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Highlights

The principal contribution of this bulletin is the presentation of
detaile(? analyses of the major factors that aflect the demand for
and supply of eggs in the United States and the quantification in a
statistical moedel of the relationships among those factors.
Analysis of the factors that influence the supply of eggs indicates
that the supply of eggs in & calendar year is influenced by price
movements within the sams period through two methods of adjust-
ment under the control of producers—chick repiacements and layers
sold and consumed on farms where produced. If the egg-feed ratio
in the first half of the year when producers are starting chicks for
future flock replacement is lower than the ratio for the correspond-
ing period in the previous year, producers generaily start fewer
replacements. I{ the egg-feed ratio is higher than a year earlier,
they tend to increase the number of chicks started for flock replace-
ment. The number of layers sold and consumed on farms where
produced is related to the egg-feed ratio prevailing in that year as
well as to the number of potential layers on farms on January 1.
When the egg-feed ratio is above the previous year, the number of
layers sold and consumed on farms where produced is less than
when the egg-feed rei’s in the current year is below the ratio in
the previous year. Th's indicates an interaction between demand and
supply within the 12-month span of January through December.
he interaction between the supply of eggs and the price of eggs
leads to the formulntion of 11 structural equations fo explain the
major relationships in the egg industry—2 demand, 2 supply, & price
level, o stornge, and 4 identity equations. Based on data for the
years 1931-54, excluding the war years 1942-45, demand and supply
coefficients are statistically obtained by the method of limited in-
formation, which allows for the simultaneous relationships in the
egg industry, and by the method of least squares. Coeflicients ob-
tzsined by fitting demand relationships by the simultaneous approach
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differed more from the least squares resuits for the comparable de-
mand relationships than did coefficients obtained for the supply
relationships,

Measures of the elasticity of demand with respect to the price of
eggs during the period studied ranged from —0.U9 to —1.96. Larger
demand elusticities were obtalned from the equations fitted by the
limited information method than by the least squares method.
Based on the most statistically sigmificant coefficient, a 1-percent
change in the retall price of eggs, on the average, would be asso-
clated inversely with about a —U4 percent change in the per capita
consumption of eggs, ufter allowing for the effect of other economic
factors. Te increase per capita consumption by 1 percent requires
a price concession at the retail level of about 2.5 percent, with an
accompanying decline in consumers’ expenditures for eggs. An
elasticity of demand with respect to the price of eggs of ~0.4 com-
pares closely with the average of estimates derived in time series
studies by other researchers. Estimates of demand elasticity in those
studies ranged from — 0.3 to — 1.3, with an average for all the studies
being about — 0.3 to —0.6.

A measure of the elasticity of demand with respect to the price of
eggs also was obtained from household expenditure data. Using
pooled 1935 and 1942 survey data for urban househelds, a demand
elasticity with respect to price of —1.5 was obtained. This measure
is a great deal lugher than the results obtained from time series
data. We would expect a higher elasticity, however, because the
variation in the price of eggs umong income classes, especially for
urban households, is due mainly to variations in the grade and size
of eges used. The price effect on consumption in a pooled cross
section study mainly reflects this influence.

None of the demand equations fitted to time series data gave an
elasticity of demand with respect to income that differed signifi-
cantly from zero when tested at the 10-percent level of statistical
probability. Difficulty in obtaining a statistically significant income
response from time series analysis appears to be due to the high
degree of interrelationship among income, the price of eggs at re-
tail, and the general price level. In addition, the per capita con-
swuption of eggs has declined yearly from 1951 while income per
capita has risen.

Duged on the income elasticities that were larger than their stand-
ard errors but did not differ significantly from zero at the 10-per-
cent probability level, the elusticity of demand with respect to in-
come derived from time series analysis probably falls within a range
of zero to 0.2, after allowing for the effect of other economic fac-
tors. This range compares with an income elasticity obtained from
cross-section dafa for all urbanizations in the spring of 1835 of 0.02,
which ditlered significantly from zero at the 3-percent probability
level. In addition, an elasticity of demand with respect to income
of 0.18, statistically signiiicant at the 5-percent Jeve] of probability,
was obtained from poocled cross-section data for urban households
in 1935 and 1942, Although measures of income elasticities ob-
tained from cross-section data tend to be smaller than measures
{from time series data, it appears reasonable to assume from the
analyses presented in this bulletin that the elasticity of demand with
respect to income for eggs for the period 1931-41 plus 1946-54 1s
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very low, perhaps in the neighborhood of 0.1. This would imply
that if income per person increased about 10-percent, and the price
of eggs and other variables remained unchanged, egg consumption
per person would rise about I-percent,

Other researchers have estimated elasticities of demand with re-
spect to income ranging from 0.3 to 1.1, values substantially larger
than those obtained in the analyses presented in this study. Part
of the differences in income elasticifies obtained in other analyses
and the income elasticities obfained in this study arises from the
different time periods used. Only 2 of the 13 analyses by other
researchers included observations more recent than 1941: tlhose two
covered the period 1921-50. Intuitively, we cxpect that income
elasticity would be greater in the pre-World War IT period when
income levels were much lower than in the wvost-World War IT
period. As the analyses in this bulletin included both pre- and
post-World War II periods, we would expect a lower income elas-
ticity than those obtained for pre-World War II analyses.

Measures of the elasticity of supply with respect to the price of
eggs were not derived in this analysis because production responses
were formulated with respect to the ratio of the farm price of eggs
to the price of poultry ration. It was possible, however, to derive
estimates of the elasticity of supply with respect to the price of
poultry ration. These estimates indicate that for the period 193141
plus 1946-54 the relationship between changes in the price of poultry
ration and the quantity of eggs produced was zero to —0.3.

Elasticities of supply of pullets raised with respect to the January-
June average ega-feed ratio and of layers sold with respect to the
annual average egg-feed ratio were obtained for the years 1931-54
(excluding 1942-1945). On the average, a 1-percent increase in
the January-June average egg-feed ratio is associated with about a
0.4-percent increase in the number of pullets raised. A l-percent
Increase in the annual average egg-feed ratio is associated, on the
average, with o 0.4- to a 0.7-percent decrease in the number of layers
sold and consumed on farms where produced.

In the studies of supply response by other researchers, presented
in table 5, no supply elasticities were obtained that differed signifi-
cantly from zero at the 10-percent level of probobility. ITowever,
based on elasticities whose values were larger than their respective
standard errors, it appears that in about two-thirds of the time we
conld expect between a zero to 0.4-percent increase in production
following a I-percent increase in the average price received by
farmers for egps. No conclusions from those studies can be made
abent the magnitude of the elasticity of supply with respect to the
price of feed becuuse either data to establish error ranges were nof
given or else the standard errors were larger than their regression
coeflicients,

Mensures of long-run supply elasticities {hat are 10 times greater
than the comparable short-run elasticities ave reported in the siudy
by Tisher (74).) Some caution is warranted, however, in consid-
ering short-run versus long-run relationships in the egr industry.
The two measures differ, depending upon the period of time necded
for an industry to adjust from a given level of produetion to some

* Italic numbers In parentheses refer to Literature Cited, page 130.
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desired long-run equilibrium level. If a complete adjustment is
made In one time period, the short-run and long-run elasticities
would be equal. The long-run elasticity exceeds the short-run elas-
ticity when more than one time period is required to adjust to the
long-run equilibrium level. As producers can adjust so rapidly in
the egg industry, it seems unlikely that the long-run elasticity would
be so ﬁéﬁ'erent from the adjustment producers can make in one year
to a price change, except in response to 2 price increase that might
encourage expansion beyond the existing capacity of the industry.

Equations fitted by both the simultaneous and least squares ap-
proaches, as well as alternative formulations, were used to forecast
values of variables in the egg industry beyond the years for which
the equations were fitted. Based on a comparison of the simultane-
ously estimated reduced form equations with the least squares strue-
tural equations, better estimates of the annual quantity variables
{domestic egg conswmption, farm ege production, average number
of layerson farms, and number of Iayers scld) appear to be ob-
tained from the simultanecus approach. Buat betfer estimates of
the January-June quantity variagles (domestic egg consumption,
January-June, and net into-storage movement, January-June} and
the price variables {annual retail price, annual farm price, average
January-June retail price, and average Januavy-June farm price)
appear to be obtained by the least squares structural equations.

The stmultanecusly estimated reduced form equations express the
varizble to be estimated as an algebraically derived weighted sum
of the variables in & model that are taken as known. 1o making
the algebraic transformation to the reduced form eguations, the co-
efficients obtained from ftting each structural equation by the
method of limited information are used. Consequently, the reduced
form equation contains more variables than sppear in a structural
equation. For example, the estimated values of egg consumption
{presented in table 26) based on the simultaneous approach reduced
form equations for model IT of the egg industry are a weighted sum
of 18 variables while the estimates from the Jeast squares structural
squations are based directly on the three variables specified as known
in the least sguares structural relationship. Other comparisons that
can be made are discussed on page 95 and some indication of the
results of those comparisons are made.

Introduction

This bulletin discusses the principal economic forces that affect
the demand for and supply of eggs and quantifies these forces in a
statistical model so that estimates of the effect on price of variations
in the factors affecting demand and supply can be obtained. Such
estimates aid producers and marketers of food in estimating price
trends and future income, so that necessary decisions regarding pro-
duction and marketing can be made.

In the years 1948-57, the value of cash receipts from farming and
the value of Lome consumption of eggs on farms where produced
averaged $2.0 billion for the country as a whole, & value equaled or
exceeded only by cotton lint ($2.3 billion), hogs ($3.6 billion), dairy
products ($4.8 billion), and cattle and calves ($5.7 billion). In
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these years, year-to-year variation in gross income from eggs aver-
aged $0.2 Lillion.

Yarlation 1 gross income from eggs reflects changes in the aver-
age price recelved by farmers and in the quantity of eggs produced.
For the 10 years under consideration, tlie average price was 41.6
cents per dozen, and the average year-to-year chunge in price waus
5.7 cents. Production from farm flocks during this perivd averaged
584 billion eggs annually, with an averuge year-to-year clhange of
1.0 billion eggs. [

The custuwary technique for obtaining measures of the relation-
ship between price and consumption on the demand side, and price
and supply on the supply side of a market, has been the use of
single-equation least squures regression analysis. In the lust 10 to
15 years, however, the picuneering work of Hauvelmo, and the subse-
quent elaboration by staff members of the Cowles Conunission for
Research in Iiconomics [see, for example, (48) and (29)], has
pomnted out that under certuin conditions, which miay here De in-
adequately grouped into the term “simultanelty,” single-equation
least squares regression analysis may not give unbiased estimates
of the structural coeflicients in economic models. 1f simultaneity of
certain types is present, a system of simultaneous equations should
be used to obtain estimates of the coeflicients in the economic model.
There is some agreenient, however, that the single-equation analysis
may serve satistactorily as a forecusting model for a single variable
when it is known, or can be assumed, that siructural relations have
not changed. Comparisons of forecasted values for several variables
in the egg industry from both the simultaneous approach and the
single-equation least squares method are discussed on pages 86 to 96.

L'he reasons for specifying a simultaneous model are well known
to econometricians; nevertheless, to the investigator of a particular
economic problem, the extent to which simultaneous relationships are
involved in the economic structure being studied is not always read-
ily apparent. Investigators of the demand for eggs in the United
States have used both single-equation and multl-equation models.
Fox (1) fitted a single-equation model, Cromarty (/2) simultane-
ously fitted demand and supply equations, and Judge (25), Nordin,
Judge, and Walby (37), and Fisher (74) fitted both single-equa-
tion and multi-equation models. Mensurements of demand and
supply elasticities from these studies are given on page 81.

. 1.4, Major Relationships in the Egg Economy

The major economic relationships and variables that constifute the
egg economy are shown in figure 1. Xtems that represent physical
guantities are shown in boxes; factors representing price and value
appear in circles. The solid lines connecting the various items indi-
cate the more important factors; the broken lines indicate faciors
that are relatively minor or operate only occasionally. Arrows indi-
cate the principal directions of influence of each factor. Double-
pointed arrows indicate factors that are believed to be simultane-
ously related. The symbols in some of the boxes and circles refer
to the variables listed on pages 62 and 63, and to the equations
listed on page 84. Not all the factors that appear in the diagram
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are in the equations because of limitation of data and the require-
ment that economic models be statistically manageable.

In the diagram, simultaneous relationships are indicated between
price and consumption. In turn, consumption is closely tied to
production; annual differences in end-of-year storage, exports, and
hatching requirements are of minor importance in the distribution
of egyus (talle 1). Approximately 96 percent of ege production
during the years 1009-40 was consumed domestically as food. In
the subsequent pericd 1941-56, the proportion consumed as food by
United States civilians and by our Armed Forres was 91 percent.
Excluding those eggs which were consumed by the military either
in this country or overseas, 88 percent of egg production was con-
sumed domestically as food in either shell or processed form.

