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THE DISTRIBUTION OF SHORTRUN COMMODITY PRICE MOVEMENTS, By Jitendar S. Mann

and Richard G. Heifner, National Economic Analysis Division, Economic Research
Service. Technical Bulletin No. 1536.

ABSTRACT

The statistical properties of daily closing futures prices for
nine commodities are studied. Two hypotheses are examined: Price
changes are normally distributed, and prices follow a random walk
process. Normality is tested by estimating kurtosis, the R/S sta-
tistic, and characteristic exponents. The Gaussian hypothesis 1s
rejected in a large proportion of cases. Randomness is tested by

using the turning point test and the phase length test. Both tests
reject the random walk hypothesis.

Keywords: Futures prices, Gaussian distribution, stable
Paretian distribution, random walk.
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PREFACE

This report presents results from a continuing program of
research aimed at furthering understanding of the pricing process
in agricultural markets. The work has been under the leadership
of Allen B. Paul, Program Leader, Pricing, Policy, and Program

Analysis, National Economic Analysis Division, Economic Research
Service. The authors wish to acknowledge the contribution of

J. Blake Imel, currently with the Commodity Futures Trading Commis-
sion, in overall planning of the conceptual framework for the study.
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SUMMARY

To enhance understanding of pricing on commodity markets, the
statistical properties of the distribution of daily closing futures
prices for corn, wheat, soybeans, soybean oil, soybean meal, shell
eggs, frozen pork bellies, live cattle, and Maine potatoes were
analyzed using data for 1959-71. Two main hypotheses were exam-
ined: Price changes have a normal distribution and price changes
are serially independent.

The normality hypothesis was tested against infinite variance
alternatives using three procedures. When kurtosis was estimated
directly, the hypothesis of normality was rejected for over 78 per-
cent of the futures contracts. A test based on the ratio of range
to standard deviation led to the rejection of normality for about
66 percent of the contracts. The characteristic exponent for the
stable Paretian family of distributicns (of which the normal is
a4 special case) was estimated for each contract. Out of 574 con-
tracts, only 4 percent had an estimate of 2.0 for the character-
1stic exponent, the value for the normal distribution. Moreover,
the estimates of the characteristic exponent based on sums of non-
overlapping observations did not tend toward 2.0 as the number of
observations in each sum was increased. These results support the
notion that the distributions of changes in daily futures prices
have infinite variances, and imply that the classical statistical
methods based on the normal distribution may not be applicable.

The hypothesis of randomness was tested by using two nonpara-
metric tests: Turning point tests based on the number -of peaks
and troughs in the series and phase length tests based on the length
of intervals between turning points. Both tests refute the hypoth-
esis of serial independence and indicate systematic elements in
futures prices. These results, combined with previous research,
suggest that commodity futures prices do not adjust efficiently to
new information in the short run. Instead, they appear to exhibit
more or less regular patterns which are not directly the result of
shifts in supply and demand. The methods employed in this study
do not reveal whether reducing these pricing inefficiencies would
be worth the cost. This is a matter calling for further study.

Two possible sources can be suggested for the lack of serial
independence in price movements: Deliberate price manipulation by
certain traders, and the tendency for groups of traders to uninten-
tionally fellow similar patterns in their trades. The latter type
of behavior may arise when many traders follow the same technical
advice or the same charting procedures. Further study is needed
to determine whether the observed serial dependence results from
deliberate actions of one or a few large traders or from the unin-
tended parallel actions of many smaller traders.




THE DISTKiIBUTION OF SHORTRUN

COMMODITY PRICE MOVEMENTS

by

Jitendar S. Mann and Richard G. Heifner*

INTRODUCTION

The recent rapid movements in commodity prices emphasize the
need for better understanding of the pricing process. This under-
standing may be sought in various ways, including econometric anal-
ysis of factors affecting price levels, evaluation of market struc-
ture and market institutions, and detailed examination of the time
sequence of price movements. This report presents the results of
a study of shortrun price movements. Findings from a number of
recent studies pursuing the same course are reviewed, and new
empirical evidence regarding the distribution eof such price move-
ments 1s presented.

Why study shortrun price behavior? TFirst, there are pressing
needs for identifying shortrun price aberrations, including those
due to abuses, such as price manipulation. Second, detailed under-
standing of the pricing process is needed to modify and improve
market institutions and the rTules of trade. Price is an easily
observed and widely followed market statistic. Prices are reported
more frequently and with greater accuracy than are data on other
economic variables such as production, utilization, and stocks.
Furthermore, price is a key element in production and consumption
decisions. Thus, there is reason to believe that economists, reg-
ulatory agencies, and others concerned with the functioning of
markets will find analysis of shortrun price movements useful in

appraising market performance and in searching for market imper-
fections.

A pricing aberration may be defined as a deviation in price
from the level justified by supply and demand under competitive
conditions. Paramount among the conditions for effective compe-
tition is the requirement that individual traders do not have the

¥Agricultural Economists, National Economic Analysis Division,
Economic Research Service.




power to influence price through their own actions, but instead
take the market price as given. This condition is violated by
monopolistic or oligopolistic behavior. Such behavior takes one
of 1ts most direct forms in manipulation of futures prices.

Pricing aberrations may arise not only from deliberate attempts
to manipulate price, but also from inadequacies in the market's in-
formation system or errors in traders® responses to information. A
classic example is the cobweb phenomenon believed to partly explain
the cyclical behavior of livestock production and prices. In the
cobweb model, producers adjust their production levels in response
to past prices regardless of current price prospects. This results -
in a cyclical pattern of output and prices which depends on the
slopes of demand and supply curves and the time lags involved. Pre-
sumably, such fluctuations would ve absent if producers' price ex-
pectations were accurate.

It seems likely that similar errors in expectations may con-
tribute to other undesirable fluctuations in commodity prices. For
example, 1f a large proportion of traders rely heavily on technical
analysis or chart patterns, and if their decisions are based on sim-
l1lar interpretations of the same past price movements, their actions
may introduce price fluctuations that economic conditions do not
justify’.

Economic theory provides a number of hypotheses about price
behavior that also suggest ways of identifying pricing aberrations.
For example, the idea that prices should reflect marginal costs of
production under competition provides a starting point for deter-
mining if the price level is out of line. Similarly, the notion
that in an efficient market all available information is reflected
in the current price leads to certain testable hypotheses about
price movements.

Two aspects of price behavior are anlayzed here: The shape

of the probability distribution of price movements, and the degree

of randomness or serial independence in price movements. The shape
of the distribution, particularly its divergence from normality, is
important in testing for serial independence, and it has far-reach-
ing implications for other areas of price anlaysis. We are inter-

ested in serial dependence as a means to determine whether or not

a market is responding efficiently to new information.

The empirical results reported here are for daily movements
of commodity futures prices. Futures prices provide a good labora-
tory for studying shortrun price behavior. Being quotations for
delivery at essentially a single point in time, they are largely
free of the seasonality that characterizes cash prices for most
agricultural commodities. Moreover, futures contracts do not in-
volve dividend payments, thus, they do not reflect the consequent
price effects that must be considered in studying shortrun move-
ments of stock prices. Of course, futures prices are not entirely




free from complications. Among these are changes in the overall
price level and the possible tendency for the price expected to
prevail in the future to be discounted in current trades because of
risk. But these do not present serious handicaps for the types of
analyses performed in this study.

HYPOTHESES ABROUT PRICE MOVEMENTS

OQur ideas about shortrun price movements can be formulated in-
‘to testable hypotheses. These hypotheses are conveniently stated
in terms of price changes. The importance of studying price chang-
es, as opposed to_price levels, has been emphasized by Working (37)
and Roberts (29).1/ Our concern in this study is with day-to-day
price changes, particularly the shape of their distribution and
their dependence, if any, on past his‘ory.

Theory of Random Walk
in Commoditv Prices

Although the idea that prices behave as random walk was orig-
inated by Bachelier (2) in 1900, his work remained undiscovered by
economists for many years. Holbrook Working, unaware of Bachelier's
work, started investigating the random character of commodity prices
in the 1920's. He generated "ideal behavior of a future price' by
a cumulative sum of random numbers (35 and 36). His work is summa-
rized in a paper presented to the American Statistical Association
in 1949 and published recently (38)-

The basic rationale for the random walk hypothesis in futures
prices is outlined in Working's theory of anticipatory prices (38).
Tt is argued that in an efficient competitive market, price 1s
determined by the actions of many traders, each acting on the basis

"of his own expectations. Traders' expectations, in turn, are based
on information arising from many diverse sources. Since prices re-
flect expectations, new information affects price only to the ex-
tent that it differs from what was previously anticipated. The
price series evolves according to

P

where e€; is a random variable with zerc mean and is drawn independ-
ently each periocd.

In the above formulation, the price-making mechanism starts
with a certain opening price, and adds to it in each time interval
a random factor e., which encompasses the influence of all the new
information available to generate the price for the next period.
All the currently available information 1is incorporated into each

1/ Underlined numbers in parentheses refer to items in the
SeTected Bibliography, page 18.
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successive price. The best expected price for the next period is
the current price; past price history is irrelevant (Fama, 12).

The random walk hypothesis can be tested by estimating e's by
first differences of prices:2/

Then, the various tests can be applied to the first differences,
dy .

The martingale hypothesis provides a more precise statement
of the requirement for an efficient market, one where all currently
available information is taken into account in establishing price.
A martingale is a stochastic sequence whereby the conditional ex-
pected value for the next period equals the value for the current
period. The martingale hypothesis does not require successive
price changes--the e€.--to be drawn from the same distribution. For
example, it admits random processes with changing variances as pos-
sible price generating mechanisms.

Samuelson (30) has shown that when spot prices are from a
stationary series and futures prices are "set by competitive bidding
at the now expected level of the terminal spot price," the futures
prices will possess the martingale property. The market mechanism
in this case 1is said to be a "fair game." Knowledge of rcurrent
and past prices is of no value for predicting subsequent price
levels in a price series that possess the martingale property.

Thus, no trader can profit by basing buying and selling decisions
solely on past prices.

Both the random walk hypothesis and the martingale hypothesis
require expected price changes to be serially independent. Testing
daily futures price changes for serial independence was a major
purpose of this study. We did not test the further requirement
that for a "fair game,"” the expected price change be zero. To do
so would lead to the matter of bias in futures markets, which has
been dealt with elsewhere in the literature.

The Stable Paretian Hypothesis

If successive price changes are viewed as random variables,
and 1f we wish to make inferences about the serial independence of
such price changes, we need to know the underlying probability dis-
tribution from which the price changes are drawn. If the price
changes are from a Gaussian distribution with constant variance,
classical statistical inference can be used. The rationale for

Z/ The different hypotheses about price changes (Bachelier, 2;
Mandelbrot, 26) are set up in terms of differences of logarithms
of prices. Although the discussion in this section is presented
in terms of price changes for the sake of simplicity, logarithmic
transformation was made for statistical analysis.
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assuming normality arises from the central 1imit theorem. This
theorem states that the distribution of the sum or mean of a large
number of independent random variables with finite variances
approaches normality as the sample size becomesinfinite, regardless
of the form of the original distributions. Thus, if each price
change can be viewed as the summation of a large number of individ-
ually negligible random effects with finite variances, we would ex-
pect price changes to be normally distributed. See Feller (15),
Vol. II, Sec. VIII 4; and Preface in Gnedenko and Kolmogorov 16).

Bachelier (2} argued that prices are normally distributed. He
set up a Chapman-XKolmogorov equation for probability of price z at
moment t: + tz, given the price was x at ti. Then, he showed that
a normal distribution satisfies the equation, He did not derive a
general solution of the Chapman-Kolmogorov equation. It has been
argued that a general solution might not lead to a Gaussian distri-
bution,

Fvidence is accumulating that price changes do not closely
follow the Gaussian distribution. Since statistical tests for
samples from distributions other than the Gaussian are generally
not available, we are forced either to (a) employ distribution-free
tests or (b) determine how the data diverge from normality and, if
necessary, transform the data so that tests based on the normal
distribution are valid,

In studying the distribution of price changes, Mandelbrot (26)
found that most observed distributions are leptokurtic: they have
a greater concentration of observations in the tails of the distri-
bution than would be expected if the parent population were normal.
He proposed the stable Paretian distribution as an alternative,
more geieral distribution which could account for the observed data.
The Gaussian distribution is a special case of the stable Paretian
distribution, where one of the parameters assumes its limiting value
(Fama and Rell, 13).

The non-Gaussian Stable Paretian distributions are character-
ized by infinite variances. Lack of a finite variance makes working
with these distributions difficuit. WMany of our traditional statis-
tical methods such as least squares are either inappropriate or of
doubtful value in thils case.

The stable Paretian family of distributions for a random vari-
able u is defined (Gnedenko and Kolmogorov, 16, p. 164} by the log-
arithm of its characteristic function:

log &(t) = log E(efut) = 18e-y|t]|%{1 + iBT%Tw(t,a)}

where
{tan (ma/2) if o # 1

w(t,a) = {(a/r) log |t]| if @ =1
and 1 = V-1




A stable distribution has four parameters: o--the characteristic
exponent which determines the height of the extreme tails of the
distribution; &6--the location parameter; y--the scale parameter;

and 8--an index of skewness. In most applications to price data,
symmetric distributions are assumed so that £=0. The characteristic
exponent ¢ distinguishes between the different members of the family
of stable distributions and measures the total probability contained
in the extreme tails. When a=2, the distribution is normal, which
is the only stable distribution for which absolute moments of second
and higher order exist. When o is less than 2, no moment of order
higher than o is defined. The case where a=1 is the Cauchy
distribution and y=c is the semi-interquartile range. For distri-
butions with o in the interval 0<w<2, more of the probability is in
the extreme tails than for the Gaussian distribution because the
total probability in the tails varies inversely with «.

The location parameter § corresponds to the mean when a>1 oy
the median {for all a). For the Gaussian distribution, 6 is effi-
ciently estimated by the sample mean. For other symmetric stable
distributions, efficiency is gained by disregarding some of the
extreme observations and utilizing the mean of the remaining obser-
vations as an estimate. Fama and Roll (13, pp. 826-833) recommend
using the mean of the central half of the observations.

The scale parameter y=c® measures the dispersion ot the dist-
ribution. For the normal distribution, ¢? equals one-half of the
population variance. Fama and Roll (13, pp. 822-824) suggest using
the distance between the .28 fractile and the .72 fractile to esti-

mate ¢ for symmetric stable distributions.

The most important property of the stable distributions is,
as their name implies, their stability under addition {convolution
of random variables). This means that the distributions of sums of
independent, identically distributed, stable variables are them-
selves stable with the same characteristic exponent o and the same
index of skewness, B. For a discussion of the statistical prop-
erties of stable distributions, see Fama (11}; Granger and Orr (17},
Gnedenko and Kolmogorov (16); and Feller, (EE}, Veol. IT.

When data are inconsistent with a given hypothesis, it is
necessary to adopt an alternative hypothesis. This frequently
involves loosening one or more of the constraints on the original
hypothesis or allowing one or more of the parameters tc vary. The
shift from the Gaussian to the stable Paretian hypothesis is such
a change. An alternative approach would be to retain the Gaussian
model, but assume that the variance shifts over time in some pre-
scribed manner. Such shifting of the variance could, in some cases,
as Stevenson and Bear {34, p. 69) point out, account for the exces-
sive density in the tails of observed distributions of price changes.




PREVIQUS EMPIRICAL STUDIES

Although results have beenm mixed, most previous studies have
produced evidence of nonrandomness in futures price movements. In
1953, Kendall (19) analyzed several economic time series, including
weekly and monthIy average cash prices of wheat at Chicago and
monthly New York spot cotton prices. He calculated lagged serial
correlations for the first differences of these prices and observed
that the price change for cotton from month t to month t+l was corre-
lated with that from t+1 to t+2. He also noted that the distribu-
tion for price changes for wheat was leptokurtic. Alexander (1)
pointed out that the correlation found by Kendall in cottom prices
was due to averaging. He compared the observed and expected dis-
tributions of length of run of weekly cash prices of wheat at
Chicago and concluded that the series was random.

Larson (23) attempted to measure randomness for changes on
daily closing prices of Chicago corn futures for 1922-31 and 1949-58.
He calculated autocorrelations with a lag of up to 60 days, but the
results were not conclusive. He alsc calculated the index of conti-
nuity which had been developed by Working. The index, commonly
known as the H statistic, is based on the ratio of the range of a
series over an interval to the sum of its ranges over nonoverlapping
subintervals (Brinegar, 5). From analyses using the H statistic,
Larson concluded that the price changes followed a high-order, low-
weight, moving average stochastic process.

Brinegar (5) applied Working's H statistic to wheat, corn,
and rye futures prices for selected periods during 1924-51. For
longer intervals, he found evidence of ''price continuity'"--that is,
a tendency for price adjustments to be less than warranted by new
information. For short intervals, there was a slight tendency to-
ward "price reaction," or overadjustment to new information.

smidt {32) applied alternative trading rules to daily high,
low, and closing prices for May soybean futures for 1952-61. The
buying and selling criterion used in the trading rules was the
magnitude of the average price increase {or decrease) over a spec-
ified numbher of days. The trading rules produced significant pro-
fits, indicating serial dependence in price movements.

Stevenson and Bear (34) applied several tests to changes in
closing prices of July corn and July soybeans. They estimated
serial correlations with lags of 1 day, 2 days, and 5 days. The
observed up and down runs of various lengths were compared with the
expected values. Returns from different trading techniques with
various sized filters (percentage price changes below which no
trading is done) were calculated and compared with the returns from
a buy and hold strategy. The study concluded that the random walk
hypothesis is not a satisfactory explanation of these future prices.




Labys and.Granger (21) applied spectral analysis to monthly,
weekly, and daily futures price changes over selected intervals
between 1950 and 1965 for a number of U.S. commodities. They found
that the spectra were generally flat and only rarely could the
random walk hypothesis be rejected.

Leutheld {24) investigated live beef cattle prices by LUsing
both spectral analysis and mechanical trading rules. The spectral
analysis gave mixed results, showing a simple stochastic process
to be consistent with 13 out of 30 contracts. The analysis based
on mechanical trading rules used filters of 1, 2, 3, 4, 5, and 10
percent. The gross profits were adjusted for commission and margin
requirements for each round trip. Results from the analysis of
mechanical trading did not suppert the hypothesis that cattle fu-
tures prices behave randomly.

While a number of researchers have devoted considerable atten-
tion to the question of randomness, much less work has been done in
testing for normality in commodity futures prices., From an analysis
of the distribution of day-to-day changes in the logarithms of cot-
ton prices, Houthakker (18) concluded that the distribution did not
agree with the Gaussian hypothesis. Mandelbrot (26) plotted posi-
tive and negative tails of cotton prices (cash prices) on a double-
log graph and compared them with the cumulative density function of
a stable distribution. He was criticized by Cootmner (7) for drawing
hasty conclusions based on these graphs. Stevenson and Bear (34)
plotted observations of price changes for July corn and July soy-
beans on normal probability paper, obtaining an S-shaped curve
indicating leptokurtosis. Logan (25) has applied several tests,
including Shapiro-Wilk, skewness, Kurtosis, and the David-Hartley-
Pearson test. A significant number of contracts are identified as
not normally distributed.

