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ABSTRACT

Farm, shipping point, and wholesale onien prices on both a weekly and a monthly
basis were used to assess the impact of trading in onion futures contracts on the
performanee of cash onion pricrs. A secondary objective was to develop appropriate
statistical measures of priee performance. The years from 1930 to 1968, exclading World
War I, were used in the anudvsis. This period was charaeterized sequentially by a

subperiod of no futures trading, one with active futures trading, und one with no trading,
Primary concern wus with Chicago and Michigan onion prices but other murkets were
considered. Price variation ovee time, including year-to-year, within-season, seasonaf, and
within-mounth price changes, and price vartution over space were considered. Evatuation of

e cesults from all the analyses in total support the generad conclusion that there wus no
significant change in price performancee over the eutice period. Several measures of price
performance are gevsented, with a theoretical basis foc their use and wethods of
nfeepreting them.

Keywords: Marketing, onions, prices, price performance, futures teading, price analysis,

The research reported herein was carried out under a joint agreement.
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SUMMARY

A shift in price perlormanee (fevel and variakility of
prices) in the cash onion markel apparently occurred
between, 193040 1946-.57, the lalter period
charaeterized by an active fulures markel in onion
conlracts. However, because World War 11 oceurred
during lhe intervening years, it was nol possible to

and

immediately conclude that the observed change was
caused by the indeoduction of futures trading. In
adidlition, an analysis of various measures of price
performance revenled that no change oecurred [rom
1959 te 1967, the 9 crop years following the
vongressional ban on futures trading, U the crop years of
1931, a somewhat unique year during the entire period,
and 1058, the transitional year {rom active futures
trading, are eliminated, the analysis would support the
general counclusion that there was no significant shift in
price performance in the cash onion markel during the
entire period from 1930 1o 1968,

Aggregate  within-season  price variution  differed
among mosrkets and over time, with greater variation
oceurring at shipping point than at wholesale, However,
if the perfectly competitive market is used us a reference
point, price variation did not appear excessive, particu-
larly for the period following World War 1L

One component of aggregate within-season  price
variation js price change associated with storage cost,
referred to lere as price secasonality. Two previous
studies coneluaded that the intreduction of the futures
market resulted in a {latter seasonal pattern in cash
onion prices. However, an updating of these two studies
showed that, with the exception of 1958, the seasonal
pattern remained unchanged following the ban on
futures trading. Further, if the 1931 crop year is omitted

iti

from the apalysis then it is difficult lo support the
hypothesis that there was a significant shift in the
stasonal patlern of cash onion prices during the entire
period. This appli=d whethsc using the farm price ov an
f.0.b. shipping point price and whether using monthly or
weekly price indexes,

A sccomd component ol aggregate within-season
variation is the monthly price range, u staiistical measure
usedl 1o assess the impact of the price discovery process.
A substantial reduction in within-month price variation
vecurred between the period of no futures trading and
the period of substantial trading; no significant change
occurred following the ban on [lutures trading. This
suggests that whatever caused the shift in price per-
lormanee from the first to the second period persisted
through the third period. However, if 1931 1is omitted, a
major portion of the observed difference between the
first and second periods is climinated. Conscquently, it is
not clear that thereé was, in fact, a significant shift in
within-month price variation,

The perfectly eompetitive market in space was used
as a [ramework for analyzing price relations among
spatially separated markets. Overall, the results were
mixed and do not lend themselves to general and
defensible conclusions. The source of this result lay in
the problem of data pooling: When data for all years
were pooled, the analysis indicated a deviance of price
performance from the competitive norm; with a smaller
degrec of aggregation, performance appeared to
approach the nerm. As a minimum, it is clear that the
nature of price performance over space was changing but
it is not at ali clear what effect, il any, the presence or
absence of the futures market had on that performance.




EFFECTS OF FUTURES TRADING ON PRICE PERFORMANCE
IN THE CASH ONION MARKET, 1930-68

By Aaron C. Johnson, Jr., Associate Professor, Department of
Agricultural Economics, University of Wisconsin, Madison

CHAPTER |. PERSPECTIVE

A question ol considerable interest Lo students of
agricultural marketing relates to the impact of a futures
market on the performance of the pricing system of Lhe
commodity involved, This question is becoming more
and more important as the strueture of cash murkets 3s
undergoing change brought about by such things as
improved transportatien und communicalion systems,

more exiensive use of specification buying, inereasing

reliance on bargaining, and the use of such institutions as
marketing orders. These structural shifts raise serious
questions concerning the cfficacy of the iraditional
pricing mechanism  of these commodilies.  Simul
tancously with these changes, futures markits have been
playing un incveasing role in the marketing of farm
commadities, both in terms of trading activity in
established futures markets and in terms of new futures
markets opening up. Thus, it is of paramount im-
portance to continue the allempt to assess the role of
futures markets in pricing performance.

This assessment has been somewhat difficult in the
past because of the tack of a weli-developed theoretical
framework and the difficulty of doing empirical re-
scarch. These mutually reinforcing problems have
resulted in the inability of students of agricultural
marketls 10 answer specifie questions and charges con-
cerning the contributions of futures markets to pricing
performance. Only in very recent years has a body of
empirical research begun to emerge which is providing
initial insights into some of the answers, Progress along
these lines is needed and welcome, This report will,
hopefully, muke a modest contribution to  this
development,

The research considered in this report involves an
assessment of the impact of futures trading on the cash
onion markel, Of the commodities that have been
involved with futures trading, the history of the onion
market makes it of speciul inlerest to students of price

peclormance, The period singe 1930 may be considercd
as three subperiods: From 1930 to World War Il, there
wag an aclive and well-developed cash market for onions
Lut there wus no futures market; for approximately 10
years following the war there was, in addition to the
cash market, an active futures market; finally, futures
trading int onions was banned in 1958 by congressional
action and there has been no trading in onien [utures
conlracts since that time, Thus, cne may study price
behavior in this cash market during three distinet
periods—no futures trading, active futures trading, and
no futures trading. This quasi-laboratory situation is
somewhat unique for the empirical analysis of futures
markets in agricultural commoditics. For some com-
moditics, such as livestock products, it is possible to
study a market before and during futures trading, since
these markels have come into existence in recent years.
For others, however, such as feed grains, it is not
possible to meaningfully study periods without futures
trading because these commodities have had active
futures markets for many years,

The contribution of this reporl is twofold. First, and
perhaps of primary importance, it serves as an educa-
tional document. An attempt is made 1o reveal the
complexily of evaluating price performance in an actual
cash market and, at the same lime, to indicate some of
the characteristics of price relations over time and over
space that should be considered in such an evaluation.
Sccond, an analysis of Lhe actual perlormance of cash
onion prices from 1930 to 1968 is presented.

Format of Report
The remainder of this chapter delincates the scope

of the study and discusses some fundamental considera-
tions necessary to provide a perspective for evaluating




the conclusion drawn, The next chapter summarizes the
results of the rescarch und presents the conclusions
drawn with respeet to price performance in the cash
onion nurket. The remaining chapters prosent the
reseurch resulls that provide the basis for these
conclusions,

Definition of the Onion Market
Seasonal Crops

Sinee onions are grown scasonally in many regions
throughout the United States and are sold in « national
markel, w study  of (e markel ™

“onion should

necessanily refleel the wotal sithution. Ttowever, sinee the
ultimate purpose of Uw research relates 1o the onjon
futires markel, it is possible Lo restrict the seope of the
stidy. There are Tour seasvnal onion erops: eacly spring,

gown primarily in Texast late spring, grown in Texas
and Californin: carly summer, srown in Texas and New
Mexico: and ate summer, grown in the norcthern Ger of
the United States. The Tiest tiree of these seasonal CrOPS
are harvested in the Southern States during  warm
weather and must move to markel as soon as they ave
harvested, On the other hand, by tuhing advantage of the
coul weather following the harvest of late summer
oniong in the Northern States it is possible to store them
for subsequent sate for up to 7 months.

This late summer or storage crop provided the basis
for the Tutures trading in onions and, thus, the price
perlormaner for this crop received the major emphasis in
the currenl rescarch, However, 1t was appropriate from
time to lime w consider the carly spring, or Texas crop
since this crop often competes in the markel with
remaining storage stocks from the previous late summer
crop. Even in years when the two erops ure not in dircet
competition, expectations coneerning the magnitude of
the Texas crop und the time of its arrival on the market
may have a perceptible impact on the market price of
the late summer erop toward the end of the slorage
season,

Geographic Scope of the Market

In the context of the late summer crop, a comprrhen-
sive research endeavor would encompass the complex
interrelations among the supply and demand conditions
in all of the several producing regions. However, it was
possible to reduce the scope of geographic coverage 1o a
considerable extent. There is reason Lo believe that
historically the Rocky Mounluin range has served as an

effective dividing line creating o certain degree of
independence between the Bastern and Western United
Stales with respect to the onion market. To the extent
that this is true, one sector af the markel miay be studied
without explicit consideration of the other sector, and
this approuach has been adopted herein.

For eurrent purposes, attention focuses primarily on
cash prices in Michigan and Chicago, This recagnizes that
delivery on the onion Tatures contrart was al Chivago
andd that Michigan Las historically heen a mujor supplier
of the Chicago market. onsequently, the impact of
market forces should be reftected in the performance off
price at these Lwo points in e marketing system, {n
addition, it is of considerable intorest to investigale the
relationship between Michigm and New York prices Lo
determine the nature of price performaner over space,
Sinee the onions produced in these separile regions musl
Lie priced in a national market, it seems reasonable (o
experl an inteedependeney to exist betwoen the prices
received in the two regions,

Price Series Used

There remains the question of whal specific price
stries 1o use in Lhe analysis, As sludents of agricndtural
prices are painfully aware, there is no such thing as only
one price for any commaodity; ralther, there is an array of
prices, cach refating to some allernative definition of the
commodity of interest. For the current study, there are
two such prices. Gue s the price reeeived by farmers,
sometimes referred to as the farm price, and the olher is
a price reported on an fo.b. shipping point basis. The
reported farm price s derived by dividing the total
revenue from all sules of the commodity by the Lotal
quantily sold. As a resull, it is a compasile price
refiecting not only basic supply and demand comlitions
in the market bul also differences in grade and pality,
aifferences i selling methods, differences in conlainers
and packaging. and so on. The problem with using this
price in a time-series analysis is that its vatue may change
from one year to the next, not because of changes in
basic supply and demaid forees, but beeause of a shift in
the distribution of the total crop by grade or because a
new type of packaging material is introduced in other
words, the “commodily™ represented by this price is not
canstanl over time,

To circamvent Llis problem, {1 is desirable 1o use an
f.o.b. shipping point price since such g price Lypicably
refers to u specific grade and quantity for which the
definition changes little, if any, from year to year, To
the extent that this is truce, year-do-yeur changes in this
price should be more reflective of changes in the market




forces one is altempting Lo assess. In addition, this price
series corresponds more closely to the futures market
price series than does the farm price. For these reasons,
this study used (.0.b. shipping point prices for Michigan
and for New York. For Chicago, the wholesale price for
Michigan onious was used, In several places, compari-
sons involved prices st other shipping points and in
other wholesale markets. All prices are in units of
50-pound szeks.

Develop nent of Continuous Price Series

As in mosl empiricsd research, serious data problems
were encountered. OF primary concern was the fack of
consisieney in the price series to be used, both in terms
of reporting base (e.g., for some years the price may be
guoted on the basis of at least 70 pereent No. L's, while
for other years the binse may be 60 percent) and in terms
of missing observations, For most of the comparisons
made, weekly prices were used and were caleulated by
taking the midpoint of the weekly price ranges reported
in various issues of the annual reports filed by USDA’s
market news scrvice, For some of the price series, data
for entire years were not available. For others, there
were weeks during which, for some reason or another,
prices were not reported. In an attempt to have as
complete a scrics as possible, several adjustments were
made. For example, in any case where just 1 week was
missing, a price for that week was entered by taking the
midpoint of the prces reported for the preceding and
{ollowing wecks. The one exceplion to this rule was
when a gap of 2 or more weeks occurred following the
first reported price for the shipping scason or preceding
the last reported price for the shipping season. In that
cast, the actual length of the shipping scason was
changed by dropping the first or last reporled prite,
whichever was appropriate,

Deflation of Prices

When studying the price of an agricultural com-
modity, such as onions, over a long period of lime, il is
important o distinguisk between two sets of forces
which generate price change. One set of forces affects
the general price leve! for all farm commoditics.
Population growth, changes in income levels, general
husiness conditions, and inlernalional conditions are
suggestive of general forces at work in the cconomy that
would affeet the level of all prices. The other set of
forces giving rise to price change is unique to a particular
commodity, onions in this case. Changes in supply of
onions [rom year to yoar, development of new tech.

nology for harvesting and storing onions, other cost
changes, and changes in consumers’ dictary habits, for
example, would be viewed as forces essentially unique to
the onion market,

From the standpoint of empirical analysis, this means
that the analyst must contend with both the general and
the unique forees il he is 1o explain the historical course
of observed price. Since this study was concerned only
with the unique factors, it was negessary to adjust cash
onion prices to remove the effect of the general
economic forces. This was accompiished by dividing
cach price by an appropriate price index for all
commodities. This deflation procedure teansforms ob-
served prices into “real™ prices, i.e., prices adjusied for
the general price level. In the following chapters, actual
onion prices have been defluted by the fndex of Prices
Reccived by Farmers, All Commodities, 1910-14 = 100,

Price Variation and Time-Unit
of Observation

The definition of the appropriate time-unit of
obscrvation for assessing price performance can he
crucial, because conclusions concerning the adequacy
of performance may differ depending on whether one
considers daily, weekly, monthly, or longterm price
change. The importance of recognizing the time-unit of
observation cannot be overemphasized, because failure
to recognize it can lead to considerable conlusion, It is
possible for one student <f onion price performance to
conclude that onion prices vary excessively and another
to conclude that onion prices exhibil a remarkable
stability over time, Such opposing points of view could
simply reflect different time-units of observation used—
one researcher might have considered day-lo-day price
variation and the other year-to-year variation,

This section discusses briefly the types of time
movements recognized by students of commodity prices.
The intent is to identify the various components of a
time series of price and to suggest some of the reasons
why these components may be observed. Methods for
detecting and analysing these components are not
considered.'

Short-Term Variation

Price varialion occurring within a trading day or from
day to. day is usually referred to as short-term variation.

UInterested readers are refetred to F. L. Thomsen and R, [,
Foole, Agricultural Prices, McGraw-Hill Book Company, 1952—
cspeciaily chapter 17,




Such variation may be in response to changes in market,
conditions ocewrring during the period. For example, a
sudden snowstorm in Michigan may returd the Now of
onions into the Chicago wholesale market, resulting in a
short-lerm inerease @ price which is quickly canceled
once Lhe usunl Row of onions is resumedd.

A slightly differeny canse of shorl-term price variation
is a change in expeeted market conditions, The price of
late suntmer ouions during the latter part of the storage
season is quite sensitive 1o conditions relating to the
upcoming new crop from Trxas. Consequently, changes
m conditions which are expeeted 1o affeet the quantity
or ¢uality ol this crop, or the time Lhal it is expected to
arrive on the markel, can have a marked impact on the
short-term variation in the lale summes onion price.
Heavy and unexpected rain over the weckend during the
Texas harvest coutd resall in a substantial increase in
onton price from Friday to Monday,

Regardless of the cause, short-teem price variation is
typically nonrepetitive, Under casual examination it may
appear Lo be random. To the extent that it is caused by
random cvents—in the sense of unpredictable events—it
is random. For this reason, very little theorizing and very
little empirical effort have been devoted to short-term
price viriation.

Seasonal Variation

Seasonal varialion in a commodity price is usually
associated with change in price from month to manth,
In fact, seasonality is a 12-month cyele which is repeated
from one year to the next. Most agricultural com-
moditivs, because of their production and marketing
characteristics, exhibit a seasonal price patiern. Seasonal
shifts in demand may also generate a seasonal pattern jn
price.

For sume annually produced commoditics, such as
late summer onions, the requirement that a certain
portion of the crop be stored for sale while the
commodity is not being harvested results in a definite

seasonul price pattern that is associated with the cost of
slorage,

Annual Variation

Annual, or year-to-year, variation in the scason
average price is usually associated with crops thal are
harvested during « relatively short period only once
during a culendar year, such as late summer onjons. The
observed chinge in price from one crop year o the next
is busically a manifestalion of changes in supply and
demand.  Since the demands for many agricaltura)
comimodities are refatively stable over time, these annual
changes in price are normally associated with changes in
supply, such as those that result from changes in weather
conditions during the planting, growing, and barvesting
periods,

Long-Run Trend

Long-run trend refers to a directional movement in
price which persists over a long period of time. It is
gencrally associated, in turn, with long-run, or persistent,
trends in factors aflecting the supply and demand of
agricultural commodities, Continuous population growth
and changes in technology are illustrative of factors
giving rise to loag-run trends in price.

Cycles

A cyele is defined as a regularly recurring movement
in price which generally requires several years to
complete the pattern. Such a price patiern is typically
associated with the livestock sector, where the full effect
of a decision to increase or decrease production is not
reflected in market price until several years later. Cycles
are not, in general, assoctated with annually produced
commoditics,




CHAPTER 2. OVERVIEW

The objective of this research project was to
determine whal. effect trading in onion fulures contracts
had on the performance of price in the cash onion
market. The general conclusion deawn was that it had no
effcet. As will be scen in the analyses discussed below,
there was a morked shift in price performance in the
cash onion market between 1930.40 and 1949.57, the
latter period characterized by an active futures market in
onion coniracts. However, before imputing the cause of
this change Lo the introduction of the futures markel, it
must be recognized that the inlervening years en-
compussed World War 1. Henee, it would be equally
plausible to impute the change in performance to World
War II. Indeed, that this may be a more acceptable
observation is substantinted by the fact that, with the
exception of isolated cases, all of the performance
measures congidered in the study strongly suggest that
price performance during 1959-67, the 9 crop ycars
following the congressional ban on futures trading, was
not significantly different from that which existed
during the period of active futures trading.

To put it differently, it appears that removal of
futures trading in onions in 1958 did not result in the
performance of the market reverting to the pre-futures.
market situation, The forces that caused the shift from
the prewar to the postwar period persisted for the
20-year period following the war, a period characterized
by both active futures trading and not futures trading.
Morcover, if the 1931 crop year is deleted in the
calculation of performance statistics for 1930-40, as was
done in many of the analyscs below, it becomes difficult
to reject the general conclusion that there was no change
in price performance in the cash onion market from

1930 1hrough 1967.

Some Observations on
Research Problems

Research of the type undertaken here is extremely .

dilficult for several reasons. While the existent body of
price theory provides important insights into how
agricultural markets pecform and how market price is
generated, it [eaves much upmanswered when considering
a specific situation, such as the cash onion markel.?
Simplistically, the theory shows that the price of onions
is determined by supply and demand. But what price
should be used in a study of the onion markel—the U.S.
average price received by farmers, the Michigan f.ob,

1 Sce chapter 3.

price, the New York City wholesale price? What is the
best cpirical measure of onion supply—U. 8. onion
production, late summer production, the combined
production of the major producing States? These are
simply suggestive of the myriad of questions that had to
he considered in this research project.

A second Lype of question involved a measurement
problem, In the current study inlerest centers on price
performance. This raised two specific questions: What is
meant by “price performance,” and how is it measured?
Of perhaps greater importance, wwhal does one usc as a
standard for assessing observed performance, however
measured?

A third problem related Lo the time-unit of observa-
tion. Conventional price theory abstracts from calendar
time, yet in the real world calendar time must be
recognized. One may consider day-to-day price change,
seasonal price change, trend, cycles and so on. Thisis an
important question because the conclusions drawn con-
cerning price performance are heavily dependent upon
the type of pris. change being considered. As with the
previous questions, price theory provides no guide as to
which is the proper type of price change to study.

As a result of problems such as these, a great deal of
experimentation and subjectivity is involved as the
rescarch endeavor unfolds. Practically, the researcher
mus! consider allernative formulations of the problem,
alternative ways of measuring the relevant variables, and,
in the case at hand, alternative measures of price
performance applied to various measures of calendar
time. Only by careful assessment of the several resulls
obtained is it possible to draw general conclusions with
respect to the question at hand, but these conclusions
necessarily contain a degree of subjectivity.

There was a sccond fundamental concern in the
current research, The initiation of trading in onion
futures contracts followed by termination of such
trading would be defined as & structural change in the
onion market—a change in the “environment™ within
which the price of onions is ultimately determined, The
objective of the research was to determine what effect
this structural change had on price performance in the
cash market; the procedure was to compare observed
price performance during periods with and without
futures trading, To immediately impute observed
changes in performance to the presence or absence of 2
futures market would be a questionable procedure
because it is quite possible that during the period under
jnvestigation, 1930 to 1968, other changes in structure
oceurred, in addition to World War IL

In recognition of this concern, the question of the




effect of thie futures market on price performance was
approached from two different buses, The research that
is the subject of this report involved an assessment of
observed priee perlormance in the cash market and was
effected by comparing periods with and without Tutures
trading. A ¢onpanion research project by the Economie
Research Service attempted to determine whether other
steuctural changes ocenrred in the onjon market during
the period under consideration. The next seclion reporls
on the general findings of that research.

Changes in Structure Other
Than Futures Market?

To deteentine whether or not shilts in the structure of
price-making forees in the cash onion market changed
during 1930-68, two basic analyses were condueted: One
vonsidered Lhe factors affecling the change in the
season’s average price from one year to the next and the
other was concerned with factors cansing price changes
within a given year. For the year-to-year analysis, a
regression equation, hypothesized 1o represent price-
making forees in the onion market, was estimated
scparately for 1946-58 and 1959-69. Statistical tests
applicd Lo the coefficients obtained supported the
hypothesis that the parameters of the structural variables
were Lhe same in the two periods -the Dirst characlerized
by the presence of active trading in onion futures
conlracts and the second by the absence of such trading,

The analysis of withinscason price change was beset
with problems typically encountered in empicical re-
scarch of this typr: The percentage of observed price
variation explained by the variables included in the
analysis was very low; acceptable empirical measures of
conceptually  relevant  variables  were  not  readily
available--weekly sales out of slorage are g case in point;
and, finally, the statistical results of the analysis were
such that it was not possible 1o accept the hypothesis
that the paramcters of the equations were significantly
different from zero,

A general conclusion emerging {rom this analysis is
that the nature of the economic system generaling
changes in the season’s average price was not affected by
the terminalion of trading in onjon futures contracts.
Because of data problems, i was not possible to draw
definitive  conclusions  with respect to the economic
structare generating within-season price change,

*See Jesse, E. Y., “Structure of Sezsonal Supply and Bemand
in the Onion Market,™ WS, Dept, Agr., Econ, Res Serv,
unpublished,

Year-to-Year and Within-Year
Price Variation?*

The lirst analysis of the eurcent study econsidered
two fundamental types of observed price variation:
Changes in the level of prices from year to year, as
measured by average prices for each year, and deviation
of actual priees around these averages within the year,
The first type of price variation may be referred to as
irend analysis and Utie latter as seasonal variation. This
latter may be viewed as a maailestation of two under-
lying market forees—price  determination and  price
discovery,

Trend in Cash Prices

An analysis of the trend in cash onion prices was
conducted Tor three points in the marketing system:
Michigan and New York Lo.b. and Michigan wholesale in
Chicago. All three price series moved in close con-
{ormity, as would be expeeted sinee all three markets are
integral parts of the overall national markel within
which enions are priced. Using the Michigan f.o.b. price
as representative, onion prices generally declined from
1930 1o the mid-1950°s. The rate of decline was quite
precipitous from 1931 to 19306, dropping about $1 per
sack. Following a low iu 1936, price fluctuated rather
steadily between $0.75 and $1 until 1945 when the
downward trend was resumed. This decline persisted
until 1954, with an exception during the carly 1950%.°
Prices appeared to bottom out during the early 1950%
and since that time there appears to have been a rather
smatl but persistent wpward trend. Over all, the period
from 1930 te 1967 may be characterized as one of
declining prices from 1930 to the mid-1950% and one of
stable to slightly rising prices since that time.

