90 

25.27 
.97 

25.55 
.90 

Georgia 

per cwt.) 

173 

27.40 
.29 

25.30 
.79 

25.58 
.72 

25.88 
.67 

Southern 
Plains 

170 

28.38 
.58 

26.33 
.54 

26.61 
.62 

26.88 
.66 

analytical procedure breaks down. Tests of hedging-revenue variances 
were therefore performed only for hedges postulated for Choice steers. 
As indicated in Table 6, F-ratios for these tests were significant, indicating 
differences in hedging-revenue variances among markets. 

These results appear discouraging from the standpoint of hedging in 
the South and Southern Plains. A basis for hedging seems to exist in 
Choice steers, which is the most important class of fed cattle and is also 
the deliverable grade for the futures contract. Cash-market price variances 
appear to be equal, which is in conformity with the theoretical prerequisite 
for hedging in distant locations, a spatially competitive market. However, 
as was mentioned before, lags in price adjustment among market locations, 
which do not necessarily show up in cash-price variances, will show up in 

TABLE 6 
BARTLETT'S TEST OF EQUALITY OF VARIANCES OF FED-CATTLE PRICES AND HEDGING 

REVENUES, BY GRADE, FOUR MARKETS, JANUARY, 1969 TO JUNE, 1972 

Test Item 

Cash prices 
31-week 
30-week 
25-week 

Choice 
Steers 

1.10 
3.89" 
3.28" 
3.63" 

Good Choice 
Steers Heifers 

(F-ratios) 
16.85a 2.94a 

Good 
Heifers 

15.61" 

• Indicates significance at 5-percent level. The critical value of F.oo(3, co) is 2.60. 
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hedging-revenue variances where timing of price change is more critical 
to the outcome. Such conditions apparently exist in the market for Choice 
steers, since hedging revenues are significantly different from one another. 
For the other sex-grade combinations, even the more gross aspects of the 
underlying requirement for spatial competition are not met. The inequality 
of cash-market price variances for the markets as a whole, would seem to 
negate the possibility of hedging in distant markets on equal terms with 
the contract-delivery market. 

Further Tests 

The analysis leaves several questions: first, tests of equality of variances 
test the hypothesis that all the variances being examined are equal. Re
jection of the hypothesis leaves open the possibility that a subset of mar
kets have equal variances. Thus, especially important is the conclusion of 
significant location-basis variability for Choice steers in the Southern 
Plains region, since this is the most important of the regions being studied. 
Individual F-ratio tests would seem to be called for to examine this ques
tion. A second question to be explored is an alternative to the test for 
location-basis variability as conceived so far. It can be argued that hedg
ing is a viable procedure if it succeeds in shifting price risk away from the 
hedger, even if hedging is more effective in some other market area. This 
approach calls for ex post and ex ante comparisons of hedging results with 
price variances in individual markets. 

Table 7 presents individual F-ratio tests for Choice steers. These tests 
indicate the significance of differences of price- and hedging-revenue vari
ances in the Southern and Southern Plains markets relative to Omaha. 
The F-ratios in the first row of the table indicate no significant differences 
in cash-market price variances, although the ratio for the Southern Plains 

TABLE 7 
INDIVIDUAL F-RATIOS OF CASH PRICE AND HEDGING-REVENUE VARIANCES FOR CHOICE 

STEERS IN THREE MARKETS COMPARED TO OMAHA, JANUARY, 1969 TO JUNE, 1972* 

Test Item 

Cash price 
31-week hedge 
30-week hedge 
25-week hedge 

Kentucky 

1.20 
1.59b 

1.47b 

1.45b 

Georgia 

(F-ratios) 
1.03 
1.61b 

1.64b 

1.71b 

Southern Plains 

1.29 
1.52" 
1.42b 

1.36b 

a Source: Table 5. The test statistic is F = Var (i)/Var (Omaha) for price and revenue variances. 
The critical value of F is approximately 1.33 at the 5-percent significance level for Kentucky and 
the Southern Plains and 1.35 for Georgia. 
b Indicates significance at the 5-percent level. 