STATISTICAL ANALYSIS

The results of statistical analysis of daily closing prices
for nine commodities--corn, wheat, soybeans, soybean o0il, soybean
meal, shell eggs, frozen pork bellies, live beef cattle, and Maine
potatoes--are reported in this study.3/ The analyses covered 574
separate contracts for the years 1959-71. This wads a period when
timit moves in futures prices were rare. All calculations: {except
the turning point and phase length tests) are based on the first
differences of natural logarithms of daily closing prices over the
life of each contract. The statistical theory for some of the
analysis reported here is not fully developed to carry out all the
steps of statistical inference. For example, the sampling distri-
bution of the characteristic exponent is not known. We are reporting

3/ The contracts analyzed were traded at the Chicago Board of
Trade, the Chicago Mercantile Exchange, and for Maine potatoes,
the New York Mercantile Exchange.




the estimated values for these parameters in full awareness of the
1imitations of the state of the art in this area. Other researchers
may want to interpret these estimates in the light of future devel-
opments in statistical theory and methodology.

Tests for Kurtocsis

Since the doubts raised by Mandelbrot's stable Paretian
hypothesis have important implications fgr the method used for
examining seridl dependence, 1t 1is appropriate to test for lepto-
kurtosis before proceeding with the tests for randomness._ A number
of alternative methods have been suggested for distinguishing be-
tween the normal distribution and other stable distributions. In
this study, three procedures were employed: direct estimation of
kurtosis, estimation of a (the characteristic exponent in the stable
distribution), and a test of the ratio of the range to the standard
deviation.

Estimates of kurtosis were made using the following formula
(Kendall and Stuart, 20, Vol. 1, p. 85}):
1e(di-D*"
n 1
by

=_1'_'_"__-___'_
[;z(di-é)zlz

Under the hypothesis of normal distribution, the expected value of
this index of kurtosis equals 3. The estimated values of kurtosis
are summarized in table 1, and the estimates for each contract ‘are

Table 1.——-Estimates of kurtosis for the distribution of
changes in logarithms of daily closing prices

: Estimates of kurtesis
Number : :  Number of
Commodity : of : Mindmum : Maxdmum : cases
contracts : : : significant

s at .0l level

Corn, Chicago : 39 49
Wheat, Chicagoe 56 38
Soybeans : 80 77
Soybean oil : 94 60
Soybean meal : 92 80
Shell eggs : 70 56
Frozen pork :

bellies : 36 14
Live cattle : 41 35
Maine potatoes 46 42
All commodities @ 574 451




given in appendix tables 1-9. For a one-sided test of the normality
hypothesis, the critical value of kurtosis for a sample of 200 is
3.98 at the .01 level of significance (Snedecor and Cochran, 33,

p. 552). In over 78 percent of the contracts, the estimated kurtosis
was significantly greater than 3.0. The sample estimate of kurtosis
1s not independent of the size of sample; it tends to increase as n
increases (Mandelbrot, 26}. Hence, these results can be taken only
as an approximate test for leptokurtosis.

Estimates of the Characteristic Exponent

Unfortunately, elementary expressions for the density of sta-
ble variables are not known. However, Fama and Roll (13), using a
series expansion suggested by Bergstrom (3), have approximated the
cumulative distribution function of a standardized symmetric stable
variable (standardized by subtracting 6, the location parameter,
and dividing by c¢). Fama and Roll (14) have suggested a method
based on fractiles for estimating the characteristic exponent, o,
in the stable Paretian distribution. To calculate « using fractiles
suggested by Fama and Roll, the scale parameter, ¢, is first esti-
mated as

1

~

¢ = 3(.827y [*.,,7X ,,]

where x ;, and x_ ,4 are the estimates of the 72nd and 28th fractiles,
respectively. Then, the range between the 4th and 96th fractiles
is calculated for the data and standardized by dividing by 2¢. The
characteristic exponent is then determined by searching table 2 in
Fama and Roll (13, p. 822) to find the a that corresponds most
closely with the calculated standardized interfractile range. The
estimates of alpha are summarized in table 2 of the present report,
and the results for each contract are given in appendix tables 1-9.
Only 4 percent of the estimates of the characteristic exponent were
equal to 2.0. About 33 percent of the estimates were between 1 and
1.5, and over 63 percent were greater than 1.5 and less than 2.0.
It should, however, be pointed out again that the sampling distrib-
ution of alpha is not known. Therefore, we cannot apply a statis-
tical test to determine how many of the estimates are significantly
smaller than 2.0, the value for the normal distribution. -

The R/S Tests

Finally, a test recommended by Fama and Roll for distinguishing
between the normal and other members of the family of stable distri-
butions was applied for each contract. Using Monte Carlo methods,
they compared three procedures for distinguishing between normal
distributions and other stable distributions: the Shapiro and Wilk
test (31); the ratio of range to standard deviation as proposed by
David, Hartley, and Pearson (9); and calcualtion of « by use of
fractiles as described above.  They conclude that '"the studentized
range...would seem to be a good general technique for goodness of
fit tests of normality against non-normal ;table alternatives."

10




Table ?.--Tests for normality in the distributions of changes
in leogarithms of daily closing prices

Estimates of Alpha, the characteristic exponent

R/S
significant

Number of :
: lepha = 2 0 s at -01 level

contracts : 1.0 < Alpha : 1.5 < Alpha

< 1.5 : < 2.0

Commedity .
. Alpha = 1.0

Corn, Chicago : 13 44

Wheat, Chicago ; 5 40
Soybeans ; 35 44
Soybean oil ; 17 73
Soybean meal ; 40 48
Shell eggs i 36 3z

Frozen pork
bellies : 12 24

Live cattle : 14 27
Mzine potatoes : 16 30

All commodities




In this study, we shall call this the R/S test, following the
terminology suggested by Mandelbrot (28), in order to distinguish
it from the studentized range test in analysis of variance. The
latter is based on a ratio of range of a sample to an independent
estimate of standard deviation. In the R/S test used here, both
range and standard deviation are estimated from the same sample.

Under the normal distributicn, the upper critical point for
200 observations at the l-percent level of significance is 6.85
for the R/S test (David and others, 9, p. 491). Larger calculated
values of this statistic may be considered as evidence of lepto-
kurtosis. The calculated value exceeded this critical level in
over 66 percent of the cases (table 2), supporting the hypothesis
of leptokurtosis.

In summary, these results strongly reinforce findings from
previous studies indicating that futures price changes are not
accurately described in terms of the normal distribution. In gen-
eral, the probability density is considerably greater near midpoint
and in the tails, and less in the middle ranges, than would be ex-
pected under the normal distribution.

Estimates of the Characteristic Exponent
“for Sums of Observations

Once it has been established that the distribution of price
changes is leptokurtic--that is, has greater concentration in the
tails than expected under normality--there remains the question of
choosing between the stable Paretian hypothesis and the Gaussian
hypothesis with changing variance. If the distribution is Paretian
with infinite variance, the methods making use of the variance (such
as correlogram analysis and spectral analysis) are not applicable.
If, on the other hand, we find that the apparent leptokurtesis can
be explained by shifts in the variance of the price changes, the
possiEility remains for employing such methods after suitably trans-
forming the data. We might, for example, hypothesize that the var-
lance of price changes slowly and systematically over time. For
example, Samuelson has proposed the law of increasing volatility of
a maturing futures contract. If such relationships could be estab-
lished, they might be used for transforming the original series of
price changes into a new series with a constant variance but other-
wise identical characteristics, so that methods based on the Gaussian
hypothesis could be employed.

As a criterion for choosing between the nonnormal stable and
the normal distributions with changing variance, a test suggested by
Fama and Roll (14, p. 337) was employed. This test involves estima-
ting the characteristic exponent for nonoverlapping sums of cobserva-
tions drawn from the sample. If the underlying distribution is truly
stable with infinite variance, the resulting estimates of the
characteristic exponent should show no tendency to increase as
the number of observations in each sum is increased. However, if
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the observations are from a mixture of normal distributions, the
estimates of the characteristic exponent derived from the sums
should tend toward 2 (its value under the normal distribution) as
the number of observations in each sum is increased. Table 3 sum-
marizes the results of these calculations for sums of Z, sums of
4, and sums of 8 observations. Details for each contract are glven
in appendix tables 10-18. Although the Tesults are mixed, in the
majority of cases the estimated values of the characteristic expo-
nent decrease as the number of observations in the summations 1is
increased. Thus, these results favor the nonnormal stable hypoth-
esis over the hypothesis of a normal distribution with changing
variance,

Tests for Serial Independence

The most important part of this study is the testing for
serial dependence in price movements. 1f no evidence of serial
dependence is found, we would conclude that futures prices adjust
to new information efficiently. On the other hand, if serial de-
pendence is present, we would attempt to locate 1t more precisely
and determine if it is related to other variables, such as the
concentration of positions among traders.

In view of the accumulating evidence that distributions of
price movements arvre non-Gaussian, it 1is necessary to consider
statistical tests that do not require distributional assumptions.
One group of such nonparametric tests for serial independence dis-
regards the magnitude of price movements and uses only information
on the direction of price change in successive observations. These
include turning point tests and phase length tests, which are de-
scribed by Kendall and Stuart (20, Vol. ITI, pp. 351-355).

Turning Point Tests

The idea behind the turning point test is to count the number
of peaks and troughs in a series and compare these with the number
that would be expected in a random series. Kendall and Stuart (20,
Vol. 111, pp. 351-352) show that the expected number of turning
points in a random series of length n 1s:

E(p) = (2/3)X(n-2)
and the variance of the number of turning points 1is:

16n—-29

Var(p) = 50

They show that the distribution of the number of turning points
tends rapidly toward normality as n increases.

Table 4 summarizes the results of applying turning point tests
to daily closing future prices; details are in appendix tables 19-
27. The hypothesis of randomness is rejected for over 97 percent

13




Table 3.--Estimates of characteristic exponent for sums of obzervations,
changes in logarithms of daily closing prices

Characteristic exponent for sums of chservations as compared

Humbex : to estimates for single cohservations

Commodity : of : Sum of 2 H Sum of 4 : Sum of 8

! contracts : I : :
Increase | Decrease | Increase | Decrease . Increase

Decrease

Corn, Chicago : 59 30 27 27 30 12

Wheat, Chicago L 56 20 32 15 37 17
Soybeans ; 80 37 38 30 49 29
Soybean oil ; 94 49 43 39 54 30
Soybean meal : az 37 53 37 53 25
Shell epgs : 70 27 39 20 . 34 11
Frozen pork bellies: 36 21 15 14 20 22
Live cattle : 41 27 13 19 22 10
Maine potatoes : 46 28 17 18 27 ' 15

All commoditles

44
35
46
44
42
20

8
25

29




Table &.—-Turning point test for daily closing prices

Cases : Cases with
: Number of : . : b i les
Commodity . contracts . significant . Gbserve &

at .01 level . _than expected

Corn, Chicago : 29 59 59
Wheat, Chicago : 56 56 56
Soybeans : 80 77 80
Soybean oil : 94 93 94
Seybean meal : g2 91 92
Shell eggs : 70 63 70
Frozen pork bellies : 36 36 36
Live cattle : 41 41 41
Maine potatoes : 46 41 46
All commodities : 574 557 574

of the contracts. In every case, the actual number of turning
points was less than expected. These results tend to refute the
random walk hypothesis and, instead, support the notion of conti-
nuity (Brinegar, 5} in price movements--that is, the tendency for
price changes in successive pericds to be in the same direction.

Phase Length Tests

The phase length test is based on the length of intervals be-
tween the turning points. The expected number of phases of length
d in a seriecs of n observations (Kendall and Stuart, 20, Vol. III,
pp. 353-355) is: T

_ 2(n-d-2)(d* + 3d +1)
Ng = (d + 31

The randomness hypothesis is tested by comparing the observed fre-
quencies with the expected values. Since the lengths of the phases
are not independent, a slight modification in the chi-square test
is necessary. It is recommended that a three-way classificatiocn--
d 1, 2, > 3--be tested with 2-1/2 degrees of freedom for an esti-
mated chi-square > 6.3. For smaller values, 6/7 X (estimated chi-
square) can be tested with two degrees of freedom. The results for
phase length tests are summarized in table 5; the details for each
contract are in appendix tables 28-36. For over 90 percent of the
contracts, the hypothesis of randomness is rejected. In general,
fewer phases of length 1 and 2 and more phases of length 3 or
greater were found than expected in a random series. Thus, the
phase length tests corroborate the finding of the turning noint
test and indicate systematic forces in futures markets.
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Table 5.--Phase length test for daily closing prices

Number of E Significant at

Commodity contracts : .05 level

Corn, Chicago : 59 56
Wheat, Chicago s 56 55
Soybeans : 80 70
Soybean o0il : G4 g0
Soybean meal : 92 89
Shell eggs : 70 50
Frozen pork bellies : 36 29
Live cattle : 41 41
Maine potatoes : 46 39
All commodities : 574 519

IMPLICATIONS

The results reported here provide substantial evidence that
daily changes in commodity futures prices do not follow the normal
(Gaussian) probability distribution. More importantly, these price
changes are not serially independent as one would expect in a mar-
ket which adjusts efficiently to new information. These findings
have scrious implications for price analysis and for evaluating the
performance of commodity markets.

As 1n several previous studies, price changes were found to
be leptokurtic--that is, more of the price changes were either
large or small and fewer were in the middle ranges than would be
expected under the normal distribution. Although alternative ex-
planations for the apparent leptokurtosis cannot be completely
ruled out, the evidence favors the hypothesis that the observations
were drawn from stable distributions with infinite variances. Un-
fortunately, this means that our most powerful statistical proce:
dures, including correlation analysis, regression analysis, spec-
tral analysis, and t tests, may not be applicable to such data
since these methods assume finite variances. Moreover, if day-to-
day price changes have stable distributions with infinite variances,
so also do the price changes for longer intervals. And, because of
their close correspondence to futures price changes, cash price
changes are likely to have similar distributions. Thus, infinite
variances must be considered a strong possibility and a potentially
serious obstacle in almest any price analysis.

In dealing with infinite variance distributions, the analyst
currently has two choices: either transform the data to make it
approximately normal and use classical methods, or resort to di-
tribution-free methods. Sometimes a distribution can be made
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approximately normal simply by discarding the extreme observations.
For example, Granger and Orr (17, pp. 275-285) suggest that the
usual time series methods, correlogram analysis and spectral anal-
ysis, may be applicable if the series is "clipped”--that is, if

the outlying observations are dropped. The distribution-free
methods include those based on counts, such as chi-square, and
those based on fractiles, medians, and absolute deviation. A mod-
jfied regression method suitable for the stable Paretian case has
been developed by Blattberg and Sargent {4)}. Methods based on

counts were used to test for serial independence in this study.

The finding that successive price changes are not statistically
independent strongly suggests that prices on commodity futures mar-
kets do not adjust efficiently to new information about supply and
demand. Instead, they appear to exhibit more or less regular pat-
terns which are not directly the result of shifts in supply and
demand. The methods employed in this study do not Tteveal whether
reducing these pricing inefficiencies would be worth the cost.

This is a matter calling for further study.

Two possible sources can be suggested for the lack of serial
independence in price movements: deliberate price manipulation by
certain traders, and the tendency for groups of traders to uninten-
tionally follow similar patterns in their trades. The latter type
of behavior may arise when many traders follow the same technical
advice or the same charting procedures. Further study is needed
to determine whether the observed serial dependence results from
deliberate actions of one or a few large traders oT from the unin-

tended parallel actions of many smaller traders. 4/

4/ Subsequent analysis of closing prices of raw sugar contract
No. 11 gave results similar to those for the nine commodities
reported here.
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Appendix table 1.--Tests for kurtosis in the distribution of
daily price changes for Chicago corn

fontract

Nmber

of

Kurtosis

observations

Alpha

Range/

. standard deviation

March 1960
May 1960

July 1560
September 1960
December 1560
March 1961
May 1961

July 1961
September 1961
December 1961
sarch 1962
May 1962

July 1962
September 1962
December 1962
March 1963
May 1963

July 1963
September 1963
December 1963
March 1964
May 1964

July 1964
Septrember 1964
December 15964
plarch 1965
May 1965

July 1965
September 1965
December 1965
March 1966
May 1966

July 1966
Septenber 1966
December 1966
tavrch 1867
May 1967

July 1967
September 1967
December 1967
sMarch 1568
May 1968

July 1968
September 1263
December 1968
March 1969
May 1569

July 1969
Septomber 1968
December 1969
March 1870
May 1970

July 1970
Septomber 1970
Decanber 1970
March 1871
May 1871

July 1671
September 1971

183
224
244
246
244
232
231
227
213
251
245
245
245
244
243
242
243
242
243
244
244
242
244
245
245
245
243
243
244
244
245
244
244
245
244
242
242
243
241
243
244
244
244
243
243
275
242
241
241
242
302
248
250
245
250
294
211
172
129

.90
.06
.31
.33
.07
.28
.38
.57
.11
.86
.21
.96
.60
.22
.81
70
.62
.13
.69
.23
.41
.04
.52
.83
L1
.48
.08
.86
.07
.62
-45
.73
.13
.66
.70
.82
.42
A5
.32
.68
.73
01
.69
.72
.55
03
.37
.16
.90
.50
.27
.34
.56
.12
.72
.95
.04
72
77

[ o -
u::—wwmmmulbmumbhmﬂc\mc\&m

=
to

11
4
4
]
5
5
3
4
6
8

11
&
4]
5
5
4
4
4
4
3
3
6
7
6
6
7
9
9

10

12

12
7
7
&
5
3

1.
1.97
1.62
1.83
1.43
1.44
1.36
1.29
1.58
1.94
1.80
1.
1
1
2
1
1
1
1
1
1

45

73

.57
.63
.00
.88
.50
.62
.65
77
.79
1.58
1.57
1.63
1.87
1.80
1.84
1.83
1.77
1.55
1.88
1.97
2.00
1.3%
1.51
1.45
1.56
1.69
1.72
1.
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

95

.75
.71
.74
.78
.59
74
.61
.56
.52
.52
.59
.71
.68
.20
22
.29
.45
.42
.40

6.29
6.63
12.27
5.54
§.87
3.77
6.88
7.09
6.87
6.93
6.24
7.18
7.80
5.72
g.65
10.14
10.99
11.21
9.68
10.92
10.68
10.85
13.08
8.64
6.91
7.48
7.10
B.65
B.19
6.03
7.68
8.13
8.66
10.12
8.47
8.96
7.89
7,19
6.51
7.99
7.60
8.37
6.55
6.49
7.15
7.60
7|1L0

Nate:  Mumber of observations =

number of differences.




