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ABSTRACT

A series ol cconomelric models which analyze
economic relationships in the -egg industry snd provide
shori-term predictions of egy prices were developed for
this study. The "major emphasis of these models is
formulaling and  estimating shorlrun supply-demand
relations which are believed to be the basic price-
determining forces in the cash and Tutures market Tor
eggs. Data for 1961-69 were used in developing lhe
niulticguation modets.

Fumseasting performance of the two-stage end three-
slage least squares models and the ordinary least squares
estimates of modified first-round price equatlions were
exumined. Also, 35 recent futures coniracls were
exantined for the relation or spread hetween futures and
cash price quotalions. The spread was found to vary
substantially, even within the short spun of o delivery
month. Ordinary least sguares cquations were also
developed for weekly cash and futures quotations lor
shell eggs.

Keywords: Eggs, Models. Prices, Predictions. Futures,
Cash, Spreads. Supply. Demand, Least squares.

Washington, D.C. 20250 August 1974




PREFACE

Texas Tech University conducted this study during
1970-72 under a research contract with the Commodity
Exchange Authority, US. Department of Agriculture,
The basic purpose of the research project was to develop
econometric models to predict or estimate shell epg
prices. The models, based on basic supply-demand
forces, were designed to help the Commedity Exchange
Authority in regulating shell egg futures trading.
Although this study was developed primarily for the
benefit of the Authority, the findings of the proiect may
be of interest fo economists, traders, and other
Government agencies involved with the egg industry.
The medels ani results of the study may provide an
updated understanding of the most recent structure of
the supply-demand relations and the price-determining
process within the shell egg sector.

Allen B. Paul, National Economic Analysis Division,
Economic Research Service, USDA, was the contracting
officer, and he offered vuluable help in all phases of the
project. Special appreciation is extended to Richard J.
Foote, Texas Tech University, for his helpful comments
and suggestions throughout the research,
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SUMMARY AND HIGHLIGHTS

A series of econometiric models which analyze
economic relationships in the egg industry and provide
short-term predictions of egg prices was developed Tor
this study. Major emphasis was placed on lormulating
and estimaling shortrun supply-demand relations which
are believed to be the basic price-determining forces in
the cash and futures market for eggs. The increasing
importance of the breaking-egg sector and a subslantial
decline in storage movemenis of shell eggs are recent
changes within the egg industry which have aitered (he

price-determining process. Such changes were incorpora-
ted into the models to reflect the most recenl supply-
demand structure of the industry,

Multiequation models were developed independently
for each calender quarter and month using data for
1961-69. The basic parl of each maodel included a

simultancous equation system wilh two stochastic
relations and a closing identity. Shell egg price and
disposable income were telated to consumplion of sheil
eggs in one of the stochastic relatians, while in the other




function the quantity of eggs used for breaking was
postulated to depend on shell egg price and relevant
lagged variables. Two-stage and three-stage leaslt squires
procedures were applied to these two structural
equations to obtain the estimates of coefficients which
were found to be consistent in sign with theoretical
expectations. Additional ordinary least squares pre-
diction equations for total production of eggs and the
quantity of eggs used for hatching were developed by
quarter and month to close the model for forecasting
prices one period alead.

Forecasting performance of the twostage and
three-stage least squares models and the ordinary least
squares estimates of modified first-round price equations
was examined by using Theil’s U<oel{icients faor price
estimates both within and beyond the sample period.
The quarterly models performed reasonably well in
predicting prices during the sample period and up to the
middle of 1971. Prediction errors, on the average, for
the three-stage least squares structural models were
smaller than those for the two-stage least squares
models. On the other hand, the modified first-round
price equations seemed to have some edge over the
structural models during the period. With regard to
monthly price predictions, both two-stage and three-
stage least squares models exhibited substantial errors.
However, the modified first-round price equations
yielded reasonable lorecasts for most months from 1961
through the middie of 1971. While the two-stage and
three-stage least squares structural equations provide a
more satislactory  explanation of the underlying
economic relationships, the final choice among alter-
native models for forecasting remains to be determined.

Price forecasls from both quarterly and monthiy
models involved large errors during the latter parl of
1971, The effect of the newly introduced Marek’s
disease vaceine at this time on the rate of lay and the
death loss of layers may have amounted to a subsiantiai
change within tiie industry, thereby outdating portions
of the models. Experience with the new vaccine was not
of long enough duralion to permit the revisions needed
to take these changes into account within the models.

A number of equations were formulated to estimale
the relation between weekly cash prices of shell eggs and
the factors which affect such prices. The quantity of

eggs moving through commercial channels (commercial
egg movement report), net storage movements of shell
eges, and the price ol shell eggs on the preceding Friday
were the basic independent variables in the weekly cash
price equations. The lagged weekly average of daily
prices paid for eggs delivered to bresking plants was also
included as an additional factor. Data for Nevember 18
1970, through February 26, 1972 were used to abiain
the ordinary leaslt squares estimates of the equations.
The signs of the estimated coefficients appeared (o be
logically consistent, and the test statistics indicated a
reasonably good [it of the equations,

Futures trading in fresh shell egps has been [lairly
active at the Chicago Mercantile Exchange in recent
years. Futures quolations lor recent contracts revealed
consitlerable [fuctuations in prices. The relation or
spread between the futures and cash price quotations on
several specified days of the delivery month was ex-
amined lor each of 35 recent contracts. The futures-cash
basis was found to vary substantially, even within the
short span of the delivery month. The spread between
futures and cash prices changed from negalive to positive
or vice versa within the delivery month lor more than
hall of all contracts examined. The lulures-cash spreads
for each of the 12 contracts ol the year over a period of
3 years (excluding January 1969}, 1969-71. also revealed
unstable relations between fulures and cash prices for
most of the contracts. Some degree of consistency in the
hasis or spread over the years was found for only three
contracts-May, August, and December contracts.

Weekly equations were developed to predict highs
and lows of the quotations for nearby futures contracts.
Futures prices are essenlially determined by traders’
anticipations of market forces which are cxpected to
cxist al the time of delivery. Such anticipations are
considerably influenced by information on major price-
determining faclors in the immediale past. Accordingly.
Jagged values of weekly commercial epg movement
reports, storage stocks. prices ol breaker eggs, and the
last week’s closing lutures quotations were used (o
predict price quotations lor nearby {utures. The esti-
mated equations, based on data for a 66-week period,
indicated relations which were logically consistent and
accounted for about 68 percent of the variations in the
weekly Mutures quotations.




ECONOMETRIC MODELS
OF CASH & FUTURES PRICES
OF SHELL EGGS*

Sujit K. Roy and Phillip N. johnson'

INTRODUCTION

In recent years, significant changes have occurred in
the basic price-determining factors in the U.S. egg sector.
The growing importance of the breaking-egg sector,
increasing commercizlization and integration of produc-
tion and marketing operations, and continuing techno-
logical improvemsnts have had a considerable impact on
the price-determining process. Wide shortrun variations
in shell egg prices persist even though shortrun fluctua-
tions of the major supply-determining factors such as
production, hatching, and breaking of eggs have signif-
icantly diminished during the past decade.

To provide a quantitative loundation for under-
sianding these shortrun variations in shell egg prices,
econometric models were developed. These models
should be of interest to traders, producers, and Govern-
ment agencies involved with analyzing and predicting
cash and futures prices of shell eggs.

The Egg Industry:
General Characteristics and Recent Changes

In 1971, cash receipts for US. egps tolaled $1.8
billion. This amount accounted for 3.5 percent of the
cash receipts for all farm commodities sold and about 46
percent of cash receipts for poultry products (20,
p.60).2

The shell egg, or table egg, market accounted for 82
percent of 1971 egg production. The remainder went to
the markets for breaking and hatching eggs.

Shell egg consumption increased from 4.4 billion
dozen in 1960 to 4.8 billion dozen in 197 I, reflecting

“Approved as College of Agricultural Scienees Manuseript
N T-1-105, Texas Tech University,

''Sujfit K. Roy is ussociate professor of agricultural cconomics
at Texas Tech University. Phillip M. Johnson, formerly =
graduate assistant at Texas Tech University, is an area economist
with Texas Agriculteral Extension Service, U.S. Department of
Agriculture.

 ltaticized numbers in parentheses refer to items in Liter-
atere Cited on page 25.

the population growth. However, per capita shell egg
consumption declined from 306 in 1960 to 277 in 1971
(22, 24). This decrease can be attributed to a shift from
heavy breakfast foods to lighter food items and a general
empiasis on controiling diets.

Egg production, once centered in the Midwest, has in
recent years shifted to the South. In 1960, the Midwest
produced 42.2 percent of the eggs, and the South
produced about 27.5 percent (12, p. 2). [n 1971, the
Midwest produced only 28 percent, while the South
produced 4! percent {22). Lower wage rates, an
adequate supply of feed, improved trapsportation
methods, and lower building and land costs in the South
were the primary causes of the regional shift (12, pp.
64-65).

The evolution of the egg industry in recent years has
been marked by a major shift in production from small
larms to large specialized producing units. Technological
improvements related to poultry breeding, nutrition,
disease control, housing. and other areas have increased
production efficiency and have necessitaied a higher
degree of specialization (J7, p. 2). Also, improved
transportation methods have reduced the need for local
production, thus enahling large specialized units to
develop.

The recent trend in the egg industry has alse been
characterized by vertical integration of varicus functions
such as hatching. production, packing, and marketing.
Such Integrations have: (1} facilitated the adoplion of
new or improved production lechnology, (2) enhanced
the efficiency of capital utilization, and (3) improved
product standardization (12, pp. 58-65).

Seasonal varialions in egg production do still persist,
although Nueluations have become somewhat less severe
in recent years, Production generally reaches a peak in
April or May and declines to a tow poisit in September.

The breaking-egg sector lhas gained in importance as o
secondary market lor eggs. The percentage of total egg
productjon absorbed by this sector increased from 8.6




percent in 1960 to 11 percent in 1971, This increase was
due primarily to a growing demand for convenience food
ilems in which processed eggs are used. ln fact, per
eapita consumption of processed eggs rose from 29 in
1960 to 37 in 1971 (22, 24).

The level of egg-breaking activity. which is highly
seasonal, generally reaches ifs peak during the spring
months when egg prices are relatively low. Egg breaking
thus provides an oullet for the seasona! surplus and, to
some extent, helps support shell egg prices during the
surplus production period {6, p. iv).

Hatching eggs are obtained from hatchery-owned
flocks, primary breeders, and other hatcheries. The
hatcheries do not serve as an outlel for normal epg
production, although the surplus of hatchery eggs can be
diverted to Lhe shell epg or breaking-egg markets (72, pp.
52-53).

Cold storage holdings of shell eggs have significantly
declined in recent years. Average stock: on the first of
the month deereased (rom 15 million dozen in 1960 to
only 3.1 million dozen in 1971 (22, 24}? This decline
can be attributed to diminishing seasonal varialions in
egg production and increasing egg-breaking activity. In a
sensc. the breaking-egg seclor has largely taken over the
previous role of storage holdings.

Since cold storage stocks of fresh eggs are only a
meager portion of the total egg produciion, they do not
significantly affect the aggregale market supply of shell
eggs. Also, net exports and Government purchases of
shell eggs comprised only 1.5 percent of the total egg
produclion in 1971 (22).

Prices ol shell cgas vary considerably in the shorl run,
even though variations in production have moderaied in
recent years. Prices are usually lowest during the spring
when production is at its seasonal high and highest in the
lall and winter when production is at its seasonal low.,
Besides (he variations in production or net supply ol
shell eggs, changes in seasgnal demand also affect the
pricc movements, The demand for table epgs generally
increases in the winter and declines during the summer.
Shortived spurts in demand also occur during Lhe
Easler, Passover, Thanksgiving. and Christmas holidays.
It appears, however, that the price fuctugtions are due
primarily to variations in the market supply of shell egps
and only sccondarily to the less velatile consumer
demand,

Significant changes have occurred in the egp mar-
keting system during the past decade. In the late 1950%,
57 percent of the commerciz” - . s supply was handled by
assembier-packers; 35 pereent was handled by whelesale
distributors: and about 5 percenl weni direelly to
retailers und institulional buyers. In contrast, in the lale
1960's, assembler-packers handled 75 percent of the

(]

total commercial egp supply; wholesale distributors
handled 14 percent: and 7 percent went to retailers and
institutional buyers. This shift in marketing channels
resulted in a subsiantial reduction in the share of the
commercial egg supply moving through wholesale
channels. The share declined from 69 percent in the late
1950°s 1o 28 percent in Lhe late 1960°s (12, p. 4).

The present egg-pricing system depends on base price
quolations for selected wholesale grades and sizes of eggs
al several terminal markets such as Bosten. Chicago,
New York City, and Los Angeles. Base prices at Chicago
and New York City are by lar the most widely used
quotations in the egg industry. The price quolations at
ihe wholesale level are of crucial imporiance to the
seclor since retail as well as farm prices are generaily
delermined on the basis of these wholesale price
quotations.

The current egp-pricing system has come under
increasing criticism in recent years. It has been observed.

“for instance. thal the price quolations are established at

the wholesale Jevel even though the role of the whole-
salers has significantly dectined. Consequently, the price
quotations may become much less representative of the
eniire market than they are expected Lo be. Some also
believe that the wide shortrun price fluctuations aie not
consistent with the existing supply and demand condi-
tions in the sector. The criticisms, in general, are based
on the opinion that tie percent pricing system has fziled
lo adjust to imporant changes in the egg industry.
Alternative pricing methods which have been suggested
to replace or supplement lhe existing pricing system
include: {1) quolations at another level of trading such
as prices paid by retailers, (2) committee pricing, (3)
futures-oriented pricing, and (4) marketing agreements
and orders (713, 26).

Supply, Demand, and Price
Structures of the Shell Egg Sector

The demand and supply structures ol Lhe shell egg
industry are based on the interrelationships among a
farge number of variables. Such variables include those
simultancously determined within the structural system
during the current period und others either pre-
determined externally or determined prior Lo the current
period within the system. A brief schematic representa-
tion of the supply and demand structures of the sector is
presented in figure 1, The variables which represent
physical quantities are shown in reclangular outlines,
while the variables representing prices and values ure
presented in circles. The arrows indicate the relation and
direction of influence among relevant variables.

The quantity of shell eggs reaching consumers for
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table egg consumption may be equated with the total
production of eggs minus the quantity of eggs used for
hatching, eges broken {or commercial use. and nect
storage stocks for the period, Net exports and non-
civilian purchases of eggs are only a negligible portion of
total egg production, and therelore can be discounied.
The demand for shell eggs, as that lor many other
agricullural products, is fairly sfable. Wide fluctuations
in shortrun prices are due primarily to variations in
supply. Shell eges, a perishable product, must rezch the
consuzmer without much time lapse, irrespective of the
existing demand situation in the market,

Eee production in the short run, specificaliy during a
month or quarter, is essentially a predetermined variable.
Tor it is the product of the size of the laying flock and
the average outpul of eggs per layer. The size of the
laying (ock at the beginning of a period is predeter-
mined through prior adjusiments made by the pro-
ducers, Since pullet replacements reach the productive
age in about 6 months, the number of pullets entering
the Jaying Mock is essentially predetermined during the
preceding quarters, Although the number of layers
culled may be adjusted dwring the current period in
response to the exisling cost-return relationships in the
industry. such adjustments in the short run may be
assumed 1o be ntinor relative Lo the size of the laying
flock. The average rate ol lay is predetermined because it
depends on existing production practices and genctics.
which do not vary significantly in the short run.