Fhe introduction and subscquent cessation of trading
in onion futures contracls appeared to have uo per-
ceptible impact on the general trend in cash prices, The
major change in the nature of the trend occurred in the
mid-1950%, approximately the middle of the period
during which there was active futures trading, There is
no clear evidence of 2 marked change in trend following
the congressional ban on trading,

4 Bee chapler 4,
*Prices of most farm commodities rose during this period
duc ti the Korean conflict.




Within-Season Variation

One problem in assessing within-season price variztion
is knowing how to measure it empirically. In this study,
the coeffivient of variation was used as an aggregate
measure, Heuristically, this is a number which expresses
the variation in actual weekly prices as a percentage of
the average price for the season. Since it is expressed in
percentuge terms il has the advanlage of permitting
direct comparison of variation from year to year for a
particular price series, such as the Michigan fo.b.
shipping point price, to see whether the degree of
variation ftas been changing over time. Ut afso pennits
direet comparison of the variation in two different price
series, such as the Michigan and New York f.o.b. price
serics. This, of course, is an aggregate messure and does
not distinguish between varistion associated with the
expected seasonal pattern of onion prices and the
varialion associaled with price discovery. These types of
variation are discussed in subsequent seetions,

The eoctficient of variation was caleulated for each
year for the Michigun and New York {.0.b. and Chicago
wholesale priec series and plotied against time, There
wis considertble year-to-year variation in the magnitude
of the vocfficient of variation for alf three price series,
Beeause of this varistion, there is ne elear evidence of a
trend in within-season price variation from 1930 to 1968,
However, each stceessive peak was lower than the
previous peak, while the extreme low vulues of the
cacflicient of variation were of the same order of
magnitude over time, This suggests that a downward
trend is in evidence; as a minimum, extreme degrees of
within-seuson variation oceurred with less frequency in
the bater years.

In addition, sverage coefficients of variation for the
subperiods preceding, during, and following futures
trading were calculated for the above three markets, as
well as for wholesale prices in New York City for onions
produced in Michigan, New York, and Texes and for the
Texas {o.h. price series. In all cases, except for the
latter, the coefficient of variation was greater during the
period preceding futures trading than in cither of the
other two pericds, lending further support to the
observalion that there has been a tendency for within-
season price variation to decrease over time, Further, the
eovfficients of variation averaged slightly higher during
the period of active fntures trading than during the
period lollowing. However, the magnitude of difference
was sniadler than between the first and second periods,

One problem with an evaluation of this type is that
there is no standard against which to measure the
calenlated statistic, Is an ohserved coefficient of varia-
tion too high? Too low? What should it be? In response

to this, a lechnique was developed which drew upon the
theory of the perfectly competitive market to provide a
statistic which would indicate what the within-season
price vuriation woukd be i the market were operating
under perfectly competitive conditions, Such a statistic
was caleutlated yearly for the Michigan f.o.b. price series
and was compared with the respective computed
coefficients of variation.

This anulysis clearly revealed that the onjon market
was hecoming more compelitive over time, that is, the
degree of within-season price varintion was becoming
more nearly equul to ihat which would be predicted on
the basis of the perfectly competitive market. A
summury statistic, expressing observed variability ag a
perceniage of predicted varizbility, was computed for
the three time periods. During 1930-40, the value of this
statistie was 1.9, indicating that the within-season price
variation was ahout twice that which would have been
predicted if the market had been operating under
competitive conditions. Comparable averages for
1949-57 and 1959-67—periods of active futures trading
and no futures trading—were 1.4 and 1.3 respectively.
Thus, the performance appeared, on the average, to
remuain unchanged following cessation of futures trading
in onions. However, when considering the individual
years within each of the two time periods, there was
some tendency for smaller values of this statistic to
oceur with a higher frequency in the latter period,

Seasonality in Onion Prices®

Commodities, such as late summer onions, that are
harvested during a relatively short period and stored for
sale during later periods normally exhibit a sessonal
price pattern. Such a pattern is assumed to be invariant,
or reasonably so, over fime and is primarily a reflection
of the costs incurred in carrying the commodity through
time, The question of interest here is the effcct that the
futures market had on the scasonal paltern of onion
prices.

In a paper published in 1960, H. Working, after
carefully studying the scasonals in onjon prices, for both
the U.S. average farm price and for the western Michigan
pricc to growers, concluded that the onion futures
market had had a definite impact on the scasonal
pattern,” Specifically, he showed that during futures
trading the price during the carlier part of the scason
tended to be higher and the price in the latter part of the

¢ See chapter 5.
"Working, H., “Price Effects of Fulures Trading,” Food Res.
Inst. Studies, Stanford Univ,, Vol. I, No. 1, Feb. 1960,




seagon tended to be lower thun before the initiation of
futures trading. To put it another way. prices tended to
rise less seasonally during futures then before, He
imputed this change to an improved efficiency in the
cash market brought about by the presence of the
futures market.

R. Gray extended this analysis in a paper published in
1963 by considering what had happened to the seasonal
pattern following the ban on futures trading.® He came
to the conclusion that the scasonal pattern had reverted
to that existing prior to ihe initiation of trading. The
implied conclusion is that the ban on futures trading
resulted in introducing an inefficiency into the market.

In the current study, the work of these two re
searchers was updated by including data for an addi-
tional 7 crop yeurs. The same procedures were followed
in computing the scasonals for the monthly price secics
in order that the results would be comparable with the
previous work cited above,

The resnit of updating these two studies by ulilizing
the more recent price data strongly suggests that, with
the exception of [958 which may be viewed as a
transitional year,” the seasonal patiern of onion prices
has remained unchanged stnce the ban on futures
trading, The same conclusion scems to apply whether
using the farr price or an f.0.b. shipping point price and
whether using monthly or weekly price indexes.

1f one cousiders the ¢ntire peried from 1930 to 1968,
which sequentially encorupasses a period of no futures
trading, substantial futures trading, and no futures, the
general conclusion would be that the average seasonal
price rise during the {irst period was substantially greater
than during the latler two periods and that the average
seascnal price rise during the latter two periods was the
stme, In other words, a decided shift in the structure of
seasonality occurred betwesn the first and second
periods which persisted during the third period. How-
over, if the seasonal index for the first period, 1930-40,
is caleulated omitting 1931, a year somewhat unique
during the entire period, it is not so obvious that such a
structural shift did, in fact, occur during the period.

A potential source of weakness in analyses of the
type jrat deseribed is that they rely on averages, hence
there may be significant shifts occurring that are hidden
by the averagiug process. [t is possible, for example, that
such an index could show a strong seasonal pattern in
prices even though the typical situation were one of
little or ue change. in an attempt to determine il this

*Gray, R., “Onions Revisited,” Jour, Farm Econ., Vol. 45,
No. 2, May 1963,

* The ban on trading was passed in 1958; it became effective
it: 1959,

might be the case for onion prices, an analysis was
undertaken to determine if there had been any sygmifi-
cant trend in the seusonuls themselves. One would be
interested in determining, for example, if the September
price had tended to rise refative to the scuson’s average,
if the December price had tended to decline relative to
the season’s average, and so on.

An analysis of cach year from 1949 to 1968 strongly
suggests that there hos been no overall tendency for
price in any particular month to persistently increase or
decrense refative to the season’s average price, In other
words, there is no apparent trend in the seasonals, cven
though substantial year-lo-year variation is evident. Price
during the [atter 2 months of the storage season, March
in particular, hus varied considerably with respect to the
annuzl  average. This  variation was offset  during
September-November: When the March price is relatively
high the early season price is relatively low, and vice
versa, as it would have to be by virtue of the method
used to calenlule the seasonals. However, the ohservalion
made above is relevant here, namely, there is no
apparent long-run trend in seasonals.

Within-Month Price Variation!?

The previous analyses were concerned with price
variation frem month to month or from week to week.
An alternative type of price variation is within-month
price variation. This type of price variation is used here
as an empirical measure of variation associated with the
process of price discovery that is encountered in the
onion market,

The coneept of price discovery is associnted with the
real-world phenomenon of price forecasting, an activity
in which all farmers and merchants participate as they
move the onion crop from the point of primary
production to the final consumer. For late summer, or
storage, onions, price forecasting is difficult hecause of
the uncertainty related to the size and timing of the
Texas onion erop that typically competes with late
summer onions during the latler part of the storage
season. The need for farmers and merchants to correetly
forecast the late season price is & prime requisite if 1he
proper balunce between the availability of storage onions
and new-crop onions is to be achieved. Because of
incomplete and inaccurate marke! information, it is clear
that errors in price forecasting may occur. When they
do, the consequence is likely to be a sharp readjustment
in price at the end of the season as attempts are made to
rectify the forecast error made carlier, For the current

1°Zee chapter 6,




analysis, it was assumed that this type of adjustment is
reflected by the monthly price range.

This raises the question concerning the impact that a
futures market would have on the price discovery
process. 1L has been suggesied thal a futures markel
would make this process more cfficient, in the sense that
less dramatic price adjustments would be required to
effect the proper balancing of supply and demand during
the storage season. In practical terms, this means that
the ohserved monthly price ranges should be smaller
during a period of futures trading than during a period
of no lutures trading. This line of reasoning provided the
framework within which the monthly price ranges {or
the Michigan Lo.b. cash onion prices for 1930-68 were
analyzed.

A comparison of the average price ranges, by months,
among the three periods revealed that, in general, the
price range for any particular month was higher during
the first period (prior to futures trading) than during the
second period (substantial {utures trading) and the third
period (following the ban on futures trading). In
addition, the increase in the average range from month
to month during the storage season was grealer in the
{irst period. 1t can be shown, however, that the 1930-40
averuges were heavily influcnced by 1931. A comparison
of the seccond and third periods showed that they
differed but little with regard to both the average value
and to the secasonal increase.

A comparison of the variation of actual price ranges
about their respective averages revealed cssentially the
same pattern. Variation was considerably larger in the
first period than in cither of the other two periods.
However, the use of this variation in the context of a
statistical test revealed that, while marked differences
oceurred, the probabality is quite high that they could
have resulted simply by chauce alone.

A final analysis considered the distribution of price
ranges, both overall and on a scasonal basis. Again the
same pattern was observed. Larger values occurred with
a higher frequency during the first period and lower
values oceurred with a lower frequency. This appeared
to be true overall as well as on the scasonal basis. The
distributions between the second and third periods again
seemed to be quite similar,

To the extent that a valid generalization can be drawn
from the comparisons made in this analysis, it would be
that a very marked shift. in the degree of within-month
price varialion occurred belween the early period of no
futures trading and the following period of substantial
futures trading. This, in itself, might suggest that the
shift was a consequence of introdecing this market.
Since the result was a reduction in the amount of price
adjustment occurring within the various months of the

markeling scasons, one might be ternpted to conclude
that the futures market had a salutary effect on the cash
onion market, However, the comparisons of the second
period with the period following the ban on fulures
trading in onions suggested Lhat there was no difference
between them. Apparently whatever caused the shift in
price performance, as measured by the monthly price
range, between the first and second periods persisted
throughout the third period.?

Price Performance Over Space!?

The analyses considered Lo this point have focused
on the perforiaance of price over time. Another question
relating to a market is how price performs over space.
More specifically, inlerest centers on the price relation-
ships that exist among markets separated by space.

The model of the perfectly competitive market in
space was used as a framework for investigating the
relationships among onion prices at different points
within the onion marketing system. In the context of a
regression equation, this theory prediets that the re-
gression coefficient, which shows how much one price
changes in response to a change in another price, would
have a value of 1.00. In addition, the theory suggests
that the correlation ceelficient, which is 2 measure of
the degree to which the two prices move together over
time, would be close to 1.00, indicating a high correla-
tion in their movement. Using these as the evaluative
criteria, regression equations were estimated using prices
at different points within the onion marketing system
and involving differing degrees ol data pooling.

The first equations involved seven different market
comparisons and were based on data pooled for the
entire period. For four of the seven comparisons, the
confidence interval failed to include the value of 1.00. In
two of these four cases—Michigan f.o.b. vs. Michigan,
Chicago wholesale, and New York f.0.h. vs, New York,
New York City wholesale—the coefficient was larger
than the expected value of 1.00. For the other two
cases—the Michigan wholesale prices in Chicago and New
York City, and Texas f.o.b. vs. Texas, New York City
wholesale—the coefficients were less than 1.00. In the
former cases, an increase of $1 at wholesale resulted in
more than a $1 increase in price at the respective
shipping points. A $1 increase in the wholesale price for

't However, as in the seasonal analysis, if the 1931 crop year
is omitted from the computations it would be possible to
support the hypothesis that there was no significant change in
the magnitude of the monthly price range from 1230 to 1968,

'3 Spe chapters 8 and 9.




Michigan onions in New York City was associated with a
simaller increase in the wholesale price for Michigan
onions in Chicago, on the average, over the period,
Finally, a 81 increase in the wholesale price for Texas
onions in New York City was associated with a smaller
increase in the {Lo.b. price in Texas,

A second set of equations involved the same market
comparisons but pooled the years into three separate
periods—before futures trading, during futures trading,
and following futures trading. A definite pattern
emerged. For five of the seven comparisons, the re-
gression coefficient had a value of 1.00 during futures
trading but not ducing cither of the other two periods,
Four of the five were characterized by a coefficient
greater than 1.00 prior to {utures trading, equal to 1.00
during futures trading, and less than 100 following
futures truding. In addition, there was a definite
tendency for the correlation coefficient, which measures
the degree of association in price movement over time,
to decrease in each suceessive time period.

The third set of equations involved the Michigan
f.ob. price with the Chicago wholesale price, and the
Michigan f.o.b. price with the New York f.o.b. price on a
year-to-year basis. Overall, about 66 percent of the
coefficients for the first comparison were equal to one.
In addition, there was little difference in this distribu-
lion among time periods—64 percent in the first period,
67 percent in the second, and 52 percent in the third
period. However, some difference in the distributions of
the corrclation coefficient among these periods existed.
In the first period, 50 percent of the years had a
coeflicient less than 0.85, Comparable percentages for
the second and third periods were 33 and 67 re-
spectively,

For the comparison of the two [o.b. prices, dif-
ferences were observed. Over the entire time period, 50
percent of the years had a regression slope equal to 1.00.
Within periods, 50 percent in the first period were equal
to 1.00, 67 percent in the second period, and only 33
percent in the third. The pattern for the correlation
coefficient was different: Only 10 percent of the years
had a coefficient less than 0.85 in the first period, 22
pereent in the second period, and 44 percent in the
third.

A final question considered was whether a lag existed
in the information flow between the Chicago wholesale
market and the Michigan f.o.b. shipping points. The
results of this anulysis were not significant.

Overall, the results are mixed and do not lend
themselves to general and defensible conclusions. With
the data for all years pooled, the results suggested a
tendency toward deviation of price performance away
from the competitive norm, However, results obtained
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from & less aggregdtive degree of pooling indicated that
this may be more a reflection of the pooling process
Hselfl than an indication of price performance. When
considering either the estimates based on groups of years
or the annual estimates, it is apparent that variation in
price performance has occurred over time. Although
there are marked exceptions, the resufts using groups of
years show 2 better performance record during the
period of futuree trading. However, the noted exceptions
are sufficient to preclude a high degree of confidence in
this ebservation,

The Michigan {.0.b.—Chivago wholesale price com-
parisous are of particular interest in this study because
of the specisl relation of these two to the fulures
market, Using the annual results as a  reference
poiut, the price performance relative to the com-
petitive norm  for this particular segment of the
market may be acceptable—the expected regression
coeflicient of 1.00 was observed for 2 out of 3 years
overall. However, the frequency of observing this value
varies among the three time periods: The two-out-of-
three ratio held approximately for the periods prior to
and during futures trading but it dropped Lo one-out-of-
two for the period folfowing futures trading. In addition,
the correlation coefficient was persistently lower in this
laiter period. As 2 minimum it seems clear that the
nature of price performance over space has been
changing but it is not at all clear what effect, if any, the
presence or absence of the futures market has on this
performance,

Futures Trading and Cash Prices

Whether the conclusions of this study come as
surprise depends, obviously, on the views one holds
concerning the effect of futures trading on cash prices.

Some propenents of futures markets have argued that
futures markets improve market efficiency, in some
sense, and that, consequently, they result in less price
variation. Some opponents have argued with equal fervor
that futures trading inlroduces unnecessary and un-
warranted price varation. Unfortunately, neither argu-
ment has been based on rigorons theoretical reasoning
substantiated by compelling empirical evidence. In any
event, neither position will find much support from this
report.

An alternative position is to view a commodity price
observed at a given point in time as a manifestation of
existing and anticipated supply and demand conditions
in the market, I this is true, then the introduction or
remmoval of futures trading in the commodity will not




necessanly exert a perceptible impact ou price per.
formance in the cash market.!'® However, il a futures
market improves the quantity and quality of available
market inflormation; if it permits a reduction in trans-
action costs; il it provides for the transflerence of risk to
those willing to carry it, hence reducing the total costs
of marketing; if it facilitates the response to changes in
exisling or anticipated market conditions, then the
presence of a futures market, by altering the environ-
ment within which cash price is established, could alter
performance in the cash markel. Nevertheless, cash price
would still emerge as a result of interacting market
forces, not us a result of the act of futures trading,

It is cqually probable that changes in other marketing
institutions will have an impact on cash price perfor-
mance, Alierations in the type, frequency of release, and
dissemination  of market information by various
governmental and  private agencies, improved com-
munication and transporlation systems, technological
developments aflecting storage costs, and changes in
grading praclices illustrate changes continually occurring
in commodity markets thal have implications for price
performance.

138¢¢ Thomsen, F. L. and R. J. Foote, Agricultural Prices,
McGraw-Hill, Znd ed., 1952, chapter 9, sspecially pp. 161164,
for a comprchensive discussion of the question of cash price—
futures price relationships,
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Finally, a casual observation of commodily prices will
reveal “jitlers” and “twitters™*® in price movements,
both cash and futures. The presence of these price
movements veflects the fact that most agricultural
commodilics must be produced and marketed in a
situation characterized by lack of information, un-
certainty, personal whims, and so on. Such price
movemenls scarcely serve as a basis for indicting or
vindicating {utures trading.

It does not follow from the ohservations made in the
previous paragraphs that a futures market cannot be an
important adjunct to the cash marketing system. Quite
the contrary, there is a substantial body of literature,
written by both students and users of such markets,
identifying the numerous ways by which producers and
handlers of agricultural commadities can and do use a
futures market as an integral part of their respectlive
businesses. It is beyond the scope of this report to delve
into this body of literature. Suffice il to say here that
futures markets, by providing an opportunity to hedge
and to forward price, and by serving as a temporary
alternative market, offer firms, both farm and agri-
business, profit opportunities that would not otherwise
be available to them.

"1 Temminology used in Thomsen and Foote, op. cit, p.
152,




CHAPTER 3. PRICE THEORY.AS A GUIDE FOR EMPIRICAL ANALYSIS

This chapter presents a brief review of the theory
relating (o the formation of price in a perfeetly
competitive market and raises some theoretical and
erapirical issues involving the use of this theory as a
guide for an empirical evaluation of price perfor-
mance in the cush onion market. A major conclusion
of this chapter is that currently uccepted price theary
provides fittle, if any, specific insight into how one
should proceed: From a conceptual standpoint, the
theory fuils 1o distinguish between price determina.
tion and price discovery, important considerations in
reab-world markets; from an empirical standpoint, the
theory fuils 1o delineate quantitative measures which
may e used to evaluate price performance in a
particular market,' s

n response Lo these failures of the theory,
afternative  performance  measures are used in this
study. For cach, an attempt is made 1o provide a
theoretical  framework  within - which it may be
interpreted. Linfortunately, the correspondence be-
tween performance measures that can be caleulated
and ideal performance measures is tenuous at best.
Coosequently, the procedires followed must neces-
sarily seem ad hoe. However, even though no single
measure may be particularly meaningful in itself, it is
felt that all such measures taken as a group provide a
solid basis for assessing price performance,

Where  appropriate, reference is made 1o the
specific section of the report dealing with 2 particular
pecformance measure. This should assist the reader in
maintaining a perspective on what is being attempted
throughout the report.

THE PERFECT MARKET

Some Theoretical Issues

In the perfectly competitive market, price s
determined by the intersection of the market supply

"1 The validity of this conclusion clearly depends on how
one defines theory, This question, which has yet to be resolved
by philosophers of science, will not detain us here. The
reference peint in the text is that body of material typically
taught in college courses under the rubric of price theory.
Certainly, if 1o this is added all that is known, on the basis of
empirical research, about agricultural markets then a
subwiantial body of theory exists, The position on the price
theory noted above provides a healthy perspective for assessing
the rescarch bring considered. Specifically, a great deal of
subjectivity and personal judgment is involved.

and demand curves. This price is an equilibrium, or
markel clearing, price—it is that unique price which
brings about an equality between the quantity
demanders are willing to purchase and the quantity
that suppliers are willing to make available, all else
constant. This may be expressed mathematically by
the following system of equations:

(M Q= 4Py Xy, Xay)
@ &P 2y - -

@ o =

v Zyy)

wliere
Qf quantity demanded
Qts quantity supplied
Py market price
demand shifters

supply shifters

Given the structural parameters of the functions
embodied in () and g( } and given values of the
X; and the Z; there is a unique price, P®, that will
clear the market, When shifts occur in the basic
market conditions, as manifestations of changes in
structural parameters andfor in the magnitude of the
relevant variables, a new equilibrium price is implied
to which the market will move immediately, This
immediate move to the new equilibrium price results
from the several assumptions underlying the mode;
in particular, the assumption of perfect knowledge
which means, among other things, complete knowl-
edge of past, current, and future conditions as well
as knowledge of all the relevant structural parameters
of the system, such as demand clasticity, supply
elasticity, and so on. Given this, any change in the
basics of the system will result in an instantaneous
move to Lhe new equilibrium price.

In considering the use of this miodel as a
framework for evaluating the historical record of
observed market prices, there is a fundamental
theorctical issue to be recognized. In the theory of
the perfectly competitive market, the market becorhes
a place in which known things (supply and demand
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conditions} uchieve expression in u  unique way
(equilibrivm  prices and  quantities traded). Now, if
the market is viewed, as iU is by mosl economists, as
ant institution which facilitales the determination of
value {market price) and the process of exchange
(ownership transfer), then it wounld appear that an
inconsistency hus arisen. Indeed, if everything (supply
and demund conditions) were known, why then is it
necessary 1o simultancously posit an  institutional
selting such us o markel-with everything known,
price in  particular  would be known and, conse-
quently, the determination of market price and the
transfer of ownership could be effected elfortlessty
without resort to a market.

