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INTRODUCTION

Section 4a of the Commodity Exchange Act (CEA) provides limits on
speculative trading on the premise that excessive speculation may lead to
excessive price volatility. This section directs the Commodity Futures
Trading Commission (CFTC) to set speculative position limits on futures
and options contracts and explicitly exempts bona fide hedged positions.
The CFTC directly sets limits on agricultural futures and options con-
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tracts and mandates the exchanges to adopt and enforce limits where the
Commission has not established speculative position limits.^

The CFTC has assigned higher speculative position limits on intra-
crop year spread positions than on inter-crop year spread positions. Ex-
changes have also set higher margin requirements on inter-crop year
spread positions than intra-crop year spread positions. The CFTC's hasis
for different treatment of spread positions within and across crop years
rests on the hypothesis that there can be a substantial difference in the
market impact of spreads which are between months of the same crop
year from those which are cross crop years.^ A corollary which follows is
that inter-month spreads across crop years may, under certain circum-
stances, act more like separate outright positions than spreads which are
in the same crop year.

The purpose of this article is to examine this hypothesis considering
both the relevant economic theory and empirical behavior of inter- versus
intra-crop year spreads from July, 1983 to August, 1991. This study pro-
vides pertinent information to policy makers considering issues involving
inter- and intra-crop year spread trading such as speculative position lim-
its and margin requirements. Furthermore, the empirical results dem-
onstrate that the crop year is another factor affecting agricultural futures
spreads in addition to the length-of-month effect as suggested by Caste-
lino and Vora (1984).

The major empirical findings are summarized as follows: (1) In gen-
eral, futures price changes within and across crop years are highly cor-
related. However, the null hypothesis that the correlation between the
legs of inter-crop year spreads equal that of intra-crop year spreads is
rejected in most cases. (2) During the sample period, a few situations
involving inter-crop year spreads are identified where price changes in
the legs of spreads were statistically independent. (3) The intra-crop year
spread volatility seems to differ from the volatility of its legs by an order
of magnitude while inter-crop year spread volatility differs from the vol-
atility of its legs only marginally (4) The changes in inter-crop year
spreads are often more volatile than those of intra-crop year spreads. (5)
The mean values of most inter-crop year spreads are negative numbers
(old crop prices are greater than new crop prices), while most of the mean
values of intra-crop year spreads are positive or near zero.

These results are consistent with the theory of the price of storage
and can be explained by differences in the marginal convenience yield of
holding inventory of a commodity at different points in time.

The CFTC determines the speculative position limits for corn, oats, wheat, soybean oil, soybean
meal, and cotton.
^Further discussion can be found in the Federal Register / Vol. 53, No. 120, 23412.
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The organization of this article is as follows. It briefly reviews the
theory of the price of storage and then analyzes the behavior of inter-crop
year spreads within the framework of the theory; describes the data and
construction of spreads; and presents the statistical procedures employed.
Empirical results are analyzed and the conclusions are presented in the
final section.

THE THEORY OF THE PRICE OF STORAGE
AND INTER-CROP YEAR SPREADS

The Theory of the Price of Storage and
Spread Rehavior

Working (1948, 1949) expanded the theory of the price of storage to
explain inter-temporal price relationships between cash and futures as
well as relationships between futures contracts of different delivery
months. This theory has successfully explained the futures price behavior
of seasonally harvested storable commodities. In essence, the theory
states that the price difference between cash and futures or the difference
between two futures contracts is equal to the cost of storage minus the
marginal convenience yield of holding the current stock of a commodity
at time t. The storage cost includes interest expense, insurance, and the
direct cost associated with physical storage of the commodity. The incor-
poration of the marginal convenience yield is critical to explaining the
existence of a negative price of storage. The marginal convenience yield
is negatively related to the level of stock and rises at an increasing rate
when stock levels are low. Conversely, the marginal convenience yield
approaches zero when the level of inventory is high.^

According to the theory, when the current inventory level is ade-
quate, the convenience yield from holding stocks is also negligible and
arbitrage ensures that price differences (between cash and futures or two
futures of different delivery months) have an upper limit, which is equal
to the full cost of carry. Hence, when the level of inventory is adequate,
temporal price relationships are closely linked by arbitrage to maintain
the cost of storage relationship. When inventory levels of seasonally pro-
duced storable commodities are unusually low, sudden shifts in the de-
mand for storage can be expected to generate large changes in the price

^Keynes (1930) and Hicks (1939) attribute a negative basis to the premium hedgers pay to speculators
to shift price risk. Thus, there are several possible sources of a negative price spread; {1) Convenience
yield; (2) risk premium; (3) asymmetric information [Khounyand Martel (1989)] and (4) aggregation
[Wright and Williams (1991)], For more literature on risk premiums and empirical evidence, see
Kamara (1982), and others.
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of storage. When shortages occur, the convenience yield from holding
stocks becomes dominant, allowing the nearby price to be bid up. As a
consequence, the difference between cash and futures or the difference
between two futures becomes negative.