The guantily of eggs broken lor processing depends
ont the demand lor convenience food items in which
processed epgs are used. Current shell egg prices may also
affect egg-breaking activity, For instance, in the spring.
when shell egg prices are low, o relatively larger volume
ol eggs is broken than in the Wl when prices arc
relatively high. Furthermore, the quantity of eggs

broken during the current guarter or period is intluenced
by the carryover of storage stocks of nrocessed or frozen
eges [rom the previous period.

Net storage stocks ol shell eggs depend on the level of
production and the demand [or shell eggs and eggs used
for breaking. Storage of shell egas penerally increases
during high production periods and declines during low
production. Since shell eggs from storage may move into
the markets for shell eggs or breaking eggs. storage
holdings of shell cggs depend on existing demand
situations or price levels in the two markets. Since
slorage holdings have declined subslantialiy in recent
years. viriations in storage stocks eventually may notl
have a signilicant impact on shell egg prices.

Production of shell eggs. as reported by USDA,
ineludes eggs used lor hatching. Hence, consumption ol
shell eggs is determined by subtracting. among other
faclors. the quanlity of hallch}ng egas [rom total
production. The quantity of eggs used lor hatching is
dependent on the demand for both layer replacement
chicks and broiler chicks. In fact. the hatching-egg seclor
involves a complex and almost independent supply-
demand structure of iis own.

Retail prices of shell eggs and disposable consumer
income influence the demand lor shell eggs. Further-
more, prices of substitute and complementary productls
may also alTect the demand. Mowever, past studies did
nol indicate any significant effect ol such variables on
the demand for shell eggs (7, pp. 70-71, &, p. 40). While
retail prices are determined directly by the interaction of
markel supply and demand lorces, wholesale prices are
essentially dependent on exisling retail prices and the
nrrkeling sysiem. Wholesale prices. in turn. influence
farm prices. Thus, the demand lor eggs at the wholesale
or farm level is essentially derived from the demand at
the retail level.

FORECASTING MODELS FOR AVERAGE QUARTERLY PRICES

Basic Maodel

Multiequation forecasting models for quarterly aver
age shell egg prices were formulated on the basis of the
supply and demand structure of the epg sector discussed
carlier. Alhouogh price forecasting was the primary
objective, these models also provide an updated analysis
of the current supply. demand. and price-determining
processes i1 (he egg sector. Speciticalions of the strue-
tural relations in the hypotlesized models were influ-
enced by the observed recent changes in the ecapg
industry. The [ollowing models. however, did not

include certain structuwral relations or varjubles wihich
were believed (or found Lo he) minor within the system.

The postulated forecasting models contained  the
tollowing seven equations, Including two identities and
five stochastic relations:

Q-.n
[Q":’-} Qt
Q3 B
(Q-4) Y=

Q=1 (P 1,.T)

=Y, —H, ~ B,
F PP PECSFL G By
(T, x k,/100)+ 12




(Q-5) T =1Ly . (Rey + R (R +
Ri.7)l
(Q -6} T {E[_.] » T)

Q-7 1= (PBy Py /P <. T)

where,
the subscript t represents the current calendar quarter
and (i1} relutes {0 a lagaed lime period, and

Q = aggregate consumption of shell eggs during the
quarter derived from the identity, equation
(Q-2), million dozen;

P=simple average of Chicago duaily cash prices.
prices paid delivered, B0-percent grade A large
while eggs, during the quarter, cents per dozen;

| = disposable consumer income, scasonally ad-
justed annual raies lor the quarter, biliion
dollars;

T = time variable. where T = | for 1961, T = 2 lor
1962, and so forth;

T' = alternalive time variable, where T = 61 for 1961,
T =62 for 1962, elc;

Y = lotal shell egg production during the quarter,
million dozen;

B = quuntity of eggs broken commercially during
the quarter, million dozen;

H = quantity ol eggs used lor hatching during the
quarter, milion dozen:

E = number of eggs laid per 100 luyers during the
quarter,

L = average number of layers on hand during the
quarter, million;

L = number ol Jayers on hand on the {irst day of the
quarter, million;

PF = uverage price of lrozen whoie egags. light colored,
at New York dwing the quarier, cenls per
pound;

SF =ull frozen eggs in storuge on the Mirst day of the
guarter, million pounds;

R =number of chicks placed for laying-flock re-
placements during Lhe quarter, million;

PB = average price of U.S. and plant grade A broilers
at Clicago during the quarter, cents per pound.

Consumplion of sheil eggs, as presented in equation
(Q-1), depends on price of shell eggs and disposable
income. The ellect of prices and supplics of compeling
and complementary products on the demand lor shell
egps was assumed to be insignificant. Consumption of
shell eggs, Q, in equaiion (Q-2) was estimaled by
subtracting Lthe quantity of epgs used for commercial
breaking, By, and hatching, H,, ltom Lotal egg produc-
tion during the quarter, Y,. Nel sloruge movement,

Government purchuses. and net export of shell eggs
during the period were not allowed for separately in the
identity, equation (Q-2), since these items comprise only
a minor portion of total shell egg supply.

The amount of epgs hroken for commercial use, as
presented in equalion (Q-3), was hypolhesized to be
dependent on current shell egg prices. If shell cpg prices
arc relatively low, a larger quaniity of eggs may be
moved through the breaking plants provided that the
demand situalion in the alternative market Is sutlicientiy
strong. The carryover of [rozen eggs in storage from the
preceding quarter, SF, |, may be expecied to inversely
affect the quantity of eggs broken during the quarter.
Furthermore, the guantity ol eggs broken during e
quarter may also depend on frozen egg prices during the
most recent past, PF,_ .

Production of shell cpgs during a given guarter, as
described in the identity. equalion {Q-d}, is the producl
of the average number of layers on lurms, E!. and the
number of cggs per layer, E /100, during the quarter.
Division by 12 is required (o convert the anumber to
dozens. Equation (Q-4) necessitaied the introduction of
cquations (Q-3) and (Q-6), which yield estimates of l_.l
and I, The average number of layers on farms during
the quarter is nrimarjly determined by the number of
layers on fanms al the beginning of the period, L, the
number of chicks which enter the laying flock, and the
number of older hens withdrawn from (he {lock during
the quarter. Since pullets gencrally reach the productive
age in about 5 or 6 months, the number of chicks placed
lor layar replacements two quariess ago. Ry, was
considered an appropriate variable to estimate the
number of young hens which enter the laying flock
during Lthe current guarter. By similar logic. the number
of older hens withdrawn from the flocks may he
eslimated by the number of chick replacements six
quarlers ago, R, ., since layers are productive for about
18 months, The postulated velation can then he nre-
sented as (oflows:

L= ML R Ry )

The number of fayers at the beginning of the quarter. L,.
wlhich is expressed as a predetermined variuble in the
funclion, is not available from published sources al tie
beginning ol the quarter. Thus, the following funclion is
needed 1o obtain the estimate ol L;:

Lo=T(L, .R, 5.R ;)
The logic underlying the refalion is similar (o that

offered earlier. The lagged variables have been appro-
prialely zdjusted in the function. A combination of the




preceding two Munctions resulls in equation (Q-5) of the
model. An alternative meihod of estimating the removal
of hens from the laying flock would be to incorporate
the rates of culling and mortality. Reliable data on such
variables arc nof availuble lrom published sources.

Since layer produclivity has consistently increased
during the past several years. the number of eggs per
layer. Li,. in cquation (Q-6) was expressed us a function
of time. The lagged value ol the variable ., was alse
included 1e¢ represent the most recent level of layer
productivity.

The guantity ol eggs used for hatching, one ol the
factors alfecting the amount of sheli eggs for consump-
tion. depends primarily on  the demand for layer
replacement chicks and broiler chicks, which are in turn
influenced by the cost-return relationships in the shell
ege and broiler industries. respectively. 1t was initially
assumed that the egg-feed price ratio and the broiler-feed
price ralio for the preceding quarter would serve as the
prime indicators of such return-cost refutionships. How-
ever, leust squures estimates of cquations involving
lagred values of egg-feed and broiler-feed price ratios
produced inconsistent and insignilicani coelficients lor
these variables in relation to hatching activities. This
situation nccessitated the present formulation of the
function. as presenied in equation {Q-7). in which lgged
egg and broiler prices are the mujor explanatory vari-
ables.

No attempt was made in the siedy o develop a
complete structural specilication for the hatching-epg
seetor, which hy  itsell may involve one or more
multiequation models of supply and demand. The
hatching-egy use equation, {Q-7), is essentially unrelated
tu the other struciural relations in the model, However.,
since the reporled total production ol eggs includes the
quantity of eggs used Tor hatching, it was necessary 10
sublract the fatter from tolal production (v obtain the
estimate ol shell egg consumption. The equation for
guantities of hatching eggs was theretore introduced into
the model,

Econometric Considerations

A separate model was developed Tor cach of the
calendar  quariers. The quarterly or monthly econo-
metric maodels in some ol the eatlier studies were
developed by pooling all quarters or months in one
model (74, p. 1) Zero-one or dummny vatiables were
introduced in the cquaiions 1o fake into account ihe
seasonal shilts in the infercepts. lowever, lor ihe
present study. il was wssumed thal separaie models lor
cach quarter are more appropriale since such models
may more aecurately aeflect e seasonal or quarterly

f

differences in the schedules in terms of both the
intercept and the slope.

Data for the Y-year period 1961-69 were used io
eslimale the equations.” The sample time period was
restricted to the past decade to rellect the recent
structure of the egg seclor. tn view of the differences in
the seclor belween the 1960’s and earlier decades, Lhe
exclusion of data for earlier years was deemed necessary
for an accurale esiimate of the existing structural
paramelers.,

The stochastic relations, equations (Q-1) and (Q-3),
and the identity. equation (Q-2), comprise a simulia-
necous  equalion system including three endogencus
variables, Q;. P, and B,. The remaining four equations
in the model, (Q4). {Q-5), (Q-6). and (Q-7), werc
vonsidered independent of the simultaneous equalion
system. These relulions were developed (o predict Y,
and H,. which were postulated as predetermined vari-
ables relative Lo the simultaneous equation systent. 11
may be observed that these latter four equations were
introducted into the model to develop it as a closed
system for unconditional predictions for the immedi-
ately following quarter. The ordinary least squares
procedure was valld for the estimation of equations
{Q-5). (Q-6), and {Q-7) since lhese are independent
cquations in the model and each involves only a single
dependent variable.

The stochustic relations, equations (Q-1) and (Q-3), in
the simuliancous equatlion system are overidenltified.
These equations were estimaled by using both two-stage
and (lirce-stage Jeast squares procedures, The (wo-siage
least squares procedure yields consistent estimates ol
structural parameters (9, pp. 380-384). The three-slage
teast squares procedure (27) invalves the simultaneous
estimation of coeflicients of all stochastic equations by
using Aitken’s generalized least squares method with the
error variance-covariance matrix from the two-slape least
squares estimaies (4, pp. 446453, 9, pp. 395400).
Three-stage feasl squares estimalors are consistent and
relatively more efficient than the corresponding two-
stage least squares estimalors when the errors in strue-
tural equations are contemporaneously correfated (9, p.
3983,

A compdter programi, prepared by Thormber and
Zellner (76) and maodified by USDA | was used {o obtain
the (wo-stape and three=stage least squares estimales ol
the relevant equalions,

Al examination of the consumption-price equation.
$-1) andd the equation for quantities of breaking egps,
(Q-3). would reveal that an endogenous varjabie, P.
appearst e iwo dilferent forms in the simultancous

"Sourves of ditba are hated moappendia L.



equation mode]. The variable is included in equation
(Q-3} in a nonlinear combination as Pt/Pl_l. The
presence of an endogenous variable in a nonlinear
combination complicates the estimating process. A linear
approximation of thc nonlinear variasble, however, can
be vsed to replace the original nonlinear variable. Linear
approximations of nonlinear combinations of variables
can be accomplished as follows (70, pp. 120-121):

XY =YX+ XY-XY
XY =X Y+ XY - X}V Y

where X and YV are the sample means of the two
variables X and Y. H may be noted that when both X
and Y are predelermined or exogenous variabies in the
model, linearization of the product or the rutio is not
required and the combination term can be used as a
single composite variable.

The fincar approximation of the ratio term Py/P, | in
the present model can be presented as lollows:

PPy PP PP = (RPE P

Py and Py, now appear in iwo separale additive terms.
Consequently. P _, can be treated as an additional and
separate predetermined or exogenous variable in the
system. Thus, the [lirst-round price equation, in which
the endogenous varfable P; wus expressed as a [unction
ol the exogenous variables in the system, also included
P,_, as an additional exogenous variable.* Ordinary
least squares estimates were obtained for the first-round
price equation for cach of the quarters. The estimated or
cajculated values of the endogenous variable l"i obtaincd
from the first-round cquation were then used to develop
the Lwo-stage and (hree-stage least squares estimales of
the wo slochastie relations, cquations {Q-1) and {(Q-3).
of the simuliancous equation system. The linearized
form of Py/P; | was used in equation (Q-3} to derive the
reduced-fonm price cquations which arc presented in a
luter section.

The results in the following sections indicale Lhat
some varighles were excluded {rom the estimaled equa-
tions in the final form. The cqualions were estimated on
the basis of a limited number of observations and,
therefoie, only the major variables appeared in the
equatinns as slatistivaily significant, While working with
small samples, the criterion of including a variable
should not be restricled only fo statistical tests of
significance. The judgment regarding the inclusion of
variabizs in this stutly was based primarily on the logieal

*The effect of rhis linesrizslion on the propertics of the
estinators is unknown,

consistency of the signs of the variabtes. The variables
which yiclded signs reflecting relations which were nol
consistent with economic legic and prior knowledge
were excluded from {he cquations. On the other hand,
variables with statistically insignificant coefficients buwt
consistent signs were retained in the estimated relations.
Olherwise, many variables, which might have been
statistically signilicanl in equations based on larger
samples, would be excluded from those based on smail
samples.

I this analysis, the lirst-stage cquation involved P as
the dependenl variable and inciuded some sefecfed
exogenous variables (for example Y, PF . P . 1y,
and T) rather than all exogenous vartables in the system.
By this means, three degrees of {reedom were generally
made available in the first-stuge cquations. Specific
exopenous variubles were added or deleted based on the
sign of the related coefficient and the relative contri-
butivon of {he variable to regression sum of squares in the
first-round equation.

