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ABSTRACT 

A series of econometric models which analyze 
economic relationships in the 'egg industry and provide 
short-term predictions of egg prices were developed for 
this study. The 'major emphasis of these models is 
formulating and estimating shortrun supply-demand 
relations which are believed to be the basic price­
determining forces in the \..ash and fu tures market for 
eggs. Data for 1961·69 were used in developing the 
nlultkqualion models. 

FI.i;\;casting performance of the two-stage and three· 
stage least squares models anel the ordinary least squares 
estimate.: of modified first-round price equations were 
examined. Also, 35 recent futures contracts were 
examined for the relation or spread between futures and 
cash price quota lions. The spread was found to vary 
substan tially, even within the short span of a delivery 
month. Ordinary least squares equations were also 
developed for weekly cash and futures quotations for 
shell eggs. 

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

Texas Tech University conducted this study during 
1970-72 under a research contract with the Commodity 
Exchange Authority, U.S. Department of Agriculture. 
The basic purpose of the research project was to develop 
econometric models to predict or estimate shell egg 
prices. The models, based on basic supply-demand 
forces, were designed to help the Commodity Exchange 
Authority in regulating shell egg futures trading. 
Although this study was developed primarily for the 
benefit of the Authority, the findings of the project may 
be . of interest to economists, traders, and other 
Government agencies involved with the egg industry. 
The models anJ 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 valuable 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 econometric models which analyze 
economic relationships in the egg industry ancI provide 
short-term predictions of egg prices was developed for 
this study. Major emphasis was placed on fonnulating 
and estimating 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 substantial 
decline in storage movements of shell eggs are recent 
changes within the egg industry which have altered the 

price-determining process. Such changes were incorpora­
ted into the models to reflect the most recent supply­

demand structure of the industry. 
Multiequation models were developed indeperidently 

for each calender quarter and month using data for 
196 j -69. The basic part of each model included a 
simultaneous equation system with two stochastic 
relations and a closing identity. Shell egg price and 
disposable income were lelated to consumption of shell 
eggs in one of the stochastic relations, while in the other 

v 



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 least squares 
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 ahead. 

Forecasting performance of the two-stage 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-coefficients for 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 Ule 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 forecasts for most montlls from 1961 
through the middle of 1971. While the two-stage and 
three-stage least squares structural equations provide a 
more satisfactory explanation of the underlying 
economic relationships, the final choice among alter­
native models for forecasting remains to be detel111ined. 

Price forecasts from both quarterly and monthly 
models involved large errors during the latter part of 
i 971. The effect of the newly introduced Marek's 
disease vaccine at this time on the rate of lay and the 
death loss of layers may have amounted to a sLlbstantial 
change within the industry, thereby ou tda ling portions 
of the models. Experience with the new vaccine was not 
of long enough duration to permit the revisions needed 
to take these Changes into account within the models. 

A number of equations were formulated to estimate 
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 movemen t report), net storage move men ts of shell 
eggs, and the price of 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 bre?king plan is was also 
included as an additional factor. Data for November 18 
1970, through February 26, 1972 were used to obtain 
the ordinary least squares estimates of the equations. 
The signs of the estimated coefficients dPpeared to be 
logically consistent, and the test statistics indicated a 
reasonably good fit of the equations. 

Futures trading in fresh shell eggs has been fairly 
active at the Chicago Mercantile Exchange in recent 
years. Futures quotations for recent contracts revealed 
considerable fluctuations in prices. The relation or 
spread between the futures and cash price quotations on 
several specified days of the delivery month was ex­
amined for 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 negative to positive 
or vice versa within the delivery month for more than 
half of all contracts examined. The futures-cash spreads 
for each of the 12 contracts of the year over a period of 
3 years (excluding January 1969), 1969-71, also revealed 
unstable relations between futures and cash prices for 
most of the contracts. Some degree of consistency in the 
basis 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 arc essentially determined by traders' 
anticipations of market forces '"yhich are expected to 
exist at the time of delivery. Such an ticipations are 
considerably influenced by information on major price­
determining factors in the immediate past. Accordingly, 
lagged values of weekly commercial egg movement 
reports, storage stocks, prices or breaker eggs, and the 
last week's closing futures quotations were used to 
predict price quotations for 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 futures quotations. 
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,ECONOMETRIC MODELS 
OF CASH & FUTURES PRICES 

OFSHELL EGGS* 

Sujit K. Roy and Phillip N. Johnson I 

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 commercialization and integration of produc­
tion and marketing operations, and continuing techno­
logical improvements 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 foundation for under­
standing 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 U.S. eggs totaled $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.60V 

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 1971, reflecting 

• ·\rprovcJ as College of Agricultural Sciences Manuscript 
No. I·I·11S,TexasTech University. 

I Sujit K. Roy is associate professor of agricultural economics 
at Texas Tech University. Phillip N. Johnson, formerly a 
graduate assistant at Texas Tech University, is an area economist 
witl? Texas Agricultural Extension SerVice, U.S. Department of 
Agriculture. 

the population growth. However, per capita shell egg 
con sum ption 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 
emphasis on controlling 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). In J971, the 
Midwest produced only 28 percent, while the South 
produced 41 percent (22). Lower wage rates, an 
adequate supply of feed, improved transportation 
methods, and lower building and land costs in the South 
were the primary cam~es of the regional shift (12, pp. 
64-65). 

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

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

Seasonal varia!ions in egg production do still persist, 
although fluctuations have become somewhat less severe 
in recent years. Production generally reaches a peak in 
April or May and declines to a low point in September. 

The breaking-egg sector has gained in importance as a 
'.ltalicized numbers in parentheses refer to items in Liter. secondary market for eggs. The percentage of total egg 

ature Cited on page ~5. production 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 
items in whjch processed eggs are used. In fact, per 
capita 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 reaclles its peak during the spring 
months when egg prices are relatively low. Egg breaking 
thus provides an outlet for the seasonal 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 outlet for normal egg 
production, although the surplus of hatchery eggs can be 
diverted to the shell egg or b reaking-egg marke ts (12, pp. 
52-53). 

Cold storage holdings of shell eggs have significantly 
declined in recent years. Average stock: on the f1rst of 
the month decreased from 15 million doten in 1960 to, 
only 3.1 million dozen in 1971 (22, 24). This decline 
can be attributed to diminishing seasonal variations in 
egg production and increasing egg-breaking activity. In a 
sense. the breaking-egg sector has !argely taken over the 
previous role of storage hoI dings. 

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

Prices of shell eggs vary considerably in the short run, 
even though variations in production have moderated in 
recent years. Prices are usually lowest during the spring 
when production is at its seasonal high and highest in the 
fall and winter when production is at its seasonal low. 
Besides the variations in production or net supply of 
shell eggs, changes in seasonal demand also affect the 
price movements. The demand for table eggs generally 
increases in the win ter and declines during the sUlllmer. 
Short-lived spurts in demand also occur during the 
Easter, Passover, Thanksgiving, and Christmas holidays. 
ft appears. however, that the price fluctuations are due 
primarily to variations in the market supply of shell eggs 
and only secondarily to the less volatile consumer 
demand. 

Signif1can t changes have occurred in the egg mar­
keting system during the past decade. In the late 1950's, 
57 percent of the commerci<: .~:, ; supply was handled by 
assembler-packers: 35 percen t was handled by wholesale 
distributors; and about 5 percent went directly to 
retailers and institutional buyers, [n contrast, in the late 
1960's, assembler-packers handled 75 percent of the 

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

The presen t egg-pricing system depends on base price 
quotations for selected wholesale grades and sizes of eggs 
at several terminal markets such as Boston, Chicago, 
New York City, and Los Angeles. Base prices at Chicago 
and New York City are by far the Illost widely used 
quotations in the egg industry. The price quotations at 
the wholesale level are of crucial importance to the 
sector since retail as well as farm prices are generally 
determined on Ule basis of these whole~ale price 
quotations. 

The curren t egg-pricing system has come under 
increasing critici~m in recent years. I t has been observed, 
for instance. that the price quotations are established at 
the wholesale level even though the role of the whole­
salers has signif1can t1y declined. Conscquen tly, the price 
quotations may become much less representative of the 
entire market than they are expected to be. Some also 
believe that the wide shortrul1 price Iluctuations ale not 
consistent with the existing supply and demand condi­
tions in the sector. The criticisms, in general, are based 
on the opinion that the percent pricing system has failed 
to adjust to imporant changes in the egg industry. 
Alternative pricing methods which have been suggested 
to replace or supplement the existing pricing system 
include: (I) quotations at another level of trading such 
as prices paid by retailers, (2) committee pricing, (3) 
rutures-oriented pricing. and (4) marketing agreements 
and orders (J3, 26). 

Supply, Demand, and Price 

Structures of the Shell Egg Sector 


The demand and supply structures of the shell egg 
industry are based on the interrelationships among a 
large number of variables. Such variables include those 
simultaneously detemlincd within the structural system 
during the current period anti others either pre­
determined externally or determined prior to the current 
period within the system. A brief schematic representa­
tion of the su pply and demand structures of the sector is 
presented in figure I. The variables which represent 
physical quantities are shown in rectangUlar outlines, 
wh.ile the variables representing prices and values are 
presented in circles. The arrows indicate the relation and 
direction of influence among relevan t variables. 

Tlte quan tily of shell eggs rouching 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, eggs broken for commercial use. and net 
storage stocks for the period. Net exports and non­
civilian purchases of eggs are only a negligible portion of 
total egg production. and therefore can be discounted. 
The demand for shell eggs, as that for many other 
agricultural products, is fairly stable. Wide fluctuations 
in shortrun prices are due primarily to variations in 
supply. Shell eggs, a perishable product, must reach the 
cons.lJmer without much time lapse, irrespective of the 
existing demand situation in the market. 

Egg production in the short run. specifically during a 
month or quarter, is essentially a predetermined variable. 
for it is the product of the size of the laying flock and 
the average output of eggs per layer. The size of the 
laying flock at the beginning of a period is predeter­
mined through prior adjustmen ts made by the pro­
ducers. Since pullet replacements reach the productive 
age in about 6 months. the number of pullets entering 
the lay ing flock is essen tially prede termined dt! ring the 
preceding quarters. Al though the number of layers 
culled may be adjusted dllling the current period in 
response to the existing cost-return relationships in the 
industry. such adjustment$ in the short run may be 
assumed to be minor relative to the site of the laying 
f1ock. The average rate of lay is predetermined because it 
depends on existing production practices and genetics. 
which do not vary signit1cantl; in the short run. 

The quantity of eggs broken for prOl;essing depends 
on the demand for convenience food items in which 
processed eggs are used. Curren t shell egg prices may also 
affect egg·breaking activity. For instance. in the spring, 
when shell egg prices are low, a relatively larger volume 
of eggs is broken than in the faJl when prices arc 
relatively high. Furthermore, the quantity of eggs 

broken during the current quarter or period is intluenced 
by the carryover of storage stocks of orocessed or frozen 
eggs from the pr~vious period. 

Net storage stocks of shell eggs depend on the level of 
production and the demand for shell eggs and eggs used 
for breaking. Storage of shell eggs generally 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 eggs depend on existing demand 
situations or price levels in the two markets. Since 
storage holdings have declined substantially in recent 
years, variations in storage stocks eventually may not 
have a significant impact on shell egg prices. 

Production of shell eggs. as reported by USDA, 
includes eggs used for hatching. Hence. consumption of 
shell eggs is determined by subtracting. among other 
factors. the quantity of hatchIng eggs from total 
production. The quantity of eggs used ror hatching is 
dependent on the demand for both layer replacement 
chick5 and broiler chicks. In fact. the hatching-egg sector 
involves a complex and almost independent supply­
demand structure of its own. 

Retail prices of shell eggs and disposable consumer 
income inf1uence the demand for shell eggs. Further­
more, prices of substitute and complementary products 
may also affect the delTI3l1d. However, past studies did 
not indicate any signif1cant effect of such variables on 
the demand for shell eggs (7, pp. 70-71. 8, p. 40). While 
retail prices arc determined directly by the interaction or 
market supply and demand forces. wholesale prices are 
essentially depc'1den t on existing retail prices and the 
marketing system. Wholesale prices. in turn. intluence 
farm prices. Thus. the demand for eggs at the wholesale 
or farm level is essentially derived from the demand at 
the retail level. 

FORECASTING MODELS FOR AVERAGE QUARTERLY PRICES 

Basic Model 

Multiequatioll forecasting model~ for quarterly aver· 
age shell egg prices were formula ted on tile ba~is of thl.' 
supply and demand structure of the egg sector discllw~d 
earlier. Although price forecasting was the primary 
objective, these models also provide an upda leel analysi\ 
of the current supply. demand. and pricc·detenninil1;:! 
processes in the egg sector. Specii1calions of the struc­
tural relations in the hypothesized models were intlu­
enced by thc observcd recent changes in the egg 
industry. The rollowing models. however. did not 
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include certain structural relations or variablcs which 
were believed (or found to be) minor within the system. 

The postula ted forecasting models con tained the 
following seven equations, including two identities and 
five stocJwstic rela t ions: 

(0' I) 0[:::: r(l\.lt. T) 

(0 - 2) O[ ;: YI - HI - Ht 

(0· 3) Bt :::: r (1\/1\'1' PFt _ l . SF t _ t , Hl - t • T) 

(0 - 4) == (L x EdIOO)';' 12
Yt t 



(Q - 5) [t = f [L1_ 1 , (R _ + R _ ), (R _ +t 2 I 3 t 6 
RI _ )]7 

(Q - 6) Et = f (Et - 1 , T) 

(0 - 7) Ht=f (PBt-l,Pt-I/Pt5,T) 


where, 
the subscript t represents the current calendar quarter 

and (i-i) rel:!tes to a bgged time period, and 

0= aggregate consumption of shell eggs during tile 
quarter derived from tile identiiy, equation 
(0-2), million dozen; 

P =	simple average of Chicago daily cash prices, 
prices paid delivered, 80-percent grade A large 
while eggs, during the quarter, cents per dozen: 

I = disposable consumer income, seasonally ad­
justed annual rates for the quarter, billion 
dollars; 

T =time variable, where T = I I'or 1961. T = 2 for 
1962, and so forth: 

T' =alternative time variable, where T =61 for 1961. 
T = 62 for 1962, etc; 

Y = total shell egg production during the quarter, 
million dozen: 

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

l-I = quantity of eggs used for hatching during the 
quarter, million dozen; 

E = number of eggs laid per 100 layers during the 
quarter. 

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

L =number of layers on hand on the first day of the 
quarter, million; 

PF = average price of frozen whole eggs. light colored, 
at New York during the quarter, cents per 
pound: 

SF =all frozen eggs in storage on the first day of the 
quarter, million p()unds~ 

R =number of chicks placed for laying-nock re­
placemen ts during the quarter, million; 

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

Consumption of shell eggs, as presented in equation 
(0-1). depends on price of shell eggs and disposable 
income. The effect of prices and supplies of competing 
and complementary products on {he demand for sheIl 
eggs was assumed to be insignificant. Consumption of 
shell eggs, Qt' in equation (Q-2) was estimated by 
subtracting the quantity of eggs used for cOlllmercial 
breaking, Ht , and hatching, H • from total egg produc­t 
tion during the quarter, Y • Net storage movement, t 

Government purchases, and net export of sheIl eggs 
during the period were not allowed for separately in the 
identity, equation (0-2), since these items comprise only 
a minor portion of total shell egg supply. 

The amount of eggs broken for commercial use, as 
presented in equation (0-3), was hypothesized to be 
dependent on current sheIl egg prices. If shell egg prices 
are relatively low~ a larger quantity (If eggs may be 
moved through the breaking plants provided that the 
demand situation in the alternative market is sufficiently 
strong. The carryover of frozen eggs in storage from the 
preceding quarter, SF t _I ' '11ay be expected to inversely 
affect the quantity of eggs broken during the quarter. 
Furthermore. the quantity of eggs broken during the 
quarter may also depend on frozen egg prices during the 
most recent past, PF t _ l . 

Production of shell eggs during a given quarter, as 
described in the identity. equation (Q-4), is the product 
of the average number of layers on farms, [t' and the 
number or eggs per layer, EdIOO, during the quarter. 
Division by 12 is required to convert the number to 
dozens. Equation (0-4) necessitated the introduction of 
equations (Q-5) and (0-6), which yield estimates of [t 
and Et • The average number of layer~ on farms during 
the quarter is ~rimarily determined by thc n umber of 
layers on farms at tlte beginning of the period, L(, the 
number of chicks which enter the laying nock, and the 
number of older hens withdrawn from the Dock dUling 
the quarter. Since pullets generally reach. the productive 
age in about 5 or 6 months, the number of chicks placed 
for lay~r replacements two quarters ago. RI_ 2 , was 
considered an appropriate variable to estimate the 
number of young hens which enter the laying nock 
during the current quurter. By similar logic. the number 
of older hens withdruwn from the 110cks may be 
estimated by the number of chick replacemen ts six 
quarters ago, R -_ 6 , since layers are productive for about t 
18 mon lhs. The postulated reI a tion can then be Dle­
sen ted as follows: 

The number of layers at the beginning of the quarter, Lt , 

which is expressed as a predeten'nined variable in tbe 
function, is not available from published sources at tile 
beginning of the quarter. Tllll~, the foIlov,ing function is 
neeJed to obtain the estimate or Lt : 

The logic underlying the relation is similar to that 
offered earlier. The lagged variables have been appro­
priately adjusted in the function. A combination of the 
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preceding two functions resullS in equation (Q-5) o[ the 
model. An alternative method of estimating the removal 
o[ hens from the laying flock would be to incorporate 
the rates of culling. and mortality. Reliable data on slIch 
variables arc not available [rom published sOUrces. 