The theory of the price of storage cost provides an economic basis
to predicate (analyze) a different behavior of inter- versus intra-crop year
spreads. For example, it is expected that when the legs of intra-crop year
spreads are priced off the same crop year's inventory, the legs will be
closely linked whether inventory is adequate or low. On the other hand,
the legs of inter-crop year spreads can be expected to behave differently
when shortage conditions exist in the current period. Since there is gen-
erally no reason to believe that shortage conditions will exist in future
crop years, those prices are relatively unaffected by the current crop
shortage while the nearby prices will be bid up to reflect the current
scarcity Thus, the prices of the legs of the inter-crop year spreads will
not move closely together and are therefore, less correlated relative to
intra-crop year spreads. As a result, inter-crop year spread changes will
be more volatile than intra-crop year spread changes.

In general, the literature dealing with improving and empirically test-
ing the theory of storage is extensive.'* However, only two previous studies
have provided evidence that the legs of the spreads between inter-crop
futures are less related than legs of the spreads between intra-crop year
futures. Working (1933) demonstrated that the price differences for
May-July futures contracts for wheat are less correlated in a period where
spreads are negative than in a period where spreads are positive. Telser
(1958) showed that the volatility of inter-crop year spreads is larger than
that of intra-crop year spreads (for cotton and soybean futures in the
period from 1926 to 1954).

This study extends the findings of previous studies by using recent
data to perform large-scale empirical tests of the hypotheses that inter-
crop year spreads are more violate than intra-crop year spreads for seven
agricultural commodities within the framework of the theory of storage.
Two proxy measures are employed which permit inferences on changes

A major addition to the theory involves the measurement of the level of stock. Telser (1958) and
Gray and Peck (1981) demonstrated that the price of storage is determined by the current stock
available for delivery, rather than by the total level of current stock. Weymar (1966) made an addi-
tional contribution arguing that the expected level of stock between two futures' time periods is more
of an influence than the current level of stock for the determination of the price of storage for two
distant futures contracts. Additional literature with respect to the theory includes Tomek and Gray
(1970) (soybeans). Ward and Dasse (1977) (frozen concentrated orange juice), Thompson (1986)
(coffee, and cocoa), Fama and French (1989) (industrial and precious metals), and Cho and Mc-
Dougall (1990) (crude oil and gasoline), and others.
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in the inventory.^ Two measures are used to demonstrate that each leg of
the spread changes are equivalent and complement each other. The first
measure is a correlation of each leg of spread changes and the second
one is the volatility of corresponding spread changes.

Inventory Patterns over the Crop Year and
Inventory Proxies

Inventories of seasonally-harvested, storable commodities exhibit the fol-
lowing pattern through the crop year. During the first quarter of the crop
year, inventories build up as new-crop harvest is added to the inventory
left over from the previous crop year. After reaching a peak, inventory
slowly declines over the rest of the crop year.̂

The inventory pattern over the crop year and the theory of the price
of storage have implications regarding the construction of inventory prox-
ies. In a world where this theory holds, low inventories are a necessary
condition for price inversions. Therefore, the observance of negative
spreads may be used as a proxy for periods of low inventory. Also, the
assumption of the behavior of the inventory pattern over the crop year
implies a crop year quarter may he used as a proxy for the inventory level.

Under these assumptions, it follows that the periods of greatest rela-
tive scarcity occur at the end of the crop year. Further, hecause shortage
conditions influence the near leg hut not the deferred leg, inter-crop year
spreads are more likely to exhibit inverse carrying charges.

THE DATA SOURCES AND CONSTRUCTION OF
THE SPREADS

The Data Sources

The seven commodities selected in this analysis are (1) corn, (2) oats, (3)
wheat, (4) soyheans, (5) soybean oil, (6) soybean meal, and (7) cotton #2.
The first six commodities are traded at the Chicago Board of Trade
(CBOT) and cotton #2 is traded at the New York Cotton Exchange
(NYCE).̂

The sample period is from July, 1983 through August, 1991.^ The 8
year sample period is considered to be of sufficient length to examine

'A discussion on the measurement of inventory prohlem can he found in Fama and French (1988),
^Further discussion can be found in Kolb (1991), Chapter 5,
'wheat, corn, and soyheans are also traded on the Minneapolis Grain Exchange and MidAmerica
Commodity Exchange,
"The daily data from CFTC futures data bank for periods before July, 1983 was not edited. Hence
only data after July, 1983 is used in the analysis.
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TABLE I

Specifics Used in the Construction of Crop Year Quarters for Seven
Agricultural Commodities

Transitional

Commodity First Future Last Future Month Crop Season

Cotton

Corn

Oats
Soybean
Soybean meal
Soybean oil
Wheat

Cot.

Deo.

July
Sept.
Cot.
Oot.
July

July
Sept.
May
Aug.
Sept.
Sept.
May

Cot.
Sept.
None
Sept.
Sept.
Sept.
None

Aug.-July
Cct.-Sept.
June-May
Sept.-Aug.
Cot.-Sept.
Cct.-Sept.
June-May

Construction of crop year quarters based upon the crop season instead of calendar year. For example cotton's crop year
is devided as follows: quarter 1 includes August, September, October; quarter 2 inciudes November, December, January;
quarter 3 inciudes February, Marcii, April; and quarter 4 inciudes May, June, July.

recent inter-crop year spread behavior over various economic situations
and provides an opportunity to identify the conditions, if any, under which
prices across inter-crop years are independent.

As a result of changing inventories over the crop season, the crop
year quarter is employed as an indicator variable to proxy changing levels
of stock through the crop season. Table I presents definitions of crop-
year and crop season (by quarters) for the seven agricultural commodities
which are used in construction of the spreads.