Appendix table 2Z,--Tests for kurtosis for the distribution of
daily price changes for Chicago wheat

Munber Range/
Contract of Kurtosis Alpha ‘standard deviation
chservations :

May 1960 224 7.5% 2.00 9.16
July 1960 266 3,23 2.00 6.45
September 1960 308 3.11 1.98 5.44
March 1961 243 4.25 1.68 6.50
May 1961 244 5.97 1.40 7.94
July 1961 244 7.37 1.55 8.67
September 1961 243 6.13 1.70 8.81
December 1961 244 5.64 1.71 7.79
March 1962 244 3.06 1.68 5.01
May 1862 245 3.33 1.46 §.05
July 1962 245 3.70 1.51 6.52
Septembur 1962 244 4,83 1.84 8.16
December 1962 242 5.37 1.60 7.99
March 1963 241 4.43 1.65 7.40
May 1963 243 13.33 1.69 9.87
July 1963 206 6.20 1.88 8.39
September 1963 243 5.32 1.81 7.60
December 1963 44 6.42 1.57 B.58
March 1964 244 4,92 1.53 6.90
May 1964 243 4.73 1.50 7.26
July 1964 266 5.40 1.62 7.31
Septenber 1964 308 5.50 1.56 7.31
December 1964 245 4,45 1.90 6.68
March 1965 235 3.70 1.60 6.14
May 1965 244 3.48 1.68 6.10
July 1965 242 6.09 1.78 8,98
September 1965 239 3.76 1.83 6.28
December 1965 243 4.73 z2.00 7.60
March 1966 221 3.07 2.00 5.73
May 1966 248 3.62 2.00 7.03
July 1966 244 7.581 1.55 9.18
September 1966 243 5.33 1.69 8.02
December 1966 244 5.11 1.72 8.34
March 1967 242 4,50 1.75 7.37
May 1967 243 4.02 1.85 6.48
July 1967 243 3,73 1.97 6.25
September 1967 242 3.93 2.00 £.39
December 1967 243 4.71 2.00 7.25
March 1968 244 4.a47 2.00 7.56
May 1968 244 3.19 2.00 5.87
July 1968 244 3.64 1.94 6.52
September 1968 243 3.96 1.82 6.64
December 1968 243 3.87 1.65 6.83
March 1569 242 3.86 1.88 6.58
May 18969 242 4.07 1.68 6.67
July 1969 242 3,63 1.80 6.12
September 196% 284 4.45 2.00 7.46
December 1969 242 7.06 2.00 8.62
March 1570 241 5.75 1.62 7.36
May 1870 248 5.82 1.75 7.67
July 1970 250 6.28 1.66 &8.69
September 1970 245 16.64 1.42 12.74
December 1970 249 12.36 1.53 11.78
March 1571 251 11.32 1.61 11.37
May 1971 216 10.22 1.53 15.28
July 1971 165 10.96 1.46 B.86

Note: Number cof observations = mumber of differences.
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Appendix table 3.--Tests for kurtosis for the distribution of
daily price changes for soybeans

. Number : :
Contract : cof : Kurtosis : Alpha
observations :

: Range/
. standard deviation

January 1960 : 140 .52 .73
March 1960 : 183 .88 .68
May 1960 . 208 . .74
July 1960 : 209 . .65
September 1960 : 211 . .60
November 1960 : 210
Jamuary 1961 : 209
March 1961 : 209
May 1961 . 209
July 1561 : 207
Septenber 1961 : 209
November 1961 : 238
January 1962 : 245
March 1962 : 245
May 1962 : 245
July 1962 : 243
August 1962 : 245
September 1962 : 238
November 1962 : 244
January 1963 : 242
parch 1963 : 242
May 1963 : 243
July 1963 : 227
August 1963 :
September 1963

November 1963

January 1964

March 1964

May 1964

July 1964

August 1964

September 1964

November 1964

January 1965

parch 1965

May 1965

July 1965

August 1965

September 1965

November 1965

January 1966

March 1566

May 1966

July 1966

August 1966

September 1966

November 1966

caruary 1967

March 1957

May 1967

July 1967

August 1967

September 1967

November 1967

Continued




Appendix table 3.--Tests for kurtosis for the distribution of
daily price changes for scybeans--Continued

! Number : : :
Contract : of : Kurtosis : Alpha :stanﬁzggeéeviation
observations : :

January 1968 : 245 8.58 1.65 9.03
March 1568 : 244 8.89 1.52 9.20
May 1968 : 244 10.44 1.63 10.21
July 1968 : 244 3.77 1.88 6.22
August 1968 : 242 4.43 1.67 6.99
September 1968 : 243 12.81 1.41 10.50
November 1968 : 242 5.92 1.48 8.02
January 1969 : 243 4.91 1.55 6.58
March 156% : 243 5.03 1.43 7.45
May 1569 ! 242 4.21 1.5 7.35
July 1969 : 242 4.26 1.61 6.96
August 1969 : 241 4,02 1.44 6.51
November 1969 : 242 6.20 1.66 7.88
January 1970 : 281 5.8% 1.63 7.71
March 1570 : 245 4.79 1.63 7.43
May 1970 : 247 4.17 1.72 6.91
July 1970 : 250 9.51 1.58 9.28
August 1970 : 243 9.12 1.52 9.09
September 1970 : 245 7.75 1.37 8.21
November 1970 : 249 6.22 1.34 7.28
January 1671 : 250 5.62 1.47 7.66
March 1871 : 251 4.88 1.64 7.35
May 1971 : 216 4.46 1.49 6.85
July 1971 : 170 4,84 1.48 6.81
August 1971 : 149 5.02 1.60 7.27

3.84 1.55 6.36

September 1971 : 131
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Appendix table d4.--Tests for kurtosis for the distribution of
daily price changes for soybean oil

Mumber
Contract of Kurtosis Alpha : Range/. _
observations .standard deviation
December 1959 120 4.16 1.48 6.57
January 1960 140 3.32 1.78 5.50
March 1560 183 328 1.7 5.60
May 1960 222 5.39 1.52 7.16
July 1960 208 3.79 1.54 5.83
September 1960 220 3.51 1.71 6.21
October 1960 187 3.88 1.65 6.32
December 1960 187 3.50 1.75 5.81
January 1961 201 4,66 1.50 6.71
March 1961 207 4,40 1.45 65.83
May 1961 222 4.73 1.44 6.92
July 1961 200 3.64 1.61 6.07
September 1961 226 4.26 1.58 6.84
October 1961 203 6.21 1.78 7.77
December 1961 222 4.11 1.81 7.32
January 1962 166 3.36 1.89 5.44
March 1962 185 3.15 1.92 5.11
May 1962 203 3.92 1.94 £.55
July 1862 208 5.89 1.68 8.45
August 1962 149 4.55 1.84 7.30
September 1962 182 4.99 1.69 7.51
October 1962 155 3.82 1.64 6.32
December 1962 174 4.70 1.85 7.18
January 1963 159 4.28 1.68 6.83
March 1963 179 4.56 2.00 7.03
May 1963 204 3.83 1.80 6.98
July 1963 222 4.07 1.68 7.06
August 1963 224 3.85 1.496 7.10
September 1963 202 9.05 1.52 8.01
COctober 1963 201 11.08 1.71 10.53
December 13963 203 31.23 1.39 13.14
January 1964 217 25.60 1.1 12.77
March 1964 239 25.24 1.41 12.39
May 1964 237 22.97 1.41 11.93
July 1964 237 22.09 1.43 11.89
August 1964 194 30.37 1.37 12,67
September 1964 218 25.37 1.57 11.78
October 1964 239 26.73 1.50 13.47
December 1964 235 4.56 1.75 7.19
January 1965 202 6.07 1.64 7.98
March 1965 243 6.11 1l.e5 B.25
May 1965 217 5.33 1.61 7.32
July 1965 223 4.35 2.00 6.81
August 1965 156 4.45 1.59 6.58
September 1565 238 5.20 1.67 7.86
October 1965 241 14.15 1.60 11.20
December 1965 237 3.07 1.76 5.34
Januvary 1966 243 3.98 1.86 7.00
March 1966 245 3.35 1.75 6.04
May 1966 243 3.26 1.72 5.68
July 1966 222 4.14 1.78 6.63
August 1966 228 4.47 1.63 6,68
September 1966 243 13.28 1.58 10.77
October 1966 239 11.958 1.58 11.32
December 1566 243 13.21 1.67 11.39
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Appendix table 4.--Tests for kurtosis for the distribution of
daily price changes for soybean oil--Continued

: Number : : :
Contract : of ! Kurtosis : Alpha : standariagizéétion
L } observations : :

Tamumry 1967 : 244 15.32 1.56 12.27
sMarvch 1967 : 2i2 16.11 1.53 12.54
Mav 1967 H 243 16.08 1.55 12,29
July 1967 : 243 2487 1.63 13.95
August 1967 : 237 11.95 1.56 9.94
Seprembar 1967 : 233 3.45 1.50 5.66
October 1967 : 240 3.70 1.62 5.98
December 1967 : 232 4,53 1.54 7.09
January 1968 : 240 4.56 1.56 7.09
March 1968 : 244 4.10 1.70 6.76
May 1568 : 244 4.17 1.68 6.97
July 1968 : 227 3.82 1.70 6.06
August 1868 : 225 3.90 1.73 6.76
September 1968 : 237 4.71 1.55 6.86
October 1968 : 197 4.09 1.58 6.33
December 1568 : 237 4,98 1.54 6.91
January 1969 4 224 4,38 1.60 6.89
March 1969 : 243 3.15 1.85 5,65
May 1969 : 2d2 3.12 1.74 5.61
July 1969 : 241 3.05 1.66 5.85
Aupust 1969 : 240 3.4% 2.00 6.40
September 1969 : 240 76.20 1.50 14.06
detober 1969 : 242 g.85 1.38 9.76
December 1969 : 245 7.57 1.40 ' B.83
January 1970 : 246 8.37 1.44 8.60
March 1970 : 242 9.30 1.44 10.01
May 1970 : 248 4.55 1.49 7.16
July 1970 H 2d4d 3.34 1.80 6.05
Aupust 1970 : 242 3.73 1.72 6.55
September 1970 : 245 3.16 1.7 5.41
October 1970 : 247 3.00 2.00 6.78
December 1970 : 249 3.73 1.78 6.08
January 1971 : 249 3.29 1.67 5.68
March 1971 : 251 3.38 1.68 5.98
May 1971 : 217 3.69 1.69 6.58
July 197) : 173 3.18 1.78 5.45
August 1971 : 149 3.23 1.91 5.63
September 1971 : 131 3.13 1.65 5.28

3.15 1.65 .15

Cctober 1971 : 109

Yote:  Number of observarions = number of dirferences.
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Appendix table 5.--Tests for kurtosis for the distribution of
daity price changes for soybean meal

Number : :
Contract : of : Kurtosis : Alpha
_:_observations :

: Range/
‘standard deviatien

March 1960 : 176
May 1960 : 191
July 1960 : 209
August 1960 : 200
Cctober 1960 : 189
December 18960 : 155
January 1961 : 167
March 1961 : 205
May 18961 : 182
July 1961 : 203
August 196l : 198
September 1961 : 177
October 1961 : 181
Doecomber W61 : 179
January 1962 : 148
March 1962 : 160
May 1902 : 176
July 1962 : 208
August 1062 :
Septembor 1862

Octoher 1HHd

PDecember 1962

January 1063

March 1963

May 1vb3

July 1963

August 18965

Septomber 1963

Dctober 1963

December 1963

January 1964

March 1864

Mav 19bd

July 1964

Augnist 1964

September 1964

Uctoher 15964

December: 1904

January 1965

March 1065

July 18965

August 1965

September 18965

Oetoher 1965

December 1965

January 146b

March 1366

May 1966

August 1946

September 1966

October 1966

Decemher 1966

<13 1.65
.93 2.00
.49 1.85
.92 1.80
.22 1.66
.67 1.50
.47 1.41
.55 1.29
.49 1.44
.98 1.36
.38 1.61
39 1.78
J37 1.91
.51 1.99
07 2.00
.30 1.88
.82 1.69
17 1.49
.22 1.54
.49 1.23
A3 1.53
.73 1.66
.60 1.60
.81

.74

-
i

.86
.10
.08
.75
.60

A ke
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Appendix table 5.--Tests for kurtosis for the distribution of
daily price changes for soybean meal--Cont inued

Munber : R
{ontract : of : Kurtosis : Alpha : Range/
ohservatrions : : . standard deviation

Januarvy 1967
March 1967
May 1967

July 18567
Augusg 1967
September 1967
otober 1967
Becember 1967
January 1968
March 1968
My 1968

July 1968
August 1968
Scptanber 1968
October 1968
Becember 19068
January 1969
March 1969
May 196w

July 1969
August 1969
September 1969
October 1969
Decomber 1969
January 1970
March 197¢
May 197D

July 1970
Atgust 1970
Septamber 197D
Uctoher 1970
Deocember 1279
January 197}
March 1971
May 1971

July 1871
August 1971
September 1471
October 1971

P

[ RE I R E I SO R o K e B v B O TR

6
G
4]
4]
4]
3
4]
3
3
¢
7
g
8
0
3
7
8
4
3
¢
g
1

bbb e bk ped b gl el b b d e b b et et o] [} fed pesd ped ped

oV s (TR, T =S . O -

o

Nove:  Numher of observations = nunber of differences.




Appendix table o.--Tests for kurtosis for disrribution of daily prive changes for shell eggs

”.\"'LiﬁBcr : : M Rang ef
of

N _Efjit_t‘ht ohservations Kurtosis Alpha ‘:Standard deviarion
Septomber 1860 : 248 1.61 1.47 7.1
DNotoher Lol . 297 3,90 1.69 §.92
Novgmber 19 H 205 3.72 1.99 S.B4
December Lod 4 H 3.2 1.81 5.65
Janary el : 204 4.06 1.68 6.48
Sepremher 1961 : 239 5.67 1.82 .57
otober 1Mol : 23" 6.03 1.50 §.467
Navember 1u6] : A Y S0 2.00 7.32
Deverber 181l : am b.04 1.80 8.7b
danuary 1962 : 234 §.003 b6l 9.46
sepromber 1862 : -0 6. 04 1.52 7.20
swroher ol : 24 5.85 1.41 8.10
Noverrher 1962 : RRT 6.36 1.56 7.93
December 1tn2 : 22 9.2% 1.57 9.41
January 1963 : 179 Tl [.50 8.37
Sepromber 1963 : 245 4.94 1.75 7.40
Jdotoher 1963 : 238 1.8 1.47 8.02
sovember 6l : 229 4,88 L.57 7.45
Pecember 1963 : 25 5.59 1.47 8.08
Janmiary 9o : 159 12,15 1.36 §.52
september b : 243 10.32 1.42 9.48
tctoher 1904 : 225 6.28 1.71 8.28
N ember 1964 : a4 6.87 1.35 .34
Bovenmber Tdhd . 143 3.758 1.56 5,74
lapuary 135 : 1 4,24 1.68 5.79
September 1965 : 244 6.40 1.27 7.04
ke toher 1465 : 254 5.23 1.25 6.89
Sovanber 1U965 : 21t o.11 1.38 8.00
December 1965 : 16" 5,00 1.36 6.59
January 19ob : 154 4.77 1.30 6.09
Suptenber Libb : 2435 6.08 1.62 7.96
Jetoher itob : 222 6.73 1.44 8.23
Soventber 1966 : 154 5.93 1.0t 7.65
December 196 : 192 .15 1.21 12.90
January 1InT : 93 6.35 1.54 7.10
Seprember 1967 : RETH 9.93 1.40 10.75
detpher 1407 ; 1838 16.20 1.34 9.88
Swonber 1Hn” H 193 5.64 1.28 7.16
Decether 196~ : 145 9_8§ 1.26 9.78
Tanuary 1968 : . 3.08 1.79 5.26
‘;e}ltcmbm‘ 1te3 : 218 4.50 1,32 G456
Vg tober 1068 5 195 4.14 1.49 6.25
Docember THOR : 192 4.10 1.63 6.15
January 1¥ed : 116 3,59 1.87 5.87
March 1962 : 43 4,64 1.25 5.45
April 1969 : ) 3.25 1..47 5.28
May 14904 : 43 2.77 1.74 4.55
June 1d9o9 : 43 4,64 1.39 5.17
Jutly 1969 : 98 4.25 1.34 6.48
September 1969 : e §.43 1.48 7.37
tictoher 1w : 22 d4.63 1.56 7.34
November  19e9 : 208 3.73 1.94 7.89
Decesber 1309 : i6l 3.58 1.49 5.38
lapuary 270 : 159 4.47 1,23 5.55
February 1270 : 138 3.14 1.35 4,49
March 1370 : 135 3.50 1.15 4.82
April 147 : 132 3.68 1,35 5.4Q
May 147n : 133 4.50 1.59 6.35
tune 147Q : 137 4.92 1.43 6.37
Julv 1970 : 62 4.00 1.34 5.13
Seprenber 1y : 18 3.85 2.60 6.50
tetober 1970 : 182 4,75 1.53 6.57
Sovemher 1970 : 137 4.21 1.59 6.20
December 1870 : 1z 4.40Q 1.69 6.31
Januame 1971 : 175 5.76 1.58 6.90
Fetruary 971 : 50 5.49 1.4% .68
‘apch 1971 : Bl 4,60 1.46 5.85
pril 197 : 72 3,58 1.58 5.24
Mayv 1971 : "2 3.28 1.56 4.91
Jupe 1071 : 71 3.18 1.36 4.90

Torel  Gmber of ohSerations = mumber of differences.
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Appendix table 7.--Tests for kurtosis for the distribution
of daily price changes for pork bellies

Number : ; : Range/

Contract : of t  Kurtosis : Alpha : standard
: observations : : deviation
July 1964 : 152 5.87 1.35 7.35
August 1964 : 184 6.09 1.37 7.49
March 1965 : 170 8.18 1.50 9.01
May 1965 : 227 4.67 1.65 7.37
July 1965 : 245 3.54 1.56 5.65
August 1965 : 245 3.33 1.62 5.84
February 1966 : 183 Z.65 1.97 4.499
March 1966 : 215 3.39 1.78 6.60
May 1966 : 242 3.34 1.77 6.57
July 1966 : 246 2.58 1.79 4.76
August 1966 : 247 2.65 1.80 4.68
February 1967 : 238 3.50 1.78 5.95
March 1967 : 215 3.72 1.54 5.77
May 1967 : 240 4.64 1.49 6.90
July 1967 : 243 3.40 1.46 5.06
August 1967 : 241 3.47 1.49 5.41
February 19568 : 224 3.55 1.54 5.67
March 1968 : 245 3.71 1.73 5.98
May 1968 : 245 3.31 1.84 5.31
July 1968 : 245 4.24 1.77 6.66
August 1968 : 242 4.94 1,53 7.00
February 1969 : 223 4,28 1.71 6.17
March 1969 : 244 4,19 1.66 6.21
May 1969 : 238 3.36 1.72 5.63
July 1969 : 243 3.57 1.54 5.44
August 1969 : 241 3.60 1.43 5.54
February 1970 : 230 3.19 1.57 5.15
March 1970 : 238 3.54 1.44 5.33
May 1970 : 238 3.78 1.37 5.57
July 1970 : 245 3.63 1.33 5.38
August 1970 : 245 3.53 1.43 5.39
February 1971 : 229 5.44 1.47 8.19
March 1971 : 247 5.17 1.54 7.77
May 15971 : 210 5.22 1.60 7.59
July 1871 : 168 5.04 1.58 7.13
August 1971 : 145 6.18 1.58 7.81

Note: Number of observations = number of differences.