Since layer productivity has consistently increased 
during the past several years. the number of eggs per 
layer. E" in equation (Q-6) was expressed as a [unction 
of time. The lagged value or the variable Et _ 1 was also 
included to represent the most recent level of layer 
productivity. 

The quantity of eggs used for halL:hing, one or the 
factors a[freting the amount of shell eggs for consump­
tion. depends primarily on the demand for layer 
replacement chicks and broiler chicks. which are in turn 
influenced by thc cost-return relationships in the shell 
egg and broiler industries, respectively. It was initially 
assumed that the egg-feed price ratio and the broiler-feed 
price ratio [or the preceding. quarter would serve as the 
prime indicators of such return-cost relationships. How­
ever. least squares csiimates or equations involving 
lagged values of egg-feed and broiler-feed price ratios 
produced inconsistent and inSignificant coefficients for 
these variables in relation to hatching at:livilies. This 
situation necessitated the present formulation of the 
function, as presenteu in equation (Q.7), in which lagged 
egg and broiler prices are the major explanatory vari­
ables. 

No attem pt was maue in tlte study to develop a 
complete structural specification for the hatching-egg 
sector. which by UseIr may involve One or more 
mulliequation models of supply antI demand. The 
hatching-egg usc equation. (Q-7). is essentially unrelated 
to the other strut:tural relations in the model. However, 
since the reported total production or eggs includes the 
quantity of eggs used for hatching. it was necessary to 
subtract the latter from total production to obtain the 
estimate of shell egg t:onsumptioll. Tlte equation for 
quantities of/wtching cggs wa\ therefore introduced into 
the model. 

Econometric Considerations 

A separate model was dCyeJllped for each or the 
calendar quarters. The quarterly or monthly econo· 
metric models ill \()J11e of the earlier studies were 
ueyelopcl[ by pooling all quarter,; or mOllths ill nIle 
model (14. p. 1). Zero-olle or dummy Val iahles werl' 
introduced ill the equations to take into account the 
seasonal shil"t~ in the inten;epts. Uowever. lor the 
present study. it wac, assllllled that ~cpar:l!c models lor 
each quarfer arc more appropriafe since slIcll Illodeb 
may lllore ac~uratcJy renecl tIle scasonal or quarterly 

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

Oa ta for the <}-year period 196 I -69 were used to 
estimate the equalions.3 The sample time period was 
restricted to the past decade to renect the recent 
structure o[ the egg sector. In view of the differences in 
the sector between the 1960's and earlier decades, the 
exclusion of data for earlier years was deemed necessary 
ror an accurate estimate of the existing structural 
parameters. 

The stochastic relations, equations (Q-]) and (Q-3), 
and !lIe identity, equation (Q-2), comprise a simulta­
neous equation system including three endogenous 
variables, Q(. 1\, and Bt • The remaining four equations 
in the model. (Q-4). (Q-5), (Q-6). and (Q-7), were 
considered independent or the simultaneous equation 
system. These relations were developed to predict Y t 
and Ht , which were postulated as predotermined vari­
ables relative to the simultaneous equation system. It 
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 valid for the estima'tion of equations 
(Q-5). (Q-6), and (Q-7) since t11ese arc independent 
equations in the model and each involves only a single 
dependent variable. 

Tlte stochastic relations, equations (Q-l) and (Q-3). in 
the simultaneous equation system arc overidentified. 
These equation,s were estimated by using both two-stage 
and three-stage least squares procedures. The two-stage 
least squares procedure yields consistent estimates of 
structllral parameters (9, pp. 380-384). Tlte three-stage 
least squares procedure (27) invo!vl,.s the simultaneolls 
estimation of coet'ficients of all stochastic equations by 
using Aitken's generalized least squares method witllthe 
error variance-covariance matrix from the two-stage least 
square~ estimates (4. pro 446453, 9, pp. 395-400). 
Three-stage least squares estimators are consist~n t anu 
relatively more efficient than the corresponding two­
stage least squares estimators when the errors in struc­
tural equations are contemporaneously correlated (9, p. 
39S). 

A computcr progf<lllJ. prepared by Thornber and 
Zellner (16) and modified by llSDA, was Ilsed to obtain 
the two-stagc and three-stage least squares estimates or 
the relevanl equations. 

An examination of the comumplion-pricf' equ<llion. 
(Q-1). and tbe equation for qtlanlitics of bre<lking eggs, 
(Q-3). would reveal that an endogenous variablc, PI' 
appear~1 in tWlJ different forms in the ~il1111ltaneous 
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equation model. The variable is included in equation 
(Q-3) in a nonlinear combination as Pt/PI_I' The 
presence of an endogenous variable in a nonlinear 
combination complicates the estimating process. A linear 
approximation of the nonlinear variable, however, t.:an 
be used to replace the original nonlinear variable. Linear 
approximations of nonlinear combinations of variables 
can be accomplished as follows (l0, pp. 120-121): 

XY~ YX + XY -X'l 

X/V ~X/'l + X/V"': (X/'l2) Y 

where X and Yare the sample means of the two 
variables X and Y. It may be noted that when both X 
and Yare predetermined or exogenous variables in the 
model, linearization of the product or the ratio is not 
required and the combination term can be used as a 
single com posite variable. 

The linear apprOXimation of the ratio term I\/Pt -1 in 
the present model can be presented as follows: 

and Pt noW appear in two sepurate additive terms. Pt - I 

Consequently, PI_I can be treated as an additional and 
separate predetermined (lr exogenous variable in the 
system. Thus, the first-round price equation, in wlDch 
the endogenous variable p[ was expressed as a function 
of the exogenous variables in the system, also included 
P t - I as an additional exogenous variable.4 Ordinary 
least squares estimates were obtained for the first-round 
price equation for each of the quarters. The estimated or 
calculated values of the endogenous variablei\ obtained 
from the First-round equation were then used to develop 
the two-stage and three-stage least squares estimates of 
the two stochastic relations, equations (Q-I) and (Q-3), 
of fhe simultaneous equation system. The linearized 
form of1\/I\ _I was used in equation (Q-3) to derive the 
reduced-form price equations which arc presented in a 
later section. 

The results in the following sections indicate thal 
some variables were excluded from the estimated equa­
tions in the final form. The equations were estimated on 
the basis of a limited number of observations and, 
therefole, only the major variables appeared in the 
equations as statistically significant. While working with 
small samples, the criterion of including a variable 
should not be restricted only to statistical tests of 
significance. The judgment regarding the inclusion of 
variabl.::s in this study was based primarily on the logical 

"The effect of thi~ IinearizHtiQn on the properties of the 
es\imlltors is unknown. 

consistency of the signs of the variabl.es. The variables 
which yielded signs reflecting relations which were not 
consistent with economic logic and prior knowledge 
were excluded from the equations. On the other hand, 
variables with statistically insignificant eoefTicients but 
consistent signs were retained in the estirnated relations. 
Otherwise, many variables, which might have been 
statistically significant in equations based on larger 
samples, would be excluded from those bused on small 
samples. 

In this analysis, the first-stage equation involved P t as 
the dependent variable and included some selected 
exogenous variables (for example Yt , PF[ -. I' P[-\' I[, 
and T) rather than all exogenous variables in the system. 
By this means, three degrees of freedom were generally 
made available in the first-stage equations. Specific 
exogenous variables were .1dded or deleted based on the 
sign of the related coefficient and the relative contri­
butiun of the variable to regression sum of squares in the 
first-round equation. 

Two-Stage and Three-Stage Least Squares 

Estimates of Equations (Q-l) and (Q-3) 


The two-stage and three-stage least squares estimates 
of the two stochastic relations, equations (Q·I) and 
(Q-3), of the sim ultaneous equation system are pre· 
sented in tables 1 and 2. The consumption-price equa­
tion, (Q-I), in table I indicates that the signs of the 
coefficients of both two-stage and tilree-stage least 
squares estimates are consistent with the expected causal 
relations. It is interesting to note that the three-stage 
least squares coefficient of P [ in equation (Q-I) for each 
quarter is slightly larger in absolute value than the 
corresponding two-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 signifi­
cantly different from zero at the 5- or 10-percent level. 
Inconsistency of signs and statistical insignificance led to 
the exclusion of one or two variables from the equations 
for the first and third quarters. The postulated inverse 
relation between the shell egg price ratio P /P and , t t- I ' 
eggs used for breaking, B[, has been confirmed by the 
results. Furthermore, the related parameters for each 
quarter, except the Ulird, are highly significant. A 
significant aspect of the results of the equations for Q[ 
and Bt , equations (Q-1) and (Q-3), is the confirmation of 
tile postulated relation between the shell egg and 
breaking-egg sectors. The simultaneity in the determina­
tion of shell egg consumption, Qt, eggs used for 
breaking, Bt , and shell egg price, Pt, as evidenced in the 
present study, ought to be recognized in any realistic 
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Table I-Least squares estimates of equations lor 
quarterly consumption of shell eggs, (Qt), equation 
(Q-l) 

Regression coefficien ts 
Constant

Quarter 
term 

Two·stage least squares estimates 

4190 -3.459 .8176 -1805 
1(1.217) (.4605) (2276) 

II -1773 -3.470 .2185 1612 
(.9659) (.2226) (1121) 

III -1572 -1.917 .2272 1477 
(.6883) (.2441) (1245) 

IV -1632 -2.223 .1182 1579 
(.7336) (.3543) (1798) 

Three·stage least squares estimates 

41.33 -3.575 .8111 -1770 
(1.20 I} (.291S) (1445) 

II -2247 -3.998 .1642 1897 
(.9235) (.2131) (1073) 

III -108.4 -2.432 .3949 . 636 
(.6585) (.2351) (1201) 

IV 635.6 -2.319 .2314 1001 
(.7323) (.3511) (1781) 

I Numbers in parentheses are the standard errors 
of regression coeffici·<mts. 

Table 2-Lcast squares estimates of equations for eggs used for 
breaking Juring the quarter, (Bt), equation (Q-3) 

Regression coefficients 
ConstantQuarter 

term 
TPt/Pt- I 1 PFt ..... 1 1 SFt_ 1 I Bt - 1 

I 

Two·stage least squares estimates 

252.1 -187.4 -1.016 .8446 -2.441 
I (24.S) ( .684) (.1422) (1.314) 

II 482.1 -246.8 -2.986 -.0256 .3240 -6.857 
(37.8) (1.]36) (.1692) {.I211) ( .763) 

III 36.8 - 37.36 .4944 7.308 
(52.79) (.2297) (1.703) 

IV 147.3 - 78.18 -.4462 .3035 4.532 
(20.35) (.1237) (.1702) (1.402) 

Three-stage least squares estimates 

232.9 -167.4 -.9902 .8985 -3.133 
(lS.9 ) (.5175) (.1072) ( 1.042) 

II 439.1 -205.0 -2.679 -.0269 .3101 -6.797 
(31.2 ) (.961) (.1591) (.1079) ( .742) 

III 54.5 - 55.05 .5139 7.530 
(51.41) (.2194) 0.664) 

IV 151.6 - 80.44 -.4904 .3339 4.229 
(20.20) (.1225) (.1689) (1.391) 

I Numbers in parentheses arc the standard errors of regression 
coefficients. 

study of the wpply and demand structure of the egg 
industry. 

Comparable estimates of equations (Q-1) and (Q-3) 
were also obtained, with all variables relating to quantity 
and i.ncome expressed in per capita terms. These 
alternative equations in some cases yielded coefficients 
w.\th signs contrary to economic logic. Furthermore, 
calculated prices developed from the alternate equations 
for each quarter were considerably less accurate than 
those derived from the equations presented here. 

Reduced-Fonn Price Equations 

The estimated stochastic relations, equations (Q-I) r 
and (Q-3), and the identity, equation (Q-2), were solved 
algebraically to obtain the reduced-form equations for 
price. Two different reduced-form price equations were 
obtained for each quarte,r, since the stochastic relations 
were estimated by both two·stage and three-stage least 
squares methods. 

The reduced-form price equations based on two-stage 
least squares estimates of equations (Q-l) and (Q-3) and 
the identity (Q-2) were as follows: 

First quarter: 

P = 517.64 - .1211 + .121] + .0990 It ­t Yt Ht 
218.6 Log T' - .1230 PF t _ 1 - .2956 T + .5220 
Pt - + .1022 Bt- 1-I 

Second quarter: 

Pt = -142.72 - .0950 Y + .0950 Ht + .0208 [t +t 
IS3.1 Log T' - .2836 PF t- t - .0024 SF t-I 

.6513 T + .5767 Pt - 1 + .0308 Bt - l 

Third quarter: 

1\ = -501.22 - .3167 Yt + .3167 Ht + .0719 It + 
467.8 Log T' + 2.315 T + .4981 P t - + .1565l 
B _t 1 

Fourth quarter. 

P = --366.61 - .2341 + .2341 + .0276 It +t Yt Ht 
369.7 Log T' - .1044 SF + 1.061 T + .4978t _ 1 

P - l + .0710 8 t_
t 1 

Similarly, the reduced-form price equations derived 
algebraically from the identity (Q-2) and the three-stage 
least squares estimates of the two stochastic functions, 
equations (Q-I) and (Q-3), were as follows: 

F,irst quarter: 
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= 536.30 	- .1272 Yt + .1272 Ht + .1232 It - Table 3-0rdinary least squares estimates of equations forP t 
225.2 Log T' - .1260 PF - .3986 T + .4898 quarterly average number of layers, (Lt), equation (Q-5)'

t _ 1 
+ .1143 8 t_Pt- I 1 	 Regression coefficient 

QUarter Cunstant ~lR SEE'J 	 R'
Second quarter: 	 term L _ (R _ + R _ ) (R _ + R -7)

t t t l t J t 6 t 

P t =-201.20 - .1014 Yt + .1014 Ht + .0167 It + 
i92.4 Log T' - .2717 PF _ - .0021 SF _t 1 t 1 
.6893 T + .5093 P t - + .0314 B _I t 1 

Third quarter: 

P t =-30.33 - .2348 Yt + .2348 Ht + .0927 It + 
149.3 Log T' + 1.768 T + .5407 Pt- + .1206 
B _

1 

t 1 

Fourth quarter: 

P t =-128.21 -	 .2259 Yt + .2259 Ht + .0523 [t + 
226.1 Log T' - .1108 SFt_ + .9554 T + .49431 
Pt- + .0754 B _I t 1 

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

As mentioned earlier, two variables, Y and Ht , weret 
treated as predetermined variables in the simultaneous 
equation system. However, the values of these two 
variables must be known to obtain the estimates or 
forecasts of price Ci\) 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 CIt), equation (Q-5), 
and the layer productivity (E t ) equation, equa tion (Q-6), 
were developed to estimate current total production 
(Yt). Finally, equation (Q-7) was formulated to predict 
the quantities of hatching eggs for the current period 
(H t). The introduction of the last three equations, 
therefore, 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 CIt), 
equation (Q-5), as prescn ted in table 3, yielded superior 
results in terms of statistical tests as well as predictive 
accuracy over similar equations formulated in linear 
terms. It may be observed that the two lagged replace­
ment variables, (R t + Rt _ 3 ) and (Rt- + Rt _ 7 ),- 2 	 6 
representing the addition of new layers and removal of 
older hens, respectively, have generated expected signs. 

--- ---- - -------'---~ --- ------- --- -- --- -
I .1164 1.092 .0299 -.1832 .934 00376 

J (.155) (.0789) (.0917) 
II .6092 .6806 .0983 -.0146 .970 .00299 

(.1265) (.0289) (.0215) 
III .2829 1.062 ,0902 -.0346 .962 .00339 

(.374) (.0783) (.0810) 
IV -.2357.9341 .2347 -.0473 .974 .00208 

(.0798) (,0309) (,0263) 

, Expressed in loparithms of actual values. 
1 Standard crror of estimate. 

3 Numbers in pJfCnlhc'\cs arc the standard errors of re~rcssion cocffidcnut 


Table 4-0rdinary least squares estimates of equations for 
quarterly number of eggs per 100 layers, (Et),' equation (Q-6) 

Regression coefficients ConstantQuarter 	 R' SEE'term ,E _ J T1 1 

I .8464 .7793 -.00197 .741 .00608 
3 (.2939) (.00186) 

II 1.729 .5459 -.00128 .589 .00409 
(.1864) (.00070) 

III -.0286 .9956 .00342 .999 .00035 
(.0225) (.00005) 

IV -.6197 1.162 .00056 .976 .00259 
(.166) (.00067) 

, Expressed in logarithms of actual values. 

'Standard error of estimate. 

3 Numbers in parentheses arc the standard crrors of regression 


cocfficien ts. 

Table 5-0rdinary least squares estimates of equations for 
quarterly number of eggs used for hatching, (Ht), equation (Q-7) 

Regression coefficients 
Constant

Quarter 	 R' SEE!term 
PBt_11 Pt-I/Pt - s I T 

[ 	 ­76.83 	 10.097 1.208 .669 3.418 

- '(4.168) (.443) 
II 39.20 1.359 2.976 2.716 .960 1.969 

(.706) (3.498) (.266) 
1Il 17.73 1.522 - 3.326 .971 2.282 

(.689) - (.454) 
IV 	 29.57 1.032 3.088 3.411 .967 2.717 

(.682) (5.497) (.575) 

! Standard error of estimate. 
2 Numbers in parentheses arc the standard errors of regression 

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

As mentioned earlier, the quantity of eggs used for 
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 insignifican t coefficien ts for the two 
ratios. However, lagged prices of shell eggs and brC'ilers, 

- IP t - and PB t _ l , respectively. in the final formula­Pt I 5 
tion as presented in table 5 yielded relations which are 
consistent with the basic initial specific,{tions. The 
hatching-egg use equation, (Q-7), in the present model is 
probably an oversimplified formulation of the complex 
relationships underlying the decisionmaking process in 
the hatching-egg secto!'. Yet, the three explanatory 
variables seemed to have performed adequately in 
explaining the variations in the dependent variable. 
especially for the last three quarters of the calendar year. 