Use of liquid, frozen, and dried eggs, however, is relatively small
except during periods of war Based on data available since 1938,
liquid, frozen, and dried egg production, converted to shell equiva-
lent, ranged from 3 percent to a high of 23 percent of total shell
egg production. IHowever, per capita use of processed eggs varied
from 3 percent to T percent of per capita civilian egg conswmption
of both shell and processed eggs (table 2} as a large part of liguid,
frozen, and dried egg production in the war years was shipped
abroad or used by the military. Consumption of eges in shell form
by final consumers, therefore, is the major outlet for our egg
production.
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Tavre 1.—Eggs:

Supply and distribution, 1909-58

Supply Distribution
Domestic disappearance
Begin- Com- USDA
Year ning Ending | mereinl | Used net .
Produc- conl- Im- Total com- [ experts for pur- - Civilian
tion 1" [ ‘mereial | ports 3 mercind and hateh- | chases Mili-
stocks 2 stocks 2 | ship- ing for tary
ments 4 export Total Per
capita 8
Million ; Milkion. | Million | Miltion | Mallwon' | Million | Million | Million | Million | Million
dozen dozen dozen dozen dozen dozen dozen dozen dozen dozen | Number
1909 e 2,819 |cem e 2,319 oL 5 106 ool 2, 208 203
1910 e 2,475 [ana.. 3 2,478 (Lo _o_.. 0 106 [ecmomoofomccanns 2, 356 300
A T DR | 2,095 (oo T 5| 2,700 [ 13 RT3 R 2, 575 329
R S S SN 2,594 oL ._._ 8 2 602 | .. . .. 19 109 | [emaoael 2, 474 312
B R I 2,876 foceaoL 102,587 | .. 18 112 | fenianoos 2, 457 303
B ) S 2,857 Ve 19 2, YL 2 21 YI6 Joo il 2,439 295
1916 oL 9741 |20l 17.( 2,758 | 22 104 ||l 2, 622 313
1006 . 2, 640 45 26 2,711 30 28 )15 1 S O S 2, 542 299
10L7 2, 539 30 40 | 2, 609 52 20 13 ool 2, 424 281
I8 e e 9 B07 52 290 | 92, 648 30 21 120 (oo - s 2, 477 284
1000 e 2, 796 30 49 2, 875 63 39 j B RN ORI PR 2, 65 303
10200l 2 722 63 50 | 2,835 35 27 116 |oommce e 2, 657 299
1020 i 2 823 35 52 2,910 43 33 125 oo 2, 709 300
1022 e 3 025 43 54 |. 3, 122 59 35 D O SRR S 2,897 316
1028, L. 3, 208 59 31| 3 298 85 31 136 |accmi o fuemes 3, 046 326
1924 R = T 11 85 41| 3,297 50 28 136 ool ool 3, 083 324
1925 v ememamnmanmnnen| 3, 205 50 581 3,313 79 25 139 Jomoo o iaaaiaas 3, 070 318
1926 U I T R N A R | 79 53 3, 5406 01 27 TG fonce e s 3,312 339
1027 e 3, 541 Gl 36 3, 638 GG 29 151 1o [eianaana 3, 392 342
1928 i 3, 544 66 35 3, 645 89 20 139 | e e 3,397 338
1929 v e e 3 476 89 53 | 3,018 66 12 M7 |l 3 393 334

8
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1930 e oo 3, 581 66 44 | 3,691 125
1931 oo Il - s ..| 3,532 125 34 | 8, 691 109
1932 s 3,327 109 10| 3 446 50
1938 s 3, 255 50 9| 3 314 72
1984 LIl 3, 156 72 8| 3, 236 72
1935 i 3, 081 72 22| 8,175 85
19360 -l 3, 166 85 27 | 3278 61
Y937 o o 3,443 61 32 1 3 536 112
1038 s 3, 424 112 6| 3 542 59
1939 oo 3, 561 59 5| 3625 74
19490 . oo 3, 640 74 71 3,721 77
194 L oo 3, 840 77 15 | 3,032 75
19490 LTI TTIIII LI a4, 456 75 3| 4 534 74
1048 e e 5, 000 74 11 5 075 100
194 o e ammnes 5, 366 100 1| 5 467 80
1945 - i ammean 5, 154 80 2| 5 236 61
1046 - i emn 5, 130 61 1] 5192 109
T S 5,077 109 1| 5 187 73
1048 oo 5, 032 73 2| 5 107 72
1049 - 5, 148 72 8| 5 228 5t
1950 - o e 5, 404 53 20 | 5,477 52
195 - oo 5, 322 52 8| 5. 382 63
1052 e 5, 323 63 8| 5 394 54
1953 - o e 5, 307 54 7| 5, 368 38
1954 - e 5, 402 38 4| 5 444 69
1055 o oo iem 5, 404 69 2| 5475 73
1956 - - 5, 479 73 2| 5 554 88
PT1 T S 5, 389 88 1] 5,478 63
1958 - i 5, 360 68 2| 5430 49

19 149
8 135
2 136
2 137
2 122
2 124
2 134
9 115
2 124
3 133
5 129

12 174

13 197

15 238
17 206

17 231

66 179

48 176

40 178

28 202

30 201

39 226

54 218

58 227

64 224

65 228

64 256

50 252

43 287

........

3, 415
3,510
3, 419
3, 484
3, 724
3,797
4, 329
4,375
4, 554
4,705
4717

4,875

4 941
4, 984
4, 928
4,986
5 018
5. 066
5, 025
4, 979

331
333
313
296
289
280
289
308
310
313
319
311
318
347
354
402
379
383
389
383

389
392
390
379
376
371

368

358
349

\ Farm production plus-an allowance for backyard flock production of

pereent, 19575 and 6 percent; 1958.
2 Shell and Trozen eges prior Lo 1943: subsequently includes dried egg holdings.

3 Shell eggs plus the shell equivalent of dried and frozen eggs.
¢ Tueludes shell eges only prior to 1941,

10 percent, 1909-54; 9 percent, 1955; 8 percent, 1956; 7

8 Civilinn per capita only, beginning 1941, Based on population figures not adjusted for underenumeration.
s Includes following stornge losses in million dozen: 1944, 16; 1945, 2; 1048, 4; 1949, 2; and 1950, 1.

7 Includes quantities transferred from USDA stocks for civilian feeding of::19

1049, 703 thousand pounds dried egg (2 million dozen).

48, 21 million pounds dried egg (63 million dozen);

§o0d Hod FYAIOAWIS HOIYd NV ‘X14dAS ‘ANVINEQ
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TasLe 2.—Fggs: Liguid, frozen, and dried production; percentage of
shell egg production; and civilian per capita use, shell and processed,
188858

Liguid, frozen, and dried Civilian per capita use
epr production
Year
Shell equiv- [Percentage of
alent ! shell egy pro- Bhell Processed ?
duction 2
Million dozen| Percent Number Number
1938 .. 119. & . 5 293 17
1939 . L L 176. 2 4 0 204 19
1840 L. 183. 4 5.0 300 19
1043 .. 337 5 8.8 300 11
1942 _ .. 808. 9 18, 2 306 12
1843 . .. a7v. o 18§ 328 19
1944 .. 1,243. 2 23 2 327 27
1945 _ . _____.__ 543. 3 10. 6 379 23
1046 630. 6 12. 3 339 20
o4y . 546. O 10. 8 359 25
1048 L 401. 7 80 a6l 28
1049 . 470. 1 9.1 358 25
1050 . 357. 5 10. 2 304 25
195 L o 318 4 5.9 365 27
1952 . 207. 9 5. B 362 28
1983 ... 320. 5 6 0 394 25
1984 . L. 363, 1 6.7 351 25
1956 ... 353. 3 0.5 346 25
19568 . - 362. 2 6.6 343 25
1957 . .- 369. § 6 ¢ 331 27
1968 _ . . _____ 363. 2 6.8 323 26

1 Converted on the basis of 37.5 pounds of liquid egg obtained per ense of shell
cggs broken prior fo Jan. 1, 1951, and 38.5 pounds for subsequent breaking stock.

? Farm output plus 10 percent of such production to allow for nonfarm egg
pgocsiuction, 1938-54; 9 percent, 1955; 8 percent, 1956; 7 percent, 1957; 6 percent,
1938.

3 Liquid, frozen, and dried egg {egg solids) converted to a shell eguivalent, A
Iarge part of liquid, frozen, and dricg cgg production in the war years was shipped
abroad and is not reflected in per capitu use of processed eggs.

Consumer disposable income 1is not influenced to any great degres
by vuriations in the price, supply, or consumption of eggs. In the
Iast 30 years, the value of retatl expenditures for eggs lvas not been
more than 2 percent of disposable personal income. Therefore, dis-
posable personal income is treated as independent of fluetuations in
the price, supply, or consumption of eggs. Ioopmans (30, p. 131);
however, has pointed out that the exogenous character of consumers
income 1s assumed merely for reasons of exposition. Price and
quantity on any market affect income directly to some extent. Fur-
thermore, the disturbances affecting the market under consideration
may well be correlated with similar disturbances in several other
markets. Together, they may have a considerably larger effect on
consumers’ 1ncome and, therefore, be correlated with the disturbances
of the equation for the market under consideration. In general,
however, when working with highly perishable items such as vggs,
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we can justify treating variables that relate to the general economy
as predetermined.

It appears reasonable to assume that the current price of eggs
does not greatly affect the supply or even the price of any com-
peting product. Of course, as producers vary culling rates because
of changes in profit level, more or less farm chickens are available
for consumption. Flowever, because the level of profits is a function
not only of the price of eggs, but of feed and other variable and
fixed costs, the effect of current egg prices on the supply of farm
chickens for slaughter is small. Also, the degree to which poultry
meat is substituted by consumers for eggs is probably negligible. It
appears that these two commodities compete only in the sense that
consumers’ budgets are limited and, in alloeating dollars for food
expenditures, egos and poultry meat both receive a share.

The major question to be resolved with respect to simultaneity,
therefore, is whether the supply of eggs rencts to changes in the
current egg price within the same year. If the current price of
eges Qoes not have a significant effect on supply, then a single-
equation estimating procedure can be used to determine the struc-
tural coefficients for the demand for eggs. Otherwise, a system of
equations should be solved simultaneously to allow for the inter-
action of supply with current price.

As eggs are u perishable agricultural commedity produced con-
tinnousty throughout the year, price must adinst so that current
production continvously clears the market, after allowing for stor-
age, hatchings, breaking, and exports. In the spring months of
flush production, into-storage movement and breaking activity be-
come important. For an analysis of annual data, however, it can
be assumed that the price of eggs is determined as n function of
the quantity of eggs available for consumption and factors affect-
ing consumer demand.

Because only a small part of production is exporfed, annual pro-
duction and domestic consumption ars closely related. During the
period 1925-41, 05 percent of the annual vaviation in the consump-
tion of eggs was associated with changes in the production of eggs.
In terms of year-to-year differences, the coeflicient of determination
is about 82 percent. For the postwar period 1940-54, the relation
between production and consumption {civilian consumption and the
quantities purchased by the military} is approximafely unchanged
in terms of original values. In that period, however, there was little
relation between year-to-year changes in production and consumption
due mainly to the effect of military purchases and Department of
Agriculture transactions in 1936-50. Those evenis, however, were
due to extraordinary civcumstances and did not reflect » basic shift
in economic relationships.

Fox (15, p. 59) sugeests that an indication of the amount of si-
multaneity that may exist between production and currenf price can
be obtnined by correlating production with the predefermined and
exogenous variables that are known to influence production. The
residual variation is & measure of the endogenous or simultancously
determined aspects of production as well as a measure of the “dis-
turbance bins” which might be involved. Endogenous variables are
designated as those variables which are determined shiimultaneously
within the model. Exogenocus variables are defined as influencing
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the set of relationships constituting the model but are not considered
as influenced by them. Exogenous variables are grouped with
]aggelc}1 values of endogenous variables under the term predetermined
variables.

Among the factors influencing farm ege production, the number
of hens and all pullets on farms on January 1, the average rate of
lay during the current year, and the egg-feed ratio for the previous
year meet the “predetermined” criterion. An analysis of the first
differences of logarithmic values of the variables showed that for
the period 1925-53, these predetermined variables explained 81 per-
cent of the variation in egg production on farms. The value of the
coeflicient obtained for the lagged egg-feed ratio was not statisticzlly
significant and it couid be dropped from the equation with only a
stight reduction in the percentage of variation in farm egg pro-
duction explained by predetermined variables. Consequentf‘y, al-
though a large part of the variation in egg production can be
explained by predetermined variables, a significant amount of varia-
tion due to the action of endogenous supply factors remains unex-
plained. On the strength of this finding, it appeared appropriate
to design a structural analysis to test the extent to which production
is in part endogenons, The following sections examine the factors
that influence the supply and demand for eges for simultaneous
relationships, formulating the major factors into a model of the
eUg eCOROMY.

Factors That Influence the Supply of Eggs

Formulation of an answer to whether supply is affected by cur-
rent price is complicated by the lack of empirical data for many of
the variables involved. Conceptually, if the price received by farm-
ers for eggs increases, and other things remain unchanged, produc-
ers wonld be willing to supply more eggs—if price decreases, fewer
eggs—than al the original price. This is merely a description of
the familiar Marshallian supply schedule or eurve under conditions
of pure competition. As a theorstical formulation, it serves ad-
mirably. In application to actual experience, modifications become
necessary. Marshall was altogether aware of the limitations, partic-
ularly in reference to time, of an all-embracing supply curve and
consequently distinguished three types: the market curve, the short-
run normal curve, and the long-run normal curve (33. pp. 496-497}.

We can consider the market curve as a completely inelastic short-
run supply curve. The physical quantity of goods available for
sale is fixed. “It is a holders’ or dealers’ curve, rather than a pro-
ducers’ ” (6, p. 379). The short-run supply curve permits changes
n production in response to demand changes as long as they take
place within the existing limifs of economic resources. This is the
curve generally met in everyday experience. If sufficient time is
allowed for the so-called fixed economic resources to change, then
the long-run supply curve evolves.

