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INTRODUCTION

A large literature, theoretical and empirical, explores the effect of basis
risk on the effectiveness of futures markets as a risk-management tool
and on the hedge ratio. It is widely accepted and empirically shown that,
in the face of basis risk, the hedge ratio should be less than one.' Because
basis risk affects the hedging effectiveness of futures markets, work has
also been done on empirically determining what variables affect the basis
(tbe difference between tbe cash and futures prices) and basis risk (un-
expected changes in tbe basis over time).^

' Estimates of the optimal hedge ratio in the face of basis risk range from a low of 0.3 to close to 1.
See Peck (1975) for eggs; Ederington (1979) for wheat, corn, GNMAs, andT-bills; Figlewski (1984)
for S&P 500 index futures; Castelino (1992) for wheat, corn, T-bills and Eurodollars; and Moser and
Helms (1990) for British pounds, Canadian dollars, Deutsche marks, and Swiss francs.
^Vollink and Raikes (1977) analyze the live cattle basis, showing tbat basis risk exists because tbe
basis does not move as expected at tbe delivery point and during tbe delivery period; Tilley and
Campbell (1988) analyze determinants of tbe wheat basis; Martin, Groenewegen, and Pidgeon (1980)
tbe determinants of tbe corn basis in Soutbwestern Ontario; and Ward and Dasse (1977) tbe deter-
minants of tbe frozen concentrated orange juice basis, sbowing tbat basis risk exists in tbis market,
especially during a freeze scare. Garcia, Leutbold, and Sarban (1984) analyze the random component
of the livestock basis, identifying variables tbat can indicate periods of bigb basis risk, and Figlewski
analyzes factors influencing the S&P 500 index basis risk.
I would like to tbankSeverin Borenstein, Alan Deardorff,Jon Haveman,Jim Levinsobn, Jeff MacKie-
Mason, James Moser, Craig Pirrong, and seminar participants at the University of California at Davis
and at the University of Illinois for helpful comments. An anonymous referee also provided guidance.
Tbe Center for the Study of Futures Markets at Columbia University generously provided futures
price data.
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Despite the abundance of work on the effect of hasis risk on futures
markets positions, economists have largely ignored the effect of hasis risk
on cash market positions. Paroush and Wolf (1989, 1992) and Anderson
and Danthine (1981) have theoretically shown that hasis risk affects the
cash market position, hut the theoretical results have not heen empirically
tested. Furthermore, models that include futures markets routinely ig-
nore the presence of hasis risk.̂  Although in many situations this sim-
plification can he made without loss of generality, in some situations in-
correct inferences are made. For example, the standard separation result
in which the cash market position does not depend on risk variahles does
not ohtain in the face of hasis risk. The goal of this article is to empirically
test the hypothesis that hasis risk affects the cash market position and to
estimate the magnitude of this effect. The results show that the presence
of hasis risk does indeed reduce the cash market position and, though
the impact is not trivial, it is sufficiently small that ignoring hasis risk
will, in many situations, not suhstantively change results.

Intuitively, why should hasis risk matter? To illustrate, consider a
simple case of a storer who takes a long position in the cash market and
a short position in the futures market in Period 1 and reverses the position
in Period 2. The storer huys the cash good at C] and sells at C2, and sells
the futures contract at/] and huys at/2. The profits are (c2 — Ci) +
(/i — /2); or, in terms of the hasis, defined as fc; = C; — /;, profits are
given hy ^2 ~ ^l- Thus, the change in the hasis over the life of the hedge
determines the agent's profits. The riskiness or variance of the storer's
profits will he a function of the variance of the hasis."* Because hasis risk
affects the risk of profits from the hedged position, it seems likely that it
affects the cash position. In particular, hasis risk should reduce the cash
position of risk-averse agents.

More precisely, unexpected changes in the hasis affect the riskiness
of the hedge. The hasis is expected to change over the life of the hedge.
In particular, for storahle commodities, the hasis will change hy the re-
duction in the storage costs over the period. That is, the theory of storage
[Working (1949)] suggests that the hasis should he equal to no more than

^For example, Kawaii (1983), Sarris (1984), and Turnovsky (1983).
''This simple example assumes a complete hedge (a hedge ratio of 100%). A more realistic model is
developed below. With a complete hedge, the agent only faces hasis risk. For an agent to undertake
such a hedge, hasis risk must be less than price risk. So long as the futures contract is related to the
physical commodity being hedged, hasis risk should he less than price risk.
'The importance of the basis and hasis risk arises because very few contracts (less than 3%) are offset
through delivery. If delivery occurs, in the case of storage, profits are given hy/i — Ci; the agent
simply contracts today for delivery tomorrow. In this case the existence of a futures market allows
the agent to completely shift risk.
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the cost of storage hetween today and the expiration date of the contract.
If the hasis is higher than the costs of storage, an arhitrage opportunity
exists. Thus, if the hedge is opened 2 months hefore the contract expi-
ration date and closed 1 month hefore expiration, the hasis should narrow
hy 1 month's storage cost. Because this change in hasis can he antici-
pated, it should not he considered risk. The agent can take into account
any predictable changes in the hasis when selecting cash and futures
positions.

A standard portfolio model of storage and hedging illustrates that an
increase in hasis risk reduces the cash market position. In contrast to
initial portfolio approaches to hedging [Stein (1961)], hoth the cash and
futures positions are endogenous.^ Under a portfolio approach, an agent
faces hoth hasis risk (from hedged inventories) and price risk (from un-
hedged inventories). Other theoretical articles are discussed to show that
the result is fairly general and is not dependent on the functional form
used or on other assumptions. The result is that, given the return to
storage, as either hasis risk or price risk increases, the agent will reduce
the level of inventories.

The article develops an empirical test of the hypothesis that hasis
risk affects the level of storage, and discusses the empirical method. The
test is applied to the storage of corn.^ This application is chosen hecause
detailed data on corn are available from the U.S.D.A. Data are used to
estimate storage at the nine major corn markets in the United States using
weekly data from 1984 to 1989. It is the variation in hasis risk across
time and location that allows the impact of hasis risk to he empirically
isolated. Basis risk differs across markets hecause of different types and
qualities of corn grown locally compared to the type and quality of corn
specified in the contract (No. 2 yellow at par). Basis risk varies over time
hecause of the arrival of new information hetween the time the hedge is
placed and the time the hedge is lifted. For example, announcements of
crop expectations or changes in the weather affect the future hasis, and
so long as the information in the announcements is unexpected, hasis
risk will arise. Basis risk varies across time and location hecause random
shocks in each period may affect the local market (impacting the cash
price) and the national market (impacting the futures price) differently.