The net storage movement of shell eggs during the 
period was included in the simultaneous equation system 
in an initial formulation. An equation for end-of-quarter 
storage stocks of shell eggs, an endogenous variabie, was 
formulated with current price CPt) and relative level of 
production (Yt/Yt-l) to form the basic explanatory 
factors. But, inconsistent signs, statistical insignificance 
of the coefficients, and large prediction errors led to the 
omission of the equation from the model. 

Modified First-Round Price Equations 

Since the endogenous variable, P t, in the first-round 
equations was expressed as a function of the exogenous 
variables in the system, the first-round equations could 
conceivably be used as alternative prediction equations. 
The first-round p,quations were, however, modified in 
this study to include only those predetermined variables 
which appeared to be the main predictors. 

The modified first-r,ound price-prediction equations 
for the four quarters were formulated as follows: 

where the variables arc the same as those definetl earlier. 
The equations were estimated in two allernative forms­
linear in actual units and linear in logarithms. Although 
both production (Y ) and income (It) relate to thet
current period, these two variables are in fact predeter­
mined. As discussec earlier, while income forecasts are 

avaiJable from other sources, production for the current 
period can be predicted from equations (Q4), (Q-5), and 
(Q-6) of the models presented in the preceding sections. 
Lagged frozen egg prices (PF _ l ) arc available fromt 
existing sources mentioned earlier. 

The ordinary least squares estimates of the price 
equations, obtained separately for each quarter, are 
presented in tables 6 and 7. All variables (Y I , It, and 
PF _ l ) entered each equation with expected signs. Most t 
of the regression coefficients were statistically significant 
at the 5- or lO-percent levels. An additional variable, the 
number of chicks placed for layer replacements two 
quarters ago (Rt- 2 ), was included in the price equations 
for only Ule first quarter. The variable significantly 
improved the fit of the equations for the quarter. It 
appears that the number of layer replacements does have 
an impact on egg prices during the first quarter, but the 
reason for the inverse relationship is not fully under­
stood. The results indicate relatively high R2 values. 
ranging from .88 to .96. for the quarterly equations 
when variables were expressed in actual units (table 6). 
An examination of the standard errors of estimate 
reveals that the second-quarter equation had the smallest 
overall magnitude of errors. The error magnitude was 

Table 6-0rdinary least squares estimates of equations for average 
quarterly shell egg prices. (P t), using equation (Q-8) 

Regression coefficients 
Constant

Quarler R' SEE' 
term 

I, R1·I PFt I_1 Y, 2I 
1 122.0301 0.1318 0.6797 ~O.IOO9 -0,5675 0.877 2413 

'(.0365) (.2793) (,0301) (.3208) 
II 182.1678 .0676 .3004 .1347 .958 ,752 

(.0073) (.0962) (.0161) 
III 137.6122 ,1194 .8450 1345 .9.28 1.568 

(,0193) (,2542) (.0268) 
IV 135.5708 .1405 1.443 -.1503 .910 2.631 

(,0234) (,3582) (.0341) 

t Standard error of estimate. 

::I Numbers In parentheses arc thC" standard errorS of rC1!rC~S10n coeffiCients, 


Table 7 -Ordinary least squares estimates of equations for 
average quarterly shell egg prices, (P t), equation (Q-8)' 

I I 
Regre~""n cucrnClent~I Cun'lunt! 

Quarl,"" 1-. --1 R' i SEE'term 
Itt ·2 

.. 1 

76215 1.774 U.560J 3.C)25 ·0.9186 0763 0042 
'(.6891) (.30541 (440) (.5629) 

11 119694 7511 3386 -4 116 .698 ,(J29 
1.2(15) (2129) ( 1.599) 

III 12.0411 1.591 .6205 4.993 .!U7 .027 
(.4046) (.2682) (1,5071 

IV 10.6164 1.613 1.054 4 750 .828038 
(.3966) (3344) rI .543) 

, (. \pres",d 10 I,,~"nlhms 01 actu~l vnlue~, 
1SfJndJrd eHOl of cstlmatl.!. 
'Numbc" lit .pJrcnthcscs .He the stantlard errorS of regression cocrficicnts. 
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largest for the first- and the fourth-quarter. equations. 
The logarithmic equations indicate R'2 values which 
range from .70 to .84 (table 7). The R'2 values in table 7 
should not be compa~,;d with those in table 6 since the 
dependent variable was expressed in different units. 

Predictive Accuracy of Alternative Models 

The major criterion of predictive accuracy involves a 
measurement of the extent to which the p:edictions 
deviate from the actual or observed levels of the variable 
under consideration. The inequality coefficient (U), as 
proposed by fheil (is, p. 28), can be used for this 
purpose. The coeff1cient is defined as follows: 

where Ail represents the actual or observed change of 
ilhthe variable during the tth period relative to the 

actual level in the preceding period, and Pit is the 
corresponding predicted or calculated change. An alter­
native presentation of the U-coefficient is as follows: 

V2:[(Plt - Ait-d - (Ait - A;t_d1 2 

U=------c=~~~~----
V1:(A fr - A;t-t f 

V"L,(I1t - A;tf 
= 

d 2VL.(A ft - A;t__ 

where Ail and pit represent the actual and predicted 
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 n0 change is 
predicted (Pi( = Ait t) for all observations. _ 

Four alternative price-forecasting models w.~re 

specified for each of the quarters. The models were 
different from each other basically in terms of the price 
equation used in each model. While each model com­
prised the same two ordinary least squares equations for 
It and Et -equations (Q-5) and (Q-6) and the identity 
for Yt, equation (Q-4) the first two models also 
cont.ained the equation for hatchlng-egg use (H ),t 
equation (Q-7). The last equation _ .:5 not required in 
the other two models since Ht was. excluded from the 
relevant price equations. The four alternative models 
may be identified more speCifically as follows: 

Model (Q- I): 	 reduced-fofm price equation obtained 
on the basis of the two-stage least 
squares estimates of equation (Q-l) and 
(Q-3) and the identity (Q-2); ordinary 

least squares estimates of equations 
(Q-5), (Q-6), and (Q-7) and the identity 
(Q4). 

Model (Q- II): 	 reduced-form price equation obtaineJ 
on the basis of the three-stage least 
squares estimates of equations (Q-I) 
and (Q-3) and the identity (Q-2); ordi­
nary least squares estimates or equa­
ti0ns (Q-5), (Q-6), and (Q-7) and the 
identity (Q-4). 

Model (Q-IIl): 	 ordinary least squares price equation 
(Q-8), linear in actual u .Its (table 6); 
ordinary least squares estimates of 
equations (Q-5) and (Q-6) and the 
identity (Q-4). 

Model (Q- IV): 	 ordinary least squares price equation 
(Q-8), linear in logarithm (table 7); 
ordinary least squares estimates of 
equations (Q-5) and (Q·6) and the 
identity (Q-4). 

Price forecasts were developed for each quarter for the 
sample period. The U-coefficients, as presented in table 
8, were computed separateiy for each quarter and model 
for quarter-to-quarter changes in price. Predicted and 
actual values of quarterly prices and other variables are 
included in appendix II. 

Table 8- U-eoefficients for qUarterly shell 
egg prices. cPt) I 

Models 
Quarter 1---.---,---,.-- ­

(Q-I) I(Q-II) I(Q-1I0 I(Q-IV) 

.53 .55 .48 .54 
II .27 .25 .27 .21 

III .66 .51 .31 .37 
IV .97 .90 .72 .67 

I Predictions based on predicted values 
of Y and H[. t 

Prices of shell eggs fluctuated widely during the 
sample pedod. For instance. the observed quarterly 
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 prices, all four models seemed to have 
performed with reasonable accuracy of forecasts. Pre­
dictions for the second quarter were generally most 
accurate. On the other hand, as indicated by the 
U-coefficients, forecasts ror the fourth quarter involved 
the largest overall magnitude of errors. 

The U-coefficients for models (Q-III) and CQ-IV) were 
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smaller than those for models (Q-I) and CQ-Ill for the 
third- and fourth-quarter prediGlions. This difference 
indicates that the prediction~ for these quarters. based 
on the ordinary least squares price equations. were 
relatively more accurate titan those based on (he 
reduGed-form equatiotl~. However. conclusions with 
regard to predictive superiority or alternative models 
should not be entirely based on tests over the sample 
period. The ordinary least squares price equations l11ay 
tend to yield poor forecasts when extended beyontl the 
sample period. Such equations do not iIKorporate the 
priGe-generating mechanism in the same way as do the 
strudural equations derived through two-stage or three· 
stage least squares procedure~. Comparisons or prediGtiVt! 
perrOrm,U1Ge should. therefore. be based OIl prediGtiom 
over a longer period ou tside the sample period. However. 
a comparison between models or similar nature can still 
be made. The second model. (Q-H). based on three-stage 
least squares equations. seemed to have a slight edge over 
model (Q-I), which was based on two·stage least squares 
equations. The third model. (Q-1I1). performeo sligh tly 
better than model (Q·IV) in the first and third quarters. 
On the other hand, the latter yielded smaller U· 
coefficients for the other tWll quarters. 

Another set or price estimate!) were developed using 
actual, rather than predicted, values of shell egg produc· 
tlon (Y t ) and the quantity of egg, used for hatGhing 
(H ). In other words. equations (Q4). (Q-5), (Q-6), and t 
(Q.7) were 	 not used in estimaling and HI' TheY t 
purpose was to examine the performance of the price 
equatiom when errors in predicting. the predetermined 
varinble\ were elil11IIlated. A set of LJ·coeffiden ts were 
developed from these price estimates based on actual 
values of Y t and Ht • [t may be recalled that lIt was /lllt 

included in the ordinary least squares price equatioIl 
(Q-8). and, hence, only the actu:I1 values of Y weret 
needed to estim ate prices fmm motlcls (Q-III) and 
(Q-IV). The U·coefTiclen t\ fiJr each model are presented 
in table 9. 

The lkoe['[1clen ts in table <) arc considerably smaller 
in all cases relative (0 tho~c for the price forecasts based 
on predicted values of Yt and lIt (lable 8). 1 t clearly 
implies that errors in predicting (olal sheJ1eg!:, produc· 
tion (Y I) and the quantity of eggs used for 11a tGhing (III ) 
have to some exten t Il1agnified the errors in price 
forecasts from (he models. The (!.coefflclents I~Jr lile 
second quarter are lhe smallest among all cnefTicien b for 
ea~h model. On the other hand. pric~ estimates rrom 
each Illodel for the fourth quarter involved the largest 
overall magnitude of" error~. The reduced·foflll price 
equation based on three·stage [east squares equa[iom. 
model (Q·II). yielued more <ICGUf;I(e price estima[e~ than 
those obtained from the corresponuing prke equ<lUol1 

based on two·stage least squares equations. Illodel (Q-I). 
The U·coelTicients for model (Q-1I1) arc generally 
smaller than those for model (Q·[V). 

Price predictions were also developed for I?ight 
quarlers beyoml the period of fit. These forecasts. based 
on predicted values of Yt and III. arc presented in table 
10. Two different U-coefficients for eaGh model arc 
included in the table. The first coefficient was obtained 
for all eigh t observations consitlered together for each of 
the four models. The last tWl) quarters were excluded 
fro111 the computation of" the second LJ·coefl1cient for 
each model. Price forecasts for the last two quarters of 
1971 involved unusually large errors. Consequently. in 
the second set. the inequality GoelTicients were consid-

Tabll' 9-lkllcfflt.:ient, for q uurlerly shell 
e)!'~ pm:es, (P tl' 

()uurtt.'r f----.--..,----.---- ­
C<) [) ICQ-!l) I(Q. 1[1) I(Q-IVI 

1 35 .36 .29 .33 
II I .09 .05 .09 .20 
1[1~34 .28 .14 .17 
tV .59 .50 .44 .44 

--~- --------~-~ "'­

1 Estimates ba~~d on actual value .. of Y t 
and !It. 

Z,t hew I11lldch l'xclulkd tIll' last four 
equalwn, in the ,yslel11 ~Int:c actual valuc.. 

of Y t und !It were uscd. 

ruble IO AclUal and pn:dit ted quarterly shell egg PrH.:cs llU t­

~Idl' the period "t iiI, J970-71, and rcl<l(('d U·<.:lletTic:ients.' _m __-----,.'".-'-_ ... y'--­ - .. -~-~---.-~- --~-- ..---..,...-~~-. 

Prl't1iC:ICd prjec~ u~ing models 
! Actual

()u<lrtl.'r I 
pnc:cs 

() IJ () 
f[ 1() III J()·IV 

CI'IlI'i/dIl2('1l:I 
I 

1 52.2 4'JO 4X.6 51.9 51.4 
II 34.4 40.9 39.9 39, I .17.1lI 
III 41.3 47.4 46.8 45.8 43.t!IV ! 38.4 40.S 42.t 44.6 40.5 

1971 ; Ir 	 3~.6 41.7 41.9 45.1 41.X 
~)- ....1 33.4 32.!l 35.3 31.7" 

I 	
" 

lit 34.2 48.2 47.6 47.3 42.7 
IV 35.1I 43.4 44.6 5(J.6 42.3 

.-.---,-~ 

[nequaht~ 

COl:ftirlcnl CUl: 
l3a~cd on 8 quarter,> .99 .99 1.22 67 
I.la!>cd on first 6 quarters ..5/l .56 .67 .37 

1 J'rcdiction\ based on prl'dlell'd valuc\ or Yt and "I' 
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erably smaller than the corresponding values in the first 
set. As indicated by the U-coefficients, the performances 
of models (Q-I) and (Q-II) were similar in forecasting 
prices outside the period of fit. Price forecasts based on 
model (Q-IV) yielded the smallest U-coefficien t. 

Predictions for the first six quarters (from the first 
quarter of 1970 through the second quarter of I enl) 
were reasonable, especially those from model (Q-IV). As 
mentioned earlier, the price forecasts from all models 
involved large errors for the last two ql'arters in 1971. It 
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, subsequen tly. 011 the price-determining 
process. Reportedly. the vaccine has iccn~ased the rate 
of lay and reduced the mortality rate of both layers and 
replacements. These changes may have caused temporary 
disruptions in the price-determining process. Price fore­
casts, however, may be expected to be more accurate 
when the effect of the vaccine is fully realized and the 
process of adjustment stabilizes in the sector. 

Another feature is also worth noting in relation to 
errors in price forecasts. The predicted prices obtained 
from all four models were consisten tly higher than the 
actual pricrs for all seven quarters beginning with the 
second quarter of 1970. 

FORECASTING MODELS FOR AVERAGE MONTHLY PRICES 

Basic Model 

Prediction models for monthly average shell egg 
prices were structurally similar to thl' preceding quar­
terly models. The monthly structural models comprised 
the following six equations, one of which is an identity: 

(M-I) Qt=f(Pt,l t ) 

(M-2) Qt = Y t - Ht -
 Bt 

(M-3) Bt=f(Pt,B t I,T) 

(M-4) Yt ::: f (L t _ l , E;_I .Rt.. I,!RHS ) 


(M-5) E;.I = f (E;2 T) 

(M-6) H =f(P t _ l , PBt_I' T) 
t 

where the subscript t represents the curren t calendar 
month and (t-i) relates to a Jagged time period, and 

Q = aggregate consumption of shell eggs during the 
month derived frolll the identity, equation 
(M 2), million dozen; 

P = simple average of Chicago daily cash prices, 
prices paid delivered, SO-percen t grade A large 
white eggs, during the month, cents per dozen; 

I = disposable consumer income, seasonally ad­
justed annual rates for the quarter, billion 
dollars: 

Y = total shell egg production during the month, 
million dozen; 

H = quantity of eggs used for hatching during the 
mon til, million dozen; 

B=quantity of eggs broken commercially during 
the month, million dozen; 

T =time variable, where T = 1 for 1961, T = 2 for 
1962,ete.; 

!3 

L = number of layers on hand on the first day of the 
month, million: 

E' = number or eggs laid per layer during the month: 
R =number of chicks placed for laying flock rc­

placements during the month, million; 
PB = average price of U.S. and plant grade A broilers 

at Cllicago during the month, cents per pound. 

Monthly data were obtained from sources identified in 
appendix I. 

The first three equations in the monthly model, 
similar to those in the quarterly model, comprise a 
simultaneous equation system. Three endogenous vari­
ables, Qt' 1\, and Bt • are simultaneously determined 
within the system. Two predetermined variables, Y andt 
Ht , in the system necessitated the formulation of the 
other three equations of the model. These equations 
were developed to predict the values of YI and H and,t 
hence, to close the model for predictive purposes. The 
logic underlying equations (M- I), (M- 2), and (M- 3) was 
essentially tile same as that for the simultaneous 
equa lion system of [he quarterly model. Certain vari· 
abies wllich appeared in the corresponding quarterly 
equations were excluded from the stochastic relations, 
equations (M-l) and (M-3). In initial trial estimates, 
these omitted variables were found [0 have effects wllich 
were logically inconsisten t and sta tistically insignifican t. 

The production equation, (M-4), in effect was 
considered as a substitute for two relations, equations 
(Q4) and (Q-5), which appeared as separate equations in 
the quarterly modeL The rate of hy during the 
preceding period, E; I' represents the most recent trend 
in the variable. The ratio or the numbers of ch.icks 
placed for Jayer replacements 6 ami 18 months ago, 
R( . (,JRt _18' is a combination of two variables. 



Replacement chicks placed 6 months earlier would enter 	 Table tl-Least squares estimates of equations for 
monthly consumption of shell eggs. (Qt), equationthe laying flock during the current month. while those 

placed 18 mon ths ago would be culled or withdrawn 
during the current month. Hence, the variations in the 
ratio, Rl-6/Rt-18' would affect the current laying flock 
size and, subsequently, the production of shell eggs in 
the positive direction. 

