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THE DISTRIBlfrION OF SHORTRUN CQ\1\lODITY PRICE ~DVE·1ENTS. By JitendaT S. ~1ann 
and RichaTd G. Heifner, National Economic }\na1ysis Division, Economic Research 
Sel'Vice. TechnicKl 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 is 
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 L~ader, Pricing, Policy, and Program 
Analysis, National EFonomic Analysis Division, Economic Research 
Service. The authors wish to acknowledge the contribution of 
J. Blake rmel, 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 distributions (of which the normal is 
a special case) was estimated for each contract. Out of 574 con
tracts, only 4 percent had an estimate of 2.0 for the character
istic exponent, the value for the normal distribution. Moreover 
the estimates of the characteristic exponent based on sums of no~
oVerlapping observations did not tend toward 2.0 as the number of 
obs~rvations in each sum was increased. These results suppor~ the 
notlon 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 follow similar patterns in their trades. The latter type 
of behavior may arise when many traders fallow 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. 
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THE DISTklBUTION 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 nwnber of 
recent studies pursuing the same course are reviewed, and new 
empirical evidence regarding the distribution of such price move
ments is presented. 

Why study shortrun price behavior? First, 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 rules 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. 
FUTthermore, 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. 
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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 its most direct forms in manipulation of futures prices. 

Pricing aberrations lIIay 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 inform~tion. 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 ~e 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, if a large proportion of traders rely heavily on technical 
analysis or chart patterns, and if their decisions are based on sim
ilar 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 whetller 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 
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free from complications. Among these are changes in the ov'erall 

price level and the possible tendency for the pr~ce expected to 

prevail in the future to be discounted in current trades because of 

risk. But these do not present serious handicaps for ~he types of 

analyses performed in this study. 


HYPOTHESES ABOUT· PRICE MOVEMENTS 

Our ideas about shortrun price move~ents 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 p,rice levels, has been emphasized by Working (37) 
and Roberts (29) .11 Our concern in this study is with day-to-daY
price changes-,-particularly the sh'lpe of their distribution and 
their dependence, if any, on past his·ory. 

Theory of Random Walk 

in Commodit v 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 present.ed to the American Statistical Association 
in 1949 and published recently (39).

I -

The basic rationale for the random walk hypothesis in futures 
prices is outlined in Working's theory of anticipatory prices (38). 
It is argued that in an efficient competitive market, price is 
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 t = P t - 1 + E t 

where Et is a random variable with zero mean and is drawn independ
ently each period. 

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 , ,.,hich encompasses the influence of all the new 

t
information available to generate the price for the next period. 
All the currently available information is incorporated into each 

1/ Underlined numbers in parentheses refer to items in the 

Selected 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, 1:1). 

The random walk hypothesis can be tested by estimating SIS by 
first differences of prices:'!:/ 

= d t P t P t -
1 

Then, the various tests can be applied to the first differences, 
d t · 

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 St--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 is said to be a "fair game." Knowledge of current 
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 K0uld 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 if 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 

--21 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 limit 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 becomes infinite, 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 Ko1mogorov TI6). 

Bachelier (2) argued that prices are normally distributed. He 
set up a Chapman~Kolmogorov equatipn for probability of price z at 
moment tl + t2, given the price was x at tl. 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. 

Evidence 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 geaeral 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 Roll, ll). 

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

= iot-y!t!ct{l +log ¢(t) log E(e iut ) i i3Jhw (t ,ct) } 

where 
{tan (rrctI2) if ct :f: 1

w(t,a) {(2/rr) log ! t I if ct = 1 

and i = r-r 
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A stable distribution has four parameters; ct--the characteristic 
exponent which determines the height of the extreme tails of the 
distribution; o--the location parameter; y--the scale parameter; 
and S--an index of skewness. In most applications to price data, 
s~nmetric distributions are assumed so that B=O. The characteristic 
exponent ct distinguishes between the different members of the family 
of stable distributions and measures the total probability contained 
in the extreme tails. When ct=2, the distribution is normal, which 
is the only stable distribution for which absolute moments of second 
and higher order exist. When a is less than 2, no moment of order 
higher than a is defined. The case where a=l isth~ Cauchy 
distribution and y=c is the semi-interquartile range. For distri
bu~ions with a in the interval 0<a<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 a. 

The location parameter 0 corresponds to the mean when a>l or 
the median (for all a). For the Gaussian distribution, 0 is effi
ciently estimated by the sample mean. For other symmetrlc 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 theobservations. 

The scale parameter y=ca measures the dispersion ot the dist
ribution. For the normal distribution, c 2 equals one-half of the 
population variance. Fama and Roll (13, pp. 822-824) suggest using 
the distance between the .28 fractileand the .72 fractile to esti
mate c 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 o£ 
independent, identically distributed, stable variables are them
selves stable with the same characteristic exponent a 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 (~); and Feller, (15), Vol. II. --

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 to 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. 
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PREVIOUS EMPIRICAL STUDIES 

Although results have beeR 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 montliIy 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+l 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 cotton 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 auto correlations with a lag of up to 60 days, but the 
results were not conclusive. He also 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 number 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 rand6m walk 
hypothesis is not a satisfactory explanation of these future p~ices. 
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Labys and·Granger (~) 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'g-enerally flat and only rarely could the 
random walk hypothesis be rejected. 

Leuthold (24) investigated live beef cattle prices by using 
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 support the hypothesis that cattle fu
tures prices behave randomly. 

While a number of researchers have devoted considerable atten
tion to the question of randomness, muc~ 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 Cootner (7) for drawing 
hasty conclusions based on these graphs. Stevenson ana 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 oil, 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 1959~7l. This wis a period when 
limit 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. 
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the estimated values for these parameters in ful~ awareness of the 
limitations 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 Kurtosis 

Since the doubts raised by Mandelbrot's stable Paretian 
~ypothesis have important implications fQr the method used for 
examining serial dependence, it is appropriate to test for lepto
kurtosis before procee.ding with the tests for randomness. A 'number 
of alternative methods have been suggested for distinguisning 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, ~, Vol. 1, p. 85): 


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 l.--Estimates of kurtosis for the distribution of 
changes in logarithms of daily closing prices 

Estimates of kurtosis 
Number Number of 

Conunodity of 
contracts 

Minimum Maximum 
cases 

signi:f1cant 
: at .01 level 

3.21 18.52 49Corn, Chicago 59 
3.06 16.66 38Wheat, Chicago 56 

15.57 77Soybeans 80 3.54 
Soybean oil 94 3.05 76.20 60 

65.04 80Soybean meal 92 2.93 
2.77 20.15 56Shell eggs 70 

Frozen pork 
bellies 36 2.58 8.18 14 

41 3.20 19.56 35Live cattle 
46 3.29 15.33 42Maine potatoes 

2.58 76.20 451All conunodities 574 
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given in appendix tables 1-9. For a one-sided test o£ the normality 
hypothesis, the critical value of kurtosis for a 3ample 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 
is 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 ror 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 BergstTom (3), have approximated the 
cumulative distribution function of a standardized symmetric stable 
variable (standardized by subtracting 0, the location parameter, 
and dividing by c). Fama and Roll (14) have suggested a method 
based on fractiles for estimating the-characteristic exponent, u, 
in the stable Paretian distribution. To calculate a using fractiles 
suggested by Fama and Roll, the scale parameter, c, is first esti 
mated as 

A 1 A A 


C = 2(.827) [X. 72 -X. 28 ] 


where ~.72 and ;.28 are the estimates of the 72nd and 28th fractiles, 
respectively. Then, the range between the 4th and 96th frac!iles 
is calculated for the data and standardized by dividing by 2c. The 
characteristic exponent is then determined by searching table 2 in 
Fama and Roll (13, p. 822) to find the u that corresponds most 
closely with thecalculated 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.S 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,-rrartley, and Pearson (9); and calcualtion of u 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." 
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Commodity 

Corn, Chicago 

Wheat, Chicago 

Soybeans 

Soybean oil 

Soybean meal 

Shell eggs 

Frozen pork 
bellies 

Live cattle 

ld..aine potatoes 

All commodities 

Table 2.--Tests for normality in the distributions of changes 

in logarithms of daily closing prices 


Estimates of Alpha, the characteristic exponent 

Number of 
: 1.0 < Alpha : 1.5 < Alpha 2.0contracts 	 : Alpha 

: Alpha = 1.0 	 < 2.0< 	1.5 


13 44 2

59 	 0 

40 	 1.1
56 	 0 5 


0 35 
 44 	 1

80 


4
0 17 	 73
94 


4
40 	 48
92 0 


2
0 36 	 32
70 


0
0 12 	 24
36 


0
0 14 	 27
41 


0 16 30 0

46 


24
188 362
574 	 0 

R/S
significant 

: at .01 level 

48 


35 


67 


48 


67 


37 


11 


30 


39 


382 




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 distribution, the upper critical point for 
200 observations at the I-percent level of significance is 6.85 
for the R/S test (David and others, 9, p. 491). Larger calculated 
values of ~his 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 leptokurtosis can 
be explained by shifts in the variance of the price changes, the 
possibili ty rem'lins for employing such methods after sui tably trans .. 
forming the data. We might, for example, hypothesize that the var
iance 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 observa
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 2, sums of 
4, and sums of 8 observations. Details for each contract are given 
in appendix tables 10-18. Although the results are mixed, in the 
majority of cases the estimated values of the characteristic expo
nent decrease as the number of observations in the summations is 
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. If 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 it 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 are non-Gaussian, it is 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 (~, Vol. III, 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. III, pp. 351-352) show that the expected number of turning - 
points in a random series of length n is: 

E(p) (2/3)X(n-2) 

and the variance of the number of turning points is: 

- 1611-29
V (.)at" P - 90 

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

Characteristic exponent for sums of observations as compared 
Number to estimates for single observations 

Commodity of Sum of 2 Sum of 4 Sum of 8 
: contracts Increase Decrease Increase Decrease Increase Decrease 

Corn, Chicago 59 30 27 27 30 12 44 

Wheat, Chicago 56 20 32 15 37 17 35 

Soybeans 80 37 38 30 49 29 46 

f-"..,. Soybean oil 94 49 43 39 54 30 44 

Soybean meal 92 37 53 37 53 25 42 

Shell eggs 70 27 39 20 34 11 20 

Frozen pork bellies: 36 21 15 14 20 22 8 

Live cattle 41 27 13 19 22 10 25 

Maine potatoes '. 46 28 17 18 27 15 29 

All commodities 574 
. 
276 277 219 326 171 293 



Table 4.--Turning point test for daily closing prices 

Cases withCases 
Number of observed lesssignificantCommodity contracts than expectedat .01 level 

Corn, Chicago 59 59 59 
56 56Wheat, Chicago 56 

80Soybeans 80 77 

Soybean oil 94 93 94 
91 92Soybean meal 92 
63 70Shell eggs 70 

36Frozen pork bellies 36 36 
41 41Live cattle 41 
41 46Haine potatoes 46 

574All commodities 574 557 

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 te~dencr for 

price changes in successive periods to be in the same dlrectlon. 


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 series of n observations (Kendall and Stuart, 20, Vol. III, 
pp. 353-355) is: 

2(n-d-2)(d 2 + 3d +1) 

Nd= (d+3)! 


The randomness hypothesis is tested by comparing the observed fre
quencies \vi th the expected values. Since the le.ngths of the phases 
are not independent, a slight modification in the chi-square test 
is necessary. It is recommended that a three-way classification-
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 point 
test and indicate systematic forces in futures markets. 
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Table 5.--Phase length test for daily closing prices 

Number of Significant at
Commodity contracts .05 level 

Corn, Chicago 59 56 
Wheat, Chicago 56 55 
Soybeans 80 70 
Soybean oil 94 90 
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 serious implications for price analysis and for evaluating the 
performance of commodity markets. 

As in 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 ob~tacle in almost 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 distriLution-free 
methods include those based on counts, such as chi-square, and 
those based on fractiles, medians, and absolute deviation. A mod
ified 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 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 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 or from the unin
tended parallel actions of many smaller traders. if 

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 fo~ Chicago com 

Nlmlber Rangel
of Kurtosis AlphaContract standard deviation 

observations 

183 3.90 1.47 6.29 
~larch 1960 

224 4.06 1. 97 6.63 
~lay 1960 12.2716.31 1.92July 1960 244 

3.33 1.83September 1960 246 5.54 
244 6.07 1.43 8.87

December 1960 8.777.28 1.44
~larch 1961 232 

5.38 1.36 
~tay 1961 231 6.88 

4.57 1. 29 7.09
July 1961 227 

4.11 1. 58 6.87
September 1961 213 

6.93231 3.86 1.94December 1961 6.243.21 1.80~k"1rch 1962 245 
3.96 1. 73 7.18j\lay 1962 245 
4.60 1. 57 7.80

July 1962 245 
3.22 1.63September 1962 244 5.72 

9.658.81 2.00December 1962 243 
10.14242 9.70 1.88March 1963 10.9912.62 1.80

~Iay 1963 243 11.2113.13 1.62July 1963 242 
9.69 1.65September 1963 243 9.68 

10.9214.23 1.77December 1963 244 
244 13.41 1. 79 10.68 

~larch 1964 
14.04 1. 58 10.85 

~Iay 1964 242 
1.57 13.08244 18.52July 1964 8.64245 11.83 1.63September 1964 

245 4.11 1.87 6.91
December 1964 7.484.48 1.80March 1965 245 

243 4.08 1.84 7.10
May 1965 8.65243 5.96 1.83July 1965 8.19244 5.07 1.77September 1965 

244 3.62 1. 55 6.03
December 1965 7.68245 4.46 1.98
~larch 1966 

244 6.73 1. 97 8.13 
~1::lY 1966 8.66244 8.15 2.00July 1966 10.12245 11.66 1.39September 1966 8.47244 6.70 1.51December 1966 8.96242 6.82 1.45 
~larch 1967 

5.42 1. 56 7.89242~k"1y 1967 
5.45 1. 69July 1967 243 7.19 

6.51241 4.32 1.72September 1967 7.99243 4.68 1.95December 1967 
4.73 1. 75 7.60244~larch 1968 8.37244 4.91 1.71

~Ia)' 1968 6.55244 3.69 1. 74July 1968 6.49243 3.72 1. 78September 1968 
6.55 1. 59 7.15243December 1968 
7.03 1. 74 7.60275~!arch 1969 7.10242 6.37 1.61illay 1969 8.U61. 56July 1969 241 6.16 

9.411. 52September 1969 241 7.90 
9.839.80 1. 52242December 1969 

9.27 1.59 9.99302:'larch 1970 9.4510.34 1.712·l8~Iay 1~70 
12.56 1.68 9.84

July 1970 250 9.8112.12 1. 20September 1970 245 
7.72 1.22 8.12 


December 1970 
 250 8.457.95 1. 29294~larch 1971 7.176.04 1.45211~hv 1971 6.825.72 1.42Juiy 1971 172 
3.77 1.40 5.70 


September 19"1 129 


-,--...-.~ 

\;ote: Ntnnber of observations e mnnber of differences. 
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Appendix table 2.--Tests for kurtosis for the distribution of 
daily price chrulges for Chicago wheat 

Contract 
Number 

of 
observations 

Kurtosis Alpha 
Rangel

:standard deviation 

May 1960 
July 1960 
September 1960 
~larch 1961 
May 1961 
July 1961 
September 1961 
December 1961 
March 1962 
~lay 1962 
July 1967 
Septemb(;l' 1962 
December 1962 
March 1963 
~lay 1963 
July 1963 
September 1963 

224 
266 
309 
243 
244 
244 
243 
244 
244 
245 
245 
244 
242 
241 
243 
206 
243 

7.99 
3.28 
3.11 
4.25 
5.97 
7.37 
6.13 
5.64 
3.06 
3.33 
3.70 
4.83 
5.37 
4.43 

13.33 
6.20 
5.32 

2.00 
2.00 
1.98 
1.68 
1.40 
1. 55 
1. 70 
1.71 
1.69 
1.46 
1. 51 
1.84 
1.60 
1.65 
1.69 
1.88 
1.61 

9.16 
6.45 
5.44 
6.50 
7.94 
8.67 
8.81 
7.79 
5.01 
6.05 
6.52 
8.16 
7.99 
7.40 
9.87 
8.39 
7.60 

December 1963 
~larch 1964 
~lay 1964 

244 
244 
243 

6.42 
4.92 
4.73 

1. 57 
1. 53 
1. 50 

8.58 
6.90 
7.26 

July 1964 
September 1964 
December 1964 
M,,1.rch 1965 

266 
308 
245 
235 

5.40 
5.50 
4.45 
3.70 

1.62 
1. 56 
1.90 
1.60 

7.31 
7.31 
6.68 
6.14 

~lay 1965 
July 1965 

244 
242 

3.48 
6.09 

1.68 
1. 75 

6.10 
8.98 

September 1965 239 3.76 1.83 6.28 
December 1965 243 4.73 2.00 7.60 
~larch 1966 221 3.07 2.00 5.73 
~lay 1966 245 3.62 2.00 7.03 
July 1966 
September 1966 

244 
243 

7.51 
5.33 

1. 55 
1.69 

9.18 
8.02 

December 1966 244 5.11 1.72 8.34 
March 1967 242 4.50 1. 75 7.37 
~Ia)' 1967 243 4.02 1.95 6.48 
July 1967 243 3.73 1.97 6.25 
September 1967 
December 1967 

242 
243 

3.93 
4.71 

2.00 
2.00 

6.39 
7.25 

~larch 1968 244 4.67 2.00 7.56 
~fay 1968 244 3.19 2.00 5.97 
July 1968 
September 1968 

244 
243 

3.64 
3.96 

1.94 
1. 82 

6.52 
6.64 

December 1968 243 3.87 1.65 6.83 
I-larch 1969 242 3.86 1. 88 6.58 
~'fay 1969 242 4.07 1.68 6.67 
July 1969 242 3.63 1. 80 6.12 
September 1969 284 4.45 2.00 7.46 
December 1969 242 7.06 2.00 8.62 
~larch 1970 241 5.75 1.62 7.36 
~lay 1970 248 5.82 1. 75 7.67 
July 1970 250 6.28 1.66 8.69 
September 1970 
December 1970 

245 
249 

16.66 
12.36 

1.42 
1.53 

12.74 
11.78 

/>larch 1971 251 11.32 1.61 11.37 
1>lay 1971 
July 1971 

216 
165 

10.22 
10.96 

1.53 
1. 46 

10.28 
8.86 

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

Number Rangel
of Kurtosis AlphaContract standard deviation 

observations 

140 4.52 1. 73 6.24January 1960 
4.88 1.69 7.05March 1960 183 
8.37 1. 74 8.21May 1960 208 
8.55 1.65July 1960 209 8.52 