Shori-Run Supply Period

Our consideration of egg supplies centers on the short-run supply
curve. Within the framework of a given-sized egg enterprise, farm-
ers can vary production in response to temporary fluctuations in
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cost-price relationships other than expected seasonal variations b
changing the number of birds -emoved from the laying flock. X
reduction from the corresponding level cf the previous year in the
number sold or consumed expands short-run production, an increase
contrncts short-run production. Because of tge opportunity to vary
the number sold or consumed, the annual short-run supply curve for
eggs cannot be considered as completely inelastic, as 15 the cuse for
many agricalturel commodities, Conceptually, within certain lim-
its, supply can adjust aslmost instantaneously to price.

If we accept the principle that producers act to maximize returns
{or minimize losses), changes in the number of birds soid and con-
sumed on farms where produced occur ss cost-price relationships
fluctuate becnuse the criteria which constitute a producer’s appraisal
of a profitable layer vary under different cost-price conditions.
Obviously, periods could exist when producers® criteria of a profit-
able layer would point toward the elimination of all layers. This
does not happen because, as individual producers reduce the size of
laying flocks by increased sales and home consumption, an equilib-
rium point is reached. At that point, supply is sufficiently con-
tracted in relation to effective demand so that the majority of pro-
ducers remaining in the industry do not want to further reduce
t{ag size of theirblaying flocks under the existing cost-price relation-
ships.

If we consider the short-run supply curve for the period January
throngh December, producers can also vary egg production by start-
ing more or less chucks for laying flock replacement than the num-
ber necessary to maintain the existing level of egg production. Of
course, 1f actual egg production is to be reduced, reductions made in
the size of the laying flock must be sufficient to more than offset
the trend increase in rate of lay. Adjustments of supply to price
conditions lag appreciably when this method is used because ap-
prosimately 5 to 6 months are required before newly hatched chicks
start laying eggs. As farmers predominantly start chicks for flock
replacements In the spring, egg production measured over a calen-
dar year has a hypothetical upper limit set upon it in the last 6 to
7 months by the number of layers on farms on July 1, plus the
number of chicks started for laying fiock replacement in the period
January through June.

Entry or withdrawal of firms.—Qur concapt of the short-run sup-
Fly curve is sufficiently broad to allow the entry or withdrawal of
irms from the egg industry. DBecause changes in short-run supply
can take place only within the framework of existing economic
resources, entry into or withdrawal from the egg industry is deter-
mined by the relative attractiveness of profits earned by existing
produoctive vesources when utilized in alternative opportunities. The
principle of equal advantage states that eqmilibrium of the economic
system is attained “when the advantage derived from the employ-
ment of resources in ail occupations is the same” (3, p. 183). Gen-
erally, we assume that resources are free to shift from one field of
smploymens to another,

We formulate the hypothesis that if profits earned from egg pro-
duction become more attractive because of an increase in demand,
or a decrease in production costs, than earnings that can be derived
from using the same combination of economic resources in the pro-

JI2883 59 2
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duction of some other product, those resources will be shifted to
the production of eggs up to the point where profits gained from
the produciion of egus are in line with profits earned from using
the comparable resources in producing another commodity. "The
inverse procedure, of course, takes place for a decrease in demund
or an increase in production costs. ) ) i

In actual practice, producers probably lag in their reactions to
changing conditions, with the degree of delay tending to be greater
for contraction than expansion of production. Economic theory
suggests that the long-run supply curve is reversible, but the short-
run curve is not. The latter is generally considered as behaving
differently for increases and decreases in supply. If demand in-
creases, there will be a large expansion in production and a small
rise in price. If demand cTecreases, production contracts relatively
little, while prices drop sharply. Briefly, supply may be more in-
elastic in contraction than in expansion.

The concept of the irreversible short-run supply curve is presented
in ficure 2. At demand~DD, equilibrium price Py is obtained with
Qo the quantityTsupplied. S5 represents tlie long-run supply curve.
With an Increase io demand to DDV, short-rin production expands

PRICE AND QUANTITY CHANGES
WITH IRREVERSIELE SUPPLY CURVES

[*T
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Figrre 2—Commodities thut have irreversibie supplr curves expind mnre with
an inerease in demmund thap thoy contriet with a corresponding reduction in
dGemund.
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rapidly to the new squilibrium price P andiquantity Q4. If demand
decreases [rom DD to D70, the short-run,contraction of production
estublishes the uew equilibrium points £ and 5. At these different
equilibriums, supply chunges proceed along the curves 88 and 87/ 877,

One explanation for rreversibility in tue short-run stems from the
ease of entry into an industry relative to that of withdrawal. Once an
nitial investment in a plant is made, the tendency exists to conduet
production at or as near capacity as possible and 1o continue operation
(at least during the short-run) as long as varigble costs are covered.?
‘These actions stem from sound economic principles. Resources ns
such do not earn for tireir owners—they must be utilized.

Entry into the egg industry is readily available to those who
have the necessary economic resources or the means to obtain them.
Licenses, franchises, patents, distributorships and other restrictions
on entry into the inclustrial and commercial world do not impede
prospective egg producers. And the capital needed to build up a
laying flock, shelter, feed, and care for it is small relative to the
capital requirved in many other fields of enterprise. Because of
these fuctors, and also Decause of the psychological uppeal of a
“return to the soil,” the production of egys is looked upon by many
retired workers as a prolitable occupation to supplement their in-
come from savings, pensions, and other sources. In addition, laying
Hocks can veadily be tended by furmers and other members of farm
households in their spare moments and a part or all of the costs of
production ean be charged against the entire farm operation. For
such ege producers, opportunity cost has little influence.

Using Census of Agriculture classifications for flock size, approxi-
mateiy +H percent of the egys sold from commercial farms 1 1934
came from Hoeks of fewer than 400 birds. Because the Census data
reluted to tHock size are Hmited to eggs sold, and exclude subsistence
and part-time farms, flocks of fewer than 200 birds undoubtedly
account for more than 43 percent of the eges produced in that year.
Census data for 1930 show that more than four-fifths of the eges
produced on all farms in that year came from flocks of fewer than
400 birds. While there has been a decided trend to larger flocks, it
appeiwrs reasonable to assume that close to JU percent of ege pro-
duction comes Trom [locks of fer-er than 40U birds. In 1954, the
average number of birds in focks of fewer than 400 birds was 83
birds per flock.

The elements of smali-scale production and nonseusitiveness to
opportunity costs is a coniributory factor to the irveversibility of
the short-run supply curve for eges. Because income from eggs is
supplemental to many small producers, they tend (o continue pro-
duction unchanged or with only slight downward modilicutions
wlhen egg prices become unfavorable. Reaction to favorable prices,
however, 1s generally, within the limits of availoble capital, along
expunsionary lines. Because the marginal cogt curve of smatl-sized
cgy producers is not inclined steeply, the returns to be gained from
raising additional layers, or retaining birds in the laving {lock,
more than oflset the increased cost of producing the additional egys.

* Buine operation may even contiuue io the short-run without covering variable
costs,
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Normelly, expansion continues to the point where the additional
returns just equal the added cost.

Factors that determine the marginal cost curve—The elastic na-
ture of the marginal cost curve for eggs arises mainly from the cost
composition of production. Christensen and Mighell (8, p. 25)
sumimarize the results of several cost studies, as follows:

Percentage Percentage
Cost Htem distribution Cos$ Hem distribution
of total costs of total costs
Percent Percent
Feed __ _____________ 50 §| Other ' ______________ i5
Lehor  _______________ 20 —
Flock depreciation_____ 15 Al fems_ ... 100

! Includes building depreciation, initerest on investment in the laying fock,
litter, land, fuel, lights, and taxes.

The individual producer contemplating a production increase will
consider the major component of cost, the price of feed, to be un-
affected by his Increased demands. The action of that individual
will not influence feed prices. Consequently, in evaluating increased
returns in relation to increased costs, the marginal cost of feed can
be considered as almost perfectly elastic. On san industry-wide
basis, however, an expansion in flock size increases feed require-
ments, which could lead to a rise in feed prices. The marginal cost
curve for the industry, as a result, is less elastic than that for indi-
vidual producers.

An sssessment of the marginal cost of labor for producing eggs is
complicated by the structural make-up of the egg industry. One
might assume that labor’s marginal cost is the going wage rate—
the rate that an egg producer has to pay to hire an additional unit
of labor. However, little hired labor is used in egg production.
The majority, instead, is supplied by the individual producer and
his family. The cost of their labor should be computed as its oppor-
tunity cost (the price they could earn in alternative endeavors). But
for a large part of this labor, opportunity cost is negligible because
there are few or no alternative sources of employment. Some au-
thors have pointed out thai no “price tag” is applied to family labor
and no “out-of-pocket” cost is involved in its use. In fact, labor is
frequently used on family farms to a point where its marginal
return is less than its market price (79, p. 501). Consequently,
labor’s marginal cost is relatively elastic, particularly when modern
husbandry management techniques male 1t possible for a producer
and his family to care for 5,000 layers without hiring additional
help.

El‘)lock depreciation is usually considered as the cost of producing
pullets or the value of the pullets when they are added to the laying
flock minus the salvage value of the hens. The data on page 16
overestimate the charge for the depreciation of the fock because no
allowance is made for the value of cull hens. A more realistic
appraisal would indicate that the farmer probably recoups about
one-third of his cost of producing or purchasing pullets. The flock
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depreciation charge declines from 15 percent to 9-10 percent cf total
egg production costs after this allowance for returns on culls. A
breakdown of costs (8, p. 25) showed that almost two-thirds of flock
depreciation charges consist of feed and labor costs for producing
pullets, 20 percent for purchasing chicks, and the remaining 15
percent for other charges such as deprecintion of buildings, Tand,
fuel, and so forth. We have shown that marginal costs for feed
and labor are relatively elastic for many individual producers and
a similar Jine of reasoning also applies to costs of purchasing chicks
and to several of the other smaller charges entering into the cost of
producing eggs and pullets. As a result, the added charge incurred
for flock depreciation when the flock is expanded increases at a slow
rate, indicating that the marginal cost for flock depreciation is
probably very elastie.

It appears from this discussion tha: "=  .rginal supply curve
which faces the individual egg producer 1+ 2elatively elastic, thereby
contributing to an expansionary tendency in times of expected favor-
able profit.

Price Expectafions of Producers

In deciding what action te take under changing cost-profit situa-
tions, the individual producer is influenced not only by factors that
contribute to the irreversibility of the short-run supply curve, but
also by the effect of psychological motivation. For example, in a
period of unfavorable retwrns; some individual producers may feel

that they can best improve their position by maintaining their lay-
ing fleck a2t its existing size while the industry, in the aggregate,
reacts to unfavorable returns by heavier enlling of layers. " If total
production is cut so much that prices subsequently rise, the producer
who has maintained his laying flock will have a larger output to
gsell than if he had cut its size. The individual producer’s disposi-
tion to maintain or reduce flock size, the timing of his reduction,
and its extent, must necessarily depend on equating possible future
income to be realized by maintaining laying flock size with the
immediate loss to be avoided by a reduction.

Individual producers do not formulate scientific hypotheses of
their expectations concerning the future price of eggs, but they do,
nevertheless, weigh the factors which they believe influence the re-
turns to he obtained from production. Boan (€, p. 90) points out:
“YWhen resources have to be committed before the outcome can be
known, some assumptions abouf economic returns must be made.
But the expected returns are uncertain, and how the farmer reacts
to this uncertainty will determine, other things being equal, how
productive he is.” For crops which are produced on a discontinu-
ous basts, expected price plays an important part in determining the
planted acreage. For egg production, which is continuous, the in-
fluence of expected price probably reacts both upon the number of
layers removed from the flock and upon the number of chicks pur-
chased for future addition to laying flocks.

Schultz and Brownlee (40. p. 498) found in an attempt to formu-
late a price expectation model that, in a sample of Towa farmers,
producers of corn based their actions on past relationships. While
vecent increases in yields of corn were discounted about one-half,
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farmers appraised the other half as a real gain which they expected
would continune. The relationship between past and expected yields
was modified somewhat by loecation, age, tenure, and edneation of
the operator. In the case of hog prices, however, which flucfuate
more than corn yields, Jowa farmers showed a strong preference
for nsing current prices in formulating their price expectations.

The eqg-feed ratio—FEach factor considered by a producer in
making his plans for short-run production should be inclnded in
the formulation of an expectation model for the egg industry.
Whether = producer culls more or fewer layers than usaal and the
number of baby chicks purchased for future addition to laying flocks
are a function of the producer’s expectations of future retnrns. A
yardstick of returns is the egg-feed ratie which shows the number
of pounds of feed that can be nurchased with the price received by
farmers for one dozen eges. With more than half of fotal produe-
tion costs, and an even greater part of variahle praduction costs,
represented by the cost of feed, the ege-feed ratio reflects the ratio
of returns to the most important short-run cost factor that faces the
producer.

In using the ega-feed vatio as an indicator of returns to producers,
consicderation must be given to the effect of improvements in hus-
bandry practices and flock management. These have permifted
greater ege output per layer (see page 24) and, in efficient flocks,
per pound of feed fed. As output per laver trends nupward. the
producer’s concept of a profitable ratio of egg prices to feed prices
tends to chanee. To eliminate this effect in fhe statistical verifien-
tion of expectarion models based on time series dafa. analyses should
be conducted using the method of first differences. or else the trend
increase in output per layer should be allowed for by introducing it
as n varinble.

If means were available to conduet o sample survey in which each
respondent was asked what he expected the eee-feed ratio fo be in
some futnre period. an average of their expectations for the specified
date comld he found. These sample resulis could he contrasted with
eae-feed rating derived from alternative mathematical models fo
ascerfain which expectation model vields an eog-feed ratio with the
smallest deviation from fhe averare exnpected by praducers included
in the sample. The model thns selected wonld be chosen as illustra-
tive of how producers frame their expectatinns. TUnfarfnnately, no
such experiments have heen condueted for the e industry.