Although the rate of lay for the past month, E~_l' is 
a predetermined variable in equation (M-4), the value of 
the variable is not available from published sources at 
the first of the month. Therefore, equation (M-S), 
which in essence is the same as equation (Q-6) of the 
quarterly model, was introduced for Et _ t • Similarly, the 
equation for hatching eggs (Ht) is equation (M-6), which 
exactly corresponds to equatIOn (Q-7) of the quarterly 
model. 

Each stochastic relation in the model was estimated 
separately for each calendar month. The statistical 
estimates were based on data for 1961-69. 

Two-Stage and Three-Stage Least Squares 

Estimates of Equations 


(M-I) and (M-3) 


Two-stage and three-stage least squares estimates were 
obtained for equations (M-I) and (M- 3), which be­
longed to the simultaneous equation system. The last 
three equations were, however, independent relations 
within the model. 

The results of equations (M-I) and (M-3) are 
presented in tables 11 and 12, respectively. Both 
two-stage and three stage least squares estimates of the 
consumption-price equation, (M-l), yielded coefficients 
with expected signs. F'urthermore, coefficients of price 
and income were significant at the 5- or I O-percent level 
for' most months. The two-stage least squares co­
efficients were very similar in magnitude to the corre­
sponding three-stage least squares cr ·efficients. 

The estimates of equations (M- 2) in table 12 pro­
duced the expected inverse relation between the price of 
shell eggs (P t) and the quantity of eggs broken commer­
cially (B ) for all months except October and December. t 
The two-stage least squares equation for an additional 
month (Muy) indicated an inconsistent sign for Bt • The 
coefficient of the time variable (T) was negative in the 
equations for December, January, February, March, 
April, May, and June and positive in the equations for the 
remaining months. rt may be observed that wasPt 
included in the monthly equations as a linear variable. 
Hence, the problem of linearization which appeared in 
the estimation of the quarterly model did not exist for 
the monthly equations. 

(M-I) 

Regression coefficients 

Month Constant term 

Two·scage least squares estimates 

January 368.6 .1620 -1.033 
1(.0179) (.3151) 

February 347.1 .1365 -1.328 
(.0275) (.4892) 

March 35J .7 .1529 - .4072 
(.0179) (.3465) 

April 348.4 .1509 .9271 
(.0156) (.3556) 

May 345.: .1856 1.409 
(.0146) (.5584) 

June 307.3 .1980 ·1.205 
(.0164) (.5224 ) 

July 308.9 .1.934 - .6075 
(.0194) (.3466) 

August 332.1 .1722 - .8526 
(.0144) (.3752) 

Septclllber 321.1 .1644 - .5702 
(.0147) (.2408) 

October 374.8 .1295 -1.081 
(.0181) (.3709) 


November I 347.0 .1285 .4598 

(.0198) (.2405) 


December 372.4 .1571 -.9714 

(.0168) (.1915) 


Three·stage least squares estimates 

January 367.8 .1643 -1.042 

(.0179) (.3150) 


February 347.2 .1363 -1.328 

(.0275) (.4892) 


March 351.7 .1527 .4065 

(.0179) (.3465) 


April 348.6 .1502 .9228 
(.0154) (.3552) 

May 344.8 .1865 - 1 .409 
(.0146) (.5584) 

June 307.5 .1974 -1.202 
(0.163) (.5223) 

July 308.8 .1944 - .6194 
(.0193) (.3459) 

Aug.ust 331.5 .1751 - .8746 
(.0143), (.3750) 

September 321.2 .1640 .5677 
(.0147) (.2408) 

October 374.6 .1300 -1.033 
(.0181) (.3709) 

November 347.4 .1283 .4582 
(.0198) (.2405) 

December 372.4 .1570 .9712 
(.0168) (,1915) 

1 Numbers in parentheses are the standard errors of 
regression coefficien ts. 
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Table 12-Least squares estimates of equations for eggs 	 Reduced-Fonn Price Equations 
used for breaking during the month, (B t ), equat}on (M-3) 

The two-stage lcast squares estimates of equations 
Regression coefficients (M-l) and (M .3) and the identity, equation (M-2), were 

Month Constant term solved algybraically to obtain th[' following reduclld­
form price equations by months. 

Two·slage least sqllares estimates • January: 1\ = 289.1505 - .7426 Yt + .7426 lit 
January 20.77 .1I68 .7788 .3136 + .1203 It + .8674 T + .5783 13 t \ 

1(.8365) (.290 I) (.3233) February: 1\ = 213.3266 - .5652 Y t + .5652 HtFebruary 30.36 .5546 .7167 .. .4414 
+ .0771 It - .3134 T + ,405 1 13, 1(.5640) (.2172) (.291(» 

March 34.41 -1.605 .800 I .2209 March: 1\ = 614.7270 - 1.592 Yt + 1.59211\ 
(.1685) (,0775) (.1236) 	 + .2434 It - 2.555 T + 1.274 Bt _\ 

April 88.01 	 -1.117 .8883 April: \>t = 240.3933 - .5508 YI + 5508 lit 
(.5640) (.3805; + .083 1 It - .6153 T 

May 22_70 	 -1.254 .8450 .1517 
May: Pt = 292.6112 -	 .7954 Yt + .7954 H\(.3965) (. I 656) (.4086) 

June 53.30 .4968 .4064 -..3737 +.14761.(-.9974T+.6721 Bt \ 
(.6708) (.2174) (.4183) 	 June: Pt = 2'28.4158 - .6334 Yt + .6334 Ht 

July 22.51 2.407 .5957 ·-.6922 + .1254 It - .3147 T + .2571 Bt _\ 
(.2575) (.1086) (.1197) July: P = 254.9896 -	 .7694 Yt + .7694 HtAugust 72.15 2.162 -1.l98 	 t 

+ .1488 It + 1.852 T + ,4583 Btl(.2773) (.2070) 
August: P, = 197.1374-.4877Yt +.4877HSeptember 22.80 1.594 .3908 .3805 t 

(.3785) (.1344) (.1~2I) + .0840 It + 1.054 T 
October -14,44 .5276 1.009 .2943 September: Pt == 361.7335 - 1.052 Yt + 1.052 H, 

(.6469) (.2785) (.2357) + .1729 It + 1.677 T+ .4111 Bt _
1November 12.61 .4869 .6630 .1937 October: 1\ = 458.0653 - 1.271 Y t + 1.2 71 Ht(.7927) (.2446) (,1434) 

+ .1646 It + .6706 T + 1.283 B 1December -13.54 	 ·1.l27 1.225 .3316 t 
(1.051) (.3233) (.2209) November: 1\ == 550.589 I - 1.530 Y t + 1.530 H[ 

+ .1966 It + .7451 T+ 1.01513t 1Three·stage least sqllares estimates 
December: Pt ;:: 560.8940 - 1.563 Y t + 1.563 lIt 

January 17.89 .0971 .8489 - .2517 + .2455 It - 1.762 T + 1.915 B{ 1
(.7446) (.2495) (.2984) 

February 27.90 .6348 .7682 - .4018 The reduced-form price equations derived from the 
(.5613) (.2146) (.2899) three-stage least squares estimutcs or equations (M- I)

March 33.35 	 -1.623 .8156 - .2024 
and (M- 3), and (he identity, equation (M-:2), were as(.1676) (.0764) (.1226) 

April 88.02 -1.114 .8887 follows: 
(.5564) (.380 I) 

May 34.74 ··1.422 .7202 - .0022 January: 1\:::: 289.1294 - .7730 Yt + .7730 HI 
(.3878) (.1564) (.403!) +.1270I t -·0750T+.6562B \t 

June 61.21 	 - .6452 .3246 - .4296 February: = 216.0459 - .5781 Yt + .5781 HPt 	 t(.6095) (.1816) (.4117) + .0788 It - .3670 T + ,4441 B(.\
July 25.22 2.379 .5638 -.7051 

March: 1\ == 632.3698 - 1.642 Y + 1.642 Ht(.2466) (.0884) (.1177) t 
August 72.15 2.158 -·1.198 + ,2508 It - 2.666 T + 1.340 B[ _t 

(.2759) (.2079) April: Pt = 241.0268 - .5520 YI + .5520 lit 
September 23.30 t .607 .3802 .3843 + ,0829 It - .6150 T 

(.3748) (.1323) (.1315) May: Pt ;:: 268.9675 -	 .7087 Yt + .7087 H(
October -18.07 .3706 1.093 .3431 

+ .1322 It - 1.008 T + .5104 Bt .\(.5806) (.2438) (.2217) 
November 14.10 .6683 .5937 - .2D]7 June: P, =225.9806 - .6129 Yt + .6129 Ht 

(.7708) (.2361) (.1430) + .1210 It -,3954T+ .1989 B( \ 
December ···13.61 1.135 1.227 .3328 July: Pt ;:: 252.1857 - .7550 YI + .7550 H

(1.051) (.3233) (.2209) 	 t 
+ .1468 It + 1.796 T + ,4257 13 t _\ 

I Num bers in paren theses are the standard errors Q r re­ August: p[ = 194.7554 - .4825 YI + .4825 HI 
gression coefticients. + .0845 It + 1.041 T 
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Septemoer: = 361.8697 - 1.050 Yt + 1.050 Ht Table 14-0rdinary least squares estimates of equationsPt 
for number of cggs laid per layer during the prcceding + .1723 It + 1.688 T + .3994 B 1t _ 
month. eEt_I)' equation (M-5) October: = 481.8624 - 1.352 Y t + 1.352 HtPt 

+ .1757 It + .5009 T + 1.477 Bt_ 1 Regression coefl'icients 
C'onstan t 1-_-__.,.-__--jNovember: Pt = 547.8108 - 1.515 Y t + 1.515 Ht Month R2 SEE' 

+ 1.944 [t + 1.013 T + .8997 Bt _1 t-2 
term TiE' 

December: = 562.0144 - 1.566 Y t + 1.566 HtP t 
January - .3428 -.0393 1.101 .973 .086+ .2459 It - 1.778 T + 1.922 Bt _ t 

1 (.0500) (.0276) 
February -2.1297 -.0424 1.148 .893 .212 

(.0979) (.4811) 
O:dinary Least Squares Estimates March 1.9386 -.0386 .8440 .585 .371 

of Equations (M-4), (M-S), and (M-6) (.1048) (.5124) 
April 15.6636 .0149 .2124 .483 .103 

(.0171) (.0941)The last three equations, (M-4), (M-S), and (M-6). 
May 13.9902 -.0222 .2670 .483 .075

of the basic model were independent of the simulta· (.0100) (.2187) 
neous equation system. Ordinary [east s4uares estimates June 6.2043 .0087 .7044 .292 .096 
of these three equations for each month arc presented in (.0154) (.4650) 

July -2.4908 .0392 1.066 .936 .042tables 13, 14.and IS. 
(.0055) (.1520)The estimated production equation, (M-4), indicated 

August 4.1215 .0677 .7608 .942 .077
high R2 values and low standard errors of estimate. All (.0130) (.2476) 
variables entered the monthly equations with expected September .4088 .0608 .9293 .987 .055 
signs. Hpwever, the regression coefficient of E~_ I in the (.0184) (.1814) 

October -1.1368 .0433 .9958 .986 .073equation for May was negative. The Jagged chick 
(.0360) (.2357)

replacement ratio, Rt_6/Rt_18' for all months except 
November 2.2245 .0505. .8790 .999 .025 

February and September indicated an expected positive (..OJ36) (.0697) 
December 1..5524 - .0163 .8883 .992 .051 

(.0350) (.1579) 

Table 13 -Ordinary least squares estimates of equations for 
monthly shell egg production, (Y t), equation (M-4) I Standard error of estimate. 

2 Numbers in parentheses arc the standard errors of 

I, ! regression coefficients. Regression coefl1cients II 

Month! (onstal1t ' R' SEE' 


I term 1"' .1 I: Ig
____~I____ ~~-':~...L:~~1.J~~6!~~_~~,---~ effect on the dependent variable. Most of the co­

January -1.3933 1.077 1.097 .100 .956 .006 efficients were significant at the 5· or 10-percent level. 
'(.2804) (.2396) (.0837) 

J.ebruary -1.2123 1.180 .7194 .860 .009 The standard errors of the equations for April, August. 
I (.4078) (.3029) and December are not included in the result. The error 

March .0429 .9103 .3082 .0260 .962 .003 variances were extremely low and, in effect, were(.1184) (.1024) (.0256) 
April - .8445 1.0796 .6562 .0025 .999 rounded to zero. Hence, the standard errorS of estimate 
May .9361 1.028 .6276 .0257 .879 .006 and the standard errors of the regression coefficien ts 

(.1917) (1.168) (.0357) 
June -1.6028 1.304 .7975 .0326 .915006 were reported as zero. 

(.1796) (1.121) ('0355) It may be observed parenthetically that the monthly 
July -2.2424 1.355 1.221 .0120 .999 .00Cll equation might possibly approach the production(.0024) (.0104) (.0005) 

August -1.9111 0.8644 1.911 .0328 .999 identity, where total productinn, by definition, is the 
September - .8977 .7756 1.288 .965 .OOS product of the average number of layers on hand and the 

(,4199) (.6502) 
October - 1.0824 1.206 .6095 .0617 .997 .002 layer productivilYYt = It X Et . The Y t equation, 

(.1420) (.1407) (,0174) (M-4), estimated ail a logarithmic equation in the study, 
November -.1392 .6503 .941 () .0348 .926 .007 may be represen ted in the following general form: 

(.3356) (.2463) (.0685) 

December ., ,31 09 1.263 .6732 JJ300 .999 
 Y - ALb, r~b2 '(R /R )b 3 

t - t"1 l.;.(. I l"-6 t ·18 
I Expressed in logarithms of aclu:ll values. 
2 Standard error of estimate. The equation would lend to be an identity as b l and b2 

3 Numbers in parentheses arc the standard errors of regress,on coeffi· approach unity, 1 and approach It and Et ,Lt Et . 1
cients. respectively, and eitller (Rt_6/Rt_ls) approaches unity 

4Theslandard errors for these equations wereexlrcmcly low and rounded 

to zerO within the computer pr<)gram. or b3 approaches zero. 
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Table IS-Ordinary least squares estimates or equations for Modified First-Round Price Equations 
monthly number of eggs used for hatching. (lIt), equation (M-6) 
- ~'-----r-- .~~ 	 -~ - ­ -

The nrst-round price equations used to estimate the 
Constant).(onth ~----r------r----~ R' 51:10.' two-stage and three-stage least squares equations (M-l) 

term PBI _1 I PI I I T and (M-3) were modified to develop additional 
monthly price prediction equations. The modil1ed flrst­

Janu3Q 17.4202 .1378 ~695R .845 l.066 
'(.0735) (.1401) round equations were estimated in the following two 

I ~bruar~ 15.8833 .4358 .0943 .3944 .476 1.783 forms: 
L53(2) 1.1250) (.2595) 

Man.:h 12.0600 ,6632 .1159 .1010 .795 .850 (M-7) PI = f (Y t, It, PI I ) 
('2510l (.1,670) (.tI05) (I\'H~) Pt=I'(Y1·!,·PF, ,)April 18.1139 .4093 .1098 .3302898625 
(.1868) (.0595) <.(825) 

The variables in the equations are the same as those15~9024 .1921 .1330 .9667 .951 .861 
1.50(3) (.1143) (.14531 defined under the ()<lsic model of the monthly analysis 

I 
Jun.: 126258 .1984 .1612 .1087 .958 873 Ordinary least squares estimates were obtained ror each 

U140) t.J7641 (.204(}) equu lion where the variables were expressed in actual17.7412 ~0123 .()381 1.340 .955 l.Ol2
I U(42) (.1475) (.2473) units. The estimated price equations. based on data for 

AU}!U'it ! 5.9365 .3711 .lO(ll ,8497 ,958 .980 1961-69, are presented in tables 16 and 17. 
(.2931) \.(906) 1.2863)I 	 All independent variables in both equations entered 

S~rtl!mbl!r I 5.1575 .4713 ,()424 1.074 ,960 l.!Hl6I (3237) 1.13(3) 1.2185) with expected signs in relation to the dependent variable 
October ! I!.0676 ,251(1 .0930 1.271 .978 .743 Pt. With the exception or the monthly equatIOns ror

i (.1800) (.0489) (,1135) June, September, and October. the i'irst price equation 
!'-.ovcmbcr ! 1C1.12510819 ,1673 1358 .991 .483 (M-?). yielded high cocflkienls of determination 

1 
<.1492) 1.1434) L(692) 

Dc~cmbl!r 12.0716 .1832 114fJ 1.190 .957 J.()23 
U(75) L06(6) L1646) 

~-~-- --- ---- -~-- --~--"--"~---'---"~-'--'--- Table 16 Ordinary least squares estimates or equation, ;"'r 
I Standard error 01 estimate. Illonthly shell egg prices, (P t ). equation IM-7) 
2 Numbcr\ in parenthcsc, arc thl' \tandard l'rrur, lIt r\.')!rC'SIIH! . --~- --.--~- ------.-~---~---~ --- , 

Luctfidenl\. 
Cumtan I

Month 
t~nn 

The equation for rate oj' lay. (M-5), yielded high R2 83.0459 .fJ502 .6198 .2033 .80S 3.204 
l (,0373) (3136) 1.14 151values for a:l mon Ihs except Marcil. April. May, and l:ebnJary 96.9356 ,0273 .4748 ~.2143 Hoi 2.437 

June. However. tile st:mdaru errors l'or the latter 1.0(70) 1.1725) (.0714) 
equations were reasonably small. The rate of lay during Marl'll I 3U)793 .0254 .7901 Jl731981 0.822 