This apparcnt the
fuilure 1o distinguish between price determination and
the process hy which that price is determined, or
discovered, the  real-world  markets, Perhaps it
would be more aceurate 1o suggest thal eronomists
have  been enamored  with  Lhe  perfectly
competitive macket that they have failed to raise the
relevant  question  concerning  the proeess whereby

inconsisteney  emerges  from

in

S0

price is actually determined in the marketplace. As
Larson slates i, “The which the market
detecmines price is apparently thought to be of no
interest or concern provided it is truly & competitive
market.™ ¢

To pursue this poinl further would divert us too
far from our immedinte objective. 1 is sufficient here
to draw, from the theovetical work that has been
done on this problem, the conclusion that the theory
s conventionally presented [uils to account for the

wity  in

process of price determination, at least to the extent
that it provides a clear {ramework for empirical
analysis of market priees. The consequence of this is
the recognition thal the market really serves as the
vehicle which facilitates the process of discovering the
equifibrium price, As Larson puls it, it seems
clear that situation the market itsell
gropes for the price.” Consequently, ... the market

in any real

télarson, A B., “Studies of Mechanies of Pricing vs.
Studies of Underlying Price.Making Forees,”™ Pricing As A
Problem For Marketing Research, Troc, Mktg Res. Com,
Western Agr. Eeon. Res. Council, Univ, Calif., Berkeley, June
1963, Reporl Ne. 3, p. Fd. The interested reader is referred
to this article, which scrves as the basis of the discussion in
the test, and the fiterature cited therein. For more on the

prublemn of price adjustment in a  perfeetly competitive
market see  Arrow, K.J. “Toward & Theory of Price
Adjustment,”  The  Aloemtion of FEconomic Resources,

Abramovitz and others, Stanford Univ, Press, Calif.,, 1959,
and the literature cited
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{is} ... a place where things are found out, not

merely a  place in  which known things find
expression,”™ 7

The line of reasoning being cousidered here has
definite  implications for the evaluation of the

historicul record of market price. Specifically, it
requires one 1o view the observed record as a
manifestation of two types of underlying forees—
those associated with changes in market conditions
which call for the establishment of a new equilibrium
price {the notion of price determination) and thowe
forces associated with the atlempt to discover what
that new equilibrinm price should be (the notion of
price discovery).

Perhaps the following illustrations will provide
sonwe substance to the rather abslract point under
discussion. Consider the onion market in {hicago on
a particular dey in May. Armed with the concept of
a supply of and demand for onions, one would
expecet 1o observe a unique equifibrium price which
would clear the market. Quite the opposite is likely
to be the asctual case—before the market has been
¢cleared some onions will have been sold at, say, 33¢
per sack, somwe at 344 per sack, and so on. Thus,
instead of obscrving a single market-clearing price one
is confronted with a constellation of prices.

Another example: The onion production-niarketing
complex in the United States is characterized by a
relatively short harvest period during which the major
portion of the crop moves storage for
subsequent sale. Following this harvest pericd, no
additional quantity is available for sale until the next
harvest period; supply is fixed, In the context of the
theory sketched above, one cun visualize a single
price which would clear the market of this fixed
quantity of ouions. However, when we turn to the
statistieal datz we find not a single price at which a
particular onjon crop is sold. Rather, we find that
sales occurred al an array of prices during the selling
period, Morcover, it is quite likely that the observed
marhet prices will vary over a wide range of values.

In light of the above discussion, these illustrations
suggest that while in theory there may exist a price
which will clear the market, observition of real-world
marketls will actually reveal an array, or constellation,
of prices involved in the market clearing process, In
Larson’s terminology, the market must “grope™ for
the price which clears the market, and it is this
process which we associate with the notion of price
discovery.

into

7 bid, p. 15.



This discrepancy between expectations based on
theory (a single market-clearing price) and observation
of actuul markets {a constellation of prices) is due to
at least two characteristics of real-world markets
which are not in sccord with the specifications
underlying  the  perfectly  competitive  market  of
theory, The first of these relates to the assumption
thut market participants possess perfeet knowledge.
Specifieally, it is sssumed that all pessons in the
market know the parameters of the supply and
demand functions as well as the precise values of the
releyant variubles, In the theory, this assumption is
utilized to assure that price will move immediately lo
the new equilibrivm point in response to chunges in
market conditions. However, in the real wordd it is
highly uolikely that such a state of koowledge will
exist.  Certainly  the  extent  to which  market
participants van know the parameters of the demand
function, for example, is open to yuestion, as well as
is  their ability te pereeive  changes in these
parameters,'® A similar concern may be mised with
regard to the parameters of the supply {unction.

In addition, given the dilficultics of measurement
one must seriously question the degree te which
market participants can know the valoes of all of the
refevant  variubles, For example, it is difficult to
aceept the assumption that traders in the Chicago
wholesale onion market on a particular day know
exactly the quantity of onions to be sold on that
day, to say nothing of the quantities and prices
existing  simultaneously in other wholesale markets
around the country. Without helaboring the point, it
seems highly untenable to argue that traders in the
Chicago wholesale onion market possess the requisite
information to move directly to the market-clearing
price associated with given market conditions.

The sccond problem encountered in the transition
from the market of theory to the market of the real
world involves the definition of the time-unit of
observation.  The market  supply and demand
functions of theory are assussed to hold “per unit of
time”; real-world markets must operate on elock
time, in the sense that a mackel may be defined in
terms of a day, a week, a month, and so on. The
difficulty for empirical analysis is that the basic

' " Witness the large number of demand studies that have been
condireled on agricultural commodities. Sce, for example, A
Handbook vn the Elasticity of Demand for Agricultural Products
in the United States, Western Extension Marketing Committee
Publication No. 4, fuly 1967, which summarizes from 115
research studies estimates of price and income clasticities,

theory provides no guidance concerning the sclection
of the approprisie timue-unit of observation.'® This
may be of singular importance in evalualing the
perlormance of a  market, to the extent that
conclusions drawn coneerning the market’s perfor-

mance are sensitive o the specific  time-unit of

observation wused in the particular analysis. Given a
set of market performance erileria, it would net
necessarity be inconsistemt to conclude that a market
performs unsatisfactorily when observing it on a
performance on  a

day-to-day lbasis  while its
year-{o-year basis is deemed satisfaclory,

Of course, if the conclusion of market theory
thal an observed price represents the intersection of
the market supply and demand curves is accepted
then the hinplied delinition of clock time s the
length of time for that particular sale to take place.
Further, changes in observed prices are to  be
interpreled as manifestations of changes in the basic
market forces. However, to define elock time over
sich 2 small interval seems to rob the theoretical
constriel of some of its usefulness as a vehicle for
abstracting from the minute complexitics of reality in
order to obtain basic insights into how that reality
operates. Also, such a shorl time-unit of observation
world be difficull 10 express guantitatively in terms
of clock-time.

Finally, in light of the above discussion concerning
the state of knowledge it seems unlikely that, even if
market forces were to change so rapidly, market
participants would perceive these changes and react
to them with equal speed,

To this point, it has been argued thal because
markel participants do not possess perfect knowledge
and because clock time 5 a factor to recognize in
real-world markets, the perfect market of theory
leaves something to be desired as a framework for
the analysis of observed prices. In particular, it scems
clear that the historical record of market price should
be viewed as a reflection. of iwo types of underlying
movements—these associated with changes in equilib-
rivm conditions which call for the establishment of a
new equilibrivan price, and those associated with the
attempt to discover what that new equilibrium price
should be, The former case is associated with the notion
of price determination; the latter with price discovery.
On this argument, an evaluation of price performance
would involve two considerations simultancousty: The
response of market price to changing conditions, and the

*Chapter 1 presents a brief discussion of various time-units
ol ohservation and suggests the types of cconomic forces
generafly associated with each,




difficulty involved in discovering and responding to
these changes.

Some Empirical Issues

Recognition of the distinction between the von-
cepts of price determination and  price  discovery
cuises the fundamental question of how to identify
and measure cmpirically the separate effeets of these
forces. ldeally, one should have citeriz which would
permit the precise sephration of the observed price
change into these two components Unfortunately,
there are no clearcut guidelines to follow, so it is
necessary to resorl to some ad hoe procedure that
will, as @ minimum, provide sowme insights into the
problen, The following fine of reusoning is employed
in this report,

Price Varintion Over Time. As a rule, by the end
of the storage scason the entire late summer onion
crop has been sold. Consequently, the scason’s
average price may be used as a beginning point since,
in light of the previous discussion, it turns out to be
the price which clears the market—it may be viewed
as an empirical manifestation of the equilibrium price
defiped in the conlext of the perfectly competitive
market, However, considerable variation about this
average price will ocenr during the season. This
ohserved variation reflects two underlying forces: The
scasonal pattern of prices associeted with a storage
commodity where market forces attempt to allocale
storage supplies over time, and the process of price
discovery described above. In an attempl lo examine
this within-seasornt variation, two not completely
independent measures will be considered.

For n price serivs, such as weekly onion prices for
a given crop year, the extent of the variation of
individual (weekly) prices about the average price {or
the scason may be measured by a statistic called the
coefficient of variation. Heuristically, this is a number
which measures the variation in actual weekly prices
as a percentage of the average price for the season.
Since it is expressed in percentage terms, it has the
advantage of permitting dircct comparison of varia-
tion from year to year for a particular price series,
such as the Michigan fo.b. shipping point price, to
st whether the degree ot variation has been changing
pver time: and it permits dircet comparison of the
variation in two different price series, such as the
Mickigan and New York fo.h. price series. This, of
tourse, an aggregate measure and does ot
distinguish  between  variation associated with the
expeeted scasonal pattern of onion prices and the
variation assoctaled with price discovery,

[

Chapter 4 i concerned with year-to-year price
variation and with the aggregate measure of within.
season price variation. An allempt is made to provide
a criterion, or reference poini, for evuluating the
coofficient of variation, as a measure of within-scason
price  variation, caleulated for the Michigen fo.b.
shipping point price series for each crop year during
1930-67. The procedure is 1o use a model of the
perfectly competitive market in time to generate @
seasonal price pattern for a storage crop such as
ontons. On the busis of this model, it is possible to
predict the cocfficient of variation of seasonal prices
for a particular erop year, This predicted value may
then be used st a reference point for evaluating the
actual eorfficient of variation for that crop year.

In principle, this comparison of the predicted with
the actual coefficient of variation provides a measure
of the extent to which the reabworld onion market
operated under compelitive conditions. However, in
this phase of the study, considerable caution should
be exercised in interpreting these comparisons since
further theorctical and empirical work is needed 1o
provide a solid basis for evaluating the performance
of the onion market. Nevertheless, it is felt that
these comparisons do provide meaningful insights
concerning the performance of the onion market with
respeet to the competitive norm, In particular, they
highlight the extent to which petformance may have
been changing relative to the competitive norm over
time,

In an attempt to disaggregate this measure of
within-scason price variation {the coefficient of vari-
ation), two analyses arc carried oul. One focuses on
the cxpected seasonal patiern of price. This tradi-
tional analysis of scasonal price patterns is presented
in chapter 5.

The sccond measure of within-scason variation is
the monthly price range which is used as a crude
measure of price variation associated with the process
of price discovery. This analysis is presented in
chapter 6. There are no strong and compelling a
priori regsons for defending the use of the monthly
price range as a measurc of price discovery, However,
in the spirit of approximation, it could be argued
that for a particular period within the marketing
season, say a month, there exists a unique equilib-
pum price such that, i it were kpown by all the
traders i the market, then all of the trading for that
time period would be conducted al that one price.
To the extent that the market participants do not
possess the requisite information to move directly to
this price, then it must be discovered through the
trading  process. Consequently, observed  price




variation  during this period  should provide an
empivicl measure of the underlying price discovery
process. While there are no eriteria for evaluating the
abserved price range for a particatar month, it s
possible to compare changes in obseryed price ranges
among months and over time and, consequently, to
draw tentative conclusions eoncerning the extent to

which observed price varistion due 1o the process of

price discovery has been changing,

Price Variation Qver Space. The theory  of Lhe
perfeetly competitive market, as oullined i the first
seetion of this chapter, abstracls from  the spaltial
dimension of the market. In renb-world terms, it does
not tell us where the markel is located geograph-
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ically -t implicitly assumies & market exists wherever
for purposes of
teading, Further, iU fails 1o recogmize the real-world
situation where 2 particnlar commodity is priced in
markets separated by space. In the case of onions,
for example, shipping-point markels exist in Michigan,
New York State, and 'Texas. Similorly, wlolnsale
markets for onions produced in these regions exisl in
most of the major cities in the country,

This spatial aspeel of real-world markets is con-
sidered in chapters 8 and 9 by drawing upon (he
theory of the perfectly competitive market in space,
From this theory, peeformances measures are deyel-
oped and evaluated.

buyers and selleny come  together




CHAPTER 4. YEAR-TO-YEAR AND WITHIN-YEAR PRICE VARIATION

This chapter is the first of four conerrned with the
variation in cash onion prices through time, Two basic
types of price varistion are considered: Changes in the
fevel of prices from year to year as measured by
average prices for each year, snd deviation of actual
prices around these wverages within the year. The
current chapter considers only an aggregate meussure of
within-season  price varintion, Seasonal and  within-
month price  variability is examined in detail in
ehapters 5 und 6.

YEAR-TO-YEAR PRICE VARIATION

Variation in the average level of onion prices is
discussed in this scction for the crop years from 1930
to 1967 for differentl points in the markeling system
and at different levels of aggregation over time, The
major part of the discussion centers on three price
serics—Aichigan and New York f.o.b. shipping point
and Michigan wholesate at Chicago—on a year-lo-year
basis. A final subscclion compares average prices at
seven marketing points for three prriods.

The season’s average prices for late summer onions
for three selected markeling paints are shown by crop
year in table 1 and figure 1. Although considerable
year-to-year variation is exhibited, all three price series
have moved in close conformity over time, as would be
expeeted since all three market points are integral parts
of the overall national market within which onions are
priced. However, a careful examination of table 1 and
figure 1 reveals that there is considerable difference in
the level and distribution of prices among these three
series. These among-serics relations are more casily
examined by the use of frequency distributions which
show the percentage of actual prices falling within
stated price intervals.

The frequency distributions for cach of the three
price serics are shown in table 2 and figure 2. The
modal group??® for the Michigan fo.b. pricc was
$0.76-8!, which includes 32 percent of the annual
average prices. Fifty percent of the annual prices fell in
the $0.26-30.75 range and 18 percent of observed
prices exceeded $1 per 50-pound sack. Approximately
33 percent of the wholesale prices for Michigan onions
in Chicago fell in the $0.51-$0.75 range and almost 30
percent exceeded 31 per 50-pound sack. The modal

1o The modal group is that group containing the largest num-
ber of actual prices.
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group for the New York f.o.b. 5hif}pi:1g point price was
the group over $1, which includes almost 33 pereent
of the annual average prices. The remaining prices were
about equally distributed among the other three
categorics.

The underlying distribution of annual prices ap-
peared to be somewhat different for the three price
serivs. The Michigan fo.b. price distribution may be
charecterized as skewed, with a temdency for low
prices to occur with a higher frequency. On the other
hand, the distribution of the Michigan wholesale price
at Chicage is bimodal, with approximately equal
frequencies oceurring for the $0.51.80.75 and the over

$1 groups. The New York fo.b. distribution is
approximately rectangular,?'  although there is a

tendency for high prices {over 31} to occur with a
greater frequency,

Figure 1 clearly evidences rather extreme year-lo-
year variation in onion prices, a price pattemn
suggestive of the cobweb phenomenon felt to exist for
many scasonazlly produced agricultural commiodities.
The presence of this phenomenon frequently makes it
difficult 1o determine whether or not an underlying
trend is preseni. This appears to be particularly true
for the prices being considered here. Consequently, the
following two sections are concemed with the trend
and with the cobweb pattern in onion prices
respectively. Only the Michigan f.o.b. price is consid-
ered since the long-run patterns of the other two price
serics are sirnilar.

Trend in Michigan f.o0.b. Price

One method of climinating annual variation from a
price serics lo detect underlying trends is to use 2
moving average of the actual prices. It is seldom clear
whal time interval to use so both a 2-year and a 3-year
moving average have Leen caleulated for the Michigan
f.0.b. price. These are presented in figure 3. For some
time intervals, the 2-year calculation seems to do
better smoothing job while the 3-year calculation
seems better for other periods. In either case, the same
general underlying trend is revealed by both proce-
dures.

In gencral, onion prices declined from 1930 to the
mid-1950%. The rate of decline was quite precipitous

3 A rectangular distribution has an equal number of observa-
tions in each group.
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Table 1.—Late summer onions: Season’s average price, selected marketing points, crop years 193067

Michigan, Chicago wholesale

New York, F.o.b. shipping point

Crop ycar Michigan, l.o.b, shipping polut
1030, .. .. e 0.40
1931 ... ..., . 2,69
1932 . ...... . H2
1933 . . 1.15
R T 1.13
1935 .. RN B0
1936 . . 49
1937 . . 1.04
3511 RPN . 04
1939 . ‘e , B2
Lo4) . . .04
|8 Y 1.21
1942, . b2
1943 . Ve e RS
12 . .61
LES . ..., R
194G .. ..... .. Ad
197 .. ... 1.21
194 . ..., .. . 43
1049 . .78
1950 e .36
1950 ... .. .. . .78
1982 ., ....... 1.06
1953 . ... .. .. .28
195¢ . ., . 54
1956 .. ....... 63
50 ......... A48
1957 .. ... .. . .59
1958 . ...... .. .96
1959 . ..., ..., A4
190 ........ . 46
1961 . ........ 97
W62, ... ..... .53
1963 . ...... .. 66
1964 ... ...... b2
i%s . ... ... A7
1966 ... ...... R
1967 . ... ... . .90

Dollars per 58-pound sack

0.44 0.46
236 2.65
62 no data
1.15 1.i4
116 1.34
72 a7
A48 52
87 1.03
47 03
i 86
i) a2
no data 1.33
no data .02
1.22 o8
67 090
1.17 1.06
40 A0
1.54 1.28
50 47
.7 o2
35 A4
.79 87
1.04 1.15
34 .30
.58 .56
.03 b6
.55 .52
.7 i
1.03 1.17
57 48
Kill] A9
1.08 1.03
62 .55
.78 b4
.78 70
50 46
1.08 1.05
1.00 1.06

' Prices deflated by Tndex of Prices Received by Farmers, All Commodities, 1010-14 = 100,

from 1931 to 1936, dropping about $1 per sack.
Following the low in 1936, price {luctuated rather
steadily belween $0.75 and $1 until 1945 when the
downward trend was resumed. This decline persisted
until 1954, with the olwvious exception during the
cacly 1950'%. Prices appeared to bottom out during the
mid-195(¢'s and since that time there appears to have
bren a rather persistenl upward trend. Over all, the
period from 1930 to 1967 may be characterized as one
ol deelining prices from 1930 o the mid-1950"% and
one of stable 1o slightly rising prices since that time.
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The Cobweb Character of Onion Prices

As mentioned above, many annually produced
agricultural crops exhibit a characteristic referred to as
a cobweb pattern, where high prices are followed by
low prices and low prices are followed by high prices.
A simplistic explanation is that when producers
experience a high price from the sale of a crop they
plant heavy {or the next crop under the expectation of
a continuation of the high price. However, the large
crop, in tum, resulls in a low price and producers cut
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Table 2,—Frequency distribution, annual average ondon price, seleeted marketing points, 1930-67

Annual average

price per S0-b. sack Michigan, f.o.b, dhipping point Michigas, Chicago whaolesale New York, f.o.b. shipping point
Percent

030,25 ., . .... { 0 9

$0.26-80.50 . ... 263 J%4 216

$0.51-$0.75 .. .. 237 333 243

$0.76-81.00 . ... A6 194 216

Over 81,00 ., ... Jddd 27Y 325

buck  on  plantings the following year. Thus, a
sawloollt, or cobweb, pattern of prices emerges,

The pattern ol price shown in figure | strongly
sugrests that such w phenomenon is present in onjon
prices. This is exwmined in figure 4, where the
difference in price from one year to the next is plotted
for the Michigan Lok, price serics. For a perfect
cobweh, price change would alternate in sign from plus
to minus from year to year, The cobweb phenomenon
in onion prices is clearly apparent, with the change in
price from  one season to the nex: tending to
ppproximute the expeeted alternation from a plus 1o a
minus sign. For the entire period, there were 28 years
where the season’s average price changed in the
opposite direetion from the previous year’s change. For
the remaining 9 years, the price change continued the
pattern established by the previous year’s price change.
However, there were only two pericds, 1935-36 and
193940, when the previous change was continued for
more than 1 year,

During 1930-40, the cobwel pattern was exhibited
in only 5 years. (n the other hand, during both
[945-57 and 1959-67 the cobweb pattern oceurred in
7 in the 9 years. The rvesson for this tendeney to
follow the cobweb pattern more closely during the
latter two periods is not clear. As o beginning point, it
could be argued that the eobwel effect might tend to
dissipate over time as farmers learn what happens when
they respond to the expectation of @ continuance of
the previous year’s price. In addition, to the extent
that increased speciatination in production and markel.
ing practices restriets the range of alternatives availahle
te farmers this line of reasoning would be reinforced.
It appears that such has not been the case for onions.
However, it should be noted that the period during
which prices tended to diverge from  the cobweb
pattérn  was also the period during  which  price
exhibited a strong downward trend, while for the latter
two pericds the price level remained relatively constant,

Prices:  All Marketing Points—
Selecied Time Periods

The sesson’s averuge prices for seven marketing
potuts for selected tme periods ave presested in table
3. The same  general patterns and  relationships
exhiibitead by carlier tables and graphs are refle led
heee. The 193040 period was one of the highest
prices. For all marketing points, prices doring 1959.67
averaged higher than during 1949-57, but only slightly
so. As would he expected, the wholesale prices for
ontons produeed In a2 particular region were higher
than the prices at the respective fo.b. shipping point.
The one exception te this occurred in 1930-40 when
the Michigan fo.b. price averaged slightly higher than
the wholesale price for Michigan-grown onions in
Chicago.

WITHIN-SEASON PRICE VARIATION

The coefficient of variation is used in ihis scelion as
an aggregale measure of within-season price varistion in
a  deseriplive  way—variability associated with price
determiization and with price discovery is subjects for
subgequent chapters. There are no obvious criteria fo
use as a reference point for interpreting an ohserved
cocfficient of varation in the context of price
performance. Specifically, one might ke to be able to
assert Lhat o particular coefficient is too large or too
small relalive to some norm. An attempt lo provide
such a reference point is presented in a later section.

The coefficients of variation for three selected priee
series are shown in table 4 and fiure 5 by crop years.
Although  there has been considerable  year-to-year
variation in the magnitede of the coefficient of
varition, it does tend to exhibit a slight downward
trendd since 1930, However, this extreme year-to-year
aariation  may  make this  generalization  somewhat



FREQUENCY DISTRIBUTION OF
ANNUAL AVERAGE ONION PRICES, 1930-67
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meaningless, 1n any event, cach successive peak value space,??
' 1

50 751,00

1.00
NEW YORK f.o.b.

absolute changes in price would be

has been lower than the previous one while the
suceessive extreme lows have been of the same order
of mugnitude, The one major exeeplion 1o the overall
picture  occurred  during Wodd War 1 when the
cocfiicient of variation was extremely low. However,
this may simply refiect the abnormal situation brought
about by a war cconomy and is, consequently, of little
intevest  in the overall evaloation of the price
performance of the onion market.

The frequency distribution of the coefficient of
vaciation for vach of the three price serics is shown in
table 5. In gencral, price at shipping poini varied more
within the series than the price at wholesale, For the
Michigan fo.b. price, the coefficient of variation
exceeded 310 with 2 frequency of 34 pereent and the
New York exceeded this value with a frequency of
40.0 percent. For the Michigan wholesale price in
Chicago, this level of withir-season variation oceurred
with a frequency of only 20 percent, This relationship
between the exlent of price variation between {a.b.
and wholesale is as would be expected since demand at
the shipping level is derived from the demand at
wholesale. For a  perfectly competitive market in
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at Lo.b. shipping point as at wholesale; since the fo.h.
price tends to be lower,®® the result is a greater
pereentage change at fob.

The cocfficients of variation corvesponding to the
average prices shown in lable 3 are presented in table
6. In terms of among-market comparisons, the
within-scason price variation at shipping point is
greater than at wholesale markets, as expected based
on the above discussion. The one exception to this
occurred for the Texas f.o.b. price and Texas wholesale
price in New York for 1930:40. The Michigan and
New Yoik f.o.b. prices exhibited approximately the
same degree of within-season price variation in each of
the three periods. The within-scason variation in the
Texas f.o.b. price was substantially less, a reflection of
a markedly shorter shipping reason.?* The wholesale

23Gée shapter B.