Appendix table 8.--Tests for kurtosis for the distribution of daily price
changes for live cattle

Contract

Number of
observations

Kurtosis .

Alpha

Range/

standard
deviation

June 1985
August 1965
Qctober 1965
December 1965
February 1966
April 1966
June 1966
August 1966
October 19606
December 1966
February 1967
Arpil 1967
June 1967
August 1967
Qctober 1967
Dacember 1867
February 1968
April 1968
June 1968
August 1968
October 1968
December 1968
February 1969
April 1968
Jurnn 1969
August 1969
Dctober 1969
December 1968
February 1970
April 1970
June 1970
August 1970
QOctober 1970
December 1970
February 1971
April 1971
June 1977
August 1971
October 1971
December 1971
February 1972

139
180
224
229
183
2i2
188
182
203
244
241
240
217
241
278

6.

1

1
: .

9
G
8
0
8.
8.
8
B
8
6
7

0%
38
02

5,
1.
6.32
8.92
9.05
7.73
6.
7
b
6
b
5
8

98

.18
.41
.13
A7
.94
.89

.00
10
.26
.76
.76
.61

7
6
7
7
6
6
6
8.
7.0
9
9
7
8
8
9
g

Note: MNumber of observations = number of differences.




Appendix table 9.--Tests for kurtosis for the distribution of daily price
changes [or Maine potatoes

Number of : . . Range/
observations Kurtosis . Alpha | staqga?d
deviation

Contract

March 1960 : 175
April 1860 : 197
May 1960 : 216
November 1960 : 209
March 19681 : 237
April 71961 : 233
May 1961 : 238
November 1961 : 238
March 1962 : 229
April 1862 : 239
May 1962 : 238
November 1962 : 227
March 1963 : 235
April 1963 : 236
May 1963 : 237
November 1963 : 238
March 1964 : 236
April 1964 : 237
May 1964 : 235
November 1964 : 219
March 1565 : 237
April 1965 : 237
May 1965 : 237
November 1965 : 237
March 1966 : 236
April 1966 : 235
May 1966 : 237
November 1966 : 238
March 1967 : 24¢G
April 1967 : 281
May 1967 : 251
November 1967 : 250
March 1968 : 248
April 1968 : 250
May 1968 : 249
November 1968 ; 246
March 1969 : 246
April 1969 : 246
May 1969 : 245
March 1970 : 248
April 1970 :

May 1970 :

November 1970 : 229
March 1971 : 248
April 1871 : 244
May 1971 :

.43
.95
.98
.99
44

——

—
U N0 - NN NN ORMANUVN DN N WS TIOWSNWU SOOI B W

OOV WON-NVOWMWEOWNH OO U~ 03O0 00 G~ =~ ~Ji0 O D00 A D ~d ~d ~ ~J N h

Note: Number of observations = number of differences.
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Appendix table 10.--Estimates of the characteristic exponent for'sums of
observations for daily price changes for Chicago corn

Characteristic_exponent

Contract T P
tphseryations =

.47
.97
.52
.83
.43
44
.36

Sums of 4 ;  Sums of 8

March 1860 1
May 1960 1
July 1960 1
September 1960 1
December 1960 1
March 1961 i
May 1961 1

July 1961 1.29

September 1961 : 1.58

December 1961 : 1.34

: ]

1

1

i

2

1

1

1

1

.44
.60
.52
.31

.56 2.00 -
.ao 1.58 1
.58 1.83 1
.66 2.00 1
.65 1.54 1
.61 1.38 1.72
.33 1.26 1.18
.47 1.60 1.48
.58 1.68 1.29
.84 1.85 2.00
.66 1.73 2.00
.81 1
.00 1
.67 2
71 1
.00 1.87
.75 1.80
.78 )
.72 1
.36 1
.57 1
.48 1
.53 1
.67 1
.00 1.65 .44
.74 2.00 1.39

2

1

1

1

1

2

1

March 1962 .80
May 1962 .73
July 1962 .57
September 1962 .63
December 1962 00
March 1963 .88
May 1963 B0
July 1963 .62
September 1963 .65

75 .57
.00
.00
91
.00
.65

1
.65 2
2
1
2
i
.62 1.35
1
1
1
1
1
1
1

.00
.66

N_l_..-lm_a_l._.l_-l_l_g._._n..—i_-d_-lm_d

.39 .30
December 1963
March 1964

May 1964

July 1964
September 1964
December 1964
March 1965

7
79
.58
.57
.63
.B7
.80

.30 .43

.20 .67
.32
.58

.61
.29

-3 .32

.62 .00 1.44
.51 .48 1.39
.61 .86 1.53
.79 b7 j.48
.90 .56 1.48
.64

July 1965
September 1965
December 1965
March 1966
May 1966
July 1966
September 1966 ]
December 1966 1
March 1967 ]
Hay 1967 1
July 1967 ]
September 1967 1
December 1967 1
March 1968 1
May 1968 1
July 1968 1
September 1968 1.78
December 1968 : 1.59
March 1969 H 1.74
: i
1
]
1
]
1
1
1
1
1
1
1
1

.83
vy
.55
.98
.57
.00

et et i At et

—_—

.00 .94

1
1

1

]

1

1

: 1

May 1965 H 7.84

: 1

i

1

1

1

2

.48
.30
.39
.58
.97
.81
.18
.64
-4
.69
.85

.40 .19
.39
.51
.45
.58
.69
72
.95
.75
71
.74

.45
.94
47
.36
.00
.41
.00
.29
.96 .00
.60 .54

1

1
1 1.29
1 1
1 1
1 1
2 1
1 1
2 1
i 1
i 2
1 1
.78 1.97 1.22
1 1
i 1
1 1
2 1
1 1
1 1
2 1
1 1
1 1
1
1
1
]

.32
.28
.55
.66
.55
.62
.44

1
1
1
1
1
]
1
1
1
1
]
1.64 .56 .57
1.77 W47 .36
May 1969 .61 1.37 .38 .85
July 1969 1
September 1968 1
December 1969 1
March 1970 1
May 1970 1
July 1970 1
September 1970 1
December 1970 1
March 1971 1
May 1871 1
July 1971 1
September 1971 1

.56 .52 .00 .55
.52 .46
.52 .59
.59 .63
.N .81
.68 .52
.20
.22
.29
.45
.42
.40

.15
.76
.00
.bb
.52

.72
-4
.49
.19
.55
1 .08
i .14
.43 1.30 .35
.54 1.68 .60

1

1

.22
.42

.30
.08

.50 .33 --
.45 0 --

Note: --means that not enough cbservations are available to calculate the
characteristic exponent.




Appendix table 171.--Estimates of the characteristic exponent for sums of
observations for daily price changes for Chicago wheat

Characteristic exponent

obsgiggl$ons ; of 2 . Sums of 4 : Sums of 8
.00 .55

May 1960 H .00 .60 2
July 1980 : .00 .69 1.66 .67
September 1960 : .98 .69 1.97 .42
March 1961 : .68 .55 1.60 .30
Hay 1961 : .40 .27 1.51 .27
July 1961 : .55 .47 1.37 .13
September 1961 : .70 .57 1.75 .61
December 19571 : | .00 2.00 . 7B
March 1967 : .69 .00 2.00 .78
1 .00

)

i

1

1

1

1

H

1

Contract

]
1
1
1
!
I
]
1
1
May 1962 : .46 .72 .35 2
July 1562 : .51 .79 .59 2.00
September 1962 : . B4 .84 .49 1.66
December 1962 : .60 .48 .27 1.46
March 1963 : .65 .60 1
May 1963 : .69 7 l
July 1963 : .88 .56 1
September 71983 : .61 .48 .37 1.30
December 1963 : .57 .46 .51 1.34
March 1964 : .53 .58 1.44 1.30
May 1964 : .50 .81 1.38 1.28
July 1964 : .62 .70 1.594 1.69
September 1964 : .56 .69 1.68 1.74
z2.00
2.00

.45 .66
.42 .10
.53 .28

December 1964 : .80 .87
March 1965 : .60 .82
Hay 1965 : .68 .86
July 1965 : .75 W17
September 1965 : .83 .56
December 1965 : 2.00 .80
March 1966 : .00 .70
May 1966 : .00 .88
July 1966 : .55 .72
September 1966 : .69 .00
December 1986 : .72 A
March 1967 : .75 .74
May 1967 : .85 .80
July 1967 : .97 .95
Septembaer 1967 : .00 71
December 1967 : .0Q .00
March 1968 : .00 .00
May 1968 : .00 .00

.82
.62
.36
.46
.63
.74
.72
.47
.83
.70
.45
.33
.59
.72
.53
.37
.00

1.49
1.89
1.77
2.00
1.72
2.00
1.3
1.46
1.49
1.35
1.48
1.9
1.81
1.69
1.37
.B8 2.00
2.00
1.78
Z2.00
2.00
1.43
2.00
1.60
1.37
1.70
1.64
1.61
1.21
1.74
L34 1.56
.3 1.95
.40 --

September 1968 : .82 .74
December 1568 : .65 .57
March 1969 : .88 .58
May 1969 : .68 .53
July 1969 : .80 .69
September 1969 : .00 .86
December 1369 : .00 .66
March 1970 : .62 .90
May 1970 : .75 .83
July 1970 : .66 .62
September 1970 : .42 i [
December 1970 : .53

Harch 1971 : .61

May 1971 : .03

July 1971 : .46

.75
.40
.24
71
.00
.00
.00
.65
.64
.57
.30
.49

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
July 1968 : .94 .79 1.46
1
2
1
1
2
2
2
1
)
1
1
]
1
1
.

Note: --means that not ensugh cbservations are available to calculate the characteristic
exponent.
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Appendix table 12.--Estimates of the characteristic exponent for sums
of observations for daily price changes for soybeans

Characteristic exponent

Contract . Single observations sums of 2 Sums of 4 Sums of 8

January 1260 : 1.73 .62 1.15 -
March 1960 : 1.68 .49 1.60 -
May 1960 : 1.74 .62 1.8% 1.32
July 1360 : 1.6% .67 1.79 2.00
September 1960 : 1.66 .48 1.56 1.44
Novemmber 1960 : 1.79 .73 1.55 1.21
January 1981 : 1.54 .34 1.28 1.16
March 1967 : 1.20 .43 1.23 1.07
May 1961 : 1.15 .28 1.17 1.14
July 1961 : 1.30 .37 1.52 1.21
September 1961 : 1.40 .50 2.00 2.00
Hovember 1961 : 1.50 .81 2.00 1.78
January 1962 : 7.42 .4 1.20 1.51
March 1962 : 1.41 .40 1.58 1.73
May 1962 : 1.70 Jh2 1.51 1

July 1962 : 1.59 .45 1 1

August 1962 : 1.53 73 1 ]

September 1962 : 1.63 .54 1 i

November 1962 : 1.48 .48 1 1

January 1963 : 1.61 .48 i i

March 1963 : 1.37 ] 1 1

May 1963 : 1.43 43 1
1
1
1

£6
49 64

31

.49
.33 50
.60 45
. 48

41

37
[4;
56 a3
a7
67
23
November 1963 : 7.41 .38 1.19 27

3.

51 1.

1.

1.

1

January 1964 : 1.46 .36 1.14 2.00
2

1

]

1

1

1

July 1963 : 1.48 .53
fugust 1963 : 1.57 B0 37

September 1963 : 1.59 .46 25

May 1964 : 1.52 .42 1.45 38
July 1964 : 1.40 .43 1.74
August 1964 : 1.33 .43 1.25
September 1964 : 1.48 .48 1.58
November 1964 : 1.42 .48 1.68
January 1965 : 1.63 .78 1.
March 1969 : 1.55 .76 1
May 1965 : 1.53 .67 1
July 1965 : 1.76 .00 1
August 1965 : 1.73 00 1
September 1965 : 1.93 A7 1
November 1965 : 2.00 .50 1
January 1966 : 1.68 .65 1
March 1966 : 1.58 .48 ]
May 1966 : 1.62 A7 ]
Juiy 1966 : 1.56 .48 1
1
1
1
1
1
1
1
1
1
1
1

36
30
.20
.52

March 1964 : 1.44 .45 1.30 .00

75
.44
.61
74
64
44
79
28
48
66
38
32
39

73
57
56
00
00
64
80
72
26
36
14
56
17
19
13
14
09
53
11
]
39
21
22
66

August 1966 : 1.34 .44 .
September 1966 : 1.30 .24 .
November 1966 : 1.51 .45 .80
January 1967 : 1.44 .49 A6
Harch 1967 : 1.41 .60 .38
May 1967 : 1.32 .38 .33
July 1967 H 1.52 .80 .

i
1
1
2
2
1
1
1
1
1
]
1
1
i
]
1
1
50 i
77 1
46 2
47 ]
28 1

August 1967 : 1.39 L7 .
September 1967 : 1.48 W41 .
Hovember 1967 : 1.61 .56
January 1968 : 1.65 .58
March 1968 : 1.52 .57
May 1968 H 1.63 .44
July 1968 : 1.88 77 1

August 1968 : 1.67 .52 1.50
September 1968 : 1.41 .62 1.15
November 1568 H 1.48 .62 1.68

1
1.50

82
09
51

119

1.
1.
49 1.986
1.
1.
1.

Continued




Appendix table 12.--Estimates of the characteristic exponent for sums
of observations for daily price changes for soybeans
-- Continpued

. Characteristic exponent

Contract

Single observations ' Sums of 2 o Sums of & ° Sums of 8

Januar¥ 19569 1.55 1.32 1.72 1,32
March 1965 1.43 1,43 1.33 1.48
May 1969 1.%0 1.67 1.75 1.67
July 1969 1.61 1.54 1.57 1.48
August 1962 1.44 1.43 1.60 1.77
Hovember 1969 1.66 1.75 1.43 1.74
January 1870 1.63 1.33 1.41 1.59
March 1970 1.63 1.54 1.59 1.34
May 1970 1.72 1.83 1.53 1.65
July 197¢ 1.59 1.78 1.43 1.26
August 1970 1.52 t.61 1.35 §.13
September 1970 1.37 1.30 1.3% 7.08
Novenber 1970 1.34 1.32 1.34 1.30
Jdanuary 1977 1.47 1.55 1.56 1.44
March 1971 1.64 1.69 1.52 1.58
Hay 1971 1.49 1.78 2.00 1,63
July 1971 1.48 1.583 2.00 -~
August 1971 1.60 1.60 2.00 --
September 1471 1.5% 1.53 173 --
Note: --means that not enough observations are available to calculate the characteristic

exponent.




Appendix

table 13.--Estimates of the characteristic exponent for sums of
observations for daily price changes for soybean oil

Characteristic exponent

37

Contract .
* Single observations Sums of 2 Sums of 4 Sums of 8

December 195% 1.49 2.00 1.68 --

January 1960 1.78 2.00 1.59 --

March 1960 1.1 1.79 1.84 -

May 1960 1.52 1.77 1.95 1.56
July 1860 1.54 1.89 2.00 1.70
September 1960 1.7 1.90 1.64 7.95
October 1960 1.65 1.65 1.39 -

Decembar 1960 1.75 1.92 1.86 --

January 1981 1.50 1.49 1.42 1.49
March 1961 1.45 1.33 1.36 1.55
May 1961 1.44 1.40 1.29 1.3%
July 1961 1.61 1.50 1.76 1.32
September 1961 1.58 1.54 1.77 1.66
October 1961 1.78 1.72 1.59 2.00
.Dacember 1951 1.81 1.75 1.62 1.62
January 1962 1.89 1.59 1.54 -

March 1962 1.82 1.72 1.87 --

May 1962 1.94 1.80 1.82 1.85
July 1962 : 1.68 1.88 1-60 1.12
August 1962 : 1.84 2.00 1.27 -

September 1962 : 1.69 1.60 1.50 --

October 1962 1.64 1.45 1.63 --

December 1962 1.95 1.77 1.99 -

January 1963 1.68 1.61 7.88 --

March 1963 2.00 1.45 1.55 -—-

May 1363 3.80 1.75 1.49 2.00
July 1963 1.68 1.67 2.00 1.83
fugust 1963 1.96 1.78 7.54 1.28
September 1963 1.52 1.78 1.40 1.61
October 1963 1.71 1.58 1.56 1.43
December 1963 1.39 1.34 1.42 1.08
January 1564 1.41 1.36 1.20 1.08
March 1964 1.41 1.34 1.23 1.00
Hay 1964 1.41 1.50 1.4% 1.16
July 1964 1.43 1.46 1.42 1.18
August 1964 7,37 1.68 1.50 -

September 1964 i.57 1.50 2.00 1.00
QOctober 1964 1.50 1.7 2.00 1.18
December 1964 1.75 1.78 1.50 1.79
January 1965 1-64 1.70 1.68 1.32
March 1965 1.65 1.66 1.51 1.42
Hay 1965 1.61 1.63 1.50 1.72
July 1965 2.00 1.75 2.00 1.84
August 1965 1.39 1.69 1.18 --

September 1965 1.67 1.88 j.45 1.7
October 1965 1.60 1.55 1.90 1.45
December 1965 1.76 2.00 2.00 1.97
January 1966 1.86 1.76 }.53 1.34
March 1966 1.75 1.95 1.77 1.46
May 1366 1.72 2.00 1.68 1.42
July 1966 1.78 2.00 2.00 1.20
August 1966 1.63 1.59 1.34 1.37
September 1966 1.5% 1.97 1.44 1.03
October 1966 1.58 1.84 1.51 1.65
December 1966 1.67 1.79 1.65 1.38
January 1967 1.56 1.69 1.45 1.37
March 1967 1.53 1.85 1.60 1.50
May 1967 1.55 1.1 1.53 1.47
July 1367 1.63 2.00 1.96 1.47
August 1967 1.56 1.72 2.00 1.44
September 1967 : 1.50 1.81 1.098 1.64
October 1967 : 1.62 2.00 1.83 2.00
Becember 1967 : 1.54 1.85 2.00 1.9%

Continued




Appendix table 13.--Estimates of the characteristic exvonent for sums of
observations for daily price changes for soybean oil--Continued

Characteristic exponent

Contract

Single observations | Sums of 2 | Sums of 4 . Sums of §

January 1968 1.% 1.83 1.78 1.72
March 1568 1.70 1.74 1.54 1.50
May 1968 1.68 1.70 2.00 2.00
July 19638 1.70 1.74 1.60 1.71
August 1968 1.73 1.70 1.55 2.00
September 1968 1.55 1.48 1.63 1.50
October 1968 1.58 1.72 1.49 ---
December 1968 1.54 1.63 1.19 1.29
Janvary 1969 1.60 1.75 1.55 1.87
March 1969 1.85 1.57 1.55% .06
May 1969 1.76 1.91 1.88 2.00
July 1969 1.66 1.72 2.00 1.58
August 1969 2.00 1.82 1.64 1.78
Seprember 1969 1.50 1.70 1.31 1.00
Corober 1968 1.38 1.32 1.32 1.06
Decenber 1969 1.40 1.37 1.34 1.17
Janvary 1970 1.44 1.3¢ 1.28 1.11
March 1970 1.44 1.23 1.3 1.49
May 1970 1.49 1.08 1.36 ' 1.83
July 1970 1.80 1.38 1.55 1.27
August 1970 1.72 1.90 1.81 1.5%
September 1970 1.71 1.41 1.51 2.00
Cctober 1970 2.00 1.54 1.458 1.62
Lecember 1970 1.78 1.71 1.79 1.7¢
January 1871 1.67 2.60 1.86 2.00
March 1871 1.68 i.85 1.8% 2.00
pay 18971 1.69 1.80 2.00 1.87
July 1971 1.78 1.63 2.00 --
August 1971 1.81 1.57 2.00 ---
September 1971 1.65 1.65 2.00 ---
Ocrober 1971 1.65 1.57 2.00 ---
Note: --wmeans that not encugh observations are available to calculate the chamacteristic
exponent.
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Appendix table 14.--Estimates of the characteristic exponent for
sums of observations for daily price changes for soybean weal