(.0059) (()741) (.()417)the preceding month (E; 2) appeared to be the main 
Apnl 	 .0460 .40 15 ~ ~357 7 .9tH 1682II 167.6()R5predictor. Thc coeflkien t for the timc variable (T) was L(153) (.1734) (,1153) 

positive in the equations for June through November May 50.7334 .0065 .4 51100R08 .864 LI S4 
and negative for the remaining months. This represents a I 1.(221) (.1886) !.1352) 

June I132.2984 0600 .2869 .301 S ,686 2.()94decline in the seasonal nuctualiol)s of Ihe rate of lay in 
(.0335) (.4396) (.1795)

recen I years. July 61.6773 .0747 .729:1 .1862 .842 2.691 
The results of the Jast equulion. (M -6). of the U)769) [.8465) UIJI) 

monthly model indicate satisfuc(ory nt f~lf all months AlI!!u~t 129.2553 	 .f1784 .32833178 !i56 1.847 
(.11344) <.2161 i (.1110)except February. The R 2 vnlues of the equu tions for all 

September 103.7099 ()919 .5674~.29536711 4.294 
other months ranged from .SO to .99. As expected. both <.065 t) 1.5446) (,2411 J 
broiler prices and shell egg prices in the preceding Octllbcr 90.5031 .0442 .4656~~2064 .697 112) 

period, PB, , and PI" respectively. had a direct effect 
NOYember ~ 14.9093 ~;~~~~;) (i~3722:) LI(~;~~927 2.792 

on the quantity of eggs used for hatching. HI' [tmay be (.0295) (.2458) (329) 
recalled that PBt _, and PI , were hypothesized 10 Dc,ember 7S.2\S2 .0700 .6923 .2108 .987 1.254 
represent the prevailing strength in the respective 	 ('('119) (.n724) (0482)l~ - ~- ~ - --~-~~--- .. -~ ~.<.-markets. In spite of the oversimplil1cation of the 

I Stand.tnl error of 1!~llmatl"
hatching-egg usc equation. (M -6). this equation yielded 'Numbcr\ in parcl1tIH~'c\ Jre til!: ~t.lt1dard crror\ of r,'>lrC\\lun 
rt:asonably accurate forecasts within the sample period. tocITitlent,. 
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Table 17-0rdinary least squares estimates of equations for equation (M-6). The content of each model can be 
monthly shell egg prices, (P ), equation (M-8)t	 speci fically described as follows: 

Rc!!ression cocfficient~I ConstantMonth 	 R' SEE' Model (M- J): reduced-form priee equation bast.!t1 onterm 
It I PFt _1 I YI two-stage least squares estImates or 

equatiolls (M-I) and (M-3) and theJanuary 156.0116 .1059 .4931 -.3967 .754 3.603 
2 (,0293) (.3447) \.1133) jden tily, equation (M- 2); ordinary least 

February 107.7758 .0518 .7155 -.2713 .8\0 2.850 square estimates of equations (M-4), 
(.0175) (.3493) (.0759) (M-S). and (M-6).

March 72.7497 ,0555 1.155 -.1959 .955 1.254 
Model (M-II): reduced·form price equation ba~ed on\.0078) (.1703) (.0573) 

April 189.0551 .0624 .4409 -.4149 .906 1.64~ three-stage least squares estimates of 
(,0116) (.1835) (.0984) equations (M-I) and (M-3) and the 

May 96.3985 .0320 .4105 - .1913 .846 1.226 iden lilY, equation (M- 2); ordinary least(.0153) (,1902) 1.1087) 
June squares estimates of equations (M-4),171.5781 .0754 .0083 .3857 .659 2,182 


(.0272) (.4268) (.1570) (M-5). and (M-b). 

July 96.9615 .1142 .7736 ·-.3012 .879 2.350 
 lV10dei (M- Ill): ordinary least squares modified nrst­

(.0300) (.4865) (.1395) 
round equation. IM-7); ordinary leastAUj!ust 130.7655 ,1036 .4939 -.3522 .845 1.916 

(.0257) (.3694 ) !.1043) squares estimates of equations (M-4) 
September 146.4066 ,1311 .4492 -.4181 .638 4.498 and (M-5).

(.(J505) (,6181) (.1990) Model (M-IV): oldinary least squares modilled first­October 47.7671 .0259 1.072 ·.1159 .955 1281 
f()ul.d equation. (M- 8); ordinary least(.0160) 1.1543) (,0618) 

November 59,1447 .0538 1.234 -,1823 .948 2.357 squares estimates nf equations (M-4) 
(.0239) t,1892) (.1 () 19) and (;\1- 5). 

December t 20.6034 .1007 .8304 ·3326 .980 1.518 
(.(1I24) (,1065) ('()535) 

All variables relating to the curren t period were pre­
'Standard error of ~stimatc, dicted within the models. The U·eoefi1cien ts. as pre· 
1 Numbers in parentheses arc th~ standard errors of rCl!rc~sion sen ted in table 18. were computet! from the price

coefficients. 
forecasts obtained separately from each model and for 
each month. The coefficients were based on price 
forecasts for the sample period. The actual and predicted 

ranging from .8] to ,99, The standard errors of the values of mon tilly prices and other major variables are 
equations for September, October. amI January were presented in appendix Ill. 
large. Similarly. high R2 values were estimated for the 
second price equation. (M-8). for all months except 
January, June. and September. It may be recalled that 
income forecasts for the period and lagged prices of sheH 

Table 18 . V-coefficients for monthly
eggs or frozen ~ggs are available from outside sources. 

shell eg[!. prices. (Pt)1 
The estimate of current production (Y ). however. can ,........--,..t 
be developed from equations (M-4) and (M- 5) pre· Models 
sen (ed earlier. '''Ionlh 

!vi-I IM-II IM-Illi M-IV 

Predictive Accuracy of Altemative Models 
January 1.70 2.80 .81 .99 
February .54 .54 .61 .50 

Four alternative modeh for each month were eom­ March 3.70 3.90 .34 .44 

pared with regard to aecuracy of price forecasts The April .61 .66 .57 .59 
May 1.20 1.00 .25 .3"first two models were based on the redueed-form price 
June .90 .89 .62 .6~equations obtained from the two-stage and tlue0-stage 
July .46 .45 .37 .35 

least squares equatiolls (M-I) and (M-J) and the AUl\ust .44 .41 .37 .35 
ideo tHy, equation (M- 2). The n>Juccd-rorm price equa­ September .46 .46 .49 .46 

tions were replaced by the lWO modified first-found 	 October .93 .96 .52 .16 
November 1.90 1.80 .45 .48price equations, (M-7) and (M-B), in the other two 
December 2.60 2.90 .48 .78

models. Each of the models contained the same ordinary 
least squares equations, (M-4) and (M-S). The first two I Predictions based on predicted values 
models also included the equation for hatching eggs, of YI and HI' 
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t,\·j..:e forecasts obtained from models (M-I) and 
(M-II) were not satisfactory for January, March, May, 
November, and December, since the corresponding 
U-coefficients were greater than Of equal to 1.0. As 
mentioned earlier, a V-coefficient of 1.0 can b!> obtained 
when no change is predictcd.i\ =P t - J • Hence, in terms 
of the overall magnitude of errors. a "naive, no-change" 
model would have performed better than or as good as 
the two models for the specified months. Price pre­
dictions from the models (M-I) and (M-II) for the 
remaining mOIl ths, especially for July, August, and 
September, were reasonably accurate. The other two 
models, (M-lIl) and (M-IV). based on ordinary least 
squares price equations, (M - !) and (M- 8), respectively. 
were superior to the first two models with regard to 
predictive acculacy for all months except September. 
The V-coefficients of all four models for the month of 
September were very similar to each other. However. the 
V-coefficients of model (M-IIl) for 7 months were 
smaller than the corresponding coefficien ts of model 
(M -IV). On the other hane\. model (M-IV) yielded 
smaller coefficients than those of model (M ·llll for the 
remaining months. 

Another set of price estimates was developed on the 
basis of actual, instead of predicted. values of the 
predetermined variables Y and H(' Prices were esti­t 
mated from the reduced-form price equations used in 
models (M-£) and (M-II) and from the ordinary least 
squares price equations used in models (M-HI) and 
(M-IV). The other equations -(M-4), (M-5). and 

Table 19 - U-coefficienL~ for monthty 
shell egg prices, {Pt)1 

Models' 
Month I--­

M-l TM-Il IM-lll~ 
January 1.55 2.76 .70 .78 
February 1.14 1.19 ,44 .52 
March 4.13 4.29 .34 .51 
April .33 .38 .34 .34 
May .82 .65 .23 .25 
June .84 .76 .56 .59 
July ,43 .42 .34 .30 
August .34 .34 .35 .36 
September .68 .69 .51 .53 
October 1.13 1.19 .51 .20 
November 1.85 l.85 ,43 .37 
December 2.83 2.40 .33 AD 

I Estimates based on actual values or 
Y and Ht •t 

'These models excluded thclast three 
equations, (M-4), (M-5), and (M-6), of 
the system since actual values of Y t and 

were used. Ht 

(M-6)·which are required to predict Y and Ht withint 
the system were excluded fl'llm the models. Actual 
values of Y t and Ht were obtained from published 
sources. The related U·.'oefficients based on these 
estimated prices and computed for each model and 
1110nth are presented in table 19. 

The U-coeffidents of models (M-l) and (M-II) are 
greater than 1.0 for January. February, March. October, 
November, and December. Price estimates from models 
(M- fll) and (M- rV) were superior to thJse obtained 
from the I1rst two models for all months except August. 
Thus, the V-coeffidents in both tables 18 and 19 
mdicate that models (M- Ill) and (JvHV) performed 
consistently better than the other two models based on 
reduced-form price equations. A comparison between 
models (M-llf) and (M-IV) reveals that the overall 
magnitUde of errors in estimating prices from I1lodel 

Tahle 20 ··Actual and predicted monthly shell 
e~g prices outside the period of fit, 1970-71. 
and related U-coefficicnt~1 
-----,-' II i Predicted prices of models 

Actual ~ 
pncesMonth i· --I~E 

___~_._J M..::-l ~.-lf ~~IIl ~~-IV 
I Ce/1 ts/dozeJl
I 

1970: 
) 
I 

I I 59.75 56.86 40.90 52.58 51.77 
2 150 .18 39.38 3954 45.39 45.90 
3 i 46.71 53.86 54.33 50.65 50.88 
4 
5 136 

. 
20 

31.85 
37.06 
31.26 

37.01 
30.95 

39.33 
29.73 

37.30 
28.84 

6 34.82 3857 38.42 35.51 35.45 
7 40.48 57.43 57.10 48.37 48.71 
8 38.88 46.42 46.60 44.94 46.75 
9 44.64 58.04 57.96 51.54 53.50 

10 I 35.30 39.16 39.89 38.64 33.76 
11 I 38.45 62.42 61.80 43.67 39.95 
12 41.67 48.32 48.24 43.51 42.36 

1971: 
1 38.55 48A2 33.50 40.16 39.57 
2 
3 

34.47I?4.07 

33.74 
48.76 

33.98 
49.16 

32.43 
38.73 

32.09 
3?90 

4 3j."1 34.4 1 34.32 33.00 34.27 
5 29.40 40.44 38.68 28.81 29.71 
6 30.32 ';'1.23 42.71 36.98 38.12 
7 
8 
9 

10 

33.65 
35.38I33.6133.28 

52\.35 
45.10 
58.49 
59.40 

53.14 
45.36 
58.42 
61.58 

45.56 
41.90 
50.16 
37.02 

48.52 
45.79 
54.79 
34.27 

11 3450 73.38 72.93 43.01 41.00 
12 37.25 88.51 88.57 46.60 49.40 

Inequality 
coefficient (U) 4.01 4.07 1.43 1.69 

I Predictions based on predicted values of Yt and HI' 
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(M-lII) was smaller than that 1'1'0111 the latter model for 
all months except July, October. and November. 

Prices were predicted for each mon th of 1970 and 
1971, beyond the sample period, The predicted monthly 
prices obtained from each of the four mouels arc 
induded in table 20, These prices are obtained by using 
predicted. rather than actual, values of Y t and Ht • The 
related U-coefficients in table 20 were computed for all 
24 observations considered together for each or the four 

models. The predictions from models (M-I) and (M-II) 
generally involved considerably larger errors than tIle 
predictions from models (M-III) and (M-IV). These two 
models seemed to have performed adequately in pre­
dicting prices during the second and rourth quarters of 
1970 and the first and second quarters in 1971. Price 
predictions during the second hal I' or 1971 involved 
significant overestimation of the eXisting actual price 
levels. 

ANALYSIS OF AVERAGE WEEKLY CASH PRICES 

Single-equation models were developed to analyze 
factors which affect average weekly cash prices of shell 
eggs. The basic objective was to estimate the existing 
relationships between shell egg prices and the major 
causal factors rather than to predict weekly prices. 

Considerable week-to-week variations in shell egg 
prices are quite evident altilOugll less pronounceu than 
the fluctuations in monthly or quarterly average prices. 
Barring some unusual circumstances, including the 
weather, the changes in the price-determining factors 
are. however. less drastic or conspicuolls from one week 
to the next. 

Weekly price models, similar to the quarterly or 
monthly models, could have been developed with 
production, eggs used for hatching. or breaking eggs as 
tlte major factors in price determination. Wee.dy data 011 

such variables are, however, not available from existing 
sources. In view of this limitation. the data on wcekly 
commercial egg movcmcntsweekly rcceipts of eggs by 
assemblers ·were used in the study to represent weekly 
trends in the market supply or eggs. Although the 
reported movement of eggs through commercial 
channels is only a fraction of total production or market 
supply. variations in commercial egg movemcnt would 
reflect the variations in total market supply due to 
varying levels of shell egg production. hatching, and 
other factors (14. pp. 53-54). 

In an initial attempt. a three-equation, simulta· 
neous equation model was forrnulated ror weekly 
shell egg prices. The model contained three endu· 
genous variables: shell egg price, relail or cOll1mer­
cial egg f110vemen ts and net storage movements. The 
estimates or the model, however. yielded several rela­
tions which were clearly inconsistent with economic logic. 
It was. therefore. concluded that the hypothesized 
mutual dependence of the relations did not apply to a 
shortrun or weekly analysis. It is possible tha t the short 
span of lime does not lend itself to such simultaneous 

determination or vatiables instantaneously within a 
week. 

A reconsiueration of the model led to the following 
general specification imolving a single equation: 

where. 

p[ = simple average of daily weighted average 
prices. prices paid delivcred to Chicago. 1)0· 

percent grade A large white eggs. cents per 
dozen: source; Daily Egg Report, Dairy ami 
Poultry Market News (17); 

Ct =	quantity or eggs moving through commercial 
chanllels (commercial egg movemen ts) during 
the current (tlh) week. weekly receipts from 
fanners by assemblers, U.S. total. 100 cases (30 
dozen eggs per case); source: Natio/1al Week~)' 
Egg allli POIlIlJJ' Market News (21) and Egg 
Report, DailJ' ami Poultry Market News, 
Thursday issues (19): 

llSI = storage stocks on hand at the beginning 
(usually Monday morning) of the following 
week minus storage stocks on hand at lhe 
beginning or the curren l week. total 10 
markets. 1,000 cases; source: Egg Report, 
Dab:)' and Poultry Market News (19). 

It was assumed that for a week-Io-week analysis. the 
variations and effects or the demand·shifting factors 
were insignificant. Hence. weekly variations in prices 
were caused primarily by shortrun variations in the 
market supply of shell eggs. The quan tily of eggs moving 
through commercial channels (C\l representing the 
market supply eggs was assumed independent of weekly 
priccs (1\). While Pt was a function or Ct - the reverse 
rcla tion did not hold. Commercial egg movemen ts 
cannot respond instantaneollsly to changes in price 
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situations during the same week. This inflexibility of egg 
movements can be explained by the fact that production 
or market supply is essentially determined through 
production decisions made several months earlier. 
Hence. the market supply c:lI1not be increased sub­
stantially during a week in response to a buoyant 
demand situation whh::h lIn\' occur uuring lha 1 week. On 
the other hand, when !ll,' llIarh.el is weak. any significant 
quantity of eggs cannot be helu back since eggs are a 
highly perishable product. Commercial egg movements 
during the week can therefore be considered inde­
pendent of the current week's price. 

Altho.ugh the w~ekly net storage movement is only a 
minor proportion of the total market supply, variations 
in the factor may have a significant effect on a weekly 
analysis. The lagged weekly pri..:c (P I) as a deter­t 
minant of tile cllrrent weekly price seems to be a logical 
specification because prices of the immediate past play 
an important rolE: as a reference in the process of price 
determination. Since week-to-week changes in the 
market forces are usually gradual and slow, prices during 
the preceding we(;k may reOect the existing short-term 
trend of the market strength. 

Several alternative weekly price equations were 
estimated on the basis of weekly data for November 28. 
1970. through February 26, 1972. The statistical results 
of the first selected equation were a~ follows: 

(W-l) = 11.65689 - 0.00037 0.21724Pt Ct ­
(0.00034) (0.08103) 

~St + 0.82399 P t - I 
(0.05468) 

R2 = 0.8282, SEES = 1.57839, F - ratio = 
98.0282 

The signs of the regression coefficients substantiated the 
expected relationships among the variables. The co­
eff1cients of both Pt - and ~St were significant at thet 
5-percent level. The standard error of estimate is fairly 
low relative to the observed variations in prices which 
ranged from 27.1 cents to 42.0 cents per dozen. The 
average price in the preceding week was clearly the most 
important variable in the equation. The corresponding 
partial correlation coefficient was 0.88. 