33%ee fable 5,

14See Comparison of Theoretical and Actual Coefficients of
Yariation, this chapter, where the cocfficient of variation is
shown to he a function of the length of the shipping season.
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Table 3,—Luate summer onions: Season's aversge price, selected marketing points, selected time periods, 193067

Marketing point?

MIFOB

MINWH NYFOB NYNWH TXFOB TXNWH

193040
1949-57
1959.67

0.97
.61
67

0.93
63
78

Dolars per 50-pound sack

1.27
81
.95

1.04
.68
72

1.16
76
.85

' Prices deflated by Index of Prices Received by Farmers, All Commodities, 1910-14 = 100.
*Thie symbols used here and in subsequent tables are defined as follows:

MIFOB

MICWH

MINWH
NYFORB
NYNWH
TXFOB
TXNWII

Michigan f,0,b. shipping point

New Yotk f.0.b, shipping point

LI I T T | I IO I |

Texas fLo.b. shipping point

prices in the two markets, Chicago and New York
City, for onions shipped from the three different
producing regions ull tended to reflect about the same
degree of within-scason price variability,

Over lime, a definite change in variation is evident.
Except for the Texas f.o.b. price, within-scason price
variation has buen decreasing. In addition, the general
pattern was a substantial decrease between the first
and second periods and a somewhat smaller decrease
Letween the second and third periods.

As mentioned above, the absence of eriteria for
cvaluating observed coefficients of variation prectudes
conclusions concerning price performance relative to
some norm. The most that may be said on the basis of
the data presented here is that within-season price
variation showed a tendency to decline from 1930 to
1967. An attempt to say more is presented in a
following section.

COMPARISON OF THEORETICAL AND
ACTUAL COEFFICIENTS OF VARIATION

In this section, the perfectly competitive market in
time is used as o reference point to evaluate observed
varialion in cash onion prices relative to the varation
that would be expected il the onion market were
operating under perfeetly competitive conditions. Al
though the procedure employed is tenuous, perhaps even
nnacceptably naive, it is felt that sufficient insight into

Chicago whelesale price for onions produced in Michigan
New York City wholesale price for onions produced in Michigan

New York City wholesale price for onions produced in New York State

New York City wholesale price for onions produced in Texas,

the price performance of the onion markel is obtained
to justify its consideration. Even though the comparison
between the oplimal and observed coefficicents for a par-
ticular year may be of questionable significance, it does
not necessarily follow that a consideration of changes
over time in the relation between the optimal and ob-
served coefficient is void of meaning.

The Setting

The production-marketing complex of the late
summer onion crop is characterized by a harvest period
of rclatively short duration with the crop placed in
storage for later sale. In such a setting, the role of market
price becomes one of allocating the fixed storage
stocks over time until new-crop supplics become
available. Consequently, the notion of a seasonal price
pattern is introduced, which means, among other
things, that one would expect to observe within-season
variation of price about the average pricc for the
season. By drawing upon the perfectly competitive
market in time, it is possible to describe what the
optimum seasonal pattern of price should be. Given
this, it becomes possible, in turr, to measure this
within-season price variation using the coefficient of
variation. The objective here is to derive the formula
for computing this predicted, or optimal, coefficient of
variation, and to comparc it with the observed values
given in the previous section.




Table 4.—Onijons: Coefficient of variation of scason’s average price, sclected marketing points, crop years 1930-67

Crop year Michigan, {.0.b, shipping point Michigan, Chicago wholcsale New York, f.o.h. shipping point
Percent

1930 ., N 14.1 16.2 3.5
1931 . ...... . 47.6 53.6 51.8
1932 ., ....... 38.6 18.4 no data
1933 . ........ 21,1 21.4 21.3
1934 . ..., .. . 48.1 440 17.6
1935 . ........ 19.9 18.1 15.7
1936 . ........ 43.9 35.8 31.6
1937 .. ....... 22,0 20.6 22.2
1938 . ........ 14.4 17.1 18.4
1939 . ....... . 5L.3 20.3 52.5
1940, ... .. . 22.6 25.8 39.7
1941 e 25.7 no data 335
1942 . ., .. .. .. 153 no data 12.9
1943 . ... ... .. 6.3 6.7 121
196 ... ... .. 17.3 11.3 15.4
945 . ........ 8.7 143 10.6
1946 .. ... ... 28.2 23.5 26.4
1947 ., ... ... 38.3 274 35.1
1948, .. ... ... 15.) 12.0 15.5
1949 . ... .. ... 4.6 49.2 30.6
1950 .. ... ... 30.7 12.2 28.1
1951 . ..., .. g2 38.3 36.0
1952 .. ... ... 23.0 24.3 21.2
133 . ..., ... 1B.0 18.7 12.0
1954 . . ... . ... 145 16.1 15.1
1955 . . ....... 252 323 21.4
1956 .. ... ... . 218 129 226
1957 . .. ... .. . 30.6 23.6 41.4
1958 . ...... .. 35.8 20.6 45,7
1959 . ... ... 15.3 15.1 10.5
1966 ......... 256 17.7 3L.0
1961 . ... ... .. 39.0 344 36.0
1962 .. ....... 16.8 12.5 17.1
193 ......... 10.6 7.7 14.7
1964 e 19.4 18.1 10.7
A5 . L L L. 36.6 15.3 318
1966 .. ....... 18.9 13.6 14.3
1967 .. ... .. 33.5 216 39.3

The Optimal Coefficient of Varation

The model employed is presented in Bressler and
current  development  self-
conlained, this theory will be presented here in outline

King.?® To make

form.

One-period  production and multiperiod consump-
tion are assumed. This permits storage for a limited

*SBressler, R. G., Jr, and R A. King, Morkets, Price:
and Interregional Trade, John Wiley and Sens, Inc., 1970,

chapter 11.

the

time. In addition, the terminal storage period is
assumed to occur prior to the harvesting of a
subgequent crop and no new-crop supolies become
available during the storage perdod. To facilitate
subsequent computation, linear equations are used to

oblain cxplicit solutions.

Let

(1) S = Quantity harvested and sold in subsc-
quent periods; S is a constant for the
storage-selling season.

25
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Table 5.—Frequency distribution of the coefficient of vasiation, annual average onion price, selected marketing points, 1930-67

Coeificient of

variation Michigan, f.0.b. shipping point

Michigan, Chicagy wholesale

New York, f.o.b. shipping point

0200 ...... 39.5
20300 ... .. 26.3
310400 .. .., . 21.1
410500 ... ... 10.5
Qver500 ... .. 26

Percent
5.5 40.0
250 18,9
1.3 27.0
56 B
2.8 5.4

Table 6..Coefficients of variation, Inte smmer onjon prices, selected markeling points, selocted periods, 1930-67

Marketing point*
Period
MIFOB MICWH MINWH NYFOB NYNWH TXFOB TAXNWH
193040 . ... ... . 31.2 26.5 232 3.4 274 21.5 23.4
194957 e 271 254 19.5 25.4 222 25.6 16.5
195967 . ........... 24.0 17.3 144 2.8 21.0 22.6 15.4

! See table 3.

The demand curve for each time period, 1, is given by
(B by =a- l:I“, t=1,...,n, where n is the
terminal storage selling periad.

Storage cost is given by

D G = (t - e, where ¢ 35 the cost per unit
t I
stored per time period.

it wonld be more realistic to include a constant term in
(3) to refleet the fact that there are fixed costs involved
as the commodity moves into and out of storage. How-
ever, since the only effect of fixed costs on intraseasonal
price relations is to aller the price change between
period 1 and period 2 by a constanl amount, it was
decided to ignere it, to keep the analysis as simple as
possibie,

As 2 consequence of assuming a perfectly competi-
tive market in time, the price cquation is:

(# Bp= b4 (=
whicl shows that the price in the tab period is equal
lo the initiai period price plus the cost of storage to

the 1-th period, ie., price should rise seasonally by the
cost of storage,
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By introducing the equilibrium condition that the
sum over sales in the # selling periods is equal 1o the
stocks available at the beginning of the scason, it is
possible to express P, in terms of the parameters of
the demand function and the totai guantity of stocks.
However, this will not be done since intcrest here is
on deriving the coefficient of variation {or the seasonal
price pattern.

The variance of price within the season is given by:

R URID YO
t=1

which may be calculated by the following:

n

(6) V(P = %E P2 P2

t=1

The mean, or average, price, P, may be caleulated by
summing equation (4} over the n selling periods and di-
viding by n. This yields:




= 1 - . (n~1)
(0 P=r ) B r(-he] = Py +i="e

n

1 .
of — E P': i5 somewhal more
n

=1
complicated gince it requires first syuaring equation (4)
for cach valne of t, summing over all v values and
dividing this total by n. By straightforward calculation,
the sum over all the values squared is given by:

The calculation

n
)] E }’: = 0P Fn(o-D) P e+ (1+2%+

t=1
3 (n-1)F)e?

sinee:

(9 (L+2+3 4., +(nD)?) =

6
we have:
d 2
! -1)(2n-1
(10 Z N +(n-l)P,e+£1'—.)-g—“——) e
=1
Consequently,
n
1 -
(11 V(P) = — Z PP -p? =
n
=1

:[(n-l)(iln—l) (n-l)’]e,
6 -

(n?-1)e?

12

Finally, the cocflicient of variation is given hy:

n{n-1){2n-1)

u?-1)

5() c\/( 12

v {(n-1}e
9

(12) Cv() =

' »
r, o+

Equation (12) shows the coefficient of variatton to
be a function of the number of selling periods during
the storage season, the cost of storage per unil per
time period, and the price in the initial selling
period—a result which scems reasonable. Using this
formula it is possible for any pgiven scason to
determine  what  the coeflicient of  variation—the
degree of within-scason variation of price about the
scason’s  average price—should be if the market
operaled wnder conditions of perfect competition in
time,

COMPARISON OF ACTUAL AND
OPTIMAL COEFFICIENTS

In this section, the observed cocfficients of
variation for the Michigan fio.b. price serics are
comparced with the oplimal, or predicted, cocflicients
caleulated using cguation (12} developed above. As
shown there, the optimal coefficieni of varialicn is a
function of the price during the first selling perod of
the scason and the cost of storing one unit of the
commodity for onc period. Thus, o compute the
optimal coefficients it is necessary to have informa-
tion concerning the cost of storing onions.

Since weekly prices are used in this analysis, the
desired information would be the cost per unit per
week, Unfortunately such information i not readily
available, A brief review of the literature supple-
mented with discussions with an extension marketing
specialist at the University of Wisconsin suggested
that a figure in the range of § to 10 cents per sack
per month would be a reasonable approximation.

It must be emphasized that this is, at best, a
crude approximation since storage costs will vary
depending on type of storage, time of harvest, length
of storage scason, and so on. In addition, it scems
rcasonable to assume that storage costs have been
changing over time so that costs applicable for the
mid-1930° would not be relevant for the lale 1960%,
Hlowever, since the comparison undertaken here is
meant to be suggestive rather than definitive it was
feit that this crude approximation was acceptable for
the purpose at hand. Censequently, optimal cocffi-
cients were calculated for two Jevels of storage cost,
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Table 7.—Onion prices: Frequency distribution of ratios of actual coefficient of vatiation to predicted cocfficient of
variation under slternative storege costs, 1930-67 and sclected periods

Storage cost
Ratio I cent per S0.pound sack 2 gents per 50-pound sack
193040 | 1949-57 | 195967 | 193067 | 193040 { 1949.57 | 1950.67 | 1930467

lessthan 0.3 .. .. . o ... ... 0 0 o 0 0 0 0 0
0307 ........... e . ¢ 4] 0 ¢ 081 222 11 184
B812 L, e RES] 222 A1l 131 273 222 555 342
35 Rti'] A1l 333 264 273 444 ) 211
L2y ... .. e e e e e e 182 Bist 222 131 0 0 222 079
Over 20 . ........ e e e e 636 556 333 474 363 111 J11 184
Simple average ratio ... ..., . . 3.6 23 2.2 2.5 1.9 1.4 1.3 1.4

1 vent per sack per week and 2 cents per sack per
waek, Sinee the focus of the comparisen is on
relative rather than absolute values the same gualita-
tive conclusions van Lo drawn independent of the
actual level of storage costs,

To fucilitate comparisons, the measure used is the
rutio of the actund coefficient of varistion 1o the
optimal cocfficient for a particular year. Thus, a ratio
of L& means that the actusl wus equal to the
oplimal, 1.5 would mean that the actual variation
exeeeded the optimal by 50 percent; and a ratio of 2
would mean that actual variation was twice as large
as the aplimal. s the absence of kuowledge of the
distrilution of such a ratio, it is not possible lo
engage  fn stalistical regard  to  the
significance of differences from the value of 1.0, the
value obtained for a market operating in accordance
with the competitive norm. Consequently, the assess-
ment of the obtained ratios is completely subjective,

The ratios for each crop year caleulated oun the
hasis of two storuge costs are plotted in figure 6.
The first thing to observe is the difference in actual
values of the rativs depending on which storage cost
level 35 assumed. The higher the storage cost, the
lower the numerical value of the ratio, an cxpected

testing  with

result given  the nature of the underlying formula
used for caleulstions, However, the two series provide
the relative  comparisons  even  though  the
associted magnitudes differ.

Starting in 1932*S there was a general tendency
for the ratio of the coefficients to decline up to the

Rame

¢ Note that 19481, as observed in previous discussions, is
an cexireme year,
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mid-1940%, with the notable exceptions of 1934 and
1939, This suggests that during the period there was
a definite tendency for the degree of variation of
weckly prices about the season’s average price to
approach the degree of variation expected to exist in
a perfectly competitive market. In other words, the
cash onion market was apparently becoming more
competitive during thal period. Since the latter part
of the 1940, with the exceptions of 1949, 1958,
1961, and 1965, the ratio remained quite constant;
an average of about 1.8 with storage costs equal to 1
cent and 1.1 with storage costs at 2 cents per sack
per week.

As mentioned at the outset, considerable caution
shoutd exercised in  interpreting these ratios,
particularly in an absolute sense. However, in terms
of making comparisons over time they are suggestive
of the direction which the performance of the onion
markel has followed relative to the competitive norm.
On this basis, the ratios shown in figure 6 exhibit a
eonvergence loward the compelitive norm during the
early part of the time petiod and a tendency to stay
within a reasonable range since the early 1950%, with
the exceplions noted,

be

An afternative way to view the calculated ratios is
in terms of a frequency distribution, These distribu-
tions are presented in table 7, beth for the entire
193067 period and for the three subperiods of no
futures trading, futures trading, and no futures
trading. Again, results are present:d under altermative
storage cost assumptions to sliow the impact of
alternative cost levels on the numerical values of the
ralios. Since the same relative patierns are shown
under cither assumption, the discussion will center on




the ratios obtained under the assumption of a storage
cost of 2 cents per sack per week.

For the entire time period, the simple average
ratio was 1.4, which says that on the average the
actual within-season variability of weckly prices about
the scason’s average price excecded the variation
expected on the basis of a perfectly competitive
market by about 40 percent. In terms of distribu-
tional relations, a ratio of 0.8 to 1.2, which brackets
the optimal value of 1.0, occurred in almost 35
percent of the cases. Almost 75 percent of the ratios
fell within the range from 0.3 to 1.7. Slightly less
than one ratio in five had a value in exeess of 2.0.

Comparisons among the three subperiods reveal

31

essentislly the same pattern discened in figure 6.
During 1930-40, the average ratio was 1.9, implying
that aclual variation was aboul twice as large as
would be expected on the basis of a perfectly
competitive market, During the latier two periods,
the ratio wveraged about the same; 1.4 for 1949.57
and L3 for 1959-67. However, the distributions for
these 2 years were different, During 1949-57, approx-
imatcly 20 percent of the ratios fell in the 0.8-1.2
range while the comparable figure was 506 percent in
1959-67. In general, even though the average ratio
was approximately the same for the two periods,
smaller values occurred with a dightly higher fre-
quency during the latter period.




CHAPTER 5. SEASONALITY IN ONION PRICES

Seasonmality in prices is one of the components of
within-scason price variation that needs 1o be considercd
in evaluating price performance. This chapter briefty
sketehes the theory of an oplimal seusoual price patteen
for a storuble commulity und investigates the possible
effect that the onion Iutures markel may have had on
the seasonul paticrn of onion prices,

Optimal Seasonal Price Pattern
The Theory??

Given the demand curves for vach selling period
during he storage season, the price for a seasonaliy
produced commodily s expeeled o rise during (e
storageselling peciod by the coat of storage. Heally,
mecchanls and fwoners would coreeetly foreeast future
demands Tor the commodity relative o the fised supply
avatlable al the beginning of the storage season 2o that
they would oplimalty allocate this fised supply over the
season. The storge decisions would be based on the
relation between the price expected in the future, P,
and the carrent cash price, Po, 16 ¢ is the vost of storage
between two periods then storage will take place as long
as Py = 1’02 e Given this simple anmument, the seasonal
price pattern Tor casl onions would be as shown in
fignre 7 where the rise in price from ) e Py would he
egual o the cost of storing the commodity from lime 1,
to Bime 1y,

Deviation From Optimal Seasonzl Pattern

While this theory predicls a specilic seasonal priee
pattern that is expecled to reeur from year lo year, an
examinalion of actuat onion prices will quichly oveal
that such is not the case. There are many rensons why
the actual seasonal pattern of onion priees will deviate
from hat predieted by the theory. These underlying
causes may be classified into two groups  thase assoeiated
with conditions unique to a particalar marketing year and
those associated with changes in the stenetazal charaeter-
istics ol the onion market., Several illustralions are pre.
senled Below,

Foctors Unique to o Particnlar Year. For a relatively
perishable commadily such as onions, vrop quality is of

27 Fora detailed presentation of the theory see K. G Dressler,
Jr.oand R, AL King, Markets, Prices and Interregional Trade, John
Wiley & Sons, 1970, chapter 11, For an oulline ¢f this theory
see Lhe previons chapler,
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extreme importance n determining storage life. When
unfaveorable weather during the growing season or during
the harvest period resolts in an onion erop going into
storage that is of low guality, it must moeve quickly inte
mirkel channels 1o wveid a complete logs. This, of
course, means Lhat e seasonal ghipment patlera will
deviate Trom the normal patteen, witl an associated
deviztion from the vptimal prive pattern, In g shinilar
vein, even though o hich quality erop may go inlo
storage, unlavorable storage conditions could lewl (o a
faster-than-normal breakdown in the stored erop, This
would lave the efTeet of reducing the marketable supply
of onjons, and a distortion of the actual seasonal patier
of prices relative to the optimal would he expected.

The tlieory sketehed ahove is based on the assump-
tion thal farmers and merchants correetly anticipate

seasonal demands as they make their storuge-selling
devisions. Consegquently, to the extent thal un-

anticipated shills in demand veeur during e seuson,
prices will deviate from those expeceted,

Finally, a faclor contributing markedly Lo year-to-
vear elianges in the seasonal price pattern of late summer
storage onions s Ue wagitude, as well as the acrival
time on the markel, of the carly spring onion crop
grown in Texas. ldeatly, price should perform seasonally
in such wowiay as to assore a conlinuens supply of storige
onions until the new-crop supplies hecome availuble, but
at the same lime to assure that the quantity of storage
stocks remaining when Wi new supply hecomes avails
abfe is minimized. Thes, in veass when the Texas erop is
expreted Lo be short or when 3 s expeeted 10 arrive on
the market later than normal, the price for slorage
onions would rise Taster than optimal in order o ration
the existing supply of onions. The converse would e
true b e case of o large or early Texas erop,

Structural Changes in the Onion Market. Super-
imposed an he enique faclors causing year-lo-year
rhanges in the seasonal price pattern for storage onions
are strueliral changes in Lhe market itsell, which may
aceur abruplly or auly over a long period of tme, that
will have a decided impact on seasonal patlecus. Far
example, changes in storuge technology affecting storage
file, and ullimately storage costs, wilb affect the amount
by which price would be expected Lo rise seasonally,

[nereases in the size and specialization of opton farms
may  affect seasonal patterns. There iz evidence Lo
suggest hat a 1y pical ™ onion farm is becoming so tarae,
in terms of lotal production, that the farmer-slorer
tust begin shipping out ol storage soon aflee the
completion of harvest. Tle inust also maintain a relatively
ligh and constant shipping rate theonghout the season,
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to lignidate his inventory prior to the planting of the
following year's crop. Such changes in shipping patterns
will affect seasonal prive patterns.

The quantity and quality of market information
available to markel participants is an important deter-
minant of price behavior. The greater the amount of
information available and the higher its quality, in the
sense of accuralely portraying existing and expected
conditions, the greater the probability that an optimal
storage-selling decision will be made. In the context of
the theory above, improvements in both the quantity
and quality of markel information would result in the
actual seasonal pattern converging toward the optimal.

Finally, the structural change of particular im-
portance in this study is the presence or absence of a
futures market in oniens. The next section explores the
question of the probable impact of such an institution
on the seasonal price pattern and the following sections
present some empirical evidence relating to onion prices.

Impact of Futures Market on
Seasonal Price Patterns

Unfortunately for the study at hand, there is no
well-developed  and  empirically  substantiated theory
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relating lo the impact of a futures markel on the
seasonal patterm of cash prices. In general, studente of
fulures markets have argued that the effect of such
markets is to raise prices at the beginning of the storage
season and to lower them at the end of the season or, in
other words, to dampen the scasonal price rise. In
addition, the scasonal pattern would be expected to
exhibit considerable stability from year-to-year.

This characteristic of stability within and among
years is based on the presumption that futures markets
do two things: Eliminate uncertainty and permit
arbitrage. By removing uncertainty, futures markets
climinate one “cost’ of storage so that the expected
seasonal price rise required to induce storage in the first
place is reduced. In addition, by creating the possibility
of arhitrage between two markets separated by time, the
scasonal price change should be brought into equality
with the cost of storage. To the extent that the explicit,
or money, costs of storage vary little, or at the most
slowly, over time, then the seasonal price pattern should
vary little, if any, over time. However, since the “cost™
associated with presence (or absence) of uncertainty
escapes casy quantification, it is dilficult, il not im-
possible, to accept or reject this presumption. In
addition, because of the asymmetry involved in markets
separated by time and because of the difficulty of
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empirically defining stormge vosts, particulurly for ontons
where there i3 no mature “storage industry™ as there
appiars 1o be for such commodities as feed grains, the
elfiexcy of arbitrage in equating price rises with storage
costs is of gquestionable relevanee, Gonsequently, one is
feft with few, if any, theoretical relerenee points for
interpreting vbserved seasonal price patteros in the
context of & futures market. About aff that can be done
is [first to examine such patterns to see if they have heen
changing over Ume aad then ta draw whatever inferences
seem warrinted. This is done in the following sections.

Previous Research on Onion
Price Seasonality

Two researeh papers have been published relating to
the Impact of futures lrading on the seasonal pattern of
onion prives. A baael review of these papers and the
conclusions drawn therein is presented in the following
two sections.

Working's Paper

The first detailed analysis of the seasonal pattern in
onton prices, where inlerest focused on the impact of
the onion fulures murket on seasonality, was published
by Working in 1960.2% The crop years, September
through March, for 1930 to 1938 provided the data set
for the analysis and monthly indexes were caleulated.
The total period was decomposed into three subperiods
for purposes of comparison: A period of no hedging,
1930-10: & period of little hedging. 1946-48 and 1958:
a period of substantial hedming, 1919-57. Prices were
deflated to the 1947-49 price level and the seasonal
indexes were caculated for cach month from Sep-
tember through Mareh, with the September-March
averuge equal ta 100, Mouthly price indexes were
caleulated for two ouion price serics: ULS, average farm
price ard western Michigan price to growers.

The seasonal index for the U.S. average farm price
for onions is shown in table 8, 1t is clear that the
seagenal pattern during years of snbstantial hedging
was {latter than during the other two classes of years,
The price index rose 404 points in 1949057 and 62.9
and 61.4 poims for the other two periods. The mdexes
for the years of little hedging were similar 10 those
obtained from years of no hedging.