Characteristic exponent

Contract ; Single : : :
observitions . Sums of 2 . Sums of 4 : Sums of 8

darch 1960 . .65 . 1.80
May 1960 : .00 . 1.37
July 1960 . .85 . 2.00
August 1960 . .80 . 1.61
Ocrober 1860 . .66 1.46
December 1960 . .50 . 1.43
Januaty 1961 . 1.41 . 1.91
March 1961 - .29 . 1.30
May 1961 : 1.44 . 1.58
July 1961 . .36 . 1.58
August 1961 : 1.61 . 1.92
September 1961 . .78 . 1.44
October 1961 . .01 . 1.56
December 1961 . .49 . 1.70
January 1962 ; .00 . 1.59
March 1862 . .88 . 2.00
May 1962 : .69 . 1.78
July 1862 : .49 1.80
August 1962 . .54 . 1.17
september 1962 . L23 . 1.53
October 1962 . .53 . 1.35
December 1962 . .66 . 1.36
Januvary 1963 : .60 . 1.40
March 1963 : .51 . 1.23
May 1963 : .85 . 1.75
July 1963 . .66

August 1963 . 41 .
September 1963 . .58 . 1.17
October 1963 .67 . 1.41
December 1963 .66 . 1.48
January 1964 .63

March 1964 .72

May 1964 .75

July 1964 .83

August 1964 .68

September 1964 .57

Qutober 1964 .58

December 1964 .55

Januarv 1965 .72

March 1965

.67

.57
.52
42
.51
.55
.48
75
.69
.53
.29
.56
.60

August 1965
September 1965
October 1965
December 1965
January 1966
March 1966
May 1966

July 1966
August 1966
September 1956
October 1966
December 1966

1
1

1

1

1

1

1

1

1

1

1

1

: 1

July 1965 . 1.68

: 1
1

1

1

1

1

1

1

1

1

1

1
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Appendix table 14.--Estimates of the characteristic exponent for
sums of observations for daily price changes for soybean meal
--Continued

Characteristic exponent

tontract L peomgle Sums of 2 | Sums of 4 | Sums of 8
January 1967 : 1.49 1.53 1.47 1.27
March 1967 : 1.58 1.56 1.62 1.29
May 1867 : 1.44 1.46 1.58 1.69
July 1867 : 1.52 1.56 1.48 1.82
August 1967 : 1.47 1.62 1.46 1.06
September 1967 : 1.37 1.43 1.26 1.47
(October 1967 1.25 1.32 1.45 1.39
December 1967 i1.43 1.42 1.29 1.72
January 196§ 1.46 1.36 1.31 1.64
March 1968 1.72 1.60 1.44 1.64
May 1968 1.74 1.65 1.82 1.74
July 1968 1.75 1.66 1.64 1.84
August 1963 1.69 1.52 1.60 1.52
september 196§ 1.40 1.38 1.26 1.00
October 1968 1.29 1.01 1.00 -
December 1968 1.32 1.1¢6 1.23 1.22
Januarmy tust 1.4 1.48 1.46 1.43
March 1909 1.36 1.48 1.96 1.56
May 149649 1.60 1.63 1.88 1.48
July 14968 2,680 i.46 1.73 1.44
August 1969 2.00 1.43 1.76 1.22
September 1969 1.53 1.56 2.00 1.36
October 1969 1.48 1.50 1.37 1.32
December 1969 1.23 1.1: 1.00 1.00
January 1970 1.13 i.o0 L1.00 1.00
March 1870 1.29 1.08 1.00 1.00
May 1878 1.47 1.47 1.61 1.36
July 1970 1.49 1.45 1.53 1.45
August 1976 1.48 1.61 1.91 1.88
September 1970 1.50 1.30 1.37 1.42
Gctober 1978 1.43 1.24 1.27 1.19
Decamber 1970 1.47 1.5% 1.44 1.21
Japuary 1971 : 1.48 1.60 1.44 2.00
March 1971 > 1.44 1.42 1.38 1.28
May 1971 : 1.43 1.55 1.43 1.47
July 1971 1.50 1.5 1.22 ---
August 1971 1.69 1.63 1.7¢ ---
September 1971 1.31 1.64 2.00 ---
Qctober 1971 1.48 1.93 1.83 ---
Note: ~- means that not enough observations available to calculate the characteristic

exponent.
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Appendix table 15.--Estimates of the characteristic exponent for sums of
observations [or Jaily price changes for shell cygs

Characterstic exponent

exponent .

41

Contral Sin
° observgigons Sums of 2 Sums of 4 Sums of 8
Seprember 1960 1.47 1.45 1.71 1.41
October 1960 1.69 1.57 1.65 1.98
November 1960 1.90 1,57 1.48 1.26
December 1960 1.31 i.58 1.54 .00
Januavy 18361 1.68 1.63 2.00 1.87
September 1961 1.82 1.55 1.35 1.49
Ocrober 1561 1.50 1.42 1.5 1.65
November 1861 2.00 1.59 1.76 2.00
Decanber 1961 1.80 1.43 1.28 2.00
January 1962 L.61 1.29 1.15 1.17
September 1963 1.52 1.48 1.40 1.17
October 1962 1.41 1.6G 1.47 1.10
Movamber 1562 1.56 1.44 1.19 1.37
December 1962 L.87 1.51 1.63 1.45
January 14963 1.50 1.66 1,89 ——-
Septonher 1963 1.75 1.71 1.59 2.00
October 1563 1.47 1.54 2.00 2.00
November 1963 1.57 1.53 1.49 1.48
Decenber 1563 L.47 1.35 1.47 1.30
Janvary 1964 1.36 1.13 1.27 ---
September 1064 1.42 1.64 1.47 1.11
Qctober 1964 1.71 1.83 L.46 1.48
Novenber 1964 1.35 1.24 1.12 1.00
December 1964 1.56 I.dty 1.48 ---
January 1965 1.68 1.06 1.27 ---
Septrember 1965 : }.27 1.68 1.41 1.7h
Qctober 1965 1.25 1.29 1.31 1.37
November 1965 1.38 1.33 1.53 1.47
Decambar 1965 1.36 1.32 1.35% ---
January L1966 1.30 1.44 1.19 ---
September 1966 1.62 1.26 1.14 1.21
October 1960 1.44 1.64 1.39 1.30
Novanber 1960 1., 1.07 1.05 ---
December 1966 1.21 1.25 1.69 ---
January 1967 1.54 1.80 - ---
Septamber 1967 1.49 1.37 1.38 1.40
Octoher 1967 1.34 1.28 1.23 ---
November 1967 1.28 1.31 1.28 ---
Decamber 1967 [.26 1.60 1.55 ---
Januarvy 1968 1.79 1.70 --- .-
Septenber 1968 1.32 1.52 1.32 1.30
October 1568 1.49 1.48 1.60 ---
December 1968 1.63 1.71 1.92 ---
January 1969 1.87 2.00 1.63 ---
March 1969 1.25 —= - ---
April 1969 1.47 1.63 - ---
May 1969 1.74 - --- ---
June 1964 : 1.38 r-- --- -
July 1969 H 1.34 1.52 - -
September 1969 : 1.48 1.7 2,00 2.00
October 1969 : 1.56 1.64 1.58 1.33
November 1969 H 1.94 1.61 1.74 2.00
December 1969 . 1.49 1.42 1.49 -=-
January 1970 : 1.23 1.26 1.06 ---
February 1570 L.35 1.33 1.44 ---
March 1870 1.15 1.21 1.34 ---
April 1970 1.35 1.26 1.33
May 1970 1.59 1.29 1.51 ---
June 1970 1.43 1.29 1.36 ---
July 1970 1.34 1.33 ~=- ---
Septanher 1970 2.00 1,00 1.64 -
Uctober 1970 1.53 1.56 1.34 -cn
November 1870 1.59 1.70 1.06 .--
Decanher 1970 1.69 .76 1.56 1.53
January 1971 1.53 1.78 1.46 o
Felruary 1871 1.49 3.2n -
March 1971 1.48 IR
April 197 1.58 L.1% -
May 1971 1.56 1.52 - -
Jupe 197t 1.30 1.88 --- ---
Note: --means that mot enough ohsgrvations are available to calculate the characteristic




Appendix table 16.--Estimates of characteristic exponents for
suns of observations for daily price changes for pork bellies

Characteristic exponent

Contract Single Suns of Sums of Sums of
:observations 2 4 8
July 1964 1.35 1.41 1.31 ~--
August 1964 1.37 1.55 1.30 ---
dMarch 1965 1.50 1.68 1.53 ---
May 1965 1.64 1.58 1.63 1.45
July 1965 1.56 1.60 1.60 2.00
August 1965 1.62 1.57 1.65 1.68
February 1966 1.97 1.67 1.50 ---
March 1966 1.78 1.49 1.57 1.83
May 1966 1.77 1.43 1.50 2.00
July 1966 1.79 1.45 2.00 1.87
August 1966 1.80 1.56 1.80 2.00
Fehruary 1967 1.78 2.00 1.57 1.88
March 1947 1.54 1.63 1.44 1.69
May 1967 1.49 1.88 1.99 1.43
July 1967 1.46 1.61 1.46 1.22
August 1967 1.49 1.51 1.34 1.39
February 1968 1.54 1.90 1.98 1.74
March 1968 1.73 1.47 1.69 2.00
May 1968 1.84 1.60 1.69 2.00
July 1968 1.77 1.31 1.44 1.73
August 1968 1.53 1.43 1.35 1.28
February 1969 1.1 1.62 1.52 2.00
sarch 1969 1.66 1.51 1.58 1.68
May 1969 1.72 1.52 1.60 1.00
July 1969 1.54 1.69 1.51 1.55%
August 1969 1.43 1.64 1.58 1.73
February 1970 1.57 1.56 1.48 1.43
sarch 1970 1.44 1.71 1.93 1.48
May 1970 1.37 1.63 1.95 1.63
July 1970 1.33 1.65 2.00 1.61
August 1970 1.43 1.44 1.47 1.53
February 1971 1.47 1.56 1.50 2.00
March 1571 1.54 1.57 1.71 1.61
May 1671 1.60 1.62 1.68 1.98
July 1971 1.58 1.68 1.38 ---
August 1871 1.58 1.57 1.28 ---

Note: ~-means that not enough observations are
characteristic exponent.
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Appendix table 17.--Estimates of the characteristic exponent for sums

of observations for daily price changes for live cattle

Characteristic exponent

Contract Single Sums of Sums of Sums of
:observations 2 4 8
June 1965 1.41 " 1.58 1.63 ---
August 1965 1.48 2.00 1.76 ---
October 1965 1.41 1.41 1.52 1.08
December 1965 1.41 1.45 1.75 1.28
Februaty 19606 1.48 1.62 1.30 —--
April 1966 1.35 1.721 1.70 1.07
June 1966 i.82 1.34 1.60 ---
August 1966 1.78 1.76 1.34 -—
October 1566 1.30 1.95 1.54 1.44
December 1966 1.68 1.56 1.59 1.83
February 1967 1.76 1.96 1.68 1.70
April 1967 1.82 2.00 2.00 1.54
June 1967 1.89 1.73 2.00 2.00
August 1967 1.79 1.50 1.45 1.75
October 1967 1.53 1.79 1.71 1.66
December 1967 1.90 2.00 1.51 1.34
February 1968 1.59 1.70 1.70 1.33
April 1968 1.57 1.73 1.68 1.22
June 1968 1.60 1.88 2.00 1.64
August 1968 1.59 1.61 1.44 1.31
October 1968 i.61 1.59 1.38 1.36
December 1968 1.68 1.76 1.52 1.36
February 1969 1.54 1.58 1.55 1.55
April 1969 1.50 1.42 1.28 1.06
June 1969 1.42 1.66 1.58 2.00
August 1969 1.43 1.38 1.35 1.73
October 1969 1.58 1.48 1.53 1.23
December 1969 1.63 1.51 1.39 1.12
February 1970 j.88 1.38 1.69 1.28
April 1870 1.74 1.77 1.45 1.41
June 1970 1.73 1.79 1.55 1.56
August 1970 1.65 1.66 2.00 1.48
October 1970 1.76 1.51 1.45 1.52
December 1970 1.69 1.60 1.41 1.20
February 1571 1.53 1.30 1.38 1.25
April 1971 1.29 1.49 1.58 1.59
June 1971 1.24 1.36 1.45 1.26
August 1971 1.49 1.60 1.67 1.40
October 1971 1.59 2.00 1.44 1.47
December 1971 1.41 1.75 2.00 2.00
February 1972 1.30 1.58 1.47 ---

Note:
characteristic exponent.

43

--means that not enough observations are

available to calculate the



Appendix table id.~-Er.’mates of the characteristic exponent for sums of observations
for daily price changes for Maine potatoes

Characteriscic exponent

Contrace ; ' 1 . 1
Single : Sws ol 2 X Sums of 4 . Sugns of B
observarionsg . : H

March 1960 : . 1.90 2.00 -
April 1960 ; 1.55 2.00 1.57 -
May 1960 : .65 L.68 1.53 1.61
November 1960 : .26 1.52 1.46 1.29
March 196l
April 191
May 1961
Novewber Lu61
March 1962
April 1oh2
May 1982
November 1962
Mavch 1963
Aupril 1963
May 1963
November 1963
March 196l
April 1861
May 1964
November 1964
March 1965
April 1965
May 1965

1
1.73 1.73 1.46 1.20
L.51 1.60 1.54 1.43
1.59 1.63 1.53 2.00
1.57 1.45 1.39 1.12
1.28 1.48 1.39 1.89
.47 1.53 1.20 1.62
1 1.40 1.31 1,24
1 1.84 1.41 1.56
1 1.96 2.00 1.64
1 1.70 1.76 1.35
1 1.76 1.62 1.66
1 1,72 1.72 1.39
1 1.85 1.35 1.83
1 L.46 1.57 1.49
1 1.40 1.27 1.60
i 1.75 1.39 1.28
1 t.681 r.67 1.39
1 1.60 1,77 1.50
: 1 1.88 1.74 1.39
November 1965 1 1.87 1.41 1.58
)hrgh 106 . 1 1.66 2.00 1.2%
April 1966 : 1, 1.78 2.00 1.61
May 1866 1 1.64 1.49 1.23
Sovember 19%6 1 1.52 1.57 1.13
March 1967 1 1.54 1.50 2.00
April 1207 1 1.69 1.23 1.31
May 199 1 1.74 1.49 1,70
Novenber 1967 1 1.80 1.52 1.39
March 1968 1 1.34 1.47 1.47
\pril 1968 1 1.38 1.27 1.39
May 1968 1 1.25 1.32 1.21
November 1968 1 1.45 1.40 1.64
March Yo% i 1.63 1.31 1.65
April 1969 1 1.42 1.52 1.19
May 1969 1 1.5 1.34 1.55
March 1970 1 1.27 1.30 1.53
April 1970 i 1.40 1.22 1.04
May 1970 1 1.38 1.40 1.68
November 1970 1 1.77 1.97 1.84
March 1971 b 1.54 1.57 1.43
April 1871 1 1.68 1,69 1,61
May 1971 1 1.985 1.60 251

Note; ~--means that not enough chservations are available to calculate the characteristic exponent.




Appendix tsble 19.--Turning polnt test for daily cleosing prices
Chicago corn

Number * Number of’ Expected value °  Standard
Contract : of ' urning ° of t arror of ¢ Test statistic
observations ° points © turning pOINTS ‘ryrning polints’®

Marceh 1960 i 161 83 106,00 5.32 -4.32
May 1260 : 192 107 126,67 5.81 -3.38
July 1960 : 212 102 140.00 6.L1 -6.22
Seprembar 1960 : 210 112 138.67 6.08 -4,38
becember 1950 : 204 96 134,67 6.00 ~5.45
March 1961 : 207 112 136.67 6.04 -4.08
Mav 196l K 205 111 135.33 6.01 -4.05
Iuly 14kt : 208 108 137.33 6.05% -4 .84
September 1961 : 198 95 130.67 5.91 -6.04
Docomber 1961 : 125 102 148.67 6.30 -7.41
March 1962 : 234 115 154.67 6.42 -6.17
Mav 1942 : 231 109 154.00 6.41 -7.02
July 1962 : 224 119 148.60 6.28 -4.61
Seprember 1962 : 217 115 143.33 6.19 -4.58
Decembar 196 : 225 118 148 .67 6.30 -4.87
Marelh 1967 : 229 109 151.33 5.36 —-6.66
May 1463 : 327 112 150. 6.33 -6.01
July 1963 : 224 114 148, 6.28 -5.41
September 1963 i 199 150. 6.33 -6_4B
Devemher 1961 : 117 145. 6.23 -4.55
dach 1964 : 111 154, 67 6.42 ~6.80
May  13b4 : 105 150. -7.11
Jaly 1964 ; 2 116 149, -6.23
September 1964 : 106 147, ~6.59
Decamber 1964 : 93 148, -8,75
Mar.h 1965 : 85
Mav 1965 : 111
Julvy 1965 ; 111
deprember 1963 : 113

December 1965 1l

March  196b 119

May 1966 116

Julv 196k 123

Sgptenber 1966 114

Necember 1966 120

Maroh 1967 117 .
May 1967 119 150.
July 1967 136 154,
September 1967 : 228 120 150.
December 1867 : 234 121 154.
March 1968 : 229 121 151.
Mav 1968 : 226 106 148.
July 1968 : 225 107 148.
Seprtember 1964 : 227 103 150.
Decamber 1968 : 226 103 149.
March 1969 : 253 124 167.
May 1969 : 227 118 150,
fulv 1969 : 215 114 142.
Sepcembar 1969 : 222 117 146,
Derember 196% : 229 127 151,
Mapch 1970 : 285 155 188.
May 1972 : 225 109 148,
Julv 1970 : 230 117 152,
September 1970 : 225 122 148.
December 1970 : 235 127 155.
Mareh [971 i 280 153 185.
Mav 1971 : 206 111 136.
July  197% : 1567 92 110.
September 1971 : 129 €6 78.
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Appendix cable 20.--Turning point cest Eor daily closing prices for Chicago wheat

Number ' Number of- Expected value ©  Standard error
. . o .