© The Chicago Mercantile Exchange, 1979 
www.cmegroup.com



Location-Basis Variability 191 

market is very close to the critical value of F. Ratios in the next three 
rows of Table 7 test differences between hedging variances. These were 
all significantly greater than comparable variances at Omaha. These re
sults indicate that the conclusions drawn from Table 6 apply to the study 
markets individually as well as in the aggregate. There is, however, a 
tendency for the F-ratios to fall as hedging periods become shorter. The 
question of location-basis variability for even shorter hedging periods will 
be considered later in this report. 

Table 8 presents individual F-ratio tests for comparisons between the 
Southern Plains market and Omaha for the nondeliverable grades. Table 
8 shows that cash-price variances are not significantly different, nor are 
any of the hedging-revenue variances significantly different between these 
two markets. As will be shown later, grade-basis variability renders these 
hedges less effective than Choice steer hedges. Still unclear is whether 
grade-basis variability is masking location-basis variability through an 
interaction effect or if, in fact, location basis is only significant for Choice 
steers in the Southern Plains market. 

Table 9 provides an alternative set of measurements of hedging effec
tiveness. In Table 8, hedging-revenue variances are expressed as percent
ages of cash-price variances for the indicated grade and sex at each mar
ket. Thus, the lower the index or percentage, the greater is the reduction 
in revenue variance relative to cash marketing. While formally less satis
factory than measurements against pooled among-market variances, these 
indexes do provide some indications of the potential for shifting price 

TABLE 8 
INDIVIDUAL F-RATIOS OF CASH PRICE AND HEDGING-REVENUE VARIANCES 

FOR NONDELIVERABLE GRADES IN THE SOUTHERN PLAINS COMPARED 
TO OMAHA, JANUARY, 1969 —JUNE, 1972" 

Good Choice Good 
Test Item Steers Heifers Heifers 

(F-ratios) 
Cash price 1.10 0.89 1.03 
29-week hedge 1.17 
27-week hedge 1.20 
25-week hedge 1.10 
22-week hedge 1.03 
21-week hedge 111 
19-week hedge 0.97 
17-week hedge 1 • 02 
16-week hedge 1 -06 
13-week hedge 1.19 
1 Source: Table 5. The critical value of F is 1.33 at the 5-percent level of significance. 

© The Chicago Mercantile Exchange, 1979 
www.cmegroup.com



192 SECTION 4: PRICE RELATIONSHIPS 

TABLE 9 
RATIOS OF HEDGING-REVENUE VARIANCES TO CASH-MARKET PRICE VARIANCE, 

FOUR MARKETS, JANUARY, 1969 TO JUNE, 1972 

Hedge Type, 
Length 

Choice steer 

31-week hedge 
30-week hedge 
25-week hedge 

Good steer 

29-week hedge 
2 7-week hedge 
25-week hedge 
22-week hedge 

Choice heifers 

19-week hedge 
16-week hedge 

Good heifers 

21-week hedge 
17-week hedge 
13-week hedge 

Omaha Kentucky Georgia 

(Percentage of cash-market price 

53 
56 
64 

64 
69 
73 
78 

84 
79 

85 
107 
98 

70 
69 
77 

104 
102 
100 
116 

88 
82 

100 
108 
101 

83 
89 

105 

186 
204 
200 
240 

202 
172 

272 
248 
229 

Southern 
Plains 

variance) 

63 
62 
67 

68 
75 
72 
69 

92 
95 

92 
106 
113 

SOURCE: Table 5. 

risk at these markets. The indexes for Choice steers show that hedging is 
more effective at Omaha, although there seems to be some convergence 
of results at Omaha and the Southern Plains as hedging periods are short
ened. A similar convergence effect for these markets appears in the indexes 
for good steers. In fact, the index for the 22-week hedge is lower in the 
Southern Plains than at Omaha. Indexes for Choice heifers are lower at 
Omaha than in the Southern Plains, and for Good heifers the indexes 
indicate about equal ineffectiveness. Grade-basis variability is apparent in 
the indexes for both these markets. Index values rise as grade and sex 
diverge from the contract delivery specification of Choice steers. 