Obviously, if the cash position is exogenous, basis risk would not affect it.
'The working paper version of this manuscript also includes data on the storage of soybeans. That
application is flawed because it only considers soybean contracts. A soybean storer can also use
soybean oil and meal contracts to hedge. Basis risk arising from the soybean contract could lead to
a re-allocation to meal and oil contracts rather than affecting the cash position. A more sophisticated
empirical test that included data on the relationship between the cash price and the three futures
prices would he required. See Anderson and Danthine for a model of hedging viith multiple contracts.
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The data are described and the results, which demonstrate that basis
risk bas a significant negative impact on tbe level of storage, are pre-
sented. On average, a one-standard-deviation increase in basis risk re-
duces the level of stocks by 4% of a standard deviation or 3.5% of tbe
mean. To contrast, a one-standard-deviation increase in tbe return to
storage increases tbe level of stocks by 18% of a standard deviation or
16% of tbe mean. Thus, basis risk bas almost a little less tban balf the
effect of tbe return to storage. Tbe implications and tbe need for furtber
researcb are discussed. In general, botb commodity excbanges and policy
makers bave an incentive to structure contracts in sucb a way so as to
minimize basis risk.

THE MODEL

Tbe impact of basis risk on tbe casb and futures positions can be illus-
trated witb tbe use of a standard mean-variance model of storage {e.g.,
Turnovsky). After tbe effect of basis risk on tbe level of inventories is
illustrated, otber models tbat incorporate basis risk are presented to sbow
tbat basis risk negatively affects tbe casb position under otber assump-
tions and approacbes.

Assume a perfectly competitive, risk-averse agent faces uncertainty
and uses futures contracts to manage risk. Risk arises in tbis application
because tbe output price is unknown. Tbe storer is motivated by inter-
temporal arbitrage.^ Storage costs are assumed to be linear, and tbe pro-
duction function is one to one, so tbat one unit of input (grain today)
gives one unit of output (grain tomorrow).^ Tbe futures market is as-
sumed to be perfectly competitive and populated by a large number of
risk-neutral speculators. Tbus, bedgers take tbe futures price as given.
For simplicity, a mean-variance approacb is taken, wbicb assumes tbat
utility as a function of profits is exponential. Maximizing utility is tben
equivalent to maximizing expected profits less one-balf tbe variance of
profits multiplied by tbe coefficient of absolute risk aversion.

Variables are defined as follows: P( is tbe real spot price in period t;
a tilde over any variable indicates tbat it is a random variable; ŝ  denotes
storage from period t to period t + \, e and F are positive constants,
wbere e is tbe per unit cost of storage and F is tbe fixed cost of storage;
Zj is tbe number of contracts sold (purcbased if Zf < 0 ) ; / ; J is tbe real
price in period i of a futures contract tbat expires in j ; A is tbe coefficient

*This assumption is relaxed later.
'Spoilage is ignored in the model.
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of absolute risk aversion; pc^+l is tbe time t expectation of variable x in
tbe following period; af (CT;) is tbe variance (standard deviation) of variable
i; and aij is tbe covariance of variables i and j .

Tbe storer solves tbe following maximization problem:

max itPt+i - Vt) h ~ i^^t + P)

- - Asfaj - - Azfaj + AstZtO^f

s.t. s, > 0

Tbe first two terms represent tbe expected profits from storage; tbe tbird
term represents tbe expected profits from selling futures;'° and tbe last
tbree terms represent tbe effect on utility arising from uncertainty. An
increase in tbe variance of eitber tbe spot or futures price reduces utility
because tbe increased variance indicates tbat operations in tbe spot or
futures market, respectively, are riskier. Tbe covariance term raises util-
ity." Tbis term increases utility because it represents bedging; losses in
one market are offset, to some extent, by gains in tbe otber market.

Tbis model yields tbe standard implications of basis risk on tbe fu-
tures position. Optimization yields tbe standard bedging position

Aaf af

Tbe two terms are tbe speculative and bedging components, respectively.
Assuming tbat a large number of risk-neutral speculators operate in tbe
futures market, equilibrium in tbe futures market requires tbat specula-
tive profits be zero, in wbicb case/t^+i = tft+\^t+\-^^ 1" tbis case, tbe
speculative (first) term disappears, and tbe optimal futures position is
some fraction of tbe inventory level for an interior solution and zero for
a corner solution.

Tbe bedge ratio is given by a^floj, or, alternatively, as {a^af)p, wbere

"^Transaction costs in the futures market are ignored.
' 'As shown below, the position in the futures market (short or long) depends on the sign of the
covariance hetween the spot and futures prices (positive or negative); thus, the final term is always
positive.
'^Risk-averse speculators must receive a risk premium to operate in the futures market to offset the
acceptance of risk, in which case the futures price must he less than the expected future spot price.
Empirical tests for the existence of a risk premium in commodities markets extend hack at least to
Telser (1958) for a variety of commodities. More recently, see Kolh (1992). Results show no risk
premium or are inconclusive.
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p is the correlation coefficient between the spot and futures price over
the life of the hedge. So long as the futures and cash prices are positively
correlated, as they are when the stocks and the futures contract are based
on the same fundamental commodity {e.g., corn futures and corn inven-
tories), then the agent will take opposite positions in the two markets.
That is, a storer will offset inventories of corn by selling corn futures. As
price risk rises (as measured by the standard deviation of the spot price),
the hedge ratio increases; that is, the agent hedges more of the inventory
using futures markets. As basis risk rises {p or CTpjfalls), the agent reduces
the futures position for a given level of inventories. Intuitively, the futures
market is not as good an instrument for managing price risk when basis
risk is present; therefore, the agent relies on futures less, insuring a frac-
tion of stocks with futures and self-insuring the remainder.

The first-order conditions can be solved for the level of inventories,
which for the interior solution is given by

- V, - e)
' Aajil - p^)

As tbe expected return rises, agents carry a larger inventory. As risk aver-
sion increases (A rises), tbe level of storage falls. Tbe variance of the spot
price and (1 — p^) can be interpreted as direct measures of price risk and
basis risk, respectively. Tbe more variable tbe spot price, tbe more price
risk tbe agent faces. Basis risk is bigber tbe more independently tbe spot
and futures prices move over tbe life of tbe hedge [(1 — p^) is bigh]. For
each of these measures of risk, as risk increases, storage decreases. Thus,
in a very simple model, it is easy to sbow tbat tbe cash market position
depends on basis risk. Tbe rest of tbis section explores tbe robustness of
tbis result.

The corner solution states that storage is zero when the return to
storage is nonpositive. However, storage is often observed to be positive
even wben tbe return is negative. To explain tbis observed paradox, Kaldor
(1939) introduced tbe concept of convenience yield. Tbe intuitively ap-
pealing idea is tbat agents find it convenient to bold inventory. Tbis con-
venience may arise, for example, because it allows agents to meet unex-
pected demand. Convenience yield is assumed to be a nonlinear function
of storage, witb a negative first and positive second derivative. Witb con-
venience yield, positive storage may occur witb a negative return because
of tbe convenience it gives tbe agent. Does tbe existence of an additional
motive for inventories eliminate tbe impact of basis risk? No. Taking tbe
maximization problem for a risk-averse storer and adding convenience
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yield leads to the following implicit interior solution for the level of
storage:

(Acrp(l - p^))st - c'ist) = tVt+i - Vt - e,

where c{Sf) is convenience yield as a function of the level of inventories.
Total differentiation shows that, again, storage decreases as price risk or
basis risk rises (and increases as the return to storage rises).