Contract X of : tucnlng ° of : of

‘ observations ' points ¢ turning peints ' turhing points

Test
s statistic
Hay 1960 B 199 98 131.33 5.92 -5.63
July 1980 : 228 125 150.67 6.34 ~4.05
Seprember 19b0 : 256 134 169.33 6.72 -5:26"
Mareh 1961 : 225 111 148.67 6.30 -5.98
May 1961 : 220 107 145.33 6.23 -6.15
July 1961 : 221 104 146.00 6.24 -6.73
September 196} : 216 100 142,67 6.17 -6.91
December 1961 : 222 140 l46.67 6.26 ~7.46
March 1962 : 224 119 148.00 6.28 -4.61
May 1962 : 224 118 148.00 6.28 -4.77
July 1962 : 222 115 146.67 6.26 ~5.06
September 1962 : 223 109 147 .33 6.27 ~6.11
December 1962 : 230 105 15z2.00 6.37 -7.38
March 1961} : 208 113 150.67 6.34 -5.94
Mav 1963 : 231 99 152.67 .38 -8.41
July 1963 : 187 92 123.33 5.74 =5.46
Septembac 1963 : 218 101 144,00 6.20 ~6.94
December 1967 H 2237 98 150.00 6,33 -8.22
March 1264 H 213 111 154,00 6.41 -6.71
Hday 1944 : 234 105 154.00 6.41 -7.64
July 15964 : 252 118 166.67 6.67 -7.30
Saytember 1964 : 291 144 192.67 7.17 -6.79
Pecember 1964 : 233 112 154 .00 6.41 -6.55
mareh L9635 : 214 104 141.33 6.14 -5.08
May 1965 : 228 117 150.67 6.34 -5.31
July 1965 . 224 108 148.00 6.283 -6.36
Septempber 1965 : 223 113 147.33 6,27 -5.48
Decenber 19685 : 228 111 150.67 6.34 -6.26
Maveh 1966 : 214 102 141.33 6.14 —6.40
May 1966 : 235 122 155.33 6.44 -5.18
July 1966 : 236 121 156,00 6.45 -5 .42
September 1966 . 233 112 154.00 6.41 -6.55
December 1966 : 216 128 156.00 6.45 4,34
Mareh 1967 : 237 120 156.67 -5.67
May 1967 : 239 121 158.00 6.49 -5.70
July 1967 : 241 134 159.33 -3.88
Sepcember 1YA7 : 240 129 158.67 ~4,56
Decamber 1967 . 236 125 156.00 -4.80
March 1968 . 234 117 154.67 -5.86
May 1968 : 233 115 154 .00 ~6.08
July 1968 1 231 109 152.67 . -5.84
September 1968 : 233 105 154.00 -7.64
December 1968 : 234 102 154.67 . -8.20
March 1969 : 23 107 152.67 . ~7.15
May 1969 . 225 105 148.67 . -6.93
July 1969 : 228 112 150.67 . -6.10
September 1969 : 274 1356 181.33 . -5.52
Nacember 1969 : 234 118 154.67 . -5.71
March 1370 s 326 119 149.33 -4 .80
May 1970 : 234 119 154.67 ~5,55
Julv 1970 : 240 115 158.67 ~6.71
September 1970 : 228 119 151.33 . -5.09
December 1970 . 232 127 153.33 —4.12
March 1971 : 237 121 156.67 -5.52
May 1971 : 209 110 138.00 ~4.61
July 197% H 155 82 102.00 ~-3.83

Sate:  Number of observations are after elimination of ties.
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Appendix table 2).--Turning peint test for daily cleosing prices (or soybeans

{nntract

January 1260
March 1960

May 1960

July 1960
September 1960
November 1960
January 1961
March 1961

May 1961

July 1961
September 1961
Novembee 1961
Januarvy 1962
March 1964

May 1962

July 1960
August 1962
September 1962
Sovember 1962
January 1961
March 19613}
Mav 1967

July 1961
Aupust 1961
septemher 19673
Sovembor 1963
Janvary 1964
March 1964

May 1964

July 1964
August  19b4
September 1464
November 1904
January  196%
March 1965

Mavy 19065

July 1965
Auwust 1963
Seprtemher 1963
November 1363
Januatry  196F
Marvh 14966

May  1%ho

Juls 1906
Aupust  19h6
September 1966
Novemher 19366
January  19R7
May o Lok’

Mav  19nT

Jaly 18n?
August 1967
Septupboer  1GR7
Hovembher 1907

Number ! Number of : Expected value : Standard errvor : Toat
- est

of turning of of statistic

: observations points ¢ turning poinks turning peints mRERAREAE
138 73 99.67 4.92 -3.59
180 99 118.67 5.63 -3.49
199 108 131.33 5.92 -394
200 104 132.00 5.94 ~4.,72
202 39 133.33 5.97 -5.76
194 105 128.00 5.85 -3.93
197 102 130.00 5.89 -4.75
198 107 130.67 5.51 ~4.,01
202 97 133.33 5.97 -6.09
200 %4 132.00 5.94 ~§.40
202 103 133.33 5.97 -5.08
2215 110 148.67 $.30 -6.14
237 127 156.67 6.47 ~4,59
227 122 156.00 6.33 -4, 43
211 114 152,67 5.38 ~6.06
225 109 148.67 6.30 -6.30
221 117 146.00 6.24 -5,29
214 109 141.33 6.14 ~5.26
216 93 142,67 6.17 —-8.035
222 115 146.67 6.26 ~5.06
223 122 150.67 6.34 4,52
227 115 150.00 6.33 -5.53
216 104 142.57 6.17 -6.,27
228 122 150.67 6.34 ~4,52
227 il4 150.00G 6.33 -5.6%
235 120 155.33 B.44 -5.49
237 131 156.67 6.47 -3.97
234 131 154.67 f.42 -3.68
214 128 154.67 6,42 -5.40
237 126 156.67 68.47 -4 .74
134 131 154.67 6.42 ~3.68
219 115 144 .67 6.21 -4.77
234 117 154.67 6.42 -5.86
20 116 152.00 6.37 -5.65
240 119 158.67 6.51 -6.10
143 125 160.67 .55 ~5.45
242 122 160.00 6.53 -5.82
216 13z 156.00 6.45 -3.72
22 122 147.33 6.27 =4 .04
234 126 L54 .67 6.42 -4.46
234 125 154,67 6.42 ~4.62
239 144 158.00 6.449 -2.16
i35 138 155.33 6.44 -2.69
236 134 156.040 6.453 =3.41
236 130 156,00 6.45 =4.03
238 132 157.33 6.48 =3.91
in 115 152.67 6.38 =5.90
23z 124 157.33 €.48 =5.14
L3 120 152,07 LT -3.12
232 120 153.33 6.40 -5,21
229 119 151,332 6.36 -5.09
218 118 150.67 6.34 =5.15
229 L0 151.33 6.36 -6.50
212 113 Lab.67 6.26 -4.58
Continued




Appendix table 21.--Turning point test for daily closing prlces for soybeans

--Continued
Number Number of ! Expected value Standard error ' n
Contrace oE turning of of 1e§t .
:_observations points turning points turning points i St2tistic

January 1968 226 110 149.33 6.31 -6.23
March 1968 227 115 153.00 6.33 -5.53
May 1968 229 116 151.33 6.36 -5.56
July 1968 2313 107 154.00 6.41 -7.33
August 1968 227 12} 150.00 6.33 -4.58
September 1968 2125 110 148.67 6.30 -6.14
November 1968 223 107 147.33 6.27 -6.43
January 1969 233 118 154,00 6.41 -5.62
March 1969 218 107 144,00 6.20 -5.97
May 1969 217 107 143.33 6.19 ~5.87
July L1969 221 109 146.00 &.24 -5.93
August 1969 218 96 144,00 6.20 -7.74
November 196¢ 22 106 147.33 6.27 -6.59
January 1970 249 123 164.67 6.63 -6.29
March 1970 226 120 L49.33 6.31 -4.65
May 1970 238 125 157.33 6.48 -4.99
July 1970 236 125 156.00 6.45 -4.80
Augusr 1970 233 125 154.00 6.41 -4.,52
September 1970 235 134 155.33 6.44 -3,31
November 1970 ° 239 123 158.00 6.49 4,62
Janoary 1971 238 134 157.33 6.438 =-3.60
March 1971 244 139 161.33 6.56 =3.40
May 1971 211 112 139.33 6.10 -4 .48
July 1971 167 95 110.00 5.42 =2.77
August 1971 144 89 94.67 5.03 -1.13
September 1971 127 81 83.33 4.72 -0.49

Note:

48

Number of observations are after elimination of ties.



appendix table 22.--Turniag point test for daily closing prices for soybean oil

Contract

Number
of

! pbservations ¢

Number of

turning
points

Expected value :

of

: turning points

Standard
error of

i Test
* statistic

turning points @

December 1959
January 1950
March 19607
May 1960

July 1960
September
Qctober
December 1960
Januwary 1961
March 1961
May L1961
July 1961
Seprember
Ocrober 1961
December 1961
January 1962
March 1962

May 1942

July 1962
August 1962
September 13A2
Qerober 1962
December 1962
January 19632
March 1963

May 1943

July 19863
August 1963
September 1963
October 19632
December 1967
January 1964
March 1964

tay 1964

July 1964
August 1964
September 1964
Cctaber 1964
bDecenber 1964
January 1965
March 1965

May 1965

July 1965
Auvgust 1962
September 1965
Qcrober 1965
Dacember 1565
Januatry 1%96&
March 1496€

May 1966

July 1966
August 1966
September 1966
October 1966
December 1966
January 1967
March 1967

1960
1960

1961

1063
128
175
195
188
205
172
174
183
194
212
196
217
159
209
151
171
193
186
141
173
142
167
150
172
189
212
211
186
185
192
206
230
219
227
175
208
228
225
197
230
212
214
176
225
229
225
228
230
233
219
216
232
225

52
67
83
99
23
97
82
a9

67.33
84.00
115.33
128.67
124.00
135.33
113.33
114.67
120.67
128.00
140.00
129.33
143.33
131.33
138.00
99.33
112.67
127.33
129.33
92.67
114.00
93.33
110.060
98.67
113.33
124.67
140.00
139.33
127.67
122.00
126.67
136.00
152,00
144,67
150,00
115.33
137.33
150.67
148.67
136.00
152.00
140.00
141.33
116.00
148.67
151.33
148.67
150.67
152,00
154 .00
144 .67
142.67
153.33
148.67
154.00
149.33
152.00

4.24
&.74
5.55
5.86
5.75
6.01
5.50
5.33
5.68
5.85
6.11
5.88
6.19
5.92
6.07
5.15
5.48
5.83
5.88
4.97
5.52
4.99
5.42
5.13
5.50G
5.77
6.11
&.10
5.72
5.71
5.81
6.02
6.37
6.21
6.33
5.55
6.05
£.34
6.30
5.8%
6.37
6.11
6.14
5.56
6.30
6.36
6,30
6.34
6.37
6.41
6.21
6.17
6.40
6.30
6.41
6.31
6.37

-3.62
-3.59
-5.83
-5.06
-5.39
-6.38
-5.79
-4.64
-6.11
-6.16
-5.73
-5.16
-4.58
-5.80
-6.76
4,92
-5.59
-7.26
-6.69
-6.37
-5.89
-6.68
-7.20
-5.006
-3.15
-5.66
-4.91
=5.14
-5.71
-4.03
4,41
-4 .85
-5.65
-7.03
-6.48
-4.21
-4.35
=5.94
~6.61
-7.13
~0.44
~6.05
-7.38
-6.11
-5.66
-5,98
-4.87
-5.78
-6.28
-6.55
-6.22
-5.13
~6,62
-5.66
-4.99
-5.55
-5.97

Continued




Appendix table 22.~-Turning peint test for daily closing prices for soybean oil
--Continued

Contract

Number
. of
. observaticus |

f Number of

turning
points

" Expected value ;

of

. turning points

Standard
error of

f turning points

Test
statistic

tay 1967

July 1967
August 1967
September 1987
October 1987
December 1967
January 1968
March 1968

May 1968

July 1968
August 1968
September 1968
October 1968
Decembar 1968
January 1969
March 1969

May 1969

July 1969
August 1969
September 1940
October 1969
December 196%
January 1970
March 1%70

May 1970

Juiy 1970
August 1970
September 1970
October 1970
December 1970
January 1971
March 1971

May 1971

July 1971
August 1971
Seprember 1971
Cctober 1971

232
232
222
216
214
209
222
216
231
216
204
217
177
224
208
223
224
226
225
218
2198
231
231
225
234
235
237
238
239
238
240
245
212
169
141
130
108

117
103
97
89
95
95
100
59
103
102
102
106
77
104
97
109
114
119
113
99
105
122
123
114
134
131
129
127
122
128
135
138
il8
a7
77
68
66

153,33
153.33
146.67
142.67
141,33
138.00
146.67
142,67
152.67
142,67
134.67
143.33
116.67
148.00
137.33
147.33
148.00
149,33
148.67
144,00
144,57
152.67
152.67
148.67
154.67
155.33
156.67
157.33
158,00
157.33
158.67
162.00
140,00
111.33

92.67

85.33

70.67

6.40
6.40
6.26
6.17
6.14
6.07
6.26
6.17
6.38
6.17
6.00
6.19
5.58
6.28
6.05
6.27
6.28
6.31
6.30
6.20
6.21
6.38
6.38
6.30
6.42
6.44
6.47
6.48
6.49
6.48
65.51
6.53
6,11
5.45
4,97
4.77
4.34

-5.68
-7.87
-7.94
-8.70
-7.54
-7.09
-7.46
~7.08
~7.78
-6.59
-5.45
-6.04
-7.11
-7.00
~6.66
-6.11
-5.41
~4,80
~5.66
-7.26
-6.38
-4 .80
-4 .65
-5.50
~3.22
-3.78
-4,28
-4.68
-5.54
-4,53
-3.64
~3.65
-3.60
4,46
~-3.15
-3.63
-1.07 *

Note:

Number of observations are after elimination of ties.




Appendix table 23.--Turning polnt test for daily closing prices for soybean meal

Number ! Number of : Expected value ! Standard error @ T

. i est

Contract of : turaing of : af ! geatistic
! gbservations ‘ points : turning points : turning polnts :
March 1960 171 S0 112.67 5.48 -4.13
May 1960 183 95 120,67 5.68 -4,52
July 1960 : 200 111 132.00 5.94 -3.54
Auguat 1560 : 185 100 122.00 5.71 -3.86
October 1960 : 169 89 1311.33 5.45 -4.10
December 1960 147 76 96.67 5.08 -4.07
January 1961 ) 151 82 $9.33 5.15 ~3.37
March 1961 A 130 105 125.33 5.78 -3.52
May 1961 i 177 8G 116.67 5.58 -6.57
July 1961 194 87 128.00 5.85 -7.01
August 1961 . 192 $6 126.67 5.81 -5.27
Saptember 1961 ) 171 8¢ 112,67 5.48 -5.96
October 1961 . 175 91 115.33 5.55 ~4 .39
December 1961 174 B4 114.67 5.53 -5.54
Janvary 1962 144 71 94.67 5.03 4,71
March 1962 154 71 101.33 5.20 -5.83
May 1962 X 166 77 109.33 5.40 -5.98
July 1962 . 195 79 128.67 5,86 ~8.47
August 1962 : 148 69 97.33 5.10 -5.56
Seprember 1962 : 132 62 86.67 4.81 -5.13
October 1962 : 143 74 94.00 5,01 -3.99
December 1962 163 80 107.33 5.35 -~5.11
January 1963 i 153 B4 100,67 5.18 -7.07
March 1953 : 169 19 111.33 5.45 ~-5.93
May 1963 . 200 99 132.00 5.9%4 -5.56
July 1963 i 207 107 136.67 6.04 -4.91
Adugust 1962 : 217 o7 143.33 6.19 ~7.49
September 1963 : 206 96 136.00 6.02 ~6 .64
October 1963 . 199 88 131.33 5.92 -7.32
December 1963 : 2iz 102 140.00 6.11 -6,22
January 1964 X 210 100 138.67 6.08 -6.36
March 1964 : 225 109 148.67 6.30 -6,30
May 1964 . 233 121 154.00 6.41 -5.15
July 1964 236 126 156.00 6.45 -4,65
August 1964 229 125 151.33 6.36 -4 .14
September 1964 208 106 137.33 6.05 -5.18
Gctober 1964 : 223 124 147.33 6.27 -3.72
December 1964 . 231 121 152.67 6.38 -4 ,96
January 1965 . 228 112 150.67 6.34 ~-6.10
March 1965 231 116 152.67 6.38 -5.74
July 1965 . 224 110 148,00 6.28 -6.05
August 1965 . 216 106 142,67 6.17 -5.94
September 1965 . 224 115 148.00 .28 -5.25
October 1965 : 225 122 148,67 6,30 -4.23
December 1963 : 218 125 144,00 6.20 ~3.06
January 1966 : 228 125 150.67 6.34 -4.05
March 1966 ' 232 125 153,33 6.40 -4.43
May 1966 216 113 142.67 6.17 ~f 8L
July 1966 . 230 169 152.00 6.37 -6.75
August 1966 : 233 115 154.00 6.41 -6.08
September 1966 : 192 103 126.67 5.81 ~4,07
October 1966 : 197 93 130,00 5.89 -6.28
Decembar 1966 : 230 123 152,00 6,37 -4 .55
January 1967 : 235 110 155.33 6.44 -7.04
Mareh 1967 : 229 116 151.33 6.36 -5.56
May 1967 : 228 111 150.67 6.34 -6.26
July 1967 : 237 113 156,67 6.47 -6.75
August 1987 : 235 112 155.33 6.44 -6.73
Continued

51



Appendix table 73.--Turning point tese For daily closing pri

~~Continuel

ces for soybean meal

Contract

‘ observations °:

Number
of

! Number of

turning
poincs

Expected value

of

! turning points

Standard error ¢

of

turning points !

Test
statistic

September 1967
Cctober 1967
December 1967
Januwary 1968
March 1968

May 1968

July 1968
August 1968
Seprember 1968
Cctober 1968
December 1968
January 196§
March 1969

May 1%69

July 1969
August 1969
September 1969
Ocrtober 1969
December 19649
January 1970
March 1970

May 1970

July 1970
August 1970
September 1970
October 1970
December 1970
January 1971
March 1971

May 1971

July 1971
August 1971
September 1971
CQectober 1971

.

230
222
21%
233
229
227
217
211
226
178
215
219
218
221
227
229
221
213
229
227
232
240
240
232
228
237
241
237
238
213
162
138
116
101

114
11§
107
120
117
110
109
106
110

99
107
104
107
115
124
119
108

95
102

99
111
115
123
122
115
130
123
125
128

152.00
146.67
144 .67
154,00
151.33
150,00
143.33
139.33
149.33
116.00
142.00
L4467
144,00
146.00
15G.00
151.33
146.00
140.67
151.33
150,00
153.33
158.87
158.67
153.33
150.67
156.67
15%.33
156.67
153.00
140.67
106.67
530.67
76.00
66,00

6.37
6.26
.21
A1
Jd6
.33
.19
.10
.31
.56
.16
.21
L20
.24
.33
.36
.24
.13
.36
6.33
6.40
6,51
6.51
6.40
6.34
6.47
6.52
6.47
6.49
6,13
5.34
4.92
4.51
4.20

M NIRRT O h OO

-5.97
~4.58
-6.06
-5.30
-5.40
~6.32
~5.35
=5.47
~-6.23
-3.05
-5.69
-6.54
~5.97
~4.97
~4,11
-5.09
-£.09
~7.45
-7.76
-8.06
~-6.62
-6.,71
-5.48
-4,90
~5.62
-4,12
-5.57
~-4.90
-4.62
-3.54
~-3.87
-2.17
-3.77
-3.33

Note: MNumber of cbservations are after elimination of ties.