September 1960 211 5.33 1.66 7.76 
210 5.69 1. 79 7.79November 1960 

January 1961 209 11.54 1. 54 10.45 
6.74 1. 20 6.90

~larch 1961 209 
6.284.68 1.15May 1961 209 
5.18207 3.54 1.30July 1961 

209 5.56 1.40 6.57September 1961 
238 8.44 1. 50 8.96November 1961 

10.43 . 1.42 9.73Janual)' 1962 245 
9.538.86 1.41~larch 1962 245 

6.40 1. 70 8.68 
~lay 1962 245 

6.20 1. 59 8.06July 1962 243 
August 1962 245 5.76 1.53 7.55 

September 1962 238 7.42 1.63 8.87 
1.48 11.43244 15.57November 1962 11.22242 13.83 1.61January 1963 8.18\ 7.30 1.37~larch 1963 242 7.326.09 1.43

~lay 1963 243 
227 7.39 1.48 8.48July 1963 
238 7.05 1. 57 8.31August 1963 
241 8.61 1. 59 9.76September 1963 7.806.90 1.41November 1963 243 

6.03 1.46January 1964 244 7.37 
7.135.32 1.44

~IaTch 1964 243 
5.41 1. 52 6.89 

~lay 1964 243 
245 6.76 1.40 7.89

July 1964 7.44243 6.14 1.33August 19.64 8.11231 8.19 1.48September 1964 9.479.91 1.43November 1964 242 
7.13 1.63January 1965 243 9.21 
5.94 1. 55 7.95 

~!arch 1965 245 
244 4.84 1. 53 7.44 

~!ay 1965 
243 4.07 1. 76 6.98

July 1965 
4.27 1. 73 7.16

August 1965 242 
6.92 1.93SeptembeT 1965 244 8.66 

8.195.98 2.00November 1965 249 
5.33 1.60 7.49

January 1966 245 
245 4.25 1.58 6.37

March 1966 6.65244 4.38 1.62
~lay 1966 6.99244 5.64 1.56July 1966 6.10244 4.72 1.34August 1966 

5.27 1.30September 1966 245 6.50 
243 5.69 1.51 7.02

November 1966 
244 5.65 1.44 7.00

..january 1967 
242 6.07 1.41 7.13 

~!arch 1967 
6.56 1.32

~lay 1967 242 7.26 
8.38 1.52July 1967 243 9.53 
8.69 1.39August 1967 243 9.10 
5.66 1.48 7.78

September 1967 242 
244 8.05 1.61 9.43

November 1967 

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

NUIllber 
Contract of 

observations 

January 1968 245 
March 1968 244 
May 1968 244 
July 1968 244 
August 1968 242 
September 1968 
November 1968 

243 
242 

January 1969 243 
March 1969 243 
May 1969 242 
July 1969 242 
August 1969 241 
November 1969 242 
January 1970 281 
~1arch 1970 245 
~1ay 1970 247 
July 1970 250 
August 1970 243 
September 1970 245 
November 1970 249 
January 1971 250 
~1arch 1971 251 
l>1ay 1971 216 
July 1971 170 
August 1971 149 
September 1971 131 

Kurtosis 

8.58 
8.89 

10.44 
3.77 
4.43 

12.81 
5.92 
4.91 
5.03 
4.21 
4.26 
4.02 
6.20 
5.89 
4.79 
4.17 
9.51 
9.12 
7.75 
6.22 
,5.62 
4.88 
4.46 
4.84 
5.02 
3.84 

RangelAlpha :standard deviation 

1.65 9.03 
1.52 9.20 
1.63 10.21 
1.88 6.22 
1.67 6.99 
1.41 10.50 
1.48 8.02 
1.55 6.98 
1.43 7.45 
1.50 7.35 
1.61 6.96 
1.44 6.51 
1.66 7.88 
1.63 7.71 
1.63 7.43 
1. 72 6.91 
1.59 9.29 
1.52 9.09 
1.37 8.21 
1.34 7.29 
1.47 7.66 
1.64 7.35 
1.49 6.85 
1.48 6.81 
1.60 7.27 
1.55 6.36 
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Appendix table 4.--Tests for kurtosis for the distribution of 
daily price changes for soybean oil 

Contract 
Number 

of 
observations 

Kurtosis Alpha Rangel 
;standard deviatjon 

December 1959 
January 1960 
~larch 1960 
~Ia)' 1960 
July 1960 
September 1960 
October 1960 
December 1960 
January 1961 
~larch 1961 
~lay 1961 
July 1961 
September 1961 
October 1961 
December 1961 
January 1962 
~larch 1962 
~lay 1962 
July 1962 
August 1962 
St!ptember 1962 
October 1962 
December 1962 
January 1963 
~larch 1963 
~lay 1963 
July 1963 
August 1963 
September 1963 
October 1963 
December 1963 
January 1964 
~larch 1964 
~lay 1964 
July 1964 
August 1964 
September 1964 
October 1964 
December 1964 
January 1965 
~larch 1965 
~lay 1965 
July 1965 
August 1965 
September 1965 
October 1965 
December 1965 
January 1966 
~larch 1966 
May 1966 
July 1966 
August 1966 
September 1966 
October 1966 
December 1966 

120 
140 
183 
222 
208 
220 
187 
187 
201 
207 
222 
200 
226 
203 
222 
166 
185 
203 
208 
149 
182 
153 
174 
159 
179 
204 
222 
224 
202 
201 
203 
217 
239 
237 
237 
194 
219 
239 
235 
202 
243 
217 
223 
190 
238 
241 
237 
243 
245 
243 
222 
228 
243 
239 
243 

4.16 
3.32 
3.28 
5.39 
3.79 
3.51 
3.88 
3.50 
4.66 
4.40 
4.73 
3.64 
4.26 
6.21 
4.11 
3.36 
3.15 
3.92 
5.89 
4.55 
4.99 
3.82 
4.70 
4.28 
4.56 
3.83 
4.07 
3.85 
9.05 

11.08 
31.23 
25.60 
25.24 
22.97 
22.09 
30.37 
25.37 
26.73 
4.56 
6.07 
6.11 
5.33 
4.35 
4.45 
5.20 

14.15 
3.07 
3.98 

'3.35 
3.26 
4.14 
4.47 

13.28 
11.96 
13.21 

1.49 
1. 78 
1.71 
1. 52 
1.54 
1.71 
1.65 
1. 75 
1. 50 
1.45 
1.44 
1.61 
1.58 
1. 78 
1.81 
1.89 
1.92 
1.94 
1.68 
1.84 
1.69 
1.64 
1.95 
1.68 
2.00 
1.80 
1.68 
1.96 
1. 52 
1.71 
1.39 
1.41 
1.41 
1.41 
1.43 
1.37 
1.57 
1. 50 
1. 75 
1.64 
1.65 
1.61 
2.00 
1.59 
1.67 
1.60 
1. 76 
1.86 
1. 75 
1.72 
1. 78 
1.63 
1.59 
1. 58 
1.67 

6.57 
5.50 
5.60 
7.16 
5.83 
6.21 
6.32 
5.81 
6.71 
6.83 
6.92 
6.07 
6.84 
7.77 
7.32 
5.44 
5.11 
6.55 
8.45 
7.30 
7.51 
6.32 
7.18 
6.83 
7.03 
6.98 
7.06 
7.10 
8.01 

10.53 
13.14 
12.77 
12.39 
11.93 
11.89 
12.67 
11.78 
13.47 

7.19 
7.98 
S.25 
7.32 
6.81 
6.58 
7.96 

11.20 
5.34 
7.00 
6.04 
5.68 
6.63 
6,68 

10.77 
11.32 
11.39 

Continued 
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AppendLx table 4.--Tests for kurtosis for the distribution of 
daily price changes for soybean oi1--Continued 

NUiilber Rangel _Contract of Kurtosis Alpha Etandard deviationobselvations-"--------. 
klnu::nv 190-: 244 15.32 1. 56 12.27
\\arch 196~ 
 242 16.11 1. 53 12.54 
~Ia\' 196 7 243 16.08 1.55 12.29July 1967 243 24.87 1.63 13.95 
AU!:,'lIst 1967 237 11.95 1.56 9.94Sep tenobclr 1967 233 3.45 1.50 5.66October 1967 240 3.70 1.62 5.98December 1967 232 4.53 1. 54 7.09January 1968 240 4.56 1.56 7.09 
~larch 1968 244 4.10 1. 70 6.76 
~lay 1968 244 4.17 1.68 6.97July 1%8 227 3.82 1. 70 6.06AugUSt 1968 225 3.90 1. 73 6.76
September 1968 237 4.71 1. 55 6.86
October 1968 197 4.09 1.58 6.33December 1968 237 4.98 1.54 6.91.Ianuary 1969 224 4.38 1.60 6.89)'\:11'ch 1969 243 3.15 1.85 5,65I.lm: 1q69 2t!2 3.12 1. 71i 5.61
,Ill 1y 1969 241 3.05 1.66 5.85;\ugust 1969 240 3.49 2.00 6.40
September 1969 240 76.20 1.50 14.06
October 1969 242 9.85 1.38 9.76December 1969 245 7.57 1.40 8.83
January 1970 246 8.37 1.44 8.60 
~!arch 1970 242 9.30 1.44 10.01May 1970 248 4.55 1.49 7.16
July 1970 244 3.34 1.80 6.05
August 1970 242 3.73 1.72 6.55
September 1970 245 3.16 1.71 5.41
October 1970 247 3.99 2.00 6.78
December 1970 249 3.73 1. 78 6.08
January 1971 249 3.29 1.67 5.69 
~\arch 19'1 251 3.38 1.68 5.98 
1'-lay 1971 217 3.69 1.69 6.58
July 1971 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
October 1971 109 3.15 1.65 >5.15 

X01 (': ~unb('r of obscrva~ions = nllr.1bcr oC differences. 
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Appl'ndix table 5.--Tests for k-urtosis for the distribution of 
daily price changes for soybean meal 

,.,-----_.__... -_ ....--- !\'tunber 
Contract of 

observations 
.------.,------~-

17b~larch 1960 

191 


July 1960 209 

August 1960 200 

October 1%0 


~1ay 19bO 

lS9 
Decembel' UlllO ISS 
January 1961 167 
~1arch 1961 205 

~!ay 1961 
 182 

,luI )' 1961 20~ 


t\ugus t 19b1 198 

September 1961 1":
~K.::tober 19()1 181 


}':'9llece-mber 1%1 

Janu,lrv 1962 149 

\Iarch '19b2 IbO 

:.\ay 19b2 1"(1 

Ju]v 19b':: 208 


1(10August 1962 

September 1962 141 

(Jctob0r 19b2 151 

December 1962 17·\ 

January 1963 160 

'larch 19b3 
 176 


20S
~l;lr 1903 

,lulv 1903 ')?

.:.~.)

'7.\ugus t 1963 .. '-.) 


September 1963 219 

October 1963 
 204 

[lece-mber 1963 221 

Janunry 1~)64 215 

~hrch 196·\ 
 229 

~Iav 1964 
 240 

.Iu'ly 19M 240 

,\UgtlS t 19M 241 
,.,., 

~,-,September 1904 
242
October 19M 
239
December. 1904 


Januarv 1965 
 236 

245
~l!lrch t9b5 


,Julv 1965 233 

22]Augl1st 1965 


September 1905 233 

l"ktober 1965 
 240 


237
December 1965 

Januarv 1960 
 245 

~\arch :1966 
 240 


22"""'~Ia\' 1~)66 
242
Julv 1960 


AllgtlS t 1%6 242 

September 19{1{l 204 


203
Dctobcr l!lb(l 
243
DE'C t-:mher 19bb 

---,--". --.-----.""~,- ~,..- --,- .----.- ....-~---

Kurtosis 

4.15 
2.93 
3.49 
3.92 
4.22 
4.67 
4.47 

14.55 
7.49 
4.98 
4.38 
3.39 
3.37 
~.81 
3.07 
4.30 
4.82 
S.17 
1l.22 
6.49 
4.13 
6.73 
5.66 
4.91 
5.74 

12.17 
9.86 

14.10 
11.68 
11.75 
10.60 
10.39 
9.67 

10.97 

11. 83 

16.82 

16,55 


8.15 
8.31 
6.70 
4.98 
3.99 

65.04 
15.17 
8.82 
6.11 
4.17 
4.08 

11. 24 

6.91 

14.26 
7.68 
9.86 

7"'~I 

Alpha 

1.65 

2.00 

1. 85 

LSD 

1.66 

1.50 
1. 41 

1.29 
1.44 
1.36 
1.61 
1. 78 

1. 91 

1. 99 

2.00 
1.88 
1.69 
1.49 
1. 54 

1. 23 

1.53 
1.66 
1.60 
1. 51 

1.85 
1.66 
1.41 
1. 58 

1.67 
1.66 
1.63 
1.72 
1. 75 

1.83 
1.68 
1. 57 

1. 58 

1. 55 

1.72 
1.67 
1.68 
1.57 
1. 52 

1.42 
1. 51 

1.55 
1.48 
1.75 
1.69 
1. 53 

1.29 
1. 56 

1.60 

Rangel 
:standard deviation 

6.65 
5.39 
6.0S 
6.47 
6.S3 
6.57 
6.30 

11.93 
8.88 
7.65 
7.30 
6.01 
5.89 
6.39 
4.98 
6.44 
6.70 
9.34 
8.00 
6.99 
6.01 
8.06 
7.93 
7.14 
7.74 
9.27 
8.75 

10.29 
10.73 
9.80 
9.33 
9.30 
9.07 

10.37 
10.93 
11.65 
12.52 

9.16 
9.47 
8.77 
7.72 
5.82 

13.03 
12.32 
10.14 

8.43 
6.36 
6.65 

10.13 
8.09 
9.84 
8.39 
9.77 

Continued 



Appendix table 5. --Tests for hlTtosis for the distribution of 
daily price changes for so)'be~lll meal- -Continued 

Ntunber 
Contract of 

observations 

243 

242 

243 

242 

241 

242 

240 

243 

243 

244 

244 

234 

226 

242 

196 

237 

242 

2,13 

242 

242 

241 

242 

240 

244 

245 

245 

248 

245 

243 

244 

249 

249 

250 

250 

217 

173 

144 

131 

108 


Kurtosis 

10.16 
10.33 
11. 86 
15.19 
23.25 
6.17 

12.60 
5.t12 
5.22 
4.82 
b.16 
3.91 
6.62 

19.00 
7.90 
5.81 
4.03 
3.60 
3.25 
3.47 
6.47 
(1. 45 

9.18 

14.05 
19.30 
6.40 
5.61 
5.79 
9.86 
9.82 
8.91 

10.08 
10.71 
11.83 
11.73 
18.86 
3.66 
4.12 
3.87 

Rangel 
standard deviation 

lO.ll 
10.22 
10.17 
12.29 
13.95 

7.21 
11.38 

7.24 
7.38 
6.96 
9.29 
5.97 
8.82 

11. 94 

7.75 
7.78 
6.41 
5.98 
5.46 
6.91 
9.03 
7.93 
9.20 
9.67 

12.00 
8.24 
7.83 
8.38 

10.27 
10.23 
9.62 

10.48 
10.52 
10.58 
10.72. 
12.17 

5.52 
5.79 
5.28 

:\ote: '>:ur.lbeJ" of observations = munber of differences. 

Alpha 

1.49 
1.58 
1.44 
1.52 
1. 47 

1.37 
1. 25 

1.43 
1. 46 

1. 72 

1. 74 

1. 75 

1.69 
1.40 
1. 29 

1. 32 

1.46 
1.36 
1.60 
2.00 
2.00 
1.53 
1.46 
1. 23 

1.13 
1. 29 

1.47 
1.49 
1.48 
1.50 
1.43 
1.47 
1. 48 

1.44 
1. 43 

1.50 
1.69 
1. 31 

1.48 

.January 1967 

~larch 196" 

~k'l)' 1967 

July 1967 

,\ugust 196:' 

Septemher 1967 

October 1967 

December 1967 

Januarv 19b8 

~I:lrch :1968 

~11lY 1968 

July 1968 

August L968 

September 19t18 

October 19b8 

December 1%8 

January 19b9 

~k'lrch 1%9 

~I:ly 196!1 

July 1969 

August 1%9 

September 1969 

Octoher 1969 

December 19M) 

.Janllary 19"'0 

~Iarch 1970 

~Ia}" 1970 

.July 197 0 

August 19:'[} 

Septembel' 1970 

October 19"'0 

December 1970 

,January 1971 

.'-larch 19-1 

~l'lr 19'"'1 

July 1971 

August 19'"'1 

September 1971 

October 19~! 
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·\ppenJix table (l,--Tests £01' kurtosis for distribution of daily price changes for shell eggs 

.".,- ... -..--.~.... --....~-.---~----

Conn-act 

. ~---.~ ... ~- ............----- .-~--~ ..... 
St:'I'tt:'lllber 19()() 
'\:tober 1901l 

:-;,wcmber 19011 

December 1~1(l\1 


,hmu.ln· 19trl 

Septemb..'I" 1%1 

,'letobCl' 11101 

!\ovemhcl' 19h1 

!\C'ccmber 19t11 

.I,lIlu,lrY 1<)(1~ 


'ieptcmiwl' 1902

,x" toh," I' 1!1()2 

~ov<'mh ..'r l'lb2 

l1ccemb..'r 1~ln.! 


.Immary 1~lb3 


Sl'\ltl'mhcr 1%3 

.'letohcr 19o" 

!\ovcmbcr 1963 

D~'cember 19b3 
.lanuary El(1.j 
Septemht'r 1%·1 
('letoher' 19(,4 
!':ovembet' 1%4 
Ik'( c:nbt' l' 19M 
I,lnuarv 19(15 
Sc~pt('mber 1%5 
lX:t<'ber 1%5 
\,)V cmh('t· 19b5 
llect'mb('l" 1%5 
January 1900 
September 1){>0 
,'lewher 1966 

>iovenh!.'r 19M, 

llecemher 19t>1l 

,!;muarY 190~ 


~t'ptt'mber 190
\\:t"be\' 
1%
\~\\\.'1nbcr 191:\
!k'c' t'll1he \' 1%
lanuary 1<)(:>8 
';cptt'l1l~er 1908 

l\:tober 1~16S 
Occt'l'lber 19N1 
JJnuarv 1909 

\\;,tn:h 196J 
,\pri 1 1969 

~lw 19N1 
.Illile 196\) 
.Jul\" 1969 
September 19Q'~ 
t)ccober 1969 

~l"ember b169 
December 196,) 
lanuarv l~l~O 

rehrl!4tly l!)-ll 

~I<m:h 19't' 
"pnl 1~)"~1 

\hr B:'!1 
llme 19'1) 

Ju!\' 19~n 


~t'ptt'l\\b('l' I ~~~~,' 


I\: tl,b('r 19~11 


\ovefllber 19":"1) 

December 19-n 

,l,uluary 19"'1 

Fe!>l'\l;lry "Pi 

'!ar..:h 1971 

\pn1 HI"' 1 

~I.w un 
Junt.' 19"1 ; 

--:\'Uiii5er 
of 

observations 

24S 
2-17 

205 

20n 

'::04 

239 

)-~ 
~.) 