Spreads are computed using daily settlement prices over the sample
period for 3 intra- and 2 inter-crop year spreads based upon the following
rationale.

Construction of Spreads

In choosing the intra- and inter-crop year spreads, it is believed that the
spreads should possess the following characteristics: (1) the legs of the
spread should have ample liquidity; (2) the spreads should be commonly
traded; and (3) the legs of inter-crop year spreads should be situated at
crucial points (points of maximum discontinuity of supply) in the crop
years. Each of the five spreads analyzed include at least some of the de-
sired characteristics, and when taken as a whole, include all of the
characteristics,

• The Nearhy versus the First Deferred Old Crop Spread (Intra 1)—It is
probably the most commonly traded intra-crop year spread. This spread
is actively used and is reflective of the fundamental factors of the old-
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crop year. However, this spread may be subject to factors that are pe-
culiar to short-time-periods-to-expiration such as position concentra-
tions rather than market to fundamentals,

• First-Deferred versus Second-Deferred Old Crop Spread ilntra 2)—This
spread is less liquid than Intra 1, but still actively traded, and will be
relatively unaffected by the concerns described above involving the
nearby month,

• First Delivery Month versus Second Delivery Month in New-Crop Spread
(Intra 3)—^This spread, although relatively illiquid compared to old-
crop spreads, is included to examine the behavior of spreads within the
new crop,

• Nearhy Old-Crop Futures versus First Non-Transitional New-Crop Fu-
tures (Inter 1)—This spread includes the most actively traded old-crop
and new-crop futures, and is probably the most actively traded inter-
crop year spread. In terms of fundamentals, it contrasts a price based
upon nearby demand and supply factors versus a price based upon the
market's current anticipation of future demand and supply factors pre-
vailing just after the harvest of the new crop,

• Last Futures in Old-Crop versus First Non-Transitional New-Crop Fu-
tures (Inter 2)—This spread is believed to best illustrate the pricing
consequences of the discontinuous supply resulting from the seasonal
production cycle of agricultural commodities. Supplies are generally
approaching the seasonal low as the last future of the old crop year
approaches expiration, while supplies are at the seasonal high just as
the first non-transitional new-crop futures approach expiration. Con-
sequently, this spread is typically the most inverted and should most
clearly demonstrate whether and under what conditions the prices of
futures months in different crop years behave differently.

To avoid distortions due to congestion during the delivery period, no
spot month contracts (nearby contracts on or after first notice day) are
used in the analysis. Futures months that are transitional between the
old crop and the new crop are excluded from the inter-crop year spreads
but included in intra-crop year spreads so as to err on the side of con-
servatism in comparing the volatility of inter- versus intra-crop year
spreads.

Since these spreads will not generally be of equal time intervals, the
volatility of price changes will be greater for spreads of greater length,

^This argument is based on the empirical evidence that future prices usually behave as a random
walk.
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Therefore, the spreads are standardized to reflect one month's equivalent
spread changes. ̂ '̂  It should be noted that some of the statistical measures
report empty cells at times because one or both of the component prices
of the spreads have expired.

STATISTICAL PROCEDURES

Direct and indirect statistical procedures proposed here are designed to
measure the degree of dependence between price changes across and
within crop years.

The first measure, the Spearman Rank correlation, is employed as a
direct measure of the contemporaneous relationship between futures
price changes of different delivery months. ̂ ' If the correlation coefficient
between price cbanges across crop years is nearly zero, it implies that
price changes in each leg are nearly independent. On the other hand,
when price changes across crop years are closely related, the correlation
coefficient should be close to one.'^ Student t-statistics are used to test
the null hypothesis that the correlation coefficient is equal to zero.'^ The
Fisher's Z transformation is employed to test the equality of two corre-
lation coefficients.''*

The variance is used to indirectly measure the degree of dependence
between price changes by: (1) comparing the variance of spread changes
across and wdthin crop years; and (2) comparing the variances of spread
changes with the variances of the corresponding legs of the spread. These
measures provide additional information on the risk behavior of spreads
and their associated legs. Since the volatility of spreads per month is of
interest in this study, spreads are adjusted by dividing by the square root

'"This adjustment procedure depends upon the purpose of the study. If the researcher is interested
in comparing the spread per month, the proper adjustment factor is found hy dividing hy the month
length of the spread [see Williams (1986)]. This study is interested in the volatility of the spreads
per month. The proper adjustment is, therefore, to divide hy the square root of the month length. In
the study hy Dutt, Fenton, Smith, and Wang (1991), inter- and intra-crop year spreads with equal
month length were constructed.
"Typical empirical distributions of inter-crop-year spreads are skewed to the left by a few large
negative values. Given this situation, the perason correlation coefficient [Dutt, Fenton, Smith, and
Wang (1991)] may be distorted due to its sensitivity to extreme values. For this reason. Spearman
rank correlation is employed also.
'^Residual cross correlation of price changes may be preferred if either of two futures price changes
are still autoeorrelated.
'^For testing the null hypothesis that rho = 0, the following t-statistic with (n - 2) degrees of
freedom is used: t = r/{n - 2)"^/(l - r^)"^ where r is the estimated correlation coefficient and n
is sample size.
'"The Fisher's Z transformation is Z = l/2Ln((l + r)/\ - r)) were r is the estimated correlation
coefficient. Z is distributed almost normally with a standard error approximately a^ = ]/{n - 3)"^
and n is the sample size.
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of the month length and subsequently computing the variance of the
adjusted spreads. In this way, the sources of volatility due to different
spread lengths are removed. For comparison purposes, variance of the
spread changes within crop years is used as a benchmark with which to
compare the relative dependence of price changes within a crop year
versus the dependence across crop years.