Appeudlx table 24.--Turning point test for daily closing prices for shell epgs

Number ¥ Mumber of : Expecred value Standard error * Tes
. : o5
Contract of rurning of * of T ostatistiy
: obscrvatiens @  polnts : rurning poincts ; turning polats @ )

Seprember 196€ 235 128 155.00 6.44 -4.25
fetober 1960 236 133 156.00 6.45 -3.56
November 1960 197 118 130.00 5.8¢ -2.04
Bevember 1960 203 126 134.00 5.98 ~1.34
January 1961 161 187 126.00 5.80 -3.28
September 1961 328 1319 150.67 £.34 ~3.42
October 1961 225 130 145,67 6£.30 -2.96
November 1961 210 111 138.67 6.08 =455
pecember 1961 202 108 133.33 5.97 -4.25
Janwaty 1962 191 58 126.00 5.80 -6.55
September 1962 123 131 147.33 6.27 -2.60
totober 1962 29 13)5 144,67 6.21 -1.56
November 1962 220 121 145,33 6.23 -3.91
Pevember 1962 197 99 130.00 5.8% -5.26
danvary 196} 157 A1 103.33 5.25 ~1,87
September 1961 : 10 124 145.33 6.23 -3.43
Gorober 1963 : 217 iib 143.33 &6.19 =4 &2
qovembor 1963 H 180 97 125.33 5.78 =4.99
Glecomber 1963 H 180 94 118,67 5.63 4,38
January L9624 154 62 94,67 5.03 -6.50
Seprember 1964 210 11} 138.67 6.08 -4.55
Qetober 1364 H 194 99 125.33 5.78 -4,35
November 1964 152 79 100.00 5.17 -4.06
tecember 1964 16 &7 §2.67 5.70 -3.33
Jianuwary B3H% 9% 49 62.0G 4,07 =3.19
September 1963 201 101 132.67 5.95 -5.32
Wtober  19A5 179 85 118.00 5.61 -5.88
November 196% 1656 81 169.33 5.40 -5.24
december 1965 151 i6 9%.33 5.15 -4 .53
Tanuary 1966 132 &8 BE.67 481 -3.88
September L1906 184 88 121,33 5.69 -5.86
Octobar 1966 202 94 133.32 5.97 -5.59
November 1960 98 43 .08 4.14 -5.08
Devember 1966 130 79 9 .67 5.13 -3.83
fapuary 1967 79 1] 50.67 3.68 -2.90
September 1967 196 jR14 125.33 5.88 ~3.29
Qrtober 1967 : 131 81 99.33 5.15 -1.56
November 1967 . 159 68 95,233 5.05 -5.42
Pecember 1967 H hLH 32 66.67 4,22 -3.48
fanuacy 1968 H 75 34 48,67 3.61 ~4,07
September 1963 : 180 33 118.67 5.83 —5.45
tereber 1968 183 86 126,67 5.68 -6.46
Becember 1968 173 89 114.00 5.52 -4.53
Januaev  196% 112 54 73.33 4,43 =-4.,37
Mareh L9069 43 22 27.33 2.71 ~L.97
April 1969 59 31 44,67 3.45 -3.95
May 1989 39 18 24.67 2,57 -2.359
June 1969 40 13 25,33 2.6l -3.97
July 1969 7 28 50.00 3.eh -6.02
Sepcember 1369 213 122 14,67 6.13 -3.G5
vweoher 1969 203 112 134.00 5.58 -3.68
November 1969 183 g3 120.67 5.68 -6.64
December 19869 152 72 100.80 5.17 ~5.42
January 1970 132 50 86.67 4.81 ~7.62
fehruary 1970 115 37 75.33 & 49 -4 .09
Marek 1970 120 57 78.67 4.58 ~4.73
April 1970 124 &0 81.23 4.66 -53.58
N 5 H 124 6% B2.67 4.78 -3.76
PR IRR ! 72 86.00 5.79 ~2.92
iy 1970 L 5 113,35 550 3s
- R H 1 . N =2

PRI . 167 81 110.00 5.42 -5.35
Nows mber 1970 11 7L 86.00 4.79 -3.13
Docember 1970 195 98 12R.67 5.86 -5.23
Jamuace 1971 161 85 106.00 5.32 -3.95
Februarvy 197! 76 35 49.3) 3.63 -3.12
Mareh 1971 i 79 1) 51.33 3.7¢ -1.44
Apell 1971 66 39 42.67 31.38 -1.09
May 1971 67 36 43.33 3.40 -2.15
fume 1971 61 27 39,33 3.24 ~-3.80

sate:  Number of observations ave afrer elimination of ties.
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Appendix table 25.--Turning point test for daily clesing prices for
frozen pork bellies

Nuah ; * Mumber of ' Expected value ° Standard error ° Test
umber o - : . of turnin es
Contract . observations ;zigizg Dgoiﬁiglng poincs & statistic
July 19ba 146 69 96.00 5.06 -5.33
Auguse 1964 176 85 116.00 5.56 -5.57
Harch 196% 156 81 1p2.67 5.24 ~4.14
May 1965 226 122 149.33 6.31 -4.33
July 1965 239 118 158.00 6.49 -6.16
August 1985 240 119 158.67 6.51 -6.106
February 1966 187 87 123.33 5.74 -6.33
March 1966 215 94 142.00 6.16 -7.8¢
Mav 1966 234 119 154.67 6.42 -5.55
July 1966 242 133 160.00 6.53 ~4.13
August 1966 243 133 160.67 6.55 -4.23
February 1967 232 126 153.33 6.40 =4.27
March 1967 203 113 134.00 5.98 -3.5%
May 1967 223 124 147.33 6.27 -3.72
July 1967 238 130 157.33 6.48 -4.13
August 1967 231 135 152.67 6.38 =2.77
Fetruary 1968 220 128 145.33 6.23 -2.78
March 1968 : 236 138 156.00 6.45 -2.79
May 1963 : 237 136 156.67 6. 47 -3.20
July 1963 : 237 131 156.67 6.47 -4.00
Augustc 1968 235 126 155.33 6.44 -4.56
February 1969 222 120 146.67 6.26 ~4.26
Macch 1969 240 128 158.467 6.51 =4.71
May 1969 236 133 156.00 6.45 -3.56
July 1969 237 127 156.67 6.47 -4.59
Auguse 1969 23% 132 157.00 6.49 -4.00
February 19270 227 )29 150.00 6.33 -3.32
March 197" 219 127 144 .67 6.21 -2.84
May 1970, 232 131 153.33 6.4D -3.49
July 18970 237 136 156.67 6.47 -3.20
Augnst 1970 235 126 155.33 6.44 ~4.56
February 1971 222 124 146.67 6.26 ~3.62
Maveh 1971 244 137 161.33 6.56 =-3.71
Mav 1971 197 101 130.00 5.89 ~4,92
July 1971 165 79 106.00 5.32 -5.08
August 1971 141 65 g2.67 4.97 ~5.56

Note:

54

Number of observations are after elimination of ties.



Appendix table 26.--Turning point test for dally closing prices for live cattle

Number

Number of

Expected value E Standard errer ’ Test
Contract : of ' turning i of : of T ostatistic
:observations ‘ points turning points ~ rurding points -

June 1965 122 35 80.00 .62 =5.41
August 1565 163 68 107.33 5.35 -7.35
October 1965 196 85 129.33 5.88 -7.55
December 19653 192 as 126.67 5.81 -7.17
Februsry 1966 159 57 104.67 5.29 -7.13
April 1%66 163 81 107.33 5.35 -4.92
June 1966 168 80 110.67 5.44 -5.64
August 1966 176 78 116,00 5.56 -6.83
October 1966 185 82 122.00 5.71 -7.01
December 1906 224 94 148.00 6.28 -8.59
February 19&7 220 103 145,33 6.23 -6.80
April 1967 : 223 111 147.33 6.27 -5.7%
June 1967 H 205 87 135.33 6.0L -8.04
August 1967 : 227 100 150.00 6.33 -7.90
October 1967 246 111 162.67 6.59 -7.84
Deceamber 1967 287 137 190.00 7.12 —7.44
February 1968 296 151 194.00 7.23 -6.22
April 1968 272 116 18G. 00 6.93 -9.23
Jupe 19638 267 137 176.67 6.37 ~5.78
August 1968 233 124 154.00 6.41 -4.68
Uctober 1968 194 87 128.00 5.85 -7.41
December 1968 207 100 136.67 6.04 -6.07
February 1969 201 39 132.67 5.95 —-7.34
April 196¢ 212 97 140.00 6.11 -7.03
June 1969 212 95 140.00 6.11 ~7.36
August 1569 194 93 128.00 5.85 -5.99
Gctober 1969 227 10z 150.00 6.33 -7.59
December 1969 223 112 147.33 6.27 -5.63
Februacy 1970 224 115 148.00 6.28 -5.125
April 1970 RS 129 172.67 6.79 -6.43
June 1970 285 138 1B8.67 7.10 ~7.14
Augusc 1970 295 152 155.33 7.22 -6.00
Uctober 1970 264 132 174.67 6.83 ,-6.25
Decamber 1970 295 157 195.33 7.22 -5.31
February 1971 267 143 176.67 6.87 -4.90
April 1971 239 123 158.00 6.49 -5.39
June 1971 278 155 184.00 7.01 -4.14
August 1971 208 112 137.33 6.05 -4.18
Gctober 197) 189 98 124.67 5.77 -4.62
December 1971 172 86 113.33 5.5G -4.97
February 1972 122 52 80.00 4.62 -6.06
Note: MNupher of observations ave after elimination of ties.
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Appeadix table 27.--Turning polnt test for daily closing prices for Maine potatoes

Mumber of ; Expected value;

Number Standard error , Test
Contrack ; of ; turning of : of :  statistic
;observations , points turning points . turning points .
March 1960 157 85 103.33 5.25 -3.49
April 1960 182 90 120.00 5.66 -5.30
May 1960 201 1056 132.67 5.95 -4.48
Npvember L9GG 154 21 104.33 5.20 -1.99
Mareh 1961 200 102 132,00 5.94 ~-3.05
April 1961 210 107 138.67 6.08 -5.21
May 1961 217 110 143.33 6.19 -5.39
Jovember 1961 175 96 115.33 5.55 -3.48
March 1962 199 100 131.33 5.92 -5.29
April 196! 211 166 139.33 6.10 —5.47
Mav 1962 214 197 141.33 6.14 -5.59
November 1982 : 187 a7 123.33 5.74 -4.59
March 1963 ¢ 199 113 131.33 5.982 -3.10
April 1963 : 158 98 130.67 5.91 -5.53
May 1961} 209 105 138.00 6.07 =5.44
Novewmber 1963 165 9z 111.33 5.45 ~3.55
sarch 1964 133 33 120.67 5.68 —4 87
April 1964 202 94 133.33 5.97 -6.59
Mavy L9864 203 103 134,00 5.98 -5,18
Novembar 1964 : 183 108 130.67 5.68 -2.23
Mareh 1965 : 210 115 138.67 6,08 -3.89
April 1965 : 216 114 142,67 6.17 ~4.653
Mav 1965 233 118 154.00 6.41 ~5,62
November 1943 208 110 137.33 6.05 -4.51
March 1966 210 106 138.67 6.08 ~5,37
April 19%ak 218 117 144,00 6.20 -4.36
May 1964 222 118 146,867 6.26 -4.58
November 1966 205 118 135,33 6.01 -2.83
March 1967 235 126 155.33 6.44 -4.56
April 1967 228 123 150.67 6.34 -4.36
May 1967 241 123 159.33 6.52 -5.57
Sovember 1967 200 118 132.00 5.94 -2.36
March 196¢ 225 128 148.67 6.30 ~3.28
April  196% 235 126 155.33 6.44 -4.56
May 1968 231 134 152.67 6.38 -2.92
Yovember 1968 196 121 129.33 5.88 -1.42
March 1969 221 113 146.00 6.24 -5.29
April 1969 228 126 150.67 6.34 -3.89
May 1969 232 123 153.33 6.40 -4.74
March 1970 : 203 106 134.00 5.98 -4 ,68
April 1870 : 216 116 142.67 6.17 -4.32
Mav  197¢Q : 222 114 146.67 6.26 -5.22
Sovember 1970 187 109 123,33 5.74 -2.50
March 1971 220 120 145.33 6.23 -4.07
April 1971 205 112 135.33 6.01 -3.88
May 1971 205 141 135.33 6.0L -5.71

Nate: Number of ohservations are afrer elimipation of ties.
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Appendix table 28.--Phase length test for dally closing prices for Chicago corn
Nunber X Chi-square statistic
Contract : of :

1 . : observations : Unadjusted : Adjusted
March 1960 . iB4 14.73 12.63
May 1960 : 225 12.96 11.11
July 1960 : 245 29.36 25,17
Seprembar 1960 . 247 24,02 20.59
December 1960 . 245 37.29 21.96
March 196) : 237 29.40 25.20
May 1961 . 232 14.67 12.58
July 1961 . 228 19.68 16.87
September 1961 : 214 46.78 40.10
Dacember 1961 . 244 74,89 64.19
March 1962 . 246 42.25 36.22
May 1962 : 246 57.12 48.96
July 1862 : 246 21.58 20.22
September 1962 . 345 22.99 19.71
December 1962 . 244 24.32 20.86
March 1963 . 243 33.13 28.40
May 1963 : 244 26.45 22.67
July 19673 . 243 18.79 16.10
Seprember 1963 : 254 34.62 29.67
December 1963 . 245 20.35 17.44
March 1964 : 245 34,24 29,35
Mav 1964 . 243 46,53 39.88
July 1964 . 245 51.33 44.00
September 1964 . 246 38.99 33.42
December 1964 : 246 64.41 55.21
March 1965 : 246 61.32 52,56
May 1965 . 244 35.52 30.45
July 1965 : 244 32.87 28.18
Seprember 1963 ; 245 26.46 22.68
Docember 1965 . 245 12.70 10.88
Mareh 1966 . 246 25.72 22.04
May 1966 : 245 33.71 28.89
Suly 1966 : 245 16.99 14.56
September 1966 . 246 39,00 32.91
Devember 1966 . 245 25.46 21.82
March 1967 ; 243 37.74 | 32.35
May 1967 i 243 29.44 25.23
July 1967 . 244 25.42 21.78
Septemier 1967 . 242 24.41 20.92
December 1967 : 244 24.70 21.17
March 1968 . 245 23.96 20.54
May 1968 . 245 46,09 39.51
July 1968 : 245 40,30 34.55
September 1968 : 244 36.83 31.57
December 1968 . 244 5G.3% 4£3.19
Mareh 1969 . 276 40,54 34.74
May 1969 ) 243 20.99 18.00
July 1969 s 242 20.67 17,71
September 196% ' 242 21.95 18.82
Decembar 1969 . 243 8.22 7.05
March 1570 : 303 11.62 9,96
Mavy 1970 . 249 31.79 27.25
Julvy 1970 ; 251 27.54 23.60
Seprtember 1970 . 246 19.9%° 17.14
December 1970 : 251 25.14 21,55
Mareh 1971 : 298 20.99 17.99
May 1971 ; 212 19.25 i6.50
July 1971 X 173 9.67 8.28
September 1971 . 130 8.46 7.25
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Appendix table 25.~--Phase length test for dally clesing prices for Chicago wheat

Number of

Chi-square statistic

Conerace : observations : Unadjusted :  Adjusted
May 1960 H 225 29,41 25.21
July L1960 : 267 14.86 12.73
September 1360 : 310 42.24 36.20
March 1961 H 244 37.63 32.26
May 1961 t 245 36.87 31.61
July 1961 : 245 45.19 38,74
Seprember 1961 : 244 S1.74 46,35
December 1961 : 245 57.26 49,08
HMarch 1962 H 245 24.17 20.72
May 1962 H 246 18.23 15.62
July 1962 244 23.58 20.21
Seprember 1962 : 245 30.64 26.26
Decembar 1962 : 243 63.07 51.49
March (963 : 242 51.63 44,25
May 1963 H 244 94 .47 46.69
July 1963 : 207 24.75 21.22
September 1963 : 244 29.04 24.89
Decenber 1963 : 245 56.58 48.50
Marchk 1964 ; 245 30.64 26.27
May 1964 : 244 53.69 46,02
July 1964 : 267 39.67 34.00
September 1964 : 3G9 45,20 £2.17
December 1964 : 246 35.21 30.18
Maceh 1965 : 236 28,55 25.33
May L1965 H 245 3.65 20.27
July 1965 : 243 35.81 30.69
September 1965 : 240 20.08 17,22
December 1565 : 244 43.92 37.64
March 1966 : 222 38.53 33.03
May 1965 : 245 24.69 1.16
July 1966 H 245 31.91 27.35
Septembar 1966 t 244 30.35 26.01
December 1966 ; 245 18.64 16.83
Mareh 1967 : 243 31.21 26.75
May 1967 X 244 35.18 30.16
July 1967 : 244 12,93 11.08
September 1967 H 243 22.41 19,21
Decembar 1967 H 244 29,90 25,63
Marelh 1988 H 245 37.30 31.97
May 1968 : 245 32.95 28.25
July 1968 : 245 44,21 37.%0
Saptember 1968 : 244 61.45 52.67
December 1968 H 244 62,53 53.60
March 1969 H 243 46,36 39.74
May 1969 : 243 50.31 53,12
July 196¢ H 243 42.81 36.69
September 196% : 285 36,02 48.02
December 1969 : 243 33.82 28.98
March 1970 H 242 31.75 27.21
May 197C : 248 27.48 23,55
July 1970 : 251 47.07 40,34
September 1970 : 246 20.16 17.28
December 1970 : 250G 12.63 11.08
March 1971 : 252 32.71 28.04
May 1971 : 217 20.17 17.29
July 1671 H 166 9.79 8.39
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Appendix table 30.--Phase length test for daily clesing prices for

soybeans

- Numbert : i Chi-square statiscic

Contract : of . Unadjusted : Adjusted

: observations :