Thus, risk-averse agents who store to make profits from intertem-
poral arbitrage will hold less inventory in the face of increased basis or
price risk, regardless of whether they also hold inventories for conven-
ience yield purposes. Anderson and Danthine and Paroush and Wolf
(1989) utilize similar models to examine the impact of basis risk on the
cash market position, but they relax two assumptions that are made in
the simple example above. Anderson and Danthine relax the assumption
that all speculative profits in the futures market have been arbitraged
away, and Paroush and Wolf maximize expected utility rather than using
a mean-variance approach.

Anderson and Danthine present a model of hedging with multiple
contracts (of which this model is a special case with one futures contract),
also using a mean-variance framework. They allow the cash market par-
ticipant the opportunity to make speculative profits in the futures market.
That is, they do not make the assumption that/^t+i = t/t+i,t+i- In the
case where the storer does have the opportunity to make speculative prof-
its, it is possible for basis risk to increase the cash market position. How-
ever, this occurs only when speculative profits from buying futures (/(,(+1
< tft+i,t+\) when the hedge is opened are so large that speculative buying
offsets hedge selling, so that the agent is long both cash and futures. As
pointed out by Peck (1975), this seems unlikely to occur. In any event,
their model shows that the cash position will not be independent of basis
risk. The empirical test below does not constrain basis risk to negatively
impact on the cash market position. A positive coefficient will arise in
situations where storers are long cash and futures.

Anderson and Danthine and the model above use a mean-variance
approach, which assumes that profits are distributed normally and that
the storer's utility function of wealth is exponential so as to maintain a
constant absolute risk aversion. In contrast, Paroush and Wolf (1989)
maximize the expected utility as a function of profits. Although this puts
no restrictions on the shape of the utility function, the Taylor-series ex-
pansion implies that the implications hold only for small changes in risk.
Paroush and Wolf also make no distributional assumptions in the theo-
retical analysis. The firm operates in a cash market and has access to a
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futures market in a two-period model. In tbe first period tbe firm commits
to its position in tbe casb and futures markets; in tbe second tbe firm
sells tbe product in tbe casb market and closes its futures position. Par-
ousb and Wolf assume that tbe futures price is a linear function of tbe
spot price (wbicb is random) plus anotber, independent, bomoskedastic
random error. Tbe random errors can be interpreted as price risk and
basis risk, respectively. Paroush and Wolf sbow tbat production (or stor-
age) in tbe presence of basis risk is less tban in tbe absence of basis risk,
and tbat production (or storage) declines as basis risk rises.'^

To tbis point, it is sbown tbat, under a variety of assumptions and
approacbes, basis risk reduces tbe casb market position and tbe bedge
ratio. Tbe following section empirically tests tbat result.

EMPIRICAL METHOD

The model indicates that storage, from tbe point of view of an individual
risk-averse agent, is a function of tbe return to storage, basis risk, and
price risk.'"* At tbe market level, storage will also depend on tbe amount
available to be stored. To capture tbese effects, tbe following equation is
estimated

Sn = a + ^i retit + yj brskn + ^2

+ P2 prodtii + P^ harvestf + Sn (le)

wbere

s = the level of corn storage, in tbousand busbels, at eacb of nine
Midwest cities by elevators

ret = tbe present value of the expected return to storage, in 1988
cents

brsk = basis risk, in 1988 cents
prsk = price risk, in 1988 cents

prodn = the level of U.S. production, in billion busbels

' ̂ In a separate artiele Paroush and Wolf (1992) theoretically examine the impact of basis risk on the
demand for inputs (for example, flour millers). They find that as hasis risk increases, demand for the
risky input declines, another example where hasis risk affects a cash market position.
'''The role of convenience yield is discussed later.
'^The illustrative model presented ahove suggests a log-linear functional form. Estimation of a log-
linear form, however, gives poor results. This is a reflection on the assumption of exponential utility
necessary to use a mean-variance framework. The expected utility approach of Paroush and Wolf
(1989) does not suggest any particular functional form, while implying the same impaet of hasis risk
on storage. Thus a linear funetional form is used.
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harvest = a dummy variable equal to 1 for observations in October, No-
vember, and December.

The error term, s, captures exogenous supply shifts and forecast errors
and is assumed to be distributed normally.'^ yff] is expected to be positive;
as the return to storage rises, storage levels will rise, yy and 72 are expected
to be negative; as either basis or price risk increases, storage decreases.
^2 is expected to be positive; the larger tbe crop, tbe more tbat will be
stored. P^ is also expected to be positive; during and sbortly after barvest,
stocks are expected to build up independently of tbe return to storage
and risk.

Econometric Structure

Tbe equation is estimated using weekly data on storage of corn at nine
major corn markets in the U.S. from 1984 to 1989. Altbougb storage
fluctuates in botb directions tbrougbout tbe year, there is a clear seasonal
pattern, witb stocks building up after harvest and being depleted over tbe
course of tbe year. Tbe level of storage clearly exbibits a bigb degree
of serial correlation. Initial estimates of eq. (le), witb tbe use of tbe
Cocbrane-Orcutt procedure, provide estimates of tbe degree of serial
correlation at about 0.97 or bigber at eacb location, wbicb suggests tbe
presence of a unit root. Univariate tests for nonstationarity of tbe level
of stocks, involving regressing tbe variable on its lag, its lag and a con-
stant, or its lag, a constant, and a time trend, and a multivariate test for
nonstationarity give similar results.'^ Storage is nonstationary, except for
Peoria; bowever, even tbe result at Peoria is borderline. To eliminate non-
stationarity, eq. (le) is estimated in differences.'^ Additional serial cor-
relation is controlled for by using tbe Cocbrane—Orcutt tecbnique on tbe
differenced data.

As well as controlling for an econometric difficulty, estimating tbe
equation in differences eases interpretation and measurement concerns.
For example, tbe model as devised tbus far bas treated building-up and