Decision functions with respect to flock replacoment—In formu-
lating fotnre produetion plans, producers must decide how many
bahv chicks to purehase for future flock replacement. Reeause those
chieks will not begin producing until nhout 6 months after they
are hatched, purchases are conditioned by what producers feel re-
tntns will be from the ecgs produced in a thme apan 6 to 18 months
later, as well as by the response of producers to previous returns,
An indication of that decision function is eiven by farmers’ *Tn-
tended Purchases of Bahy Chicks” ag of Fehruary 1. reported annu-
Ally in the February issue of Crop Production (449). Althomgh
farmers may subsequently vary from their stated intentions beeanse
of chaneing conditions durine the perind Februarv through May
when they purchase the major part of their replacement chicks,
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changes in the actual number of chickens raised conform closely to
early season plans, as shown in figure 3.

INTENDED PURCHASES OF BABY CHICKS, FEBRUARY 1,
RELATED TO CHICKENS RAISED ON FARMS, 1938-58
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IFiguke 8.-—I"armers closely follow their early season intentions to purchase
baby chicks as indicated by the number of chickens raised during the year.

A producer’s decision to purchase baby chicks undoubtedly is
conditioned by his expectations of what egg production profits will
be at the time of marketing his products. To aid in his decision
miking, he has available the past history of the egg-feed ratio and
his knowledge of the current egg-feed ratio. In addition, the pro-
ducer probaB]y introduces & number of other factors which he be-
lieves are refevant. The nwmber of hens, pullets of laying age, and

ullets not yet laying that are on farms at the time of decision all
miluence egg production during the following 6-18 months. Iigg
production, in turn, affects the egg-feed ratio through its effect on
price, as well as by influencing the demand for pouliry feed.

The simplest expeciation model that can be formuluted is to
assume that producers’ intenfions to purchase baby chicks are influ-
enced by the prevailing level of the egg-feed ratio. This mode!
implies that farmers do not react to past experiences in framing
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their opinions of a future period, but consider instead that the pres-
ent short-run market phenomena will continue. In a test of this
hypothesis, year-to-year ratios of the January egg-feed ratio ex-
plained 54 percent of the variation during the period 1938-54 in
the year-to-year ratios of farmers’ intentions to purchase baby
chicks.® On the average, a 10 percent increase over the previous
year in the January egg-feed ratio was associated with a 3.4 per-
cent increase over the previous year in February 1 intentions.

An additional factor that might be introduced into this model is
the influence of trend in the rate of lay. If a producer expected
price to remain unchanged from recent levels and, therefore, in-
tended to purchase the number of baby chicks which, in six months,
would produce the current guantity of eggs, he mught reduce his
purchases compared to the previcus year’s purchases in order to
allow for sn increased rate of lay from the replacement chicks.
Adding year-to-year ratios of the rate of lay per layer to the sim-
ple expectation model formulated above increased the percentage of
variation explained in the year-to-year ratics of farmers’ intentions
to purchase baby chicks to 65 percent.*

More sophisticated models can be formulated by assuming that
past prices as well as current experience influence producers’ ex-
pectations about future prices. In weighing the infiuence of past
prices, it appears reasonable to give less importance to less recent
prices. Table 3 gives the results of two analyses that were made
which relate previous experience with the egg-feed ratio to farmers’
intentions to purchase baby chicks. In the first analysis, farmers’
February 1 intentions to purchase baby chicks (which are reported
as a ratic of the previous year’s intention) were expressed as 2
funection of rate of lay and the egg-feed ratio lagged one year; the
assumption being that producers are guided by their profit experi-
ence in the previous year. The second analysis used percentage
changes from year-to-year in the 10-year moving average of the
egg-feed ratio, with the last 4 years weighted 2, 3, 4, aud 5, as an
indicator of how produocers’ evaluations of past outcomes are formed.
The coefficients obtained from these analyses, as well as the amount
of variation in the dependent variable explained by the independent
variables were not significant.

From the poor resuits obtained for these models, it appears that
age, health of operator, size of household, availability of Jabor, size
of capital assets and liquid assets, previous income experience and
levels, and other factors at the micro-economic level that we have
not measured have an important effect on producers’ decision func-

i The equation obtained for 1938-41 and 1847-54 (omifting the years for
World War II) was: N
log Xi=1.81+0.34 log X, e)]
{0.10)

T§2=0-54 312=0.G3

The number in parentheses in this and subsequent equations is the standard

error of the regression coefficient. _
+ The equation obtained for 193841 and 1947-54 was:

log Xi=1.26+0.36 log X;—2.24 log X, {2)
(6.09 (1.36)

R;_e:‘:(}.ﬁs r§3.3=0.83
S|J3=0.B3 T}u= 0.23
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tions. In a study of production responses, Johnson (24, p. 221)
says, “In as much as individual production responses are tied so
closely to risk, uncertainty, {)references for security, liquidity, and

¥ responses are related to the same

social status, industry supp
factors.”

TasLE 3.—Farmers’ intended purchases of baby chicks: Results of
correlations for alfernative expeetaiion models }

Effect on intended purchases of a
l-percent change in
Coeffi-
cient of
Dependent variable multiple Rate of lay Egg-feed ratio
determi-
nation

Net Standard Net Standard
effect error effect error

Farmers' intended pur-
chases of baby chicks, Percent | Pereent | Percent | Percent
085 —-1.27 2. 41 2007 Q.16
04 —1. 33 278 317 1. 25

! Computed by least-sqnares analysis of data for the period 193841 and 1946-56
expressed as ratios to the previous year’s data. The coefficients of multiple de-
terminution and the regression coefficlents obtained from these analyses do not
differ significantly from zero at the 5 percent probability level.

¢ Egg-feed ratio, lagged 1 vear.

5 341 l)—ycfl:ar moving averege of the epp-feed ratio, with the last 4 years weighted 2,
3, 4, and 5.

An additional factor that should be considered in appraising the
results of expectation models is that from 1949 to 1956 the annnal
price of eggs received by farmers alternated from high to low. If a
producer accepted this as a recurring event, then when prices for a
particular year were favorable, the producer would expect low prices
to follow and would reduce production. After a low price year, the
inverse action would be followed. Such behavior could explain the
necative relations obtained. Producers, in general, probably do not
follow such pattern or else their actions would tend to negate the
events they expected.

The previous discussion on expectations assumed that producers
act to maximize their profits consistent with a given output and
expected price. However, as an alternative, producers may follow
a course of action which, instead, minimizes the eflect of possible
losses. One writer (3%, p. 70} sald, “No cne would seriously hold
that businessmen have no other goal than money profits. It takes
no unusual powers of observation to realize that not all businessmen
want to get stomach ulcers, that some of them prefer to take it
easy, that most of them dislike sleepless nights worrying about risky
deals, that some like to gamble, that many are patriots who will
want to avoid doing things which the government says are bad for
the country, that several like to be ‘big shots’ running big enter-
prises and being admired for their position, that many have a pride
of workmanship and a feeling for sportsmanship.”

The attitude of producers towards profit maximization can be
illustrated by a device called the payoff matrix. We assume that
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a probability distributior: is attached to a producer’s expectation
about a future price, that is we create imaginary situations, associ-
ate them with named future dates, and assign to each of the hy-
Eotheses thus formed a place on a scale measuring the degree of our
elief that a specified course of action on our own part will make
this hypothesis come true (47, p. 2). For example, a producer may
feel that there are 4 chances out of 5 that the average price he will
receive in the following year for eggs will be 35 cenfs. But he also
feels that there is 1 chance out of 10 that the price could be 38
cents, 1 chance out of 20 that it could be 40 cents, 1 chance out of
30 that it could be only 30 cents, and so forth. The conservative
producer tends to act on the probability of 80 percent; the more
speculative producer on a smaller probability of certainty, but a
greater probability of gain. Shackle (47, p. 4) feels that “the
enterpriser does, 1n fact, concentrate his attenttion exclusively on
the best and the worst hypotheses in this range.” In a payoff ma-
trix, these attitudes are illustrated as follows:

Profit Loss Outlook
Size__ . __ ... Low_ ... Low___.._____.
Conservative.
Probability - ._..____ Migho___.____... Tow_ __._______
Size .. High o o__._ Higho oo __
Speculative,
Probability.______.__ Low__ ____.__. High _________

Obviously, both the concept of profit maximization and the mini-
mum-maximum approach (payoff matrix) are premised on future
expectntions about price and other variables. Therefore, without
resolving the question of the course of behavior of producers, we
can, nevertheless, introduce expectations about future price as an
mmportant factor influencing farmers’ intentions to purchase baby
chicks. Because our regression analysis shows a historical relation-
ship between intentions to purchase baby chicks, the current egg-
feed ratio, and the rate of lay, it appears satisfactory to premise
this relationship as an indication of producers' expectations about
future levels of profit.

Physical Factors That Influence Supply

Reference to figure 1 shows that the physical factors that bring
about changes in annual egg production are changes in annual output
per layer and changes in the annual average size of the laying flock.®

5The Crop Reporting Beard estimates monthlr egz production by multiply-
Ing the average number of layers on farms during a month by the average
number of ecgs produced monthly per layer. Annual egg production is the
sum of the 12 monthiy estimates,

The average number of layers on hand during the month is the mean of the
estimated number on the first of that month and the first day of the suceeed-
ing month, ISstimater of the total number of layers on the flrst of eaxch month
are mafde on the basis of monthly reports on the number of layers on crop
reporters’ farms. ‘I'he number of layers on faring January 1, as estimated
annually, serves as the starting point for these monthly estimntes. Bench-
mark data on chickens over 4 months old are svailible from the Census of
Agriculture every 5 years.
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To assess the relative influence of ths average number of layers
and of output per layer upon year-to-year changes in egg produc-
tion, measures of the “direct effect” of each factor were obtained
using the procedure outlined in Reserve Lewvels for Storable Farm
Products (58, p- 26). Figure 4 shows these results for the period
1926-58.

EFFECT OF NUMBER OF LAYERS AND QUTT UT PER LAYER
ON EGGC PRODUCTION, 1926-58
MIL. EGGS EGG PRODUCTION*
« 5,000
o —
‘5,000]|rrl|111r||||\[:r;|l;|||l!|||[rl
+10,000 EFFECT OF NUMBER OF LAYERSC
+5,000
D e
ss0000 v o by e v Vv e Lo e b v by I
+10,600 " EFFECT OF OUTPUT PER LAYERD
+5,000
D -
_5000]11|||llr|11lll|1|1r|1|l|!|l!l|11_
! 1926 1931 1936 1941 1946 1951 1956
b s s o een o Tt e vt e T PER LATEN la THE P REVIOUY €.
U 5. DEPARTWENT OF AGRICULTURE HMEG, 6098=57[7) AGRICULTURAL wAFFETING 3ERVICE

FiousE 4—Changes in egg production in the lost 10 years have been less than
previvusly, with a reduction in layers on farms almost off-setting the in-
creased rate-of-lay.

In more than half the years during this period, changes in the
average number of layers on farms were the major factor contribut-
ing to changes in farm egg production. Particularly during 1941-50,
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changes in number of layers had the greater effect as numbers
expanded rapidly to an all-time peak in 1944 and then contracted.
With output per layer trending upward at about a constant rate
since 1941, the effect of changes in rate of lay has varied little dur-
ing the past 15 years to 20 years. To surpass the trend factor in
rate of lay as the major contributing effect to changes in egg pro-
duction, & minimum change from 1 year to the next of about 5
million in number of layers on farms during the year is required.

Qutput per layer—~A host of factors which can be grouped into
“trend” in genefics and management practices influence rate of lay.
These main%y consist of the crossing and breeding of higher pro-
ducing strains of layers, the control of infectious diseases, the adop-
tion of better flock management practices, and the improvement of
feed formulas. Each has contribufed to an increase in rate of lay,
but their effects are not individually measurable.

Producers can influence output per layer by adopting these salu-
tory factors, but once an improved genetic quality or management
Eractice is put into use it tends to vemsin in use until supplanted

y another, more efficient, factor. As an improvement is adopted,
the average cost curve of a producer shifts to the right to a new,
more profitable equilibrium position which he attempts to maintain.
This lessens or eliminates that factor as a control in the hands of
the producer over output per layer.

Inspection of the top chart of fizure 5 shows that the annual
increase in eggs produced, per layer %, was not very marked until the
late 1930's. Beginning about 1940, however, the increase each year
in rate-of-lay rose to about 34 eggs per layer.

Because rate of lay is such an important determinant of the quan-
tity of eggs produced, and because an increased rate of lay has the
effect of lowering the cost curve as long as the marginal cost of
obtaining the increase 1s less than or equal to the marginal return
from the higher rate of lay, producers are interested in whether the
trend increase in the rate of lay will continue. Conceptually, the
upper limit on egg output per layer is the length of the physiclogi-
cal sequence required between each ovulation. Sturkie (44}, p. 254)
found that the interval between successive eggs ranges from 24 to
28 hours for most hens, depending on the length of the sequence.
On this basis the upper limit to the rate of lay would fall between
313 and 365 eggs. Whether such a high output per layer for a
flock could be atfained is conjectural. However, rates of lay of
350-360 eggs have been reported for individual layers. The charts
in the lower half of figure 5 show that the rate of lay appears to
have leveled off in the spring months of peak production and is
increasing less rapidly in the remaining months. In addition, data
by States, for recent years, on rafe of lay show that annual output
per layer has leveled off in many States {table 4). Tt appears more
reasonable to assume, therefore, that rate of lay will continue to
trend upward at an increasingly slower rate than to assume that
the present increase of about 34 eggs per year will continue until
the physiological maximum is reached. In the economic model of

S The number of eggs produced on farms during the vear divided by the
averape number of hens and pullets of laying age on farms during the year.
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RATE OF LAY

ANNUALLY, 1909-58 AND MONTHLY, 1938-58

EGG PRODUCTION PER BIRD

EGGS PER YEAR ”~—
!
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Fieure f.—Cutput per layer has increased almost 4 eggs each year since 1940
due to improved breeding and better manngement practices. Gains have chiefly
come from increased laying in the winter months.