To explain the relationship between these two measures, the spread
is defined as Ŝ  = P ,̂ T2 - Pf, Ti where Pj, T2 and P ,̂ Tj are futures
prices at time t and maturity at T2, Tj, respectively, and T2 > Tj. For
simpler presentation, let T2 = 2 and Tj = 1.

The change in the spread is defined as AS^ = Ŝ  — Sf_i = AP^2 ~
APfi where A denotes (1 — B) and B is a backward shift operator. The
variance of the changes in an inter-crop spread can be written as:

+ Var(^Pti) - 2Cov(JP,2, AP^^)

In words, the variance of the spread changes is the sum of three com-
ponents: (1) the variance of ^Pt2; (2) the variance of ^Pji; and (3) the
CoviAPt2, APfi). If Pt2 in the new crop year is independent of P(i in the
old crop year, then Cov(z/P(2, APfi) = 0, and Var iASf) is at a maximum.^^
On the other hand, if Pt2 and P^ are in the same market (the extreme
opposite case), then Var(z)St) = 0. Therefore, if the magnitude of
Var(//St) is close to the sum of Var(zlPt2) and Var(zJPti), it implies that
price changes across crop years are nearly independent. If the variance
of the spread changes is significantly less than the sum of the variances
of the price changes of the legs, it implies that the correlation of price
changes is high. Hence, the two measures have a negative relationship.

EMPIRICAL RESULTS

The empirical analysis is conducted under two levels of data aggregation.
The first method, a temporal disaggregate analysis, organizes and analyzes
the data by the respective crop year quarters of each commodity. This is
done by dividing each commodities' crop year into approximately four 12-
week quarters and then constructing relevant statistics. This type of anal-
ysis provides an opportunity to identify particular time periods where the
two legs of the spread are statistically independent. It also furnishes the
empirical distribution of the various estimates. The major weakness of

"Certainly, if cov (APt2, /(Pti) is negative (i.e., two price move in totally different direction) then
Var(^St) > Var (AVt2) + Var(z(Ptl)). However, the theory of the price of storage rules out this
situation for a storable commodity with continuous inventories.
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this approach is that the sample size for the crop year quarters are rela-
tively small.

The temporal aggregate analysis, the second method employed, pools
the crop year quarters across calendar years. This method utilizes larger
sample sizes to deliver more reliable estimates, and allows an indirect test
of the theory of the price of storage. Examination of the proportion of
negative spreads throughout the crop year quarters indirectly tests oh-
served behavior with expected behavior as implied by theory. Following
the assumption of declining inventory in the latter part of the crop year,
theory suggests an increase in the proportion of negative spreads through-
out the corresponding period.

Temporal Disaggregate Analysis

The results of the temporal disaggregate method include:

1, A discussion of the summary statistics for the variances and correla-
tions of the spread changes,

2, An analysis of correlations to identify those crop year quarters where
statistical independence between the legs of the inter- and intra-crop
year spreads exist,

3, A discussion of two hypothesis tests on the disaggregate data.

Table II presents summary statistics from empirical distributions of
sample estimates of the variance of spread changes and the Spearman
Rank Correlations of its legs for the seven commodities. These results
suggest that the mean sample variance of the spread changes is generally
higher for inter-crop year spreads. For example, soybean oil's mean sam-
ple variances of spread changes are 0,3817, 0,3174, and 0,4491 (for intra
1, intra 2, and intra 3, respectively) while the estimates of inter 4 and
inter 5 are larger at 1,439 and 0,6602, respectively. The mean Spearman
Rank Correlation estimates of inter-crop year spreads are also lower.
Mean correlation estimates are generally in the 90% range for intra-crop
year spreads and the 70 to 80% range for the inter-crop year spreads. The
dispersion of inter-crop year spreads also appears to be greater.

Table III presents a summary of the occurrences of statistical inde-
pendence between the legs of the spreads for each type of spread at a 5%
level of significance. Over the sample period, there are 11 cases where
the legs of the inter-crop year spreads are independent, while there are
no cases of statistical independence for intra-crop year spreads. Wheat,
soybean oil, and soybean meal are free from independence in both intra-
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TABLE II

Summary Statatistics for: Variance of Spread Changes (X 100 Except Soymeal)
Spearman Correlations of Spread Legs