Results for Kentucky indicate that hedging is only moderately effective 
for Choice steers, less effective for Choice heifers, but little different from 
Omaha, and ineffective for Good steers and heifers. Results for Georgia 
indicate that hedging is generally ineffective there. However, the explosive 
results for Choice heifers and for Good steers and heifers probably exag
gerate the degree of ineffectiveness. Table 5 shows that price variances 
for these grades were all substantially below comparable variances in other 
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markets. These variances are probably understated and reflect reporting 
procedures used for the auction markets where they were registered. Prices 
were apparently reported on the basis of fairly broad ranges within which 
considerable price variation could take place with no reported price 
change. Since cash-market prices have been measured by their midpoints 
in this study, a change in range had to occur before a price change was 
recorded. Thus, the breadth of reporting range for the Georgia auctions 
caused an underestimate of price variances and a consequent exaggeration 
of the variance ratios. However, the fact that such price ranges can per
sist indicates a tenuous tie with the national market, so that hedging is 
probably ineffective in these grades in any case. Results for Choice steers 
would indicate this. Prices for this grade were reported on a direct basis 
and were much more responsive to national market-price fluctuations. 
Even so, the leads and lags in adjustments of location variability occurred, 
and, as the indexes indicate, hedging of Choice steers was only marginally 
effective for Georgia. 

The hedging effectiveness indexes of Table 9 are essentially ex post in 
nature as they relate hedging results to prices obtained. As has been shown, 
ex ante measures which relate hedging results to expectations are also 
appropriate measures of hedging effectiveness. Table 9 also shows that 
only a portion of this relationship, which was called hedging error, can 
be observed from market data. Quantifiable measures of the component 
(realized basis) were expressed in Equations 10 and 11, and their use has 
been demonstrated in the section on hogs. Realized-basis statistics were 
calculated for fed cattle, and the results are presented in Table 10. 

The realized-basis means presented in Table 10 represent mean differ
ences between cash prices and Choice cattle futures prices for the nearby 
contract. They give some measure of spatial price differentials. However, 
these means are not adjusted for the change in par delivery market. 
Realized-basis variances are pooled within contract variances and are un
affected by the structural change. As before, direct comparisons of vari
ances among markets can be made only where cash-price variances are 
not significantly different among markets. This condition holds only for 
Choice steers. The hypothesis of equality of realized-basis variances for 
Choice steers was rejected, as was the case for Choice steer hedging-reve
nue variances. The two tests should then reach the same conclusion, since 
realized-basis variance is an important component of hedging-revenue 
variance. Variance ratios must be relied upon for comparisons of the 
other grades (see Table 11). 

The variance ratios shown in Table 11 are computed in the same man
ner as the ratios in Table 9, except that realized-basis variances are the 
numerators in these ratios. They are to be interpreted in much the same 
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TABLE 10 
REALIZED-BASIS MEANS AND VARIANCES BY GRADES, FOUR MARKETS, 

JANUARY, 1969 TO JUNE, 1972 

Grade and Class 
of Fed Cattle 

Choice steers 

Mean 
Variance0 

Good steers 

Mean 
Variance 

Choice heifers 

Mean 
Variance 

Good heifers 

Mean 
Variance 

Omaha 

- 0 . 5 2 
.39 

- 2 . 9 6 
.33 

- 1 . 4 2 
.39 

- 4 . 0 5 
.36 

Kentucky 

(Dollars 

- 0 . 5 3 
.56 

- 3 . 4 3 
.95 

- 1 . 4 4 
.50 

- 4 . 6 0 
.73 

Georgia 

per cwt.) 