Tasur 4.—FEggs: Rale of lay per layer, by States, annually, 1950-58

State and division

Eggs laid annually per hen and pullet of laying age on farms during year!

1950 1951 1952 1953 1954 1955 1956 1957 1958
Num- Num- Num- Num- | Num- Num- Num- Num- Num-
: ber ber ber er er ber ber ber ber

MAINe - - - o e e 195 200 198 200 204 211 212 210 208
New Hampshire. . ____ ... _ .. 192 196 197 202 204 202 205 202 202
Vermont - o o oo oo cmamnmn le 202 200 206 207 216 ‘210 215 212 207
Massachusetts o oiime oo Ciiaiao e 2056 205 207 211 212 209 212 214 213
Rhode Tsland - . oo i 201 203 206 207 210 208 218 207 213
Connecticut_ - o oo o eeo 202 201 . 204 198 202 206 212 207 215
New YorK o ool i e 188 190 200 197 199 202 202 205 209
New Jersey o oo e 185 187 191 191 188 189 192 195 194
Pennsylvania. & oL i 183 183 191 195 196 198 202 205 207
North Atlantic ..o __________._____ 189 190 196 197 197 199 202 204 205
OO e e 183 184 189 190 190 194 201 201 205
Indiana . o immiiec e 179 184 189 189 193 196 201 204 208
173 176 183 185 185 193 197 197 200
183 185 187 189 192 194 195 197 202
177 183 187 188 192 199 201 204 208
179 182 187 188 190 195 199 201 205
183 101 192 197 195 201 205 207 212
185 189 192 198 201 207 209 212 216
MSSOUrE - - o e o e 171 174 175 176 176 183 183 183 187
North Dakota. . oo i 158 163 172 174 177 177 177 180 182
South Dakota.. . oo ool 165 174 177 182 181 184 191 198 202
© Nebraska. oo it e 176 180 180 185 188 194 198 200 203
Kansas. e S 173 176 179 184 183 193 193 196 200
West North Central . .. ___-._._..l.. 177 182 184 189 190 196 199 201 206
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Delaware
Maryland
Virginia

West Virginia
North Carolina
South Carolina
- Georgia
Florida

South Atlantic

Kentucky
Tennessee
Alabama
Mississippi
Arkansas
Louisiana
Oklahoma
Texas

Wyoming
Colorado

California

Western
United States

187
175
168
161
174
184
176
203
195
192

189
174

187
178
169
165
172
189
188
204
199
192

190
177

149
148

146
138
166
164

156

177
192
179
179
165
183
191
180
202
204
197

195
181

152
158
148
151
143
171
170

161

183
192
187
185
170
188
193
185
208
204
203

200
185

152
164

154
152
167
169

161

183
200
188
185
180
194
203
196
211
204
209

205
188

180
177
175
180
179
192
204

184

164
160
173
156
160
155
176
173

167

189
201
191
185
185
186
202
182
212
210
211

207
192

207
186
191
177
204
199
214
219
216
218

213
196

166
180
161
170
161
177
182

174

190
210
191
190
182
197
198
185
220
218
222

216
198

166
186

175
164
179
184

176

196
212
193
191
186
208
208
173
222
221
225

219
201

! Number of eggs produced during the yenr dividedjby the avernge number of hens and pullets of laying age on hand during the year.
Chickens and Eggs (46). .
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the egg economy, formulated on page 64, output per layer is classi-
fied as & predetermined variable because, within the time period of
a year, trend factors predominate,

This assumption does not allow for the effect upon output of
changes in feeding rates. ¥or varying levels of profit, producers
may change the quantity of feed provided for the laying flock.
However, it has been shown that the most profitable feeding prac-
tice is to provide layers all the feed they will consume. The prac-
tice of full-feeding probably is not as applicable to small scale
flocks as to large commercial flocks. Nevertheless, in the economic
model of the egg economy developed in this bulletin, 1t was assumed
that over the period of a year the effect on output per layer of
varying feeding rates in response to changes in levels of profit is
small and overshadowed by the predetermined trend factors dis-
cussed above.

Average size of laying flocks.—Figure 1 shows that, on a physical
aceounting basis, year-to-year changes (for January-December) in
the average number of layers on furms reflect the net interrelation-
ships of changes in: (1) the number of “potential layers” (hens,
pullets of laying age, and pullets not of laying age) on farms on
January 1; (2) the number of baby chicks started in January
through June for subsequent addition to laying flocks; (3) mortality
rates, and (4) the number of layers sold and consumed on farms
where produced. Data are avallable which directly measure the
number of “potential layers” on farms on Januwary 1, the number of
layers sold, and the mortalify rate of layers. Approximations must
be made of the number cf baby chicks started for flock replacement,
the number of layers consumed on farms where produced, and the
mortality rate of pullets not yet of laying age.

The number of hens and pullets on January 1 (usually referred
to as “potential layers”) is a predetermined variable in a calendar
year analysis. In the period 1931-54, a 10-psrcent change from the
previous year in the January 1 number of potential layers reflected
a change of about 1 percent in the January 1 number of hens, 2
change of about 7 percent in the number of pullets of laying age,
and a change of about 2 percent in the number of pullets not yet of
laying age.

As an indicater of the number of baby chicks started in the
peried January through June for subsequent addition to Inying
flocks, estimates were derived of the number of pullets raised. The
estimated number of pullets raised in a calendar year equals the
number of pullet chicks started in the period January through June
for subsequent addition to laying flocks less the pullet chicks that
died before laying their first egg. Table 5 shows how the estimated
numbers of pullets raised in the years 1924-58 were derived from
reported figures on the number of chickens raised, and the percent-
ages of sexed cockerels and sexed pullets purchased by producers,

We would expect from our previous consideration on producers’
expectations when formulating production plans that the number of
pullets raised would be associated with the Jevel of profits (indi-
cated, in part, by the egg-feed ratio) prevailing in the months
preceding those in which producers start baby chicks. If the egp-
feed ratio in the first half of the year, when preducers are starting
chicks for future flock replacement, is lower than the ratio for the
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corresponding period in the previous year, producers generally start
fewer replacements. If the egg-feed ratio is higher, they tend to
Increase the number of chicks started for flock replacements. The
relationship of chick replacements (as measured by the number of

TanLe 5.—Pullets raised: Methods of estimating from reporied data
on chickens raised, 192/-68

Composition of
farmers' chick |Straight- Pullets !
Chickens purchases run
raised chick-
ens!?
Coclk- | Pullets Straight-] Sexed ¢+ | Total
erels run 3 taised 5

(1 2 3 {4 (3} (6) N

Miffions] Percent | Percent | Millions | Millions | Millions | Millions
662, 2 662, 331. 3311
678. 7 678,
718. 3 718.
750, 7a0.
700. 700,
751. 75l
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1 Based on unrounded data.

2 Columa 1 multiplied hy [100—column 2—column 3]
2 Istimated as one-half of straight-run chickens.

+ Column 1 multiplied by column 3.

§ Straight-run pullets plus sexed pullets.
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pullets raised annually) to the weighted egg-feed ratio” in the Janu-
ary-June period, shown in figure G, appears sufficiently strong to
support the conclusion of a simultaneons relationship between the
supply and price of eggs within the calendar year,

The conclusion of a simultaneous relationship between the supply
and price of eggs is to a large extent determined by the choice of
the year studied. For example, in a July-June year the number of

RELATIONSHIPS: PULLETS RAISED TO SPRING EGG-FEED RATIC

AND LAYERS SOLD TO ANNUAL EGG-FEED RATIO ™
Year to Year Differences, 1932-41 and 1947-58*
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Ficure 6.-—The vumbers of pullets raised and layers sold in a year react to prices
within the same time period, establishing a simuitanecus relationship between
price and production.

Top allow for the effect of different numhers of chick placements in each
mounth, the egg-feed ratio in the months January through June were weighted as
follows: January, 3; February, 4; March, 5; April, 3; May, 1; and June, 1.
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replacement chicks started in the first six months is small. Produc-
tion during the July-June year, therefore, is little affected by pul-
lets raised in that year. The de'rree of simultaneity between supply
and price 1s thereby lessened. An alyses 1u this study were made for
calendar year relationships because it was felt that more informa-
tion conld be obtained on the demand, supply, and price structure
for eggs than if any other 12-month grouping was used.

The third physical factor that influences chunges in the average
size of the laying flock is changes in mortality rates, Data are
available for the reported death loss of layers as well as death loss
during the year of chickens on hand January 1. As hens and pul-
lets comnprise from 90-95 percent of chiclkens on hand January 1,
this series gives an approximation of the death loss of layers and
pullets not 3et of laying age. Table 6 shows for the years 1924-58
death loss as a pement’urp of the number of hens and all pullets on
farms on January 1. The increase during this period in death loss
is surprising when so much has been doné to control infectious dis-
eases through the use of vaccines and antibiotics. The higher death
loss rate pwbably has been due to increased stresses such as crowd-
ing, artificial lighting, and other pressures used to increase rate of
Iay. The reswlt of these practices has been to remove the hen from
a condition resembling its natural environment to one foreign to it.

It seems reasonable to assume thaf sach producer acts to control
death Joss to what he considers an economic minimum. The effect
of mortality vates, therefore, is probably not directly responsive to
price, althongh 1t could be contended that the producer’s concept of
an economic minimum may vary with price and the rate of profita-
bility of the enterprise.

The fourth factor that physically affects changes in the average
number of lavers on farms 1s the number of lqw'ers sold and con-
sumed on farms shere produced. Producers principally remove
layers from their flocks in the latter part of each year, although,
as poinfed out above, producers probably vary removals more or
less than nommal as cost-price relationships fluctuaie.

Direct measures are available for the number of layers sold from
farms, but not for the number consumed on farms where produced.
However, estimates for the years 1931-57 were made by: (1) ob-
faining the ratio that mature chickens sold by farmers is to total
chickens sold; (2) applying these ratios for each year to the annual
number of clickens consumed on farms where proxluced to estimate
the farm home consumption of Javers; and {3) adding the number
of mafture chickens sold to the estimated farm home consumption
of layers. These estimates are presented in table 7.

Variation from year-to-year in the number of lavers sold and
consumed on farms where produced is influenced by the number ~Z
potential layers on farms at the beginning of the year and by the
~ profitability of the egm enterprise. Other things being equal, the
larger the number of potenim,] lavers at the heginning of the year,
the areater the number of mature chickens likely to be ‘removed from
the ]'wmn' flack, and vice versa when the initial number of potential
lavers is ‘small. Tn addition, the number of hirds remaved Tfrom (he
figek is influenced by the cuvrent profitability of egg production,
The two eflects are interrelated.
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TaeLe 6.—Farm chickens: Death loss as a percentage of number of
pofential layer | Jan. 1, 192458

Death loss ¢
Potential
Year iayers, Percentage
Jan. 12 Number of potential
layers,
Jan, 1
Millions Mallions Percent
389, 6 56. 9 14. &
390. 5 52. 7 13. 5
393. 8 53.7 13. 6
414 5 56. B 18.7
1928 e 427. 1 601 14. 1
1929 e 403. 8 58.7 145
1930 - 420. 5 62, 6 14, 9
193 e e 401. 8 62. 8 15. &
1932 e 385. 8 62, 9 16. 3
108 e 360, 7 65. 2 16. 7
1934 _____ 385. 3 66. 1 17. 2
3985 e 350 4 60. 6 17. 3
1O . 362. 6 64 4 17.8
1937 e 374. 8 68 6 181
1938 s 353. 0 G7. 5 19.1
R 2 376. 1 75. 6 20,1
B3 L 392 7 781 18,9
14 s 381.3 80. 8 2.2
1842 e 427. 9 92, 4 21. 6
1948 o 489, 0 87.7 17. 9
3044 e 323. 6 107, 2 20, 5
1945 e 473. 8 81.3 19.3
B 4 472. 8 811 19, 3
0T e 431 4 83.7 19. 4
BT E 417. 6 789.0 18. 9
104G el 399 4 82,3 20. 8
1050 e 423. 8 84.5 19. ¢
1951 3890, 3 83. 4 20,9
A 307, 2 87.6 253
P 373. 0 83.6 22. 4
1954 e 37L D 851 22.9
LR R 368. 6 84 4 22.9
1958 e 360. 8 86. & 23. 8
B = 368. 8 86. 8 23. 5
1058 352. 5 BO. 8 2329

t Death loss during the year of chickens on hand, Jan. 1.
1 Hers and all pullets.
3 Computed from data reported in thousands of units.

Chickens and Egrs (46).

For example, if the number of potential layers at the beginning
of the year is above the year-ago level (2nd we assume no changes
in the demand for eggs or in production costs}, the increased supply
of eggs will act to drive the egg-feed price ratio below the year-ago
level. Faced with a less favorable current level of returns from
production {as measured by the egg-feed ratio), farmers in the
spring will start fewer chicks for flock replacement. The prospect
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of a reduction in flock size will subsequently bolsier egg prices,
raising the egg-feed ratio. With fewer replacement pullets and
with an improved cost-returns situation, farmers in the latter part
of the year will tend to retain more layers in order to build up
flock size. Over the extent of a year, we assume that the net result
of these forces and decisions will be reflected in more layers bein
removed from flocks in nnfavorable years than in years of goog
returns. This indicates an interaction between demand and supply
within the 12-month span of January through December.