Two-Stage and Three-Stage Least Squares
Estimates of Equations {Q-1} and (Q-3)

The two-siage and threc-stage least squares estimates
ol the two stochastic relations, equations (Q-1) and
(Q-3), of the simullaneous equalion system are pre-
scnied in Llables 1 and 2. The consumplion-price equa-
tion, (Q-1), in table 1 indicales that the signs of the
cocfficients of both iwo-stage and three-stage least
squares cstimates are consislent with the expecled causal
relutions. [U is intercsting to note that the three-stage
least squares coefficient of P in equation (Q-1) lor cach
guarter is slightly larger in absolute value than the
corresponding {wo-stage least squares coefficient. The
hypothesized relations in the breaking-egg use equation,
(Q-3), have been substantiated by the results presented
in table 2. Most of the coefficients were also signili-
canlly different from zero at the 5- or 10-pereent level.
fnconsistency of signs and slatistical insipnificance led to
the excluston of one or two variables {rom the equations
for the first and third quariers. The postulaled inverse
relation between the shell egg price ratio, P /P,_,, and
epgs used for breaking, B, has been confirmed by the
resulls. Furthermore, the related parameters [or each
quarter, except the third, are highly significant. A
significant aspect of the results of the equations for Q,
and B, equations (Q-1) and (Q-3), is the con lirmation of
tihie postulated relation between the shell egg and
breaking-egp seclors, The simultaneity in the determina-
tion of sheil egg consumption, Q,, cggs used for
breaking, By, and shell egg price, Py, as evidenced in the
present study, ought to be recognized in any realistic
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Table |-Leust squares estimates of equalions for study of the supply and demand structure of the egg
quarlerly consumption of shell eggs, (Qy), equation industry.
(Q-1) Comparzble estimates of equations (Q-1) and (Q-3)
Regression coefficients were also obtained, with all variables relating to quantity
Constant and income expressed in per capita terms. These
term LoaT allernative cquations in some cases vielded coeflicients
j with signs contrary to cconomic logic. Furthermore,
catculated prices developed from the alternale equations
for each quarter were considerably less accurate than

4190 -3459  .B176 1845 those derived from the equations presented here.
Y{1.217) (4605} (2276)

~1773 -3.470 2185 1612 . .
(9659) {2226) {1 121] Reduced-FOH’n Price Equatlons

-1572  -1917 22727 1477
(6883} (2441) (1245%) The estimated stochaslic relations, equations (Q-1)
-1632 -2.223 1182 1579 and {(Q-3), and the identity, equation (Q-2), were solved
(7336) (:3543) (1798) algebraically to obtain the reduced-form equations for
Three-stage least squares estimates price. Two different reduced-form price equations were
4]1.33  -3.575 8111 -1770 obtained for each quarter, since the stochastic relations

(1201} (2918} (1445) were estimated by both two-stage and three-stage least
-2247 3998 .1642 1897 squares methods

(.9235) {.2131) (1073} ’ )
-1084  -2432 3949 636 The reduced-form price equations based on two-stage

(.6585) (.2351) (1201) least squares estimates of equations (Q-1) and {Q-3) and

635.6 -2.319 2314 1601 . .
(7323) (3511 (1781) the identity ((-2) were as follows:

Quarter

Two-stage least squares estinares

! Numbers in pareniheses are Lhe slundard errors First quarter:
of regression coefficients.
P, =517.64 — 1211 Y, + 1211 H_ + 0990 i, —
218.6 Log T' ~ 1230 PF,_, — 2956 T +.5220

Table 2-—-Leasl squares estimates of equations for eggs used for
J h i P, +.1022B, ;.

breaking Juring the guarter, (B,), equation (Q-3)

Regression coefficients Second quarter:
Constant

t = - —

o | ve | sk, | B P, =~142.72 = 0950 Y, + 0950 H, + 0208 [ +
. 153.1 Log T' — .2836 PF,_, — .0024 SF,_, —

6513 T+ .5767 P,_, +.0308 B,_,

Quitrter

Two-stage least squares estimates

~1874 -~1.016 - 8446 -2.441]
1(24.8) ( .634) - (.1422} (1.314) .
-246.8  -2.986 -.0256 .3240 -6.857 P, =-501.22 — 3167 Y, + 3167 H, + 07191 +

(37.8)  (1.136) (1692) {[12011) ( .763) - T
Hne PR 467.8 Log T'+ 2315 T + 4981 P_, + .1565

{32.79} - - (.2297) (1.703) B
- 78.18 -- -4462 3035 4.532
{20.35) - (1237 (.1702) (1.402) Fourth quarter.

Third quarter:

Three-stage least sguares estimates

K ¢ P, =-366.61 ~ 2341 Y, + .2341 H, + .0276 I, +
-1674  -9902 - .8985 -3.133 369.7 Log T' — .1044 SF,_, + 1.061 T+ .4978
(189 ) (.5175) - (.1072) (1.042) P+ 07108
-205.0 -2.679 -.0269 .3101 -6.797 - -1

(31.2 ) (961) (159]1) {1079) ( .742) Lo i . .
— 55.05 — - S$139 7530 Similarly, the reduced-form price equations derived

{5141y - - {.2194) (1.664} algebraically {rom the identity (Q-2) and the three-stage
- 8044 -~ -4304 3339 4229 |east squares estimates of the two stochastic lunctions,
(20.20) - (.1225) (.1689) (1.391) equations (Q-1) and (Q-3), were as follows:

' Numbers in parenthescs are Lhe standard errors of regression
coefficients. First quarter:




P, =536.30 — .1272 Y, + 1272 H, + 1232 I, —
2252 Log T' - .1260 PF,_, ~ 3986 T + 4898
P,_, +.1143 B,_,

Second quarter:

P, =-201.20 — 1014 Y, + .1014 H, + 0167 1, +
1924 Log T' — 2717 PF,_, — 0021 SF,_, -
6893 T+ 5093 P,_, + 0314 B,_,

Third quarter:

P,=-30.33 — 2348 Y, + .2348 H_ + .0927 I, +
1493 Log T' + 1.768 T + 5407 P, _, + .1206
Bt—l

Fourth quarter:

P =-12821 — 2259 Y, + 2259 H, + 0523 t, +
226.1 Log T' — .1108 SF,_, + 9554 T+ 4943
P, + 0754 B,_,

Ordinary Least Squares Estimates of Equations
(Q-5), (Q-6), and (Q-7)

As mentioned earlier, two variables, Y, and H,, were
freated as predetermined variables in the simuitaneous
equation system, However, the values of these two
variables must be known to obiain the estimates or
forecasts of price (f)t) from the reduced-form price
equations which were derived from the three equations
in the simultaneous equation system. The equation for
average number of layers on farms {L,), equation {Q-5),
and the layer productivity {E,) equation, equation {Q-6},
were developed to estimate current total production
(Y,). Finally, equation {Q-7) was formulated to predict
the qusntities of hatching eggs for the current period
(H,). The introduction of the last three equationms,
Lherefore, made the model a closed one for predictive
purposes. Since these three equations, (Q-5), (Q-6), and
(Q-7), were independent of the simultaneous equation
system as well as of each other, ordinary least square
estimates of the equations were statistically valid.
Statistical estimates of these three equations for each
quarter are presented in tables 3,4, and 5.

The ordinary least squares estimate of the logarithmic
equations for the average number of layers on farm {L,),
equation {(3-3), as presented in table 3, yielded superior
results in terms of statisticat tesis as well as predictive
accuracy over similar equations [ormulated in linear
terms. [t may be observed that the two lagged replace-
ment variables, (R,_, + R, ;) and {R,_, + R,_,},
representing the addition of new layers and removal of
older hens, respectively, have generated expected signs.

Table 3—Crdinury least squures cstimates of eguations for
guarterly average aumber of layers, (L), equation {Q-5)

Regression cocfficient

Constant R? | sEE?

te
erm Lo [ Ry R:—JTRI—B Ry )

LHled 1092 0299 -.1832 934 00376

*{.155) (0789 (09T

6092 H806 0983 -0i46

{.1265) {289} (0215)

B2 1052 0903 -.0346 962 00339
£.374) {.0783) £.0818)

-.2357 5341 2347 -A3a73 874 00208
(.0798) (.0309) £.0263;

Quaster

970 .8029%

T Expressed in logarithms of aeinal valees.
* Sranducd error of estimaie.
*Numbers i purentheses are the standurd errors ol regression coeffivients

Table 4-Ordinary least squares estimates of equations for
quarierly number of cpes per 100 layers, (€).' equation (Q-6}

Constant Regression coefficients

Quarter term R SEER?
T

t-1

8464 17193 00197
32939} (.00186)

1.729 5459 ~.00128
{.1B64Y {00070}

—.0286 9956 00342
(0225)  {.0000S)

-56197 1.162 00056
{166} {00081

00608

00409

60035

00259

! Expressed in logarithms of actual values.

? Stendard error of estimate.

*Mumbers in parentheses are the stondard errors of regression
coclticients.

Table 5-Ordinary least squares estimates of equations for
quarterly number ol eggs used for hatchiny, (Hy), equation (Q-T}

Repression coelficients

Ouarter Conslant SEE!

term
PBE-—I Pt-i"Pt—S T

76.83 - 10.097 1,208
- P(4.168) (443)

39.20 1.359 2976 2716
(706)  (3.498) (.266)

17.73 1.522 - 3.326
{.68%) - (.454})

29.57 1932 3.088 3411
(.682) (5.497) (573

! Standard error of estimate.
*Numbers in parentheses are the standard errors of regression
coefficients.




The ordinary least squares equation for layer produc-
tivity (E,), equation (Q-6) in table 4. yielded better
results, especially in terms of prediction, lor the last two
quarters than for the first two. Layer productivity of the
preceding quarter, E, ,. appeared to be the main
predictor in all cases.

As mentioned earlier, the guantity of egps used lor
hatching was initially hypothesized to be dependent on
the egg-feed price ratio and the broiler-feed price ratio
representing the return-cost relations in the egg and
broiler sectors. The preliminary analysis indicated in-
consistent signs and insignificant coelficients lor the two
ratios. However, lagped prices of shell epgs and breilers,
P,_,/P,_5 and PB,_,, respectively. in the {inal formula-
tion as presented in table 5 yielded relatlions which are
consistent with the basic initial specifications. The
hatching-egg use equalion, (Q-7), in the present model is
probably an oversimplified lormulation of the complex
relationships underlying the decisionmaking process in
the hatching-egg secter. Yet, the three explanatory
variables seemed to have performed adequately in
explaining Lhe variations in the dependent vazriable,
especially for the last three quarters of the calendar year.

The net storage movement of shell eggs during the
periad was included in the simujlaneous equation system
in &n initial formulation, An equation for end-ol-quarter
starage stocks of shell eggs, an endogenous variable, was
formulated with current price (P,) and relative lavel of
production (Y, /Y, _,) to form the basic explanatory
factors. But, inconsistent signs, stalistical insignificance
of the coefficients, and large prediction errors led to the
omission of the equation [Tom the model.

Modified First-Round Price Equations

Since the endogenous variable, P, in the [lirst-round
equations was expressed as a lunction of the exogenous
variables in the system, the first-round equations could
conceivably be used as aliernalive prediction equations.
The first-round equations were, however, modified in
this study to include only those predetermined variables
wlhich appeared to be the main prediclors.

The modified first-round price-prediction equations
for the {our quarters were formulated as lollows:

(Q-8) P=f (Y. 11, PFy)

where the variables are Uhe same as those defined earlier.
The equations were estimated in Lwo alternative forms- -
linear in actual vnits and lincar in logarithms. Altliough
both production (Y,) and income (1,) relate to the
current period, these two variabies are in fact predeter-
mined. As discussed earlier, while income {orecasts ure

available from other sources, production far the current
period can be predicted from equations (Q-4). {Q-5). and
(Q-6) of the models presented in the preceding sections.
Lapped frozen egg prices (PF,_,) are available from
existing sources mentioned earlier.

The ordinary least sguares estimates of the price
gquations, obtained separately for each quarter, are
presented in tables 6 and 7. All variables {Y, [, and
PF,_,) entered each equation with expected signs. Mos(
of the regression coefficients were slatistically significant
at the 5- or 10-percent levels. An additional variable, the
number of chicks placed for layer replacements two
quarters ago {R,_, ), was included in the price equations
for only the first quarter. The variable significantly
improved the Mit of the equations Tor the quarter. [t
appears that the number of luyer replacements does have
an impact on egg prices during the first quarter, but the
reason for the inverse relationship is not lully under-
stood. The resulis indicate relatively high R? values,
ranging from .88 to 96, lor the quarterly equations
when variables were expressed In actual units {lable 6).
An examination of the standard errors of eslimate
reveals that the second-quarter equation had the smallest
overall magnitude of errors, The error magnitude was

Table 6 -Ordinary least squares estirnates of equatians for averape
quarterly  shell ewg  prices, (Pt)' using equation {Q-8)

Regression coeflicients

W ‘Pi:lnl l Yy | Ri.a i

1220301 01318 0.6797  -0.1009  -0.5675 0877 1412
0365 (2783 L0301 {3208}

1821678 JOL¥1] 004 NELY 958 352
(0073) (0962} {0361

1316122 1194 8450 1345
(0193 (,2542) (.026H)

135.5708 1405 1,443 1503
(0234} 3582) (034N

Cunstant
tetm

Quarter R? [SEE’

"Srandard error of esumale.
*Numbers in parentheses are the standard errors of regression cuefficents,

Table 7-Ordinary  least sguares estimates of equaiions lor
avernge quarlerly shell cgg prices, (P, cquation {Q-8} !
i i 1

1 Consiunt | Represston cocffoents
-

r * B . ¥
erm - ;
' Mgy . 1 DR

"‘l R? ;SI:LE’

PR i e ek [ E——
11,5603 3025 09186 076 0G4
! R9Y) LINS4  (1.440)  1.5629)

il 119694 7511 1BEE 4 0th 698 029
(2615 {2129} (1599

m 120411 1591 6208 4993 HIT 027
L4046) (2682 (.57

v e 1.613 1054 4750 828 .08

(3966) 1 3344) {1.543)

Vspressed i laganitims of actual values.
TS1andard erpur ab ésnimate,
TMumbers 1 parentheses are the standard ercors of repression coeffioents.




largest for the first- and the fourth-quarter_equations.
The logarithmic equaidions indicaie R? values which
range [rom .70 to .84 (tablc 7). The R? values in table 7
should not be compared with those in table 6 since the
dependent varieble was expressed in different units,

Predictive Accuracy of Alternative Models

The major criterion of predictive accuracy involves g
measurement of the extent to which the predictions
deviate from the actual or observed levels of the variable
under consideration. The inequality coefficient (U}, as
proposed by Theil {75, p. 28}, can be used for this
purpose. The coeflicient is defined as lollows:

VE By AW
N

where A; represenls the actual or observed change of
the " vgriable during the tth period relative lo (he
actual level in the preceding period, and P, is the
corresponding predicted or calculated change. An alter-
nalive presentation of the U-coelTicient is as lollows:

_VEIP ~ Aies) = Ui = Ap )]
VEA, — A P
A EU};{ - A:'r}z
v EM;: - A;:-—I J2

where Aj and Pj represent the actual and predicled
levels of the variable. Errorless forecasts for all observa-
tions would yield a value of zero for the coefficient. On
the other hand, U equals 1.0 when nt change is
predicled (P = A;, ) lor all ebservations. )

Four uilernative price-forecasting  models  ware
specified for each of the quarters. The models were
different from cach other basically in terms of the price
equation used in each model. While each model com-
prised the same 1wo ordinary leasl squares equations or
L, and E, -equations (Q-5) and (Q-6) and the identity
for Y,, equation (Q4) the first wo models also
confained the equation for hatchiagepg use {H,),
equalion (Q-7). The last equulion . is not required in
the other two models since H, was excluded lrom the
refevanl price equations. The four alternative models
may be identified more specifically as lollows:

Model {Q-1):  reduced-form price equation obtained
on the basis of the two-stage least
squares estimates ol equation (Q-1}and

(Q-3) and the identity (Q-2); ordinary

least squares ecstimates of equalions
{Q-5), (Q-6), and (Q-7) and the identity
{Q-4).

reduced-form price equalion obtained
on the basis of the three-stage least
squares estimates of equations (Q-1)
and {Q-3} and the identity (Q-2); ordi-
nary least squares eslimates of equa-
tivns (Q-5}, {Q-6}, and (Q-7) and the
identity (Q-4).

ordinary least squares price equation
(3-8}, linear in gctual u.tis (table 6);
ordinary least squares estimaics of
equations (Q-5) and (Q-6) and the
idenlity (Q-4).

ordinary least squares price equalion
(Q-8), linesr in logarithm (table 7);
ordinary icast squares eslimates of
equations (Q-5) and (Q-6) and the
identity (Q4).