219 

~2(l 

239 

~.J(l 
.229 

.239 

~ ,~ 

1~9 

245 

238 

2~9 
231 

189 

243 

~ ' ..,.:> 
21~ 
t·13 

104 

244 

239 

210 

16:" 
15.\ 

205

" , 
lS,\ 

192 

93 


2.10 
188 

193 

145 


218 

l!;lS 

1\12 

116 


·13 

-5 

43 

48 

98 


220 

Z21 
205 

161 

159 

138 

135 

1-'
..)~ 

133 

137 


62 

1S0 

182 

U~ 

202 

1?5 

80 

81 

72 

"'2 
~1 

Kurtosis 

4.61 
3.90 
3. '" 
3.~'" 
4.06 
5.6: 
6.03 
5.14 
6.04 
8.03 
b.09 
5.85 
6.36 
9.25 
~ .:1 
4.94 
4.96 
4.SS 
5.89 

12.15 
10.32 
6.26 
6.87 
3:'5 
4,24 
6.40 
5.23 
6.11 
S.OO 

~.,4. 
6.05 
6.73 
5.93 

20.15 
6.35 
9.99 

16.20 
5.64 

9.88 

3.98 

4.50 

4.14 

.1.10 

3.59 
4.64 
3.25 
2.77 
4.64 
4.25 
S.43 
4.63 
4.~3 

3.59 
4.47 
3.14 
3.50 
3.68 
4.50 
4.92 
4.00 
3.85 
4.75 
4.21 
4.40 
5.76 
5.49 
4.66 
3.55 
3.28 
3.18 

Alpha 

1.47 
1.69 
1. 90 

LSI 

LOS 

1.82 
1.90 
2.00 
1.80 
1. 61 

1. S2 
1.41 
I.S6 
1.57 
1. 50 

1. 75 

1.47 
1. 57 

1.47 
1.36 
1.42 
1.71 
1.35 
1. 56 

1.68 
1. 27 

1. 25 

1.38 
1. 36 

1. 30 

1.62 
1.44 
1.01 
1.21 
1. 54 

1.49 
1.34 

.1. 28 

1.26 
1. 79 

1.32 
1.49 
1. 63 

1.87 
1. 25 

1.. 47 

1. 74 

1. 39 

1.34 
1.48 
1.56 
1. 94 

1.49 
1. 23 

1.35 
1.15 
1.35 
1.59 
1.43 
1.34 
2.00 
1. 53 

1.59 
1.69 
1. 58 

1.49 
1.46 
1.58 
1. 56 

1.36 

Range! 
standard deviation 

7.'11 
6.92 
5.84 
5.65 
0.48 
7.S7 
8.67 
7.32 
8:'6 
9.46 
7.20 
8.10 
7.93 
9.91 
8.37 
7.40 
8.02 
7.45 
8.05 
8.52 
9.48 
8.28 
(-.34 
!>.74 
5.79 
7.64 
6.89 
8.00 
6.59 
6.09 
7.96 
8.23 
7.65 

12.90 
7.10 

10.75 
9.88 
7.16 
9.:8 
5.26 
6.46 
6.25 
6.13 
5.67 
5.45 
5.28 
4.S5 
5.17 
6.08 
7.37 
7.34 
7.89 
5.58 
5.55 
4.49 
4.82 
5.40 
6.35 
6.37 
5.13 
6.50 
6.57 
6.20 
6.31 
6.90 
6.68 
5.95 
5.24 
4.91 
4.90 

~(J"tEi: !\\nn6cr Qt obst'n',ltions - "munbCl' of differences. 
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AppendLx table 7.--Tests for kurtosis for the distribution 
of daily price changes for pork bellies 

Ntnnber Rangel
Contract of 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 
}'1ay 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 193 2.65 1.97 4.99 
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 
M.-'lY 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 1968 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 
~lay 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 
Febnrary 1970 230 3.19 1.57 5.15 
March 1970 238 3.54 1.44 5.33 
~lay 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 
~lay 1971 210 5.22 1.60 7.59 
July 1971 165 5.04 1. 58 7.13 
Au~t 1971 145 6.18 1. 58 7.81 

Note: Ntnnber of observations :: number of differences. 
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Appendix table 8.--Tests for kurtosis for the distribution of daily price 

changes for live cattle 


Rangel
Number of Kurtosis Alpha standardContract observations deviation 

4.25 1.41 6.05139J.une 1965 5.38180 3.34 1.48August 1965 19.56 1.41 11.02224October 1965 4.53 1 .41 6.32229December 1965 8.92183 7.45 1.48February 1966 9.058.33 1. 35212April 1966 7.737.20 1.82188June 1966 6.98182 4.57 1.78August 1966 7.18203 4.80 1.80.October 1966 6.41244 3.55 1.68December 1966 3.20 1. 76 6.13241February 1967 6.473.42 1.82240Arpil 1967 5.94217 3.23 1.89
June 1967 8.89241 6.36 1.79August 1967 4.34 1.53 7.00279October 1967 3.54 1.90 6.10324December 1967 4.33 1. 59 7.26357February 1968 7.76318 4.78 1.57
April 1968 4.15 1.60 6.76321June 1968 6.61280 4.37 1.59August 1968 6.77223 4.68 1.61
October 1968 6.49 1. 68 8.84242December 1968 5.84 1. 54 7.09241February 1969 9.8712.45 1. 50241Apri 1 1969 9.44237 10.39 1. 42 
Jun'~ 1969 7.51212 5.87 1.43August 1969 8.446.27 1.58247October 1969 6.93 1.63 8.92243December 1969 7.11 1.88 9.04241February 1970 9.356.21 1. 74273Apr; 1 1970 9.806.15 1. 73313June 1970 6.78 1. 65 10.16331August 1970 8.896.29 1.76291October 1970 10.076.80 1.69333December 1970 8.718.16 1.53320February 1971 8.707.36 1. 29286April 1971 8.626.95 1.24335June 1971 8.627.97 1. 49224August 1971 8.225.79 1. 59211October 1971 6.944.49 1. 41212December 1971 7.706.57 1.30172February 1972 

note: Number of observations = number of differences. 
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Appendi.x table 9. --Tests for kurtosis for the distribution of daily price
changes for Maine potatoes 

Contract 

March 1960 

Apr; 1 1960 

May 1960 

November 1960 

March 1961 

Apr; 1 1961 

May 1961 

November 1961 

March 1962 

April 1962 

May 1962 

November 1962 

March 1963 

Apr; 1 1963 

May 1963 

November 1963 

March 1964 

Apri 1 1964 

May 1964 

November 1964 

March 1965 

April 1965 

May 1965 

November 1965 

March 1966 

Apr; 1 1966 

May 1966 

November 1966 

March 1967 

Apr; 1 1967 

r~ay 1967 

November 1967 

March 1968 

April 1968 

May 1968 

November 1968 

March 1969 

Apri 1 1969 

May 1969 

March 1970 

April 1970 

r~ay 1970 

November 1970 

March 1971 

April 1971 

May 1971 


Note: NLnnber of observations 

NLnnber of 
Kurtosisobservations 

175 3.43 
197 3.95 
216 3.98 
209 4.99 
237 4.44 
233 4.78 
238 6.79 
238 10.20 
229 6.64 
239 10.41 
238 10.93 
227 8.33 
235 4.71 
236 4.78 
237 5.47 
238 3.. 53 
236 6.59 
237 7.72 
235 9.86 
219 10.20 
237 5.15 
237 4.74 
237 3.29 
237 5.31 
236 6.04 
235 4.50 
237 5.56 
238 15.15 
249 7.62 
251 5.73 
251 4.33 
250 10.83 
248 7.37 
250 8.00 
249 7.36 
246 8.48 
246 7.80 
246 5.94 
245 5.31 
248 15.33 
249 11 .70 
243 9.11 
229 5.87 
248 6.02 
244 5.74 
223 5.41 

= number of differences. 
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Alpha Ran~elstan ard 
deviation 

1. 89 6.03 
1. 55 5.76 
1. 65 7.00 
1. 26 7.15 
1. 73 7.17 
1. 51 7.00 
1. 59 8.54 
1.57 9.50 
1. 28 8.23 
1. 47 10.01 
1. 52 10.59 
1. 36 9.64 
1. 67 7.01 
1. 55 7.02 
1. 59 7.49 
1. 73 5.52 
1. 55 8.37 
1. 27 7.76 
1. 31 8.32 
1. 48 10.72 
1. 81 8.19 
1. 81 7.41 
1. 81 5.95 
1.71 8.00 
1.85 8.27 
1. 86 6.84 
1. 53 8.04 
1. 29 10.83 
1.43 8.87 
1. 40 7.70 
1. 45 6.33 
1. 48 9.62 
1. 57 8.52 
1. 54 9.20 
1. 32 8.12 
1. 57 8.34 
1. 49 9.13 
1. 67 7.64 
1.57 6.82 
1. 21 10.82 
1. 35 9.01 
1. 57 9.00 

.1 .87 8.81 
1. 81 8.55 
1.71 8.47 
1. 69 7.68 



Appendix table 10.--Estimates of the characteristic exponent for'sums of 
observations for daily price changes for Chicago corn 

Characteristic exponent 
:--STnglc Sums of 8
Sums of 4
Contract Sums of 2

:ohsen-ations 

March 1960 

May 1966 

July 1960 

September 1960 

December 1960 

March 1961 

~Iay 1961 

July 1961 

September 1961 

December 1961 

Ma rch 1962 

May 1962 

July 1962 

September 1962 

December 1962 

~Ia rch 1963 

May 1963 

July 1963 

Septembel 1963 

December 1963 

~Iarch 1964 

May 1964 

July 1964 

September 1964 

December 1964 

March 1965 

May 1965 

July 1965 

September 1965 

December 1965 

March 1966 

~Iay 1966 

July 1966 

September 1966 

December 1966 

March 1967 

r~ay 1957 

July 1967 

September 1967 
December 1967 
March 1968 
May 1968 
July 1968 
September 1968 
December 1968 
March 1969 
May 1969 
July 1969 
September 1969 
December 1969 
March 1970 
May 1970 
July 1970 
September 1970 
December 1970 
March 1971 
~'ay 1971 
July 1971 
September 1971 

1.47 
1. 97 

1.92 
1.83 
1.43 
1.44 
1.36 
1. 29 

1. 58 

1. 94 

1.80 
1.73 
1.57 
1. 63 

2.00 
1.88 
l.80 
1.62 
1. 65 

1.77 
1. 79 

1. 58 

1. 57 

l.63 
1.87 
1. 80 

1.84 
1.83 
1.77 
1.55 
l. 98 

l. 97 

2.00 
1. 39 

1 .51 

1.45 
1.56 
1. 69 

1.72 
1. 95 

l. 75 

l. 71 

1.74 
1.78 
l.59 
1. 74 

1 .61 

1. 56 

1. 52 

1. 52 

1. 59 

l. 71 

1.68 
1. 20 

1. 22 

1.29 
1.45 
l.42 
1.40 

1.56 
2.00 
1. 58 

1.66 
1.65 
1. 61 

1.33 
l. 47 

1.58 
l. 84 

1. 66 

1. 81 

2.00 
1.67 
1.71 
2.00 
1. 75 

1.78 
l.72 
1. 36 

1. 57 

1.48 
l. 53 

1.67 
2.00 
1. 74 

1.62 
1.51 
1. 61 

1. 79 

l. 90 

1.64 

. 1.49 
1.30 
1. 39 

1.58 
1. 97 

1. 81 

1. 78 

1.64 
1.41 
1.69 
1.85 
1. 78 

1.64 
1.77 
1.37 
1.52 
1. 46 

l. 59 

1.63 
1. 81 

1.52 
1.22 
1. 43 

1.43 
1. 54 

1.50 
1. 45 


2.00 
1.58 
1.83 
2.00 
1.54 
1.38 
1. 26 

1.60 
l. 68 

1.85 
1. 73 

l. 75 

1.65 
2.00 
1.66 
1.87 
1.80 
1.62 
l.39 
1. 30 

1. 20 

1.32 
1. 58 

1. 37 

1. 65 

2.00 
2.00 
1.48 
l.86 
l.67 
1. 56 

2.00 
l.40 
1.45 
1. 94 

1.47 
1.36 
2.00 
l. 41 

2.00 
1.29 
1.96 
l.60 
1. 97 

1.56 
l.47 
1. 38 

2.00 
1.15 
1. 76 

2.00 
1.66 

1.. 52 

1.30 
1.08 
1.30 
1. 68 

l. 33 

1.10 

1. 44 

1.60 
1.52 
1.31 
1.72 
1.18 
1.48 
1. 29 

2.00 
2.00 
1. 57 

2.00 
2.00 
1.91 
2.00 
1.65 
1.35 
1.30 
1. 43 

1. 67 

1. 61 

1. 29 

1. 32 

1.44 
1. 39 

l. 44 

1.39 
1. 53 

l.48 
l.48 
l. 94 

1.19 
l. 29 

l. 32 

1.28 
1.55 
1. 66 

1. 55 

1.62 
1.44 
2.00 
l. 54 

1.22 
l. 57 

1.36 
1. 55 

1. 55 

1.72 
l. 41 

1. 49 

l.19 
1.55 
1.08 
1.14 
1.35 
1.60 

Not~: --means that not enough observations are available to calculate the 
characteristic exponent. 
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Appendix table 11.--Estimates of the characteristic exponent for sums of
observations for daily price changes for Chicago wheat 

Contract 
Single


observations 

~Iay 1960 
 2.00 
July 1960 2.00 
September 1960 1.98 
March 1961 1.68 
May 1961 1. 40 

July 1961 1.55 
September 1961 1. 70 

December 1961 1. 71 

~Ia rch 1962 
 1. 69

t-Iay 1962 
 1. 46 

July 1962 1. 51 

September 1962 1. 84 

Decemb(~r 1962 
 1. 60 

March 1963 1. 65 

~Iay 1963 
 1. 69

July 1963 1.88 
September 1963 1. 61 

Decenlbel" 1963 
 1. 57 

~larcA 1964 
 1. 53 

~Iay 1964 
 1. 50 

July 1964 1. 62 

September 1964 1. 56 

Decembel" 1964 
 1. 90 

March 1965 1. 60 

tlay 1965 
 1.68 
July 1965 1. 75 

Septenlber 1965 
 1.83 
December 1965 ;~. 00 
Narch 1966 
 2.00 
Nay 1966 
 2.00 
July 1966 1. 55 

September 1966 1. 69 

December 1966 1. 72 

March 1967 1. 75 

~lay 1967 
 1. 95 

July 1967 1. 97 

September 1967 i!.OO 
December 1967 2.00 
March 1968 2.00 
May 1968 2.00 
July 1968 1. 94 

September 1968 1.82 
December 1968 1. 65 

~la rch 1969 
 1. 88 

May 1969 1. 68 

July 1969 1.80 
September 1969 2.00 
December 1969 2.00 
March 1970 1. 62 

~Iay 1970 
 1. 75 

July 1970 1.66 
September 1970 1. 42 

December 1970 1. 53 

1·la rch 1971 
 1. 61 

~Iay 1971 
 1.53 
July 1971 1. 46 


Note: --means that not enough observations 
exponent. 

Characteristic exponent 

Sums of 2 
 Sums of 4 
 Sums of 8 


1. 60 
 2.00 1. 55

1. 69 
 1. 66 
 1. 67

1.69 1. 91 
 1. 42

1. 55 
 1. 60 
 1. 30

1. 27 
 1. 51 
 1.27
1.47 1. 37 
 1.13
1. 57 
 1. 75 
 1. 61

2.00 2.00 1. 76

2.00 2.00 1. 78
1.72 1. 35 
 2.00
1. 79 
 1. 59 
 2.00
1.84 1. 49 
 1.66
1. 48 
 1. 27 
 1.46
1.60 1. 45 
 1.66
1. 71 
 1. 42 
 1. 10
1. 56 
 1. 53 
 1. 28

1.48 1.37 1. 30
1. 46 
 1. 51 
 1.34
1.58 1. 44 
 1.30
1. 81 
 1. 38 
 1. 29

1. 70 
 1.54 1. 69

1. 69 
 1.68 1. 74

1. 87 
 1.82 2.00
1.82 1. 6~ 2.00
1.86 1. 36 
 1.49
1.77 1. 46 
 1.89
1. 56 
 1. 63 
 1.77
1.80 1. 74 
 2.00
1. 70 
 1.72 1.72
1.88 1. 47 
 2.00
1.72 1.83 1. 31

2.00 1. 70 
 1. 46

1.71 1. 45 
 1. 49

1. 74 
 1. 33 
 1. 35

1.80 1. 59 
 1.49
1.95 1.72 1. 91

1.71 1. 53 
 1. .81

2.00 1.37 1. 69

2.00 2.00 1. 37

2.00 1 . .88 
 2.00
1. 79 
 1. 46 
 2.00
1. 74 
 1. 75 
 1. 79

1. 57 
 2.00 2.00
1.58 1. 94 
 2.00
1. 53 
 1. 71 
 1. 43

1. 69 
 2.00 2.00
1.86 2.00 1. 60

1. 66 
 2.00 1. 37

1. 90 
 1.65 1. 70

1. 83 
 1.64 1.64
1. 62 
 1. 57 
 1. 61

1.40 1.30 1. 21

1. 96 
 1.49 1. 74

2.00 1. 34 
 1. 56

1. 56 
 1. 91 
 1. 95

1. 64 
 1.40 

are available to calculate the characteristic 
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Appendix table 12.--Estimates of the characteristic exponent for sums 

Contract 

January 1960 
March 1960 
May 1960 
July 1960 
September 1960 
November 1960 
January 1961 
March 1961 
May 1961 
July 1961 
September 1961 
November 1961 

January 1962 

March 1962 

May 1962 

July 1962 

August 1962 

September 1962 

November 1962 

January 1963 

Ma rch 1963 

May 1963 

July 1963 

August 1963 
September 1963 
November 1963 
January 1964 
March 1964 
May 1964 
July 1964 
August 1964 
September 1964 
November 1964 
January 1965 
i'\arch 1965 
May 1965 
July 1965 
August 1965 
September 1965 
November 1965 
Janua ry 1966 
~'arch 1966 
May 1966 
July 1966 
Augus t 1966 
September 1966 
November 1966 
January 1967 
I·'a rch 1967 
May 1967 
July 1967 
August 1967 
September 1967 
November 1967 
January 1968 
March 1968 
May 1968 
July 1968 
August 1.968 
September 1968 
November 1968 

of observations for daily price chunges for soybeans 

Characteristic exponent 

Single observations Sums of 4Sums of 2 

1.73 
1. 69 
1. 74 
1.65 
1.66 
1. 79 
1. 54 
1. 26 
1.15 
1. 30 
1.40 
1. 50 
1.42 
1.41 
1. 70 
1.59 
1. 53 
1.63 
1.48 
1.61 
1. 37 
1.43 
1.48 
1. 57 
1. 59 
1. 41 
1.46 
1.44 
1.52 
1.40 
1.33 
1.48 
1.43 
1.63 
1. 55 
1. 53 
1.76 
1.73 
1. 93 
2.00 
1. 60 
1.58 
1.62 
1.56 
1.34 
1. 30 
1. 51 
1.44 
1.41 
1. 32 
1.52 
1.39 
1.48 
1.61 
1.65 
1. 52 
1.63 
1.88 
1.67 
1. 41 
1.48 