The relationship of year-to-year differences in the number of lay-
ers sold and consumed on farms where produced to the annual egg-
feed ratic is shown in the lower section of ficure 6. A similar rela-
tionship also exists with respect to year-to-year changes in the num-
ber of potential layers on farms-on January 1.

TasLe 7.—Layers sold and home consumpiton of layers: Method of
estimating from reporied dale on chickens sold, 193157

Chickens sold Estimated
Home |layerssold
consump- § apd bome
Muature as| tion of | consump-
Mafure percentage | layerst? tiop 2
of totsl

Lfiliions | Adillions Percend Afiitions | Millions
183 ¢ 428 5 432, 282
170, 418, 40, 270.
180. 441, 40, 284,
183. 403, 45, 283,
147. 363, 40, 2340,
158, 395, 40, 254,
173 351. 48, 280,
141. 326, 43, 240,
158, 374, 42, 254,

369, 48,
412, 37.
493. 35
682, 34.
611, 43.
609, 34
529, 46.
491, 43
49,
41,

49,
45,
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275
225,
244,
308,
344
309.
327,
281
274,
244
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1841 e 132
175
242,
266.
237.
246,
211,
148,
180.

260
182
176,
172,
169
155
148
144,
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! Reported data for chickens consumed on farms where produced prorated
according to the pereentage that mature chickens are to total chickens sold.

* Total of mature chivkens sold and home copsumption of layers based on
unrounded dafa.
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The relationship gives evidence that a change in structure may
have occurred in the years subsequent to 1932, If the observations
for 1952 and the subsequent years are examined, they show that
with extreme year-to-year changes in the egg-feed ratio the number
of layers sold changed only shehtly. In 1952 and 1954, when the
egg-feed ratio declined sharply, we would have expected from ear-
Der relutionships that the number of layers sold would increase by
about 15 to 30 million layers. Instead, the number of layers sold
declined about 2 and 8 million head, respectively.

The trend toward fewer, but larger size flocks, with a tendency to
operate close to plant capacity, may have contributed to a change
in the structure of the egg economy, which shows up in the retention-
profit relationship. However, a sullicient number of other factors
are present to make this questionable. For example, the ega-feed
ratios for the spring of 1952 were the Jowest on record, with the
exception of 1937, since the series was first compiled in 1924. In
the last six months of 1052, however, the egg-feed ratios were about
average. As the major removal of layers from flocks takes place in
summer and fall, the excessively low egg-feed ratios in the spring
may have had little eflect on the decision of producers to sell layers.
Consequently, it appears reasonable to reject the hypothesi= of a
structural change in the relationship between layers sold and con-
sumed on farms where produced and the egg-feed ratio unless fur-
ther evidence becomes available.

An addifional indication of the relationship between lavers sold
and consumed on farms where produced and the profitubility of
productivn {as indicated, in puart, by the egg-feed ratio) is obtained
by examining data on number of hens on farms on January 1 in
relation to the number of pullets on farms the preceding Junuary 1.
Chicks are usually started in the spring of the year, become laving
pullets in the fall, and by October of the following year are classi fied
as hens. A part are retained for another laying year while some
are sold or consumed in farm louseholds where produced, and some
are Jost through deaths. Although the death raie of layers appears
to have trended upwards, year-to-yenr changes are not too marked.
Therefore, year-to-year changes in the difference between pullets on
Tarms, Japuary 1, and the number of hens on farms the following
Juanuary 1 approximately reflect changes in the number of layers
eliminated in that period.

Figure 7 shows the relationship during 1931-58 of year-to-year
changes between layers sold and conswmed on farms where produced
and the Janunry-December egg-feed ratio. The scatter chart shows
that when the egg-feed ratio rises from the previous year there are
fewer Inyers climinated from flocks than the previous vear and,
conversely, more layers are eluninated with an ege-feed ratio lower
than the previous year. The effect of the price of hens on layers
sold is considered to be negligible. Lavers arve raised mainly for
production of eges. The significant variables that affect the num-
ber of layers sold ave assmmed to be prices of egas and of poultry
feed. Ience, figuve 1 indicates no eflect of hen prices upon the
number of luvers sold.

Although changes in the number of layers removed from flocks
in a calendar year appear to be related to zhanges in the ratic of
egg prices to feed prices, relationships of monthly removals to cur-
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RELATIONSHIP OF CULLING TO ANNUAL EGG-FEED RATIO™
Year to Year Differences, 1932-58
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Ficuke 7.—When the egp-feed ratio rises from the previcus year fewer layers
are elliminated from flocks than the previous yeur and, conversely, more luyers
are elimipsated when the egg-feed ratio is lower than the previous yeur.

rent egg-feed ratios do not show a definite relationship. Istimates
of monthly removals were obtained by expressing monthly link rela-
tives of layers on farms as ratios to previous five year averages of
monthly link relatives for each month to obtuin an index of “net
disappearance” of birds from laying flocks (tuble 8). An index
number below 100 suggests that the “net disappearance” of birds
from laying flocks is relatively greater than it wus, on the average,
in the preceding 5-year period. An index number higher than 100
suggests that the “net disappearance” of birds from laying flocks is




T'ApLr 8.—Layers on farms: Index numbers of “net disappearance” of birds from laying flocks, 1930~58 1

Year Jan, 1| Teb. 1 [ Mar. 1§ Apri 1| May 1 [ June 1 | July L | Aug. 1 | Sept. 1| Oct. 1 | Now. 1| Dee. 1

1080 e el 98. 5 09.9 09. 6 09. 7 08. 8 99, 1 99.8 | . 100.0 103. 6 98. 6 98. 6
1031 098. 5 98. 7 98..0 99. 2 09, 6 99, 9 08. 9 00.5 | 100.5 102. 3 99. 7 99. 4
1932 99. 9 09, 9 99. 5 99. 1 101. 2 00. 6 99, 9 100. 0 100. 9 101. 2 99. 4 10L. 5
1933 100, 7 100. 0 09.9 100. 7 99 3 100. 3 97. 0 99. 5-1 10L0 99. 7 101. 6 100. 8
1934 100. 2 99,7 | 100, 7 99. 9 99,9 08. 6 99. 6 08. 4 99, 2 98. 5 99. 5 99. 5
1085, Lo ool 07.3 100. 7 100, 9 100, 2 100. 0 100, 0 1005 100. 5 99. 9 103. 0 101 3 100. 2
19362 .. ... 100.0 09.8| 100.7 100. 5 100. 1 99, 7 99.9 100, 0 100. 7 102.4 [ 101. 8 101, 1
1087 i 100. 9 099.-0 99.9 99. 9 99. 8 099. 5 99.1 100. 6 98. 7 08. 8 08. 9 08. 4
1938 ... L. 98.6 1 100.3 99. 8 100, 0 99.0 101, 0 100. 6 101.°6 101. 9 100. 7 101. 6 99.9
RSN 1) S I {1 N § 100. 3 100. 0 99. 6 99, 8 100. 6 100. 2 99. 8 101. 6 100. 2 101: § 100. 3
10400 oo 100, 7 90. 8§ 100. 5 00. 5 100. 8 100.0 08.3 99. 3 UL 5 97.8 99.9 09. 8
Y040 L. 08. 7 00, 6 100. 0 100. 2 100. 1 100.°5 101..5 100. 7 100. 9 103. 6 101. 1 101. 5
12 oo 100,02 100.-6 100, 4 101, 3 10L. 101.0 100. 7 100. 0 990. 3 101, 4 103. 5 101..8
TS e e 100. 9 100. 6 101 1 100. 8 09. 5 101. 2 100. 2 96. 4 98. 7 101. 2 100. 3 100. 8
Wi oLl 1001 99.5 [ 10L. 9 1 100.1 99, 1 098. 5 08.6 98.0 098.7 101. 3 97. 4 98. 1
LOdS e 95. 8 098.8 | 100.1 98,4 099.9 | 100.4 | 100. 4 98. 1 09.7 100. 9 99. 6 08. 7
TO4G e e e . 08. 8 00. 8 100. 2 08. 9 99. 3 96. 8 9. 4 98. 6 1011 09. 9 99.0 07.2
LT e 98. 9 98. 9 99. 5 09.7 09. 9 101.0.] 1015 100. 9 100. 3 101. 2 98. 4 97.0
TS 0978 09. 8 098. 0 99.'5 100. 2 099.-9 101.1 101. 3 102. 2 100. 6 99. 8 97. 2
T L L 8. 7 100. 2 99, 7 098.:0 100. 7 100. 7 101. 8 102, 1 102, 6 102. 0 101. 4 100. 4
100, 1 99. 4 09,1 100. 2 99, 7 09. 9 100.4 { 102.9 102, 4 99. 3 98. 9 98.0

08. 4 100, 0 100, 1 99,3 100. 8 | 100.4 100. 8 101. 2 102. 5 100. 4 99. 9 09,1

09. 6 100. 2 09, 7 09, 2 100. 2 100. 1 99. 1 101.5 1 102.2 100. 0 97.9 99. 4

8.5 99. 2 99,6 100. 8 1011 100. 5 1011 102.0 100. 5 09.7 98. 7 09. 8

08. 9 99. 8 9.7 100.9 100. 4 101. 6 100. 5 108. 0 103. 1 99, 7 06. 8 97. 7

08,5 08. 8 100. 8 100.0 { 101.2 100. 8 101. 6 101. 3 99. 3 98.0 97.0 98. 0

08.-8 101. 3 100, 4 100; 7 101, 5 101. 3 101 5 102, 8 99. 9 00. 1. 67.2 8. 4

100. 3 99, 7 100. 4 100. 5 10L. 0 100, 7 100. 5 101. 6 99. 3 95. 5 97. 2 99, 3

99.9 | 100.4 | 100.4 101. 6 100. 5 101. 8 101. 9 10L. 5 08. 3 6.7 08. 4 100. 3

! Computed as ratios of monthly link rel
link relatives for each month,

atives of luyers on furms the first. day of the month to previous f-year averages of monthly
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relatively smaller than it was, on the average, in the precedin
5-year period. In February-August, relatively few pullets are addeg
to laying flocks. Therefore variations in the monthly index numbers
from February to August are roughly indicative of the rate of
removals. As pointed out previously, mortality rate does not vary
markedly from year to year. In the fall and early winter months,
however, the effects of adding pullets to laying flocks more than
offsets mortality and removals oip layers.

If producers vary the number of layers removed from flocks with
changes in the rate of profitability of egg production, some degree
of positive associafion would be expected between the “net disap-
pearance” of birds from laying flocks and changes in the egg-feed
ratio, From among the many models that could be formulated of
relationships between the two variables, year-to-year ratios of the
monthly “net disappearance” of birds from laying flocks were re-
lated to year-to-year ratios of the average relative monthly change
in the egg-feed ratio prevailing in the two preceding months. It
was assumed that the producer in formulating his decision on remov-
ing layers considers both the current level of profitability, as well
as expected future levels. From the analysis relating to price
expectation (p. 17), current experience seems to be the most im-
portant decision factor. Therefore, we would expect the “net dis-
appearance” from January 1 to February 1 to be associated posi-
tively with recent changes in the egg-feed ratio. Because the egg-
feed ratio is computed as of the 15th of each month, an average of
the two immediately preceding months was used. By this method,
allowance is made for some lag in adjustment and extreme monthly
aberrations are smoothed. Examination of these relationships, how-
ever, offers little evidence of a positive relationship between the
number of layers eliminated from flocks, as measured by the index
of “net disappearance,” and the prevailing egg-feed ratio. The
small amount of variation from month to month in the number of
layers on farms appears to preclude adequate measurement of any
relationship with variation in the monthly egg-feed ratio.

However, based on the analyses of the relation over a calendar
year of layers sold and consumed on farms where produced with
the prevailing egg-feed ratio and assumptions about the actions of
producers, it appears reasonable to assume that current prices re-
ceived for eggs do influence the number of layers removed from
flocks and, in turn, production. The number of layers sold and
consumed or farms where produced, therefore, should be treated as
an endogenous variable in the supply, demand, and price structure
for eggs.

Summary

The previous sections on the response of producers to current
price pointed out that egg production during the year is the prod-
uct of the average number of layers on farms during the year and
the average rate of Iay. The latter was assumed to be predeter-
mined In a particular year while the average number of layers on
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farms was seen tc be the result of severnl factors which could be
combined into an equation, such that:

X =X,+X,—X,— X, {3)
whers!
X,=average number of Inyers on farms during the year
=dJanuary 1 number of hens and pullets on farms
X .=replacement chicks started In January—June
X.=mortality of layers and pullets not yet of laying age
X,=number of layers sold and consumed on farms where
produced.

In the foregoing discussion, reasons were given for classifying
the variables X, and X; as predetermined and the variables Xy, AT,
and &y as endogenous. Reported data for X; and X are available,
but values for A7, and part of X; and X; were estimated. The
summation of ., Xy, X4, and X, however, does not equal X,, for
the reasons discussed below.