Maodel (Q-11):

Model (Q-111):

Model (Q-1V):

Price lorecasts were developed lor each quarler for the
sample period. The U-coelTicients, as presented in table
&, were computed separateiy for each quarter and model
lor quarter-to-quarter changes in price. Predicted and
actual values of quarterly prices and other variables are
included in appendix 1,

Table 8&--U-coefflicierts [or quarterly shell
cpp prices, (P)!

Models
Quarter

Q-0 | (Q-IH | (Q-R’D | {Q-1V)

1 .53 55 48 .54
11 .27 .25 .27 .21
T .66 Sl At 37
1Y 97 .90 72 467

' Predictions based on predicted values
of Y and H,.

Prices of shell eggs fluctuated widely during the
sumple perfod. For instance. the observed quarlerly
average price declined to a low of 26.2 cents in the
second quarter of 1967 and increased to 54.7 cents a
dozen in the fourth quarter of 1969, Considering such
wide variations in priees, al} four models scemed (o have
performed with reasonable aceuracy of lorecasts. Pre-
dictions for the second quarter were generally most
accurale. On the other hand, as indicated by the
U-coelficients, forecasls for the fourth quarter involved
the largest overall magnitude of errors.

The U-coefficients for models (Q-T11) and (Q-IV) were




smaller than these for models {Q-1) and (Q-11) lor Lhe
third- and fourth-quarter predictions, This difference
indicates that the predictions for these quarters, based
on the ordinary least squares price cqualions, werg
refatively more gccurate than those based on the
reduced-form equations. However, counclusions with
regard to predictive superiority of alternative models
should not be entirely based on (ests over the sample
period. The ordinary least squares price equations may
tend to yield poor forecasts when exiended beyond the
sample period. Such equations do not incorporate Lhe
price-generating mechanism in the same way as do the
structural equations derived through two-stage or three-
stage least squares procedures. Compurisons ol predictive
performance should, therefore. be based on predictivny
over a longer period outside the sample period. However,
g comparisen between models of similar nature can still
be made. The secand maodel, (Q-11), based on three-stuge
least squares equations, scemed (o have u slight edge over
model {Q-1}, which was based on two-stage feast squares
equations. The third model, {Q-H1 perfvrmed shightly
better than model (Q-1V) in the [irst and third quarters.
On the other hand, the latter yiclded smaller -
coefticients for the other two quartess,

Another set of price estimates were develaped using
actual, rather than predicted, values of shell egg produc:
poin {4 and the quantity of eggs used For hatching
{H,}. In other words. equations (Q<4}), (Q-5). (Q-0). and
{Q-7) were mot used in estimaddng Y, and H. The
purpose wis to examine the performanee of the price
egquations when errors in predicting the predetenmined
varizhies were elinunated. A set of U-coefficients were
developed from these price estimates based on sctual
values of Y and H,. [t may be reculled that 11, wasnot
included in the ordinary least squares prive equation
{Q-8). and. hence. only the actual values of Y, were
needed 1o estimate prices from models {Q-111) and
{Q-1V). The U-coefticients for cach mwodel ure presented
in table v.

Thie U coelficients in table 9 are considerably smuller
in all cases relative Lo those Tor the price foreeasts based
on predicied values ol Y, and H {lable &), I clearly
implies that errors in predicting total shell egg produc-
tion (Y yand the quantity ol eges used for hatching (11,
have 1o some extent magiified the errars in price
lorecasts from the madels. The U-coclheents Tor the
secund quarier dare the smallest among all coelfictents for
each madel. On the other hand. pnce estimates from
each model Tur the Tourth quarter involved the largest
overall magnitude of errors. The reduced-lom price
equiation based on threesstage leost squares equalions.
mode} (G-1). yielded more accurate price estimiafes than
those obtained {tom the corresponding price equalion

based on lwo-stage least squares equations, model (Q-1).
The U-coefficients for model {Q-HI) are generally
smaller than those for model {Q-1V}

Price predictions were also developed for eigit
quariers beyond the period of fit. These forccasts, based
on predicted values of Y, and H,. are presented in table
10. Two different U-coelficients for each model are
included in the Lehie, The first coeflicient was obtained
for afl eight observations considered together Tor each of
the Tour models. The Just two quarters were excluded
from the computation of the sceond U-coeflicient Tor
each model. Price forecasty for the Jast two quariers of
{971 involved unusudiy large errors. Consequently, in
the second sct, the ineguality coeflicientls were consid-

Table 9 -U-coetTicients for quarterly shel)
e prices (P

Models?
{hnarier
]y Iyi Q-1 (Q_ HDY] (Q-1V)
[ 35 36 g 33
i 419 15 i .20
iH 34 28 .14 A7
v 59 B! ] 44 A4

PEshimoles based an actual values of Y,
and H,.

Ahese modeb excluded the last Tour
cquations i the system siee acial values
of ¥ and H were used.

Table 18 Acuwal and predicted quarieriy shiell eeg poces out-
sde the period ot it 1970-71, and related U-coelTivients.?
g e e e e e e

i

] Predicted prices using models

Quarter Actual T
Pooprees | o1l outoin l(}.iv
Contydocen
1974,
! 5§22 490  4R.¢ S04 514
i 344 40,9 394 39.1 70
11} 413 474 46,8 45.8 43.1
RY 38.4 455 42,1 44.6 40.5
|974:
I ; 350 41.7 419 451 1.8
b 3z 334 33y 35.3 37
i 34.3 482 476 47.3 42.7
v jsn 434 444 50.6 423
Ineguadity
cacllicwat (U):
Hased on § quarters 99 99 .22 67

Baseel on Arsd & quarters 5% .56 .67 .37

' Predictions bused on predicted values of Y and 11,



erably smaller than the corresponding values in the first
set. As indicated by the U-coefficients, the performances
of models (Q-1) and (Q-t} were similar in forecasting
prices outside the period of fit, Price lorecasts based on
made] (Q-IV) vielded the smallest U-coelficient,
Predictions for the {irsi six quarters ([rom the first
quarter of 1970 through the second quarter of 1971)
were reasenable, especially those from model {Q-1V). As
mentjoned earlier, the price forecasts from all models
involved large errors flor the last two quarters in 1971, 1t
may be suggested that an important change which has
become apparent since the last half of 1971 is the
impact of the Marek’s disease vaccine on the production

process and, subsequently. on the price-determining
process. Reportedly, the vaccine has incressed the rate
of lay and reduced the mortality rute of both layers and
replacements. These changes may have caused lemporary
disruptions in the price-determining process. Price fore-
casts, however, may be expected to be more azccurale
when the effect of the vaccine is [ully realized and the
process of adjustment stabilizes in the sector.

Another feature is also worth noting in relation (o
errors in price forecasts. The predicted prices obtained
from all Tour models were consistently higher than the
actual prices for all seven quarters beginning with the
second quarter of 1970,

FORECASTING MODELS FOR AVERAGE MONTHLY PRICES

Basic Mode!

Prediction models for monthly average shell cge
prices were structurally similar to the preceding quur-
terly modeis. The monthly structural models comprised
the following six equations, one of which is an Identity:

(M-1}
(M-2}
(M-3)
(M-4}
(M-5)
(M-06)

Q=r(P. 1)

Q =Y, —H -8

B, =f{P,B, ,. T)

Y=L Bl R /R, )
E[.,] = r(h; 2 T}

H, =f{Pt__|,PB|_‘|.T]

where Lhe subscript t represents Lthe current calendar
month and ((-1) relates (o a lagged time period, and

G = aggregate consumption of shell eggs during the
month derived from the identity, equation
(M- 2), million dozen:

P=simple average of Chicugo daily cash prices,
prices paid delivered, 80-percent grade A large
white eggs, during the month, cents per dozen;

| = disposable consumer inceme, sessonally ad-
justed anpual rates for the quarter, billion
dollars;

Y = lotal shell egg produclion during the month,
miliion dozen;

H = quaniity of cggs used (or hatching during the
month, million dozen;

B = quantily of eggs broken commercially during
the month, mitlion dozen;

T = time variable, where T = | for 1961, T =2 for
1962, elc,;

L = number of layers on hand on the first day ol the
month, million:
E"= number of eggs laid per layer during the month:
R =number of chicks placed for laying Mock re-
placements during the month, million;
PB = average price of U.S. and plant grade A broilers
at Chicago during the month, cents per pound.

Monthly data were obtained Irom sources identified in
appendix 1.

The first three equations in the monthly medel,
similar to those in the quarterly model, comprise a
simullanecus equation system. Three endogenous vari-
ables, Q,, P, and B,, are simuliancously determined
within the system. Two predetermined variables, Y and
Hy, in the system necessitated the formulation of the
other three cquations of the model. These equalions
were developed to predict the values of Y and ¥ and,
hence, (o close the model for predictive purposes. The
logic underlying cquations (M-1), (M-2), and (M-3) was
essentisfly the same as that for the simulianeous
equalion system of the quarterly model. Cerlain vari-
ables which appeared in the corresponding quarterly
equations were excluded lrom the stochastic refations,
equatlions (M-1) and (M=-3). In inildal (rial estimales,
these omit{ed variabies were found 1o have elfects which
were logically inconsistent and statistically insignificant.

The production equalion, (M-4), in eflfect was
considered as u substitute for two relations. equations
(Q-4} and (Q-3}, which appeared as separate equations in
the quarterly model. The rate of iwy during the
preceding period, B{ |, represents the most recent trend
in the variable. The ratio of ithe numbers of chicks
placed for layer replacements 6 and 18 months ago,
Ri.¢/R( g, is a combination of two variables.




Replacement chicks placed 6§ months earlier would enter Table 1i-Least squares estunates of equations lor
the laying [lock during the current month, while those monthiy consumption of shell eggs. (Q). equation
placed {8 months ago would be culled or withdrawn (M-1)
during the current month. Hence, the variations in the Regression coctficients
ratie, R)_g/R,_, 5, would affect the current laying [lock Month | Censtunt term
size and, subsequently. the production of shell eggs in | it Pt
the positive direction.

Although the rate of lay for the past month, E{_, . is
a predetermined variable in equation (M~4), the value of January 368.6 1620 -1.033
lhe variable is not available from published sources at i (.0179) {3150
the first of the month. Therefore, equation (M-5), February 3471 1365 -1.318

. . . . (0275) (4892}
which in essence is the same as equation (Q-6) of the Murch 1517 1520 2407
yuarterly model, was introduced for E;_,. Similarly, the ) (0179)  (.3465)
equation for hatching eggs (H,) is equation (M-6), which April 3484 1509 - 9270
exactly corresponds to equation (Q-7) of the quarterly {0156} {.3556}

Each stochastic relation in the model was estimated i 3073 (.?{I};g) {'lsiﬁg]

.o une B . =l

sep.arutely for each calendar month. The statistical . (0164} (52724}
estimates were based on data for 1961-69. July 3089 1934 - 6075
(.0194) {.3466)
Two-Stage and Three-Stage Least Squares August 3321 A722 - 8526

Estimates of Equations (0144 ('37522)
(M- 1) and (M-3) September 321 1644 - .5702
(0147 (.2408)

Qctober 374.8 L1295 -1.081

Two-stage and three-stage least squares estimates were (.018L) (.3709)
obtained for equations (M-1) and {M-3), which be- November 3470 1285 4598
longed to the simultaneous equation system. The last i (0198) (:2405)

. . . December 3724 1571 -9714
three equations were, however, independent relutions ' (0168) L1915)
within the mode!. - .

The results of equations (M-1) and (M-3) are Three-stege least squares estimares
presented in lables 11 and 12, respectively. Both Januyry 3673 1643 -1.042
two-stage and threc stage least squares estimates of the ebruaty 1472 (?;;‘;] “(13132(;)
consumption-price equation, (M- 1), yielded coefficients 1.0275) (4892)
with expected signs. Furthermore, coeflicients of price Marcl 3517 1527 - 4065
and income were significant at the 5- or 10-percent level (0179) {.3465)
for most months. The two-stage least squares co- April 3486 1502 ‘9238
cilicients were very similar in magpitude to the corre- May 3448 (?2132;} Ef’ig;)
sponding threc-stage leasl squares cr 2flicients. ’ (0146)  {.5584)

The estimates of equations (M-2} in table {2 pro- June 307.5 1974 -1,202
duced the expected inverse relation belween Lhe price of (0.L63) (5223}
shell eggs (P,) and 1he quantity ol eggs broken commer- July 308.8 ,(1]9;‘; . 32;34
cially {B,) lor all months except October and December. August 1315 (:1;51) ('.8?46}
The two-stage least squares equation for an additional (0143} {,3750)
month (May) indicated un inconsistent sign for B,. The September kYA ] 1640 - 5677
coefficient of the time variable {T) was negative in the (0147) (.2408)
equations [or December, January, February, March, Dotaber 374.6 (é?g?) (13233)
April,May,and Junc and posilive in the equalions for the Novernber 347.4 1283 § 4582
remaining months. it may be observed that P, was (198} (.2405)
included in the monthly equations ss a linear variable. December 372.4 1570 - 9712
Hence, the problem of linearization which appeared in (0168)  (1915)
the estimation of the quarterly model did not exist for
the monthly equations.