" i t s variance structure is discussed in the next section.
'^The multivariate test is derived by quasidifferencingeq. (le), adding (s, — s,_,) to both sides, and
adding and subtracting tbe one-period lag of eacb independent variable to tbe RHS. To test for
stationarity, tbe transformed equation is estimated with tbe use of OLS. Under tbe null hypothesis
of a unit root, the coefficients on the lagged dependent variable and the lagged independent variables
sbould all be zero. Tbe test statistic on tbe lagged dependent variable will be distributed as f,, in
Fuller {1976), and tbe test statistic on the other coefficients will follow tbe standard t distribution,

independent variables are all stationary, so that a co-integration tecbnique is not appropriate.
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drawing-down storage levels symmetrically. Tbis might seem ill-advised,
given that stocks clearly trend downwards over tbree-quarters of the year
and upwards over tbe other quarter. Analysis of changes in tbe level of
storage, bowever, reveals tbat stocks rise relative to tbe previous week for
49% of tbe observations. Tbe average level of cbange from one week to
anotber is virtually identical wbetber the cbange is positive or negative
(211,000 busbels wben stocks rise relative to the previous week, 218,000
busbels when stocks fall); tbe standard deviation is quite similar (430,000
busbels for increases in stocks, 442,000 bushels for decreases); and tbe
maximum observed cbange is about tbe same (4,609,000 busbels for in-
creases, 4,681,000 busbels for decreases).'^ Tbus, increases and de-
creases in stocks can be treated largely symmetrically, tbougb tbat would
be inappropriate for levels of stocks.^'' One variable is added to tbe esti-
mation equation to belp control for seasonal patterns. Tbat variable is
harvest, wbicb is a dummy variable equal to one during tbe montbs of
October, November, and December, tbe months during and after barvest
wben stocks build up. Tbe coefficient on tbis variable is expected to be
positive. During and sbortly after barvest, on average, it is expected tbat
tbe cbange in stocks will be positive, wbereas during the rest of tbe year
tbe cbange in stocks is expected to be, on average, negative. Without tbe
harvest dummy, the constant would pick up botb effects.

Anotber structural issue is the assumed form of tbe variance of tbe
error term, wbicb is time and location specific. Correlation of tbe error
term over time is discussed above. It seems logical to bypotbesize tbat
tbe error term is contemporaneously correlated across locations. How-
ever, a likelibood-ratio test rejects tbis bypotbesis. Tbus, tbe error term
is assumed to be distributed normally, witb a mean of zero, E{snSn) = a^,
EisuEit-]) ^ 0, and EiSifijt) = 0.

Finally, the data are pooled over tbe nine locations and tbe 6 years.
Cbow tests for structural cbange do not reject tbe bypotbesis tbat
coefficients are equal across locations and years. Time-fixed effects
and location-fixed effects are jointly insignificant, so tbey are not in-
cluded.2'

"Ohservations where stoeks go up relative to the previous week are of course concentrated during
the period shortly after harvest (Octoher, November, and December). During this period, 63% of
observations have stoeks rising; during the rest of the year, 45% of ohservations have stoeks rising.
^"Stocks can rise even well after the harvest because the sites studied are located along the distri-
bution pipeline. Grain is flowing from production areas and other storage locations further up the
distribution pipeline.
^'The insignificance of time and location effects is not surprising, because the data are differenced
before estimation to deal with nonstationarity of the error term. Thus, any fixed effects will be
differenced out.
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Measurement Concerns

Tbe agent cbooses positions in tbe casb and futures markets at time t
based on the expected return to storage between t and t -t- 1. If tbe
position were beld to maturity in period T, tbe return to storage would
be given by p-f — pt, wbere p; continues to denote tbe casb price in period
i and the tilde denotes a random variable. Assuming tbat tbe futures
market is efficient and unbiased, tbe futures price / ( ^ at time t for a
contract maturing at time T is tbe best estimate of the spot price in period
T less tbe delivery-period basis. Momentarily ignoring tbe delivery-period
basis, tbe return to storage could be estimated asffj- — p(. However, tbis
is tbe return to storage over tbe period T — t. To approximate the return
to storage over a week, ftj- — pt is divided by tbe number of weeks to
maturity {i.e., T — t).

Tbe storage equation is estimated for nine different cities witb tbe
use of data from all five corn contracts for 6 years. Even at tbe delivery
point tbe delivery period basis will not be zero because of delivery costs.
At nondelivery points tbe basis will not be zero because of tbe transpor-
tation cost between tbe location and tbe delivery point and possibly due
to differences between the grade and quality of corn at tbat location rel-
ative to tbe grade and quality specified for delivery at par. Tbe delivery-
period basis will vary across each location, across eacb contract, and
across years, because transportation costs, grade, and quality will vary
across location, contract, and years. Tbus, tbe futures price will overstate
tbe expected spot price in tbe delivery period. Differencing tbe data elim-
inates tbe delivery-period basis bias. Eacb successive estimate of tbe re-
turn to storage wall overstate the return by tbe delivery-period basis for
tbat contract; subtracting tbe previous return from tbe current return wall
eliminate tbe delivery-period basis bias.^^

To calculate measures of tbe basis risk and price risk expected to
prevail over tbe week in wbicb tbe agent bolds inventory, assume tbat tbe
agent uses bistorical data over tbe previous 8 weeks as tbe foundation for
tbe expected basis risk and price risk.̂ "* Basis risk and price risk are mea-
sured as tbe standard deviations of tbe cbange in tbe basis and tbe spot

data are weekly.
assumes that the expected delivery period basis is constant over the life of the contract.

Although it is probably not precisely constant, in most circumstances it should not be a bad
approximation.
•̂'An 8-week lag is chosen mostly arbitrarily. A longer lag period both reduces the amount of data

available and may inappropriately bias the estimate of the risk variahles in the direetion of old,
outdated information. A shorter lag period may not incorporate useful information. Use of 6- and
10-week lags does not substantially alter the results.
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price, respectively, over the previous 8 weeks.̂ ^ The basis is measured as
the cash price less tbe futures price of the nearby contract.^^ Only un-
explained changes in the basis can be classified as risk. Each week as
maturity approacbes, the basis should predictably narrow by storage
charges for one week. To adjust for the change in tbe cost of storage, the
weekly storage cost could be subtracted from the weekly change in tbe
basis, requiring data on storage costs. However, although tbis adjustment
affects tbe mean of basis changes, it does not affect tbe standard deviation
of basis changes.^^ Thus, basis risk can be calculated as the standard
deviation of observed changes in tbe basis without capturing expected
changes in the basis due to expected changes in tbe storage costs.

As explained above, convenience yield is important in explaining stor-
age when the return to storage is negative. However, tbere is no obvious
way to measure convenience yield.̂ ^ Convenience yield will bave tbe larg-
est influence wben stocks are at tbeir lowest, because at tbese times tbe
probability of not baving supplies to satisfy demand is bigbest. To remove
observations witb bigb noise from convenience yield, tbe equation is re-
estimated for a sample tbat omits observations witb low storage. Low
storage levels are defined as observations in tbe lowest decile at tbat
location.