1.62 
1.49 
1.62 
1.67 
1.48 
1. 73 
1. 34 
1.43 
1.28 
1.37 
1.50 
1. 81 
1. 41 
1.40 
1. S2 
1. 45 
1.73 
1. 54 
1.48 
1. 49 
1 .31 
1. 43 
1. 53 
1.60 
1.46 
1.35 
1.36 
1.45 
1.42 
1.43 
1. 43 
1.48 
1.48 
1. 78 
1. 76 
1. 67 
2.00 
2.00 
1.47 
1.50 
1.65 
1.48 
1.47 
1.48 
1.44 
1. 24 
1. 45 
1.49 
1.60 
1.38 
1.80 
1.47 
1 .41 
1. 56 
1.58 
1.57 
1.44 
1.77 
1.52 
1.62 
1.62 

1.15 
1. 60 
1.89 
1. 79 
1. 56 
1.55 
1.28 
1. 23 
1. 17 
1. 52 
2.00 
2.00 
1.20 
1.58 
1. 51 
1.49 
1. 49 
1.33 
1.60 
1.37 
1.00 
1.56 
1. 51 
1. 37 
1. 25 
1. 19 
1.14 
1. 30 
1.45 
1.14 
1. 25 
1. 58 
1.68 
1. 75 
1.44 
1. 61 
1. 74 
1.64 
1.44 
1. 79 
1. 28 
1.48 
1.66 
1.38 
1. 32 
1.39 
1.80 
1.46 
1. 38 
' .33 
1. 50 
1.77 
1.46 
1.47 
1.28 
1.19 
1.50 
1.49 
1. 50 
1.15 
1.68 

Sums of 8 

1. 32 
2.00 
1.44 
1. 21 
1.16 
1.07 
1.14 
1. 21 
2.00 
1. 78 
1.51 
1.73 
1.55 
1.64 
1. 31 
1.50 
1. 45 
1.48 
1. 41 
1. 33 
1.47 
1.67 
1.23 
1. 27 
2.00 
2.00 
1. 38 
1. 36 
1. 30 
1.20 
1. 52 
1. 73 
1.57 
1. 56 
2.00 
2.00 
1.64 
1.80 
1.72 
1.26 
1.36 
1.14 
1.56 
1. 17 
1.49 
1.13 
1.14 
1.09 
1. 53 
1.11 
2.00 
1.39 
1. 21 
1. 22 
1.66 
1. 96 
1.82 
1.09 
1. 91 

Continued 

35 



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

- - Conti nued 

Contract 

JanuaTY 1969 
t~arch 1969 
May 1969 
July 1969 
August 1969 
November 1969 
January 1970 
March 1970 
~lay 1970 
July 1970 
August 1970 
September 1970 
November 1970 
January 1971 
f1arch 1971 
Nay 1971 
July 1971 
August 1971 
September i ':m 

Note: --means that not 
exponent. 

Single observations 

1. 55 
1.43 
1. 50 
1. 61 
1.44 
1.66 
1. 63 
1. 63 
1.72 
1. 59 
1. 52 
1. 37 
1. 34 
1. 47 
1. 64 
1. 49 
1. 48 
1.60 
1.55 

enough observations are available to calculate the characteristic 

Characteristic exponent 
Sums of 2 Sums of .; 

1.32 1.72
1.43 1. 33 
1.67 1. 75 
1. 54 1. 57 
1.43 1.60 
1. 75 1.43 
1. 33 1. 41 
1. 54 1.59 
1.83 1. 53 
1. 78 1.43 
1. 61 1. 35 
1. 36 1. 31 
1. 32 1. 34 
1. 55 1. 56 
1.69 1. 52 
1. 78 2.00 
1.53 2.00 
1. 60 2.00 
1. 53 1 73 

Sums of 8 

1. 32 
1.48 
1. 67 
1.48 
1.77 
1. 74 
1. 59 
1. 34 
1.65 
1. 26 
1. 13 
1.08 
1. 30 
1. 44 
1.58 
1. 63 
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of 
observations for dail)' price changes for soybean oil 

Appendix table 13.--Estimates of the characteristic exponent for sums 

Characteristic exponent 

Contract 


Single observations Sums of 2 Sums of 4 Sums of 8 

1.68December 1959 1.49 2.00 
2.00 1.59January 1960 1.78 

1.84March 1960 1.71 1.79 
1.77 1. 95 1.56Hay 1960 1. 52 

2.00 1.70July 1960 1.54 1.89 
1.90 1.64 1. 95September 1960 1. 71 

1.39October 1960 1.65 1.65 
1.75 1. 92 1.86December 1960 

1.49 1.42 1. 49January 1961 1. 50 
1. 36 1.551.45 1.33~Ia rch 1961 

1.44 1. 40 1. 29 1. 35May 1961 
1.61 1. 50 1. 76 1.32July 1961 1. 66September 1961 1. 58 1. 54 1.77 

1.72 1. 59 2.00October 1961 1. 78 
1.62 1.62December 1961 1. 81 1. 75 

1. 59 1. 54January 1962 1.89 
1.87March 1962 1. 92 1.72 

May 1962 1.94 1.80 1.82 1.85 
1.60 1. 12 July 1962 1.68 1.88 
1. 27August 1962 1.84 2.00 

1.60 1. 50September 1962 1.69 

October 1962 
 1.64 1.45 1.63 


December 1962 1. 95 1.]7 1.99 

1. 61 1.88January 1963 1. 68 

1. 552.00 1.45t'la rch 1963 
1. 75 1.49t1ay 1963 1.80 2.00 

1.68 1. 67 2.00 1.83July 1963 
1. 54 1. 28August 1963 1. 96 1. 78 
1.40 1. 61September 1963 1. 52 1. 78 

1.71 1. 58 1. 56 1.43October 1963 
1.34 1.42 1.08December 1963 1. 39 

1.20 1.08January 1964 1. 41 1.36 
1.00


t·\arch 1964 
 1.41 1.34 1.23 
1.45 1. 16Hay 1964 1. 41 1.50 

1.46 1. 42 1.18July 1964 1. 43 
1.50
August 1964 1. 37 1.68 


1. 50 2.00 1.00September 1964 1.57 
2.00 1. 18October 1964 1. 50 1. 75 
1. 50 1. 79December 1964 1. 75 1. 78 


January 1965 1.64 1. 70 1.68 1.32 

1. 51 1.421. 65 1. 66t·la rch 1965 

1.63 1. 50 1.72Hay 1965 1. 61 
2.00 1. 75 2.00 1.84July 1965 

1. 69 1.18August 1965 1.59 
1.45 1. 71September 1965 1. 67 1.88 
1.90 1.451. 60 1. 55 


December 1965 

October 1965 

1.76 2.00 2.00 1.91 
1.86 1. 76 1. 53 1. 34January 1966 

1.95 1. 71 1.461. 75March 1966 1. 68 1.42Hay 1966 1.72 2.00 
2.00 2.00 1. 20July 1966 1. 78 

1. 34 1. 37August 1966 1. 63 1. 59 
1. 97 1.44September 1966 1.59 1.03 

1.51 1.651.58 1.84October 1966 1. 65 1. 381. 67 1.79December 1966 
1.69 1.45 1. 371.56January 1967 1.60 1.501. 53 1.85Harch 1967 1.471. 55 1. 71 1. 53Nay 1967 1.96 1.471. 63 2.00July 1967 
1.72 2.00 1. 44August 1967 1. 56 

1. 98 1.64
September 1967 1. 50 1. 81 

2.00

Oc tober 1967 
 1.62 2.00 1.83 


December 1967 1.54 1.85 2.00 1.95 


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

Contract Single observations 

January 1968 1. ~6 
March 1968 1. 70 
May 1968 1.68 
July 1968 1. 70 
August 1968 1. 73 
September 1968 1. S5 
October 1968 1. 58 
December 1968 1.54 
January 1969 1.60 
t-k'lrch 1969 1.85 
~fay 1969 1. 76 
July 1969 1.66 
August 1969 2.00 
September 1969 1. 50 
October 1909 1.38 
December 1969 1.40 
January 1970 1.44 
~Iarch 1970 1.44 
~fay 1970 1.49 
July 1970 1.80 
August 1970 1. 72 
September 1970 1.71 
October 1970 2.00 
December 1970 1. 78 
January 1971 1.67 
March 1971 1.68 
~fay 1971 1.69 
July 1971 1. 78 
August 1971 1.91 
September 1971 1.65 
October 1971 1. 65 

Note: --means that not enough observations 
exponent. 

Characteristic exponent 
: Sums of 2:. Sums of 4 Sums of 8 

1.83 1. 78 1.72 
1. 74 1.54 1.50 
l. 70 2.00 2.00 
1.74 1.60 1.71 
1. 70 1. 55 2.00 
1.48 1.63 1.50 
1.72 1.49 
1.63 1.19 1.29 
1. 75 1. 55 1. 97 
1.57 1.55 2.00 
1.91 1.88 2.00 
1. 72 2.00 1.55 
1.82 1.64 1. 78 
1. 70 1.31 1.00 
1.32 1.32 1.06 
1.37 1.34 1.17 
1.39 1.29 1.11 
1. 23 1.31 1.49 
1.08 1.36 1.83 
1.38 1. 5S 1. 27 
1.90 1.91 1.59 
1.41 1. 51 2.00 
1.54 1.45 1.62 
1.71 1. 79 1. 70 
2.00 1.86 2.00 
1.85 1.89 2.00 
1.80 2.00 1.87 
1.63 2.00 
1.57 2.00 
1.65 2.00 
1.57 2.00 

are available to calculate the cha.acteristic 
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Appendix table 14.--Estimates of the characteristic exponent for 
sums of observations for daily price changes for soybean meal 

Characteristic ~'P0nent 

Contract Single 
observations 

Sums of 2 Sums of 4 Sums of 8 

I-larch 1960 
I-Iay 1960 
July 1960 
August 1960 
October 1960 
December 1960 
January 1961 
~larch 1961 
~k'1y 1961 
July 1961 
August 1961 
September 1961 
October 1961 
December 1961 
January 1962 
~larch 1962 
~lay 1962 
July 1962 
August 1962 
::leptember 1962 
October 1962 
December 1962 
January 1963 
~larch 1963 
1-lay 1963 
July 1963 
August 1963 
September 1963 
October 1963 
December 1963 
January 1964 
~larch 196·\ 
~lay 1964 
July 1904 
August 1964 
September 1964 
October 1964 
December 1964 
January 1965 
~larch 1965 
July 1965 
August 1965 
September 1965 
October 1965 
December 1965 
Januarv 1966 
~larch 1.966 
~far 1966 
.Iuly 1966 
August 1966 
Septemher 1966 
October 1900 
December 1900 

1.65 
2.00 
1.85 
1.80 
1.66 
1.50 
1.41 
1. 29 
1.44 
1. 36 
1.61 
1. 78 
1.91 
1.99 
2.00 
1.88 
1.69 
1.49 
1. 54 
1. 23 
1. 53 
1.66 
1.60 
1. 51 
1.85 
1.66 
1.41 
1. 58 
1.67 
1.66 
1.63 
1.72 
1. 75 
1.83 
1.68 
1. 57 
1. 58 
1. 55 
1.72 
1.67 
1.68 
1.57 
1. 52 
1.42 
1. 51 
1. SS 
1.48 
1. :5 
1.69 
1. 53 
1. 29 
1.56 
1.60 

2.00 
1.97 
1. 74 
1.77 
1.46 
1.40 
1. 76 
1.40 
1. 59 
1.45 
1.52 
1.71 
1.91 
1. 74 
1. 53 
1.53 
1.48 
1.38 
1. 51 
1. 73 
1.48 
1.43 
1.62 
1. 79 
1.65 
1.56 
1.55 
1.66 
1. 50 
1.45 
1.45 
1. 59 
1. 59 
1.53 
1. 70 
1.35 
1. 56 
1.56 
1.68 
1.61 
1. 75 
1.89 
1.37 
1.44 
1. 55 
1. 35 
1.86 
1.69 
1. 57 
1. 58 
1.30 
1. 32 
1.49 

1.80 
1.37 
2.00 
1.61 
1.46 
1.43 
1.91 
1. 30 
1.59 
1. 58 
1.92 
1.44 
1. 56 
1. 70 
1. 59 
2.00 
1. 78 
1.80 
1.17 
1.53 
1.35 
1.86 
1.40 
1. 23 
1. 75 
1. 56 
1.39 
1.17 
1.41 
1.48 
1. 76 
2.00 
1.54 
L79 
1. 73 
1.64 
1. 52 
1.63 
1. 79 
2.00 
2.00 
1.71 
1.37 
1.28 
1. 45 
1. 29 
1.52 
1.93 
1. 54 
1.49 
1. 26 
1. 80 
1.48 

1. 56 
2.00 

1.71 

1.51 

1.72 

1. 29 
1. 55 
1. 76 
1. 20 
1. 55 
1.67 
2.00 
2.00 
2.00 
1. 73 
1. 50 
1.12 
1.83 
1.53 
1.47 
1.77 
1.82 
2.00 
1.00 
1.77 
1.34 
1.36 
1.36 
1. 42 
1.16 
1. 33 
1.13 
1.18 
1. 47 

Continued 
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Appendh table 14.--Estimates of the characteristic exponent for 
sums of obsen'ativns for daily price changes for soybean meal 

--Continued 

Characteristic eA~onent 
Contract Single 

observations Sums of 2 SUIIlS of 4 Sums of 8 

January 1967 1.49 1.53 1. 47 1. 27 
~1c1.rch 196'" 1. 58 1. 56 1.62 1. 29 
:-k'1}' 196:' 1.44 1.46 1. 58 1.69 
J~lly 1967 1.52 1.56 1.48 1.82 
August 1967 1.47 1.62 1.46 1.00 
September 1967 1.37 1.43 1.26 1.47 
October 1967 1.25 1. 32 1.43 1.39 
December 196:' 1.43 1.42 1.29 1.72 
.January 1968 1. 46 1.36 1.31 1.64 
~Iarch 1968 1. '"72 1.60 1.44 1.64 
~Ia)' 1968 1. 74 1.65 1.82 1. 74 
July 1968 1. 75 1.66 1.64 1.84 
August 1968 1.69 1.52 1.60 1. 51 
September 1968 1.40 1.38 1. 26 1.00 
October 1968 1.29 1.01 1.00 
December 1968 1.32 1.19 1. 23 1. 22 
,January 1969 1.46 1.48 1.46 1.43 
~hrch 1969 1.36 1.49 1.96 1. 56 
~lay 1909 1.60 1.63 1.88 1.48 
July 1969 2.00 1.46 1. 73 1.44 
August 1969 2.00 1.43 1. 76 1.22 
September 1969 1. 53 1. 56 2.00 1.36 
Oc tober 1969 1.46 1.50 1.37 1.32 
December 1969 1. 23 1.11 1.00 1.00 
January 1970 1.13 1.00 1.00 1.00 
:>Iarch 1970 1.29 1.08 1.00 1.00 
~lay 19:'0 1.47 1.47 1.61 1.36 
July 19:'0 1.49 1.45 1.53 1.45 
August 1970 1.48 1.61 1.91 1.88 
Septernbet· 19~0 1.50 1.30 1.37 1.42 
October 1970 1.43 1.24 1. 27 1.19 
December 19:'0 1. 4; 1. 51 1.44 1. 21 
January 19"'1 1. 48 1.60 1.44 2.00 
:>Iarch 19:'1 1.44 1.42 1.38 1.28 
~Iay 1971 1.43 1.55 1.43 1.47 
July 1971 1.50 1. Sl 1. 22 
August 1971 1.69 1.63 1. 79 
September 1971 1. 31 1.64 2.00 
October 1971 1.48 1.93 1.83 

Note: -- means that not enough observations availaJle t~ calculate the characteristic 
eA~onent. 
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Appendb: table IS.--Estimates of the characteristic exponent for' sums of 
observations foI' Jail)' price changes for shell eggs 

Characteristic exponent 
Contract Single SlIDIS of 2 SlUIlS of 4 SlID1S of 8

observations 

September 1960 
October 1960 
November 1960 
December i960 
January 1961 
September 1961 
October 1961 
Novembel' 1961 
December 1961 
January 1962 
September 196~ 
October 1962 
November 1962 
December 1962 
Januarv 1963 
Septemher 1963 
October 1963 
Novell\ber 1963 
December 1963 
January 1964 
September 196'~ 
October 1904 
Npvember 1964 
December 1964 
January 1965 
September 1965 
October 1965 
November 1965 
December 1965 
January 1966 
September' 1966 
October 1966 
November 196(] 
December 1966 
Jamll1ry 1967 
September 196" 
October 1967 
November 1967 
December 1967 
Januan' 1968 
Sept~nber 1968 
October 1968 
December 1968 
January 1969 
~larch 1969 
April 1969 
~k'J.y 1969 
Jlme 1969 
July 1969 
September 1969 
October 1969 
November 1969 
December 1969 
January 1970 
February 1970 
March 19~O 
April 1970 
~lay 1970 
June 1970 

1.47 
1.69 
1.90 
Ull 
1.68 
1.82 
1. 90 
2.00 
1.80 
1.61 
1.52 
1.41 
1.56 
L.S7 
1.50 
1.75 
1.47 
1. 5: 
1.47 
1.36 
1.42 
1. 71 
1.35 
1.56 
1.68 
1.27 
1.25 
1.38 
1. 3(] 
1.30 
1.6:':: 
1.44 
1.01 
1.21 
1.54 
].49 
1.34 
1. 28 
1. 26 
1.79 
1.32 
1.49 
1.63 
1.87 
1. 2S 
1.47 
1. 74 
1.39 
1.34 
1.48 
}'56 
1.94 
1.49 
1.23 
1.35 
L15 
1.35 
1. 59 
1.43 

1.45 
1.57 
1.57 
1. 59 
1.63 
1.55 
1.42 
1.59 
1.43 
1.29 
1.48 
1.60 
1.44 
1.51 
1.66 
1. 71 
1. 54 
1.53 
1.35 
1.13 
1.64 
1.83 
1. 24 
1.46 
1.06 
1.6S 
1.29 
1.33 
1.32 
1.44 
1. 26 
1.64 
1.07 
1. 25 
1.80 
1. 37 
1. 28 
1. 31 
1.60 
1. 70 
1.52 
1.48 
1.71 
2.00 

1.63 

1.5Z 
1.77 
1.64 
1.61 
1.42 
1. 26 
1.33 
1.21 
1. 26 
1. 29 
1. 29 

1.71 
1.65 
1.48 
1. 54 
2.00 
1.35 
1. 31 
l. 76 
,1. 28 
1.15 
1.40 
1.47 
1.19 
1.63 
1.89 
1. S9 
2.00 
1.49 
1.47 
1. 27 
1.47 
1.46 
1.12 
1.48 
1.27 
1.41 
1.31 
1.53 
1.35 
1.19 
1.14 
1. 39 
1.05 
1.09 