Two-stage least squares esiimates

'Numbers in parentheses are the standard errors of
repression coefTicients,




Table 12-~Least squares estimates of equutions lor cpas
used for breaking during the month, (13,), equation (M-3}

Month

Constant torm

Repression coellicients

T

Bl-i

Py

Junuary
February
darch
April

May

June

July
August
September
QOctober
November

December

January
February
Murch
April

Muy

June

July
August
September
Qctober
Noverher

December

Two-staye least squares estimates -

20.77
30.36
34.41
88.01
22.70
53.30
22.51
72.15
22.80

-14.44
12.61

-13.54

i68
*(.8365)
5546
{.5640)
-1.605
(.16835)
-Lii7
{.504)
-1.254
{.3965)
4968
(.6708)
2.407
{.2575}
2162
{2713}
1.594
{3783}
5276
{.646%9)
4869
{,7927)
1127
{1051

L1788
(.2901)

J167
£2172)

B00%
{0775}

8450
{.1656)
4064
(.2174)
5857
(.1086)

3908
{(.1344}
1.009
{2785}
&630
{.2446)
1.225
{.3233)

3136
{.3233)
- 4414
{.2910)

L2209
{.1236)
- .B883
{.3805;

A7
{.4086)
~ 3737
{4183}
- 6922
U197
-1.198
{26170
- 3R03
(1321)

2643
{.2357)

-1937
(.1434)

3316
{.2209)

Threestage least squares estimaltes

17.89

27.90

33.35

88.02

34.74

61.21

25.22

72.15

23.30

-18.07

4.1

~13.61

- 0971
(.7446)
- .6348
(5613}
-1.623
{16763
-1.114
{.5564)
- 1.422
{3878
- 6452
{.6095)
2,379
(.2466}
2,158
{2759}
1.607
{.3748)
L3706
{.5808)
HOB3
{(.7748)
1135

8489
{.2493)
7682
{.2146)
Bis6
£.0764)

7202
{.1564}
3246
{.1816)
5638
{.0884)

3802
{.1323)
1L0Y3
{.2438)

5937
(23613
1.227

(1.051) (3233)

- 2517
(.2984)
- 4018
{.2899)
- 2024
{.1226)
8887
£.3801)
- .0022
(4031)
- 4296
(4117)
- T0St
(1177
~1.198
(207
- 3843
{1315}
3431
2217
- 2087
(1430
3328
(.2209)

‘Numbers in porentheses are the standard errors of re-

gression coofficients,

Reduced-Form Price Equations

The two-stage least squares eslimates of equations
(M-1)and (M 3) and the identily, equation {M-2), were
solved algebraically Lo obtain the following reduced-
{orm price equations by moenths,

January:
February:
March:
April:
Muay:

June:
July:
Augusi:
September:
Ovtober:
November:

Becember;

P = 289.1505 — 7420 Y, + .7420 H,
+.1203 1, + 8674 T + ST83 B, |

P = 213.3266 - 5652 Y, + 5652 H,
+.0771 1, ~ 3134 T + 4051 8, |

Py = 614.7270 — 1.592 Y +1.592 H,
+.2434 1, - 2555 T+ 12748, |

P, = 2403933 - 5508 Y, + 5508 H,
+ 08311, — 6153T

P, = 2926112 - 7954 Y, + 7954 H,
+.1476 1, — 9974 T+ 6721 B,

P, = 2284158 - 6334 Y, +.6334 H,
+.1254 1 —~ 3147 T+ 2571 B,

P, = 2549896 — 7694 Y| + 7694 H,
+.1488 | + 1.852 T + 45838, ,

P =197.1374 — 4877 Y + 4877 H,
+.08401, + 1054 T

P, =361.7335 — 1.052 Y, + 1.052 H,
+ 1729 1, + LTI T+ 4111 B,

P, =458.0653 -~ 1.271 Y, +1.271 H,
+.1646 1, + 6706 T+ 1.283 B, |

P, = 5505891 — 1.530 Y, + 1.530 H,
+.0966 1, +.7451 T+ 1.015 B, |

P, = 560.8940 ~ 1.563 Y, + 1.563 1],

+.24551, = 1762 T+ 1915 B, |

The reduced-Torm price cquations derived from ihe
threc-stage least squares eslimates of equalions {M 1)
and {M- 3}, and the identity, equation (M-2), were as

foliows:

Junuary:
February:
March:
April:
May:
June:
July:

August:

Py =289.1294 ~ 7730 Y, + 773011,
+.4270 1, — 0750 T + 6562 B, ,

Py = 2168459 — 5781 Y+ .5781 H,
+ 07881, — 3670 T+ 4441 B, ,

P, = 6323698 ~ 1.642 Y, + 1.642 H,
+ 2508 1 —2.666°T +1.340 B, _,

P, =241.0268 ~ 5520 Y, +.5520 H,
+.08294, - 6150T

P, = 26889675 — 7087 Y + 7087 I,
+.13221, ~ 1008 T+ 5104 B, ,

Py =2259806 - 6129 Y, + 6129 H,
+.12101 —.3954 T+ 1989 B, ,
Pp=252.1857 ~ 7550 Y, + 7550 H,
+. 14681, + 1796 T + 4257 B, _,

Py = 1947554 — 4825 Y + 4825 H
+.08451, +1.041 T




Septemver: P, = 361.8697 — 1.050 Y, + 1.050 H,
+.1723 1,4+ 1.688 T + 3994 8,
P, = 481.8624 — 1352 Y, + 1.352 H,
+.1757 |, +.5009 T + 1.477 B, _,
P, = 547.8108 — 1515 Y, + 1.5I5 H,
+1944 1, + 1 013T + 89978,
P, = 562.0144 — 1.566 Y, + 1.566 H,

+.24591, - 1778 T+ 1922 B, _,

Oclober:
November:

December:

Orcdinary Least Squares Estimates
of Equations (M-4}, (M-5), and {(M-6)

The last three eguations, {M-4), (M-5), and {M-0},
of the busic model were independent of the simulia-
neous equation system. Ordinary least syuares eslimates
of these three equations for each month are presented in
tables 13, 14, and 5,

The estimated production equation, {M-4}, indicated
high R? values and low standard errors of estimate. All
variables entercd the monthly equations with expected
signs. Hewever, the regression coefficient of By | in the
equation for May was negalive. The lagged chick
replacement ratio, Ry_,/R,_ g, for all months except
February and September indicated an expeeted positive

Table 13 - Ordinary Jeast squares estimates of equations (or
monthiy shell epu production, (YE), equation (M-4)
! I
! 1 Regression coelfivients :
+ Constant [
i term | I ool ! R? iSl:l‘.
L SRS LS I
Jemuwary | -1.3933 1077 1.897 .iop 856 BO6
1.2804) £.23196) {0837
Febrvary § -1.2123 1,180 7194 Be0 009
(4078} (.3629) .
Mareh 06429 9i03 3a82 0268 D42 403
{1184y 02 (0258)
April - 8445 1879 6562 0025 599
May 8361 1.028 6276 0257 B9 006
%17y (1.168) (0351
June -1.6028 1,304 975 N3 215 806
i796) 21 {0333)
July -2.2424 1,355 1,221 0120 999 G
(0024)  (Di04) {0005
August =191 L8644 1.591) 0328 . *
September| - 8977 J756 3288 . ans
(4199 {6502)
Qctober | -1.0B24 1,286 £095 0617 . an2
(.1420)  fia0my {31743
Movember | - 1392 5503 9410 0348 . a7
(3356) (2460 £.0635)
December | - 3183 1263 5132 15300 k *

! Expressed in togarithms of aciual values,

*Standard ersor of estimate,

*Numbers in parentheses arc the standard errors of repression coud s
cienis,

*The standurd crrors for these cyupiions were extremely fow end rounded
to zers within the computer program,

Table 14-0Ordinary least squores estimates of equations
for number of cpes laid per layer during he preveding
month, (£, ). equadon (b1-5}

Regression coeflicienls
Cunstunt

Month

tenm -
T (DN

January 3428 -0393  1.101
2,0500) (.0276)
-.0424  1.i{48
{0979} {4811}
-.0386 .B440
{.1048) {.5124)
-.0149 2124
LOITLH (09413
-.0222 L2670
(0100 (L2187}
June 6.2043 .B087 144
(.0154) 14650
July ~2.4508 0392 1.066

(.0055) {1520

4,1215 L0677 L1608
(.0130) (.2476)
September 4088 0608 9293
D184) {.1814)

-1.1368 0433 9958
{.0360}) (2357

2.3245 0505, .8790
(0136} (L069T)

1.5524 - 0163 B883
{.6350) (1579}

February -2.1297
Masch 1.9386
Aprl 15.6636

May 13.9902

August

Octaber

November

December

' Slandard error of estimate.
*Numbers in porentheses are the sfundard errors of
repression coefficients.

effect on the dependent variable. Most of the co-
efficients were significant at the 5- or 10-percent level.
The standard errors of the equations for April, August,
and December are not included in the result, The error
variances were extremely low and, in effect, were
rounded (o zero, Hence, the stundard errors of estimate
and the standard errors of the regression coefficients
were reported as zero.

it may be observed parentheticaily Lhat the monthly
cquation might possibly approach  the preduction
identity, where total production, by definition, is the
product of the average number of fayers on hand and the
tayer produclivity Y, = it X E,. The Y, equation,
(M-4), estimaicd as a logarilhmic equation in the study,
may be represented in the following general forn

1 . .
Y, = AL, ["?v:i (Ry /R 1)

The equation would tend to be an identity as by and by

approgch unity, L, , and E; | approach L, and E,,

respectively, and either {R, /R, _ g} approaches unity

or by approaches zero.




Table 15~ Ordinary least syuares cstimales of equalions for
monthly number of eges used for hatehing, {11y). equation (M-6)

Consiant Represson cocliients
Month e R* | St1
erm Py "

i-1

17.4202 1378 5958
L0735 L1401
15.8833 4358 0943 3944
L5302) 13500 (L2595)
120600 6632 139 1010
2510 LubT0)  LE105)
Apnl i8.1139 40893 1098 3302
J8BRY LUS9S)  (L0825)
My 15.9024 1924 L1330 9667
SH03 L1143 (145D
Juny: 126258 1984 .i6l2 L1087
i O 1764 (20410

Tubs P74 0123 6381 o4 . 022
34 LI4TS) L2473

59365 3711 NIy 8407 958 980
39310 (0906 128633

50575 4713 0424 1074 960 1.6
L3237 L1303 LS

BU6T6 2510 0930 3271 978 743
i IS (04891 L1135)

November | MLI2SI G819 (673 1358 991 483
' L1492 (1438 L0693}

120716 1832 114 1L1S0 957 1023
(.3075) UG (L 16486)

Sanuany
Febrruary

March

Augugh
Sepremhber

{ciaher

Drecember

' Standard errur of ostinabe,
*Numbers an parentheses are the standicd erroes o regression
voetfivients,

The equation Tor rate of lay. {(M-5). vielded high R?
values for ad maonths except Marcih, April, May, and
June. However. the standard errors for the latter
equations were reasonably small. The rate of lay during
the preceding month (£, ,} appeuared to be the main
predictor. The cocflicient for the time variable (T} was
positive in the equations for June through November
and negative for the remaining months. This represents a
decline in the seasonal Nuctuations of (he raie ol lay in
recenl years,

The results of the jast cquation, (M-6). of the
monthly model indicete satisfaciory (i for all months
except February. The R* volues of the equations for afl
other monibs ranged from .80 (o .99, As expected. both
broiler prices and shell egg prices in the preceding
period, PB, ; and P . respectively, hiad u divect effect
on the quuntity of eggs used for hatching, H,. 1 may he
recalled that PB,_, and P | were hypothesized to
represent lhe prevailing strength in the respective
markets. In spite of the oversimplilication of the
hatching-egg use equation, {M-6}, this equation yielded
reasonably accurate forecasts within the sample period.

Modified First-Round Price Equations

The first-rovund price equations used to estimate the
two-stage and three-siage least squares equations {M-1)
and  (M-31  were maodificd to develop additional
monthly price prediction equations. The modified [irst-
round equations were estimaled in the following two
forms:

(M-7}
(M- 8)

l;! =ML P
Py=1(Y 1,.PF, )

The variables in the equations are the same as those
defined under the basic model of the monthiy analysis
Ordinary least squares estimates were obtoined for cach
cquation where the variables were expressed in actual
units. The csihmated price equations. buased on data for
1961-69, are presented in lables 16 and 17.

Al independent varjables in both equuiions entered
with cxpected signs in relation to the dependent variable
P With the exception of the monthly equations for
June, September, and October. the [first price equation
{M-7}. yielded high coelficients of determination

Table 16 Ovdinary Jeast squaren estimates of equations Sor
monily shell egp prices, {Pt). equation (M-7)

. Rewression coeflicienis
Canstani

ivrm

Manth R? { Skt
I[ Pl ] YI l

830459 0502 6198 2033 805 3304
L33 131363 1415

96,9356 0273 4748 2043 Rel 2437
CUETOY (1725) ol

March 3144793 0254 9 B731 4RI vy22

8059y (T4l (04371

Apnl t67.60RS  .B460 4018 - 3577 903 1642

LOIS3) 10734y (115D

May S0.7334 0068 4586 H808  Bo4 1154

(O221) {18863 (.1352)

June 132,2084 0600 869 3018 6kh 20y

{41335 14390 (1795

July 616773 0747 293 LIRBG62 R4 24l
(4769) £8465) (31N

129.2553 0784 3283 3178 RSG 1.Ba7
£.0344y 20610, {11

1037099 0939 5674 2953 6Th 4.2u4
{LUBS1) .5446) (.24)1¢)

5031 (442 4656 2064 607 3325
L339 .2727) 116083

149093 M40 1322 392 927 2792
(0295) L2458 (1320

75.2152  uTon £923 20408 987 1354
tOUY L0724y ¢ BIRD)

Januury

Irebruary

Aupust
Sepember
Ouiaber
MNovember

Devember

* Standurd error of estimate.
* Numbers in parentheses are the standard errors of reercssan
coelhewenls,




Table 17-Ordinary least squores estimates of equations for
monthly shell cgg prices, (P}, equution (M-8}

Repression coclficients

Month | comstant R? | sut
ierm v
b BE Yy

January 1560116 1059 4931 -.3967 754 3.603
1002933 (3447) 111333

Vebroary | 1077758 058  .71S5 -.2713 .818 2.850
(0175) (3497} (0759}

March 727497 0555 1155 -.1959 955 {354
LOOT8} (.1703) (0573)

April 189.0551 0624 4409 -4149 906 1.649
{0116) {.1835) (0984}

May 96.3985 0320 4105 -.1913 .846 1.3%6
LGIS3E (1982) 1087

June 171.5781 4754 0083 .3857 659 2.182
(0272} (4268} LIST0)

July 96.9615 1142 7736 -.3812 .879 2.350
LO300) (4865) (.1395)

Aupust 1307655 1036 4939 ..3522 .845 1.916
(82573 (3694) (.1043)

September | 146,4066 1311 4492 -418]1 638 4.498
LO505) L6181) (1990)

Ociober 47,7671 0259 1.672 1159 955 17281
LOTB) 15437 CUSISY

November | 59,1447 0538 1234  -,1823 .048% 2.357
£0239) 1892 (,10149)

December | 1206034 1007 8304 . .3326 980 1.518

f4124) (.1065) 1.0535)

' Stundurd error of estimate,
*Numbers in parentheses are the standard errors of reprossion
coefficients.

ranging [rom 8] to 99, The standard errors of the
equations for September, October, and January were
large. Similurly, high R? values were estimated for the
second price equation. (M-8}, for al} months except
January, Junc, and September. It may be recalled that
income forecasts for the period and lagged prices of shell
eggs or frozen eggs are available from outside sources,
The estimate of current production (Y, ). however, can
be developed from eguations {M-4) and {M-S} pre-
senled earlier.