0.02 
.62 

- 3 . 0 1 
.56 

- 1 . 7 2 
.70 

- 4 . 2 4 
.53 

Southern 
Plains 

- 0 . 6 5 
.51 

- 2 . 5 7 
.35 

- 2 . 0 0 
.46 

- 3 . 1 2 
.43 

» Bartlett's test statistic is 2.95, which is significant at the 5-percent level, indicating that realized-
basis variances are different among markets. 

way as before; that is, the lower the ratio, the more effective the hedge 
is in shifting price risk (in this case from the ex ante point of view). It 
will be noted that the ratios for Choice steers at Omaha and the Southern 
Plains are very nearly the same. Thus, when compared on the basis of 
their own price variances, hedges in these markets are equally effective. 
This seems to contradict the result from Table 10. T h e individual F-ratio 
between these markets' realized-basis variances is 1.32, which lies on the 
acceptance side of, but close to, the boundary expressed by the critical 

TABLEu 
RATIOS OF REALIZED-BASIS VARIANCES TO CASH-MARKET PRICE VARIANCES 

BY GRADES, FOUR MARKETS, JANUARY, 1969 TO JUNE, 1972 

Grade and Class 
of Fed Cattle Omaha Kentucky Georgia 

Southern 
Plains 

Choice steer 
Good steer 
Choice heifer 
Good heifer 

(Percentage of cash-market price variances) 
53 64 82 54 
58 95 182 56 
51 61 142 67 
64 81 181 74 

SOURCE: Tables 5 and 10. 
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value of F being about 1.33 (see Table 7). This ratio is almost equal to 
the cash-price variance ratio of 1.29 (see Table 7). Thus, when individual 
market cash-price variances are used as denominators (see Table 11), 
the resulting ratios are virtually equal. 

Realized-basis variance ratios for the nondeliverable grades are gener
ally reduced from comparable ratios presented in Table 9. That is, hedging 
effectiveness appears greater for these grades when viewed in the ex ante 
sense than in the ex post sense of Table 9. Relative effectiveness among 
markets remains unchanged, but hedging in the nondeliverable grades 
seems to gain in effectiveness relative to choice steers when viewed ex 
ante. These comparisons throw an interesting light on the covariance 
term, CV(Pig,Hjm), from Equation 3. This term is present in hedging-
revenue variances but not in realized-basis variances. Values of this co-
variance term vary by location, grade, and length of hedge. The absence 
of this term seems to be primarily responsible for the relative increase in 
hedging effectiveness for the nondeliverable grades in Table 11. 

SPECIAL ANALYSIS FOR CHOICE STEERS 

There is evidence to suggest that the timing of hedges may be important 
in determining the magnitude of location-basis variability. First, there are 
the results of Heifner's study (1969), hedging potential for fed cattle. 
Heifner found no significant difference in hedging effectiveness between 
Omaha and the Southern Plains for Choice steers. No other markets over
lap between the two studies. Heifner postulated hedges of four months 
duration, which are shorter than the periods used for Choice steers so far 
in this study. Second, there is the apparent convergence of variance ratios 
for Choice steers, shown in Table 9, as hedges are shortened. For these 
reasons, an examination of the effects of shorter hedging periods seemed 
useful. Therefore, a set of long (30 weeks), medium (21 weeks), and 
short (13 weeks) hedges were postulated. Hedging-revenue results were 
calculated for these hedging periods for the four study markets. Timing of 
the 21-week hedge was very close to that assumed by Heifner. The differ
ence between 4 months and 21 weeks is more apparent than real, since 
Heifner assumed that hedges were lifted prior to the beginning of a de
livery month, while in this study hedges were allowed to continue for 
another 3 weeks, until the expiration of the contract. Thus, the timing of 
hedge placements are very close, within a week of one another. 