1.38 
1. 23 
1. 28 
1.55 

1.82 
1.60 
1.92 
1.63 

Z.OO 
1.58 
1. 74 
1.49 
1.06 
1.44 
1.34 
1.33 
1.51 
1.36 

1.41 
1.98 
1. 26 
2.00 
1.87 
1.49 
l.65 
2.00 
2.00 
1.17 
1.17 
1.10 
1.37 
1.45 

~.OO 
2.00 
1.48 
1.30 

1.11 
1.4S 
1.00 

1. 70 
1.37 
1.47 

1. 21 
1. 30 

1.40 

1. 30 

2.00 
1.33 
2.00 

July 1970 
September 1970 
l'.:tober 1970 
November 1970 
Decelnber 1970 
January 1971 
February 1971 
~larch 1971 
t\pril 19"'1 
~1<ly 1971 
.June 19"1 

1.34 
2.00 
1.53 
1.59 
1.69 
1. 58 
1.49 
1.46 
1. 58 
1.56 
1.36 

1.33 
2.00 
1.56 
1. 70 
1.76 
1. 78 
1. ~n 
\ ~, 

I ~ , " 

1.1" 
1. 52 
1.88 

1.64 
1.34 
1.66 
1. 56 
1.46 

1.53 

to calculate the ch!1ractcristic:-iote: - -means that not enough Ohservations are avu ilnble 
exponent. 
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AppendLx table 16.--Estimates of characteristic exponents for 
Stuns of observations for daily price changes for pork bellies 

Characteristic exponent 
Contract Single SlUI1S of Sums of SlUI1S of 

:observations 2 4 8 

July 1964 1.35 1.41 1.31 
August 1964 1. 37 1. 55 1.30 
i'>larch 1965 1.50 1.68 1. 53 
i'>lay 1965 1.64 1. 58 1.61 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 1.60 
!--larch 1966 1. 78 1.49 1. 57 1.R3 
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 
~larch 1Q67 1.54 1.441.63 1.69 
~lay 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 
Febn.k1.1Y 1968 1.54 1.90 1.98 1. 74 
l-larch 1968 1. 73 1.47 1.69 2.00 
~lay 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 1.71 1.62 1. 52 2.00 
~larch 1969 1.66 1.91 1. 58 1.68 
~k1.y 1969 1.72 1.52 1.00 1.00 
July 1969 1.54 1.69 1.51 1. 55 
August 1969 1.43 1.66 1.58 1. 73 
February 1970 1. 57 1.56 1.49 1.43 
~larch 1970 1.44 1.71 1.93 1.49 
~k1.y 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 
~larch 1971 1.54 1. 57 1.71 1.61 
May 1971 1. 60 1.62 1.68 1.98 
July 1971 1. 58 1.68 1.38 
August 1971 1.58 1. 57 1.28 

Note: --means that not enough observations are available to calculate the 
characteris tic e)..Tlonent. 
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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 

June 1965 
August 1965 
October 1965 
December 1965 
February 1966 
April 1966 
June 1966 
August 1966 
October 1966 
December 1966 
February 1967 
April 1967 
June 1967 
August 1967 
October 1967 
December 1967 
February 1968 
April 1968 
June 1968 
August 1968 
October 1968 
December 1968 
February 1969 
April 1969 
JlUle 1969 
August 1969 
October 1969 
December 1969 
February 1970 
April 1970 
June 1970 
August 1970 
October 1970 
December 1970 

February 1971 

April 1971 

June 1971 

August 1971 

October 1971 

December 1971 

Februarv 1972 


Single 

:observations 


1.41 
1.48 
1.41 
1.41 
1.48 
1.35 
1.82 
1. 78 
1.80 
1.68 
1. 76 
1.82 
1.8~ 
1. 79 
1.53 
1.90 
1.59 
1.57 
1.60 
1. 59 
1.61 
1.68 
1.54 
1. 50 
1.42 
1.43 
1.58 
1.63 
).88 
1. 74 
1. 73 
1.65 
1. 76 
1.69 
1.53 
1. 29 
1.24 
1.49 
1. 59 
1.41 
1.30 

Sums of Sums of Sums of 
2 4 8 

1.58 1.63 
2.00 1. 76 
1.41 1.52 1.08 
1.45 1. 75 1. 28 
1.62 1.30 
1. 21 1. 70 1.07 
1.34 1.60 
1. 76 1.34 
1.95 1.54 1.44 
1. 56 1. 59 1.83 
1.96 1.68 1. 70 
2.00 2.00 1. 54 
1. 73 2.00 2.00 
1.90 1.45 1. 75 
1. 79 1.71 1.66 
2.00 1. 51 1.34 
1. 70 1. 70 1.33 
1. 73 1.68 1. 22 
1.88 2.00 1.64 
1.61 1.44 1.31 
1.59 1.38 1.36 
1. 76 1.52 1.36 
1.58 1.55 1.55 
1.42 1. 28 1.06 
1.66 1. 58 2.00 
1.38 1.35 1. 73 
1.48 1.53 1.23 
1. 51 1.39 1.12 
1.38 1.69 1. 28 
1. 77 1.45 1.41 
1. 79 1.55 1.56 
1.66 2.00 1.48 
1.91 1.45 1.52 
1.60 1.41 1. 20 
1.30 1.38 1.25 
1.49 1.58 1.59 
1.36 1.45 1.26 
1.60 1.67 1.40 
2.00 1.44 1.47 
1. 75 2.00 2.00 
1.58 1.47 

Note: --means that not enough observations are available to calculate the 
characteris tic ex-ponent. 
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Appendix table Hl.--Ethhnates of the characteristic exponent for sums of observations 
for daily price changes for Haine potatoes 

Contract 
Single 

observations 

~larch 1960 1.89
'\pri 1 1900 1.55 
~Iay 1960 1.65
:-iovember 1960 1.26 
~I(jrch 1961 1. 73
April 1961 1.51 
May 1961 1.59
November 1961 1. 57 
~Iarch H)62 1. 28
,\pril l!102 1.47
Mar 1902 1.52 
~O\'ember H162 1. 36 

~Iarch l%3 
 1.67 
April 1963 1.55 
~Iav 1963 1.59 
:-:ovember 1963 1. 73 

~larch 1964 
 1.55
April 19M 1.27 

~Ia)' 1964 
 1. 31 
:-Iovember 196·1 1.48 
~k'lrch 1965 LSI 
April 1905 1.81 

~lay 1965 
 1.81
November 1965 1.71 
~·larch 1906 1.85
;\[1ril 1966 1.86
May 1960 1.53
November 1960 1.29
~k'lrcll 196~ 

1.43April 196: 1.40 
~lny 19b~ 

1.45.\'ovember 1967 1.48
~I(jrch L968 1.57\pd1 1968 

1.54
~Lw 1968 1.32November 1968 1.57 
~Iarch 1909 1.49Apri 1 1969 1.67
~k'ly 1969 

1.57:-larch 1970 1.21
April 1970 1.35
Hay 1970 1.57 
~ovember 1970 1.87 
~Iarch 1971 1.81
April 1971 1.71 
~Ia)' 1971 1.69 

.:\ote; --means that not enough obsE'nrations are 

Characteristic exponent 

SLuns of 2 Sluns of 4 SlUng of 8 

1.90 2.00 
2.00 1.57 
1.68 1.53 1.61 
1.52 1.46 1.29 
1.73 1.46 1.20 
1.60 1.54 1.43 
1.63 1.53 2.00 
1.45 1.30 1.12 
1.40 1.39 1.89 
1. 53 1.20 1.62 
1.40 1.31 1.24 
1.84 1.41 1.56 
1. 96 2.00 1.64 
1. 70 1. 76 1.36 
1. 76 1.62 1.66 
1. 72 1.72 1.39 
1.85 1.35 1.83 
1.46 1.57 1.49 
1.40 1.27 1.00 
1. 75 1.39 1.28 
1.61 1.67 1.39 
1.60 1.77 1.50 
1.88 1. 74 1.39 
1.87 1.41 1.58 
1.66 2.00 1.29 
1. 70 2.00 1.61 
1. 64 1.49 1.23 
1.52 1.57 1.13 
1.54 1.50 2.00 
1.69 1.23 1.31 
1. 74 1.49 1. 70 
1.80 1.52 1.39 
1.34 1.47 1.47 
1.38 1.27 1.59 
1.25 1.32 1.21 
1.45 1.40 1.64 
1.63 1.31 1.65 
1.42 1.52 1.19 
1.51 1.34 1.55 
1.27 1.30 1.53 
1.40 1. 22 1.04 
1.38 1.40 1.68 
1.77 1.97 1. 64 
1.54 1.57 1.43 
1.66 1.69 1.61 
1.95 1.60 1.51 

available to calculate the characteristic e).:ponent. 
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Appendix table 19.--Turning point test for daily closing prices 
Chicago corn 

Number Number of: Expected value Standard 
of error ofof turningContract turning points :turning points:observations points-_._---,... 

106.00 5.32161 83
Mar..:h 1900 
126.67 5.81192 107
~t..v 1')60 
140.00 6.112.12 102
Ju1)' 1960 


210 112 138.67 6.08

September: 1960 

204 96 134.67 6.00

Del'ember 1960 


207 112 136.67 6.04

}larch 1961 


135.33 6.01205 111
Nr;1Y 19b1 
137.33 6.05208 108 


198 95 130.67 5.91
July 1901 
S('pcember 1961 


225 102. 148.67 6.30

December 1961 

234 115 154.67 6.42

MardI 1'162 

231 109 154.00 6.41 

~lay 1%2 

119 148.00 6.28july 1962 ~~.J 

217 115 143.33 6.19 

$eptl~mber 1%2 

148.67 6.30
De,-ember 1'l6~ 225 118 


229 109 151.33 6.36 

}!a rd' 1901 


227 112 150.00 6.33 

~WY 1963 


224 114 148.00 6.28

.july 196) 

227 109 150.00 6.33

Septembt'r 1% J 

220 117 145.33 6.23 

Dec'em~"'l' 196~ 

154.67 6.42234 III
}wlch 1'164 
225 105 150.00 6.33


}I<ly 1';16'" 
226 110 149.33 6.31


July 1964 
223 106 147.33 6.27


September 1964 
,)')1 93 148.00 6.28

Dec-ember 1964 
 --" 
217 95 143.33 6.19 


~lar1.h 1965 

150.67Hav 190') 228 111 6.34 


22.3 111 147.33 6.27 
July 1CJ65 

222 113 146.67 6.26

September 1965 

215 11) 142.00 6.16

December 196" 

149.33 6.31226 119
Mar,'ll 1%6 
''''')'''1 116 150.00 6.33

Hay 1966 _-I 
224 123 148.00 6.28


Julv 1966 

228 114 150.67 6.34


Septl'mher 1966 

226 120 149.33 6.31


De.'ember 1966 

150.67 6.34228 117
~I,ln'h 1967 

150.00 6.33

'lay 1'167 227 119 

154.67 6.42234 126
Julv 1967 

150.67 6.34228 120
September 1967 

234 121 154.67 6.42

De,'l;!mber 196" 

229 121 151. 33 6.36 

~!arch 1'168 

226 106 148.33 6.31 

~Iav 1968 


225 107 148.67 6.30

July 1'168 


227 105 
 150.00 6.33
September 1961') 

216 103 149.33 6.31

Decamber 1968 

167.33 6.68253 124

~!arch 1969 


118 150.00 6.33227 

215 114


Hay 1969 

142.00 6.16

Tuiv 1969 

222 117 146.67 6.26


September 1969 
219 127 151.3:; 6.36


December 1969 
285 155 188.67 7.10 


~!ar,~h 197C' 
225 109 148.67 6.30


}!ay 1'170 
152.00 6.37230 117 


225 122 148.67, 6.30
Ju1v 1'170 
September 1970 

235 127 155.33 6.44

December 1970 

185.33 7 .. 03280 153 

111 136.00 6.02}!ar,'h 1'171 

Hay 1971 206 

167 92 
 110.00 5.42 

,1\11 v l'1n 
78.00 4.56129 66
September 1971 

4'_~__ -' _.__...... .... 

:\otQ: \\Ji'ir.{,l' \)f observations are after elimi.nation of ties. 
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Test statistic 

-4.32 
-3.38 
-6.22 
-4.38 
···6.45 
_I; .08 
-4.05 
-4.84 
-6.04 
-7.41 
-6.17 
-7.02 
-4.61 
-4.58 
-4.87 
-6.66 
-6.01 
-5.41 
-6.48 
-4.55 
-6.80 
-7.11 
-6.23 
-6.59 
-8.75 
-7.81 
-6.26 
-5.79 
-5.38 
-3.74 
-4.80 
-5.37 
-3.98 
-5.78 
-4.65 
-5.31 
-4.90 
-4.46 
-4.84 
-5.24 
-4.77 
-6.86 
-6.61 
-7.11 
-7.34 
-6.48 
-5.06 
-4.55 
-4.74 
-3.83 
-4.74 
-6.30 
-5.50 
-4.13 
-4.00 
-4.60 
-4.15 
-3.32 
-2.63 



Appendb: table 20.--Turning point test for daily closing prices for Chicago wheat 
-- .....-~-. 

Number 
Contract of 

obser.vations-- -~"-------

Nay 1960 199 

July 196U 228 

Septembl'r 1900 256 

HaL'ch 1901 225 

~fay 1961 220 

July 1961 221 

September 1961 216 

December "!.961 222 

Narch 1962 224 

'lay 1962 224 

,/uly 1962 222 

S,'ptembcr 1902 221 

ll('~'embe, 1962 230 

~l:lrch 1963 228 

Nay 1963 231 

.ruly 196J 187 

Sept~mber 1963 218 

December 196:3 227 

Harch 1964 233 

Hav 1964 21j 

July 1964 252 

S..!;·et'lllber 1964 291 

~''''l''emher 1964 233 

/v",1l cll 1965 214 

Nay 1965 228 

.July 1965 224 

September 1965 223 

December 1965 228 

Harch 1966 214 

Nay 1966 23) 

,July 1966 236 

Scptembl:'cr 1966 213 

Decl'mber: 1966 236 

Nill"ch 1%7 237 

Nay 1967 239 

July 1%7 241 

Sel~tember 1967 240 

December 1967 236 

Harch 1968 234 

~kly 1968 233 

July 1968 231 

September 196? 233 

December 1968 234 

Harch 1969 231 

Nay 1969 225 

July 1969 228 

September 1969 274 

J)ecember 1969 234 

1'!nn:h 1970 126 

~!ay 197C 234 

Julv 1970 240 

Septemb.:?t' 1970 22.9 

December 1970 232 

Harch lq71 2:17 

}lay 1971 209 

July B71 155 


Number of: Expected value 
turning : ' of 
points turning points 

98 131.33 
125 150.67 
134 169.33 
111 148.67 
107 145.33 
104 146.00 
100 142.67 
100 146.67 
119 148.00 
118 148.00 
U5 146.67 
109 147.33 
105 152.00 
113 150.67 

99 152.67 
92 123.33 

101 144.00 
98 150.00 

111 154.00 
105 154.00 
118 166.67 
144 192.67 
112 154.00 
104 141.33 
117 150.67 
108 148.00 
JlJ 147.33 
111 150.67 
102 141.33 
122 155.33 
121 156.00 
112 154.00 
128 156.00 
120 156.67 
121 158.00 
134 159.33 
129 158.67 
125 156.00 
117 154.67 
US 154.00 
109 152.67 
105 154.00 
102 154.67 
107 152.67 
105 148.67 
112 150.67 
136 181.33 

118 154.67 

119 149.33 

119 154.67 

115 158.67 

119 151.33 

127 153.33 

121 156.67 

110 138.00 


,'32 102.00 


Standard error 
Testof 

Statisticturtling pain ts 

5.92 -S.63 
6.34 -4.05 
6.72 -5 :26' 
6.30 -5.98 
6.23 -6.15 
6.24 -6.73 
6.17 -6.91 
6.26 -7.46 
6.28 -4.61 
6.28 -4.77 
6.26 -5.06 
6.27 -6.11 
6.37 -7.38 
6.34 -5.94 
6.38 -8.41 
5.74 -5.46 
6.20 -6.94 
6.33 -8.22 
6.41 -6.71 
6.41 -7.64 
6.67 -7.30 
7.17 -6.79 
6.41 -6.55 
6.14 -6.08 
6.34 -5.31 
6.28 -6.36 
6.27 -5.48 
6.34 -6.26 
6.14 -6.40 
6.44 -5.18 
6.45 -5.42 
6.41 -6.55 
6.45 -4.34 
6.47 -5.67 
6.49 -5.70 
6.52 -3.88 
6.51 -4.56 
6.45 -4.80 
6.42 -5.86 
6.. 41 
 -6.08 
6.38 -6.84 
6.41 -7.64 
6.42 -8.20 
6.38 -7.15 
6.30 -6.93 
6.34 -6.10 
6.96 -6.52 
6.42 -5.71 
6.31 -4.80 
6.42 -5.55 
6.51 -6.71 
6.36 -5.09 
6.40 -4.12 
6.47 -5.52 
6.07 -4.61 
5.22 -3.83 

~ ..,.."'--- ... --.----.--.--~-- .... 
;"llte: ~\ullll('r I)f oh::;cnrat ions are after elimination of ties. 
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Appendix table 21. --Tur:ning point test for daily closing prices for soybeans 

..--..-~~---"-- Number Number of Expected value Standard error Test
of ofContract of turning s tat is t it: 

observations points turning po;l.nts turning points
,---"--

January 1960 138 73 90.67 4.92 -3.59 
Harch 1960 180 99 118.67 5.63 -3.49 

5.92 -3.94Hay 1960 199 108 131. 33 
.Tuly 1960 200 104 132.00 5.94 -4.72 
$l'ptembl'r 1960 202. 99 133.33 5.97 -5.76 
NOVelIlber 1960 194 105 128.00 5.85 -3.93 
.January 1961 197 102 130.00 5.89 -4.75 
~tan'h 1961 198 107 130.67 5.91 -4.01 
N..w 1961 202 97 133.33 5.°7 -6.09 
Julv 1961 200 94 132.00 5.94 -6.40 
$l'pCl:!mber 1961 202 103 133.33 5.97 -5.08 

6.30~ovt!l1\ber 1961 225 110 148.67 -6.14 
6.47 -4.59.lnnuarv 1%2 237 127 156.67 

")",., 122 150.00 6.33 -4.43~kln'h 1962 ~-j 

Nay 1962 2'H 114 152.67 6.38 -6.06 
148.67 6.30 -6.30.July 1962 225 1Q9 
146.00 6.24 -5.29August 1962 221 113 

S..'ptember 1%2 214 109 141. 33 6.14 -5.26 
November 1962 216 93 142.67 6.17 -8.05 