*Working, I, “Price Effects of Futures Trading,” Food
Res. Inst, Studdies, Stanford Univ,, Vol, 1, No, 1, Fel, 1960,
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The seasonal indexes for the western Michigan price
to growers are presented in table 9.

This price series exhibits the same seasonal price
pattern as did the previous price series, The index during
years of substantisl hedging rose only 215 points,
compared with 61,4 and 93.8 poinlts respectively during
years of no hedging and little hedging,

For both price series, futures trading in onions
appeared to have reduced the degree of seasonal varia-
tion i owion prives. From these results, Working
comeluded that the theory?® concerning the impact of
futures trading on within-season price variation had been
subistantisted,

Gray's Paper

A second investigation of the seasonal pattern of
onion prices was published by Gray in 1963,2% when
onion price data beeame available for a period of years
following the congressional ban on futares trading in
ottignie, The basic question constdered by Gray was what
happenesd to price seasonality since the imposition of
that ban. Sine. e results of a similar analysis are
presented in the following section, only his methodology
an¢ conelusion are presented lere.

(n his paper Gray presents seasonal indexes for the
U.S. farm price of onions for four periods: 192241,
1942:49, 1949.58, and 1958.62. The first three periods
correspond approxitnately to Working’s elasses of no
hedging, little hedging, and substantial hedging, re-
spectively. The last period, 1958-62, represcnts the
dyear period following cessation of trading in onion
futures. By cowmporing the indexes for these four
periods, Gray demonstrated that the seasonal price
pattern during 1958-62 had reverted back to the pattern
observed during the periods of little or no hedging in
onions. He concluded that this added further sub-
stantiation te the argument that the effect of futures
trading is to dampen within-season price variation.

An Updating of Gray’s Analysis

Gray's analysis has been npdated by calenlating the
scasonal index ol the W3, farm price of onions for the
crop vears from 1962 to 1968 using the same method of
calculation. The results of these calculations along with

3%See Impact of Futures Market on Seasonal Price Patierns
above,

2% Gray, K., “Onions Revisited,” Jour. Farm Econ., Vol 45,
No, 2, May 1963.
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Table 8.~lndex of average seasonal veriation in U.8. farm price of onions during
Seplember-March for selected periods, crop years 1930-58

AMonth No hedging, 1930.40 |  Cittichedging, 1946-48 | g b ool hedging, 1949.57
and 1958
September L . .. e e e 77.0 63.1 80.3
Oclober . ... .. . .. 75.4 70.1 86.6
November .. ............. ‘. 7.5 82.3 97,2
Pecember , ., ..o ., e 96.3 90.3 100.2
Junuary ... e e 109.0 106.1 106.0
February . ... ....... RN 122.9 128.3 108.9
March . ,............ s e 130.9 159.7 1207

! September-March average = 100,

Source; Working, H., “Price Effects of Futures Trading,” Food Res. [nst. Studies, Stanford Univ., Vel. 1, No. 1, Feh, 1960, table 4,

po 120
Table 3. [ndex of average seasonal varfation in western Michigan price 1o onion growers during
September-March for selected periods, crop years 1930.58°
Month No hedging, 1030.40 | Little nedging, 194648 | g intial hedging, 1949.57
and 1958

Septemtber L, L oL . oL, 0.7 68.3 87.0
October ... .. ... .. .. R 8.5 74.0 94.6
MNovember L, ... ..., e 2.4 87.6 1025
Decernber . ... oo . 97.0 89.9 98.2
Japuary ... ... .o .. 104.9 101.1 103.6
February . .o v v v v i e vt ee o e 116.4 117.0 105.9
Mareh ... i i 141.1 162.1 108.5

! Seplember-Mareh average = 100

Souree: Working, 11, “Price Effects of Futures Trading," Food Res Inst, Studies, Stanford Univ., Vol I, No., 1, Feb. 1960, table 4,

p 2.

‘Table 10.~Index of seasonal varfation in U.5. average
farm price of onions during September-March for
selected periods, crop years 1949-68'

No hedging
Month Hedging, 1949-57 -
1958-61 | 1962.68
September ., ... 80.0 70.4 §1.1
October .. ... .. 87.1 4.7 91.3
November . ... .. 98.1 774 96.2
December . .. ... 100.2 86.0 953
January ... . ... 105.9 113.1 144.1
February .. .... 108.6 130.2 105.3
March ... ... .. 120,14 148.2 116.7

! September.March average = 100,

the indexes for 1949.57 (W(}rking‘s period of substantial
hedging) and 1958-68 (the period of Gray’s analysis) are
presented in table 10 and figure 8,

The basis for the conclusion that scasonality in-
creased following cessation of futures trading in onions,
the period of data available to Gray at the time of his
study, is clearly apparent. During the period of sub-
stantial futures trading, the seasonal index, on the
average, rose from 80 in September to 120 in March for
an overall gain of 40 index points. For the following 4
years {period of Gray’s analysis), however, the index
rose from about 70 in September to 148 in March, an
increase of almost 80 index points. In other words,
following the ban on onion futures trading, prices
tended Lo rise seasonally almost twice as vapidly as they
had during the period of substantial hedging.

The finding of significance m the current analysis,
however, is that since 1961 the seasonal pattern of onion
prices has been almost identical with that which existed
during the period of substantial hedging. For the
1962-68 crop years, prices rosc seasonally, on the
ayerage, from an index of 90 in September to 117
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INDEX OF SEASONAL VARIATION IN
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March ecompared with a rise from 80 to 120 during
1949-537. 1n addition, for 6 of the 7 months during the
season, the indexes for these two time periods differ by
five index points or less.

A more detailed analysis of the seasonal price
patterns of the farm price of onions on a year-to-year
basis was undertaken in an attempt Lo rationalize the
results shown above., This analysis revealed that the
1958 crop year had the largest scasonal increuse in prices
of any crop year during lhe 20-year period 1949-68.
This is illustrated in figure 9 which shows the indexes for
1949.57, 1959-68, and 1958 As can be seen, the
indexes for the periods prior to and following 1958 are
extremtely close. These results strongly suggest that, with
the exception of one year, the seasonal pattern in the
farm price of onions remained relatively stable for 20
years; u period claracterized by 9 years of substantial
hedging and 10 years with no hedging,

The 1958 crop yrar was somewhat unique for at least
two reasons. First, it wus characterized by Warking as a
year of “little hedging.” Sinee it was the last full crop
year for which hedging was possible, it was essentially a
transitional year, Sccond, un analysis of the statistics
pertaining to this crop year revealed the following: The
per capita production of 9.50 pounds of late summer
onions was the third smallest during the 20-year period;
the smallest was 9.37 pounds in 1966 and the second
smallest was 9,41 pounds in 1964. The March 1 estimate
of spring production, which becomes available on the
market at about the end of the late summer storage
scason, of L.O4 pounds per capita was the second
smaliest for the 20-year period; the smallest was 0.59
pound in 1950, In addition, this represenied the third

H Ao L] 3 1 . 1] H I 3 3
largest decline from  the previous year’s spring pro-

duction during this period, In summary, conditions for
the 1958 late summer onion crop were optimum for the
rapid seasonal increase in prices that oceurred.

The result of this updating is to suggest strongly that,
with the exception of the transitional year (1958), there
appears to have been no substantial variation in the

scasonul price pattern of the U.S. farm price for onions
from 1949 10 1968.

Seasonality in Weekly
Onion Prices

The analysis in this section differs from the previous
one in two respects: An fo.b, shipping point price is
used, and the seasonals are based on weekly rather than
monthly prices. To adjust for calendar difference from
year-to-year, weeks were standardized an the husis of the
week numbvr within the shipping scason. The scasonal

pattern is  portrayed for three periods, 1930-40,
1949-57, and 1959-67, using average prices for each
week during the appropriate periods. Only weeks were
used for which there were prices for all of the years in
the time period, Indexes were determined for both
Michigan fo.b. and New York fo.b. prices and are
shown in figures 10 and [1. Since the patterns for these
two series are very similar, the discussion will focus only
on the Michigan series.

The same general seasonal pattern observed in the
previous scetions is evident. Price rose by a substantially
greater amount during 1930-40 than it did in cither of
the other two periods. [n faet, with minor exceplions,
the seasonal pattern for these two periods coincides. One
thing done here that was not done in the previous
seclions was to caleulate the index for 1930-40 omitting
the 1931 crop year, which was decidedly different from
the other [0 year in this period. Due to many unusual
circumstances, price during this year averaged much
higher than any other years included in the analysis® !
and the scasonal price rise was by far the largest. With
this year climinated, the scasonal for this period is
remarkably similar to that for the other periods. In fact,
on ihe basis of the simple graphic comparison one is
tempted to conclude that the seasonal price pattern for
onions remained remarkably stable from 1930 to 1967.

Changing Price Seasonals

The comparisons in the previous sections used
scasonal indexes based on averages over z period of
years and, therefore, may be suspect to the extent that
these averages are strongly influenced by only 1 or 2
years during the period on which the average is based. [t
could he, for example, that during a period of 10 ycars,
there were 8 during which price did not change from
month to month and 2 during which price rose
dramatically during the season. In such z case, the index
based on averages could show a strong scasonal pattern
in prices even though the “typical™ situation was one of
ro seasonal price change. This section investigates this
possibility by considering the 1949-57 and 1959-68
periods on a year-to-year basis. The purpose is to detect
whether or not substantial shifts in the scasonals
occurred. If they did occur, then the validity of the
comparisons of the previous scctions becomes question-
able. The U.S. farm price for onions, deflated by the
index of prices received, is used and the seasonal for a
particular month in a given year is the price for that

—————

*1Sec table 1, chapter 4.
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Table 11.-Frequency distribution of monthiy ptice seasonal (monthly price as percentage of annual average),
LL5. farm pries of onions, crop years 1949-57 and 1959-68°

Price scasonal
Month and peried
Less than 90 90-99 100-109 110-119 Over 119

Seplember:

194957 ... e 0.33 0.33 0.22 0.11 0

195968 ... ............ 40 .30 0 .20 10
Oclober:

194937 . ... L. Lo e, .56 A1 11 .22 0

1959068 . ... ..... . ..... a0 10 20 20 0
November:

1949.57 ... ..., .. ...... A4 ] db .33 A1

195968 . ............. . 40 20 .30 .10 0
December:

194957 . ... .. ... ... a3 .22 11 22 A1

195968 .. ............. .50 10 .30 .10 0
January:

194957 ... .. ...... . 0 A4 A3 .22 0

195968 . .,........ . 10 40 30 0 20
February:

TR57 ... 33 Al [t Ny 44

195968 . .............. 1) 0 20 .20 .30
March:

194957 . .. .. ... . 22 J1 A1 A1 44

195968 ., ............. 10 10 .30 10 .30

! Rows will not necessarily sum to 1,00 because of rounding,

month expressed as a percentage of the annual average
price for that ycar,

The seasonals for cach month are shown in figure 12
by crop years, with 1958 omitted. Over the entire period
from 1049 to 1968, there has been no overall tendency
for price in any particolar month to persistently increase
or decrease relative 1o the season’s average price. In
other words, there is no apparent trend in the seasonals,
althongh substantial year-to-year variation is evident.
Price during the last 2 months of the storage season,
March in particular, has varied considerably with respect
16 the annual average. This variation appears to have
been offsel during September-November; when the
March price is selatively high the early season price is
relatively low and viee versa, as it would have to be by
victire of the method used to caleulate the scasonals.
However, the observation made above is of relevance
here; namely, there is no apparent long-run trend in
stasonals,

A menth-ly-month comparison of the scasonals for
the two separate periods lends further substantiation to
this olservation. 1f, for cxample, the September
scasonals for the two periods were superimposed, with
1950 placed on 1949 and so on, the two series would
practically coincide. Similar results would be obtained
for the other 6 months. March would be, to some

41

extent, a major exception although the general pattern
of movement would be the same.

Through the wse of a frequency dietribution, it is
possible to determine whether particular values of the
seasonals oceurred with similar frequencies duting the
two different time periods. These distributions are
presented in table 11, Overall, the distribution bhetween
the two time periods is remarkably similar on a
month-by-month comparison, for the early months of
the storage season. As in the above comparison, March
tends to differ somewhat as there is a slight tendency for
a greater frequency of larger values in the first period.

In summary, it appears that even on a year-to-year
comparison there was not a marked shift in the seasonal
pattern of onion prices between 1949-57 and 1959-68.
The comparisons made in this section lend validity to
the analyses and conclusions of the previous sections.

Conclusions

Updating of the Working and Gray studies by
utilizing more recent price data strongly suggests that,
with the exception of 1958 which may be viewed as a
transitional ycar, the scasonal pattern of onion prices has
remained unchanged since the ban on futures trading.
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The same conclusion scems to apply whether using the
farm price or an f.o.b. shipping point price and whether
using monthly or weekly price indexes.

For the three periods from 1830 1o 1968, the general
conclusion is that the average scasonal price rise before
futures trading began was substantially greater than
during and after futures trading, and that the averuge
seasonal price rise during the latter two periods was the
same, In other words, a decided shift in the structure of

seasonality vccurred  between  the  fiest and second
periods and persisted during the third period. Tlowever,
if the index for the Tirst period, 193010, is caleulated
omitting L931, it is not so olwions that such a structural
shift did, in fact, vecur.

It is not at all clear that the presence of the futuees
markel in onions had any pereeptible impact on the
scasonal pattern in vash onion prices. The data pregented
in this chapter strongly suggest that it had none,




CHAPTER 6. WITHIN-MONTH PRICE VARIATION

The Process of Price Discovery??

Price Discovery As Price Forecasting

In the markels of theory, price is determined by the
interaction  of supply and demand forces. [n the
markels of tw real world, price must be discovered by
the many  markel  participants  involved in buying,
sefling, processing, and storing the commodity as it
mwoves through the marketing system frem the primary
producer to the linad consumer, This characlerislic of
real-world  markets is o manifestation ol the in-
adequacies and imperlections in these markets, not the
least of which is the Taet that the market pariicipants
do nol, ul any given point in lime, possess the
requisile informalion to move diceetly 1 the markoet-
elearing price, but rather they must seek out Lhal price
through theic buving and selling activities, In other
words, price discovery g really price foreeasting.

As  markel  participants  perfoem the various
narkeling activities  associated  with moving a com-
modily through the mackeling system they are, i
essence, altempting to lorecast whal the price will be
when it reaches the retail markel. 1 is on the basis of
this forecasted price that they  must make  their
business devisions, Since these forecasts pertain 1o the
future thry neeessarily rest on the judgment of the
individuals involved: judgments thal must be formed
on an assessmenl of eureent market information. As in
any  situation when an uneerlain Tuture i involved,
some market participants will make good judgments
und  some  will make poor judgments, with the
conscquence Lhal over time those who consistently
make poor judgments will go out of business. kven for
those who remain, however, mislakes will be made
from time W time, mistakes that are likely lo be
rooted in markel information that s cither in error or
incomplete, or both. In any event, those concerned
with the performanee of the markel as an instrumeat
for discovering price are ultimately concerned with
improving the svstem in order that better market
information be made wailable 10 provide the basis for
the making of bhetter judoments,

37This section draws heavily from F. L. Thomsen and R. 4.
Foole, Agricafteral Prices, MeGraw.lill Book Ca,, Inc., 1932,
Claplers §and 9.

Foreeasting Onion Prices

The process of price discovery, or forecusling, is
particularly difficult for onions. When the lute summer
onien crop s harvested, farmers and merchants must
devide low inueh o sell immediately and how mueh
to put into storage for later sale. This deeision must,
of course, be based primarily on what they expeel the
future price 1o be during the storage season. Onee the
storagre decision has been made it is neeessary for them
o constantly study  the market to deterinine the rate
ol Now of enions out of storage. 1T prices are expeeted
to decline, then there would he o tendeney Lo speed
up the rate of flow; on the other hand, il prices are
expeeted to increase there would be a tendeney lo
sow down Lthe rate of flow in anlicipation of the
higher prices later on,

There temds 1o be a seasonad paltern in onion prices
that relates to the cost of storage and, henee, offers
the inducement lo store in Lhe [irst place. However,
conditions  unique o year, such as storage
breakdown or ununticipated shifts in demand, may
ause the actual price pattern to deviate [rom  Lhe
“nornal™ paltern. An imporlant poteatial source of
lorecasling error in the onion market arises [rom
uncertainty relating 1o the size and timing ol the Texas
onion crop that typicully campetes with lale summer
onieng during the latter part of the storage scason.
Farmers and merchants must constantly utilize afl
available information concerning the Texas crop in an
attempl o [orecast the late-scason price so that the
proper quantily of slorage onions is maintzined Lo the
end of the storage scason,

This delicate balancing of the availability of storage
onions with expectedd new supplies requires accurate

cach

price forecasts which, in turn, require accurate market
information, When this inflormation is incomplete or in-
correet, the price discovery proeess will perform imper-
feetly, with the consequence that rather extreme, and
perhaps scemingly unwarranted, variation in onion prices
may oceur both within a particular scason and from
geason Lo scuson.

Price Discovery and the Futures Market

The necessity of forecasting onion prices in the
presence of market characteristics that ake this a
particularly  difficult task focuses attention on the
institulional framework within which this process is




carticd out. By institutional framework is meant the
completeness and acenracy of market information, the
communication network through which this informa-
tion flows, the opportunitics available to farmers and
merchants 1o respond Lo changes in market informa-
tion, and, of course, their ability to form the “right”
judgment on the basis of the available information,

OF particular interest to the current study is the
question of whal impact, if any, the onion futures
trading had on the price discovery process in the gnion
market. Simplistically, it seems reasonable to suppose
that the futures macket wordd make this process maore
“efficient™ dn the sense thal more aceurate price
forecusts would he made. Implicit in this supposition is
the idea that fulores markets typically provide maore
information, that the idormation is widely dispersed
and readily available 10 all persons involved in the
marketing of the commodity, and that through the
possibility of hedging und speculating, markel partici.
panls may respond qaickly and effectively to judg-
menls bused on changes in market conditions. In
practical terms, this argument suggests that, all elge
constant, one might cxpeet to observe ¢ smaller degree
of sermingly unwarranted price variation in onjons in
the presence of a futures market. This question s
considered in the sections that follow.

Price Discovery and the Monthly Price Range

To examine the question of the impact of the onion
lutures market on price discovery, it is necessury 1o
develop an empirical meagure that will make it possible
to detcet when changes have occurred in the process,
For Lhis purpose, the monthly price range—defined as
the difference betwern the highest and lowest price
oceurring during a particular month—is used.®>? There
i8 1o particulurly " compelling reason for using this
measure, However, from the standpoint of asseasing
price performance related to price forecasting, i does
scem reasonable. If market conditions ave changing
capidly and if inuccurate price forecasts have been
made, then presutmably, considerable price variation
would occur us an attempt is made to “rectify® the
errory il accurate price forecasts have been made, then
littde, if any, price adjustment would he required when

**This measure of within-manth price variation was used by
Holbruok Working in “Price Effrets of Futures Trading,” Food
Hes. Inst. Studies, Stanford Univ,, Vol, 1, Feli, 1968, pp. 3-31.
Thus, the waterial in this chapter is essentially an updating of his
work,

the forecasted period arrived. The agsumption here is
that this type of price adjustment can be measured, at
least approximately, by the mouthly price range.
Consequently, in the sections that follaw, interest will
center on both the magnitude and changes in the
magnitude of the monthly price range of onions over
time.

Monthily Price Rangss—An Overview

Mouthly price ranges for September through March
for Michigan fo.b. cash onion prices are shown in
figures 13-15 for 3 periads: Period 1, 1930-40; period 11,
1949-57; and period 11, 1959-68. The figures show not
only the monthly price range but also changes in the
leved of prices duriug the season.

While cach year possesses charaeteristics unigue to
itsell, some general 1endencics are clearly apparent. In
particular, the price range tends to increase as the
marketing season progresses, with some rather extrente
values occurring in February and March. This un-
doubtedly reflects the peint made above with respect
to the imminence of the Texas crop. In years when
inaccurate forecasts have been made, considerable
late-scason price adjustment is required to effect the
requisite balancing of storage and new-crop supplies of
onions.

While there is an indication of this seasonal pattern
in the price range, a careful examination of figs. 13-15
suggests that this pattern is conditional on other
characteristics of price. In years when the level of price
was rising during the scason, there was a tendency for
the price range to increase, while during yecars of
generally falling price the seasonal increase in the price
range was less. In addition, the extent of the scasonal
change in the price range appears to be conditioned by
the level of price at the beginning of the marketing
season.

Such observations can, of course, be rationalized.
When early scason price forecasts turn oul to have
been correct, little price adjustment will be required to
balance supplies and, consequently, prices and price
ranges will follow normal seasonal patterns. On the
other hand, in the presence of inaccurate forecasts,
rapid, and sometimes substantial, adjustments will be
required. Early season underestimates apparently result
in substantial increases in both the level of price and
the extent of the price range, while overestimates
result in downward adjustments in the level of price
and relative stability in the price range. These
reltionships  are  examined in more detail in the
following section,
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The Effect of Price Level
and Price Seasonality

Fo investigale the possible effeel of the eardy seuson
price aadl the seasonality in price on the seasonal
pattirn of the price range, all of the years have been
cross-classified with respect 1o Lhese two lactors, The
elassifieation system used sulfers lrom the same problem
ol mostall elassifivation schemes: namely, it is guite arbi-
trary. Given the sine basie dale set, @ different researcher
coulil develop a different schewe which might lead (o
quite different conelusions, For the enrrent ease, a cont
parison was made between the way in whieh the years
were elassifived wnd the geaphie portrayal of Tigs, 13-15 and
it was FelLthat Use results of the elassilivation weee aceepls
able for purposes of general comparison. More speeilie
comparisons are presenled latee in te text,

The resulls of the classification are presented in
ebles 12 through 11 The basis Tor eael of the 1ables
is the price al the beginning of the marketing period.
Foolnoles in the tables specily the mumerical vatues
{or the deseriptive terins used, Before examining the
seasonad pallern of the prive range it would be well (o
beielly consiler the elassification of the various years
in lerms ol the early season price and in terms of the
geasendlity of price,

Table 12, Seasonat pattern of price fevel and price range In
years with a low beginniog price,* Michigan f.o0.b, cash
anions, selected periods, 1930.68

Table 13.~8vasonul patters of price level and price cange in
years with a moderate beginning price,! Michigan lLo.b.
cash onions, sclecled periods, 1930-08

Change in price range
Chunge in price level
lnerease® | Deerease? | Unchanged?
Liserease? 1934, 1937,
1938, 1939,
1940
1951, §957 - 1952
1961, 1947 - -
Peerease? 1935
1055 - 1940, 1954
1904, 1968
Unchanged? - - .
1963, 1966 —

PSeplember to December medinn price $0.50-$1,00 per 50-
pound saclk,
*nerease = more than +0.10; deerease = more than =0.10;
unchanged = less than 20,10,
*luerease = more than +0.05; decrease = more than -0.05;
urtchanged = less than £0,05,
NOTIE: First line in cell is period |
Seeond line in cell is period [
Third line in cell is period LI

‘lable 14.~8vasonal paltern of price level and price range in
years with a high beginning price,’ Michigan f.0.b.
cash onions, selected periods, 1930-68

Change i price range Change in price range
Clinge i price level e e — cmnnn i e e Change in price level
Increase? T_l)vl‘r(-nsc“ Linchanged? Increase? | Deerease? Unchanged®
Inerease? 1032,1936 - - Increaso? 1941 1933 -
1950,1956 - - - - —
14601962 — - - - —
T}eerraze? . — — Decroase? - — -
- -— 1953 - — —_
Unchanged? 1030 - — Unchanged? — — —
1059 1965 - . - —

'September 1o Decemmber median price less than $0.50 per
50-pound sack,
Tnerease  more than <0 10; decrease -
changed  less than 010,
liverease - more than +0,03: decrease
changed © less than $0.03,
NOTE. Fiest ine in eell is penod [
Second line in cell is period 1
Thase hine e celf is period 111

more han =001 03 un-

maore Than-0,05;un-

'Seplember to Decernber median price more than $1.00
prr H-gound sack.
bncrease = more than +0.10; deerease = more than -0.10;
unchanged = less than 0,10, '
*Inerease = more than +0.05; decrease = more than -0.05:
unchinged = less than 20,05,
NOTE: Firsl line in cell is prriod
Secand linc in eell is period (1
Third line in cell is period 111
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Classification of Years by Early Season Price

Overall, 10 years were classified as having a low
early season price, 18 with a moderate carly season
price aid 2 with a high early scason price, Among the
three periods, the distribution was sbout the same; the
10 low-price years consisted of 3 years from period 1,
3 from period I, and 4 from period 10 the 18
moderale-price yewrs consisted of 6 years from each of
the three periods; the 2 high-price years oceurred in
period 1. Teking the alternative view, during the first
period, 3 of the 11 yeurs were chamcterized by o low
carly season price, O by u moderate price, and 2 by a
high price. For lhe sccond period, 3 years had low
prices el 6 had moderate prices, Finally, the third
period  was chariclerized by 4 years of low early
season prices and § years with moederate prices. Thus,
it appears that the geoeral level of prices during the
curly part of the slorage season was comparable among
the three time periods, the exception being that the 2
years with high prices oceurred during 1930-40.