The average number of Iayers on farms during the year, [Xy, is
obtained by averaging the 12 monthly reports by the Crop Report-
ing Board of the number of layers on farms during each month.
The latter number is the mean of the estimated number on the first
day of a particular month and the first day of the succeeding month.
Estimates of the total number of layers on the first of each month
are made on the basis of monthly reports on the number of layers
on crop reporters’ farms. The number of Iayers on farms January I,
as estimated annually, serves as the starting point for these monthly
estimates. The difference between two months in the number of
layers on hand reflects the net effect of pullets added to the flock,
layers removed from the flock, and death loss. Because these monthly
data are not available, it was necessary to derive the annual esti-
mates discussed above.

The use of annual data for the number of pullets raised, the
number of layers removed from flocks and the mortality of layers,
when added to January 1 numbers of hens and all pullets on farms
to form the accounting equation, overstates the average number of
layers on farms during the year. The overstatement arises because
the annual datsz are, in eflect, distributed proportionally within the
year, whereas changes from month to month in the variables X,
X4, and X5, which affect the number of layers on farms during each
month, are not proportional. For example, if monthly data were
available, a pullet that reached laying age in October would only
influence the average number of Jayers on farms during the year for
the three months, October, November, and December, whereas the
use of annual data influences numbers in each month of the year.
In table 9, the variables used in the accounting equation are shown,
with the residual amount listed separately. The residual amount
represents the statistical and conceptual discrepancies in estimating
the variables A7;, X, and X,
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The analysis of factors that influence the calendar year supply
of eggs indicates that the number of replacement chicks started in
the first 6 months of each calendar year and the number of layers
removed from flocks throughout the year are influenced by current
changes in the egg-feed ratio. Therefore, a model to explain the
structural relationships that exist in the egg economy should allow
for the simultaneous relation of demand and supply within the
12-month period January through December. Before formulating
such a model (see p. 62), the relevant variables which are believed
to influence the demand for eggs are discussed.

Tapre 9.—Layers on farms: Variables that enier into the eccounting
equaiton and the unexplained residual, 1931-67

Layers
Mortality sold and
con-
Hens sumed in] Average
and all | Pullets farm | number
pullets, | raised house- |{layers on
Jan. 1 {Resid- | holds | farms?
Layers ual) where
pro-
duced !

(1) @ (3 1C)] (3

Millions | Mitlions | Millions] Milltions | Millions
401. 354 7 . 3 108. 282 3
385, 267, 8 .U 12]. 270. 6
3900, 116, 284,
385, 67. 283,
350. 106. 236.
362, 115 254
37e. 43, 280,
3353, 94, 240.

104 254

54 275.
146. 2325,
250, 2414,
268. 309.
Jab. 344
210. 309,
131, 327,
158, 281.
118, 274
189, 244

LS D

275.
249,
243.
237.
235.
227,
219,
223.

118,
137,
116,
114,
122,

78

04.

349,
305, 6
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1 Mature chickens sold plus part of homs consumption (ratio of mature chickens
to ¢hickens sold).
z Col. (1) 4 col. (2) — col. (3) — col. (4} — col. (5).
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Factors That Influence the Demand for Eggs

Analyses that relate to the theory of demand are more extensive
and complete than are those that deal with factors that affect the
supply of 2 commodity. The theory of consumer behavior postu-
Iates that consumers are generally willing to take more of a com-
modity at lower prices than at higher prices. Based on this fact,
economists have formalized (1) the concept of a demand curve and
(2) the measurement known as the “elasticity of demand”—the
percentage change in consumption that accompanies & given per-
cenuage change In price.

The demand curve, which may be a straight line, shows quanti-
ties that consumers are willing to buy at various prices. The slope,
or rative steepness of the curve, evaluated at some point on the
curve indicates the degree of elasticity of demand with respect to
price.® Demand is considered to be elastic if the consumer adjusts
the quantity demanded more than proportionally to changes in price
so that total value increases as price decreases or decreases as price
increases, If the consumer responds s¢ that toial value decreases
with a decline in price or increases with a rise in price, demand is
said to be inelastic. Finally, if the consumer makes proportional
adjustments so that total value remains unchanged regardless of the
level of price, we say that demand is of unit efasticity.

Consumer responses have thresholds, however, so that stimuli may
evoke no response up to a2 point and may then suddenly bring
striking responses {see {43, p. 1078}]. A corollary ro this is the use-
fulness of calling attention to the stimuli through advertising, for
example, or of maling the stimuli strong enongh to call attention
to themselves—as through substantial rather than small price
changes. Such variations in consumer behavior, of course, make the
task of economic analysis more difficult, but do not invalidate the
concept of consumers adjusting to marginal chenges in demand and
supply factors.

The whole demand eurve can shift up and down, or to the left or
right. This is referred to as a “shift” in demand or a change in its
level. The level of demand for eggs is mainly influenced by the
size of the population, consumer income, supplies and prices of
competing commodities, nnd consumer tastes and preferences.

Indicators that relate to the demand for epgs at retail can be
obtained by examining: (1) movements over time in the variables
that affect the demand for egpos end gquantifying the relationships
by statistical ansalysis (time series analysis); {(2) results of con-
sumer expenditure surveys (cross-section analysis); and (8) studies
of consumer preferences and household practices.

Time Series Analysis

In the analysis of demand using time series data, the size of the
population, consumer income, supplies and prices of competing com-
modities, consumer tastes and preferences, and other variables that

8 E!asticiby=§ﬁ —=+ 2 where Ag is the change in guantity, Ap is the change

in price, and p and g are the values for price and quantity, respectively, at the
point on the demand curve where the elasticity is being evaluated.
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affect demand are fluctuating within the period being studied.
Therefore, when looking at the relationship befween quantity and
price, or between any other pair of variables, over a period of time,
1t is necessary to allow for the influence of the other factors that
enter into the demand complex.

The demand equation formulated for eggs (p. 64} includes popu-
lation, income, and the general price level as demand shifters that
refer to the economy as a whole, and the prices of eggs, and several
competing and complementary commodities as demand shifters that
are more directly related to the egg industry. Two goods are com-
Eetitiva in demand when an increase in the consumption of one

rings about a fall in the demand for the other., They are comple-
mentary in demand when an increase in the consumption of one
brings about a rise in the demand for the other. It can be seen
that the more nearly a good can be substituted for another, the
more competitive it 18 in demand.

The influence of population on the demand for eggs is introduced
into the model by putting egg consumption and disposable personal
income on a per capita basls. As an alternative, population could
have been included as a separate variable. However, because the
relationships of consumption and income, respectively, with popu-
lation are assumed to be homogeneous functions, the simple corre-
lation of per capita consumption and per capita income probably
tends to equal the multiple correlation of consumption with income
and population. Consequently, because consumption and disposable
income are customarily considered on a per person basis, they have
been treated in that form in the egg model.

Based on everyday experiences, meats, fish, cheese, noodle prod-
uets, and breakfast cereals are food items that should appear as
commodities that compete most directly with eggs for a share in
consumers’ expenditures, while bacon is a complementary commeodity
to eggs. Because of religious observance and/or a desire to have
variety in the diet, many families have a meatless menu at least
rmce o week. If the menu planning offered by home economists in
the daily newspapers has any influence on housewives’ mezl prepa-
ration, then an egg, cheese, fish, or noodle dish or some combination
of these is served In place of meat as the main course of the meal.
While meat and fish appear to be substitute goods for eggs, cheese
and noodle products may have both a complementary and a substi-
tute relationship. Many dishes require both eggs and cheese, or
eggs and noodle products, or combinations of all three as ingredi-
ents (soufiles, cheese omelets, noodle casseroles, and so forthf.

Breakfast cereals appear to be a substitute commodity for eggs at
brealfast time, because a choice is usually made between eggs, or
some dish involving eggs (such as wallles), and breakfast cereals.

Everyday experiences suggest that the relationship between egps
and bacon should be defined as complementary in demand. If more
eggs ave eaten, more bacon will also be consumed. However, the
degree of relationship may be complex. For example, if a person
usually eats two strips of bacon with one egg, he probably will not
increase his bacon consumption if he decided to have two eggs for
breakfast some morning. However, if he generally does not eat eggs
for breakfast and decides to have them tomorrow morning, then
he may also decide that bacon will go well with them. In the former
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example there is no complementary demand relationship; in the latter
there is a complementary relationship.

For the vast majority of people, custom, habit, and probably
taste and convenience incline them to have bacon when they eat eggs.
Fried and scrambled eggs, as well as omelets, generally require
some grease or shortening for cooking purnoses, and bacon con-
veniently supplies the needed item. Data from a survey in Birming-
ham and Indianapolis (49) showed that for eggs prepared for table
use, 76 percent were either fried, scrambled, or used in omelets in
the former city while 63 percent were prepared in one of the three
ways in the latter city (table 10). In addition, based .n the survey
information, four-fifths or more of the eges were served at the table
as recognizable eggs. The remaining fifth, used in batters, doughs,
and other food preparations. would be less complementary or pos-
sibly noncomplementary with bacon.

TaBLe 10.—Eggs: llethod of prepering for tfable use in two citics,
Spring, 1853

Percentage pre- Percentage pre-
pared each way— pared each way—
Method ) Aethod

Birming-] Indian- Birming-t Indian-
ham apolis ham apolis

Cooked; Percent | Percend Pereent | Percent
8 14 || Omelet 1 i
Hard_______._ 13 14 I Other 2 2
43 49
Panched 4 7
Serambied 32 13

(49, p. 22).

For these reasons. retail price index numbers of meats, poultry,
and fish; cheese; ready-to-eat cereals; and bacon were included in
the demand equation. Ideally, separate price indexes of meats and
fish, a price index of noodle products, and one of all breakfast cereals,
vather than one of ready-to-eat cereals, should be used, but data
for the period used in fitting the model of the egg economy are nct
available.

Some analysts have used the relationship between the ratio of
prices and the ratio of quantifies as measures of the elasticity of
substitution. However, this approach ignores the effect of different
income elasticities between the commodities [see (36)], and is only
valid when it can be assumed that the income elasticities are the
same. From analyszes of family food expenditure data (p. #4), it is
seen that the assumption of equal income elasticities among eggs and
the items included in the demand equation 1s not valid. Consequently,
the differing effects of income would have to be allowed for by intro-
ducing income as a variable in the analyses of quantity and price
ratios. Analyses of this type have not been made for eggs because
the simultaneous relationship between the price and quantity of
eggs requires a system of equations to be solved. It is more expe-
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ditious, in such a case, to obtain the cross elasticities of egg consump-
tion with the prices of the several substitute and complementary
commodities directly from a demand equation included in a multiple
equation model.

In the multiple equation model of the egg economy, formulated on
page 64, prices of the substitute and complementary commodities are
trented ns predetermined variables, that is, as variables that are
believed to have influenced the quantity or price of eges during the
years included in the study, but not to have been influenced by
them to a significant degree during any given valendar year. Treat-
ing the prices of substitute and complementary commodities as pre-
determined involves several restrictive assumptions. However, treat-
ing each price of the substitute and complementary commodities as
an endogenous variable would require the addition of a minimum of
4 equations,” thereby complicating the statistical fitting of the
model. The statistical bias introduced into the model by treating
the substitute and complementary items as predetermined, liowever,
is believed to be small.

Based on o nationwide survey of 6.000 househoelds in the spring
of 1933, the money value of foods purchused in 2 week was §22.61.
Of this amount. 3.6 percent was spent for eggs; 314 percent for
meats, poultry, and fish (including 2.0 percent for bacon): 2.3 per-
cent for cheese: and 1.1 percent for ready-to-cat and hot breakfast
cereals. Because expenditures for those items, with the exception
of the meat category. are small. changes in consumer expenditures
for any one item releases little income to be shifted to expenditures
for the other items. In addition, the price of cheese is chiefly set
by conditions in the dairy economy, while prices for brealcfast
coreals are izolated in an institutional framework of advertising,
premiums. and so forth. Tt seems reasonable to assume. therefore,
that prices of cheese and breakfnst cereals ure not influenced by
the price of ezgs and can be considered as predetermined mn a model
of the egg economy. A similar argument appears applicable to
hacen and the meaf, poultry, and fish composite, whose prices are
established by forces within the feed-livestock economy for meats,
and to & laree extent by weather and the size of canned and frozen
stocks of fish.

The demand equation for cges also includes a variable, the
Consumers Price Index, representing the general price level. All

" Assnming that consumption of all suhstitute and complementary itews is
predetermined, the following equations would need to be added to the egg mndel
if prices of meats, poultry and fish; cheese; bacon; and ready-to-eat cereals
were treated as endogenons variables:

Pyu= Qg Qu, Qc, Or. Qr, Zi, 1)

Pe={(tg, Qu, Qc, Qp, Qr, Lo, 11}

Pu=(0g Qu, Qr, Qa Qr, Zs, ua)

Pr={(Qg, Qu, Qc, G, Q1. Zs, t14)
where:

Fs=nrices

Q's==consumption

Z's==other predetermined varinbles

wa=random error terms

If consumption of any of the itens is not assumed to be predetermined,
additional equations would be required in the model,
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goods and services purchased by consumers are to some degree com-
petitive or complementary to eges. Such diverse expenditures as
vacation trips, medical treatment, housing, and education can have
some substitution effect with egos, because a consumer might be
forced to curtail his food budget in order to meet payment on the
nonfood expenditures. In addition, inclusion of a variable represent-
ing the general price level allows for the effect on demand of the
value of money. While several statistical considerations favor intro-
ducing the general price level as a deflator (that is, by dividing
each price and income variable by the Consumers’ Price Index), that
has not been done in the demand eguation for eggs, because interest
is generally centered on price relationships that prevail among
undeflated variables,

Cross-Section Analysis

The use of data from consumer expenditure surveys to examine
aspects of demand, generally called cross-section analysis, is similar
to cutting into a moving panorama of the factors that influence
cdlemand and studying them at one instant of time. Income, popula-
tion, price, taste preferences, and other demand factors are considered
to be fized in cross-section analysis. It is not necessary, therefore,
to explain their movements as it is for time series analysis. In
addition, information on other factors that affect food consumption,
such as size of family, occupation, race, nationality, and regional
location often are obtained. Cross-section analysis, therefore, serves
to provide a measure of the reaction of consumption and expendi-
tures to changes in family income without the complications of
changes in the distribution of income, family size, age of population,
and related economic and demographic factors which ars present
when demand relationships in reference to income variation are
studied over time. Because of shifts over time within the income
distribution scale and changes in other economic and demographic
factors. economists have reservations about using quantity-income
and price-income coefficients derived from time series analysis as
measures of the elasticity of demand with respect to income. Rather,
coefficients derived from data from consumer expenditure surveys
are thought to give a more appropriate indication of the structural
elasticity measurement,

In addition, survey data can be used to compare the estimates of
such relationships with shinilar estimates for competitive commodi-
ties. These comparisons can be used to assess the effect of given
changes in income levels upon changes in relations among
commodities. Comparisons can also be made among cross-section
data from different periods to test for changes in structure. An
additional use of cross-section data is to pool the results of surveys
made at different points in time, after allowing for dynemic changes,
and to compare the pooled-analysis with estimates from time-series
data, or to substitute in time-series analysis coeflicients derived from
pooled cross-section data in order to estimate price elasticities.