The accuracy of an estimating equation is partly 
reflected in its ability to estimate the direction of change 
for the variable under consideration. The accuracy can 
be enhanced when most recen, information or indica tors 
arc used in the equation. It is conceivable in this context 
that the average price in the preceding week might be at 

~ Stanuaru error of estimate. 

a relatively high level, although the price toward the end 
of the week may weaken su bstan tially. Such weakening 
trends may tend to continue over the following week, 
since day-to-day changes are generally quite gradual. 
Thus, the week-to-week trend may be represented l~lOre 
accurately by last Friday's price than the average of the 
daily prices for the entire week (P - t ). Accordingly, thet 
following equation was estimated by replacing P t - I by 
last Friday's price (FI\ _\ ): 

(W-2) Pt=8.36038- 0_00027 Ct - 0.15718 
(0.00029) (0.07073) 

~St + 0.87554 FP t _ 1 

(0.04879) 
R2 = 0.8708, SEE = 1.36895, F - ratio = 
137.0163 

In terms of signs and magnitude, the regression co­
efficients in equation (W-2) were similar to those in 
equation (W-l). The test statistics for equation (W-2) 
indicate some improvements over the first equation. 
More specifically. the coefficient of determination for 
the second equation increased and, subsequen tly, the 
standard error of estimate decreased. Replacing the 
lagged average price (Pt.-I) with the preceding Friday's 
price (FP t_ I) improved the accuracy of (he price 
equation to some extent. 

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

BPt _ 1 =	simple average of daily prices, during the 
preceding week, paid for eggs to be delivered 
to breaking plants. case exchanged, Missouri, 
Kansas, and Illinois, dollars per case. 

The price series was obtained from the daily issues of the 
6'gg Report (19). Since a range of prices is reported, the 

middle of the range was used to repregent the daily 
price. It was expected that the prices paid for eggs for 
breaking plants during the preceding week (BP _ l )t
would reOect the existing strength of the breaking-egg 
market, a secondary market for eggs. Furthermore, since 
the markets for table eggs and breaking eggs are closely 
related, a positive correlation was expected to exist 
between breaking-egg prices (BP t-l) and weekly shell 
egg prices (P t). The third alternative weekly price 
equation was estimated as follows: 

(W-3) P t = 6.94490 - 0.00021 - 0.15932Ct 
(0.00032) (0.07134) 

4S t + 0.8624 I FI\ I + 0.46302 81\_1 
(0.0567]) (0.30853) 
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R2 = 0.8712, SEE = 1.37785. F - ralio = 
101.4924 

The results of equation (W- 3) are quite similar to those 
of equation (W-2). The R2 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 equation (W- 2) in terms of the standard 
error or estimate and the F ratio were slightly superior 
to those of the last equation. (W-3). The differences 
between the last two equations with regard to the test 
statistics were. however. not significant. It appears that 
the latter two equations may be preferred to the first 

equation. (W- I), in terms of relative accuracy of 
estimates. 

Several other price equations were also developed 
under different specifications. For instance. the weekly 
egg movement through retail channels. as reporteu by 
USDA in the Egg Report (19), was used in the equation 
to replace commercial egg movemen ts. The estimated 
equations. however, indicated results inferior to those of 
the equations presented here. Furthermore. the equa­
tions were reestimated by using first differences of 
variables. For example. the dependent variable was 
expressed as - P1 - rather than Pt. These equationsPt t 
generally produced considerably larger error sums of 
squares. 

ANALYSIS OF FUTURES QUOTATIONS FOR FRESH SHELL EGGS" 

Trauing in shell egg futures at the Chicago Mercantile 
Exchange has been fairly active. particularly since the 
latter part of 1968. Since U1at time, futures price 
quotations have fiuctuateu wiu:!ly. For instance, the 
closing quotations for June 1969 and Novem ber 1969 
contracts were 29.0 anu 65.2 cents per uoten, 
respectively. Such fluctuations generally coinciued with 
the trenu in cash prices in the corresponuing periods. 

The shell egg futures contract has changed several 
times in recent years. Until th:: February 1967 contract. 
the contract was in terms of refligcrator eggs -eggs 
which have been in cold storage more than 29 days. 
Prior to 1967, refrigerator eggs could be delivered at par, 
while fresh eggs could be delivered at a premium. The 
contract was modified to fresh shell eggs--eggs which 
have not been in cold storage over 29 days -beginning 
with the March 1967 contract. Under this contract, fresh 
eggs could be delivered at par and refrigerator eggs were 
still permitted at a discoun t. Finally. with the February 
1969 contract, the egg futures contract was changed to 
only fresh eggs (2). 

The quality specil1cation of fresh egg contracts is as 
follows: fresh shell eggs, U.S. extras. white large, 
80-percent grade A. (The specification was modified to 
85-percen t grade A, beginning with the April 1971 
conlract.) The minimum price Ouctuation specified by 
the Chicago Mercantile Exchange b .05 cent per dozen. 
The daily price Ouctuations are limited to 2 cents per 
dozen above or below the settling price of tile previous 
day (2). The Commodity Exchange Ad specifies that "a 

6Terry Sterling, a student at Texas Tech University, rendered 
valuable assistance in this section. 
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person shall not own or con trol a total of more than 150 
contracts in anyone contract month. nor shall his net 
long or short position in all contract months combined 
exceed 150 contracts" (2). Furthermore a person shall 
not buy or sell more than ISO units during a business 
day. Trading in shell egg futures terminates on the 
trading day prior to the last 7 business days of the 
delivery month. 

Relations Between Futures and Cash 

Price Quotations for Shell Eggs 


It is often assumed that casll and fu tures quota lions 
are generally correlated. However. no systematic study 
of the relation or the spread between the futures and 
cash prices of shell eggs has yet been published, 
especially for quotations in the most recent past. In view 
of the recent changes in the egg contract, the analysis of 
the basis (the spread between the fu tu res and cash price 
quotations) in this study began with the February 1969 
contract. 

The differentials between futures and cash price 
quotations for shell eggs in the delivery months are 
presented in table 21. These differentials or spreads were 
obtained by subtracting the cash from the closing 
futures quotation on the specified day. Three days in the 
delivery month were considered for each contract: the 
first trading day or the month, the middle trading day. 
and the last trading day. The cash quotations relate to 
daily wholesale prices at Chicago. 80-percen [ grade A 
large white eggs. Both futures and cash quotations for 
the past years were obtained from the Chicago 
Mercantile Exchange Yearbooks (2). 



Table 21-Price differentials for fresh shell eggs, large white SO-percent grade A: closing 
futures quotations minus cash price on specified days in the month of delivery 

1969 1970 1971 

Contract First 'vIiddle Last First Middle Last First Middle Last 
trading trading trading trading trading trading trading trading trading 

day day day day day day day day day 

Cents/dozen 

January - - - -5.85 
February -1.85 -2.85 0.50 -2.75 
March 1.85 1.50 -5.1S -0.05 
April -8.05 -1.00 2.00 -5.55 
May 0.40 2.65 2.95 -0.85 
June 0 -0.75 -4.50 0.60 
July -3.0 -2.55 -1.50 1.50 
August -504 -0.3 -3.65 -2.20 
September -lAO -1.50 -3.65 -1.10 
October 0.15 0.t5 3.45 -2.85 
November 2.55 0.70 3.20 0.75 
December -3.25 1.15 -2.60 1.75 

Table 21 reveals substan tial 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 for each contract over the specified 
years. Only three contracts, those for May. August, and 
December, indi.;ated some degree of consistency in a 
year-to-year comparison of the basis. The fu Lures 
quotation for the May contract tended to remain 2.5 
cents to 295 cents ah "'" the cash price on the last day 
of trading in the contract. On the other hand, the cash 
price was 2.6 cents to 6.65 cents above the futures price 
for the December contract. Similarly, the cash price 
remain«d 1.0 cent to 4.5 cents above the futures 
quotation 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 cash price and the corresponding 
futures quotation for the contracts in the rece'nt past 
were generally not consisten L Substantial 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 found unstable during the 3 
years under consideration. Future research efforf~ may 
be diI\'cted towards the investigation of the factors 
which contribute to such variations in the futures-cash 
spreads. 

-0.15 4.40 -5.7 -2..0 -7.85 

-5.8 -4.0 -1.50 0.90 2.35 


0.25 -6.2 1.15 -0.45 4.95 

-2.65 -0.25 -7.45 -1.70 0.25 


0.85 2.50 -1.80 1.30 2.75 
1.35 2.75 -0.75 1.55 2.00 


-1.65 -7.65 -3.25 1.60 0.05 

-0.75 -1.0 0 -1.15 -4.50 

-2.85 4.20 -2.65 2.70 2.00 


0.35 3.15 -0.80 -1.65 -0.25 

-2.25 -5.75 -5.55 -1.80 -3.80 

-0.80 -6.65 -0.55 -0.10 -4.85 


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 to 
predict the price quotati.ons for nearby futures contracts 

for fresh shell eggs. The basic causal factors. or the 
independent variables in these prediction equations_ 
were essentially similar to those included in the weekly 
cash price analysis. Cash prices in a given week normally 
are the results of the current market supply and demand 
situations. On the other hand, futures prices for the 
nearby contract are presumably determined by the 
anticipated supply and demand conditions in the market 
at the time of delivery. The traders' anticipations 
regarding the suppJy and demand determining faclors in 
a future period may be assumed to depend on the 
information available for the immediate past the 
preceding week(s). It may be assumed for a short-term or 
a week-lo-week analysis that the levels of UlC bask 
variabl"" in the immediate past would to some extent 
reOect 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 adjust their anticipations regarding the 
market's strength from one week to the next in the 
immediate future. 

The prediction equations for the quotations of nearby 
futures contracts were developed on the basis of the 
preceding observations and assumptions. Separate 
equations were formulated for both low and high 
quotations for the nearby futures. Thl' general 
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specification of the equations may be presented as 
follows: 

where, 

PHt = high quotation duri!1g the current (tth) week 
for the nearby Jrcsh shell eggs futures 
contract, cents per dozen; source: Chicago 
Mercan tile Exchange, Daily Illfonnatioll 
Bulletin (3), and Chicago Mercantile 
Exchange Year Books (2); 

PLt = low qUCltation during the current (tth) week 
for the nearby fresh shell eggs futures 
contracts, cents per dOlen~ source: same as 

those for PH I' 
Ct-2 = quantity of eggs moving through commercial 

channels (commercial egg moveme;lls) 
during the (t- 2)th week, weekly receipts 
from farmers by assemblers, U.S. t0tal, 100 
cases; source: Egg Report, Dairy alld POliltry 
Market News, Thursday issues (19), and 
National Weekly Egg alUl Poulll:v Review, 
Daily amI Poultry Market News (21). 

Sl_ J = storage stocks of shell eggs on hand at the 
beginning (usually Monday morning) of the 
current week, total 10 markets. 1,000 cases; 
source: .Egg Report, Dairy aml Poulo:]! 
Market News (19); 

PFt-I = closing quotation. on Friday of the 
preceding week, for tile nearby fresh shell 
egg futures contract, cents per dozen; 
source: same as those for PHt; 

BPt .1 = simple average of daily prices. during ti1e 
preceding week, paid for eggs to be delivered 
to breaking plants, case exchanged, Missouri. 
Kansas, and Illinois, dollars per case; source: 
Egg Report (19), daily issues. 

The variables included in these equations are in 
essence similar to those used in the equations for weekly 
cash prices. These variables were. however, all lagged by 
1 or 2 weeks, as data on variables are published with (t 

time lag. As discussed earlier (p. 20), the commercial 
egg movement «(' t 2) report was assumed to reOect the 
trend in the current market supply of shell eggs. A 
2-week lag was needed for this variable since relevant 
data are published on Thursday of the following week. 
Futures prices would be inversely affected by the 

quail tity of eggs moving through tile commercial 
channels in the immediate past (C I_ 2 ). The I':ggeu prices 
of breaker eggs (BP t 1) was in troduced into the 
equations to represen t the most recen t trend in tlv: 
breaking-egg sector, a secondary market for shell eggs. 
Since a strollg demand in the breaking-egg market would 
tend to support the shell egg market, the price of 
breaker eggs was assumed to influence directly the prices 
of nearby futures contracts. The closing quotation, on 
the preceding Friday, for the nearby futures contract 
(PFt-I ) was expected to be directly related to PH t or 

. Data for the 66-week period of November 18,PL 
1910. through February 26. 1972 were used to estimate 
the following two equations for highs and lows of the 
price quotations for the nearby futures. 

Equation for high quotations: 

PHI = 16.6553 - 0.0004~ Cl 2 + 0.01654 BP t _1 + 
(0.00050) (0.57494) 

0.01937 St· I + 0.74745 PF H 
(0.05938) (0.07984) 

R2 = 0.6809. SEE = 2.0419. F-ralio =32.5361 

Equation for low quotations: 

PLt =9.27058- 0.00021 CI_2 + 0,47981 BPt_ 1 + 
(0.00046) (0.53622) 

0.01163 SI_1 + 0.67082 PFt-I 
(0.05538) (0.07446) 

R2 = 0.6861, SEE = 1.9044. F-ratio = 33.3266 

Both estimated equations indicated similar results 
with regard to the test statistics induding the R2 values. 
The signs of tbe coefficients were also identical in both 
~quations. The relations indicateci by the signs of the 
estimated coefficiertls were consistent Witil tile 
hypotheses. The closing quotation on the last day of tile 
preceding week (PF - 1 ) was by far tlte most importantt 
variable in terms of its contribution to the coefl1cient of 
multiple determination. Tile storage stock on hand at 
the beginning or the week (St_l) contributed least to 
the equations. The prediction errors of both equations 
within the sample period were generally larger than the 
errOrS of the comparable equations for the average 
weekly cash prices. It is worth noting that about 31 to 
32 percent of the variations in Pill and PLI remained 
unexplained in the equations despite the inclusion of the 
most recent futurL3 quotation. PF1 _1, as an independent 
variable. 
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APPENDIX I 


SOURCES OF DATA FOR QUARTERLY AND MONTHLY MODELS 


I. Daily Chk.lgo ,-a~h price:., price~ paid deltwred. 
~O-percent grade A large wllile egg~ (P): data for e'lrlier 
years werc obtained from Chicago ilfer('wltile J::,c/lUllge 
}eorlJOoks (2). CUrIellt ca~h quotations are reported by 
the USDA HI f)ai(I' I:~I{!{ Report (l7). These quotation,> 
(urrently appear twice a week Wednesdays anti Fridays. 

2. Dhpllsahlc consumer income. S"'lsonaJly ad· 
lusted allnual rates. ([): data for the sample period were 
11l1t:!1l1cd frolH Sun'e.1' (If elfln'1I1 HIISill"SS (25 J. Income 
forecasts are available Irol11 various sources including the 
W;lartoll 111 ode! (5 J. 

J. Production of shell eggs (Y) produdion e'>ti· 
mate:. by nHJI1t!l\ for earIkr years were from Poultry alld 

t:~g SilllalioJl (2.:?) and Selecll'd Statistical Series .liJl' 

Pou{try alld h~figs through NoS. Re)'ised JalllIU(l' 1CJ7lJ 

(::4). Current 111ont11ly Cslllnaies arc reported hy USDA 
Jl1 E~l{gs. Chickells alld Turkel'S, Statistical Reportlf1~ 

Servl':c. Crop Reporting Board (18). 
4. QUan tity of egg' broken t.:()l1lmerdall~ (B). 

monthl) data for earlier year~ were obtailled from 
POU/lt:I' and ]:,gg Sillla/ion (::~) and Selected Statlsticul 
Series fur Poultry and [;~f!.gs through 1%8 R.el'ise''' 
JallllUl:v 197{J (.:?4). 

<' Quantity of egg' used lor Jwtd\ing (II J. data for 
Illlll1 tlls for the :,am ple period were obtained trol\1 
PUlI/II:I' and h;/{g SituatioJl (.:?.:?) and Selectee! Statisticlll 

Sc:ries .liJr £lOU/II:]' alld hggs through 19M( R.eJ.'ised 
JullaW:l' 1970 (~4). 

6 Average number or eggs per 100 layers (E): 

monthl) 'data to! earlier yean, WCfe from Poullrl' a/ld 

Egg Situatioll (::3). Currellt monthly !ierie~ on rate or lay 
l~ reported jn h):gs, Chick ('I/.') alit! TtItAt'.l's (} ,<.,' J. 

7. Average !lumber of layer~ on rartl1~ dUling the 
period (Ll and number 01 layers on farms nrst of 
month. (L) dut:! by ll1()l1th~ for the sample period wa~ 
\)htaineJ from POlltll)' and /:gg S'itlluliol1 (::::). Currellt 
estimate, by 111011 tlt~ appear 111 Hggs, Chickclls alld 
TlIrk(l's (/8). 

X Average pnce, 01 frolen whole egg~. light 
..:olore·L (PF): monthly average plices for past years 
were obtarned from Poultry alld I:):.g Sftuatio/l (22). The 
~imple average 01 the monthly prices was used to 
eslll1Jate the quarterly average price. Curren t price~ or 
I ro/ell whole egg, at New Yofl,~ :Jre reported 011 

Tlle~day\ h) USDA in I;:~g Ref}or! (19). 
(). Storage ,tocb 01 all fro/ell eggs (SF): data for 

earlier ye:m wefe from POlllll:" ami h;l!;g SIII/atiu/l (.:?JJ. 
Curren! e'>till1ate~ or ~t()rage ~tocks by lllOnths are 
reported by USDA in Cold Storage', Stali~tic:J1 Reporting 
Service. Crop Reportil\~ Board. 

10 Numbt'l' III chicks placed for laying noek re­
placement-, (R): d~t:I hy month~ wcrc obtained from 
POl/IllY ami h:r.:g Situation (::2). 