222 115 146.67 6.26 -5.06,lanuary 196'1 

~(arch 196J 228 122 150.67 6.34 -4.52 

Hav 1961 227 115 150.00 6.33 -5.53 
July 1%3 216 104 142.67 6.17 ~6.27 

August 1%.1 228 122 150.67 6.34 -4.52 
6.33 -5.69September 1%1 227 114 150.00 
6.44 -5.49~kwember 1963 215 120 155.33 

J.muary 19M 237 131 156.67 6.47 -3.97 
~lan'h 19M 234 131 154.67 6.42 -3.68 
H.:IY 1964 234 120 154.67 6.42 -5.40 
July 1904 237 126 156.67 6.47 -4.74 
August 19b1. 2J4 131 154.67 6.42 -3.68 
$l'ptember 1'Jot, 219 115 144.67 6.21 -4.77 
~lllvl>mbt' r 19&:, 234 117 154.67 6.42 -5.86 
J.lt1uarv 1')0'5 210 116 152.00 6.37 -5.65 
Hardl 1905 240 119 158.67 6.51 -6.10 
Hay 1965 14 '3 125 160.67 6.55 -5.45 

6.53 -5.82July 1965 242 122 160.00 
6.45 -3.72AlJ~us t 196') 136 1.32 156.00 
6.27 -4.04September 196') 123 122 147.33 

N"vembl'r 1~~6'i 234 126 154.67 6.42 -4.46 
Janllary Itfhf- 234 125 154.67 6.42 -4.62 
~Ian~h llJhb 239 144 158.00 6.49 -2.16 

~Iav 1Q6h 235 138 155.33 6.44 -2.69 


134 156.00 6.45 -3.41
.luI\' 19h6 236 

AUgllst 19;,6 236 130 156.00 6.45 -4.03 


-3.91September lqbt' 238 132 157.33 6.48 
6.38 -5.90:-<ovember 19hh 111 115 152.67 
6.48 -5.14J.lnuary 19h~ 238 124 157.33 

~Iar t· 1'1':>' 231 120 152.07 0.30 -5.12 
'&iV 19h~ ~n 120 153.33 6.40 -5.21 
.hi'" 19hl 229 119 151. 33 6.36 -5.09 
Au~u$t 1967 128 118 150.67 6.34 -5.15 
qeph'mr.l~r 190'1 229 110' 151.33 6.36 -6.50 
N.wember 19bi 222 118 146.67 6.26 -4.58 

'.. - ~ -- -----'.... --......--
Continued 
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Appendix table 21.--Turning point test Ear daily closing prices for soybeans 
- -Con t inueu 

Contract 
Number 

of 
observations 

Number of 
turning 
points 

Expected value 
of 

turning points 
January 1968 226 
March 1968 227 
Hay 1968 229 
July 1968 233 
August 196!: 217 
September 1968 225 
November 1968 223 
Jan\lary 1969 23J 
~larch 1969 118 
Nay 1969' 217 
July 1969 221 
August 1969 218 
November 196~ 223 
January 1970 249 
Harch 1970 226 
~lay 1970 238 
July 1970 236 
August 1970 233 
September 1970 235 
November 1970 . 239 
January 1971 238 
~!arch 1971 244 
}lay 1971 211 
July 1971 167 
August 1971 144 
September 1971 127 

Note: Number of ObselYationS 

110 149.33 
ll5 150.00 
116 151.33 
107 154.00 
121 150.00 
UO 148.67 
107 147.33 
U8 154.00 
107 144.00 
107 143.33 
109 146.00 

96 144.00 
106 147.33 
123 164.67 
120 149.33 
125 157.33 
125 156.00 
125 154.00 
134 155.33 
128 158.00 
134 157.33 
139 161.33 
112 139.33 

95 110.00 
89 94.67 
81 83.33 

are after elimination of ties. 

Standard error 
Testof 

turning points statistic 

6.31 -6.23 
6.33 -5.53 
6.36 -5.56 
6.41 -7.33 
6.33 -4.58 
6.30 -6.14 
6.27 -6.43 
6.41 -5.62 
6.20 -5.97 
6.19 -5.87 
6.24 -5.93 
6.20 -7.74 
6.27 -6.59 
6.63 -6.29 
6.31 -4.65 
6.48 -4.99 
6.45 -4.80 
6.41 -4.52 
6.44 -3.31 
6.49 -4.62 
6.48 -3.60 
6.56 -3.40 
6.10 -4.48 
5.42 -2.77 
5.03 -1.13 
4.72 -0.49 
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Appendix table 22.--Turning point test for daily closing prl.ces for soybean oil 

Number of Expected value Standard TestNumber 
error ofContract turning of statisticof 

points turning points turning pointsobservations 
-3.6252 67.33 4.24103December 1959 -3.5984.00 4.74128 67January 1960 -5.83115.33 5.55175 83}1art;::1 1960 -5.06128.67 5.86

Hay 1960 195 99 -5.39124.00 5.75188 93July 1960 -6.3897 135.33 6.01
September 196(. 205 -5.7082 113.33 5.50172October 1960 -4.6489 114.67 5.53
December 1960 174 

5.68 -6.11120.67183 86January 1961 -6.16128.00 5.85194 92Harch 1961 -5.73140.00 6.11212 105Hay 1961 -5.16129.33 5.88196 99July 1961 -4.58143.33 6.19217 115September 1961 -5.80131.33 5.92199 97October 1961 6.07 -6.7697 138.00209December 1961 -4.9274 99.33 5.15
January 1962 151 

5.48 -5.5982 112.67Harch 1962 171 
5.83 -7.2685 127.33Hay 1962 193 
5.88 -6.6990 129.33

July 1962 196 
4.97 ~6.3761 92.67.141August 1962 -6.89114.00 5.52

September 1962 173 76 
-6.6893.33 4.99142 60October 1962 -7.20110.00 5.42167 71December 1962 5.13 -5.0098.67150 73January 1963 5.50 -5.1585 113.33172~larch 1963 -5.6692 124.67 5.77189Hay 1963 

212 6.11 -4.91110 140.00July 1963 
211 6.10 -5.14108 139.33August 1963 -5.7190 122.67 5.72186September 1963 -4.03122.00 5.71185 99October 1963 -4.41126.67 5.81192 101December 196: -4.65136.00 6.02

January 1964 206 108 
6.37 -5.65152.00230 116Harch 1964 

101 144.67 6 .. 21 -7.03
219Hay 1961j 

227 6.33 -6.48109 150.00
July 1964 5.55 -4.2192 115.33August 196q 175 -4.35111 137.33September 1964 208 6.05 

6.34 -5.94150.67228 113October 1964 -6.61148.67 6.30225 107Decen.ber 1964 -7.13130.00 5.89
January 1965 197 88 

-6.44152.00 6.37230 111}Iarch 1965 -6.05140.00 6.11212 103Hay 1965 6.14 -7.3896 141.33214July 1965 5.56 -6.1182 116.00176August 1965 6.30 -5.66113 148.67225September 1965 6.36 -6.98107 151.33229(lctober 1965 -4.87118 148.67 6.30.225December 1965 -5.78150.67 6.34228 114January 1966 -6.28152.00 6.37230 112
~k'lrch 1466 -6.55154.00 6.41233 112Hay 1966 6.21 -6.22144.67219 106July 1966 6.17 -5.13142.67Augtlst 1966 216 111 

6.40 -6.62153.33September 1966 232 111 
6.30 -5.66113 148.67Octobe.r 1966 225 
6.41 -4.99122 154.00December 1966 233 
6.31 -6.55108 149.33226Januarv 1967 -5.97152.00 6.37230 114Harch 1967 

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

Contract 
Number 

of 
observaticns 

Number of 
turning 
points 

Expected value 
of 

turning points 

Standard 
error of 

turning points 
Test 

statistic 

Hay 1967 
July 1967 
August 1967 
September 1967 
October 1967 
December 1967 
January 1968 
Harch 1968 
Nay 1968 
July 1968 
August 1961: 
September 1968 
October 1968 
December 1968 
January 1969 
Narch 1969 
Nay 1969 
July 1969 
August 1969 
September 196~ 
October 1969 
December 1969 
January 1970 
~!arch 1970 
Hay 1970 
July 1970 
August 1970 
September 1970 
October 197C 
December 197C 
January 1971 
Harch 1971 
~!ay 1971 
July 1971 
August 1971 
September 1971 
October 1971 

232 
232 
222 
216 
214 
209 
222 
216 
231 
216 
204 
217 
177 
224 
208 
223 
224 
226 
225 
218 
219 
231 
231 
225 
234 
235 
237 
238 
239 
238 
240 
245 
212 
169 
141 
130 
108 

ll7 
103 

97 
89 
95 
95 

100 
99 

103 
102 
102 
106 

77 
104 

97 
109 
114 
119 
113 

99 
105 
122 
123 
ll4 
134 
131 
129 
127 
U2 
128 
135 
138 
118 

87 
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 
144.67 
152.67 
152.67 
148.67 
154.67 
155.33 
156.67 
157.33 
158.00 
157.33 
158.67 
162.00 
140.00 
ll1. 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 
6.51 
6.58 
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 
-.?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: Nl~ber of observations are after elimination of ties. 
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Appendix table 23.--Turning point test for daily closing prices for soybean meal 

Number Number of Expected value Standard error Test
ofContract of turning of 	 statistic 

observations points turning points turning points 

90 112.67 5.48 -4.13 
~!arch 1960 171 

5.68 -4.5295 120.67May 1960 	 183 
200 	 111 132.00 5.94 -3.54

July 1960 -3.86122.00 5.71August 1960 185 100 
-4.10111.33 5.45October 1960 169 89 
-4.0776 96.67 5.08December 1960 147 
-3.3799.33 5.15January 1961 151 82 

105 125.33 5.78 -3.52 
~!arch 1961 190 

5.58 -6.5780 116.67
~!ay 1961 	 177 

5.85 -7.0187 128.00July 1961 194 
5.81 -5.27126.67August 1961 192 96 

-5.96112.67 5.48S·:!ptember 1961 171 80 
-4.39115.33 5.55October 1961 175 91 

84 114.67 5.53 -5.54
December 1961 174 

71 94.67 5.03 -4.71
January 1962 144 

-5.8371 101.33 5.20 
~!arch 1962 154 

166 77 109.33 5.40 -5.98
May 1962 5.86 -8.47195 79 128.67July 1962 

5.10 -5.5697.33August 1962 148 69 
-5.1386.67 4.81September 1962 132 62 
-3.9974 94.00 5.01October 1962 143 
-5.1180 107.33 5.35December 1962 .. 163 
-7.0764 100.67 5.18January 1963 153 

5.45 -5.9379 111. 33~\arch 1963 169 
5.94 -5.5699 132.00May 1963 	 200 
6.04 -4.91107 136.67July 1963 	 207 
6.19 -7.49217 97 llf3.33August 1963 -6.64136.00 6.02September 1963 206 96 

-7.32131.33 5.92October 1963 199 88 
102 140.00 6.11 -6.22

December 1963 212 
-6.36100 138.67 6.08January 1964 210 

6.30 -6.30109 148.67225~!arch 1964 
6.41 -5.15154.00Hay 1964 	 233 121 
6.45 -4.65156.00July 1964 	 236 126 
6.36 -4.14151.33August 1964 229 125 

-5.18137.33 6.05September 1964 208 106 
-3.72147.33 6.27October 1964 223 124 
-4.96121 152.67 6.38December 1964 231 

6.34 -6.10112 150.67January 1965 228 
6.38 -5.74116 152.67231 

110 148.00
March 1965 6.28 -6.05
July 1965 	 224 

6.17 -5.94142.67August 1965 216 106 
-5.25148.00 6.28September 1965 224 115 
-4.23148.67 6.30225 	 122 

125 144.00 6.20October 1965 -3.06
December 1965 218 

.-4.05125 150.67 6.34January 196E- 228 
6.40 -4.43232 	 125 153.33~!arch 1966 6.17 -4.81142.67May 1966 	 216 113 
6.37 -6.75230 	 109 152.00July 1966 6.41 -6.08154.00August 1966 233 115 

-4.07126.67 5.81September 1966 192 103 
-6.28130.00 5.89October 1966 197 93 
-4.55123 152.00 6.37December 1966 230 

110 155.33 6.44 -7.04
January 1967 235 

-5.56229 116 151.33 6.36 
~!arch 1967 -6.26111 150.67 6.34May 1967 	 228 

6.47 -6.75156.67July 1967 	 237 113 
6.44 -6.73155.33August 1967 235 112 

Continued 
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Appendix table 23.--Turning point test for dai.ly closing prices for soybean meal 
--Continued 

Contract 
Number 

of 
observations 

Number of 
turning 
points 

Expected value 
of 

turning points 

Standard error 
of 

turning poi~!:.e 

Test 
statistic 

Septt:mber 1967 
October 1967 
December 1967 
January 1968 
March 1968 
May 1968 
July 1968 
August 1968 
September 1968 
October 1968 
December 1968 
January 1969 
March 1969 
May 1969 
July 1969 
August 1969 
September 1969 
October 1969 
December 1969 
January 1970 
Harch 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 
October 1971 

230 
222 
219 
233 
229 
227 
217 
211 
226 
176 
215 
219 
218 
221 
227 
229 
221 
213 
229 
227 
232 
240 
240 
232 
228 
237 
241 
237 
239 
213 
162 
138 
116 
101 

114 
118 
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 
119 

86 
80 
59 
52 

152.00 
146.67 
144.67 
154.00 
151.33 
150.00 
143.33 
139.33 
149.33 
116.00 
142.00 
1'~4.67 
144.00 
146.00 
150.00 
151. 33 
146.00 
140.67 
151.33 
150.00 
153.33 
158.67 
158.67 
153.33 
150.67 
156.67 
159.33 
156.67 
153.00 
140.67 
106.67 

90.67 
76.00 
66.00 

6.37 
6.26 
6.21 
6.41 
6.36 
6.33 
6.19 
6.10 
6.31 
5.56 
6.16 
6.21 
6.20 
6.24 
6.33 
6.36 
6.24 
6.13 
6.36 
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 

-5.97 
-4.58 
-6.06 
-5.30 
-5.40 
-6.32 
-5.55 
-5.47 
-6.23 
-3.05 
-5.69 
-6.54 
-5.97 
-4.97 
-4.11 
-5.09 
-6.09 
-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: Number of observations are after elimination of ties, 
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test for daily closing prices for shell eggsAppendix table 24.--Turning point 

...'.------- Number Number of Expected value Standard error Test 
ContraCt of turning of of ; st:ltiSti..: 

observations points turning points turning points 

128 155.00 &.44 -4.25September 196C 235 
156.00 6.45 -3.56\kc\,ber 19&0 236 133 

118 130.00 5.89 -2.04November 1960 197 
134.00 5.98 -1. 34DeL'ember 19&0 20) 126 

191 107 126.00 5.80 -3.28Januarv 1901 
150.67 6.34 -3.42 

~eptember 1961 228 12.9 
225 130 148.67 6.30 -2.96 

(l,' tuber 1961 -4.55November 1961 210 111 138.67 6.08 
108 133.33 5.97 -4.25December 19b1 2M 

126.00 5.80 -6.55Janua.rv 1<)62 191 88 
147.33 6.27 -2.60September 19b2 223 131 

219 US 144.67 6.21 -1.56\1(' t"ber 1962 
121 145.33 6.23 -3.91N,wember 19&2 :::20 

130.00 5.89 -5.26
lle"el11ber 1962 197 99 

IS7 83 103. )3 5.25 -3.87 
Jan.u~lry 19b3 

145.33 6.23 -3.43:;eptcmber 19&1 22tJ 124 
2-17 llb 14 J. 33 b.19 -4.42Iktober 19b 3 

97 125.33 5.78 -4.90November 19b3 1')0 
1961 180 94 118.67 5.63 -4.38

De,~ember 
02 94.67 5.03 -6.50

.JanUilrv 196~ 144 
138.67 6.08 -4.55 

~eptel11ber 1964 210 111 
190 99 125.33 5.78 -4.55O('tober 1%4 

100.00 5.17 -4.06 
Nov~mbet" J964 152 79 

82.67 4.70 -3.33December 1964 126 61 
<)5 49 62.00 4.07 -3.19

Jilouary 1t)6S 
132.67 5.95 -5.32September 1965 201 101 

179 85 118.00 5.61 -5.88
l)~t('ber 1965 

109.33 5.40 -5.24 
~(1Vemher 1905 11)6 81 

5.15 -4.53December 1965 151 76 99.33 
86.67 4.81 -3.88Januarv 1966 132 68 

184 88 121. 33 5.69 -5.86$eptember 1966 
202 94 133.33 5.97 -6.59\},-t"ber 1966 

.00 4.14 -5.08 
~(1V(,l11ber 1966 98 43 " 

5.13 -3.83150 79 9".67 
7'! 40 50.67 3.68 -2.90De(-enlber 1966 

lanllarv 1967 
1967 196 110 129.33 5.88 -3.29 

~eptember 
81 99.33 5.15 -3.56

O\'t"het:' 1<)67 151 
95.33 5.05 -5.42November 1967 145 68 

102 52 66.67 4.22 -3.48 
ne~ember 1907 

34 48.67 3.61 -4.07Januarv l'l61l 75 
1<)68 180 88 118.67 5.63 -5.45September 

84 120.67 5.68 -6.46Iktnber 1%8 183 
1<)68 173 89 114.00 5.52 -4.53De,-emher 

112 54 73.33 4.43 -4.37Januarv 1909 
22 27.33 2.71 -1.97 

~Ia rrh 1969 43 
69 31 44.67 3.ld, -3.95

April 196'1 
18 24.67 2.57 -2.59

>lay 1%9 39 
40 15 25.33 2.el -3.97

June 1969 
77 28 50.00 'Let -6.02July 1969 


September 1969 
 ::11 122 140.67 6.13 -3.05 
203 112 134.00 5.98 -3.68

"('cober 1969 
120.67 5.68 -6.64 

~ovember 1969 183 83 
152 72 100.00 5.17 -5.42December 1'lb'l 

50 86.67 4.81 -7.62January 1970 132 
-4.0975.33 4.49Februarv 1970 115 57 

120 57 78.67 4.58 -4.73 
~larch 1970 -4.5881. 33 4.66April 1970 124 60 

126 65 82.67 4.70 -3.76 
'Uw 1970 6.79 -2.92n 86.00131.lune 1<Jill 61 27 39.33 3.24 -3.80 
11th' 1970 172 85 113.33 5.50 -5.15 
$eI'tember 197(1 81 110.00 5.42 -5.35167
Ikt.1bet:' 1970 86.00 4.79 -3.13131 71 
~ov< lIber 1970 98 128.67 5.86 -5.23195
n",,-ember 1970 -3.95161 85 106.00 5.32 
J,tuulltV 19H 3.63 -3.1276 35 49.'3.3 
F.'hrul\t'v 197.' 79 46 51.33 3.70 -1.44 
'lllr~h 19H 42.67 3.38 -1.0966 39 
Arril 1971 36 43.33 3.40 -2.1567
'L.,y 1971 -3.8039.33 3.2461 27 
June 1')71 

\ote: \urmer of (lbservation~ an' after elimination of ties .. 
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Appendix tabJ.e 25.--Turningpoint test for daily closing prices for 
frozen pork bellies 

Number of Expt!cted value
Number ofContract turning of turning: observations points points 

July ]964 146 69 96.00 
August 1964 85176 116.00 
Harch 1965 156 81 102.67 
Nay 1965 226 122 149.33 
July 1965 239 118 158.00 
August 1965 240 119 158.67 
February 1966 187 87 123.33 

Harch 1966 
 215 94 142.00 
Hay 1966 234 119 154.67 
July 1966 133242 160.00 
August 1966 243 133 160.67 

FO:!bruary 1967 232 
 126 153.33 
Harch 1967 203 113 134.00 
Mny 1967 124223 147.33 
July 1967 238 130 157.33 
AugUSt 1967 231 135 152.67 
Fetrllary 1968 220 128 145.33 
March 1968 236 138 156.00 
Hay 1%8 237 136 156.67 
July 1968 237 131 156.67 
August 1968 235 126 155.33 
February 1969 222 120 146.67 
March 1969 240 128 158.67 
Nay 1969 236 133 156.00 
.July 1969 237 127 156.67 
August 1969 239 132 157.00 
February 1970 227 J.29 150.00 
}larch 1971) 219 127 144.67 
Hay 1970. 232 131 153.33 
July 1970 237 136 156.67 
August 1970 235 126 155.33 
February 1971 222 124 146.67 
March 1971 244 137 161.33 
Hay 1971 197 101 130.00 
July 1971 165 79 106.00 
August 1971 141 65 92.67 

Note: Number of observations are after elimination of ties. 