Hedging-revenue results and tests of equality of variances for these 
hedging periods are shown in Table 12. Results for cash-market prices 
and for the 30-week hedge are the same as in Table 6. The additional 
information to be gained from the table relates to the 21-week and 13-
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TABLE 12 
CHOICE-STEER PRICE AND HEDGING-REVENUE SUMMARY STATISTICS, 

FOUR MARKETS, JANUARY, 1969 TO JUNE, 1972 

Item 

Cash price 
Mean 
Variance 

30-week hedge 
Mean 
Variance 

21-week hedge 
Mean 
Variance 

13-week hedge 
Mean 
Variance 

Omaha 

31.13 
.73 

28.65 
.41 

29.07 
.55 

29.64 
.54 

Kentucky Georgia 

(Dollars per cwt 

31.12 31.75 
.87 

28.63 
.60 

29.06 
.73 

29.62 
.73 

.76 

29.15 
.67 

29.60 
.87 

30.20 
.86 

Southern 
Plains 

31.01 
.94 

28.49 
.58 

28.92 
.56 

29.49 
.75 

F-ratio, 
Bardett's 

Test 

1.10 

3.28" 

4.96» 

2.66" 

» Indicates significance at the 5-percent level. The critical value of F.os is 2.60. 

week hedges. Here again, the equality of variances of hedging-revenue 
variances was rejected for both of these hedging periods. Individual F-
ratio tests were conducted with Omaha as the basis of comparison. Results 
of these tests are presented in Table 13, where hedging-revenue variance 
ratios can be seen to be significant for all but the 21-week hedge in the 
Southern Plains. This is the hedge length that comes closest to reproducing 
the hedging situation postulated by Heifner, and this is the only length of 
hedge, of all those studied, for which location-basis variability is nonsig
nificant for Choice steers in the Southern Plains. 

Examination of covariances and correlations between cash and futures 
prices provides some insights into how the differences in hedging-revenue 
variances originate. As shown in Equation 3, two such covariances are 
components of hedging-revenue variance. First, there is the covariance 
term, CV(Pig,Him), which relates cash prices to the futures prices when 
hedges were placed. Hedging-revenue variance varies directly with this 
covariance term, as shown by its positive sign in the equation. The co-
variance term can be further decomposed to a correlation between cash 
and hedging prices (Equation 4) which likewise has a direct relationship 
with hedging-revenue variance. The second covariance term in which 
cash and futures prices enter, is the term CV(Pig, Cm), which relates cash 
and futures prices at the time hedges are liquidated. This covariance term 
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TABLE 13 
INDIVIDUAL F-RATIOS OF CHOICE-STEER CASH PRICE AND HEDGING-REVENUE VARIANCES, 

THREE MARKETS COMPARED TO OMAHA, JANUARY, 1969 TO JUNE, 1972" 

Test Item Kentucky Georgia Southern Plains 

Cash price 
30-week hedge 
21-week hedge 
13-week hedge 

1.20 
1.47b 

1.34b 

1.33b 

1.03 
1.64b 

1.60b 

1.57b 

1.29 
1.42b 

1.03 
1.38b 

a Data are from Table 12. See Table 7 for test procedures. 
b Indicates significance at the 5-percent level. 

varies by location, but not by hedging period, and is inversely related to 
hedging-revenue variance, like its constituent correlation coefficient. The 
covariance between hedging and covering futures prices, CV(Hjm,Cm), 
varies by hedging period but not by location, and so is of no interest in 
explaining differences between locations. 

Table 14 presents the covariance and correlation statistics of interest 
for the Choice-steer hedges under study. Since differences between Omaha 
and the Southern Plains are of particular concern, attention is directed 
to the first and last columns of the table. Hedging covariances for the 
Southern Plains are larger in absolute terms than the covariances for 
Omaha. In the 30-week and the 21-week hedges, the Southern Plains 
covariances are three or more times as large as at Omaha, and in the 
13-week hedge they are more than twice as large. Obviously the numeri
cal differences are quite small, but the hedging-revenue variances them
selves are also small. Then too, such numerical differences as do exist 
between covariances are multiplied by a factor of two in their effect on 
variances. Signs of the covariances are important. When positive, they 
are adding to hedging-revenue variance, and when negative, they are 
reducing variance. Thus, the effect of the covariance differentials is to 
increase hedging-revenue variance in the Southern Plains, relative to 
Omaha in the 30-week and 13-week hedges, and to reduce it in the 21-
week hedge. Hedging covariances are positive or negative, depending upon 
the direction of change of futures prices at the time hedges are placed in 
relation to the direction of change of the ultimate cash prices. Thus, we 
can see to what extent negative price forecasts in the 21-week hedge are 
responsible for the convergence of hedging revenues in the Southern 
Plains and Omaha for this hedging period. 