Predictive Accuracy of Altemative Models

Four atternztive models {or each month were com-
pared with regard (o sceuracy of price loreeasis The
first bwo models were based on the reduced-form price
equations obtained from the twosstuge and three-stage
least squares equations {M-1) and {M-3) and the
idenlity, equation (M-2). The reduced-fonin price egua-
tions were repiaced by Lhe two modified (irst-round
price equutions, {M-7) and {M-8), in the other two
models. kach of the models contained the same ordinary
least squares equations, {M-4) and (M-5}. The first Lwo
models also included the equalion For halching eggs.
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equation {M-0}). The content of each model can be

speeifically described as follows:

Model {M- 1} reduced-form price equation based on

two-stage least squares estimates ol

equations {M-1} and {M-3) and the

identity, equation {(M-2); urdinary least

square estimales of eyuations (M-4}.

(M-5Y, and (M-6}.

reduced-form price equution based on

three-stage leas! sguares estimates of

equations (M-1) and (M-3}) and the

identity. equation {M-2); ordinary least

squares estimates of equalions (M- 4},

(M-5), and (M-6).

Model (M-111}: ordinary least squares modified [irst-
round equition. ‘M-7): ordinary least
squures estimates of equations {M-4)
and {M-5).

Model {M-1V): mdinary least squares moditied {irsi-
round equativn, (M-8); ordinary least
squares estimates of cquations (M-4)
and {M-5).

Model (M-11):

All variables relating Lo the current period were pre-
dicted within the models. The U-coeflicients, as pre-
sented in (able 18, were compuled lrom the price
{orceasts obtained separately from cach model and for
each month. The coeflicients were based on price
lorecasts for the sample period. The actual and predicled
vilues of monthiy prices and other major variables are
presenled in appendix 1.

Table 18- U-eoelficients for monthly
shell egg prices, (P))'

Models
Month
MoP| M-I M-I M-IV
Junuary 1.70 2.80 .81 .99
l'ebruary 54 .54 .61 .50
March 370 390 .34 44
April 61 66 57 .59
May 1,20 100 .25 3
lune 90 B .82 65
July 46 45 37 .35
Aupust 44 41 37 .35
September 46 46 .49 46
OCctober 93 96 .52 16
November | 190 [.B0 45 48
December | 268 290 48 .78

! Predictions based on predicted values
of ¥, and H,.



¢rie forecasts obtained from models (M-1) and
(M-11) were mot satisfactory for January, March, May,
November. and December, since the corresponding
U-coefficients were greater than ov equal to 0. As
mentioned earlier, a U-coefficient of 1.0 can ke ablained
when no change is predicted- -f’l =P, _,.Hence, in lerms
of the overall magnitude of errors. a “naive, no-change™
model would have performed better than or as good as
the two models Tor the specificd months. Price pre-
dictions from the models (M-1j and {M-I1} for the
remaining months, especially for Julv. August, and
Seplember, were reasonably sccurate. The other two
models, (M-1H{} and (M-IV} based on ordipary leust
squares price equations, {(M-7) and (M-8), respectively,
were superior Lo the first two models with regard to
predictive accutacy for all months except September.
The U-coefficients of all four models for the month of
September were very similar 10 cach other. However, the
U-coelficients of model {M-I11} Tor 7 months were
smaller than the corresponding coeflicients of model
(M-1V3y On lhe other hand, model {M-1V} yiclded
smaller coefTicients than {hose af model (M- {1 {or the
remaining months,

Another set of prive estimales was developed on the
basis ol actual, instead of predicted. values of the
predetermined variables Y, and H,. Prices were esti-
mated [rom the reduced-form price equations used in
models (M-I} and (M-I} and from the ordinary least
squares price equations wsed in models (M-111} and
{M~1V). The other equations--(M-4). (M-5). wnd

Table [9-U-coeflictents (or monthly
shell ega prices, (Py)’

Models®
Monih

M~13 | M-4E | M-V

January 2,76 0 .18
Februaty 1.4 1,19 .44 .52
Muarch 413 4.29 34 5%
Apni 33 .38 .34 34
May .82 65 .23 25
June B84 76 56 .59
July 43 42 34 .30
August .34 34 35 36
September A8 69 .51 .53
QOelober 1.13 §.t% .51 i)
November | 1.85 1.85 .42 .37
December | 2.83 240 33 40

! Estimates based on aclual values of
Y, and H,.

*Thesc models excluded theiast (hree
cquations, (M-4), (M-5), und (M-6), of
the sysiem since actual values of Y, and
[, were used,

{M-0) -which are required to predict Y and H, within
the systemn were exciuded {rom the models. Actual
values of Y, and H, were obtained [vom published
sources. The relaled U-coclTicienls based on these
estimated prices and computed lor each model and
month are presenied in table 19,

The Y-coefficients of models (M-1) and {M-11} are
greater thap 1.0 lor January, February, March, October,
November, and December. Price estiimates [rom models
(M-} and {M-IV) were superivr to those obiained
from the (irst two models for all months except August.
Thus, the U-coelBcients in both tables 18 and 19
mdicate that models {M-111} and {M-1V) perfonmed
consistenily better than the other two models based on
reduced-form  price eguations. A comparison beiween
models (M-I1T) and (M-IV) reveals that the overall
magnitude of errors in estimating prices from model

Tahle 20-.Actual and predicied monthly sheli
epg prices ouwiside the period of Nit, 1576-71.
and retuteed Ucoelficienis?

Predicted prices of models

Month ;" b —

M-IT M-HIJ:\!—IV

Centsfiozen

56.86 4090 51.77
39.38 39.54 4594
5386 54.33 50.88
37.06 37.0] 37.30
3126 3095 28.84
3857 3842 3545
5743 570 48.71
4642 46.60 46.75
58.04 57.96 53.50
39.16 39.89 33.76
62421 61.80 39.95
48.32 48.24 42.36

OB D I LA R g b —

4842 33.50 39.57
3374 3398 32.09
4876 49.1% 3250
3441 34.32 34,27
40.44 38.68 29.71
~ 3323 4271 38.12
5335 53.14 48.52
45.10 45.36 45.79
5849 5842 54.79
5940 61.58 34,27
7338 7293 41.00
88.51 88.57 49.40

Inequality
coefficient {1) 401 407 143 169

t Predictions based on predicted vatues of Y, and H,.




(M-111) was smmaller than that from the fatter model Tor
all months except July, Oclober, and November.

Prices were predicted for cach monih of 1970 and
1971, beyond the sample period. The predicted menthly
prices obtained from each of the four models are
included in table 20. These prices are obtained by using
predicted, rather thun actual, values of Y and H | The
related U-coc{licients in fable 20 were computed {or all
24 observations considered ogether {or each ol the four

models. The predictions from models (M-1) and (M-L1)
senerally involved considerably larger ervors than the
predictions from models (M-111) and (M-TV]). These two
models seemed 1o have performed adequately in pre-
dicting prices daring the sccond and lourth quarters of
1970 and the fisst and sceond guarters in 1971, Price
predictions during the second hail of 1971 involved
signilicant overestimation ol the existing actual price
levels.

ANALYSIS OF AYERAGE WEEKLY CASH PRICES

Single-equation models were developed (o analyze
factors which affect average weekly cash prices of shell
eggs. The busic objeclive was to estimale the existing
relationships belween shell egg prices and the major
causal factors rather than Lo predict weekly prices.

Considerable week-to-week variations in shell egg
prices are quite evident alihough less proncunced than
the fluctuations in monthly or quarterly averase prices.
Barring some unusual circumstances, including the
weather, Lhe changes in the price-defermining factors
are, however, less drastic or conspicuous from one week
to the next.

Weekly price models, similar to the quarterly or
monthly models, could have been developed wilh
produclion, eggs used for halching. ur breaking eggs as
the major facloers in price delermination. Wee.dy dala gn
such variables arc, however, not available from cxisting
sources. In view ol this limitation, the data on weekly
commercial egg movements -weekly receipts of eggs by
asseniblers -were used in (he study lo represent weekly
trends in the market supply of eggs. Although (he
reported  movement ol eggs  (hrough  commercial
channels is only a fraction of total production or market
supply. variations in commereial egp movemenl would
reflect the varialions in (otal market supply due to
varying levels ol shell egg produclion, hatching, and
olher facters (14, pp. 53-54).

In an inival atlempt, a threcequation, simulta-
neous equation model was lormulated  Tor weekly
shell ege prices. The model conlained three endo-
genous varisbles: shell egg price, reiall or cemmer-
clal egg movements and net storage movements. The
eslimates of the model, however, yielded several rela-
tions which were clearly inconsisten( with economic logic.
It was, therelore, concluded (hat the hypothesized
mutual dependence of the relations did not apply to a
shortrun or weekly analysis. 1L is possibie thal the short
span of lime does not Jend itsell (o such simultaneous

determination of variables instantuncously within u
week,
A reconsideration of the model led to the following

generul specification involving a single equation:

P_=T(CL AS.P )

where.

P =simple average of daily weighted average
prices. prices paid delivered (o Chicago. 80-
pereent grade A large white eggs. cents per
dozen: suurce: Dailv Egg Repart, Dairy and
Poultry Market News (17);

C, = quantily of eggs moving through commercial
chunnels {(commercial esg movements) during
the current (tt"}) week. weekly reccipts from
farmers by assemblers, U.S, total, 100 cases (30
dozen egys per case); source! NMational Weekiy
vge and Powdtry Marke: News (21) and fgy
Report, Dairy and  Poultry Muarket News,
Thursday issues (/97

AS; =storuge stocks on hand at the beginning
(usually Monday moring) of the tollowing
week minus slorage stocks on hand at the
bepinning of (e current week. total [0
markeis. 1.000 cases; source: Lgg Report,

Dagiry and Poultry Marker News {19).

It was assumed that for a week-lo-week analysis. the

variations and elTecls of the demand-shifting fuctors

were insignilicant. Hence. weekly variations in prices
were caused primarily by shortrun variations in the
murket supply of shell eggs. The quantity of eggs moving
through commercial channels (C,) representing the
murket supply egegs was assumed independent of weekly
prices (P ). While P, wus a function of C. the reverse
relation did not hold, Commercial egg movements
cannol  respand  instaplaneously to  chanpes in price




situations during the same week. This inflexibility of egg
movements can be explained by the fact that production
or muarket supply is essentially determined through
production decisions made several months earlier.
Hence, the market supply cannot be increased sub-
stantially durine s week in response to a buoyant
demand situption which sy oceur dusing that week. On
the other hand. when the inarket is weak, any significant
quantily of eggs cannot be held back since eggs are a
highly perishable product, Commercial egg movements
during the week can thereflore be considered inde-
pendent of the current week’s price.

Although the weekly nel storage movementi is only a
minor prepertion of the total murket supply, variations
in the factor may have 2 significant effect on a weekly
analysis. The lagged weekly price (P |) as a deter-
minant of the current weekly price seems to be a logicul
specification because prices of the immediate past play
an importani role as a veference in the process of price
determination. Since week-to-week changes in the
market lorces are usually grudual and slow, prices during
Lhe preceding week may reflect the existing shori-term
trend of the market strength.

Several alternative weekly uprice equations were
estimated on Lhe basis ol weekly data for November 28.
1970, through February 26, 1972, The statistical resuits
of the [irst selected equation were as follows:

(W-1) P, =11.65689 - 000037 C, — 0.21724

{0.00034) {0.08103)
AS, + 0.82399 P,
(0.05468)
R® = 0.8282, SEE® = 1.57839, F —~ratio =
88.0282

The signs of the regression coelTicients substantjaicd the
expected relationships among the variables. The co-
eflficients of both P, _, and AS| were signilicant ot the
S-percent level, The standard error of estimate js lairly
low relative to the observed variations in prices which
ranged from 27.1 cents to 42.0 cents per dozen. The
average price in Lhe preceding week was clearly the most
importaal variuble in the equalion. The corresponding
partial correjation coefficient was (.88,

The aceuracy of an estimuting equation is parily
refllected in its ability 1o estimate the direction ol chunge
for the vasiable under consideration, The aceuracy can
be enhanced when most recen. information or indicators
arc used in the equalion. It is conceivable in this conlexl
thal the average price in the preceding week might be at

*Standard error of estimate.

a relatively higls level, although the price toward the end
of the week may weaken substantially. Such weakening
trends may tend to coniinue over the following week,
since day-to-day changes are generally quite gradual.
Thus. the weck-to-week trend may be represented more
accurately by last Friday’s price than the average of the
daily prices for the entire week (P, _, ). Accordingly, the
foliowing equation was estimated by replacing P,_, by
last Friday’s price (FP | x:
(W-2) P, =8.36038 — 000027 C, — G.15718
{0.60029) {0.07073)
A8, + 0.87354 FP_,

(0.04879)
R? = 0.8708, SEE = 1.36895, F — ratio =
137.0163

In terms of signs and magnitude, the regression co-
efficients in equalion (W-2) were similar to those in
equation (W-1), The test statistics {or equation {(W-2)
indicate some improvements over lhe {irsi equation.
More specifically. the coefficient of determination for
the second equation increased and, subsequently, the
standard error of estimate decreased. Replacing the
lagged average price (P} with the preceding Friday’s
price {FP,_,) improved the accuracy of the price
cquation to some exlenl.

The third alternative equation was developed by
introducing an additional variable, BP,_,, which was
defined as follows:

BP,_, =simple average of daily prices, during the
preceding week, paid for eggs Lo be delivered
to breaking plants, case exchanged, Missouri,
Kansas, and {llinois, dollars per case.

The price series was oblained rom the daily issues of the
Egg Report (19}, Since a range of prices is reporied, the

middic of the range was used 1o represent the daily
price. It was expected that the prices paid for eggs for
breaking plants during the preceding week (BP,_,)
would reflect the existing strength of the breaking-egg
market, o secondary market for eggs. Furthermore, since
the markets for table eggs and breaking eggs are closely
reluted, 2 posilive correlation was expecied to exist
belween breaking-egy prices (BP_,) and weekly shell
egg prices (P}, The third alternative weekly price
equation wus estimated as follows:

(W-3) P, =694490 — 000021 C, — 0.15932
(0.00032) (0.07134)
AS, + 0.86241 FP_ + 046302 BP,_

(0.05671} (0.30853}

1
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R* = D.8712, SEE = 1.37785. F — raiio =
101.4924

The results ol equation (W-3} are quite similar to those
of equation (W-2). The R? value for the third equation
indicates only a minor improvement over the corre-
sponding value for equation (W-2). On the other hand.
the results of equution {(W-2) in terms of the standard
error ol estimate and the F ralio werc slightly superior
to those of the lasl equation, (W- 3). The differences
between the last two equations with regard to the fest
statistics were, however, not significant. 1t appears that
the lutter lwo equations may be preferred to the Orst

equation, {W- 1), In terms of relatve accuracy of
estimates.

Severy] olirer price equations were ulso developed
under different specilications. For instance. the weekly
cgg movement through retail channels, as reported by
USDA in the fgg Report {19), was used in the equation
to replace commercial epg movemenis. The estimated
equations, however, indicated results inferior 1o those of
the equations presented here. Furthermare, the equa-
tions were reestimated by using first differences of
variables. For example. the dependent variahle wus
expressed as Py — P‘l -y tather than Pt. These equations
generully produced considerably larger ercor sums of
squares.