Standard error 
of turning Test 

points statistic 

5.06 -5.33 
5.56 -5.57 
5.24 -4.14 
6.31 -4.33 
6.49 -6.16 
6.51 -6.10 
5.74 -6.33 
6.16 -7.80 
6.42 -5.55 
6.53 -4.13 
6.55 -4.23 
6.40 -4.27 
5.98 -3.51 
6.27 -3.72 
6.48 -4.13 
6.38 -2.77 
6.23 -2.78 
6.45 -2.79 
6.47 -3.20 
6.47 -4.00 
6.44 -4.56 
6.26 -4.26 
6.51 -4.71 
6.45 -3.56 
6.47 -4.59 
6.49 -4.00 
6.33 -3.32 
6.21 -2.84 
6.40 -3.49 
6.47 -3.20 
6.44 -4.56 
6.26 -3.62 
6.56 -3.71 
5.89 -4.92 
5.32 -5.08 
4.97 -5.56 
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Appendix table 26.--Turning point test for daily closing prices for live cattle 

Number Number of Expected value Standard error' Test 
Contract of 

; observ.ltions 
turning 
Eoints 

of 
turning Eoints 

of 
turrting Eoints 

-statistic 

June 1965 
August 1965 
October 1965 
December 1965 
February 1966 
April 1966 
June 1966 
August 1966 
October 1966 
December 1966 
February 1967 
April 1967 
June 1967 
August 1967 
October 1967 
December 1967 
February 1968 
April 1968 
June 1968 
August 1968 
October 1968 
December 196P 
February 1969 
April 1960 

June 1969 
August 1969 
October 1969 
December 1969 
February 1970 
April 1970 
June 1970 
August 1970 
October 1970 
December 1970 
February 1971 
April 1971 
June 1971 
August 1971 
October 1971 
December 1971 
February 1972 

122 
163 
196 
192 
159 
163 
168 
176 
185 
224 
220 
223 
205 
227 
246 
287 
29b 
272 
267 
233 
194 
207 
201 
212 
212 
194 
22.7 
22.3 
224 
261 
285 
295 
264 
295 
267 
239 
278 
208 
189 
172 
122 

55 
68 
85 
85 
67 
81 
80 
78 
82 
94 

103 
111 

87 
100 
111 
137 
151 
116 
137 
124 

87 
100 

89 
97 
95 
93 

102 
112 
115 
129 
138 
152 
132 
157 
143 
123 
155 
112 

98 
86 
52 

80.00 
107.33 
129.33 
126.67 
104.67 
107.33 
110.67 
116.00 
122.00 
148.0() 
145.33 
147.33 
135.33 
150.00 
162.67 
190.00 
19".00 
180.00 
176.67 
154.00 
128.00 
136.67 
132.67 
140.00 
140.00 
128.00 
150.00 
147.33 
148.00 
172.67 
188.67 
195.33 
174.67 
195.33 
176.67 
158.00 
184.00 
137.33 
124.67 
113.33 

80.00 

4.62 
5.35 
5.88 
5.81 
5.29 
5.35 
5.44 
5.56 
5.71 
6.28 
6.23 
6.27 
6.01 
6.33 
6.59 
7.12 
7.23 
6.93 
6.87 
6.41 
5.85 
6.04 
5.95 
6.11 
6.11 
5.85 
6.33 
6.27 
6.28 
6.79 
7.10 
7.22 
6.83 
7.22 
6.87 
6.49 
7.01 
6.05 
5.77 
5. SUo 
4.62 

-5.'41 
-7.35 
-7.5S 
-7.17 
-7.13 
-4.92 
-5.64 
-6.83 
-7.01 
-8.59 
-6.80 
-5.79 
-8.04 
-7.90 
-7.84 
-7.44 
-6.22 
-9.23 
-5.78 
-4.68 
-7.01 
-6.07 
-7.34 
-7.03 
-7.36 
-5.99 
-7.59 
-5.63 
-5.25 
-6.43 
-7.14 
-6.00 
-6.25 
-5.31 
-4.90 
-5.39 
-4.14 
-4.18 
-4.62 
-4.97 
-6.06 

Note: Number of observations are after elimination of ties. 
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Appendix table 27.--Turning point test for daily closing prices for Maine potatoes 

Standard error Test 
of statistic 

turning points 

5.25 -3.49 
5.66 -5.30 
5.95 -4.48 
5,20 -1.99 
5.94 -5.05 
6.08 -5.21 
6.19 -5.39 
5.55 -3.118 
5.92 -5.29 
6.10 -5.47 
6.14 -5.59 
5.74 -4.59 
5.92 -3.10 
5.91 -5.53 
6.07 -5.44 
5.45 -3.55 
5.68 -1•• 87 
5.97 -6.59 
5.98 -5.J 8 
5.68 -2.23 
6.08 -3.89 
6.17 -4.65 
6.41 -5.62 
6.05 -4.51 
6.08 --5.37 
6.20 -4.36 
6.26 -4.58 
6.01 -2.88 
6.44 -4.56 
6.34 -4.36 
6.52 -5.57 
5.94 -2.36 
6.30 -3.28 
6.44 -4.56 
6.38 -2.92 
5.88 -1.42 
6.24 -5.29 
6.34 -3.89 
6.40 -4.74 
5.98 -4.68 
6.17 -4.32 
6.26 -5.22 
5.74 -2.50 
6.23 -4.07 
6.01 -3.88 
6.01 -5.71 

Number 
Contract 	 : of 

: observations 

~!arch 1960 157 

April 1960 182 

HdY 1960 201 

November 196f. 154 

Harch 1961 200 

AprH 1961 210 

Hay 1961 217 

November 1961 175 

Nan.:h 1962 199 

April 196~ 211 

H,w 1962 214 

November 1962 187 

~!arch 1963 199 

AprU 1963 198 

Nay 196 ) 209 

~lovember 1963 169 

~larch 1964 183 

April 1964 202 

Nay 1964 203 

November 1964 183 

~Llr,'h 1965 210 

April 1965 216 

!>!ay 196:; 233 

:-lovember 1%::; 208 

1'lan:h 196f 210 

April ll)bb 218 

Nay L96'1 222 

November 1966 205 

Harch 1967 235 

April 1967 228 

~1'lY 1967 241 

November 1967 200 

March 1968 225 

AprIL 19p1l 235 

~!ay 1968 231 

November 196!' 196 

Narch 1969 221 

April 1969 228 

Hay 1969 232 

~!arch 1970 203 

April 1971' 216 

~lav 1970 222 

:-lovember 197C 187 

Harch 1971 220 

April 1971 205 

Hay 1971 205 


Number of 
turning 
points 

85 

90 


106 

n 

102 

107 

110 


96 

100 

106 

107 


97 

113 


98 

105 


92 

93 

94 


103 

108 

115 

114 

118 

110 

106 

117 

118 

118 

126 

123 

123 

118 

128 

126 

134 

121 

113 

126 

123 

106 

116 

114 

109 

120 

112 

101 


Expected value 
of 


turning points 


103.33 
120.00 
132.67 
101.33 
132.00 
138.67 
143.33 
115.33 
131. 33 

139.33 
141.33 
123.33 
131.33 
130.67 
138.00 
111. 33 

120.67 
133.33 
134.00 
120.67 
138.67 
142.67 
154.00 
137.33 
138.67 
144.00 
146.67 
135.33 
155.33 
150.67 
159.33 
132.00 
148.67 
1.55.33 
152.67 
129.33 
146.00 
150.67 
153.33 
134.00 
142.67 
146.67 
123.33 
145.33 
135.33 
135.33 

;\ott' : :>'\nnher of ohscrvations are after elimination of ties. 
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Appendix table 2S.--Phase length test for daily closing prices for Chicago corn 

Contract 
Number 

of 
observations 

Chi-square statistic 

Unadjusted: Adjusted 

~Iart'h 1960 184 14.73 12.63 
Ha}' 1900 
July 1960 
September 1960 
December 1960 

225 
245 
247 
245 

12.96 
29.36 
24.02 
37.29 

11.11 
25.17 
20.59 
21.96 

March :1961 237 29.40 25.20 
Hay 1961 
July 1961 
SeptetnbE'r 1961 
D~cember 1961 

232 
228 
214 
244 

14.67 
19.68 
46.78 
74.89 

12.58 
16.87 
40.10 
64.19 

Har..:h 1962 246 42.25 36.22 
}l1y 1962 
July 1962 
September 1962 
December 1962 

246 
246 
245 
244 

57.12 
23.58 
22.99 
24.33 

48.96 
20.22 
19.71 
20.86 

}larch 1963 
Nay 1963 
July 1963 
SE'pt~mber 1963 
DE'cember 196) 
Harch 1%4 

243 
244 
243 
244 
245 
245 

33.13 
26.45 
18.79 
34.62 
20.35 
34.24 

28 ,1~0 
22.67 
16.10 
29.67 
17.44 
29.35 

~Iav 1964 243 46.53 39.88 
JulY 1964 245 51.33 44.00 
September 
Decembet" 

1964 
1961. 

246 
246 

38.99 
64.41 

33.42 
55.21 

~Iarch 1965 246 61.32 52.56 
~!ay 1965 
July 1965 
September 1965 
December 1965 

244 
244 
245 
245 

35.52 
32.87 
26.46 
12.70 

30.45 
28.18 
22.68 
10.88 

}Iarch 1966 
~!ay 1966 
July 1966 
September 1966 
December 19Gb 

246 
245 
245 
246 
245 

25.72 
33.71 
16.99 
39.00 
25.46 

22.04 
28.89 
14.56 
32.91 
21.82 

March 1967 
Nay 1967 
July 1967 
Septem;'e.r 1967 
December 1967 

243 
243 
244 
242 
244 

37.74 , 
29.44 
25.42 
24.41 
24.70 

32.35 
25.23 
21. 78 
20.92 
21.17 

~larch 1968 245 23.96 20.54 
Hay 1968 
July 1968 
September 1968 
December 1968 

245 
245 
244 
244 

46.09 
40.30 
36.83 
50.39 

39.51 
34.55 
31. 57 
43.19 

March 1969 276 40.54 34.74 
Hay 1969 
July 1969 
September 1969 
December 1969 

243 
242 
242 
243 

20.99 
20.67 
21.95 
8.22 

18.00 
17.71 
18.82 

7.05 
Narch 1970 303 11.62 9.96 
Hav 1970 
July 1970 
September 1970 
December 1970 

249 
251 
246 
251 

31. 79 
27.54 
19.99' 
25.14 

27.25 
23.60 
17.14 
21.55 

Nm;'c!J 1971 
Hay 1971 
July 1971 
September 1971 

298 
212 
173 
130 

20.99 
19.25 

9.67 
8.46 

17.99 
16.50 

8.28 
7.25 
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Apl'endix table 29.--Phase length test for daily closing prices for Chicago wheat 

Contract Number of 
observations 

Chi-square statistic 
Unadjusted Adjusted 

Hn)' 1960 225 29.41 25.21 
July 1960 267 14.86 12.73 
September 1960 310 42.24 36.20 
}larch 1961 244 37.63 32.26 
Hay 1961 245 36.87 31.61 
July 1961 245 45.19 38.74 
September 1961 244 51. 74 44.35 
December 1961 245 57.26 49.08 
1-1a reh 1962 245 24.17 20.72 
Hay 1962 246 18.23 15.62 
July 1962 246 23.58 20.21 
September 1962 245 30.64 26.26 
December 1962 243 60.07 51.49 
~larch 1963 242 51.63 44.25 
Hay 1963 244 54.47 46.69 
July 1953 207 24.75 21.22 
September 1963 244 29.04 24.89 
Deceolber 1963 245 56.58 48.50 
~larcl: 1964 245 30.64 26.27 
May 196'1 244 53.69 46.02 
July 1964 267 39.67 34.00 
September 1964 309 49.20 42.17 
December 1964 246 35.21 30.18 
Klrch 1965 236 29.55 25.33 
Hay 1965 245 23.65 20.27 
July 1965 243 35.81 30.69 
September 1965 240 20.09 17.22 
December 1965 244 43.92 37.64 
March 1966 222 38.53 33.03 
May 1966 246 24.69 21.16 
July 1966 245 31.91 27.35 
September 1966 244 30.35 26.01 
December 1966 245 19.64 16.83 
Harch 1967 243 31.21 26.75 
Hay 1967 244 35.18 30.16 
July 1967 244 12.93 11.08 
September 1967 243 22.41 19.21 
December 1967 244 29.90 25.63 
Harch 1958 245 37.30 31.97 
Hay 1968 245 32.95 28.25 
July 1968 245 44.21 37.90 
September 1968 244 61.45 52.67 
December 1958 244 62.53 53.60 
March 1969 243 46.36 39.74 
May 1969 243 50.31 43.12 
July 1969 243 42.81 36.69 
September 1969 285 56.02 48.02 
December 1969 243 33.82 28.98 
March 1970 242 31. 75 27.21 
Nay 1970 249 27.48 23.55 
July 1970 251 47.07 40.34 
September 1970 246 20.16 17.28 
December 1970 250 12.93 11.08 
Mat:ch 1971 252 32.71 28.04 
May 1971 217 20.17 17.29 
July 1971 166 9.79 8.39 
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--------
Contract 

January 1960 

Harch 1960 

Nay 1960 

July 1960 

September 1960 

November 1960 

Jauuary 1961 

Harch 1961 

Hay 1961 

July 1961 

September 1961 

November 1961 

January 1962 

Hareh 1962 

Hay 1952 

July 1962 

August 1962 

Septembex 1962 

Novembor 1962 

January 1963 

Hareh 1963 

Hay 1963 

July 1963 

August 1963 

September 1963 

November 1963 

January 1964 

Harch 1961, 

Hay 1964 

July 1964 

t\l.Igust 1964 

September 1964 

November 1964 

Juuudry 1965 

N':lrch 1965 

:!ay 1965 

July 1965 

August 1965 

Septl"mber 1965 

November 1965 

January 1966 

Harch 1966 

Hay 1966 

July 1966 

AuguSt 1966 

September 1966 

Nov~mbE'r 1966 


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

Number Chi-square statistic 
of 

observations 

141 

184 

209 

210 

212 

211 

210 

210 

210 

208 

210 

239 

246 

246 

246 

244 

246 

239 

245 

243 

243 

244 

228 

239 

242 

244 

245 

244 

244 

246 

244 

232 

243 

244 

246 

245 

244 

243 

245 

250 

246 

246 

245 

245 

245 

246 

244 


Unadjusted 

12.23 
11.82 
13.12 
22.76 
31.17 
16.43 
23.34 
22.58 
39.79 
24.66 
21.36 
33.74 
15.53 
18.05 
45.11 
45.67 
33.40 
30.11 
67.51 
28.57 
18.55 
27.61 
33.48 
20.34 
27.59 
24.55 
15.08 
12.77 
28.71 
24.18 
17.84 
21.19 
35.87 
26.20 
29.86 
25.62 
27.98 
9.61 

17.48 
17.09 
18.80 

3.86 
4.21 
5.44 

12.79 
8.94 

32.09 

AdjuS"ted 

10.48 
10.13 
11.24 
19.51 
26.72 
14.09 
20.01 
19.36 
34.10 
21.14 
18.31 
28.92 
13.31 
15.47 
38.66 
39.14 
28.62 
25.81 
57.86 
24.48 
15.90 
23.67 
28.70 
17.43 ' 
23.65 
21.04 
12.93 
10.94 
24.61 
20.73 
15.29 
18.17 
30.74 
22.46 
25.60 
21.96 
23.99 
8.24 

14.98 
14.65 
16.11 

3.31 
3.61 
4.66 

10.96 
7.66 

27.51 

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

Number Chi-square statistic
Contract of 

Unadjusted Adjustedobservations 

January 1967 245 29.79 25.53
Harch 1967 243 29.17 25.01
Nay 1967 243 27.84 23.86
July 1967 244 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
Narch 1968 245 24.17 20.72
Hay 1968 245 24.26 20.80
July 1968 245 42.75 36.65
August 1968 243 19.81 16.98
Septembe,r 1968 244 36.39 31.20
November 1968 243 41.55 35.62
January 1969 244 40.73 34.91
Harch 1969 244 39.84 34.15
Nay 1969 243 37 . .45 32.10
July 1969 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
Harch 1970 246 26.71 22.90
Hay 1970 248 28.14 24.12
July 1970 251 25.36 21.74
August 1970 244 21.34 18.29
September 1970 246 14.84 12.72
November 1970 250 18.56 15.91
January 1971 251 9.04 7.75
Harch 1971 252 8.51 7.29
Hay 1971 217 15.32 13.13
July 1971 171 8.18 7.01
August 1971 150 3.07 2.63
September 1971 132 .40 .34 
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Appemli.x. table 31. --Phase length test for daily closing prices for ~~oybean oil 

Chi-square statistic 

Contract 

December 1959 
January 1960 
~lard1 1~)60 

:'Ia), 1960 

July 1960 

September 1900 

October 1960 

December 1960 

,hmuary 1961 

~larch 1961 

~lar 1961 

July 1961 

September 1961 

October 1961 

December 1961 

January 1962 

~Iarch 1962 

~\ay 1962 

July 1962 

..\ugust 1962 

September 1962 

October 19b2 

December 1962 

.lanuary 1963 

March 1963 

~!ar 1963 

July 1903 

August 19b3 

September 1963 

\Jctober 1963 

December 19b3 

.J:muary 1964 

\Iarch 1964 

~Iay 1904 

July 1964 

August 1904 

September 1964 

()etober 1964 

December 1964 

January 19b5 

~L:'lrch 1965 

~lay 1965 

.July 1905 

August 1965 
September 1965 
llctober 1~105 

December 1965 

;-.,it.unber 

of 


observations 


121 

141 

184 

223 

209 

221 

188 

188 

202 

208
,..,
.;,~.) 