II. Avcrage priee~ l)f U.S. and plan I grade A br()iler~ 
at Chka!!o (PI3): monthly average price series for past 
year\ were nbtaHled from PIJIIIt,:l' alld f::~g Silllatioll 
(1.:?). Quarterly avera!!e pricc), were developed by COIll­

Putllllllhe slIllplc avera!!e of tI\l' mOllthly price'). 
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APPENDIX U 


Table \-Actualand predicted quarterly she.11 egg price~, 1961-71 Table 2-Actual and predicted quarterly production of shell 
eggs, eggs per 100 layers, aJ1(1 average layers on hand, 1961-71 

Y d! I' Prices predicted from models car an Aclua ' Pwduclion of shell c~s-~-~-~--
Awra!!c layer>quarter ! prices ~-l-Q-~I~-rQ-~~-TQ~~ Year and . -- -r -- -~ - - - on hand ~ 

--,+---'----~-- .~-...-­, 
i Cellts/dozell 
! 

196\: 

---~~ quarter , rotal ,Pcr I00 laycr~ I 

~Actual r~rc~~I~d +;;I~~I: P;Cdi-~~~TA:tua~Prcdl~tcd-
-1 1 : 1.1 

I 37.4 42.9 42.7 42.1 42.7 ! Mlllioll dozell Numher Millioll 

II 
III 
IV 

1962; 
1 
II 
III 
LV 

1963:
I 

32.0 
40.9 
37.0 

33.7 
28.0 
37.3 
38.6 

36.2 

31.1 
32.6 
34.2 

34.1 
27.9 
29.8 
39.3 

32.3 

30.9 
33.7 
35.1 

34.4 
27.9 
30.4 
39.5 

32.1 

30.6 
388 
40.0 

34.7 
28.3 
B.6 
35.6 

32.3 

30.1 
37.7 
39.0 

34.3 
28.7 
33.1 
35.2 

32.0 

1961: 

II 
III 
IV 

1962:
I 
II
III 
IV 

1322 
1365 
1234 
1281 

1346 
1398 
1264 
1289 

1285 
\374 
/251 
1281 

1339 
1399 
1284 
1284 

5256 
5687 
5164 
4960 

5229 
5730 
5242 
5023 

5174 
5737 
5168 
4955 

5277 
5704 
5248 
5043 

302.n 
288.0 
287.0 
310.0 

309.0 
293.0 
290.0 
308.0 

298.0 
287Jl 
290.4 
310.3 

304.4 
294.2 
293,6 
305.6 

II 29.4 31.7 31.8 31.9 3t.I 1963: 
III 35.7 378 36.0 35.6 35.6 I 1316 1353 5189 5305 305.n 306.1 
IV 37.5 37.5 37.4 35.3 35.5 II 1397 1379 5726 5664 293.0 292.1 

[964: I1[ 1278 1281 5286 5285 290.0 290.9 
[

II 
35.0 
29.2 

32.8 
29.3 

32.7 
29.4 

33.0 
29.0 

32.6 
29.5 

IV 
1964: 

1301 1308 5094 5099 307.0 307.7 

III 
IV 

36.4 
33.6 

39.6 
35.7 

37.5 
35.6 

35.7 
34.4 

36.0 
35.0 II 

1375 
1416 

1357 
1417 

5410 
5755 

5339 
5777 

305.0 
295.0 

305.1 
294.3 

1965: III 1309 D08 5333 5354 295.0 293.1 
r 28.0 31.5 31.6 30.9 30.8 IV 1335 \34 I 5173 5158 310.0 312.1 
11 29.6 273 27.9 27.7 27.9 1965: 
lil 34.0 42.3 39.5 39.6 40.0 1381 1380 5411 5379 306.0 307.8 
IV 40.7 30.9 31.4 33.:­ 34.8 II 1422 1431 5744 5761 297.0 298.0 

1966: III I 1332 1309 5396 5386 296.0 291.7 

I 40.8 37.4 37.3 38.5 38.3 IV 1341 1392 5235 5236 307.0 319.1 

II 
1II 

34.4 
43.6 

35.0 
48.2 

35.5 
44.9 

35.8 
45.4 

35.1 
47.0 

1966; 
I 1358 1379 5344 5405 305.0 306.1 

IV 
1967: 

I 
II 
III 
IV 

1968: 
I 
II 
111 
IV 

1969: 
I 
II 
1II 
IV 

1970: 
I 
II 
/II 
IV 

1971 : 

42,5 

32.S 
26.2 
30.7 
30.0 

28.8 
27.9 
40.2 
42.5 

42.4 
3.4.4 
45.0 
54,7 

52.2 
34.4 
41.3 
38.4 

43.6 

33.9 
25.3 
24.9 
24.3 

29.7 
26.1 
37.2 
45.9 

40.6 
36.7 
47.4 
52.2 

49.0 
40.9 
47.4 
40.5 

43.9 

33.7 
27.1 
26.5 
24.8 

29.9 
26.4 
36.3 
45.9 

40.4 
36.9 
45.5 
52.7 

48.6 
39.9 
46.8 
42.1 

45.1 

33,4 
24.6 
31.7 
28.2 

30.4 
26.6 
37.7 
44.1 

40.5 
36,2 
45.4 
52.8 

51.9 
39.1 
45.8 
44.6 

46.1 

34.0 
27.3 
32.2 
30.2 

306 
27.1 
36.9 
42.1 

39.4 
34.3 
44,5 
51.8 

51.4 
37.0 
431 
';05 

II 
III 
IV 

1967; 
I 
II 
III 
IV 

1968: 
I 
II 
III 
IV 

1969: 
I 
II 
III 
IV 

Inn; 
1 
II 
III 
IV 

f 

1417 
1350 
1416 

1452 
1493 
1456 
1446 

1482 
1482 
1407 
1404 

1416 
1476 
1419 
1434 

1443 
1485 
1446 
1485 

1411 
1333 
1394 

1449 
1503 
1430 
1469 

1468 
1498 
1414 
14()6 

143 r 
1457 
1421 
1435 

14',9 
1482 
1452 
1503 

5728 
5419 
5313 

5459 
5764 
5525 
5359 

5490 
5694 
5472 
5339 

54'11 
5717 
5502 
5382 

5351 
5613 
5466 
5391 

5705 
5412 
5268 

5442 
5754 
5490 
5359 

5454 
5755 
5467 
5342 

5414 
5687 
5532 
5370 

5422 
5642 
5475 
5349 

297.0 
299.0 
320.0 

319.0 
311.0 
312.0 
326.0 

:'24.0 
312:.0 
308.0 
317.0 

315.0 
310.0 
309.0 
320,() 

322.0 
317.0 
318.0 
330.0 

296.7 
295.5 
317.6 

319.5 
313,4 
3126 
3268 

322.9 
312.4 
310.4 
315.8 

317.2 
307.5 
308.2 
320.7 

J20.8 
315.3 
337,2 
337.2 

I 35.6 41.7 41.9 45.1 41 8 1')7]' 
II 
HI 
IV 

32.2 
34.2 
35.0 

33,4 
48.2 
43.4 

32.8 
47.6 
44.6 

35.3 
47 ~ 
50.(, 

11.7 
427 
4D 

I 
II 
III 

1497 
1518 
1473 

1501 
1515 
1483 

5468 
5706 
5588 

5430 
5692 
5596 

328.3 
319.0 
316.Ll 

33).7 
3 [9.3 
318.1 

IV ISO$ 1499 5550 5495 325.7 326.9 
,._ ~"_____ 'i>-~' ___'- _",,", ~ ~- ___._._....__...;-;__

, Simple average or Chicago daily cash prkc\. pricc\ paid deliwred. 
80·percent grade A large while cggs 
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Table 3-Actual and predicted qU3T\tity of eggs used for breaking and eggs used for hatching, 1961-71 

Eggs used for ':Jreaking Eggs used for hatching Eggs 4sed for breaking Eggs used for ha tching 

Year and 
quarter IActual 

Predicted by 

models 

IQ-I Q-II 

Actual Predicted 

Year and 
quarter 

Actual 

Predicted by 
models 

IQ-I Q-Il 

Actual Predicted 

Million dozen Million dozen 

1961: 1967: 
I 110.3 81.3 82.4 96.3 94.1 [ 142.7 140.0 139.3 99.8 95.8 
It 
III 

i 203.4 
! 97.2 

213.7 
107.2 

2[3.8 
103.8 

85.5 
58.5 

84.5 
57.7 

II 
III 

197.6 
154.6 

205.8 
148.6 

190.4 
145.8 

97.9 
82,2 

95.8 
79.4 

IV I 71.3 66.8 65.2 61.5 59.1 IV 113.9 [23.1 122.7 81.6 81.9 
1962: 1968: 

I 99.6 105.2 106.6 90.1 86.9 I 126.3 124.5 125.1 95.4 93.6 
([ 210.8 209.6 208.1 83.8 85.6 II 169.6 179.4 177.5 98.5 100.0 
III 117.1 115.4 112.0 63.5 62.6 III 129.0 129.5 124.9 83.7 85.9 
IV 

1963: I 
55.6 60.2 59.7 65.8 66.9 IV 

1969: 
89.2 84.9 83.4 37.1 89.8 

r 81.6 107.3 [07.0 87.1 91.0 [ 88.3 98.2 98.4 [00.8 102.0 
II , 198.4 208.1 187.3 85.4 86.3 II 161.8 151.7 153.5 104.3 105.7 
III 104.4 108.9 106.2 63.8 66.7 1II 127.8 130.5 126.7 91.3 92.0 
LV 61.5 64.5 64.4 68.0 68.5 IV 108.4 107.5 106.4 97.7 95.5 

1964: 1970: 
[ 102.7 102.7 102.6 89.4 91.5 I 120.2 111.6 112.2 112.2 101.9 
II 209.7 198.2 196.3 85.9 86.6 II 172.2 165.5 168.3 111.3 107.7 
[II 109.0 119.1 1 [6.3 67.1 68.0 III 146.0 142.6 1.37.2 89.9 91.0 
LV 79.1 74.6 74.3 69.6 73.0 IV 132.7 135.7 133.6 97.2 93.1 

1965: 1971 : 
I [24.6 106.3 106.7 88.0 91.0 [ 145.1 109.5 111.5 105.2 97.4 
([ 

III 
IV 

163.1 
116.9 
73.0 

183.9 
100.7 
95.6 

182.7 
97.0 
95.3 

92.2 
74.2 
78.5 

90.6 
74.7 
76.5 

II 
111 
IV 

174.5 
143.4 
139.8 

150.0 
147.0 
L12.4 

155.3 
[39.4 
109.4 

106.[ 
90.8 
95.0 

107.3 
96.6 

102.2 
1966: 

I 
! 

87.9 97.3 97.5 96.3 96.3 
If 170.1 162.7 163.7 100.5 91l.8 
III 110.7 111.7 109.5 83.9 31.2 
IV 103.3 105.5 106.0 84J) 82.8 
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Table 4-Actual and predicted monthly shell egg prices, 1961-71 

Year and Actual 
Prices predicted from models Year and Actual 

Prices predicted from models 

month prices' 
M-I 1 M- II t M-II1 1M- IV 

month prices' 
M-I I M-I£ I M-lII 1M- IV 

Cellts/dozen Cents/dozen 

1961: 1965: 
1 37.45 38.04 24.62 39.92 38.99 I 26.40 38.78 21.16 31.05 32.63 

2 39.16 36.99 37.12 36.77 37.21 2 27.95 44.22 33.42 28.71 29.71 
3 36.00 40.08 40.35 36.16 34.37 3 29.28 42.79 43.13 29.27 29.35 
4 32.89 30.98 31.02 31.46 31.04 4 31.23 34.07 34.08 31.56 31.73 
5 31.48 26.12 26.58 29.76 29.32 5 27.63 26.37 27.50 29.10 28.52 
6 33.16 30.11 30.10 30.79 30.05 6 29.66 29.05 29.69 31.03 31.55 
7 I 35.13 33.04 32.95 34.21 34.84 7 30.12 33.25 33.35 34.19 34.28 
8 I 37.12 37.03 36.86 38.48 38.77 8 35.90 35.39 35.39 34.33 35.70 
9 I 40.78 42.43 42.55 41.41 42.68 9 38.64 40.10 40.17 40.70 40.71 

10 \40.18 41.08 41.17 39.57 41.30 10 39.31 45.50 45.85 38.38 38.86 
11 36.64 49.65 49.36 38.52 40.30 11 41.21 40.73 42.09 41.37 41.08 
12 33 85 45.03 45.04 34.25 35.41 12 41.75 52.80 52.76 42.41 44.06 

1962: 1 . 1966: 
1 
2 

36.23
I 33.34 

35.60 
32.47 

25.89 
32.47 

32.15 
34.39 

32.53 
33.93 

1 
2 

37.99 
41.68 

48.41 
40.16 

34.03 
40.21 

40.91 
37.63 

42.20 
38.90 

3 I 31.41 21.04 20.51 31.57 31.93 '3 42.63 47.76 47.85 46.69 42.79 
4 
5 

I 31.03
I 27.27 

26.81 
20.54 

26.84 
21.53 

27.26 
28.21 

27.42 
26.80 

4 
5 

38.60 
32.17 

39.87 
34.68 

39.88 
34.52 

39.69 
32.67 

40.69 
33.69 

6 
7 

127.14 
28.81 

26.71 
31.00 

26.64 
30.80 

25.62 
28.74 

27.69 
29.26 

6 
7 

32.82 
40.53 

37.20 
42.58 

37.37 
42.52 

35.17 
39.41 

35.18 
41.29 

8 
9 

\34.93 
42.11 

37.15 
42.82 

36.83 
42.89 

35.73 
39.22 

35.80 
39.22 

8 
9 

42.11 
47.98 

40.74 
46.04 

40.74 
46.14 

40.49 
46.59 

40.88 
46.48 

10 38.43 40.69 40.71 39.53 38.06 10 43.40 33.29 32.91 40.60 42.42 

11 40.18 24.37 24.89 36.19 35.26 11 46.00 30.66 32.15 47.60 46.11 

12 37.28 27.54 27.48 36.47 34.48 12 40.24 32.62 32.55 41.91 41.71 

1963: 1967: 

I 36.05 36.85 31.62 35.64 35.14 1 34.49 36.20 22.75 34.48 34.13 

2 37.43 36.83 36.74 36.94 35.32 2 31.45 30.02 30.30 29.84 32.92 

3 35.08 32.07 31.70 36.08 35.93 3 32.52 31.99 32.07 32.43 34.26 

4 29.00 32.89 32.93 32.87 32.67 4 26.78 25.87 25.84 27.49 27.66 

5 28.53 30.70 30.18 27.97 28.46 5 26.30 26.55 26.26 25.60 26.70 

6 
7 
8 

29.34I32.48 
34.70 

29.54 
30.23 
36.37 

29.42 
30.36 
36.37 

29.54 
31.68 
36.01 

29.43 
30.58 
35.10 

6 
7 
8 

25.57 
33.03 
29.67 

24.18 
27.52 
26.84 

24.09 
27.62 
27.03 

26.48 
30.38 
29.32 

26.15 
31.51 
29.18 

9 40.25 38.83 38.93 38.51 38.40 9 32.54 28.87 27.79 33.59 34.80 

10 
11 1

38 
. 
00 

38.13 
37.50 
39.71 

36.99 
40.28 

38.50 
36.83 

37.93 
37.08 

10 
11 

28.66 
30.10 

25.69 
29.33 

26.00 
28.90 

30.02 
29.1.4 

29.80 
31.29 

12 37.76 32.70 32.63 36.35 36.22 12 32.00 33.42 22.23 29.99 29.60 

1964: 1968: 
1 39.39 40.57 27.98 36.27 35.93 I 30.98 37.80 19.8 I 31.17 31.81 
2 32.40 34.24 34.10 37.26 36.34 2 27.82 26.36 26.35 27.61 26.93 

3 1 32.93 19.48 39.32 31.89 32.63 3 30.05 23.11 22.3 I 30.15 28.90 

4 
5 
6 

29.36

! 28.08 
30.09 

30.54 
37.27 
30.72 

30.56 
35.57 
30.47 

30.82 
28.27 
29.24 

30.64 
28.88 
30.06 

4 
5 
6 

28.68 
25.93 
31.60 

27.07 
25.73 
32.53 

27.03 
26.03 
32.50 

26.99 
26.42 
31. 16 

26.99 
26.55 
32.18 

7 ! 32.91 32.72 32.63 32.72 30.75 7 36.36 38.74 38.89 39.87 38.58 
8 38 33 36.30 36.24 35.91. 35.28 8 37.38 39.00 39.12 38.15 38.27 

9 1 .36.50 38.27 38.42 41.52 39.58 9 50.85 47.42 47.41 45.18 44.70 

10 36 57 36.45 36.07 36.19 36.33 10 38.52 43.76 43.70 43.96 37.62 

II 1 .33.08 38.37 38.59 36.07 35.30 11 42.74 49.70 50.27 44.57 41.41 

12 31.05 38.37 38.33 33.41 34.31 12 46.76 49.68 49.61 45.72 44.06 

Continued 
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Table 4-Actual and predicted monthly sheil egg prices, 1961-71 -Continued 

Prices predicted from models Prices predicted from models 
Year and Actual YpJ.r and Actual 
month prices' month prices' 

M-I IM-Il IM-ml M-IV M-l IM-ll IM-1I11 M-IV 

Cents/dozen 	 Cents/dozen 
1969: 

1 47.25 49.64 37.36 44.71 42.96 7 40.48 57.43 57.10 48.37 48.71 
2 39.92 40.87 40.80 42.39 45.90 8 38.88 46.42 46.60 44.94 46.75 
3 41.12 43.36 43.30 41.82 40.83 9 44.64 58.04 57.96 51.54 53.50 
4 38.74 38.08 38.05 38.05 37.35 10 35.30 39.16 39.89 38.64 33.76 
5 32.21 30.74 31.09 31.69 30.73 11 38.45 62.42 61.80 43.67 39.95 
6 33.98 36.43 36.33 34.58 34.23 12 41.67 48.32 48.24 43.51 42.36 
7 45.95 46.47 46.42 44.16 44.24 i971: 
8 42.07 43.55 42.66 43.63 42.14 1 38.55 48.42 33.50 40.L6 39.57 
9 47.45 53.26 53.26 50.41 48.92 2 34.47 33.74 33.98 32.43 32.09 