Econometric Concems

Tbe return to storage (ret) is clearly correlated witb tbe error term, be-
cause tbe return to storage and tbe level of storage are determined si-
multaneously. A bigb return to storage leads to bigber levels of storage,
but bigber levels of storage lead to a lower return to storage. Tbus, stan-
dard estimation will result in a coefficient estimate tbat is biased down-
ward. To tbe extent tbat tbe return to storage is correlated witb basis risk
and price risk, tbe coefficients on tbese variables will also be biased.
Instrumental variables in a two-stage least-squares framework is used to
control for simultaneity. Tbe identifying instruments used are tbe yield
of tbe surrounding farm area, tbe amount of corn inspected for export.

measure of volatility is common to the literature on the effect of exchange-rate risk on trade
volumes, for example, Kenen and Rodrik (1986).
^^Ederington shows that a nearby contract provides a more effective hedge than farther contracts for
corn (as well as other commodities).
'̂Tilley and Camphell show that the particular futures contract used affects the level of the Gulf-

Kansas City hard-red winter wheat hasis. If there is a similar effect for the corn hasis, use of the
standard deviation of changes in the basis as the measure of risk removes this effect, because to
compute basis risk the basis is calculated with the use of the same contract.
^̂ Ward and Dasse devise a measure that is a function of the level of inventories, hut is inappropriate
here because the level of inventories is the dependent variable.
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tbe amount of grain sbipped by waterways, state rainfall and temperature,
and montbly dummies. All instruments influence botb supply and de-
mand, current and future, for corn, all of wbicb will influence tbe return
to storage.

It is also possible tbat price risk and basis risk are correlated witb
tbe error term. Suppose tbat, ceteris parihus, storage does decline in tbe
face of bigb basis risk and bigb price risk. Tben, tbe cbance of a stock
out at a location tbat faces bigb basis risk or bigb price risk increases,
wbicb sbould lead to a more variable local casb price. A more variable
local casb price leads to bigber price risk and bigber basis risk. Tbus, it
is possible that price risk and basis risk are correlated witb tbe error term.
Tbe estimated coefficient on risk would pick up tbe effect of risk on stocks
(expected to be negative) and stocks on risk (also expected to be negative),
so tbe coefficient would be biased downward. Because price and basis
risks involve unexpected cbanges in tbese variables, if measured correctly
tbere are no instruments available to control for simultaneity. To give
some idea of tbe possible existence of tbis effect, a Granger-causality test
is run at eacb location between stocks and basis risk and between stocks
and price risk. At every location tbe bypotbesis stocks Granger-cause
price risk is rejected at least at tbe 50% level. Tbe bypotbesis tbat stocks
Granger-cause basis risk is not rejected only at Minneapolis. Tbe equa-
tion is re-estimated across all nine locations and across a sample omitting
observations at Minneapolis.^^

A priori, it seems unlikely tbat basis risk and price risk are endoge-
nous. Suppose tbat stocks decline as risk rises. Tben, in a period subject
to bigb risk, demand for tbe commodity today will be reduced because
storers want to reduce inventories, wbicb causes tbe casb price today to
fall. Tbe expected future casb price will rise because fewer inventories
are carried into tbe future so tbere is a lower expected future supply. Tbus,
tbe expected return to storage rises, encouraging more storage despite tbe
increase in risk. Tbus, it does not seem likely tbat stocks will cause basis
or price risk to change.

DATA

Given tbe concerns discussed above, tbe results presented in tbe next
section are based on tbe use of differenced data (to control for a non-
stationary error); are controlled for additional serial correlation using tbe

*̂A Granger-causality test is also run across the pooled sample, with and without Minneapolis. The
null hypothesis that stocks Granger-cause basis risk is rejected when Minneapolis is excluded but is
not rejected when Minneapolis is included. A VAR among stocks, basis risk, and price risk is also
run. Again, there is no evidence that stocks cause basis risk e.\cept at Minneapolis.
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Cochrane-Orcutt technique, allowing for different degrees of serial cor-
relation at each location; and are controlled for simultaneity of the return
to storage with instrumental variables. The data are pooled across time
and location under the not rejected hypotheses that (a) there are not time
and location effects, (h) the error terms are not contemporaneously cor-
related across locations, and (c) the coefficients are equal across time and
location.

The model is tested by analyzing the primary corn markets in the
United States using weekly data from 1984 to 1989. Weekly data on
stocks and inspection of corn for export are from the Livestock and Grain
Market News Branch publication Stocks of Grain at Selected Terminal
and Elevator Sites for Ghicago, Toledo, the Gulf (the sum of stocks at
New Orleans, Baton Rouge, Ama and Belle Chasse, Mobile, and Pasca-
goula), Sioux Gity, Omaha-Gouncil Bluffs, Peoria, Kansas Gity, Minne-
apolis, and St. Louis.^° These are stocks held in country and terminal
elevators.^' Gorn belt states include Minnesota, Iowa, Missouri, Illinois,
Indiana, and Ohio.

Daily futures prices for corn on the Ghicago Board of Trade are from
the Genter for the Study of Futures Markets at Golumbia University. The
average of the daily settlement prices for the nearby contract is used as
the weekly futures price.^^

The daily cash prices are from the United States Department of Ag-
riculture. They are the bid prices for grain to arrive in 15 days at the
major elevators in the area. The high and low bids are averaged over 6-
30 elevators, depending on the area. The data are collected by calling the
elevator shortly after the futures market closes. The daily cash price for
each location is averaged to obtain a weekly cash price.

The price index used to transform nominal to real prices is the Gen-
sus Bureau's monthly implicit consumer price deflator, from Gitibase data
tapes. Because the rest of the data are weekly, the monthly values of the
interest rate and deflator are interpolated to estimate weekly data.^^

U.S. production and yields are obtained from the Grop Reporting
Board's Qanuary, 1981-December, 1989) Crop Production publication.

"The availability of cash-price data in machine-readahle form determined the choice of locations.
^ 'Country and terminal denote the location of the elevator. Country elevators are near the production
sites, and terminal elevators are located at the end of the domestic distribution path.
•̂̂ The analysis using an average of Tuesday, Wednesday, and Thursday settlement prices, and using

the settlement price for the nearest contract for each weekday to avoid possible day of the week
effects, gives qualitatively similar results. For brevity, only results using the weekly average are
presented.

^^The results are suhstantially the same when it is assumed that each monthly value holds for each
week of that month.
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Location

St. Louis
Chicago
Toledo
Gulf
Peoria
Sioux City
Kansas City
Minneapolis
Omaha-Council Bluffs
Unweighted average
Without Minneapolis

TABLE 1
Descriptive Statistics

(Standard Deviations in Parentheses)

Cash Price'

2.41 (0.37)
2.32 (0.37)
2.33 (0.39)
2.59 (0.37)
2.26 (0.38)
2.14(0.40)
2.33 (0.38)
2.27 (0.38)
2.14(0.40)
2.31 (0.40)
2.32 (0.38)

Stocks^

1,777(1,973)
12,414(9,436)
18,372(9,701)
6,292 (2,684)
2,020 (794)
4,765(2,171)
5,805(1,964)

12,040 (5,288)
13,684 (4,269)
8,572 (7,560)
8,139(7,844)

Basis Risk^

5.41 (3.66)
5.30 (3.64)
4.91 (3.21)
5.19(3.26)
5.07 (3.39)
5.01 (2.81)
5.04(2.41)
7.20 (8.28)
5.01 (2.81)
5.35(4.12)
5.12(3.60)

Price Risk^

7.39(5.61)
7.48 (5.20)
6.98 (5.03)
7.48 (5.36)
6.96 (5.27)
6.40 (4.75)
6.95 (4.58)
8.65 (8.69)
6.40 (4.75)
7.19(5.62)
7.01 (5.24)

'1988 real dollars.
^Thousand bushels.
^1988 real pennies.