201 

T")"'!
t.-<

204 

223 

167 

186 

204 

209 

150 

183 

154 

1-5 

160 

180 

205 

... , 
i..k.) 
,,~ 

wu::' 

203 

202 

204
2lR 

240 

238 

238 

195 

220 

240 

236 

203 

244 

218 

224 

191 

239 

242 

238 


61 


Unadjusted 

8.72 
14.19 
23.37 
20.16 
28.19 
46.07 
30.63 
14.44 
25.66 
25.49 
31. 52 

27.60 
23.31 
27.36 
33.41 
17.75 
22.27 
37.16 
27.76 
29.35 
40.55 
44.83 
36.73 
23.18 
22.97 

29.53 
19.91 
19.31 
27.46 
16.05 
20.63 
16.76 
28.38 
39.66 
25.62 
19.11 
11.17 
28.39 
37.86 
30.05 
29.24 
21.05 
35.93 
22.81 
38.84 
35.69 
22.28 

Adjusted 

7.47 
12.17 
20.03 
17.28 
24.17 
39.48 
26.26 
12.38 
21.99 
21.85 

2"'.01 

23.66 
19.98 
23.46 
28.64 

lS.21 

19.09 
31.85 
23.80 
25.16 
34.75 

<;8.43 

31.48 
19.37 
19.69 
25.31 
17.07 
16.55 
23.54 
13.76 
17.68 
14.37 
24.33 
33.99 
21.96 
16.38 

9.58 
24.34 
32.45 
25.75 
25.07 
18.04 
30.80 
19.56 
33.29 

30.S9 

19.09 

Continued 



t\ppentli.\. table 31. - -Phase length test for daily closing prices for soybean oil 

ContrnL"t 

.--"'- ~.--".-~ 

.January 1900 

\!arch 1966 

~Iay 1966 

.July 1%(1 

;\ugu..<; t 1%6 

September 196b 

lktuhl'l' 1966 

Dcc l 'J11be r 19b() 

.Janunry 19b~ 


~.r<lI\:h 19b7 

~,f..ty 1%7 

Jull' 1967 

Angust 19b7 

:){'P t t'mber E107 

lktober 1%:' 

December 19b,:' 

J,IJlUarV 1965 

March 1%8· 

~lay 1%8 

.Tuly 19t)S 

:\ugus t 1908 

St'ptember 1968 

L\.'tober 1965 

[)cccmhl'r 1908 

.January 1969 

~!a reh ]909 

May 1969 

.luly 1969 

:\ugust 1969 

September 1969 

l)c tober 1969 

Dect'lJIber 1969 

.January 19'0 

~!arch 1970 

Mav 1970 

Ju'ly 1970 

August 19 M O 

September 1970 

October 19~0 


December 19 M O 

.Tanuary 1971 

~larch 1971 

~Iav 1971 

,}uir 19~1 

,\UgtL-; t 19"1 

Septcrllwr 19:1 

lktoher 19~1 


i'<'tnnber 

of 


obsenrations 


244 

246 

244 

')') _...,) 


229 

244 

240 

244 

245 

243 

244 

244 

238 

2:)4 

~41 
233 

241 

Zl5 

245 

228 

226 

238 

198 

238 

225 

244 

243 

242 

241 

241 

243 

246 

247 

243 

249 

245 

243 

246 

248 

250 

250 

252 

218 

174 

150 

132 

no 

--Continued 

Chi-square statistic 
Unadjusted Adjusted 

35.43 	 30.37 
20.63 	 17.69 
26.98 	 23.13 
46.85 	 40.15 
22.53 	 19.31 
42.58 	 36.50 
28.58 	 24.41 
28.29 	 24.25 
42.49 	 36.42 
36.02 	 30.88 
35.53 	 30.45 
52.25 	 44.78 
53.34 	 45.72 
56.73 	 48.63 
52.13 	 44.69 
32.09 	 27.50 
43.00 	 36.86 
34.77 	 29.81 
45.98 	 39.42 
30.92 	 26.50 
29.22 	 25.05 
36.21 	 31.04 
44.92 	 38.50 
42.81 	 36.69 
42.22 	 36.19 
28.19 	 24.16 
21.51 	 18.44 
24.03 	 20.60 
35.85 	 30.73 
61.58 	 52.78 
36.37 	 31.17 
17.69 	 15.16 
14.48 	 12.41 
20.00 	 17.15 
17.38 	 14.90 
16.28 	 13.95 
16.18 	 13.87 
17.97 	 15.40 
22.96 	 19.68 
11. 76 	 10.08 

6.91 	 5.92 
10.22 	 8.76 

8.07 	 6.92 
11.82 	 10.13 
12.78 	 10.95 
10.45 	 8.96 


.72 .62 
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Appendix table 32.--Phase length test for daily closing price for soybean meal 

Contract 

Narch 1960 

~lay 1960 

July 1960 

August 1960 

Octo bee 1960 

Decembee 1960 

January 1961 

Hatch 1961 

Nay 1961 

July 1961 

August 1961 

September 1961 

October 1961 

December 1961 

January 1962 

~larch 1962 

Hay 1962 

July 1962 

August 1962 

September 1962 

October 1962 

December 1962 

January 1963 

:\!arch 1963 

Nay 1963 

July 1963 

August 1963 

September 1963 

October 1963 

December 1963 

January 1964 

Narch 1964 

Hay 1964 

July 1964 

August 1964 

September 1964 

October 1964 

December 1964 

January 1965 

Narch 1965 

July 1965 

August 1965 

September 1965 

October 1965 

December 1965 

Number 

of 


observa tions 


177 

192 

210 

201 

190 

'156 

168 

206 

183 

204 

199 

178 

182 

180 

150 

161 

177 

209 

161 

142 

152 

175 

161 

177 

209 

224 

224 

220 
-205 

222 

216 

230 

241 

241 

242 

228 

243 

240 

237 

246 

234 

222 

234 

241 

238 


Chi-square statistic 

Unadjusted Adjusted 

10.50 9.00 
16.74 14.35 
21.42 18.36 
11.96 10.26 
11.73 10.0B 
20.60 17.66 
13.00 11.14 
13.06 11.19 
44.27 37.95 
39.87 34.17 
27.24 23.35 
18.49 15.85 
16.35 14.01 
26.34 22.58 
18.05 15.47 
22.50 19.29 
28.99 24.85 
46.34 39.72 
26.65 22.85 
33,90 29.06 
15.45 13.24 
31.36 26.88 
4,9.48 42.41 
38.06 32.63 
39.76 34.08 
27.68 23.72 
71.04 60.89 
58.25 49.93 
45.84 39.29 
35.92 30.79 
38.67 33.15 
33.76 28.94 
28.95 24.81 
14.96 12.83 
10.67 9.15 
30.18 25.87 
16.37 14.03 
20.97 17.98 
31.17 26,71 
27.92 23.93 
29.22 25.05 
28.24 24.20 
17.02 14.59 
17.43 14.94 

5.58 4.78 

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

Contract 

January 1966 
March 1966 
Hay 1966 
July 1966 
August 1966 
September 1966 
October 1966 
December 1966 
January 1967 
March 1967 
May 1967 
July 1967 
August 1967 
September 1967 
October 1967 
December 1967 
Januat'y 1968 
Harch 1968 
May 1968 
July 1968 
August 1968 
September 1968 
October 1968 
December 1968 
January 1969 
March 1969 
May 1969 
July 1969 
August 1969 
September 1969 
October 1969 
December 1969 
January 1970 
March 1970 
May 1970 
July 1970 
August 1970 
September 1970 
October 1970 
December 1970 
January 1971 
March 1971 

Hay 1971 

July 1971 

August 1971 

September 1971 

October 1971 


Number 
of 

observations 

246 

241 

228 

241 

243 

205 

204 

244 

244 

243 

244 

243 

242 

243 

241 

244 

244 

245 

245 

235 

227 

243 

197 

238 

243 

244 

243 

243 

242 

243 

241 

245 

246 

246 

249 

246 

244 

245 

250 

250 

251 

251 

218 

174 

145 

132 

109 


--Continued 

Chi-sguare statistic 

Unadjusted Adjusted 

13.49 11.56 
23.48 20.13 
17 .22 14.76 
34.84 29.86 
26.32 22.56 
10.46 8.96 
28.09 24.08 
27.32 23.42 
51.81 44.41 
44.37 38.03 
38.94 33.38 
43.22 37.05 
44.43 38.08 
35.63 30.54 
24.09 20.65 
39.53 33.89 
25.16 21.56 
25.61 21. 95 

51.27 43.95 
34.10 29.22 
33.71 28.89 
30.30 25.97 

8.03 6.88 
38.89 33.33 
55.84 47.87 
39.46 33.82 
25.88 22.18 
21.14 18.12 
32.36 27.74 
45.43 38.94 
21.01 18.01 
42.35 36.30 
53.20 45.60 
33.01 28.30 
40.86 35.03 
24.85 21.30 
23.52 20.16 
38.41 32.92 
17.25 14.79 
30.90 26.49 
17.57 15.06 
25.60 21.94 
17.80 15.26 
13.94 11. 95 


6.39 5.48 
16.97 14.55 
8.51 7.29 
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test for daily closing prices for shell eggsAppendix table 33.--Phase length 

Chi-sguare statisticNumber 
Contract 

September 1960 
October 1960 
November 1960 
December 1960 
January 1961 
September 1961 
October 1961 
November 1961 
December 1961 
January 1962 
September 1962 
October 1962 
November 1962 
December 1962 
January 1963 
September 1963 
October 1963 
November 1963 
December 1963 
January 1964 
September 1964 
October 1964 
November 1964 
December 1964 
January 1965 
September 1965 

Octob.~r 1965 

November 1965 

December 1965 

January 1966 

September 1966 

October 1966 

November 1966 

December 1966 

January 1967 

September 1967 

October 1967 

November 1967 

December 1967 

January 196B 

September 196B 

October 1968 

December 196B 

January 1969 

Harch 1969 

April 1969 

Hay 1969 

June 1969 

.TulY 1969 

September 1969 

October 1969 

November 1969 

December 1969 

January 1970 

Feb.-uary 1970 

'larch 1970 

April 1970 

Hay 1970 

June 1970 

July 1970 

September 1970 

October 1970 

November 1')70 

December 1970 

January 1971 

February 1971 

}Iarch 1971 

Aprll 1971 

Hay 1971 

June 1971 

+ __ "'_0-"_ ...__~______ ._ 

of 
observations 

249 

248 

206 

207 

205 

240 

238 

220 

221 

240 

241 

230 

240 

228 

180 

246 

239 

230 

232 

190 

244 

226 

215 

144 

105 

245 

240 

217 

16B 

155 

206 

223 

155 

193 


94 

241 

189 

194 

146 


78 

219 

196 

19·3 

117 


44 

76 

44 

49 

99 


221 

222 

206 

162 

160 

139 

136 

133 

134 

138 


63 

IBI 

183 

138 

203 

176 


Bl 

82 

73 

73 

72 


Unadjusted 

21.02 
13.51 

7.10 
4.20 
8.03 
9.78 
9.77 

15.57 
16.01 
28.06 
6.53 
3.42 

12.06 
11.43 
19.30 
15.07 
18.63 
26.01 
14.64 
19.85 
21. BB 
21.69 
14.23 
11.22 
5.71 

33.64 
25.53 
24.15 
15.06 
1B.09 
35.15 
33.33 
17 .65 

13.11 

7.03 
7.72 
6.84 

IB.17 
10.49 
13.09 
30.24 
37.Bl 
15.R9 
23.66 

2.27 
14.13 

2.77 
7.36 

19.64 
12.25 
10.79 
35.04 
24.21 
30.21 

7.72 
12.36 
29.27 
12.17 
9.38 
6.37 

2B.94 
22.56 
12.92 
20.45 
10.72 

B.13 
2.09 
3.33 
5.65 

17.72 

65 


Adjusted 

18.02 
11.58 

6.09 
3.60 
6.88 
8.38 
B.37 

13.35 
13.73 
24.05 
5.59 
2.93 

10.33 
9.80 

16.54 
12.91 
15.96 
22.30 
12.55 
17.02 

1B.75 

1B.59 

12.19 

9.62 
4.89 

2B.B4 
21.BB \. 
20.70 
12.90 
15.51 
30.13 

2B.57 

15.13 
11. 24 


6.02 
6.62 

5.B6 


15.57 
8.99 

11.22 
25.92 
32.41 
13.62 
20.2B 
1.95 

12.11 
2.37 
6.31 


16.B4 

10.50 

9.25 
30.0l, 
20.75 

25.B9 


6.62 
10.60 
25.09 
10.43 

8.04 
5.46 

24.81 
19.34 
11.07 
17.53 

9.19 
6.97 
1. 79 

2.85 
4.84 

15.19 



Appendix table 34.--Phase length test for dally closing prices for 

Contract 

July 1964 
August 1964 
Harch 1965 
Hay 1965 
July 1965 
August 1965 
February 1966 
Narch 1966 
Hay 1966 
July 1966 
August 1966 
February 1967 
Harch 1967 
Nay 1967 
July 1967 
August 1967 
February 1968 
Narch 1968-
Nay 1968 
July 1968 
August 1968 
February 1969 
Narch 1969 
Nay 1969 
July 1969 
August 1969 
February 1970 
Narch 1970 
Nay 1970 
July 1970 
August 1970 
Hay 1971 
July 1971 
August 1971 
February 1972 
Harch 1972 

frozen pork bellies 

Number of 
observations Unadjusted 

153 26.40 
185 22.45 
171 16.29 
228 22.09 
246 34.35 
246 36.44 
194 30.91 
216 44.71 
243 35.44 
247 20.20 
248 18.45 
239 13.68 
216 6.90 
241 7.92 
244 14.29 
242 6.66 
225 9.85 
246 12.39 
246 11. 72 
246 23.06 
243 25.55 
224 18.68 
245 17.85 
239 13.73 
244 19.74 
242 16.31 
231 10.96 
239 7.84 
239 11. 77 
246 8.49 
246 12.97 
211 24.36 
166 24.51 
146 31.45 

42 11.09 
38 5.07 

Chi-square statistic 

Adjusted 

22.63 
19.24 
13.96 
18.94 
29.44 
31. 24 
26.50 
38.32 
30.38 
17.31 
15.82 
11. 73 

5.91 
6.79 

12.25 
5.71 
8.44 

10.62 
10.05 
10.77 
21.90 
16.01 
15.30 
11. 77 
16.92 
13.98 

3.40 
6.72 

10.09 
7.28 

11.12 
20.88 
21.01 
26.96 
9.51 
4.34 
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test for daily closing prices for] ive .:-attIcAppendix table 35.--Phase length 

Contract 

June 1965 
August 1965 
October 1965 
December 1965 
February 1966 
April 1966 
June 1966 
August: 1966 
October 1966 
December 1966 
February 1967 
April 1967 
June 1967 
August 1967 
October 1967 
December 1967 
February 1968 
April 1968 
June 1968 
August: 1968 
October 1968 
December 1968 
February 1969 
April 1969 
June 1969 
Augusr 1969 
October 1969 
December 1969 
February 1970 
April 1970 
June 1970 
August 1970 
October 1970 

December 1970 

February 1971 

Aprll 1971 

June 1971 

August 1971 

October 1971 

December 1971 

February 1972 


Nu.mber 

of 


observations 


140 

181 

225 

230 

184 

213 

189 

183 

204 

245 

242 

241 

218 

242 

280 

325 

358 

319 

322 

281 

224 

243 

242 

242 

238 

213 

248 

244 

242 

274 

314 

332 

292 

334 

321 

287 

336 

225 

212 

213 

173 


Unadjusted 

16.58 
39.29 
38.56 
37.86 
44.49 
24.00 
27.74 
49.74 
50.68 
71.10 
43.30 
37.06 
63.57 
48.92 
55.39 
49.55 
42.04 
65.66 
25.75 
19.64 
40.50 
34.69 
60.64 
40.71 
37.38 
24.85 
45.8rr. 
33.77 
26.41 
44.47 
56.71 
55.74 
25.25 
14.58 
19.68 
18.45 
19.96 
19.27 
20.09 
14.00 
31.05 

Chi-sguare statistic 
~--

Adjusted 

14.21 
33.68 
33.05 
32.45 
38.14 
20.57 
23.77 
42.63 
43.44 
60.94 
37.12 
31.77 
54.49 
41.93 
47.47 
42.48 
36.04 
56.28 
22.07 
16.83 
34.71 
29.74 
51.98 
34.90 
32.04 
21.30 
39.27 
28.95 
22.64 
38.12 
48.60 
47.77 
21.64 
12.49 
16.87 
15.81 
17.11 
16.51 
17.22 
12.00 
26.61 
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Appendix: table 36.--Phase length test Eor daily closing prices for' Maine potatoes 
----_. 

Chi-square statistic 

Contract Number of 
observations Unadjusted Adj listed 

-- 
}(arch 1960 176 12.68 10.87 
April 1960 198 31. 95 27.38 
Hay 1960 217 24.52 21.02 
November 1960 210 6.03 5.17 
March 1961 238 18.68 16.01 
April 1961 234 23.76 20.37 
Hay 1961 239 17.74 15'.21 
November 1961 239 10.61 9.10 
Harch 1962 230 27.69 23.74 
April 1962 240 29.35 25.16 
Hay 1962 239 35.83 30.71 
November 1962 228 20.15 17.27 
Harc:h 1963 236 9.24 7.92 
April 196J 237 36.30 31.12 
May 1963 238 26.93 23.08 
November 1963 239 10.41 8.92 
'larch 1964 237 21.95 18.81 
April 1964 2:38 34.11 29.23 
Hay 1%4 236 34.56 29.63 
November 1964 220 1.95 1. 67 
March 1905 238 12.29 10.53 
April 1965 238 17.14 14.69 
Hay 1965 238 20·06 17.19 
November 1965 238 15.82 13.56 
Harch 1966 237 30.73 26.34 
April 1966 236 13.80 11.83 
Hay 1966 238 18.52 15.88 
November 1966 239 15.16 13.00 
Narcll 1967 250 16.60 14.23 
April 1967 252 18.18 15.59 
Nay 1967 252 26.71 22.89 
Novembe.r 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 
Harch 1969 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 
Novembe:- 1970 230 9.74 8.35 
Barch 1971 249 15.67 13.43 
April 1971 245 22.82 19.56 
Hay 1971 224 36.28 31. 09 
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