10 45.89 45.71 46.02 42.20 46.65 3 34.07 48.76 49.16 38.73 38.90 
11 58.16 61.83 61.64 56.01 58.66 4 33.73 34.41 34.32 33.00 34.27 
12 58.52 58.14 64.51 58.63 59.29 5 29.48 40.44 38.68 28.81 29.71 

1970: 6 30.32 43.23 42.71 36.98 38.12 
I 59.75 56.86 40.90 52.58 51.77 7 33.65 53.35 53.14 45.56 48.52 
2 50.18 39.38 39.54 45.39 45.90 8 35.38 45.10 45.36 41.90 45.79 
3 46.71 53.86 54.33 50.65 50.88 9 33.61 58.49 58.42 50.16 54.79 
4 36.20 37.06 37.01 39.33 37.30 LO 33.28 59.40 61.58 37.02 34.27 
5 31.85 31.26 20.95 29.73 28.84 11 34.50 73.38 72.93 43.01 41.00 
6 34.82 38.57 38.42 35.51 35.45 12 37.25 88.57 46.60 49.4488.51 

1 Simple average of Olicago daily cash prices, prices paid delivered, 80-percent grade A large white eggs. 

Table 5 ··Actual and predicted monthLy production of shell egg, eggs per layer, and eggs used for hatching, 1961-71 

Egg~ used lor f 	 ['!!!!S used fQrProduction of shell Cf4"hateinn!, hatching 
Ycar amI ~. 	 ----r 

month Intal Per layer i , month ' Tutal Pcr layer 

, , ~ + •..J Actual IPredicted 


L Yc~r Jnd I 	
I 

i . + Actual, Predicted t­A~tual : Prcd.t:lcd Adu,,1 f PrCdl<'lcd ; : - i Adual . Predlttc,; Actual' PredIcted+. ~ __ . .._~ __--.:...-_ ... ......L._ ..L­

Mili/lIlldfJ;('1/ Number ,~1lI1l(1II doz(,11 11111/l1/1 dtJz(,1I Number /lItifrOIl dozen 

1961; 

I 431.511 42'1.17 If> 'IS 16.74 25 3 24.0 . 41" Hi 4JliAI hIli Ili.4t1 21 II 
:1 ,410.42 401Ul5 1634 16.23 340 32.0 : " 421 ~ i oj II} ',,1 I'. ,,, I i.h1 20.1 
3 ,477113 477.1!! 19.24 1'1.12 37.0 31>2 I 'J ; 4olJ.5U 411, XI! /C,Ah ](,.44 21 ~ 
4 : 464.92 467.4\ 19112 19.10 34.5 33.9 , ](1 i 42650 42S.61\ 1r.7'! III 7'1 210 

467.113 47S.37 II) .'i~ 19.61 26l! 2(,2 I' II 421 ('f 41U .. 19 1611 Ib,43 21 3 
.432.67 43KIl IIU) 18.1, 242 2.1(' I. 12 14412

'; 
44S,44 17.1)7 1110 23.6 

423.25 42-161 Ill.I'i 111.14 215 20ll 1963: 

41111) 412.12 17. 1'J 17 14 I H 1 I H S I 1426.1~ 444.6J 17.1111 17.34 232 24.6 


') 3%.42 Wid? lid ~ Ih 22 Jld I" '\ '404 Oil 410.2li 15.')4 I fl.17 29.'1 31 (, 
10 417.92 4!"u4 11>4' If.41 Ili4 11", r 475.67 47409 Iti}l<; I'J.WI )4 (l .14 (, 
II 411)(1041"'/- I/,Ix 11..t' 1')'1 2(1) ~472.92 467.63 19.116 IS'll{ n.6 Dll 
12 444.1< 43'1.<I~ Ill.'!" \{.'J4 2~! 222 472.92 -1711 06 1<)65 I <J.b!! 27 1 ..,1l' .•i 

1961 	 (, 4403 447.47 IX'i'i 111,7 24.5 25/) 

I 44(dlll 44f.lJk l? 26 7 431/.15 4.~<).21J IliA(, Ill,44 22.3 232I: " 	 1 
4j('4~ .~~o l~ 1ft I ~ I" lit X 1427.15 427.32 17.76 11.75- 202 211 

l 4ln'ili 4X, 34 1'!.I1l ,./.," I) : 410.25 41400 1664 16.6!! 11 J 216 
4 47411H -177,,7 i ~J 110 il} n.' 10 ,•429.17 431.49 17.01 1700 21.7 219 

41l0.5k 4!!~.·J4 ['I7! I'll,; II 421J)0 42S.611 16.6 7 16.61 22 '1 12 h 

6 44'-51\ 44k 74 IIIS'I \11 ,'I 11 !4450H 447.02 l7,l6 17411 2.1.4 ~4l 

C'ontinucu 
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Table 5 -Actual and predicted monthly production of shell eggs, eggs per layer, and eggs used for hatching, 1961-71-Continued 

Eggs used for I Eggs used for Production of shell eggs Production of shell Cl*S ,hatching hatching 
Year and 
month , Total 

!Actual IPredicted 

Per layer 

Actualj Predicted 
Actual Predicted 

Ycm ,md 
month 

~-·------T~ ----~-~.--

r~:::1::~:c~=-T(lIal _4~_~:r~~yC~~ .. 

Actual !Pre~lCted , AClua;rPrCdiCled j 
Million dozen Number Millioll dozen MIII/oII dozen Number Million dozen 

1964: 196B: 
I ,450.17 449.70 17.57 17.51 25.0 25.4 I 498.00 494.51 18.31 18.29 28.3 27.4 
2 i 438.42 419.65 17.27 16.61 31.4 32.0 2 471.00 465.27 17.44 17.08 33.0 32.9 
3 (486.00 486.41 19.26 19.27 33.0 32.7 3 513.00 513.28 19.15 1.9.25 34.1 34.5 
4 
5 r75 

. 

92 
485.33 

475.48 
479.83 

19.10 
19.74 

19.(14 
19,71 

32.6 
27.7 

33.2 
28.4 

4 
5 

498.00 
507.00 

502.56 
511.30 

18.88 
19.46 

18.93 
19.59 

35.2 
32.4 

35.4 
32.6 

6 454.33 452.69 18.71 18.70 25.6 26.3 6 477.00 476.98 18.60 18.56 30.9 30.9 
7 ,448.83 451,18 18.56 18.63 23.4 24.5 7 483.00 479.90 18.88 18.81 29.5 30.0 
8 1436.67 437.03 17.87 17.90 21.4 22.3 8 147 1.00 471.16 18.37 18.44 26.4 27.0 
9 423.58 422.04 16.90 16.83 22.3 23.1 9 1453.00 455.27 17.47 17.50 27.8 28.5 

10 
11 

442.42 
434.08 

441.83 
436.60 

17.29 
16.80 

17.28 
16.85 

22.0 
23.1 

22.8 
23.7 

10 
II 

J 471.00 
!459.00 

470.04 
460.82 

18.01 
17.41 

17.98 
17.42 

28.3 
28.9 

29.1 
29.5 

12 458.75 456.17 17.64 17.50 24.5 25.0 12 1474.00 481.47 17.97 18.02 29.9 31.1 
1965: 1969: 

I 469.00 462.89 18.15 17.90 24.8 25.2 1 477.00 482.03 18.06 18.11 29.3 30.1 
2 429.08 434.82 16.84 17.06 30.5 31.4 2 441.00 438.34 16.79 16.83 35.3 35.6 
3 482.42 485.28 19.12 19.17 32.7 33.2 3 498.00 497.32 19.16 19.09 36.1 36.1 
4 473.17 473.12 18.96 18.98 33.8 34.0 4 489.00 488.51 18.84 18.91 37.2 37.3 
5 488.00 482.53 19.74 19.62 30.1 29.9 5 507.00 506.00 19.62 19.58 34.4 35.2 
6 460.42 454.46 18.74 18.74 28.3 27.8 6 480.00 478.51 18.69 18.77 32.7 33.4 
7 457.92 456.73 18.72 18.72 25.9 25.9 7 483.00 484.22 18.87 18.75 31.2 31.5 
8 1445.17 448.42 18.11 18.11 23.7 23.1 8 ! 477.00 474.92 18.51 18.49 29.7 30.2 
9 1428.67 431.87 17.13 17.11 24.6 24.4 9 i 459.00 460.57 17.64 17.69 30.4 31.0 

10 i 446.00 445.03 17.55 17.53 24.5 24.2 10 477.00 480.47 18.16 18.18 31.0 30.9 
11 i437.08 440.93 17.04 17.06 26.0 25.6 II 468.00 467.54 17.53 17.54 32.4 32.2 
12 1457.42 454.15 17.76 17.73 28.0 27.4 12 489.00 485.68 18.12 18.U 34.5 34.2 

1966: 1970: 
1 J458.83 457.81 17.92 18.00 27.3 27.4 1 492.00 492.33 18.12 18.24 33.0 32.4 
2 419.33 424.51 16.51 16.83 33.1 34.1 2 447.00 457.51 16.53 16.85 39.4 37.8 
3 1479.58 479.17 19.01 19.08 35.9 36.4 3 504.00 505.90 18.83 19.02 39.8 36.9 
4 ,473.17 470.52 18.94 18.93 36.7 36.9 4 495.00 499.00 18.56 18.80 39.9 37.9 
5 1485.00 483.49 19.64 19.62 33.0 32.3 5 507.00 520.70 19.23 19.39 37.0 35.5 
6 458.08 453.13 i8.70 18.67 30.8 30.1 6 483.00 487.17 18.34 18.39 34.4 33.9 
7 456.83 454.96 18.68 18.76 28.4 27.4 7 489.00 485.93 18.68 18.75 31.0 32.8 
8 450.75 448.31 18.17 18.13 27.2 25.9 8 486.00 478.10 18.42 18.38 28.8 28.1 
9 442.75 434.63 17.34 17.22 28.3 26.6 9 471.00 466.91 17.56 17.64 29.5 29.5 

10 466.67 462.60 17.79 17.77 27.2 26.2 10 492.00 501.36 18.06 18.16 30.8 31.1 
11 462.50 457.66 17.32 17.26 27.7 27.5 11 483.00 477.41 17.57 17.76 32.1 31. 7 
12 486.42 483.47 18.02 18.00 29.1 28.6 12 510.00 508.14 18.31 18.11 34.3 32.9 

1967: 1971; 
I 492.33 493.27 18.32 18.26 28.9 27.8 I 513.00 515.93 18.52 18.42 30.7 30.8 
2 
3 

450.33 
!509.17 

457.46 
507.12 

16.96 
19.31 

17.13 
L9.16 

35.3 
35.6 

32.7 
34.3 

2 
3 

465.00 
519.00 

478.18 
518.74 

17.02 
19.14 

17.14 
19.11 

36.7 
37.8 

35.2 
35.1 

4 ,498.83 497.91 19.09 18.99 35.6 34.6 4 504.00 509.87 18.76 18.86 38.1 36.4 
5 510.00 506.91 19.72 19.73 32.1 31.1 5 519.00 522.66 19.50 19.54 35.0 36.1 
6 i 483.67 483.50 18.83 18.80 30.2 29.4 6 495.00 491.40 18.80 18.72 33.0 34.9 
7 ; 488.17 489.21 19.04 18.92 29.4 28.4 7 501.00 505.10 19.09 19.14 32.6 34.0 
8 1481.50 484.42 18.58 i8.53 25.9 25.2 8 495.00 493.96 18.77 18.82 29.2 29.7 
9 ,466.17 465.72 17.63 17.67 26.2 25.6 9 477.00 478.36 18.02 18.03 29.0 3 \.5 

10 
II 

485.92 
i474.67 

486.40 
470.30 

18.04 
17.46 

18.07 
17.46 

26.2 
26.6 

25.9 
26.3 

10 
II 

499.00 
493.08 

498.04 
479.84 

18.60 
18.11 

18.62 
17.90 

30.0 
31.7 

3 \.9 
32.7 

12 ; 495.17 499.26 18.09 18.11 28.8 28.0 12 514.00 50 I.76 18.79 18.64 33.3 
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Table 6-Actual and predicted eggs used for breaking during the month, 1961-71 

Eggs used for breaking Eggs used for breaking Eggs used for breaking 

Year and Predicted from Year and Predicted from Year and Predicted from 
month 

Actual models month 
Actual models month 

Actual models 

M-I I M-ll M-I I M-II M-I I M-IJ 

Million dozen Millioll dozen Million dozen 

1961: 1965: 1969: 
1 
2 I 23.77 

34.26 
18.41 
30.52 

20.75 
30.61 

1 
2 

35.39 
38.99 

35.31 
38.29 

34.82 
38.48 

1 
2 

26.73 
29.04 

35.43 
26.48 

29.11 
26.33 

3 52.26 51.36 51.60 3 50.18 38.13 48.31 3 32.55 33.62 33.66 
4 
5 
6 I

57.36 
75.27 

! 70.76 

59.38 
73.88 
72.14 

59.34 
74.57 
72.06 

4 
5 
6 

44.92 
55.07 
63.13 

~2.16 
50.39 
62.34 

52.16 
59.92 
63.11 

4 
5 
6 

44.13 
56.91 
60.75 

44.13 
44.04 
58.34 

44.18 
53.66 
58.27 

7 42.31 44.20 44.26 7 49.62 49.14 49.19 7 49.47 48.20 48.15 
8 31.77 29.95 30.15 8 37.62 40.57 40.54 8 42.57 39.44 40.46 
9 23.15 20.66 20.63 9 29.68 30.22 30,20 9 35.79 33.52 33.48 

10 24.02 21.54 21.73 10 24.93 31.54 31.95 10 42.12 39.87 50.17 
11 ! 23.70 19.40 19.07 11 24.57 23.68 23.75 11 30.84 33.11 32.69 
12 i 23.57 29.30 29.32 12 23.45 28.43 28.42 12 35.46 33.38 35.48 

1962: 
1 ! 24.37 30.30 31.19 

1966: 
I 26.74 30.86 28.65 

1970: 
I 37.38 42.24 36.73 

2 28.13 32.38 32.30 2 24.81 28.47 28.48 2 38.79 34.22 34.38 
3 47.08 49.06 48.89 3 36.34 34.08 34.16 3 44.07 37.50 37.76 
4 57.07 61.96 61'.94 4 48.26 45.90 45.90 4 50.13 43.92 43.99 
5 76.64 71.53 72.95 5 59.11 50.69 60.89 5 57.78 47.78 56.56 
6 77.04 73.47 73.35 6 62.75 60.44 60.51 6 64.26 57.40 57.01 
7 55.53 49.68 51.70 7 44.99 44.86 44.89 7 53.10 45.11 44.98 
8 
9 

I 
I 
r 

37.15 
24.44 

31.97 
24.21 

32.34 
24.15 

8 
9 

34.91 
30.79 

36.31 
28.49 

36.30 
28.48 

8 
9 

48.18 
44.73 

38.15 
35.49 

37.90 
35.41 

10 ! 21.12 23.25 23.35 10 31.03 29.59 29.10 10 48.63 47.49 48.21 
11 
12 

1963: I 17.52 
16.01 

i 

22.87 
14.80 

22.95 
14.76 

11 
12 

1967: 

33.58 
38.65 

30.17 
31.55 

29.51 
31.61 

11 
12 

1971 : 

40.05 
44.04 

37.63 
40.28 

37.19 
40.23 

I 1 19.51 25.18 23.23 1 43.86 47.69 44.29 I 45.87 49.62 42.39 
2 22.10 26.42 26.22 2 45.44 44.66 44.97 2 42.50 42.24 44.31 
3 
4 
5 

40.00 
60.46 
74.03 

40.19 
55.44 
74.68 

40.09 
55.42 
73.95 I 

3 
4 
5 

53.38 
58.70 
68.63 

52.46 
57.21 
59.50 

52.56 
57.26 
66.87 

3 
4 
5 

54.96 
54.27 
56.37 

41.44 
45.16 
48.63 

41.69 
45.27 
58.10 

6 63.91 70.86 70.67 6 70.30 68.68 68.62 6 63.90 54.50 54.06 
7 45.79 46.87 46.99 7 57.06 62.18 62.03 7 48.99 50.12 49.95 
8 35.25 35.06 35.17 8 53.82 55.13 54.88 8 46.71 41.90 41.55 
9 23.33 26.58 26.56 9 43.76 44.39 44.33 9 47.70 36.33 36.29 

10 21.76 21.72 21.23 10 42.27 40.97 41.28 10 48.45 56.97 59.27 
11 lS.S8 20.81 20.90 11 38.07 38.36 38.04 11 48.03 35.87 35.51 
12 20.81 17.05 17.01 12 33.59 36.29 32.56 12 43.29 62.27 62.31 

1964: 1968: 
1 21.23 2S.93 28.12 I 38.42 44.42 40.64 
2 34.62 35.41 27.97 2 39.89 41.82 41.75 
3 46.88 49.18 49.16 3 47.98 48.38 48.39 
4 64.61 56.41 56.41 4 52.05 55.Q3 55.09 
5 I 73.83 66.63 75.51 5 59.79 52.75 60.79 
6 
7 

I 

I 
I 

71.22 
51.14 

69.84 
5].91 

69.50 
51.88 

6 
7 

57.72 
52.67 

61.47 
49.34 

61.49 
49.37 

8 
9 

10 
11 

j31.l7
26.72

I27.7625.09 

37.31 
26.79 
25.36 
25.53 

37.36 
26.81 
24.99 
25.47 

8 
9 

10 
11 

44.33 
31.98 
33.53 
30.21 

42.73 
34.83 
34.93 
29.11 

42.55 
34.79 
34.84 
29.21 

12 26.79 25.41 25.49 12 25.32 31.05 31.01 
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