Curiously, the higher the correlation between the prices at which hedges 
are placed and ultimate cash prices, the higher hedging-revenue variance 
will be and vice versa. The covariance term through which this phenome
non acts upon hedging-revenue variance is absent from the realized-basis 
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TABLE 14 
COVARIANCES AND CORRELATIONS OF CHOICE-STEER PRICES WITH HEDGING AND 

COVERING FUTURES PRICES, FOUR MARKETS, JANUARY, 1969 TO JUNE, 1972 

Item 

Hedging covariances 

30-week hedge 
CV(Pia, H3o) 
r(Pig, Hso) 

21-week hedge 
CV(Pig, Ha) 
r(Pig, Ha) 

13-week hedge 
CV(Pie, Hi,) 
r(Pig, Hu) 

Covering covariances 

CV(Pi0, G.) 
**V/ iffs C / m / 

Omaha 

.011 

.029 

- . 0 2 1 
- . 0 4 6 

.029 

.058 

.588 

.760 

Kentucky 

(Dollars 

.029 

.071 

- . 0 0 7 
- . 0 1 5 

.041 

.077 

.586 
.687 

Georgia 

per cwt.) 

- . 0 0 7 
- . 0 1 9 

- . 0 0 6 
- . 0 1 2 

.035 

.069 

.471 

.576 

Southern 
Plains 

.034 

.082 

- . 0 7 6 
- . 1 4 6 

.068 

.122 

.632 

.718 

variance measure. Absence of the covariance term causes the convergence 
of the ex ante measures of location-basis variability that were noted in the 
previous section. Thus, a troublesome component of the relationship can 
be avoided by confining measures to an ex ante point of view. However, 
the portfolio-type analyses of hedging strategies which are now popular 
take a fundamentally ex post point of view of hedging outcomes. From a 
hedging analysis standpoint, therefore, the ex post measures of variability 
on which this study has concentrated cannot be ignored. 

Little is known about the behavior of Choice-cattle futures prices over 
the life of a contract, but the negative relationship for the 21-week hedge 
seems unusual. If this is a statistical fluke and the relationship would 
normally be positive, then location-basis variability could be expected to 
be significant for all hedging periods in the Southern Plains. On the other 
hand, if this should happen to reflect some phenomenon of futures-price 
behavior, a new dimension would have to be considered in the timing of 
hedges. Nothing has been said heretofore about the variances and co-
variances of futures prices themselves. Within-contract variances and co-
variances for the various hedging periods considered are presented in the 
Appendix. Variances for the various hedging lengths indicate that futures-
price variance tends to rise gradually, but steadily, over the life of the 
contract. Of course, prices were also rising. Covariances show a complex 
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pattern by falling to almost zero in the 2 2-week hedge and rising there
after. Again, it is not known whether this represents any consistent pattern 
of price behavior. 

CONCLUSION 

The significance or nonsignificance of location-basis variability for hedges 
placed in one of the live-animal futures markets does not by itself answer 
the question as to whether hedging ought to be undertaken by producers 
in a local market, but establishes whether they have an equal opportunity 
to hedge when compared with producers in other markets. Where loca
tion-basis variability is significant, it does not rule out hedging altogether. 
Optimum- or minimum-risk hedging strategies may call for a certain pro
portion of hedging of the inventory of livestock on feed, although this 
proportion will be less than if location-basis variability were not present. 
From the producers' point of view, location-basis variability puts addi
tional limits on the ability of hedging to shift price risk away from the 
enterprise. From the futures markets' point of view, location-basis vari
ability reduces the supply of hedges forthcoming from livestock producers. 
Findings of this study indicate that location-basis variability is insignificant 
for slaughter hogs in the Southern markets selected for study, but is sig
nificant for fed cattle in the Southern and Southern Plains markets. Tak
ing into account the general growth in livestock hedging, these findings 
would suggest that hedging of live hogs in the South will tend to grow in 
proportion to hedging in other areas, notably the Corn Belt, but that 
growth in hedging of fed cattle will be limited. 