Cotton
Corn
Oats
Wheat
Soybeans
Soymeal
Soyoil

Cotton
Com
Oats
Wheat
Soybeans
Soymeal
Soyoil

Intra-Crop Year Spread (Intra 1):
Spread

Mean

2.401
0.0034
0.0030
0.0053
0.0388
0.3451
0.3817

Change

Max

7.381
0.0188
0.0214
0.0228
0.7611
3.0341
2.83

Variance

Min

0.6014
0.0005
0.0003
0.0017
0.0013
0.0069
0.0249

Intra-Crop Year Spread (Intra 2): 1st
Spread

Mean

2.346
0.0020
0.0020
0.0060
0.0075
0.1703
0.3174

Intra-Crop Year Spread

Cotton
Corn
Oats
Wheat
Soybeans
Soymeal
Soyoil

Spread

Mean

2.303
0.0008
0.0030
0.0034
0.0213
0.3732
0.4491

Change

Max

15.19
0.0073
0.0094
0.212
0.0316
0.6387
3.11

Variance

Min

0.7158
0.0006
0.0005
0.0015
0.0012
0.0179
0.0234

'. (Intra 3): 1st Month in
Change

Max

13.42
0.0026
0.0117
0.0079
0.1019
1.063
1.992

Variance

Min

0.4855
0.0002
0.0007
0.0010
0.0024
0.0306
0.0909

Nearhy—1st Deferred

Mean

0.9391
0.9389
0.9301
0.9436
0.9764
0.9652
0.9821

Deferred—2nd

Mean

0.9290
0.9428
0.9486
0.9359
0.9811
0.9690
0.9863

Spearman

Max

0.9890
0.9872
0.9903
0.9843
0.9970
0.9972
0.9947

Deferred
Spearman

Max

0.9887
0.9835
0.9879
0.9789
0.9953
0.9939
0.9960

Min

0.7182
0.7805
0.7660
0.8010
0.8538
0.8329
0.9361

Min

0.6545
0.8174
0.8353
0.7521
0.9471
0.8823
0.9628

New Year—2nd Month in New Year

Mean

0.9089
0.9671
0.8886
0.9412
0.9473
0.9491
0.9630

Spearman

Max

0.9768
0.9921
0.9769
1
0.9875
1
0.9949

Inter-Grop Year Spread (Inter 4): Last Month in Old Year—1st Non-Transitional Month :

Cotton
Corn
Oats

Spread Change

Mean

4.717,
0.0084
0.0059

Max

17.92
0.0532
0.0886

Variance

Min

0.5201
0.0010
0.0005

Mean

0.6927
0.7418
0.8963

Spearman

Max

0.9594
0.9856
0.9809

Min

0.7503
0.9090
0.6523
0.6820
0.7993
0.8350
0.8680

in New Yea

Min

-0.027
0.0870
0.6752
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TABLE II (Continued)

Summary Statatistics for: Variance of Spread Changes (X 100 Except Soymeal)
Spearman Correlations of Spread Legs

Wheat
Soybeans
Soymeal
Soyoil

Intra-Crop Year Spread (Intra I):
Spread

Mean

0.0166
0.0571
0.9739
1.439

Inter-Crop Year Spread

Cotton
Corn
Oats
Wheat
Soybeans
Soymeal
Soyoil

Spread

Mean

3.586
0.0049
0.0043
0.0138
0.0434
0.5043
0.6602

Change

Max

0.0721
0.2176
4.220
7.355

Variance

Min

0.0026
0.0052
0.0501
0.0505

Nearhy—1st

Mean

0.8562
0.8691
0.8308
0.9141

Deferred
Spearman

Max

0.9536
0.9733
0.9749
0.9944

(Inter 5): Nearhy—ist Non-Transitional Month in New
Change

Max

11.04
0.0232
0.0540
0.0823
0.2027
1.714
4.372

Variance

Min

0.7262
0.0012
0.0004
0.0025
0.0045
0.0291
0.0707

Mean

0.6751
0.7090
0.8170
0.7705
0.8231
0.7725
0.8850

Spearman

Max

0.9330
0.9758
0.9751
0.9792
0.9883
0.9867
0.9909

Min

0.5521
0.6241
0.5030
0.7840

Year

Min

0.0786
0.2729
0.2248
0.5224
0.5447
0.3789
0.5248

TABLE III

Number of Times Spread Legs are Statistically Independent Measured by
Spearman Correlation Estimates Temporal Disaggregate Analysis

(Eive Percent Level of Significance)

Type Com Cotton Oats Wheat Soyhean Meal Soyhean Oil Soyhean

0/30 0/30 0/30 ,
0/21 0/22 0/23
0/29 0/29 0/31
0/30 0/30 0/30
1/30 0/30 0/31

Out of about 940 quarterly estimates of oorrelations of various spread construot legs, 3% (28) of the time the null hypothesis
that the spread legs are unoorrelated holds. The preponderance of these events ooour in the inter-crop year spread
constructs. However, many of these are associated with large standard errors which due apparently driven by unusually
low numbers of observations (typically 12 to 16). In general, most correlation estimates are calculated from 50-60 obser-
vations.

To avoid independent occurrences due to sampling fluctuations, only estimates of greater than 20 observations are re-
ported. This reduces the number of independent occurrences to 11. All occur in the inter-crop year spread constructs.
The numerator indicates the number of times the null hypothesis that rho-0 holds. The denominator indicates the number
of sample estimates.