Classification of Years by Change
in Price Level

Quite a differenl situation existed with respect to
clanges in price level doring the storage season. For 18
of the 30 years, the median price between early season
(Septembee. Decembery mnd late season (February—
Muarch) inerensed more than $0.10 per 50-pound sack,
7 showed a decrease, and 5 remained unchanged. Of
the 18 years ol rising prices, 9 oceurred in period 1, 5
in period 1, and 4 in period 111, Allernatively, of the
LT years in period 1, O were years in which price
increased between early season and late season. This
contrasts with & of U years with price increases in
period {1 and 4 of 10 in period Hl. Of the @ years in
perioel 1, price increased in S and decreased in 4. In
period 111, a different paltern emerges; 4 years involved
price increases, only 2 had price decreases, and in 4
years the difference between the early and late season
price was less than 30,10 per 50-pound sack.

In geneeal, while early scason prices were compar-
able amoug the three periods, there was a definite
temdlency  for substantial seasonul price increases to
ocenr during the first period as contrasted to the later
two periods. This is, of course, the relationship
detected in the previous chapter. This is considered in
more detail in a later section.

Seasonal Pattern of the Price Range

The relation between the change in the level of
price during the storage scason and the change in the
price range is shown in table 15. For the 30 years
considercd, the price range inereased in 22, decreused
it 2, and remained wochanged in 6. Of the 22 years
when the price range inereased, 16 were sssociated
with an increase in the price level, 2 with & decrease in
the price level, and 4 with no seasonal change in prices,
Alternatively, for 18 of the years when prices rose
seasonally, the price range increased in 16, decreased in
I, and remained unchanged during the other. For the 7
years when prices declined scasonally, there was a
tendency for the price runge lo remain unchanged
throughout the scason. In 5 years, the price level
remzined uuchanged and the price range increased
during 4 of these years. In general, then, there was a
definite tendency for the price range to  increase
seasonally whenever the level of prices was increasing.
This same gencral pattern seemed to hold independent
of the level of the early season price and independent
of the time period considered.

Price Ranges Among
Time Periods

The previous sections considered the long run
pattern of price ranges in a general way. In this scction
mote specific comparisons are made involving averages
amony the three time periods,

Average Price Ranges
Average monthly price ranges are shown in table 16

and figure 16. Because 1931 was so different from all
of the other years under consideration (see figs. 13-15).

Table 15.—Relation between change in price level and change
int price range, Michigan .o.b. cash onion prices, 1930-68

Pricc range

Price level Increase Drecrease Unchanged

Number of years

Increase 1
Decrease 0
Unchanged . . 1




Table 16.— Averuge monthly price range, Michigan f.0.b. cash onion prices, September to March, sclected periods, 1930-68

Mouth Period 1a? Period * Period [[* - Period II[*
Dollors per 50-pound sack
September . . .............. 0.186 0.186 0,101 0.134
October . ... ... ... ........ .162 175 128 119
November . .. ............. . 183 109 146 114
December ... .. ... ... . ..... 158 240 173 120
January .. ..., 223 241 205 328
February ................. 445 452 341 204
March ..., ... ... ..., . 489 652 260 323

'1930-1940; 1931 pmitted.
1930-1940; no tutures market.

1 1949-1957; active fulures market,
*1059-1968: no futures market,

two sets of figures are shown for period I; one is based
on all years in the period and the other (period Ta)
omits 1931. As expected, bused on the previous
sections, the runge in all periods tended to rise as the
marketing seuson progressed.

However, there are some differences among the
pesiods. With the exception of January, the price range
for every month during period | was larger than for
the other two periods. In addition, the seasonal rise
from September to March was substantially larger in
period T than in the other two periods: the average
increase wus 0,460 in period 1 compared with 0.159 in
period 11 and 0189 in period UI. Thus, there was
considerably more within-month price variation during
the first period than during either of the other two
periods. However, much of the apparent difference
when period 1 is compared with periods 11 and 111 is
due 10 the influence of 1931, For period la, caleulated
by omitting 1931, the differences in the monthly price
ranges are nol so marked. In December, for example,
the range averaged less in period la than in period 11
and only dlightly larger than period III. Also, the
differcnce for March is much less for period Ia than
period 1.

The case for period 11 versus period III is not as
clearcut.  For October, November, December, and
Februacy, the within-month price variation was less in
period 111 than in period 11, Tn addition, there were
shight differences in the specific form of the seasonal
pattern. Whereas in period 1 the greatest within-month
price variation occurred in March, in period T1 it
occurred in February and in peried 1l in January,
although for this period the range in March was, for all
practical purposes, of cqual magnilude. Overall, the
degrec of within-moith price variation is about the

3l

same in periods [I and I, given the slight alteration in
the seasonal pattern,

Variation of Actual Price Ranges
Around Average Price Ranges

The previous section  involved comparisons of
average price ranges, where thesc averages were
calculated on the hasis of the number of years in each
period. As a result of this averaging process,
considerable information is suppressed; specifically, the
extent to which the actual price ranges varied around
their respective averages. This degree of around-the-
average variation may be measured by a statistic called
the standard deviation which possesses the property
that approximately 68 percent of the actual values will
{all within a range defined by the average price range
plus or minus one standard deviation unit. Thus, it
provides an absolute measure of the extent of the
variation of individual values around the average
value—the larger the standard deviation, the greater the
variation. Some caution must be exercised, however,
when  comparing  the standard deviations for two
different scries, such as the price ranges for two
different time periods, because the numerical value of
the standard deviation is not independent of the
measurement  scale. To permit ihe making of
suck comparisons, a statistic known as the coefficient
of variation may be calculated. This is accomplished by
expressing the standard deviation as a percentage of
the average value and this permits one to compare
directly the relative variation of two different series.
Both the standard deviations and the coefficients of
variation of the average monthly price ranges shown in
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the previous section are preseated below. In evaluating
theis. it must be kept in mind thal one is an absolute
measure  of variation and  the is a relative
measure,

Standard Deviations of Price Ranges. The standard
deviations are presented in table 17 and figure 17,
During the first 3 months of the marketing sesson, the
standard deviation of the monthly price ranges was
spproximately the same in all three periods, although
in period | it was consistently larger than in either of
the other two periods. In December, the period 1
standard deviation was considerably larger than in the
other two periods and the difference continued 1o
inerease  throughont the remainder of the season,
January being the only exception, The difference is
purticularly  marked in March when the peried |
stundard  deviation was $30.5606 per 50-pound sack
compared with 30.080 and $0.187 in periods il and
H, respeetively. 1t is clear thal considerably more
variation in the monthly price range occurred in period
I than in cither periods 1l or I, However, as above,

other

much of the disparity between period 1 and periods 11
and 1II is due to the extreme situation occurring in
1931, With this year omitted from the caleulations, the
standard deviations for Scptember through January are
cssentially  the same, sugpesting little change in the
variation of the price range over time, For February
and March, variation was still greater in the first
period; however, the difference is much less, especially
for March, when 1931 is omitted,

Two points are obvious in the comparison of
pericds 11 and TH. First, the standard deviation on a
month-to-month basis was about the sume for the two
periods. The largest difference occurred in March when

the difference was approximately $0.10 per 50-pound
sack., Second, there is 8 smaller seusonal pattern for
these two periods than is true for period L During the
first 4 months of the season, variation was remarkably
stable in both periods, runging approximately between
$0.05 and $0.09 per 50-pound sack. For the remaining
months, stability in variation was again in cvidence,
although in a range about $0.10 higher than during the
early months,

Coefficients of Variation of Price Ranges. The
coefficients of variation are presented in table 18 and
figure 18. The same general relationships observed in
the previous section are obvious here, Overall, relative
variation uppears to be greater for period I than for
the other two periods, while for these latter periods
the results are comparable, with the notable exception
of Septembur. As was true for the absolute variation,
there is a definite tendeney for relative variation to
increase as the marketing season progresses.

Significance Tests

Congsiderable differences in average price ranges and
in the variation of actual price ranges around their
respective averages has been observed in the previous
section. This raises the question of whether these
differences are, in some sense, significant or if they
simply occurred as a result of random, or chance,
fluctuation. In other words, suppose that by some
fortuitous circumstance one were to obtain a new set
of price range data for the time period under
consideration and used it to calculate averages and
standard deviations as has been done here. What is the

Table [7.—~Standard deviation of monthly price range, Michigan f.o.b, cash onion prices,
Seplember to March, selected periods, 1930.68

Month Period la? Period I? Period 11° Period III*
Dollars per 58-pound sack
September . . ... ... ... ... . 6.075 0.075 072 9.035
Qetober . ... .0t 085 091 065 047
November .. ... ..., 106 103 040 .039
December | . ... . ..., 554 262 092 042
Jamaary ... ... ..., e e . d24 131 142 215
February .. ... e r e 31 296 182 118
March ..o i 242 566 089 187

P1930-40; 1931 omitted.
*1930-40; no futures market,

* 1949.571 active futures market,
*1959.68: no futures market,
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Table 18, - Cocfficient of variation of monthly price range, Michigan £.0.b, eash onjon prices,
Suptemnber 1o Marceh, selected periods, 1930.68

Muuth Period 1a? Period I? Period [1* Period 1114
Percent of average range
September . ... L. L. ..., ... 10.4 40,4 2.0 26.1
Getober , ... . ... ... R 325 52.0 50.8 39.5
Navember . ., .. P e e e 30.0 54.5 27.4 34.2
December ... . ... e e 342 L0904 53.2 35.0
Jamary ... .. . e e 55.6 544 536 65.6
Febrmbry .. oo vt i vn .. 64.5 65.5 53.4 44.7
March ... ... ... e e e e 49,5 86.7 34.3 57.9

193048 1931 omitted.
21030-103 no Futures murket,

P 1949-57; active fulures tnarkel.
* 195968 no Mutures market,

likelihood, or probability, that differences as large as
those obtiined here would be observed in this new set
of data? At least a partial answer to this question may
be obtained by using what is known as a t-test. The
underlying theory of this test veed not be of concern
here, only that by s one s able to make
conditional slalements concerning the probability that
the differences observed in the average price runges and
in the standard deviations are due to something other
than chanee:  that that the differences
significantly different,

st

i3, are

The first step in using this test is to determine if
the variances®® of the price ranges for the various time
periods are significantly different. 1 they are not
different, then the t-test is directly applicable; if they
are, then an approximation muost be uged which, in
cffect, resuits i a loss of degrees of freedom.
lHowever, since we are using this test as a deseriptive
deviee to assist us in interpreting the results we have
obtained rather than as a means of rigorous hypothesis
testing, these statistical complexities need not deter
us.

The price ranges and their
respective variances are presented in table 19, The first
question of interest is whether the observed differences
between the variances are significantly different. Tabie
20 shows the results of testing these variances, The
symbol N8 means that the probability is 0.95 that the
variances are not statistically different: S means that
the probubility is 0.95 that the observed variances are
statistically  different. Two columns are shown for

average  mouthly

¥4 The variange is the square of the standard deviation.
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period 1; one based on all the years and the other with
1931 omitted.

Variation in the price range during September,
October, January, and February is not different
between period I and period (i, whether or not 1931
was inchided in the caleulations. In November, the
variance  was  significantly larger in period 1. For
December and March, however, different conclusions
are drawn depending on whether 1931 is included. For
December, the difference was not significant if 1931 is
omitted but significant il it'is included. The opposite is
the case for Marc).

Fhe variation in September, October, November,
and ebruary was significantly greater during period |
than during period 111, whether or not 1931 is
included. 1t was not significantly different in January.
For December and March, if 1931 is omitted, the
differcnce is not significant; if it is included, the
variation for these 2 months was significantly larger in
period 1 than in period I11,

Finally, the variation between periods 11 and 11 was
not significantly different for October, November,
January, and February. The varjation in period [1 was
significantly greater in September and December and
siguilicantly lower in March.

Using the averages and variances shown in table 19,
the observed differences among periods hetween the
average monthly price ranges for the same months
were tested. In no case was the observed difference
statistically different at the 0.95 level of probability.
In  other words, while there are some marked
differcnces in the average price range for the same
months among the periods, the probability is quite
high that these observed differences are due Lo chance
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Table 19, Averages and varianees of monthly price ranges, Michigan £.0.b, cash union prices,
September to March, selecled periods, 1930-68

Average Varance
Month
la H [l [ la | il 1
September ... ..., .. 0.186 0.186 0,101 0.134 0.0057 0.0057 0.0052 0.0012
Oclober . ... ....... 162 A75 128 1Y D073 .6083 0043 0022
November , ., , .. Pk 183 189 146 A14 0112 0106 0016 0015
December ., .. ..., ... L[58 240 173 120 0029 0688 085 0018
January L ... L. V. 223 241 .265 320 Q154 0173 0201 L0460
February ... ........ 445 432 341 264 0964 0878 0332 0140
March L., L., L., 409 652 260 323 0586 3202 0080 0351

Table 20.. Statistical lests of significance of variance ratios for monthly price ranges, Michigan .o0.b. cash onion prices,
September to March, selected periods, 1930.68

Periods [, 11

Periods [a, It Periods 1, I Periods [, IIE

Month Periods la, [
September .., .. e e NS
Oetober , .., ... ... ..., NS
November . ... .. ... ..., 5
December , ..., .. ..., . N8
Jawaary L, L., . , NS
February ... .. .. e NS
Mareh ... ,....., ‘. 5

NS
NS
§
S
N&
N3
NS

3
NS
NS

5
NS
NS

S

o z 2

NS unum

WU B WOt
177

8 = Significantly different al 0.95 level of probability.
NS = Not significantly different at 0,95 level of probability.

alone, given the degree of variation which existed, The
reason fur this surprising result may be seen in figure
L9, which shows for ecach month in each period the
average price riange (cross-mark) and the interval within
which approximately 68 percent of the actual price
ranges for that month would be expected to fall. The
reason for the conclusion that the observed differences
in the average price ranges are nol significantly
different is clear. Although the average price ranges
differ substantially, the variation of the actual ranges
about these averages has been sufficiently great as to

preclude drawing the conelusion that the aveTages are
different,

Distribution of Monthly
Price Ranges

While averages and varianees may not differ among
the yrars, it is possible that the frequency with whick
large or small values oceur may vary. Thus, an
additional and final characteristic of the price ranges to

57

consider is the frequency with which large and small
ranges occurred among the three time periods,

Overzil Distribution

The frequency distributions of the monthly price
ranges, independent of the month in which they
occurred, are shown in table 21. While precise
conclusions cannot be drawn, it is clear that the
distribution for period 1, whether 1931 is or is not
ingluded, is generally different from the distribution
for either period II or period III. These two periods
for all practical purposes coincide, with the exceplion
of the 0.21-0.30 category. In general, smaller values of
the range occurred with less frequency in period I, For
cxample, almost 63 percent and dightly over 71
percent of the price ranges in periods II and III,
respectively, were 30.20 or less per 50-pound sack,
while about one-hall the ranges were this small in
preriod 1. Conversely, only 6 percent of the ranges in
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period 11 and 3 pereent in period 1t exceeded $0.50
per 50-pound sack while dightly over 11 percent (8
prreent with 1931 exeluded) were of this magnitude in
period 1. In the extreme, 4.2 percent (1.5 percent with
1931 excluded) of the ranges in period [ exceeded $1
per 50-pound sack—no ranges of this magnitude were
observed in ¢ither period 11 or period 111,

Early Versus Late Season Price Range

These Irequency distributions do not recognize the
presenee of o seasonul puttern in the price range, In
table 23, the frequency distributions are shown for
carly season (September to November) and for late
geason to March). Nere some marked
differences are evident. During the carly season, only
6k pereent (B9 percent with 1931 excluded) of the
price ranges were $0.20 or less in period 1, compared
with 85 pereent in period 11 and 100 pereent in period
I AL the high end of the distribution, Il percent
(11.5 percent with 1931 excluded) of the price ranges

{February

were in excess of $0.30 per 50-pound sack in period |
while no price ranges of this magnitude oceurred in
cither periods 1l or 111,

A similar relationship existed for the lale season.
For period 1, only 9 percent of the ranges were $0,20
or less per 50-pound sack compared with 33 pereent
for period 1L and 35 percent for period Hi. Coaversely,
68 percent (65 percent with 1931 excluded) of the
ranges i period [ exceeded $0.30 per 50-pound sack
compared with 33 percent and 40 pereent in periods 11
and M, respectively, Using over $0.50 per 50-pound
sack as a comparison point, almost 32 percent of the
ranges in period | were of this magnitude compared
with 17 pereent in period I1 and § percent in period
H I

In summary, there was a definite tendency for small
ranges to oceur with Jess frequency and large ranges to
occur with u greater frequency in period 1 than in
cither periods 11 or 111, This relationship exists whether
considering  the season overall or recognizing the
seasonal patterns. Finally, the distribution for periods
Il and 111, with minor exceptions, are the same.

Table 21.-Freguency distribution of monthly price ranges, Michigan {.0.b. cash onion prices, sclected periods, 1930-68

Muulrhly price range Period 1a' Period 12 Period I1* Period [1]*
per 50-pound sack

03000 .. ... ... ..., 0.182 0.167 0.161 4.200
$0.06-80.20, .., .. e e e e e 333 .305 468 512
00218030 .. ... ... ..., 212 222 210 100
0318040 . oL L L., 106 097 .081 \ 100
$O41.8050 . ... ... ... ..., 091 097 .016 .058
over 8050 . ... .. L. L., . 076 112 064 030
’ (1.000) (1.000) (1.000) (1.000)
over 3100 . ... ... ., e .015 042 0 0

'1930-40; 1931 omitted.
21930-40: no futuses market,
1949571 active futures market,
*1959.68; no futures market,
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Table 22, Frequency distribution of monthly price ranges, Michigan fo.b, cash onion prices,
carly and late season, selected periods, 1930-68

Season and monthly price

3 w1 | . 2 - 3 L - &
range per 50-pound sack Period li Period | Period 1l PPeriod 111

Early season (Sept.-Nov. }:
0.§0,10 . _,

$6.11.30.20

$0.21.30.30

$0.31-80.4C |
$0,41.50.50 ..
$0.51-30.60 e i}
$0.61-30.70 e 0
aver $0,70 ]
{1.000)
wver $1.00 G
over $1.20 . 1]

Late season {Febdlar)
L3530 . 1
$0.11-50.20 e 050 . 333
$0.21.50.140 250 . 333
$0.31-80,40 200 . 1
$0.41-8050 . ... . L200 . 056G
$0.51-30.60 A5 . AL
$0.61-80.70 . . Vj 056
over 30.70 200 . 0
{1000 {1.000}
over $1.00 A58 . ]
over $1,20 e U 0

PEG30-40: 1931 omitted,

1 1930.40; no futtres market.
*1949.57; active futures market,
4 1959.68; no {fulures market.
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CHAPTER 7. RANDOM VARIATION IN ONION PRICES

The mnalyses in chaplers £ 35, and 6 Tovused on the
total rariation in the price series heing considend. in
this clupier, an alternative procedure, which decom-
posex the tolal varisnee into two separate compuonents
of interest, is presented and applied to cash onion
prives, The uaderlying model s presented v the
following section. The uext section proposes ¢ method
for estimation. The third imolves a4 brief
diseussion of the relmtionship between this model and
the rundom walk theory, which is receiving consider-
able atlention in the vontext of futures murkels. The
application of the model 1o Michigan Lob, cash onion
prices by trop s eury i presented in the Tnal sectivn,

weetiun

The Model

The movemeat of price over time is assumed to
consist of two phitts, ar eomponenis -a S):sll‘rmtlit‘
eompanent and a covdom componenl, ln Lhe context
of u commaodity market, the systematic component s
associsted with changes in fundamental market supply
and demad factors, Ao illustration of this is presented
mochapters band 5 where the theory of the perfeetly

cowmpetitive nuarkel in time 3z diseuseed, There 38
shown that under the sated assumptions price s
expeeted 1o inerease seasonaily in relation to the cost
af sterager such a price movement would be a
systematic movement, Similacly | changes in the average
prive fevel  from Crop the next
response o different supply  conditions might  be
viewed ax a systematic change. From the standpoint of

price performaner, such changes are necessary  and

one sason o in

drsirable if the economic syslem is characterized by a
marke! the function of
allocating resources and distributing output.

The word “randons,” used to deseribe the other

free wherein  price has

component of prict‘ movement, means that porti(m of
priee change which is nonsystematic in the sense that
it cunnot bt predicted. Whether madom variation is
good or bad depends on the areuments one eares to
make. For exumple, one rould view roudom variation
as Mavise™ in the pricing system which, beeanse it
provides no relevanl information and is not a CeRponse
to fundamentad market conditions, should be elimi-
nated, Consequently, when comparing twe different
perivds, price perfoomance would be viewed as more
acceplable during the period when the price variation
due to the mndom component was less, Alterastively,
one could argue that price responds to changes in
market conditions, such changes oceur rmundowly over
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time, and eonsequently, price should viry randomiy, in
this cuse, all of the observed varfation in price would
be associated with the rimdom component and price
performunce would be deemed aceeptable,

Given these problems of interpretation, the maodel
updder  consideration may  be expressed in cquation
lormy ay:

i the ohseeved price al tme t, 8 s the
systematic component, and K is the random comgpo-

where P

nent. The variance of P over time is given by:
V(P) = V(83 + V()

where it is assumed that the vorrelation (vovarianee)
betweers the systematic and  random components is
zero, This_equation provides the desired decomposition
of the total variation of price inlo the sum of 1wo
separate  varianees. The question of estimation musl
now be cousidered.

Variate Bifference Analysis as
Estimating Procedure

There may be severa) ways by whieh it would be
possible to cstimate the variance of the two compo-
nents. For our purposes, the variate difference method
will be used®® This method requires as a basic
assumplion that the time series to be investipated be
decomposuble into 1wo  separate components, one
systematic and one random. This assumption is made
above,

The second assumption required is that the
systematic componunt of price be represented by, or at
least approximated reasonably well by, 2 polynomial of
degree noin time. This assumption permits use of the
mathematical property of 2 polynomial of degree n
that by successive differencing it is eliminated by the
n+ 1 finite difference,

Using these assumptions, the variale difference
analysis proceeds as follows First, the systematic

*38%ee Tintner, G., The Variate Difference Method, Principia
Press, Inc., Bloomington, Ind., 1946,




component i removed  from the series by finite
differencing. This differencing affecls the s slematie
componenl only, sinee by definition  the
component s nol affeeted, Secomd, Lhe vasinnee of
ek dilfervnce s ecalewlated. Third, o
statistical test is applied between each consecutive pair

runcdlom
SUCCERSIVe

of diffecences, When the varianee does not chinge
slatistically  with cach hicher order difference, il i
that the systemalic component has  been
eliminated and the varianee of the randorm camponenl
has been mslimaled, This occurs when the diffeeence in
vananee

assumed

for twu suceessive differences is less than
three times the stdard error of Lhe differencs,

A illustration may  be helpfal. Suppose that ihe
systeinalic componenl of paee may be represented b}
a polynomial ol degree 1 in time. Aetual prices for any
penod miy be expressed as:

o bUE,

Yoo - b= el

lrt—ﬂ - hi1-2y ¢ I':I—'.’.