For yields, the following states are matched with each location: Missouri
and Illinois to St. Louis; Illinois and Indiana to Chicago; Michigan and
Ohio to Toledo; Louisiana, Missouri, Arkansas, and Tennessee to the
Gulf; Illinois to Peoria; Iowa, Nebraska, and South Dakota to Sioux City;
Missouri and Kansas to Kansas City; Minnesota and Wisconsin to Min-
neapolis; and Iowa and Nebraska to Omaha-Council Bluffs.̂ '* Because
distribution will be affected by production (harvest) at each location, na-
tional production is used.̂ ^ Monthly data on temperature and precipi-
tation by state is from Weather in U.S. Agriculture: Monthly Temperature
and Precipitation hy State and Farm Production Region, 1950—1990, and
data on grain shipments on the Illinois Waterway and the Mississippi
River (locks 11-22) are from Feed Situation and Outlook Yearbook, both
from the Department of Agriculture's Economic Research Service
(March, 1993).

RESULTS

Descriptive statistics are presented in Table I. Of interest is the fact that
the mean level of basis risk is smaller than the mean level of price risk at

'^Because only statewide data are available, some states have been matched with more than one
location. For example, Illinois grain is available for storage in Peoria, Chicago, or St. Louis, each of
which is either in or on the border of Illinois.
^'Using local harvests, as defined above for the yield, leads to similar results.



304 Netz

Independent
Variable

Constant

Return

Basis Risk

Price Risk

U.S. Production

Harvest

F
0-W
n
p range

(Standard

All Cities,'
All Stocks

-407.96***
(101.20)

79.42***
(22.78)

-28.70*
(15.09)

-27.37**
(13.79)
42.99***

(13.23)
259.53***
(34.29)
14.38***
2.06

2691
-0.36 to 0.45

TABLE II

Storage
Errors in Parentheses)

No
Minneapolis,

All Stocks

-409.67***
(101.28)

65.22***
(21.88)

-31.71*
(16.99)

-22.93
(14.39)
44.17***

(13.28)
250.45***
(34.66)
13.21***
2.07

2393
-0.36 to 0.47

All Cities,
No Low Stocks

-425.36***
(111.54)

87.89***
(26.68)

-29.17*
(16.54)

-34.89**
(16.22)
46.90***

(14.69)
258.88***
(38.06)
11.89***
2.07

2412
-0.37 to 0.46

No
Minneapolis,

No Low Stocks

-427.99***
(112.02)

74.93***
(26.52)

-36.40*
(19.31)

-30.65*
(17.44)
48.17***

(14.78)
249.87***
(38.33)
11.02***
2.08

2145
-0.37 to 0.48

""Significant at the 1% level.
""Significant at the 5% level.
"Significant af the 10% level.
'St. Louis, Chicago, Toledo, Gulf, Peoria, Sioux City, Kansas City, Minneapolis, and Omaha-Council Bluffs.

all locations.^^ The mean cash price (and, to a lesser degree, the standard
deviation) varies from location to location, with a low in Sioux City of
$2.14 and a high at the Gulf of $2.59. At least part of this difference is
explained by transportation costs. The levels of inventory differ signifi-
cantly between the various locations, from lows of approximately 2 million
bushels (St. Louis and Peoria) to highs of close to 20 million bushels
(Toledo). Variability in storage also differs widely across locations. Notice
that Minneapolis seems to differ substantially from the other locations.
The mean price risk and mean basis risk are 23% and 41% higher than
the average over the other locations. The standard deviation of both risk
variables is also much larger than at other locations; that is, the level of
risk at Minneapolis is both larger and more variahle than at the other
locations.^^

l that the risk variahles are measured as the standard deviation of the change in the variahle
over the past eight periods.
^Recall also that iVIinneapoIis is the only city at which the hypothesis that stocks Granger-cause

basis risk is not rejected.
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The results are presented in Table II. All coefficients have the pre-
dicted sign and are largely significant at conventional levels. The price
risk variable is significant at the 11 % level in the sample where Minne-
apolis is excluded. When periods of low stocks are omitted (primarily at
the end of the crop year) in an effort to remove observations believed to
be strongly affected by convenience yield, all explanatory variables have
a larger magnitude, by an average of 15%. This is to be expected. In
periods of low levels of inventory, convenience yield will be the dominant
influence as opposed to risk and the return to speculative storage. When
storage levels are higher, storage is motivated primarily by intertemporal
arbitrage profits, so these effects dominate the convenience yield effect.
The result is only suggestive, however, because the hypothesis that the
coefficients are equal across the full sample and the sample without low
stocks is accepted.

Contrary to expectations, when Minneapolis is excluded from the
sample the coefficient on basis risk becomes more negative. The coun-
terintuitive result may be explained by the fact that Minneapolis is out
of position: it is the least integrated into the distribution pipeline, espe-
cially over the winter months when the top of the Mississippi freezes.
Although inventory levels at all locations indicate not only pure storage
but also handling (moving grain from truck to rail or barge or from barge
to ocean liner, for examples), inventory at Minneapolis, given its location,
comes the closest to pure storage. The theory may be expected to hold
more strongly at Minneapolis, in which case the coefficient on basis risk
would be larger.

Table III presents estimates of the magnitude of the effect of the
independent variables on storage, which varies across location. Two mea-
sures are presented.^^'^^ One is the elasticity calculated at the means of
the levels of the variables (in the columns labeled "Elast."). The second
measure gives the percentage of a standard deviation that stocks change
when the indicated independent variable increases in levels by one stan-
dard deviation (in the columns labeled "Impact").'*" That is, when the

'^Though the equations are estimated in differenced form to control for nonstationarity, the estimated
coefficients from the differenced form give unbiased estimates of the coefficients from the level form
of the equation. Thus, calculations proceed as usual.
^'Calculations use the coefficients from the sample including Minneapolis and including all levels
of stocks, which gives the most conservative estimated impact for hasis risk. The hasis risk coefficient
from the sample excluding Minneapolis and excluding periods of low stocks would show hasis risk
to have a 27% larger impact.
"•"On average across the nine locations, the impact is slightly smaller when expressed as a fraction
of the mean level of stocks.
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Location

St. Louis
Chicago
Toledo
Gulf
Peoria
Sioux City
Kansas Cify
Minneapolis
Omaha-Council Bluffs
Simple Average

Elast.'

0.090
0.005
0.002
0.087
0.093
0.093
0.004
0.009
0.022
0.045

TABLE III

Magnitude

Return

• Impact^

19.39
3.45
3.00

22.11
47.27
25.04
17.92
9.18

12.73
17.79

of Effect'

Basis

Elast.

-0.087
-0.012
-0.008
-0.024
-0.072
-0.030
-0.025
-0.017
-0.011
-0.058

Risk

Impact

-5.32
-1.11
-0.95
-3.49

-12.25
-3.72
-3.52
-4.50
-1.89
-3.99

Price

Elast.