January 1980 : 141 12.23 10.48
March 1960 : 184 11.82 1G6.13
May 1960 : 209 13.12 11.24
July 1960 : 210 22.76 19.51
September 1960 : 212 31.17 26.72
November 1960 : 211 16.43 14.09
January 1961 : 210 23.34 20.01
March 1961 : 210 22.58 19.36
May 1981 : 210 39.79 34,10
July 1961 : 208 24,66 21.14
September 1961 : 210 21.36 18.31
November 1961 : 239 33.74 28.92
January 1962 : 246 15.53 13.31
March 1962 : 246 18.05 15.47
May 1962 : 246 45,11 38.66
Julvy 1962 : 244 45.67 39.14
August 1962 : 246 33.40 28.62
September 1962 : 239 30.11 25.81
MSovember 1962 : 245 67.51 57.86
January 1963 : 243 28.57 25.48
March 19631 : 243 18.55 15.586
May 1963 : 244 27.61 23.67
July 1363 : 228 33.48 28.70
August 1963 : 239 20.34 17.43
Saprember 1963 : 242 27.59 23.65
Hovember 1963 : 244 24.55 21.04
Januavy 1964 : 245 15.08 12.93
March 1964 : 244 12.77 10.94
May 1964 : 244 28.71 24,61
July 1964 : 246 24.18 20,73
August 1964 : 244 17.84 15.29
Septembar 1964 : 232 21.19 18.17
November 1964 : 243 35.87 30.74
Januarvy 1963 : 244 26.20 22.46
Marel 1965 : 246 29,86 25.60
May 1963 : 245 25.62 21.96
July 1965 H 244 27.98 23.99
August 1963 : 243 9.61 8.24
September 1965 : 245 17.48 14.98
November 1965 : 250 i7.09 14.65
January 1966 : 246 18.80 16.11
March 1966 : 246 3.86 3.31
May 1966 : 245 4,21 3.61
July 1966 : 243 5.44 4.66
August 1966 : 245 12.79 10.96
Seprember 1966 : 246 8.94 7.66

Novemher 19656 : 244 32.09 27.51

FR T Lt

Continued
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Appendix table 30.--Phase length test for daily closing prices for
soybeans --Continued

Number : Chi—sguare statistic
Contract : of :
observations ’

Unadjusted . Adjusted

January 1967 : 245 29.79 25,53
March 1967 : 243 29.17 25.01
May 1967 ; 243 27.84 23.86
July 1967 : 264 25.00 21.42
August 1967 : 244 25.33 21.71
September 1967 : 243 33.11 28.38
November 1967 : 245 16.49 14,13
January 1968 : 246 31.30 26.83
March 1968 : 245 24,17 20.72
May 1968 : 245 26.26 20.80
July 1968 : 245 42.75 36.65
August 1968 : 243 19.81 16.98
September 1968 : 244 36.39% 31.20
November 1968 : 243 41.55 35.62
January 1969 : 244 40.73 34.91
March 13969 : 244 39.84 34.15
May 1969 : 243 37.45 32.10¢
July 196% : 243 32.80 28.11
August 1969 : 242 54.62 46.82
September 1969 : 243 26.21 22.47
November 1969 : 243 40,10 34.37
January 1970 : 282 37.36 32.02
March 1970 : 2456 26.71 22.90
May 197C : 248 28.14 24.12
July 187¢ : 251 25.36 21.74
August 1970 : 244 21.34 18.29
September 1370 : 246 14.84 12.72
November 1970 : 250 18.56 15.91
Janvary 1971 : 251 9.04 7.75
March 1871 : 252 8.51 7.29
May 1971 : 217 i5.32 13,13
July 1971 : 171 8.18 7.0L
August 1971 : 150 3.07 2.63
September 1971 : 132 L&0 .34




Appendix table 31.--Phase lenpth test for daily closing prices for roybean oil

Number : Chi-square statistic
Unadjusted ; adjusted

Contract : of
observations

December 1958 : i 8.72
January 1960 : 141 14.19
March 1B60 : 184 23.37
May 19668 : 223 20.16
July 1960 : 209 28.19
September 1900 : 221 46.07
Qctober 1960 : 188 30.063
Decomber L960 : 188 14.44
January 1961 : 02 25.66
March 196l : 208 26.49
May 1961 : 223 31.52
July 1961 : 20 27.60
Sentember 1961 : 227 23.31
Qctober 1961 : 204 27.36
December 18941 : 223 33,41
January 1962 : 167 17.75
March 1962 : 186 22.27
May 1962 : 204 37.16
July 1962 : 209 27.78
August 1962 : 150 29.35
September 18062 : 183 48.55
Qctober 1962 : 154 44.83
December 1962 : 175 38.73
January 1963 : 160 25.18
March 1903 : 180 22.97
May 1963 : 208 .53
July 1963 : 223 .al
August 1963 : 225 L31
September 965 : 203 ;.46
detober 1963 : 202 .05
bDecember 1903 : 204 .63
January 1804 : 218 .76
March 1964 : 240 .38
May 1204 : 238 .66
July 1964 : 238 .62
August 1964 : 195 .11
September 1vbd : 220 17
Octoher 1964 : 240 .39
December 1964 : 236 7.86
Januarn: 1965 : 203 .05
March 1963 : 244 .24
May 1965 : 218 .05
Julv 1965 : 224 .93
August 1965 : 191 .81
September 1965 : 238 .34
October 1465 ' 242 .69
December 1965 : 238 .28

Continued




Appendix table 31.--Phase length test for daily closing prices for soybean oil
--Continued

Number : Chi-square statistic
Unadiusted Adjusted

Lontract : of
ohservarions

January  19oo : : 254 35.43 30.
March 1966 : 246 20.63 17.6
May 1ub6 : 244 26.98 23,
July 18966 : 223 46.85 490. 1
Augpust 1966 : 22¢ 22.53 19.:
September 19606 : 244 42.58 36.
detuher 1966 : 240 28.58 24,
Becember 1966 : 244 28.29 24.
Junuary 1967 : 245 42.49 36.
Harch 1907 : 243 36.02 30.
say 1907 : 244 35.53 30.
July wo” : 244 §2.25 44.
Mgust 1967 : 238 53.34 45,
Septombor 1907 : 254 56.73 48.
detoher 1967 : 241 52.13 44,
December 1957 : 233 32.09 27.
January 1968 : Lo A 43.00 36.
March 1968, : 215 34.77 29.
May 1908 : 2458 45.98 39.
July 1968 : 228 30.92 26.
Aagust {968 : 220 29.22 25.
September 1968 : 238 36.21 31.
Jerober 1968 : 198 44.92 38,
Decemhor 1968 : 238 42.81 36.
January (969 : 225 4z, 36.
March 19p9 : 244 28.

May 1969 : 243 21.

July 1969 : 242 24.

Alguste 1968 : 241 35.

September 1969 : 241 61.

Ve pober 1969 : 243 36.

Becember 1969 : 246

January 1976 : 247

March 1970 : 243

May 1070 : 249

July 1970 . 245

August 1970 : 243

September 1970 : 246

Qcrober 1970 : 248

December 1970 : 250

January 1871 : 250

March 1971 : 252

May 1871 : 218

July 1971 : 174

August 1971 : 150

septenber 187] : 132

W tober 1971 : 110




Appendix table 32.--Phase length test for daily closing price for soybean meal

: Number H Chi-square statistic
Contract ; obsergiticns Unadjusted ; Adjusted
March 1960 : 177 10.50 9.00
May 1960 : 192 16.74 14.35
July 1960 : 210 21.42 18.36
August 1960 : 201 11.96 10.26
Qetober 1960 H 150 11.73 10.06
December 1960 : ‘156 20.60 17.66
January 1961 ) 168 13.00 11.14
March 1961 : 206 13.06 11.19
May 1961 : 183 44,27 37.95
July 1961 : 204 39.87 34,17
August 1961 : 199 27.24 23.35
September 1961 : 178 18.49 15.85
Dctober 1961 : 182 16.35 14.01
December 1961 : 180 26.34 22.58
January 1962 : 150 18.05 15.47
March 1962 : 161 22.50 19.29
May 1962 : 177 28.99 24.85
July 19%62 : 209 46.34 39.72
August 1962 : 161 26.65 22,85
Seprember 1962 : 142 33.90 29.06
October 1962 : 152 15.45 13.24
December 1962 : 175 31.36 26.88
January 1963 : 161 49,48 42.41
March 1963 : 177 318.06 32.63
May 1963 : 209 39.76 34.08
July 1953 : 224 27.68 23.72
August 1963 3 224 71.04 60.89
September 1563 : 220 58.25 49.93
October 1963 : 205 45.84 39.29
December 1963 : 222 35.92 30.79
Januaty 1964 : 216 38.67 33.15
March 1964 : 230 33.76 28.94
May 1954 : 241 28.95 24.81
July 1964 : 241 14.96 12.83
August 1964 : 242 10.67 9.15
September 1964 : 228 30.18 25.87
October 1964 : 243 16.37 14.03
December 1964 : 240 20,97 17.98
January 1965 : 237 31.17 26.71
March 1965 : 246 27.92 23.93
July 19635 : 234 29.22 25.05
August 1965 : 222 28.24 24.20
Seprember 1965 : 234 17.02 14,59
October 1965 : 241 17.43 14.94
December 1965 : 238 5.58 4.78
Continued

63




Appendix table 32.--Phase length test for daily closing prices for soybean meal

-~-Continued
Number H Chi-square statistic

Contract : obsegiat fons Unadjusted ; Adjusted
January 1966 : 246 13.49 11.56
March 1966 3 243, 23.48 20.13
May 19656 : 228 17.22 14.76
July 1966 : 243 34,84 29.86
August 1966 : 243 26.32 22.56
September 1966 : 205 10.46 8.96
October 1948 : 204 28.09 24,08
December 1966 : 244 27.32 23,42
January 1967 : 244 51.81 44.41
March 19567 : 243 44,37 38.03
May 1967 : 244 38.94 33.38
July 1967 : 243 43,22 37.05
August 1967 : 242 44 .43 38.908
September 1967 : 243 35.63 30.54
October 1967 : 241 24.09 20.65
December 1967 : 244 39.53 33.89%
January 1968 : 244 25.16 21.56
March 1968 : 245 25.61 21.95
May 1968 : 245 51.27 43,95
July 1968 : 235 34.10 29,22
August 1968 : 227 33,71 28.89
September 1968 : 243 30.30 25.97
October 1968 : 137 B.D3 6.88
December 1968 : 238 38.89 33.33
January 196§ : 243 55.84 47 .87
March 1969 : 244 39.46 33.82
May 1969 : 253 25.88 22.18
July 1969 : 243 21.14 18.12
August 1969 : 242 32.36 27.74
September 1969 : 243 45.43 38.94
Qctober 1969 : 251 21.01 18.01
December 1969 : 245 42.35 36.30
January 1970 : 246 53.20 45,60
March 1970 : 246 33.01 28.30
May 1870 : 249 40.86 35.03
July 1970 : 246 24.85 21.30
August 1970 : 244 23.52 23.16
September 1970 H 245 38.41 32.92
October 1970 : 250 17.25 14.79
December 1970 : 250 30.%0 26.49
January 1971 : 251 17.57 15.06
March 1971 : 251 25.60 21.94
May 1971 : 218 17.80 15.26
July 1971 : 174 13.94 11.95
August 1971 : 145 6.39 5.48
September 1971 132 16,97 14.55

October 1971 ; 109 8.51 7.29
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Appendix table 33.~-Phuse length test for daily closing prices for shell epgs

Numbert o Chi-gsguare stacistic
Unadjusted ' Adjusted

Contcack H of
observations

Seprember 1960 H 249 21.02 18.02
Octobar 1360 H 248 13.51 11.58
November 1960 : 206 7.10 .09
Ducember 1960 H 207 4,20 .60
January 1961 : 205 §.03 .88
september 1961 : 240 9.78 .38
Ocrober 1961 H 238 9.77 .37
November 1961 : 220 15.57 LA5
December 1961 . 221 16.01 .73
Januacy 1862 ' 240 28.06 .05
September 1962 : 241 6.53 .59
Decober 1962 : 230 3.42 .93
November 1962 : 240 12.06 .33
December 1962 H 228 1Y.43 .BO
Januvary 1963 : 180 19.30 .54
September 1963 H 246 15.07 .91
October 1963 : 239 18.63 .96
November 1363 H 230 26.01 .30
December 19683 : 232 14.64 .55
Junuary L9864 : 150 19.85 .02
September 1964 ' 344 21.88 .13
October 1964 : 226 21.5% .59
November 1964 : 215 14.23 .19
December 1964 : 144 1l.22 .62
January 1965 : 105 5.71 .89
Seprember 1965 H 245 33.64 L8B4
Ocrobner 1965 : 240 25.53
November 1963 : 217 24,15
Decembaer 1965 H 168 15.06
Janary 1966 : 155 18.09
September 1966 : 206 35.15
Ocerober 1966 : 223 33.33
November 1966 : 17.65
December 1966 H 13.11
Januacy 1967 H 94 7.03
Seprember 1967 : 7.72
Dcrober 1967 ' 6. 84
November 1967 : 18.17
December 1967 H 10,49
January 1968 : 13.09
September 1968 H 30.24
Qctober 1968 : 37.81

December 1968 i 15,89
Japuary 1965 : 23.66

Harch 1969 : 2.37
April 1969 : 14.13
May 1969 : 2.77
June 1969 : 7.36
July 1969 : 19.64
Seprembar 1569 : 12.25
October 1969 : 10.79
November 196% ; 35.04
Decembar 1969 : 24.21
January 1970 : 30.21
February 1970 : 7.72
March 1970 : 12.306
April 1970 : 29.27
May 1970 : 12.17
June 1970 : 9.38
July 1970 : 6.37
September 1970 : 28.94
Qcrobaer 1970 : 22.56
November 1970 B 12.92
December 197C : 20.45
January 1971 : 10.72
February 1971 : 8.13
Mavch 1971 : 2.09
Apcll 1971 ' 3.33
May 1971 : 5.65
June 1971 :




Appendix table 34.--Phase length test for daily closing prices for
Erozen pork bellies

Chi-square statistic

Number of

Contract observations : Unadjusted : Adjusted

July 1964 : 153 26.40 22.63
August 1964 : 185 22.45 19.24
Marech 1965 : 171 16.29 13.96
tlay 1965 : 228 22.09 18.94
July 1965 : 246 34,35 29.44
Augusrt 1965 : 246 36.44 31.24
February 1966 : 194 30.91 26.50
March 1966 : 216 44,71 38.32
May 1966 : 243 35.44 30.38
July 1966 : 247 20.20 17.31
August 1966 : 248 T 18.45 15.82
February 1967 : 239 13.68 11.73
March 1967 . 216 6.90 5.91
May 1967 : 241 7.92 . 6.79
July 1967 : 244 14.29 12.25
August 1967 : 242 6.66 5.71
February 1968 : 225 9.85 8.44
March 1968 : 246 12.39 10.62
May 1968 ’ : 246 11.72 10.05
July 1968 : 246 23.06 10.77
August 1968 3 243 25.55 21.%0
February 1969 : 224 18.68 16.01
March 1969 : 245 17.85 15.30
May 1969 : 239 13.73 11.77
July 1969 : 244 19.74 la.92
August 1969 : 242 16.31 13.98
February 1970 : 231 10.96 3.40
March 1%70 : 239 7.84 6.72
May 1970 : 239 11.77 10.09
July 1970 : 246 8.49 7.28
August 1970 : 246 12.97 11.12
May 1971 : 211 24.36 20.88
July 1971 : 166 24,51 21,01
August 1971 : las 31.45 26.96
February 1972 : 42 11.09 9.51
March 1972 : 38 5.07 4.34




sppendix rable 35.--Phase length test for daily closing prices for Ilive cuttle

Numbex : Chi-square statiscic
Contract : of H
obsarvations

Unadjusted . Adjusted

June 1965 H 140 16,58 14.21
August 1965 : 181 39.29 33.68
Qctober 1965 : 225 38.56 33.05
December 1565 : 230 37.86 32.45
February 1966 : 184 44 .49 38.14
April 19&6 : 213 24,00 20.57
June 1966 : 189 27.74 23.77
August 1966 : 1583 48.74 42.63
Cctober 1966 : 204 50.68 4344
December 1966 : 245 71.10 60.94
February 1967 : 242 43.30 37.12
April 1967 : 241 37.06 31.77
June 1967 : 218 63.57 54.49
August 1967 : 243 48.92 41.93
Octobar 1967 : 280 55.3% 47.47
December 1967 : 325 49.55 42,48
February 1968 : 358 42.04 36.04
April 19568 : 319 65.66 56.28
June 1968 : 322 25.75 22.07
August 1968 : 281 19.64 16.83
Vctober 1968 : 224 40.50 34.71
December 1968 : 243 34.69 29.74
February 1969 : 242 60.64 51.98
april 1969 : 242 . 40.71 34.90
June 1969 : 238 37.38 32.04
August 1969 H 213 24.85 21.30
October 1969 : 248 45,81 39.27
December 1969 : 244 33.77 28.95
Felbiruary 1970 : 242 26.41 22.64
April 1970 : 274 44 .47 38.12
June 1970 : 314 56,71 48.60
August 1970 . 332 55.74 47.77
Uctober 1970 : 292 25.25 21.64
December 1970 : 334 14.58 : 12.49
February 1971 : 321 19.68 16.87
Aprlil 1971 : 287 18.45 15.81
June 1971 : 336 19.96 17.11
August 1971 : 225 19.27 16.51
October 1971 : 212 20.09 17.22
December 1971 : 213 14.00 12.Q0
February 1972 : 173 31.05 26.61




Appundix table 36.-—Phase length test for daily closing prices for Maine potatoes

Chi~square statistic

Number of :
observations : Unadjustced : Adjusted

Contract

March 1960 : 176 12.68 10.87
April 1960 : 198 31.95 27.38
May 1960 : 217 24.52 21.02
November 1960 : 210 £.03 5.17
March 1961 : 238 18.468 16.01
April 1561 : 234 23.76 20.37
May 1961 : 239 17.74 15.21
November 1961 : 239 ) 10.61 9.10
March 19u2 . : 230 27.69 23.74
April 1962 : 240 2%9.35 25.16
May 1962 : 239 35.83 30.71
November 1962 : 223 20.15 17.27
March 1961 : 236 9.24 7.92
April 1963 : 237 36.30 31.12
May 1963 : 238 26.93 23.08
November 1963 : 239 10.41 8.92
March 1964 : 237 2L1.95 18.81
Arril 1964 : 238 34.11 : 29.23
May 1964 : 236 34.56 29.63
November 1964 : 220 1.95 1.67
March 1965 : 233 12.29 10,53
April 1965 : 238 17.14 1l4.69
May 1965 : 338 20.06 17.19
November 1963 : 238 15.82 13.56
March 1966 : 237 30.73 26.34
April 1%b6é& : 236 13.80 11.83
May 1966 : 238 18.52 15.88
November 1966 : 239 15.16 13.00
March 1967 : 250 16.60 14.23
April 1967 H 252 18.18 15,59
May 1967 : 252 26.71 22.89
November 1967 : 251 9.16 7.85
March 1968 : 249 15.52 13.30
April 1968 : 251 21.14 18.12
May 1968 : 250 6.78 5.81
November 1968 : 247 4.18 3.58
March 1569 : 247 25.20 21.60
April 1969 : 247 14.08 12,07
May 1969 : 246 20.61 17.66
March 1970 : 249 20.86 17.88
April 1970 : 250 27.65 23.70
May 1970 : 244 31.55 27.04
November 1970 : 230 9.74 8.35
March 1971 : 249 15.67 13.43
April 1971 : 245 22,82 19.56
May 1971 : 224 36.28 31,09