. has been written
as the polynomial L. Fiest differences are caleulated

where Lhe sy slemalic component, =

Iy subtrueting price in -} from prive in ty so from Lhe
ahove we hase:

¥ } “ - - — 1‘ = ?‘ - i‘
Il ~ | -1 ht + l,: bt + b !'t-l b+ L: I,I_1
i‘l_1 - l’l”2 E Y I T i':t_} —ht + 2o l‘:l—:!
= h+ E"t-l - l"|~2
Obgerve  that  the coeffivient b remains in the

expressions for the {irst dilferences o the systematic
component has not heen removed, Sinee the second
differences of the original series, Pl. Pl-] , I’l-2‘ e, e
aclually first differences of the first differences shown
alisn e, we have.

C=T =Py -Pa) » B By FE
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Note that the seeond differences consist only of
random teems.  ln o other  words, the  systematic
component has been “differeneed™ out and only the
random component remaing, ln the context of variate
difference analysis, the estimate of the variance of the
rundom component in this illustration would be given
by the varianee of the second difference, (Of course,
when using actual prices things do not fall out as
veatly as uhove beeause it would npt (y pically be
possible to represent the systomatic component by
such o simple polynomial, Consequently, it is necessary
to rely on lhe statistical test to determine when an
vstimate of the desired variance i3 obtained,

felation to the Theory of Random Walk
The  Loedy ol filerature, both theerctical and
empirical, relating Lo the theory of random walk is
beeoming rather extensive. It is not the intenl here to
either review  Lhis literature or to
mierits.*® Further, no rigorous altempt will he made to
relate ihis theory with the variate difference analysis,
However, a relutionship between the two exists and it
will he sketehed here,

Statistically, the theory of rundom walk says that
commodity  price changes  over time are random;
practically, it says thal knowledge of today’s price
only is not sufficient to predict tomoirow's price.
Symbolically it is

comment on its

Y = P ol
o= Pyrly

Qar

where P is price in the t-th period and b, is 2 random
component, The equation says that priee in t is cqual
to price in -1 plus a random value, or the change in
price from t-1 to t is equal to a random value.
Regardless of the way it is interpreted, the result is the
same; namely, price in t-1 is not a good predistion of
price in b,

The equation immediately zbove shows price change
to consist of a random component only, In the

34 For the most comprehensive treatment to date and for an
excellent. bibliography see Labys, W. S, and €. W. ]. Granger,
Speculation, Hedging and Commodity Price Forecasting, D. C,
Heath and Co., Lexington, Mass,, 1970,




context of varlute difference analysis, where this price
change is the first difference of price, the variance of
the randum component would be given by the variance
of the eriginal series, since the origing series contains
no systematic component. This relation suggests that
variate difference analysis may be inlerpreted in terms
of the rundom walk theory: [f the variunee of the first
difference of the original series provides the estimate
of the variance of the rundom component, then
the original series containg no systematic cumponent,
which means that it follows a rundom watk: if a higher
order difference is reauired to provide the estimate of
the random compunent, then the onginal series has a
systematic component and does not follew a random
witlk.

As discussed abave, whether the presence of random
vurigtion in price implies desirable or undesiruble price
performance depends on one’s point of view. Fither
position  roay be defended by alternative assumptions
concerning  how

price i formed in

markets The resolution of these differences must await

competitive

further theoretical and empirical analyses.

Muck of the iteralure on randomn walk is uneclear as
te whether cash prices or futures prices are being
considered, Often the speeviutive prices”™ or
“speculative markets” are used but they are seldom

1

terms

mate explicit, However, it appears that Tulures prices
{or stock market prices)y are used as the base, Little
work hias been done on the question of whether cash
prices should alse be expected to follow a random
walk, althongh there is some empirical evidence to
suggest that sucl is the case for some commodities.®”?

FPor some commaoditivs, such as late summer onions,
it seems reasonable to expeet that price movement
within @ storage season might consist of both a
systematic and @ random component. The systematic
couldl arise from the theory of the seasonal price
pattern presented in chapters 4 and 5. The random
component  could arise  from randomly generated
changes in information  during the  storage.selling
season- weather while the new crop of onions is being
grown and harvested in Texas could be an extremely
important source of random varation in price during
the season, An atlempl was made to approximate this
type of varistion by use of the withinamonth price
range in chapter 0. I1 this is the ease, then we would
expeel when using varfate difference analysis that a
high order difference would be required to provide the
estinate of the varlanee of the random ecomponent
because  several  diffecences would be  required to

*Sev the book by Labys and Granger cited above.
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remove  the * systematic component  associated  with
“normat™ seasonality,

The Analysis

The resulls obtained from applying the variate
difference analysis to Michigan fo.b. cash onion prices
on a yearto-year basis are presented and disenssed in
this section, Sinee Interest centers on the impact of the
[utures
centers on the periods prior to, during, and following
futures trading In onlons, Given all of the problems of
interprelation  discussed  above,  this
deseriplive—-interprotation is left to the reader,

The variance of the weekly cash prices by crop
years is shown in figure 20, The horizontal line drawn
through esch of the periods represents the simple
averuge variunce for each period. N is presented 1o
faciitate visual comparisons and no other significance
should be atlached 1o it. The relntionships shown here
have Lieen seen al many poinis in the main part of the
text amd need ne further comment.

The estimates of the of the random
componenl using varinte difference analysis are shown
i figure 21, Again the simple averages by time periods
are shown lo facilitate comparisons. 1t is clear that the
variance of the random component in the cash onion
price has been declining, Using the simple average as a
erude index, Ghe variance of the rundom component
before fulures trading was about 10 times 25 great as
during the period of futures trading, and about four
limes as greal during the period of futures trading as
during the period following the ban on trading. Of
course, in each period the simple averages are heavily
influenced by oene or two extremce observations,
However, if these are igrored it is still clear that there

market on price performance, the analysis

discussion i3

variance

has bern a downward trend in the variance of the
random componenl over time. In uaddition 1o this
movement, has  been tendency for the
yearlo-year changes in this variance to he smaller
during rach successive periml.33

The information in figures 20 and 21 is summarized
in {ipuce 22 by expressing the variance of the random

there a

component as a percendage of the total variance. The
caleulation for 1932 is omitled as this was the only
year over the total period for which the variance of
the random component was equal to the total variance,

1% These results are consistent with those presented in Chap.
ter b conceming changes in the magnitude of the wilhinanouth
price range.
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VARIANCE OF ACTUAL WEEKLY
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VARIANCE OF RANDOM COMPONENT OF
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VARIANCE OF RANDOM COMPONENT AS
PERCENT OF TOTAL VARIANCE,
WEEKLY MICHIGAN f.o.b. CASH ONION PRICES
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An interesting patteen is shown here, namely, on a
relative basis the vannnee of the random component
wag aboul the sume during the lwo periods of no
futures trading and Jower than during the period of the
futures market, (Of course, in no case is the random
varinnee a particulurly high proportion of the total; it
was about & percent in 2 vears and over 4 pereent in
another.) What this pattern means with respecl to the
relative price perflonmance among the three periods is
not at all elear, If ene argues that randem movement
should bLe eliminated because it interferes with the
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information provided by price change, then one could
conclude that price performance was more acceplable
during the periods of no futures trading. On the other
hand, it could be argued with equal tenacity that, in a
perfectly competitive market where price responds
instantaneously to changing market conditions and
where these conditions are changing rundomly (e.g.,
frost in Texas), price change over time should follow a
random pattern, In this case, the conclusion could be
that price performance was more acceplable during the
period of substantial [utures trading,




CHAPTER 8. PRICE PERFORMANCE OVER SPACE

Theoretical Framework

This chapter considers the performance of cash
onion prices among markets separated by space. The
evaluation is conducted within the framework of the
“perfect  market in space.” Since this theory s
well-developed  elsewhere, it need not be repeated
here?? Tt s sufficient for current purposes to drmw
from this theory the types of relationships expected to
exist among observed prices if they have been
determined  under perfectly competitive  conditions.
Specifieally, for a commodity such us onious, that is
produced and sold at many different geographical
locations within the United States, prices ot all of
these points should be intercelated tltrd::gh the cost of
transpartation from one point to another,

Farther, if beeause of changes in market conditions
price chuanges by a certain amount al a particulur point
i the market system, then prices at al other points
will change by the same amount once the changes in
market conditions have had time to work themselves
out. For example, i the price for Michigan-grown
onions in the Chicago wholesale market increases by
$0.50 per sack, then the price for Michigan-grown
onions at the shipping point in Michigan should also
tncrease by 30.50 per sack if the market is operating
under  competitive  conditions.  Similarily, i the
Michigan f.o.b. price declines by $0.25 per sack, then
the New York f.o.b. price will decline by an equal
amonnt,

However, several factors may cause the actual price
relutions to differ from theoretical expectations. For
exumple, there may be a lag in information flow so
that, when price in one market changes, time may be
required before the commodity flow can be redirected
to bring ahout the requisite change of price in another
market. The quality of onions associated with prices in
differcnt markets may differ so that the onions flowing
among markets may not be perfect substitutes. Or,
because of advertising, consumers may prefer onions
from one producing region as opposed to another, even
though in terms of physical characteristics the
commodities may be the same. In cither event, price in
one market will change within some small range
without causing a change of price in the other market.
H onion shippers have acquired the habit of shipping

1¥See Bresler, R. G. and R, A, King, Morkets, Prices, and
Interregional Trode, John Wiley & Sons, Inc., 1970, especially
part [1.

to one market or have developed business arrangements
with buyers in & particular market on which they place
considerable value, then they will be reluctant 1o alter
their shipment patters to other markets even though
prices may be somewhat higher. In a similar vein,
shippers may not cxpect the higher price to persist so
they beeome reluctant 1o change markets. There may
be other reasons that result in deviations of actual
price rebutions from theoretical relations.

The Research Approach

‘The empirical investigation of the performance of
onion prices among markels scpurated by space utilizes
@ technique culled regression analysis. To develop an
understanding ol how 1o interpret the results obtained
from regression analysis, it is necessary to detour
briefly. Relevant considerations are developed in the
sections that immediately follow. The regression results
are presented and discussed in the following section.

Use of Regression Equation for
Assessing Price Performance

The theory of the competitive market over space
sketched above shows that prices in spatially separated
markets are so related that, if price in one region
changes, there will be equal and like changes in all
markets. Thus, on theoretical grounds, if two price
series were compared—say, the Michigan f.o.b. shipping
point and the Chicago wholesale onion prices—by
plotiing them on graph paper, they should follow
exactly the same path over time. However, the time
paths would not coincide because the theory says that
prices in separate markets will differ by an amount
equal to the transportation cost between them. Since
the flow of onions is typically from the producing
region in Michigan to the consuming region in Chicago,
the price in Chicago should be higher than the price in
Michigan by the cost of shipping onions from Michigan
to Chivago.

A formdl and general statement of this situation is
given by the following equation:

pl :u'i'hpﬂz

when P, represents the price in the i-th market. The

L4 ]

a” in this equation is the constanl term. In the




context of the theory, it represents the fixed cost of
transportation between markets U and 2. The “b” is
the regression slope that shows the amount by which
P;, the dependent variable, changes when Py, the
independent  variable, changes by one unit. In the
theory of the perfectly competitive market in space,
the numerical value of b should be 1.0—if the price for
Michigan-grown onions in Chicage increases {decreases)
by $0.25 per sack, then the price at the shipping point
in Michigan will increase {decrease) by $0.25 per sack.
A formulation of this type will be employed in
subsequent seclions to evaluale the performance of
omion prices in muarkets separated by space.

Sampling Varizbility and Probability Statements

When a set of data, such as o price series, is used to
estimate the parameters of a regression cquation (the
“a” und “b” in the equation of the previous section),
the actuzl numerical values oblained will depend upon
the particutar set of data used. In other words, if a
dightly different sct of dala pertaining to the same
“population,” v.g., the Michigun f.o.b. price, had been
used, then different numerical values would have been
obtained for the cstimates. Thus, to use the available
price series to estimate the regression coefficients it is
necessary 1o view these prices as a sumple drawn from
some underlying population. This introduces the ideu
of sunpling variability which provides a basis for
expluining the fact that different numerical values are
likely to be obtained from different samples. But
recognition of sampling varability also permits us to
draw upon sampling theory to make probability
statenients concerning the relationship between the
numerical results olitained and the results expected.

For exuruple, in evaluating price performance over
space we expect to obtain a “b” equal to 1.00 if the
market s operaling under perfectly competitive
conditions. Suppose thal a particular set of data yields
a value of 0.96. The relevant questien is whether this
diffecence (0.96 vs. 1.00) could have arisen simply
because of chance, ie., breause ol sampling variability.
It is not possibie to answer this question unequivecally
but it is possible to make probability statements. We
can, [or example, say that we are 35 percent sure, or
that the odds are 95 out of 100, that this difference is
due to sumpling variability, In other words, we can be
reasonably sure that the true “b™ is equal to 1.00 even
though @ value of 0.96 was obtained,

To account lor this possibility of sampling variabil-
ity, the statistical information provided by the
regression analysis is used to calculate an intervai—a
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low value and a high valuc—in such a way that we can
state the probability that the trie regression slope falls
within that ioterval. Such ts called a
confidence interval; a 95 percent confidence interval
would specify the interval, or range of values, for
which the odds are 95 out of 100 that the true
regression slope is included. Consequently, if the
tegr. ssion slope of interest (in this case a slope of”
1.00} is not included iu the interval, then the odds are
high that the true slope is not equal to L0O. The
degree of confidence, or the probability interval, to use
in making such judgments is, 1o a large extent, 2
matter of personal preference, It is customary in
empirical research 1o use either the 95 percent or 99
percent confidence interval; consequently, in most of
the lables that follow, both intervals are presented.
The texiual discussion of the results will be based on
the 95 percent confidence interval. However, there are
a number of cases where the conclusions concerning
the performance of the market, relative to the
competitive norm, are different depending on which
confidence interval is used.

an  interval

Estitmated Regressions and Extent of
Data Pooling

In assessing the price performance of the onion
market, several alternative formulations have been
developed that vary according to the specific markets
compared and the degree of data pooling.*® The first
involves regressions for seven different market com-
parisons. ln some cases, the comparisons involve
shipping point—wholesale prices {or onions grown in a
particular producing region. Others involve prices for
onions grown in different producing regions but priced
at the same level of the marketing system, such as
f.0.b. shipping point or wholesale. These equations are
cstimated using weekly prices with all years in 1930-67
pooled into one data set. The second set of equations
involves the same market comparisens but the data are
pooled into groups of years rather than over the entire
period. The specific groups of years are 1930-40,

1949-57, and 1959-67. The third set of equations
involves two-market comparison; Michigan fo.b.
shipping point with Michigan wholesale price at

Chicago, and Michigan [.o.b. shipping point with New
York f.o0.b. shipping point. For these comparisons,
cquations are estimated for each individual year for the
entire period.

49 The guestion of causal direction is considered in chapter 9.
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The reuson for this progressive disaggregation in
terms of number of years pooled is to assess the extent
to which conclusions concerning price performance
would be altered by the degree of pooling used in
estimating the equations. It is possible, for example,
that when all the years are pooled the estimated
regression dope is equal to 1.00; but it could be that
the slope was actually greater than 1.00 for one period
and less than 1.00 for a different period. Con-
sequently, the resull obtained reflects an avernging
process und is not a good indicalion of how the
muwrket sctunlly performed. A finad section of this
chapler presents an attempt to delermine to what
extent lags oceur in the market,

Regression Results

All Years

The  cegression  results  for  the  seven  markel
comparisons  based on  all years in  1930-67 are
presented in table 23, The results relative to the
competitive norm  are mixed. For four of the
comparisons—Michigan fo.b. and Chicago wholesale;
New York fo.b. and New York wholesale: Michigan,
Chicago and New York wholesale; and Texas f.o.b, and
New York wholesale—the confidence interval does not
inclade the value of 100, which indicates that these

markets did not perform in accordance with the
competitive norm. For the fist two comparisons, the
slope is greater than 1,00 and for the latter two
comparisons it i3 less than 1.00. For the other three
market comparisons, the results conformed to expecta-
tions,

Groups of Years

Regression results based on groups of years are
presenied in table 24, For five of the comparisons
shown, a definite pattern emerges;, namely, prices
performed in accordunce with the competitive norm
during 1949.57 but faited to do so in the other two
periods. For the Michigan Lo.b.—wholesale comparison,
the regression slope exceeded # value of 1.00 in cach
of these two periods. For the other four market
comparisons, the regression slope was greater than 1.00
for 1930-40, equal to 1.00 for 1949-57, and less than
.00 for 1959-67. In addition to the tendency for the
slope to decrease in magnitude in successive time
periods, the correlation cocfficient, R?, consistently
declined.®' Thus, not only was there a tendeney for

'The corrclation coeffictent, R?, is a caleulated statistic
which expresses the percentage of the variation in one variable
that is associated with variation jn another variable, fts numerical
value is restricted to the 0-1.00 range. If perfectly competitive
conditions exist among markets separated by space, then the
correlation coefficien! should be equal to 1.00.

Table 23.—Onion prices: Regression results, dependent variable on left, vadous markeling points, based on weckly prices, 1930-67

Price relationship
slope

Estimated
regression

Interval includes
valuc of 1,00

Confidence interval

95 percent | 99 percent ! 95 percent | 99 percent

Michigan f.o.b.: Michigan, Chicago wholesale 145
Michigan f.o.b.: Michigan,
New York City Wholesale . . , 1.02

Michigen lLo.b.: New York 0. 1.00
New York Lo.b.: New York,
New York City wholesale I.O%
Michigan, New York City wholesale:
New York, New York City wholesaje 1.01
Michigan, Chicago wholesale:
Michigan, New York City wholesale 94

Texas {,0.h.: Texas, New York City whalesale 68

1631.06 1.02-1.07 No Na

1.00-1.03 99-1.04 Yes

99.1.0m 89.1.02 5 Yeos

1.01-1.03 1.09-1.04 Yes

1.00-1.03 99.1.04

92 .96 Sl- 97

b4 .71 62- .73
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Table 24..- Onion prices: Regression results, dependent variable on left, various marketing points,
based wat weekly prices, selected pesiods, 193067

Estimated Confidence inlerval nterval mt]‘]udas
Price relationship and period regression value of 1.00 R?
slope 05 percent | 99 pereent | 95 percent | 99 percent
Mich. Lo.bt Mich,, Chi, whise,
193040 . ... .00 e e e 1.05 1.02.1.07 1.01-1.08 No No 0.97
4057 . . e, e e 1.02 94.1.05 97107 Yes Yes 44
B P i.05 1.01.1.08 .99.1.10 No Yes 93
Mich. f.o.b.s Mieh., New York City whisc.
L Ve . 1.07 L04.1.09 1.03-1.11 No No 97
L 09 .96-1.02 94-1,04 Yes Yes 95
195907 ... o oLl e . 90 83. .97 79-1.01 No Yes 80
Mich, f.o.b.: New York Lo.b.
93000 . .. L e . 1.02 1,01.1,03 1.00-1.04 No No 99
104057 .. . i e e e b4 92 .97 91 .98 No No 97
5367 ., ... v i . e, 94 02..97 91. .98 No No h7
New York Lob: New York,
New York Gily whise,
193040 .. .., ... et e e L.06 1.05-1,07 1.04-1.09 No No RU]
1940-57 . o Lo e . 1.02 00.1,05 97.1.06 Yes Yes 96
195067 .. .. L. L. e .89 .85 .93 .B3- .95 No No a8
Mich., New York City whise.:
New York, New York City whlse,
P3040 . . . 1.04 1.02-1.06 1.01-1.07 No Na o8
104057 L L e 97 931.00 .92.1.00 Yes Yes 04
067 . . e, 85 .79- .92 .75 .90 No No B0
Mich,, Chi, whise,: Mich,,
New York (ity, whilse,
13000 . L e 1.00 .97.1.03 .06.1.04 Yes Yes 95
9057 L e . 93 A8 .98 80-1.00 Na Yes .89
0e9-07 L., e e e e a e 831 77 .89 .74- .93 Na No B2
Texns Lo.but Texas, New York City, whise,
P30 L, L. e .70 63- .77 .60. .80 No No 91
100057 L L P 95 .06-1.05 81-1.09 Yes Yes 86
105067 e e B3 75 .90 .72- .93 No No B4

performance Lo diverge from the competitive norm but
the degree Lo which the prices in the respective markets
moved together declined over time.

Although the correlation coefficient for the Michigan—
New York fo.b. comparison is very high, the regression
coefficient exceeded 1.00 during the first period and was
less than 100 in Lhe suceeeding two perinds. Finally, for
the eomparison of wholesale prices in Chicago and New
York City for Michigan-grown onions, hoth the regression
slope and the comvlation coefficient declined in sueceed-
ing time prriods.

Aunnually: Michigan fLo.b,—Michigan,
Chicago Wholesale

The resulls obtained from regressing the Michigan
La.b. shipping painl price on the Michigan wholesale

price in Chieago for each year are shown in lable 25
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for selected crop years from 1930 to 1967. The years
not shown are World War 11 and those years during
which futurcs trading existed but at a relatively low
level. The rationale for the direction of causality
implied by the regression used here is that price
making forces work themselves out in the terminal
market and the “information™ generated is passed back
through the marketing system 1o the primary pro-
ducing region. This is another way of saying that the
demand at the shipping point level is derived from the
demand at the terminal market.*?