-0.114
-0.017
-0.010
-0.033
-0.094
-0.037
-0.033
-0.020
-0.013
-0.041

Risk

Impact

-7.79
-1.51
-1.42
-5.47

-18.19
-5.98
-6.39
-4.50
-3.04
-6.03

'Calculations use coefficients from column 1 ot table II.
^Calculated at the means.
^The entries give the percent of a standard deviation storage changes when the indicated independent variable increases
by one standard deviation.

return to storage increases by one standard deviation in St. Louis, stocks
rise by 19% of a standard deviation.

Storage is inelastic with respect to all three independent variables.
On average across all locations, a 1% increase in each independent var-
iable causes stocks to cbange by about 0.05%. The elasticity at tbe means
varies considerably across locations: tbe elasticity witb respect to the re-
turn to storage ranges from a higb of 0.093 at Peoria and Sioux City to a
low of 0.002 at Toledo; tbe elasticity witb respect to basis risk from
- 0.087 at St. Louis to a low of - 0.008 at Toledo; and tbe elasticity witb
respect to price risk from — 0.114 at St. Louis to — 0.010 at Toledo. Note
tbat tbe primary source of tbe variation in elasticities is due to tbe wide
variation in mean levels of stocks at eacb location.

Tbe impact column sbows tbat, on average across all locations, a
one-standard-deviation increase in tbe return to storage increases stocks
by about 18% of a standard deviation or 1,345,000 busbels; basis risk
decreases stocks by 4% of a standard deviation or 302,000 busbels; and
price risk decreases stocks by 6% of a standard deviation or 4 5 6,000 busb-
els.'*' Tbe impact numbers also vary considerably across locations. Peoria
is most sensitive to cbanges in all tbe independent variables, and Toledo
is tbe least sensitive.

""Alternatively, a one-standard-deviation increase in the return, basis risk, and price risk, causes
stocks to change by, respectively, + 15.7%, - 3.5%, and - 5.3% of the mean.
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The variation in magnitudes may be explained by cbaracteristics of
the local market not captured in the model. For example, tbe bigb impact
at Peoria may be explained by tbe ease witb wbicb grain can be moved
from Peoria to Cbicago or St. Louis if tbe economic environment is un-
friendly toward storage. Tbe delivery points, Cbicago at par and Toledo
at a discount, exhibit tbe smallest reaction to cbanges in tbe independent
variables; delivery may be tbe largest impact at tbese locations.'*^

Of particular relevance to tbe bypotbesis being tested, tbe results
sbow tbat basis risk bas a significant impact on tbe level of storage. A
one-standard-deviation cbange in basis risk is associated witb a decline
in storage levels by 0.95% to 12.25% of a standard deviation, depending
on location, witb an unweigbted average of 3.99%, or about 3.5% of tbe
mean level of stocks at eacb location. Tbe impact of tbe return to storage
is tbree to four times larger, ranging from 3.00% to 47.27% of a standard
deviation, as expected, because tbis is tbe primary motivation for storage.
Tbe impact of price risk is sligbtly larger tban tbe impact of basis risk,
ranging from 1.42% to 18.19% of a standard deviation. Tbe empirical
analysis indicates tbat, tbougb tbe return to storage bas tbe largest impact
as expected, basis risk bas a significant impact on tbe level of storage.

CONCLUSIONS AND IMPLICATIONS

Tbis article empirically estimates tbe degree of tbe effect of basis risk on
positions in tbe casb markets. A traditional portfolio model of risk-averse
storers is used to demonstrate tbat basis risk negatively impacts tbe level
of storage (as well as tbe bedge ratio). Basis risk reduces storage levels
because it limits tbe effectiveness of futures as a risk management tool.
As storers face more basis risk, tbey reduce tbeir exposure by reducing
tbe level of inventory. Tbe result tbat basis risk affects tbe level of storage
is tben empirically tested witb tbe use of data on storage of corn in nine
major American markets in tbe mid-1980s. Tbe empirical analysis sbows
tbat a one-standard-deviation increase in basis risk is associated witb a
decline in storage by between 1% and 12% of a standard deviation, de-
pending on tbe location, or, on average, 3.5% of tbe mean.'*^

Altbougb tbe impact of basis risk is statistically significant, some
migbt argue tbat tbe magnitude is relatively small, and tbus infer tbat

•*^Though less than 3% of contracts end in delivery, the average level of stocks in Chicago is less than
2500 contracts and the average level of stocks in Chicago and Toledo is less than 6200 contracts. In
1992, trade volume for corn was 10.3 million contracts; 3% of 10.3 million contracts is 309,000
contracts.
"*"̂ The impact of the return to storage is three to four times larger.
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analyses tbat ignore basis risk may not be introducing mucb in tbe way
of error. Altbougb tbis may be true for corn, in particular, and probably
grains, in general, it would be a mistake to generalize tbe magnitude of
tbe impact of basis risk to otber industries. Of all tbe futures markets,
tbe grain futures markets are tbe most developed and expose agents to
tbe least amount of basis risk. Tbe fact tbat even for tbis market a statis-
tically and, arguably, economically significant impact is found suggests
tbat tbe effect migbt be larger for otber commodities. In a related exer-
cise, empirical researcb estimating bedge ratios in tbe presence of basis
risk gives quite different estimates depending on tbe commodity. For ex-
ample, Ederington estimates an optimal bedge ratio of only 31% for 90-
day T-bills but 92% for corn for 2-week bedges witb tbe use of tbe nearby
contract. Tbe differences in optimal bedge ratios are driven, at least in
part, by differences in basis risk. It seems likely tbat a similar range of
magnitudes in tbe effect of basis risk on casb market positions may be
observed. Only more empirical researcb will tell.

Tbe fact tbat basis risk impacts storage also bas implications for
many studies of tbe impact of futures markets on price volatility. For
example, in tbe models by Sards and Turnovsky, tbe effect of futures
markets on price volatility is driven by tbe impact of futures on storage
bebavior. In general, tbese articles find tbat tbe casb price will be stabi-
lized if storage becomes more elastic witb respect to tbe return to storage.
Altbougb storage becomes more elastic even if basis risk exists, basis risk
limits tbe cbange in tbat elasticity. Tbus, tbe estimates of Turnovsky and
Campbell (1985), wbo simulate Turnovsky's model to estimate tbe degree
to wbicb a futures market reduces spot price volatility, sbould be inter-
preted as upper bounds on tbe degree of stabilization, because Turnov-
sky's model does not consider tbe impact of basis risk.'*'*'*̂

Altbougb tbis particular empirical application measures tbe impact
of basis risk on storage, tbe models presented and discussed sbow tbat
basis risk will affect tbe casb market position in all bedging situations by
risk-averse agents. Tbus, basis risk may affect positions in agriculture,
energy, financial instruments, and any international transaction wbere
agents use currency futures to bedge against excbange rate risk. For ex-
ample, Netz (1992) examines tbe impact of basis risk and excbange rate

••^Turnovsky and Camphell estimates of the degree of stabilization range from no effect to a 50%
reduction, depending on parameter values and the source of uncertainty.