ANALYSIS OF FUTURES QUOTATIONS FOR FRESH SHELL EGGS®

Trading in shell egg futures at the Chicago Mercantile
CExchange has been fairly active. particularly since (he
latter part ol 1968, Since thut time, lulures price
quotations have flucluated widely. For instance, the
closing quolations (or June 1969 and November 1969
contracts were 29.0 and 0652 c¢enis per dozen,
respectively. Such fluctuations generally coincided wilh
the trend in cash prices in the corresponding perieds.

The shell epg lutures contract hus changed several
times In recenl years, Until thz February 1967 coniract,
the contract was in (erms of refliigerator eggs epys
which have been in cold slorage more than 29 days.
Prior lo 1967, relrigerator eggs could he delivered at par,
while fresh eggs could be delivered at o premium. The
contract was modified (o fresh shell eggs -egps which
have net been in cold storage over 29 days--beginning
with the March 1967 contract. Under this contract, fresh
cggs could be delivered at par and refrigerator eyggs were
still permilled at a discounl. Finally. with the February
1969 conlract, the egg Mulures conlract was changed to
only fresh eggs (2).

The quality specilication ol fresh cge contracts is as
follows: fresh shell eggs, U.S. extras. while large,
80-percent grade A. (The specification was modilied (o
85-percent grade A, beginning with the April 1971
contract.) The minimum price {lucluation specified by
the Chicage Mercantile Exchange is .05 cent per dozen.
The daily price Quctuations ure limited to 2 cents per
dozen above or below the settling price of the previous
day (2). The Commodity Exchange Act specifies thal *a

"Terry Sterling, a student al Texas Tech University, rendered
valuable assistance in this section.

person shall net own or control 4 total of more than 150
conlracts in any one coniract month, aor shall his net
long or short position in all contract months combined
axceed 150 contracts™ (2). Furthermore o person shall
not buy or sell more than 150 units during a business
day. Trading in shell egg [utures terminates on the
trading day prior to the last 7 business days of ihe
delivery month.

Relations Between Futures and Cash
Price Quotations for Shell Eggs

It is often ussumed that cash and lewures quotations
are generully correlated, Mowever, no systematic study
ol the relation or the spread between the futures and

cash prices of shell eggs has yel been published,
especially lor quotations in the most recent past. In view
of the recenl changes in the epg contract, the analysis of
the basis (the spread between the Mutures and cash price
quotations) in this study began with the February 1969
contrack.

The differentials between {ulures and cash price
quolations lor shell eggs in the delivery monihs are
presented in table 21, These differentials or spreads were
obtained by subtracting the cash from the ciosing
futures quotlation on the specified day. Three daysin the
delivery month were considered lor cach contract: the
first trading day of the month, the middle trading day.
and the last trading day. The cash quotations relate to
daily wholesale prices at Chicago. 80-percent grade A
large while cggs. Both lutures and cuash quotations lor
the past years were obtained [rom the Chicago
Mercantile Exchange Yearbooks (2).




Table 2]—Price differentials for fresh shell eggs, larpe white 80-percent grade A: closing
futures quotations minus eash price on specified days in the month of delivery

1969

1870 1971

First
trading
day

Middle
trading
day

Last
trading

Contract

First
trading
day day

Middic
trading
day

Middle
trading
day

Last
trading
day

First
trading
day

Last
trading
day

January - - -

[ebruary -1.85 -2.85 Q.50
March 1.85 1.5 =518
Aprit -8.05 -1.00 2.00
May 0.46 2.65 2.95
June g -0.75 -4.50
Tuly =3.0 -2,55 -1.50
Aupust -54 3.3 -3.65
September | 140 -1.50 -3.65
Celober 0.15 4.15 345
November 2,55 0.70 3.20
December -3.25 .15 =260

-53.85
-2.75
-0.85
-5.53
—0.85
0.60
1.56
-2.28
~-1.10
-2.85
0.75
1.75

Centsfdozen

0.5
-5.8
0.25
-2.65
0.85
1.35
-1.65
.75
-2.85
0.35
-2.23
-0.80

-2,6
3.90
-0.45
-1.70
£.30
1.55
1.60
-1.15
2,70
-1.65
-1.80
~0.18%

4.46G
4.0
-6.2
-0.25

2.50

-5.7
—-1.50
L.15
-1.45
-1.80
275 Q.15
~-7.65 -3.25
-1.0 0
4.20 -2.65
315 -G89
-3.75 -5.558
-6.65 -0.55

-1.85
2.35
4.95
0.25
2.15
2.00
0.05

—4.50
200

-0.25

-3.80

-4.85

Table 21 reveals substantial changes in the spread
between futures and cash quotations for a given contract
within the delivery month. For instance. the basis
changed from ~5.85 cents on the first trading day of the
delivery month to 4.40 cents on the last day of trading
for the January 1970 contract. The differentials or
spreads changed from negative to positive, or vice versa,
for 19 of the 35 contracts examined No consistent

patterns in the changes of the basis could be established,
Futhermore, the futures-cash spreads on the last trading
day were examined {or each contract over the specified
vears. Only three conlracts, those jor May. August, and
December, indicated some degrec of consislency in a

year-to-year comparison of the basis. The fulures
quotation for the May contract tended to remain 2.5
cents to 2.95 cents ak »we the cash price on the last day
of trading in the contract. On the other hand, the cash
price was 2.6 cenis to 6.65 cents above the futures price
for the December contract. Similarly, the cash price
remained |.0 cent to 4.5 cents above the futures
guotation for the August contract on the last trading
day. However, the volume of trading for the August
contract was negligible in all 3 years,

Spreads between the casli price and the corresponding
futures quotation Tor the contracls in the receént past
were generally nol consistent. Substantisl changes in the
differentials were evidenced within the delivery month.
Furthermore, the basis on the last trading day for most
of the contracts was also lound unstable during the 3
veuars under consideration. Future research efforls may
be dirceted towards the investigation of the faclors
which contribule to such varialions in the fulures-cash
spreads.

Weekly Prediction Equations for Price
Quotations for Nearby Futures

Regression equations were estimated in an earlier
section {pp. 20-22) to estimate weekly average cash
prices of shell eggs. Similar equations were developed 1o
predict the price guotations for nearby futures contracts
for fresh shell eggs. The basic causel factors, or the
independent variables in these prediction equations,
were essenlially similar to those included in the wecekly
cash price analysis. Cash prices in a given week normally
are the resulis of the current market supply and demand
situstions. On the other hand, futures prices {or the
nearby contract sre preswmably determined by the
anticipated supply and demand conditions in the market
at the time of delivery. The traders’ anticipations
regarding the supply and demand determining factors in
a future period may be assumed (o depend on the
information available for the immediate past the
preceding week(s}. It may be assumed for a short-term ur
a week-to-weck analysis that the levels of the basic
variabics in the immediale past would to some exient
reflect the longer run trends extending into the present
as well as the near future. Furthermore, as new
information on such variables becomes available, traders
continually adjuslt their anticipations regarding the
markel’s strength from one week Io the next in the
immediate fulure.

The prediction equations (or the quotations ol nearby
fulures confracts were developed on the basis of the
preceding  observations and  assumptions, Separate
equations were formulated for both low and high
quotations {or the nearby futures. The general




specilication of the equations may be presented as
follows:

Py, or P =G 5.8 PF . BPy)

wiere,

PI-I{ = high quotation during the current (14} week
for the nearby Iresh shell eggs futures
conlruact, cenis per dozen: source: Chicago
Mercantile  Exchange, Dailv  Information
Bulletin (3}, and Clicago Mercantile
Exchiange Year Books {2}

¢, = low quolation during the current (£t} week
for the nearby [resh shell eggs futures
contracts, cents per dosen; sourcer same 2s
those for th‘
= quantity of eggs moving through commercial
channels (commercial egg movemens)
during the {{-2)" week, weekly receipts
froms Farmers by assemblers, U.S, total, 100
cases; source: Egg Report, Dairy and Pouldtry
Market News, Thursday issues {/9}, and
National Weekly Egg and Poultry Review,
Dairy and Poultry Market News (217},

S,_; = storage stocks of shell eggs on hand at the
beginning {usually Monday morning) of the
current week, total 10 markets, 1,000 cases:
source: Fgg Report, Dairy and Poultry
AMarket News (19);

PF,_, =closing quotation, on Friday of the
preceding week, Tor the nearby fresh shell
egg [utures contrack, cenis per dozen;
source: same as those for Py ;

BP, , =simple average of daily prices, during the
preceding week, paid for eggs to be delivered
Lo breaking plants, case exchanged, Missouri,
Kansas, and [linois, doliars per cuse; source:
Fgg Report {19), daily issues.

The wvariables included in these equations are in
essence similar (o those used in the equalions for weekly
cash prices. These variables were, however, all lagged by
I or 2 weeks, as dala on variables are published with «
time lag. As discussed earlier (p. 20), the commercial
egg movement (€, ,) repor! was assumed to reflcet the
trend in the current market supply of shell cpgs. A
2-week lag was needed for this variable since relevant
dala are published on Thursday of the [ollowing week.
Futures prices would be inversely alfecied by the

quuntity of eggs moving through the comimercial
channels in the inumediate past {C,_, ). The I~gged prices
of breaker ecggs (BP, ,} was introduced inte the
equalions to represent the most recent trend in the
breakingegp scctor. @ sccondary market for shell egas.
Since a strong demand in the breaking-egp market would
tend to support the shell epg market, the price of
breaker epgs was asstmed {o influence directly the prices
of nearby futures contracts. The closing quotation, on
the preceding Friday. for the nearby Tutures contract
(PFz ; } was expected Lo be direclly related to Py or

Data for the 66-week period of November 18,
19'}(} through February 26, 1972 were used to esfimate
the following Lwo equations lor highs and lows of the
price quotations for the nearby futures.

Equation lor high quotations:

= 16.6553 - 000048 C, , + 0.01654 BP, , +
(0.00050) (0.57494)
0.01937 S, , + 0.74745 PF,_,
(0.05938) (0.07984)

R? = 0.6809, SEE =20419, Fratio = 32.5361

Equation for low quotations:

P, =9.27058 — 000021 C_, + 047981 BP_, +
(0.00046) (0.53622)
0.01163 S,_, + 0.67082 PF _,
(0.05538) (0.07446)

R? = 06861, SEE = 1.9044, F-ratio = 33.3206

Both estimated equations indicated similar resuits
with regard to the test statistics including the R? values.
The signs of the coefficients were also identical in both
gqualions. The relations indicated by the signs of the
cstimated  coefficiemts  were  consistent  with  the
hypotheses. The closing quotation on the last day of the
preceding week (PF, |} was by far the most important
variable in terms of its contribulion to the coellicient of
multipie determination. The storage stock on hand at
the beginning of the week {8, |} contributed least io
the equations. The prediction errors of both equations
within the sample period were generally larger than the
erris of the comparable equations for the average
weekly cash prices. It is worth noting that about 31 to
32 percent of the variations in Py and V| = remained
unexplained in the equations desp:ic the lm,lusmn of the
most recent futures quotation, PF |, asan independent
variable.
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APPENDIX [

SOURCES OF DATA FOR QUARTERLY AND MONTHLY MODELS

I. Daily Chicago cash prices. prices pad delivered,
80-percent grade A Jarge while eggs (P): duta Tor erhier
yveurs were obtained from Chicaego Moreantile Fxclange
Yearhooks (2). Current vash quotations are reparted by
the USDA m Daily Lge Report (17). These yuotations
currentdy appear twice a week  Woednesdays and Eridavs.
2 Disposabie consumer  ncome. sasomidly  ad-
justed annual rates. {1} data for the sample period were
obtaimed Trom Swrer of Current Business {25}, Income
Forecusts are available from varions sources including the
Waartun madel (3),

3. Production of shell cags (Y} production esti-
nates by months for carlier years were {rom Penddtry and
e Sirwation (22Y and Selecred Suatistical Sevies for
Poultre and Lggs Huough 1968, Revised January 1920
(24). Current monthly estimales are reported by USDA
m bgas, Chickens wid Turkevs, Statistical Reporting
Service, Crop Reporting Board (/84

4. Quantity  of egus broken coonmercisliy  (B):
monthly  data {or ewdier vears were oblained from
Powdtry und bgg Sitwation (22 and Selected Siehistical
Series for Pouwltry and Fges dvough 1968 Revised
Jarwary T97(H{24).

< Quuntity of eggs used loy hatehing (1) duto for
months tor the sample period were obtained lrom
Poudltry and fogg Situation {223 and Selected Statistica!
Series for Pouwltry and Fggs through 1968, Revised
Janariry 1970 (24},

6 Avergge munber of epas per 100 layers (Ex

montith data for earlier vears were from Poulorr wid
gy Sitvation (23). Current monthly series on rate of fay
»oreported m Fggs, Chickens and Turkevs UIR L

7. Average pumber of Livers oo fanny duing the
period (L) and number ot layers on farms first of
month, (L) dats by mouths Tor the sample perd way
abtaied {rom Poulrry and fgg Sitwation (22). Current
estintates by moaths appear o Fegs, Clickens and
Turkevs {18},

H o Averame prices of frozen whole egps. lieht
volored. (P monthhy average prices oy past years
were obtiined 1tom Powdirye wind Fgg Shwation (223, The
simple average of the monthly prices was wsed (o
estiwate the quarterdy average price. Current prices ol
frozen whole epas at New Yorl are reporied on
Tuesduy~ by USDA in fgg Reparr (10).

9. Storage stocks of all frozen eges (SF): dJata Tor
carlier years were from Powdtry amd By Sttuation (223,
Cuarrent estimates of storage stocks by months are
reported by USDA in Gl Storege, Statistical Reporting
Service. Crop Reporting Board.

13 Number ol chicks plaged for laying Nock re-
placemenis (R): dets by months were oblained from
Powdiry amd Eug Sitvation (22).

1T, Average prices obf US. and plant grade A broilers
at Chicago {F3). monthly averapge price series for past
veary were oblamed lrom Powdtry and Feg Sitwation
{322y, Quarterly average prices were Jdeveloped by cont-

NILEEE LS sIT 0 averniygo i). [ Ris ) : CEN.
putmg the simple average of the monthiy pri




APPENDIX II

Table {--Actual and predicted quarterly shell egg prices, 1961-71 Table 2--Actual and predicted quarterly production of shell
cygs, epps per LOO fayers, and average luyers on hand, 1961-71

Year and Aclual? Prices predicted from models
i

h Production of slell epps
quarler b prices

I Q-n I Q-1 lQ..[\.Ir Yl:urill‘ld-_i--

yuarter Tolgl

i Awerape layers
un liad

Per 100 layers

f
— o | s T
L Aciuat | Predicled

| T - ;

CActual ;) Predicted | Actual | Predicte
e R : : i .