['or the 29 years shown in table 25, 18 years had a
confidence interval which included the value of 1.00.
In other words, in nearly two-lthirds of the years
considered, the market operated as predicted by the

*25ce chapter 9,
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pecfectly competitive model. Whether or nol this is
sulficient Trequency 1o permil the general conclusion
that this market hay operuted perfectly over space
duciag the lime period wides consideration is s matler
ol personul judgment,

Some dilference, although stight, cmerges when theee
subperiods are considered separately. During 1930-14),
T yeurs, or 64 pereenl, had confidence inteevals which
included the value of 100, Fue the other two periads
the  corresponding were 07 o3,
respretively,

The second factor to consider in evaluating the
peclormunce of the market is the corretation co-
efficient, or the R, shown in the last column of the

prreentapges and

table, U the basis of the theory, we would expeel Lhis
coeflicient to be elose to 100, indicating that (he Lwo
prices move in ¢lose correspondence, With this as a
reference poiny, for 15 of the 29 years or slightly over

30 pereeent, the correlation coefficient had o value of
tess than D85, In Taet, for 7 of the 29 yeurs, or alreost
30 pereent, the correlation coefficient had a value of
less thir 0,63, which means that during these years
considerably less than two-thirds of the variation in the
Michigan Lo.b. shipping point price was associated
with variation in the Michigin  wholesale price at
Chicage. While there s no definilive criterton_iyzainst
whicl 1o evaluale resulls sueh as these, the rather large
fregireney of low values for the correlation coeflicient
provides a busis for seriously guestioning the degree 10
which  this  murket  performed  aceording 10 the
compelitive norm, However, one must keep in mind
the carlier diseussion concerning possible reasous why
realsworkl markets muy lail 1o perloens in this feshion.
Substantial the of the
vorrelation coellivienl occurs wmong lme periods, In
1930-K), 6 of the Il years or slightly over 50 pereent,

variation in distvibntion

Table 25, «Onion prices: Summary of regression reselts with Michigan [oL, shipping poimt price as dependent variable
aned Michigan wholesale price al Chicigo as independent variable, weekly prices Tor weeks with
prices for bolh serics, sefecled crop years, 193067

Crop year Estitnated regression slope [ 95 pereent confidenee interval | tnverval includes value of 1,00 n?
193 ..o e, 0.52 $.28.0.76 No 0.40
3 ... ... s 1.00 D0-1.10 Yes 05
w32 L., . 123 55-1.91 Yes At
1933 ...... e 42 .82.1.02 Yes 52
934 ., . ... .. Ve 1.B7 1.03-L11 No .99
1935 ... .. e 118 92-1.44 Yes 76
1936 . ..o oo i 107 A3-1.381 Yey T8
1937 ...t . .09 77121 Yes 79
| Al A7 .65 No A8
1939 ... ..., .32 1.06-1.56 No 49
e ... ..., . 1.05 03117 Yes 96
1940 ... . o 87 J23-LH Yes 92
1950 . ... oL 1.20 -48-1.92 Yes .32
31 . 49 B9-1.09 Yes 93
1952 , ..., .. - .92 B0-1.04 Yes 90
1953 ......... Vs .09 .33- .05 Nao 72
54 ..o L6 72-.98 No B8
1955 ... ... ., . .76 S04 .88 No 47
1956 ......... N 1.24 .98-1.50 Yes 77
W87 ... 1.11 091,23 Yes 93
1959 ... ..., 75 067 .83 No 91
1960 ... ... ... ... R 76-1.20 Yes 77
1961 .. ... ... ... 1.00 .96-1.04 Yes 99
1962 . ........... .96 721,20 Yes 70
1963 ...... . . B2 52112 Yes .31
1964 ... ..., B8 T8 .98 No 93
L . A4 A2- 36 No 61}
166 ..., ... .., 1.90 68-1.32 Yes 62
W7 ... . 134 1.08.1.52 Neo B4
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Table 26, Oulon prices: Svmmary of cegression results with Michigan f.o.b, shipping poinl price as dependent variable
aid New York f.o.b. shipping poind price as independent variible, weekly prices for weeks with
prives for both sertes, selveted crop vears, 1930-67

Crop yeur Estimated cegression slope 1 95 pereen! confidence inferval | lotervad includes value of 1.0 L
1030 ... L. 0.7 0.08-0.90 No 0.67
1931 ... ... . .04 O8-L10 Yes W8
1932 e e e No data No data No dats No dala
1933 ..o . 43 43103 Yoy 3
B 160 08102 Yes Rf
1935 e 1.03 A1-t135 Yes .92
1936 ... PR .24 LOT. L4 Ne B7
937 ..o vh o . IR13) b6-1,12 Yus 96
38 ... ..., . B2 S .03 No Rix
Wi L., . R0 B1- .93 No A
1940 .o ci v o v a vy 0 M TH No 94
1949 . P 435 A5-1,05 Yes 05
1950 ... iivn v Rt} 8- .05 No B0
1415 S P b8 Hd1.02 Yes 99
1952 e e R H1-1.05 Yes 47
1938 ..., ... .. 1.10 A2-1.38 Yes 59
54 .., . Rl 571,03 Yoes Bl
1935 e . . 1.26 1.18.1.34 No b7
1956 e 98 RIS Yes .89
87 ..., R B35 .78- .92 No .06
1959 ey 1.28 L14-1.42 No 92
T rd 62, 80 No 91
961 ... . 97 93.1.01 Yes 99
062 ....... NN 87 .72-1.02 Yos B3
1963 .., e .63 ~45- .85 o GO
I8 1 SN e 141 1.07.1.75 No 72
O3 e e et S0 .59- .81 No 53
1966 .. Caee e [.i4 G8-1.30 Yes .88
1967 . . 93 A48 .98 No 08

hud  coelficien
unly 3 ol 9,

s less than 085, Oun the other hand,
or 33 pereent, of the years in 104957

which way the regression is run but such s not
necessarily  the cast?? In the abseuce of a betler

had such low cocfficienls. In the last period, 1959-67,
O years, or 67 percent, had cocfficients of less than
085, indicating thal during this peroed very little of
the fo.b. price was explained by changes in the
terminal market price on a year-to-year Lasis,

Annually: Michigan f.o.b—New York f.0.b.

In the previous comparisons, Llhere was some
theoretical basis for specifying the causal nature of the
regression  equation; namely, the notion of derived
demand suggested that demand at shipping point is a
function of demand at the terminal marketl, In the
enrrent euse, Lo, shipping point prices are used,
There is no theoretical basis for seleeting which way to
conduct the regression analysis-—one might think that
the regression slope wonld be the sume regardless of

73

argument, it wuas arhitrarity decided to regress the
Michigan price on the New Yotk price.

The resnlis of these regressions for selected years
are presented in table 26, For the total period, Lhe
conlidence inlerval includes the predicted value 1.00 in
14 of the 28 years (no data were available to do the
regression for the 1932 crop year). Thus, for only
one-half of the time did this market perform in
aceorduance with the competitive norm, As was the case |
in the previous evaluntion, there is no Lasis for drawing
any conclusion coneerning the overall competitiveness
of this market. However, such a low frequency of
years of performanee as predicted s ¢ souree of
congeri,

*38ee chapter 9.



http:eas(�.43

Constderable variation o frequeney of competitive
perfurmunce exisls among the three subperiods. For
the (lirst period, 5 of the 10 yeurs hud confidence
intervals which included the predieted value of 1,00
The  [(reguency  of performance according to  the
competitive nerm was higher during 1949-57, when 6
of the O years, or 6T pereent, had confidence interyvals
which included a value of 1.00. 'The opposite was the
vase for 1959-67; the market performed according 1o
the compelitive norm in only 3 of the 9 years, or 33
percend,

While the regression slope for many of the vears
differed considerably Trom expreetations, the corcelu-
tion coclficienls obtained were closer to expectations.
For 12 of the 28 years, this corefficient was 0.95 or
higher; it was cqual 1o 0.90 or higher for 17 of the 28
vears. At the other end, it was Jess than 0.85 in only 7
of thee 28 years. Again, there was considerable variation
umong the subperiods. The frequeney of a coefficient
ol less than 0,85 was 1 out of 10 in 1930-10, 2 out of
D i 1949-57, and < out of 9 in 1959-67, suggesting a
tendeney for u decline over time in the degree to
which these prices Lended to move together.

Lagged Regressions

la the introductory section, several {actors were
mentioned that eould cause actuad price performance
Lo deviate from that expeeted on the basis of theory.
Une of these factors involves the lime required for
information 10 flow among markets. A
assumplion  of the theory used as an  analytical
framework in this chapier is that complete informa-

crucial
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instantancously  dvaillable  to all  market
parlicipants, Fhis assumption s required in the
theory in order that responses to price changes may
be made imwmediately, so thal the commodity flow
will he redirected to maintasin the proper relation
among the priees in the various markets.

In reat-wordd markets, iU 5 quile unlikely that
changes  in  condilions in one market witl be
tmnmsediately  known by truders in olher markets,
Time, no  matter how slight, is required  for
information 10 {flow over space. More specilicafly, it
is conceivable that some time will elapse before a
change in the fo.b. shipping peinl price in Michiran
will change in response 1o a change in the wholesale

tion s

price at Chicago. How much time is actually eequired
is, of course, a malter for vaupirical investigation.
Wilh the data available, a crude altempl was made to
evaluate this question using the price serics just
mentioned. Regressions were estimated for cach year
over the entire period, with the Michigan Lo.b, price
in | week dependent on the Chicago wholesale price
of the previous week, The simple assumption here is
that there i3 a Laveek lag in the response of the fLo.b.
price 1o the wholesale price.

The results of these regressions are nol presented
becawse no significant results were obtained. Using
the standard evaluative criterin, there appeared to be
nao relationship when using lagped prices. One cannot
conclude from this, however, that a lag does not
exist, but only that it cannot be detected using
weekly prices. A more rigorous consideration of Lhis
important question would use daily, perhaps within-
day, prices. Unfortunately, such data
available for the current study.

were  not



CHAPTER 9. SOME STATISTICAL CONSIDERATIONS

When using regression analysis to study the price
relations among actual markets, as was done in chapter
B, it s necessury to impate eausality; it s necessary to
view price ln one markel us being dependent on the
price it another market, Unfortunately, by the procgss
used to eslinute the coeflicients of the regression
equation, il s possible lo obtsin quite different results
from the two alteroutive formulations. With one price
series placed in the dependent position, it would be
powsible to conchrde that the market hus operated
urider comprtitive conditions but to reach the oppusite
conclusion If the other price had been placed in the
dependent position. This seeming inconsistency urises
from the statistical characteristios of the price series
used. The problem is not necessarily related to the
veonomic theory bul rather to the statistical properties
of the data used 1o estimate the relations specified by
the theory.

The purpose of this chapler v to determine the
extent 10 which the results shown in chapter 8 are
affected by this statistical question, The next section
vutlines the problem. The subsequent two sections
assess the cffeel of the problem on the estimates
obtained for the seven differenl market comparisons
when the years were grouped into three separate
periods, and for the results oblained when coraparing
the Michigan Lob. price eod the Michigan, (hicogo
wholesale price an a year-to-year basis.

The Statistical Problem

Consider any two sariables, X and Y, where vach
may be placed in the dependent position to obtain the
following Lwo regression equations:

() X = a tb Y

(Y = a +b X

Lgquation {13 Ays Woregress N oon Y to obtain b
equation (2} says to regress Y oon X to obtain b,
where exactly the <ame sol of data is used in both
regressions. The Satistical question becomes: is b}_
equal to bx?

To answer this question we need some notation.

Let:

<« thestandard deviation of N

-]

L

3
¥

the standard deviation of Y

it

the sunple coerelation coefficient between X
and Y,

[t can be shown that

(3) b <

; = r—

Y S}'
and

Sy

(& b = r::

Multiply {3) by (4) to obtuin

, Sx 8y

rro——=

Sy Sx

- 2

(5 b)_ b, =
which, on dividing both sides by b, yields:

6 b,

This is an important result because it shows that in the
vase of perfeet eorvelation, Le., r = 1, the coefficient
obtained from regressing X on Y is the reciprocal of
the cocfficient oblained from regressing Y on X.

In the context of the perfectly competitive market
in space, we expect the coefficient obtained from
regressing one price on another to be cqual to 1.00.
The theory implies that it makes no difference which
way the regression is run. However, equation (6) shows
that u value of 1,00 will be obiained from the two
different  regressions only  under very special
condition, namely, when the correlation between the
two price series is perfect. To state the alteruative, and
more likely, case when the correlation coefficient, r, is
less than 1.00, then the regression resulls will he
different depending on which price is placed in the
dependent position. In such a case, guite different
conclusions could be drawn concerning price perform-
ance. As  an extreme  Hlustration, suppose Ll
Michigan Fo.b. price is regressed on (is placed in the
dependent position} the Michigan wholesale price and =

il




regression cocllicient o LOG is obtained, Nince this is
1) the relevant  theory, one would
vontlude that competitive conditions were operating in
Lhis market. But, il the vorrelation coefficient were
0.5, equation (0) tells us that if we had reversed things
and regressed the wholesale price on the Lo.b. price we
would have obtained a regression coefficient of 6.50.
W hiat does one gow conelude?

In the following twe sections, comparisons like
these are muade for the sarious regressions diseussed in

acenrd  with

chapter 8. lo Tacilitale these comparisons, the tables
below the 95 conflidence  intervals
assoclald  with  the of the
regressiotis. Thus, it will he possthle te examine not

show percent

Lwo  ways Funning
onfy whether the regression coeflwient is statistically
different front £00 Lt also, for those cases where it s
different, to judge whether iU i greater than or fess

than 100,

All Market Comparisons--Groups of Yeurs

The comparisons of the regression resulls using the
aftermative formulations are shown in table 27, where
the [irt ecolumn reproduces the resulis shown in
chapter 8 mwl the secomd shows the results with the
pusitions of the respeclive prives reversed,

The
Michignn  fo.b. price with the whaolesale price for
Michigun  oniuns In Chicago and New York City,
respectively, With the initlal equations, where the Lo.b.
prive i in the dependeat puosition, the confidence
intervad for 104957 iacludes 100 for both the
Chicago and New York City  wholesale markets, the

firt two sets of comparisons involve the

expected reault based on the competitive model. in the
first period, the confidence interval Hes above 100 for
bath wholesale markets, but for the third period it is
abave for the Chicago market and below for the New
York City market, Thus, the results for the fist and
third periods fail to conform to the competitive norm.
Un the other hand, for both markets and for all
perinds the confidence interval lies below 1.00 when
the wholesale prices are placed in the dependent
position, In other words, when the positions of the
respeetive prices are reversed no results are obtained
that conform to the competitive norm.

For both market comparisons in all three perieds,
the Michigan fob. price had 2 greater degree of
variation than either of the wholesale prices, as shown
Ia the rutio of the standacd deviations, Integrating this
with the obeervations made above reveals the following
patiern, When the price wilth the greater variation, the
Loh price, s placed in the dependent position, the

™

confidence inlerval lies above 1.00 in three compari
sons, includes 1t in Lwo comparitons, and lies below it
in one. On the other hand, when this price is placed in
the independent position and the wholesule price with
lesser variation is placed in the dependent position, the
confidence  interval les below 1.00 in all six
comparisons. From a stalistical standpoint, this result
s u manifestalion of the relationships derived in the
previcus section, It Hlustrates the sensitivity of the
regression results 1o the varition in the twe price
series und to which price Is placed in the dependent
position for the regression anatysis. From an economice
standpaoint, this result, in effect, leaves unanswered the
question of whether compdtitive conditions existed in
these markets, because conflicting conelusions  ure
drawn depending on which one of the regression
formulations is considered,

I one restricts himself strictly to the competitive
madel being used here, then there is no apparent way
to resolve this conflicl. However, where the relation
between fob. and wholesule prices is tuvelved, it may
be possible to develop a partial resolution using the
foltowing line of reasoning. In theory, the observation
that prives in all markels are determined simultane.
ougly is nol teo difficult to aceept. However, in
rel-world markets this simultuneity may be difficult to
aclhieve due to such things as time lags involved iIn
information flow and in market participants’ response
to changing conditions.** In addition, it is guite Hkely
that changing market conditions will be first experi-
enced at that point in the marketing system nearest to
the final consumer, the wholesale markel in this case,
Consequently, when examining the relation between
f.o.b. and wholesale prices there is some justification
for viewing the fob. price as “dependent™ on the
wholesale price. This line of reasoning would argue for
the use of the initial regressions in assessing the price
performance of the Michigan fLo.b.-wholesale sector of
the onion market, In this case, the results presented in
table 1 would substentiate the conclusion that
competilive conditions existed during 1949-57 for hoth
whelesale markets but did not exist during the other
lwo periods with respect Lo cither wholesale market.

Two additional comparisons invelving fo.b. and
wholesale prices ure shown in teble 27, New York and
Texas. [ixactly the same pattern as observed above is
seent here, When the Lo.b. price has a greater degree of

*4This line of rewoning quickly leads to the use of layged
regressions. This was considered in chapter 8 and the eonclusion
there was that if lags are present they would not be detected
using the weekly data available.
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Table 27, Comparison of 95 pereenl confidence intervals obtained by placing prices altematively in dependent position
in simple repression, seven markel compatisons, selected prrieds, 193067

05 pereent confidence interval Ratio of
e when dependent price js.! sinrfda.rd R
deviation
left of colon right of colon of prices’
Mich. f,6.5: Mich., Chi., Whisc
OI0-1940 .., ... ..., 1.02-1.07 0.90-0.94 1.07 0.97
WW40.1957 ., .. 981,05 M0 55 1.05 04
10691967 . ... ........ .. LOt-1.08 B, 2 1.04 93
Mich, fo.b.! Mich,, NYC Whise
D310 ... ... ... ..., 1.0:-1,09 R R 1.0 97
19491957 . ... ... .. ...., B6.1.02 A% .8 102 95
W59-1967 ..., ... ... ... L3- .97 RUNER (] 1.01 80
Mich, l,o.h.r NY fo.b.
19304940 ... L., L., 1.0¢-1,03 g6 06 1.03 99
19491057 ... .. . ... N2 97 107140 96 o7
IMSR196Y L. .., S 97 Labin i, 96 7
NY. fo.b: NY, NYC Whise
19301940 ... ... ..., LOos1.07 Ol 04 1.07 B!}
1R9-195Y .., o . 99-1.05 B0 .96 1.05 96
L R TIROH 95-1.04 R .88
Micl, NYC Whise,: NY, NYC Whise
301940 L 0L, . 102-1.06 93- .97 1.05 .98
90957 031,00 J93-1.00 1.00 94
1950.1907 . o o8 g2 H6-1.01 .96 .80
Mich,, Chi, Whise.: Mich,, NYC Whige
J930 190 L., B7-1.03 93- 98 1.02 95
00957 ... ... 88- .98 J92-1.01 08 .89
0591967 ... ... ..., . ... Ji7- 89 JBi-1.05 92 B2
Texas fo.b.: Texas, NYC Whise
190 ..., ., ... P D3 7T L17.1.42 .73 91
WA1957 ..., R6-1,05 .8t .99 1.03 86
19599067 ..., ..., ... 75 .90 97116 88 88

' Confidence interval sheuld include the volue of 1,00 if niarked s operating under compelitive conditions.
? Ratio of standard devialion of price on IeM of colon to standard deviation of price on right of colon,

variation than the asociated wholesale price and when
it is placed in the dependent position, the resubting
confulence interval either fies above 1.00 or it includes
this value. When the wholesale price is placed in the
dependent position the conlidence nterval lies below
LOO. These lwo comparisons provide additional
msights inte e problen. lo both cases there were
periods during which the fo.b, price varied less than
the associaled wholesale price. For those periods, when
the Lob, price is placed in the dependent position the
resulting confidence interval lies below 1.00; when the
wholesale price i dependent the ranfidence imterval
lies above ve inclhudes this value,

As with the analysis of the Alichigan price relations,
conflicting eesulls emerze, However, il the same line of
reasoning is employed here, namely that there is some
justifieation for viewing the Lo.b. price as dependent,

=
|

then the same conclusion emerges, In both cases,
competitive conditions existed during 1949-57 but did
ot exist during either of the other two periods.

The three other comparisons presented in table 1
involve prices al the same level in the marketing
system: Michigan and New York fL0,b.; Michigan and
New York onions in the New York City wholesale
market; and Michigan onions in the Chicago and New
York City wholesale markets, Again the sensitivity of
the resulls to the statistical propertics of the price
series is upparent: When the price with the greater varia-
tion is vicwed ag dependent the confidence interval tends
to He abave or include 1.00; when it is viewed as inde-
pendent the interval ties helow. There is no immediately
obvious ad hoe argument to resolve the apparent con-
flict as there was above. However, a cursory examination
of {he separale comparisons is suggestive.
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Table 28.~Conparivon of 95 pereent confidence intervals pbtained with Michigan fo.b. price depemdent and with Michigan,
Chivngo wholesale price dependent, seleeted years, 1930-67

95 pereent confidesee inlerval
. Y Ratin of
when dependent variable s

. statutand R

Year Muehigan Michigan, {h dt'v:utfm;

f.o.b, price wholesule price el prices
1 P 0.28.0.70 305157 a2 LR
L 3 b0.1, H 91,07 1.02 R
1982 L e e e s RN It S (M 208 R
L T RULSI s Ri R 49 42
X T P.03-1.110 A% BT S &9
935 i i ey R B Rel iy 1.3 e}
936 .. e e e B3.1.31 D 95 §.25 Pritd
[ X a7 L2 L2180 1.2 79
WA L e A7 .05 462040 HT a8
3% . e ‘.. 1.00-1.58 A8 83 Rl BY
LY 2 I3147 A2 04 1.07 86
L 5 Ve g8 020 A1 02
31 SE8.1.02 PO P (1 210 42
108 e e e 401,08 Li8.1.0060 [RIK] RYA
08 L i e 401,04 L2.1.05 R L)
43 - BG A9.1L.48 3] 72
T N 2. 08 6134 R A8
955 ... va s et aaa s ke B HEI{S I 1] B2 B7
|1 AR-1.50 S5 B4 §.42 77
PGy i e 09.1.238 L7700 I.15 RIE
IB8Y e e e s L7 83 1.23-1.30 JY S
OO Loy s i i e 761,20 L8-1.07 1.11 7T
1Y A 1O G5-1.04 1.00 9%
1962 . .. e e 721,20 J49-1.05 1.15 70
R G31,12 bl HD 1.15 51
M4 . ... ... ..., P T8 08 A8.1.81 ik 93
Wes ... .. .. - PN S BG 911,53 A2 Eitl)
066 ..., .. e e e 081,32 00. 94 .27 02
1967 . e e e 1.08-1.52 .54 Bl .42 B4

'Coafidence msterval should include the value of LG nurkel is opezating under compelitive conditions.
*Ratio of dandard deviation of Michigan fo.b. price to standard devialion of Michigan, Chicage wholesale price.

For the Michiganr and New York fodb. prices, the
confidence interval lies ahove or below §.00, depending
on which is dependent, for the fint two periods, For
1959-67, the interval includes 1,00 when the price wilh
the greater varistion is placed in the dependent position,
Viewing these resuits in total it appears  thu
performance is not in accord with the competitive norm,

A similar relationship exists for Michigan and New
York onions in the New York City wholesale market,
For 1930-40, the conlidence interval lies above 1.00
for one regression and below {or the other, For
L9:40-57, it includes 100 for both regressions: in this
period the variation in the two price series was the
same, Finally, the conlidence interval includes 1,00 for

1959-67 when the price with the greater variation is
placed in the dependent position.

The lust comparision involves the price of Michigan
omons in the Chicage and New York City wholesale
mackels, For ench of the three perieds, the confidencr
interval ineludes 1,00 when the price with the greastes
variation is placed in the dependent position.

Michigan F.0.B, Price--
Chicugo Wholesale Price

The comparisons of the Michigan fo.b. price with
the Chicago wholesale price on a year-to-year basis are
shown in table 28, As in the previous section, the first
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column reproduces the results shown in chapter 8 und
the second cobhimn shows the results olMained when
aging Lthe wholesale price in the dependeut position.

For Lt of the 20 years, the confidence interval
includes the valine of LO0 regardless ol whether the
Lo.h, or wholesale prive is viewed as dependent, There
was o tendency for the variation in the two prices lo
be aboul the same during cach of the years constdered;
the average ratio ol the standard deviation for the 11
years is 1,04, However, considerable varistion in the
ratio exists, ranging from a low of 0.89 in 1933 to a
high of LIS in 1962 and (963, Of the 11 yeuwrs
nvolved, there were 8 where the Lo, prices varied
more and 3 where the wholesale price varied more.

In 8 years, the confidence intesval livs below 100
when the fob. price is dependeat. OF these, O years
with the wholesale price dependent yield a confidence
mterval that includes LOD and 2 wilh o interval ahove
LOO. Ts all 8 yeurs, the wholegale price varied more
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than the f.o.b. price. The average ratio of the standard
deviation was (.80,

Finally, there are 10 years where the conlidenee
inlerval lies below 100 when the wholesate price is
dependent, For 7 of these, the interval includes 1.00
when the fob, price 8 dependent und for 3 the
interval is above 1.00. ko all 10 cases, the Loub. price
varied considerally more than the wholesale price. [n
summary, the palleen observed fn the previous section
is also observed here, When the amount of variation in
the Awo prices is approximately the same, then the
confidence isterval ineludes the value of LOO regard-
tess of whether the {o.b or the wholesale price
placed in the dependent position, When the Lo.b. priee
Ias less varintion and is placed in the depemdent
position, the confidence interval Llends to tic below the
vilue of 1.00. Similarly, when the wholesule price
varies more and is placed in the dependent position,
the confidence interval tends to lie above 1.00.
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