Since the conclusion of significant location-basis variability in the South
ern and Southern Plains fed-cattle markets has considerable potential 
impact, we should review the procedure by which this conclusion was 
reached. The formal analytical procedure was two-phase: 1) the hypothe
sis of equality of variances of cash-market prices was tested, and accepted 
or rejected for the grade of fed cattle being tested; 2) if accepted, the 
hypothesis of equality of variances of hedging revenues was tested by grade 
and length of hedge. If rejected, the test procedure stopped, as inequality 
of price variances was taken as an indication that the spatial market was 
not sufficiently competitive to allow basis-free hedging. Thus, rejection of 
the phase-one hypothesis was taken to be sufficient evidence that location-
basis variability was significant. This conclusion could also be reached by 
rejection of the phase-two hypothesis of equality of hedging-revenue 
variances. 

Readers familiar with statistical procedures will recognize the potential 
in this analysis for making what is known as a Type II error (accepting a 
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hypothesis as being true when it is actually false). Thus, a Type II error 
may have been committed when hog-price variances were accepted as 
being equal among markets, or when Choice-steer price variances were 
accepted as being equal. The absolute magnitude of the probability of 
making a Type II error is never known, but we do know that the prob
ability decreases as sample size increases. So, while Type II errors may 
have been committed in this analysis, the probability is low because sam
ples were comparatively large. Some 260 daily observations were used for 
hogs, and about 180 weekly observations were used for cattle. In statistical 
parlance, these samples provided large numbers of degrees of freedom and 
consequently made the tests quite powerful. 

The possibility of making a Type I error (the rejection of a true hy
pothesis) is always present in statistical analysis, but the probability of 
occurrence can be controlled. Otherwise known as the level of significance, 
the probability for this study was arbitrarily set at 5 percent, which is a 
very conventional level. The consequences of adopting other levels should 
be explored. At a higher level of significance, such as 1 percent, several 
hypotheses that were rejected in this study would have been accepted; 
namely, most of the hypotheses concerning location-basis variability in 
Choice steers. This would most likely have caused a Type II error. At a 
lower level of significance, say 10 percent, perhaps some hypotheses would 
have been rejected that were accepted here. For this study, the 5-percent 
level of significance was preferred. 

This seeming digression on statistical procedures has been presented to 
show that the relatively small, but significant, degree of location-basis 
variability in Choice steers in the Southern Plains can be altered by ma
nipulating the data and statistical procedures. This would be unwise. The 
data suggest that the fundamental state of spatial competition in the mar
ket area is healthy, as indicated by the price variances. Needed is the 
elimination of the lags in price adjustment which are causing the basis 
variability to occur. Establishment of a delivery point in the region may 
accomplish this, particularly if the discount is adjusted to accurately reflect 
price differentials between Omaha and the Southern Plains. However, 
more resources may have to be invested in price reporting and studying 
price formation to eliminate the problem. 
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APPENDIX 

MEANS, VARIANCES, AND COVARIANCES OF CHOICE-STEER FUTURES, 
BY LENGTH OF HEDGE, JANUARY, 1969 TO JUNE, 1972 

Hedging Period 

Cover price 
31-week hedge 
30-week hedge 
29-week hedge 
27-week hedge 
25-week hedge 
22-week hedge 
21-week hedge 
19-week hedge 
17-week hedge 
16-week hedge 
13-week hedge 

Mean 

31.64 
29.11 
29.15 
29.19 
29.28 
29.35 
29.52 
29.58 
29.73 
29.87 
29.93 
30.15 

Variance 

(Dollars per cwt.) 
.83 
.15 
.19 
.21 
.25 
.21 
.20 
.28 
.34 
.32 
.26 
.33 

Covariance, 
with Cover 

Price 

.056 

.086 

.097 

.115 

.091 

.004 

.035 

.065 

.133 

.139 

.112 
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