Intra 1
Intra 2
Intra 3
Inter 4
Inter 5

0/22
0/22
0/30
0/30
2/30

0/22
0/18
0/30
3/30
4/22

0/24
0/16
0/23
0/31
1/31

0/24
0/16
0/31
0/31
0/31
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TABLE IV

Number of Times Inter-Crop-Year Spread Volatility Greater Tban Intra-Crop-
Year Spread Volatility* Disaggregate Analysis

(Eive Percent Level of Significance)

Type

Inter4
Intrai
Inter5
Intra 1
Inter4
Intra2
Inter5
Intra2
Inter4
Intra3
Inter5
Intra3

Com

12/22

10/22

17/22

17/22

30/30

29/30

Cotton

12/22

10/22

9/15

7/15

22/30

16/22

Oats

10/24

6/24

11/16

5/16

4/23

4/23

Wheat

15/24

13/24

10/16

6/16

22/30

21/30

Soymeal

21/30

15/30

18/22

18/22

15/26

10/26

Soyoil

23/30

16/30

17/22

16/22

14/28

8/28

'Beans

24/30

24/30

20/23

19/23

27/31

18/31

There are 1024 crop-year quarters where inter-crop and intra-crop year variances (of spread changes) can be directly
compared to determine whether inter-crop-year spreads are more volatile than intra-crop-year spreads, 641 times the null
hypothesis that the two are equal is rejected.
The numerator is the number of times the null hypothesis that the volatility of the inter-crop year spread is equal to that of
the intra-crop-year spread is rejected. The denominator is the total number of possible comparisons.
"Combined overall level of significance tests suggested by Fisher are performed. The test statistic is distributed chi-squared-
2IlnP, (/ = 1 to n,) where P, is the P value of the significance level for each case and n, is the number of cases. The degrees
of freedom is (2 x n,). All chi-squared tests are significant at the 5% level.

and inter-crop year spreads. Cotton was found to exhibit the greatest
number of occurrences. However, most of these cases (6) correspond to
a change in the government's price support program of cotton during the
1985-1986 crop year which may have reduced available stocks for deliv-
ery.'^ For example, in the third crop year quarter of 1985 to 1986, inter-
crop year spread # 4's spread legs correlation is estimated to be 0.027
(0.2084 standard error).

Most cases (8) of statistical independence occur in inter-crop year
five (last futures in the old-crop first nontransitional new-crop futures).
Since this inter-crop year spread incorporates futures months where the
difference in the supply condition is at its most extreme, the results are
consistent with previously stated expectations in (3.2).

F-tests are conducted comparing the variance of the spread changes
of inter- and intra-crop years by quarter for each inter/intra combination.
Table IV reports the number of times the null hypothesis is rejected. In
general. Table IV showed that the null hypothesis was rejected about 62%

"Telser (1958), Gray and Peck (1981), and others provide arguments and evidences that government
price supports (or loan programs) reduce current stock available for delivery and, henee, increase
spread volatility.
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of the time.'^ The Chi-square test suggested hy Fisher is conducted.'^
This test provides a single test result for the null hypothesis over all crop
year quarters. All hut two of the chi-square test results are significant at
the 1% level. In sum, the statistical tests support the assertion that inter-
crop year spreads are more volatile than intra-crop year spreads.

In short, summary statistics of empirical distrihutions illustrate ap-
parent differences on correlations and volatility of spread changes within
and across crop years. The disaggregate temporal analysis identifies few
crop year quarters where there is statistical independence hetween the
spread legs for inter-crop year spreads. Finally, hypothesis tests confirm
that inter-crop year spread volatility is greater than intra-crop year spread
volatility.

Temporal Aggregate Analysis

The results of the temporal aggregate method include:

1. Analysis of correlations and spread averages segregated hy the signs
of the spread.

2. Analysis of the proportion of negative spreads occurring in inter- and
intra-crop year spreads.

3. Analysis of correlations for inter- and intra-crop year spreads.

4. Analysis of volatility for the inter- and intra-crop year spreads changes
and their legs.

Tahle V reports a summary of (1) correlations hetween the legs of
the spreads; (2) mean values of all spreads and mean values of positive
spreads and negative spreads as well as (3) the numher of ohservations
segmented hy the sign of the spreads. For a given commodity, it appears
that the correlations hetween futures price changes in the negative
spreads are less than the correlations when the spread is greater than
zero. Furthermore, most mean values of inter-crop years are negative and
a greater proportion of ohservations of inter-crop years fall into the region
of negative values. The converse is true for intra-crop year spreads. If the
inventory pattern over the crop year hehaves as assumed in (2.2), it would
he consistent with the theory of the price of storage to state that these
results indicating current levels of inventory are usually lower for inter-

'^The tahles containing p-values and degrees of freedom from which Tahle IV is derived are availahle
from the authors.
'^This test is described to some degree at the bottom of Tahle IV. Further discussion on this test can
he found in Fisher (1970).
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d d d d

CS (D (D

LO 00 Ol CO
00 CO CO 0 0
0 1 O l Ol Ol
d G <D d



3 6 0 Dutt et al.

:s §

& CM

-a ,,
0) a!

IN
c -S o .S

o

u
m

o

« -a 3 I

- a (« I—I
c 1—I . .

1

I
Vi

CC

I

R

1^
c/3

CC Q)

[-. "p

c

ro CD

— 0)

Z Q)
• - XI
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crop year spreads. Hence, most of the inter-crop year spreads have neg-
ative values and the correlations of its legs in the inter-crop year spreads
is less than those of its legs in the intra-crop year spreads.

Tahle VI reports the results of hypothesis tests where the null hy-
pothesis that inter-crop year correlation of the futures price changes are
equal to that of the correlation of intra-crop year futures price changes.
The null is rejected most of the time. This suggests that intra-crop year
correlation of the legs of the spread are greater than inter-crop year
correlations.