374 43,7 + Mitlion dozen Number Mithon

2.0 . 30.9 i

409 3317 1322 1285 $256  S174 3020 1980
3re . 354 : Y1365 1374 5687 5737 28B.00 28700
1234 1251 5164 5168  287.0 2904
337 344 {280 1281 4960 4955  3j0.0 3103
280 27.9 .
1.3 . 304 . 1346 1336 5229 5277 308.0  104.9
8.6 39.5 T1398 1399 5730 5704 2930 294.3
1264 1284 5242 5248 29000 2936
36.2 321 {1289 1284 5023 5043 3080 3056
29.4 318
35.7 36.0 i ) 1316 1353 5189 5305 3050 3061
37.5 37.4 1397 13719 §726  S664  293.0 292,
{1278 1281 5286 5285  290.0 2909
35.0 32.7 . 1301 1308 5094 5099 3070 3017
29.2 294 i
6.4 315 i : 1395 1357 5410 5339 3050  305.1
136 35.6 1416 1417 5755 5777 295.0 2943
§1309 1308 S333 5354 2950 2930
280 36 TU335 341 5173 5158 3104 312
296 27.9
140 393 ) 1381 1380  S411 5379 306.0 3078
407 30.9 314 - T 422 143] §744 5761 297.0  298.0
D1332 1309 5396 5386 296.0 2917
40.8 314 7.3 1341 1392 5238 5236 g 19,1
4.4 5.0 5.5 . _
316 482 24.0 {358 1379 5344 S405 3050 306.1
425 416 439 ) 1417 14U 5728 STOS 2970 296.7
[350 1333 5419 5412 299.0 2955
12.8 115 337 1416 1394 5313 5268 3200 3176
262 253 27.1 )
0.7 345 26.5 ; 1452 1449 S$45% 5442 319.0 1195
0.0 24.1 248 1493 1503 S764 5754 300 3134
1456 1430 5525 S450 3120 3126
38.8 29 7 29.9 1446 1469 5359 $3S9 3264 326

21.9 26.1 264
40.2 Ly v 36
425 45.9 459

Centsfiozen

1482 68 5490 5454 52406 3229
C14H) 1498 5694 5755 3120 24
1407 1414 5472 5467 3080 3104

424 40.6 40.4 1404 1406 5339 5342 3170 315.8

334 36.7 36.0
450 474 45.5
549 522 52.7 528

1416 1431 $49) 5414 3t5.00 3172
td 76 1457 8717 687 310.0 3075
1419 1421 Ssn02 5532 3000 308.2
512 490 8.4 519 1434 1435 5382 5370 320 320.7
344 40.9 39.9 39.1 ©144) 1449 5351 5422 3220 3208
41.3 474 46.8 45.8 43 1485 1482 5613 5642 3170 3153
384 40.5 42.1 44.6 S 1446 1452 5466 S4TS 31RO 3312
1485 1503 5391 5349 3300 3372
15.6 4177 419 45,
322 334 Jz8 35.3 : 1497 1501 5468 5430 3283 3317
4.2 482 47.6 473 1518 1515 5706 5692 319.0 3193
v | 350 434 44.6 50.6 5 147} 1483 5588 5596 1160 3181
- i ISys 5495 1257 3269
! Simple average of Chicago daily cash prives. prices paid detivered, B b e s e o i e
80-percent grade A large while eyes




Table 3-Actual and predicted quantity of eggs used for breaking and eggs used for hatching, 1961-71

Eggs used for breaking Logs used for hat¢hing Eges used for breaking Egas used for hatehing

Predicted b - R
Year and © ¥ Year and Predicted by

uarter | models . wirte models
4 Aclual Actual Predicted yularier Avtual Actual Predicted

Q-1 Q-1 Q-1 Q-1

Million dozen Million dozen

81.3 824 140.0 139.3
213.7 2138 205.8 190.4
167.2 103.8 148.6 i45.8

60.8 65.2 123.1 122.7

10s5.2 106.6 {24.5 1251
209.6 208.1 1794 L77.5
1154 1120 129.5 1249

60.2 597 84.9 834

107.3 107.0 98.2 98.4
208.1 187.3 151.7 153.5
108.9 106.2 130.5 126.7

64.5 64.4 K 107.5 1064

102.7 102.6 1.6 1122
198.2 196.3 . 165.5 168.3
114.1 116.3 142.6 137.2

74.6 74.3 135.7 133.6

106.3 106.7 109.5 111.5
183.9 182.7 .2 150.0 155.3
1607 97.0 147.0 1324
95.6 95.3 1124 109.4

97.3 91.5
162.7 163.7
111.7 1095
105.5 106.0




Table 4-Actueal and predicted monthly shell egg prices, 1961-71

Actual
prices’

Prices predicted from models

M-I

M-T1

M -1

M-LV

Yeur and
month

Actual
prices’

Prices predicted from models

M1

M-l

M-I

M-IV

prr ——
LS ]

R Y

Cenrsfdozen

38.04
36.99
40.08
30.98
26.12
30.11
33.04
37.03
4243
41.08
49.65
45,83

35.60
3247
21.04
26.81
2(.54
2611
31.00
3T1S
41.82
40.69
24,37
27.54

36.85
36.83
32407
32.89
30,70
29.54
30.23
36.37
38.83
37.50
39.71
32.70

40.57
34.24
1948
30.54
37.27
30,72
32112
36.30
38.27
3645
38.37
38.37

24.62
37.12
40,35
31.02
26.58
30.10
3285
36.56
42.55
41.17
49.36
45.04

25.89
3247
20.51
26.84
21.53
26.64
30.8C
36.83
4289
40.71
24.89
27.48

31.62
36,74
31.7¢
32.93
30.18
2042
34.36
36.37
3893
36.99
40.28
32,63

27.98
34.10
39.32
30.56
35.57
3G.47
32.63
36.24
38.42
36.07
38.5%
38.33

35.92
36.71
36.16
31.46
25.76
30.79
34,121
38.48
41.41
39.57
38,52
34.25

32,05
34,39
31.57
27.26
28.21
2562
28.74
35.73
39.22
39.53
36.19
36.47

35.64
36.94
36.08
32.87
27.97
29.54
31.68
36.01
38.51
38.50
36.83
36.35

36.27
37.26
31.89
30.82
28.27
29.24
32.72
35.91
41,52
36.19
36.07
33.41

b—
hr =]
o
h

oo - O Lh B L R

Centsfdozen

38.78
44,22
42.79
34.07
26,37
25.05
33.25
35.39
40.10
45.50
40.73
5280

48.4)
43.16
4776
35.87
34.68
37.20
42.58
40.74
46.04
33.29
30.66
3242

36,20
30.02
31.99
25.87
26.55
24.18
27.52
26.84
238.87
25.69
29.33
33.42

37.80
26.36
2301
27.07
25.73
32.53
38.74
33.00
47.42
43.76
49701
49.68

21.16
3342
43.13
34.08
27.50
29.69
33.35
35.39
40.17
45.85
42.09
32.76

34.03
40.21
47.85
39.88
34.52
3.3
42,52
40.74
46.14
3291
3215
32.55

22.15
33,30
32.0%
25.84
26.26
24,09
27.62
27.03
Y Y
26.00
28.9G
21.23

15.81
26.35
2231
27.03
26.03
32.50
38.89
34912
47.41
43.70
50.27
49.61

3105
28.71
29.27
31.56
29.10
31.03
34.19
34.33
46.70
38.38
41.37
42.41

40.91
37.63
46.69
39.6%
32.67
35.47
39.4%
40.49
46.59
40.6¢
47.60
41.91

34.48
29.84
32.43
27.49
25.60
26.48
30.38
29.32
33.59
30.02
29,14
29.99

31.47
27.61
30.15
26.99
26.42
31.16
39.87
38.i5
4518
43.96
44.57
45.72

3263
29.7]
29.35
31.73
28.52
31.55
34.28
35.7¢
40.71
38.86
41.08
44.06

42.20
38.90
4279
40.69
33.69
3518
41.29
40.88
46.48
42.42
46.11
4171

34.13
32.92
34.26
27.66
26.70
26.13
3L.51
259.18
34.80
29.80
31.28
29.60

31,81
26.93
28.90
26.99
26.55
32.18
38.58
38.2%
44.70
37.62
41.41
44,06

Continued




Table 4 —Actual and predicted manthly shell egg prices, 1961-71 -Continued

Prices predicted {rom models Prices predicied Mrom models
Actual Year and | Actual

prices! month | prices!
M-I | M-I1 | M-1T G M-y M-L | M~I0 | M-1iL | M-IV

Centsfdozen Centsfdozen

—
]
ch
¥ =]

NI e Ohobn B L e

47,25 4964 37.36 44.71 42.96 4048 5743 57.10 48.37 48.71
3992 40.87 40.80 42.39 4590 38.88 46.42 46.60 4494 46,75
41,12 4336 43.30 41.82 40.83 44,64 58.04 5796 51.54 53.50
38.74 38.08 38.05 38.05 37.35 3530 3946 3%.89 38.64 33.76
32,21 3074 31.09 31.69 30.73 3845 6242 61.80 43.67 3995
3398 36.43 36.33 34.58 34.23 41.67 4832 4824 4351 4236
4595 4647 4642 44,16 44.24
4207 4355 42.66 43.63 42.14 38.55 48.42 33.50 40.16 39.57
4745 53.26 53.26 5041 48.92 3447 33.74 3398 3243 22.09
45.89 4571 46.02 42.20 46.65 34.07 4876 49.16 3873 3390
58.16 61.83 61.64 56.01 5B.66 33.73 34.41 3432 33.00 34.27
58.52 58.14 64.5] 538.63 59.29 2648 4044 3868 28.81 29.71
30.32 43.23 42,71 36.98 38.12
59.75 56.86 40.90 52.58 S5..77 313.65 53.35 53.14 45.56 48.52
50.18 139.38 39,54 45.39 4590 3538 4510 45.36 41.90 45.79
46.71 53.86 54.33 50.65 50.88 33.61 5849 5842 50.16 54.79
36.20 37.06 37.01 39233 37.30 10 33.28 5940 61.58 37.02 34,27
31.85 31.26 20,95 29.73 28.84 11 34.50 73.38 7283 43.01 4100
34.82 3857 3842 3551 35435 12 37.25 88.51 3B8B.57 46.60 4944

average of Chicage daily cash prices, prices paid delivered, 80-percent grade A farge whilc eges.

Table 5 -Actual and predicted monthiy production of shell egg, cggs per layer, and eggs used for hatehing, 1961-71
T T | ]

Eges used lor } . Fpesused [
) ool o . s wsed Lot
E hatehing Production of shell vy ; Iateling

C e e R Year amd e T L e e -
]
-

t Produc e o siiell epes

. 1
Year and '

i i ’ . - : |

munth Lutal Per layer : ' : , 7 1z .
untt ) v er lay * Actual | Predicted month Tatal Per layer : .

' M . o | " -+ Actual | Predivied

4 '

Actual  Predicted Actual ! Predicted ; ! Actugf - Predicted Actual ! Predieied |

- . N . S Ll O ST [

Miftenr dozen S Mitteon dozen I Milfiont dezen Nuniler Million duzen

433500 424017 16 94 1h.74 253 4.0 AR 4N 1+ in 1840 n- Xy
L4142 Uk 85 16,34 1623 M0 3ia 43T g An 1750 17.6Y 3
CATIRI 4778 19.24 i9.12 374 6.2 B TR T I [ TR ¥ £ ihdi 16,44 214

464,892 aa7 41} 1l 14,141 34 5 119 1426 50 435.6% 16 79 le T4

467,83 47537 19 52 19.63 268 2 A AT 4303y 16 37 1643
-43267  43K13 i3 33 18,35 242 LR pAd 3% 44544 07 710

43125 42461 IEAN 18,14 s ik

41183 41212 1749 17 3 157 15 5 41625 Jddnd 17 {1 17.34

Wil W6 T s 1622 153 I8 5 404 08 4102y 1534 16,17

J17.90 a4l 1645 1637 15 4 1¥ 1 i 47567 AT 09 I1.15 1'nn

41000 1)1 0s 16 1k 1 1x 1491 Mtn R S B 1% 19 .06 %]

44431 41903 [ Thd R Jazx : 4320 478 ub (BRI 1964
44433 Jd4747 15 5% 18.57
S4A008 3698 17 41 17 M R Iis ! 4335 43y 29 LI 18,444

41642 4233 AT 6 A W 14 5 142175 42732 17T 1L7S

EESAHEET S K RN TR} IR [ER 15 3 TAMLIS 4140t A6 1468

ATdnE 4T Y frpad i i h i 1‘429.|‘.’ 431.49 1744 17.001

FE TR S S5 17 IR Mmoot Mo 427000 42560 1647 1.6

4168 4% 79 I8 s 1% &4 RERD | H 2 ;445.(13 447.02 17.20 1740

(=]

Fod o Tud e

Tod Bk Pt Jur ¥

Continued




Table 5—-Actual and predicted monthly production of shell egys, exps per layer, and egegs used for hatching, 1961-71~Continued

Eggs used for Epas used lor
hztching laiching

!
]
B - Yoear and Sttt BN .i— _____r__. -
Total Per layer Hanth Total ; Por Ia}cr

f Actual{ Predicied e It S *I Actual i Predicted

Preduetion of shell epgs Froduction of shell cpps

: Actual | Predicted { Actual | Predicied Avtugl |Pr|.d|{.u.s,l !\Cludl ‘ Predicie

Million dozen Number Million dozen Muhgn dozen Number Million dozen

S450.17 44970 17.57 17.51 25.0 5.4
(43842 41965 1127 16.61 314 320
1486.00 48641 18.26 19.27 330 327
147592 47548 1910 19.04 326 33.2
48331 479.8) 1974 19.71 217 284
45431 435269 1871 18.70 25.6 26.3
(44883 45018 1B.56 18.63 234 24.5

498.00 494,51 18.31 18.29 28.3 27.4
471.00 46527 1744 17.08 33.0 329
513.00 513.28  19.18 19.25 KEN 34.5
498.00 50256 18.88 18.93 352 354
307.00  511.30 1946 19.59 124 26
477.00 47698 18.60 18.56 309 30.9
483.00 47990 18.88 18.81 29.5 300
43667 437.03 17.87 17.90 214 223 471,00 47106 1837 18.44 26.4 2.0
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Table 6--Actual and predicted eggs used for breaking during the month, 1961-71
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Mitfion dozen

18.41
30.52
31.36
59.38
73.88
72.14
44,20
29.95
20.66
21.54
19.40
29.30

36.30
32.38
45.06
61.96
F1.53
7347
45.68
3197
4.2
23.25
22.87
14.80

25.18
26.42
40.19
55.44
14.68
70.86
46.87
35.06
26.58
21.72
20.81
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28.93
35.41%
49.18
56.41
66.63
69.84
51.91
3731
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25.53
2541
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Alitlion dozen

35.31
38.29
38.13
52.16
50.39
62.34
49.14
40.57
30.22
31.54
23.68
28.43

30.86
28.47
34.08
43.90
50.69
6044
44.86
36.31
28.49
29.59
30.17%
31.55

47.69
44.66
52.46
37.24
59.50
68.68
62.18
5513
44.39
40.97
38.36
36.29

44.42
41.82
48.38
55.03
52,75
61.47
49.34
42.73
34.83
34.93
29,11
3165
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Million dozen

35.43
26.48
33.62
44.13
44.04
58.34
48.20
39.44
33,52
39.87
3301
33.38

42.24
34,22
37.50
43.92
47.78
57.40
45.11
38.15
3549
47.49
37.63
40.28

4%.62
42.24
41.44
45.16
48.63
54,50
5012
41.90
36.33
56.97
35.87
62.27
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