Netz (1995), in her study of the impact of the development of the wheat futures market on spot
price volatility, avoids this prohlem by studying the delivery location at a time when contracts often
resulted in delivery (the mid- to late-1800s), that is, a situation where the assumption of no hasis
risk is reasonable.
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risk on countries' aggregate storage and export levels in the wheat mar-
ket.'*^ The hypothesis empirically tested is that because foreign agents
face greater hasis risk and exchange rate risk, American agents have an
advantage in storage over foreign agents; thus foreign countries export
rather than store a larger proportion of supply shocks. Results support
the idea that different levels of risk explain part of the difference in stor-
age and export hehavior.

The fact that hasis risk reduces the cash market position and the
futures market position relative to the cash position has implications for
contract design and policy makers. One necessary element for contract
success is volume (liquidity). By designing contracts that minimize hasis
risk, exchanges can encourage the use of the contract directly (hecause
the hedge ratio rises with a reduction in hasis risk) and indirectly (hecause
the cash position, and hence the amount to he hedged, also rises). To the
extent that policy makers wish to encourage cash market activity (e.g.,
agricultural storage to smooth incomes and, perhaps, to reduce agricul-
tural subsidies) or to encourage risk management (e.g., encourage hanks
and savings and loans to hedge their risks through the use of financial
futures), the government should also he interested in futures contracts
designed to minimize hasis risk.

BIBLIOGRAPHY

Anderson, R. W., and Danthine, J.-P. (1981): "Cross-Hedging," JowmaJ of Polit-
ical Economy, 89:1182-1196.

Castelino, M. G. (1992): "Hedge Effectiveness: Basis Risk and Minimum-
Variance Hedging," Jowmai of Futures Markets, 12:187-201.

Crop Reporting Board (January, 1981 to December, 1989): Crop Production,
Wasbington, DC: United States Department of Agriculture.

Economic Research Service (March, 1993): Feed Situation and Outlook Year-
hook, Wasbington, DC: United States Department of Agriculture.

Ederington, L. H. (1979): "Tbe Hedging Performance of tbe New Futures Mar-
kets," Jowrwaf of Finance, 34:157—70.

Figlewski, S. (1984): "Hedging Performance and Basis Risk in Stock Index Fu-
tures,"Jowmal of Finance, 39:657—669.

Fuller, W. A. (1976): Introduction to Statistical Time Series, New York: Wiley.
Garcia, P., Leutbold, R. M., and Sarban, M. E. (1984): "Basis Risk: Measure-

ment and Analysis of Basis Fluctuations for Selected Livestock Markets,"
American Journal of Agricultural Economics, 66:499—504.

k (1982) observes that Argentina exports a large percentage of supply shocks whereas the U.S.
stores a large percentage of supply shocks, with Australia and Canada in hetween. She hypothesizes
that risk faced and the availability of risk-management tools may explain the difference in hehavior.
Netz (1992) shows that differences in storage costs or capacity are not likely to explain the difference.



310 Netz

Kaldor, N. (1939): "Speculation and Economic Stability," Review of Economic
Studies, 7:1-27.

Kawaii, M. (1983): "Price Volatility of Storable Commodities Under Rational
Expectations in Spot and Eutures Markets," Intemational Economic Review,
24:435-459.

Kenen, P., and Rodrik, D. (1986): "Measuring and Analyzing tbe Effects of Sbort-
Term Volatility in Real Excbange Rates," Review of Econom-ics and Statistics,
68:311-315.

Kolb, R. W. (1992): "Is Normal Backwardation Normal?," Jowmai of Futures
Markets, 12:75-91.

Livestock and Grain Market News Brancb (January 1981 to December 1989):
Stocks of Grain at Selected Terminal and Elevator Sites, Wasbington, DC:
United States Department of Agriculture.

Martin, L., Croenewegen, J. L., and Pidgeon, E. (1980): "Factors Affecting Corn
Basis in Soutbwestern Ontario," Am.erican Journal of Agricultural Econom-
ics, 62:107-112.

Moser, J. T., and Helms, B. (1990): "An Examination of Basis Risk Due to Es-
timation," JoMmai of Futures Markets, 10:457—467.

Netz, J. S. (1992): "Risk and Futures Markets and tbeir Impact on Spot Price,
Storage and Exports," unpublisbed Pb.D. tbesis. University of Micbigan.

Netz, J. S. (1995): "Tbe Effect of Futures Markets and Corners on Storage and
Spot Price Variability," AtwericanJoMrwai of Agricultural Economics, 77:182—
193.

Parousb, J., and Wolf, A. (1989): "Production and Hedging Decisions in tbe
Presence of Basis YKisV," Journal of Futures Markets, 9:547—563.

Parousb, J., and Wolf, A. (1992): "Tbe Derived Demand witb Hedging Cost
Uncertainty in tbe Futures Markets," The Economic Journal, 102:831—844.

Peck, A. E. (1975): "Hedging and Income Stability: Concepts, Implications, and
an E,xarmp[e," American Journal of Agricultural Economics, 57:410—419.

Peck, A. E. (1982): "Futures Markets, Food Imports and Food Security," ACREP
Division Working Paper No. 43, World Bank, September.

Sarris, A. H. (1984): "Speculative Storage, Futures Markets, and tbe Stability of
Commodity Prices," Economic Inquiry, 22:80—97.

Stein, J. L. (1961): "Tbe Simultaneous Determination of Spot and Futures
Prices," American Economic Review, 51:1012—1025.

Telser, L. G. (1958): "Futures Trading and tbe Storage of Cotton and Wbeat,"
Journal of Political Economy, 66:233—255.

Teigen, L. D. (1992): Weather in U.S. Agriculture, computer file No. 92008B,
Wasbington, DC: Economic Researcb Service, U.S. Department of
Agriculture.

Tilley, D. S., and Campbell, S. K. (1988): "Performance of tbe WeeUy Gulf-
Kansas City Hard-Red Winter Wbeat Basis," American Journal of Agricul-
tural Economics, 70:929-935.

Turnovsky, S.J. (1983): "Tbe Determination of Spot and Futures Prices witb
Storable Commodities," Econometrica, 51:1363—1387.

Turnovsky, S. J., and Campbell, R. B. (1985): "Tbe Stabilizing and Welfare Prop-
erties of Futures Markets: A Simulation Approacb," International Economic
Review, 26:277-303.



Basis Risk 311

Vollink, W, and Raikes, R. (1977): "An Analysis of Delivery-Period Basis Deter-
mination for Live Cattle," Southern Joumal of Agricultural Economics,
9:179-184.

Ward, R. W., and Dasse, F. A. (1977): "Empirical Contributions to Basis Theory:
The Case of Citrus Futures," American Joumal of Agricultural Economics,
59:71-80.

Working, H. (1949): "The Theory of Price of Storage," American Economic Re-
view, 39:1254-1262.