Tahle VII provides a summary of the variances of spread changes and
their corresponding legs for the five spread types in the analysis over all
seven commodities. The data is aggregated hy the crop-year quarter across
calendar years. Tahle VII illustrates that spread volatility is less than the
volatility of its associated legs. However, the intra-crop-year spread vol-
atility seems to differ from the volatility of its legs hy an order of magni-
tude while inter-crop-year spread volatility differs from the volatility of
its legs only marginally. While this result indicates that spread trading is
a lower risk trading technique, it also suggests that intra-crop-year spread-
ing is considerably less risky than inter-crop-year spreading.

From Tables V and VII, one can see that the variance of price
changes for the first leg is roughly equal to the variance of the price
changes for the second leg when the spreads are positive or near zero. In
the region of negative spreads, the variance of the first leg price changes
is often greater than the variance of the second leg price changes. These
results can be explained as follows:

In cases where inventory is adequate, the spread will reflect the car-
rying cost of inventory hetween the two time periods and are, therefore,
positive. Under circumstances where current inventory is in short supply,
the demand and supply of the price of the first leg are relatively more
inelastic than the second leg and are, thus, more volatile. Also, the real-
ization of a shortage will force the near price to increase and produce a
negative spread.

Finally, from Tahle VII, it can he observed that there is some seasonal
variation in the volatility of spreads. In general, price volatility increases
from the first to the fourth quarter.

" i n Table V, the purpose of classification of all daily spreads into subsets oF positive and negative
spreads by pooled erop year quarters is to provide additional empirical evidences to support the
hypothesis on spread behaviors in metal markets observed by Fama and French (1988). Their hy-
pothesis states that there is a negative relationship between level of stock of inventory and the number
of positive daily spreads during a given period. This study's statistical analyses and tests are based on
all daily spreads by pooled crop-year quarters. They are not based on observations from subsets of
positive or negative spreads by crop year quarters.
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TABLE VI

Summary of Aggregate Hypothesis Tests of Spearman Correlations
Across Crop Years

Commodity
Corn
Cotton
Oats
Wheat
Soybean meal
Soybean oil
Soybeans

(1,4)
2/3
3/3
3/3
3/3
4/4
4/4
4/4

Comparisons of (Intra,

(2,4)
2/3
2/2
2/2
1/2
3/3
3/3
3/3

Inter)

(3,4)
4/4
4/4
0/3
4/4
4/4
4/4
4/4

Combinations

(1,5)
3/3
3/3
3/3
3/3
4/4
3/4
4/4

(2,5)
3/3
2/2
2/2
2/2
3/3
3/3
3/3

(3,5)
4/4
3/3
2/3
4/4
4/4
4/4
4/4

Notes: Null: Equality of correlations of inter-/intra- crop-year spread changes Alt: Intra-crop-year spread change correlations
are greater than inter-crop-year spread change correlations.
(1) The definitions of intra1-3 and inter4-5 are defined in Table VI, (2) The level of significance a is equal to .01 and the
test is one-sided, (3) The numerator is the number ot times the null hypothesis is rejected and the denominator is the number
of cases considered, (4) Fisher Z tests is used in the hypothesis tests.

The results of hypothesis tests of the equality of the variance of
spread changes for intra-/inter-crop years are reported in Tahle VIII. The
null hypothesis is rejected most of the time. These results are consistent
with the results of hypothesis testing hased on temporal disaggregate data.
This study supports the hypothesis that changes in inter-crop-year
spreads are often more volatile than changes in intra-crop-year spreads.

In sum, the aggregate temporal analysis confirms the empirical find-
ings and are consistent with the price of storage, hut also reveal a seasonal
volatility pattern. Such lower correlations are associated with a greater
proportion of negative spreads.

CONCLUSIONS

To test the hypothesis that spreads whose legs cross crop-years may he-
have differently than spreads whose legs are within the same crop-year,
an empirical analysis of the temporal relationships hetween futures price
changes within and across crop years is conducted within the framework
of the theory of the price of storage. The analysis is conducted on seven
storahle, agricultural, commodity markets.

Empirical results suggest that the movements of futures price
changes within and across crop years are highly correlated, hut correla-
tions hetween inter-crop year price changes are less than those of intra-
crop year prices changes. Further, volatility of inter-crop year spread
changes are often greater than intra-crop year change volatility. These
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Î i

1̂
1 4
g I/) g • ^

2 I "I
I 3 I

I

a.

o/

CO

o
d

CO
eg
o
d

LO

8
d

Ln

CJ)
o
d

CO
CO

d

LO
CD

o
d

CM
CO
o

o
o
d

Ln
00

o
d

CJ)
COoo
d

CO

CO
o
d

LO

o
d

CM

o
d

CJ)
CO
CO
o

Ln

o
d

CO

CM
o
d

CO
CM
o
d

CJ>
00
CM
o
d

CM

o
d

CO
CM

O
d

o
CM
o

CO
o
o
d

CO

00
o
d

o
COo
d

ID
CM
LO
O
d

oCO
o
d

CO
CM
CO
o
d

CO
CD

o
o o o o

o
d

CJ)
COo
o
d

CO
CO
o
d

CO

00
o
d

o
o
o
d

LO
cncno

CO

CO
o
d

CO

§
o
d

o
d

CM
LO
O
d

o
CO
o
o
d

CM
CD

s

(J)
00
CM
o
d

CO

g
o
d

CJ5

O
d

LO
CO

oo
d

O M- LO
-r- p q
d d d

CO CO CJ)o o oo o o
d d d

il
Vi ^

a.

CO
o
d

LO

o
o
d

O)
COCM
d

CM
CM
CM
T—

d

CO
CM
d

cn
cnLO
o
d

CO
o
d

o
CD
o
d

CM

CM
o
d

[;;
CJ)
o
d

o

d

CO
CD

o
d

oCO
T—

d

CO
CO
CM

d

CO
LO
CO
o
d

o

d

CO

sCM
d

CJ)

CO
o
d

CO
CJ)
cn
d

O)

LO
(D
d

CD

g
o
d

1
d

00
O)
CO
Ln
d

G)

O)
o
d

T - 1 - CM o q

d d d d

CO
CM
d

cn
LOCM
o
d

CM
LO
CJ)
CO

d

cn

o
d

o
o
d

0

d

CD
0
0

d

0

d

d

0

0
d

CM
d

CM
CO
00
CM
d

COs
0
d

CM
CO00
CM
d

LO
CD
00
CM
d

LO
CO
0
0

d

LO
CM
d

CO

0
d

CO

d

CJ)
0

d

CO

0
d

8

d

CO
CO
LO

d

cn

0

d

CO
00
d

s
CM
0
d

CM

LO
LO
CM
CM

CD
-T—

d

0/ -



ca

a

11

III cn

^ 6C
C

ca

U

o

ca

I

a•-
•5

2 "So,

I
z

77 I

a.

c/3

5̂

ro
CO
LO
CO

CO
CM

CO
0
LO
CO

CO

cd
LO

LO
0
CM
00

CO
CO
CM
CO

T—

CO

CO
cri
CO

1 —

CO

ro
ro
-

CO
t--

CM
cn
..—'Ln

T-; Cvi d a
00 r-~ -^ S
• ^ • .- LO 2

24
1.

CO

LO
CO

CO

ro

23
7.

CO
0

odCD

00

cd
CD
CO

49
7

CO

Ln

..—

0

.,—

95
0.

CM

LO
CO

t
•g

• * t-~ cn cn
r^ CD -•- o
CO CO O LO

CM r ^ r ^
O CT^ T— CJ)

CM cd d T^
00 "^ CM CM

00 O CO
CM CO cn

( o ro 00

CO CO ro

LO
Ln CM
CO CD

oq CT) ^ 1 ^
cd LO 1 - CD

COs
^ '•^ CO r-~
^ CD Ln CO
O CD O CO
CO CM 1 - -r-

8
CD
O CO
ro CO o

T - CM CO M-

Vi

Vi

r r ^
cn CD t ^ CD
CD - ^ CD r-~.

d -r-' ^ cd

CO LO ^ e g
T - CJ) CO Ln

• * <O LO - ^
LO O O CD
•^ 00 CD O
• * LO CO oq

d d d d

ro CO ^
•^ CO CM t ^
CD r^ ro CO
CO CO I— ^

M- CO 00
o CO -^ ro
ro h- t— ^

ro f^
"^ LO LO f—
ro CO T - CM
CD r-~- ro •^
T̂  d d cd

CO LO
^ LO CO
CO CD LO
cd cd cd

CD r -
o o T - - ^
1 - LO o CO
LO cd "^ od

0 0 0 0

CM
Lri

Ln
Lri

CO
CD
- I —

d

CM
CM
CJ)

1^
LO
LO
CJ)

ro
CD
0
CO

d

• ^

cd

2
ro
cd

N.

ro-t—

d

CO

CO
Lri

ro
LO
0
cd

ro
roCD

d

LO
ro

16
.

CO
0

18
.

0

d

1—

0
cd
—̂

CM
LO

16
.

CO
00

CO

d

roCO
iv!
CM

CO
h-

27
.

CM

CO
CD

d



366 Dutt et al.

TABLE VIII

Summary of Aggregate Hypothesis F-Tests for the EquaUty of Inter- and Intra-
Crop-Year Spreads by Commodity and Crop-Year Quarters

Commodity
Corn
Cotton
Oats
Wheat
Soybean Meal
Soybean Oil
Soybeans

Comparisons of (Intra, Inter)

(1,4)
2/3
2/3
2/3
2/3
3/4
3/4
4/4

(2,4)
3/3
1/2
2/2
1/2
3/3
3/3
3/3

(3,4)
4/4
3/4
2/3
4/4
4/4
4/4
4/4

Combinations

(1,5)
2/3
2/3
2/3
2/3
3/4
2/4
2/4

(2,5)
3/3
1/2
1/2
1/2
3/3
3/3
2/3

(3,5)
4/4
3/3
1/3
4/4
2/4
2/4
2/4

Notes: Null: Equality ot variances ot inter-/intra-crop-year spread ctianges Alt: Inter-crop-year spread change variances
greater than intra-crop-year spread change variances.
(t) The definitions ot intra1-3 and inter4-5 are detined in Table VI, (2) the level of significance a is equal to 0.01 and the
test is one-sided, (3) the numerator is the number ot times the null hypothesis is rejected and the denominator is the number
of cases considered.

results are consistent with the implications from the theory of storage.
This is hecause the levels of inventory of inter-crop year spreads are often
lower than the inventory levels of intra-crop year spreads.

These results provide justification for regulators to set tighter spec-
ulative position limits and exchanges to set higher margin requirements
for inter-crop year spread positions relative to intra-crop-year spread po-
sitions. The results of the analysis also have implications regarding the
relative degree of risk involved in trading agricultural spreads within and
across crop years.
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