The most recent data available on consumption and expenditures
for food items by households in the Gnited States are from a survey
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conducted by the U.S. Department of Agriculture in the spring of
1955 (89). In addition, nutionwide surveys of food consumption
of both urban and popurban families were made in 1936 (55, 61, and
62; and 1942 (60). Surveys of food consumption of urban families
only were made 1n 1948 (9} and 1851 (5%), the latter survey con-
ducted by the U. S. Department of Labor.

1955 Consumer expenditure survey~—Tuable 11 lists the consump-
tion and money valuel® of shell eggs consumed, per household and
per person, in a week, by income groups, and urbanization, in spring,
1955. Data for households are cn a per person basis to adjust for
differences in family size associated with level of income. Because
households with higher incomes tend to include = greater number of
people per household than do lower income households, relationships
between constunption, or money value, and income shonld properly
be examined on a per person busis to adjust for differences in
household size. For example, in the 1955 survey, 2ll households of
2 or more persons with family incomes of $10,000 and over used
23 percent more eggs per household than households of 2 or more
persons with family incomes under $1,000, but only 10 percent more
on & per person basis. For urban houscholds comparable percentages
are T8 and 24 percent, respectively; for rural nonfarm households,
37 and 13 percent; and for raral farm households, 12 and 3 percent.

TanLe 11.—Eggs: dverage consumplion and money value, per household
and per person, n @ week, by tncome groups and urbanization, spring,
1955

Average size | Income per— | Consump- | Money value

tion per— per-—

Income class
{doliars)

Fam-| House- Per- | House-] Per- | House-| Per-
ily? | hold? ; sond | hold lsont| bold lsont

Trban

Dol- | Des-
lurs
1-persor houschoids_jl . 1, 833 0.75
Households of 2 or
more:
Under 1,060 g
1,000-1,900__ ____
2.000-2,599

185
316
G0
G77
1, 233
1, 504
1, 869
2" 350
1,924

1, 480

37
53

4

89
G
1]
05
ig
44

83

IS

10,000 and over.. 13,

Al households__13. 26

ot | seoe s gagegiop

—

See fontnotes rt end of tabie,

30 Itome produced food und food obtained withount dlrect expense were valued
at average prices paid by households of the same wrbanization-region group for
similayr items.

512003 — 50— 4
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Tarie 11.—Fggs: Average consumption and money value, per house-
hold and per person, in a week, by income groups and wrbanization, '
spring. 1955 *—Continued ®

Averape size | Income per— | Consump- | Money value

tion per— per—

Income class
(dollars)

Fam-i Honse- | Fam- | Per- | House- | Per- | House- | Per-
ily 2| hold 2 ilv4 | sonf| hold |son?| hold |son®

Rural nonfarm

Per-| Per- Dal- Dol- | Doz- | Dez-| Dol- | Dal-

SOTLS | SORS lars fars ens rns lurs | lars

1-person households._|*. 00 L14 | 1,266 i1,266 1 0.96[0.84 ] 0.41 | 0.36

Houscholds of 2 or
nore:

Under 1,000____. 205 2,99 475 161 1,56 | . a2 LT .23
1,000-1 999 ...... L 42 240 | 1,479 432 2.07 ¢ . G0 .00 .26
2,000—2,999 ______ 2. 88 3.78 {2, 529 652 232 |.061 1. 05 .28
3,000-3,509_____. [ 98 381 | 3,5M 880 2.30|.68 110 .29
4,000-4,999_____. " 88 3,77 | 4,487 |1,156 2.30 1 .63 1.13 . 30
5 000- 5 999_____. 122 4. 03 | 5, 468 |1, 290 2.46 | .61 1. 19 .40
G 000-7, 9()9 ______ “ 83 .77 1 6,712 1, 752 2,84 | . G2 117 .31
S 000- 9 890 .. L 00 2,83 | 8 4605 12,151 2,24 | .38 1. 20 .31
10 000 au(l over___|L 00 3. 61 {13, 256 |3, 314 2,13 | .59 1.03 29
All households__[3. 36 347 | 3,635 |1, 021 2,12 1.061 .99 .29 .
Total nonfarm
1-persod householdz L 00 | 1. 07 ] 1, 680 ;rl, 680 | 0.8110.76 ' 0.41 0.38

Households of 2 or

more;
Under 1,000______ 281

]

280 ' 4761 169 ] 149 5% .68 o4
1,000-1,809__ """ 117 3141 1,5021 474 | 177 l.561 .83 .26
2.000-2,990___ ___ 280 | 342728175 7191 198|.58. .98 .20
3,000-3,099_____.[s.73 ) 56313512 o421 2121 .58 107 .29
$,000-4000° "I vL | 3057 4497 1, 2121 207 [ .58 L0630
5,000-5899°__7_[3.78 | 3.63 ! 5,451 L, 4421 220 | 61| L15. .32
6,000-7.909_ ____. 367 | 3,48 6,754 1,840 | 211} 61| 112 .32
8,000-0,999______|%. 81} 35118815 2,314 | 220 .68 121 .34
10,000 and over___[3.83 | 3.61 115,601 4,089 | 2 40 ’ L661 1.38 0 .38

All houscholds__[3.35 | 3.23 ;4,461 1,332 ¢ 192 { .

[l
Ca
=

|
Rural furm

: ,_ !
1-person houscholds_{L. 00 ! L 48 | 1,229 11, 229 200 iL3GF 0.79] 0 53
Households of 2 or | !
more: '
Under 1,000, _. 390¢ 3900 205] 53| 273|.68} Lo7 ] .97
1,000-1,099 .- 5771 3087 | 145t 386 | 277 | 72) 107 | (28
2000-2,996 - _C[no2 ! Lvrtolact ) a2 | Bo07l.75] L16| .98
3,000-3,990__ 0. LI12] 41034431 8361 339l 811 L8 ul
£000-4.996_ " L3850 43314480 ', 023 1 a7 11§01 5311 .30
5000-5,000" 77T 0068 ¢ k36 5,400 10054 393 71| L2 [ @
6,000-7,099__ " L B2 482 ! G708 |1, 404 | RG] Lk
8.000-0,009_""T1j5 0% 1 480 | 8845 'LTE8 | A22 (166 | Lgi} (25
10,000 ind over 4. 00 © L38 15,417 3,854 3.06 ;.70 | 126} 9
3.01.744 LIGI .38

All households_ 4. 01 | 4. 08 [ 2, TJ'J 608 i

Sec footnotes at end of table,
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TasLe 11.—Fggs: Average consumption and money value, per house-
hold and per person, in a week, by income groups and wrbanization,
spring, 1955 '—Continned

Average size | Income per— | Consump- | Money value

tion per— per—

Income class
(dollers)

Fam-] House- | Fain- | Per- | Housc- | Per- | House-| Per-
ilv?| hold? | ily+ | sons| hold [son+} hold

All

Dei- | Dol-
fars lars
1-person households . . 1, 663 11,0663 | 0. 83
Households of 2 or
more:
Tnder 1,000 .2
1,000-1,909. _____ 3.3

7| .60
99 § . 60
141 .61
231 .61
16 1. 60
26 .61
191,62
26 | .63
42 | . 66

(V5 Y

371 {1 115
1, 401
2, 510
3, 506
4 406
5, 448
6 755 |1,
8 8I7 |
15, 652 |-

N

]

6,000-7,998
$,000-5,999 .
10,000 and over_..j3.

W15 1910 1O 10 10 1 =

] =)

All households__|3.

=

4, 286

L Food purchased, home-produced, and received as gift or pay by housekeeping
fumilies in the United States.

2 Members in the primary cconomic family during the survey week. Members
temporarily away from home were ineluded.

3 Pota! meals served at home adjusted to 21-meal equivalent,

t Money income, after deduction of State and Federal income taxes, of all
persons who were members of the primury ceonomie fanily during all or any part
of 1954, Tarm ineome was the total of all farm receipts during the year (after
payment of share rent to others) minus farm operating expenses.

5 Adjusted by average fumily size.

¢ Household dafa ndjusted by average household size.

Derived from (59).

In making such adjustments, a decision must be reached as to
whether average family size or average household size should be
used as the basic divisor. In the 1945 survey, average family size
included persons living alone or a group of persons who lived
together and drew from a common fund for their major items of
expense. Family members temporarily away from home—at schoel,
at work, or on vacation—were considered members of the economic
family, although not residing in the dwelling unit at the time of the
interview. Average household size was obtained by taking the total
number of meals’ from family food supplies served to all persons
in the household (that is, the group of persons who shared family
food supplies, including family members at home, guests, boarders,
and hired help) and dividing by 21 to obtain the household size

11 See (52, p. 104) for meal weights. For example, lunches carrled Irom
home and supplemented by purchased food were considered a half meul and
those supplemented by beverages only were counted as a full meal.




48 TECHNICAL BULLETIN 1204, U.S. DEPT. OF AGRICULTURE

in equivalent persons. For these analyses, income was adjusted to
a per person basis by dividing by the average family size, while
consumption and money value were put on a household size (21
meal equivalent) basis.

For the survey week in 1955, shell egg consumption per person was
highest in rural farm areas and lowest in urban areas. For the
United States as a whole, average shell egg consumption per person
in a week was 0.61 dozens (7.3 eggs). 'The high consumption (8.9
eggs) of persons in rural farm aress can be attributed to the ready
availability of eggs from farm or commercial flocks at a cost that
includes no marketing charges. Of the 7.3 eggs consumed per
person, in a week, for all urbunizatons, 5.7 eggs were purchased
while 1.6 eggs were home-produced. For rural farm aress, only
1.8 of the 8.9 eggs consumed per person, in a week, were purchased.
In addition, people on farms are generally more active physically
than nonfarm residents, consequently requiring a greater intake of
culories. Traditionally, farm breakiasts are meal-size while many
urban dwellers favor o quick, light breakfast,

While there is a tendency for egg consumption per person for
urban households to increase with income through all income classes,
farm and rural nonfarm households exhibit a different tendency
{(figure 8). The declining conswnption of shell eggs as income
increases for farm families probably reflects the degree of specializa-
tion on the farm enterprise. On sabsistence level and the smaller,
low income farms, laying hens are kept primarily as a source of
food for those on the farm while on higher income, specialized

Spring, 1955

WEEKLY CONSUMPTION OF EGGS

tn Families¥ by Place of Residence and Annual Income ofter Toxes

EGGS PER PERSON

———— FARM ————— RURAL______ opap
- NON-FARM

Home-proeduced

Purchased

02 4 6 810+ & 8 10+ 02 46 8I1i0+
ANNUAL FAMILY INCOME, AFTER TAXES {$ THOUS.}

¥ HEUSENOLES GF TRD Of MORE PERIGHS

U. % DEPARTWENT TF ALRICULTLRE HEG, 2¥05-231 121 ASPITJULTURAL wARFETIHG SERVICE

Ficvie 8—Egy consumption per person for wrban households tends to increase
with income, Farm and rural nonfarm househelds exhibit a different tend-
ency, reflecting chietly a large use of home-pruduced eggs by the lower income
ZrORps,




DEMAND, SUPPLY, AND PRICE STRUCTURE FOR EGGS 49

farms, laying hens would be kept primarily to supply the off-farm
market. A similar explanation probably accounts For the rural non-
farm behavior, with lower income families having backyard flocks
and higher income families purchasing the greater share of their
eggs. The 1955 survey showed that both farm and rural nonfarm
higher income families purchase a larger share of the shell eggs
they consume than do lower income families.

Measurements of the relationship of consumption and money
value to income level, for households of 2 or more, for each urbani-
zation group, are presented in table 12. Based on consumption per
person for all urbanizations, a 10 percent rise in per capita dispos-
able income is associated with a 0.2 percent increase in per capita
shell egg consumption, chiefly because of the consumption response
to income in the urban household sector. For the rural nonfarm
and farm sectors, there is no statistically measurable income-consump-
tion relationship. The data for money value of eggs consumed per
person, however, show a more pronounced response to changes in
income per capita. For all urbanizations, a 10 percent rise in per
capity disposable income was associated with a 1.2 percent increase
in the money value of eggs consumed, and both the urban and
rural nonfarm household sectors showed a statistically significant
(although small} response to income change.

TasLe 12.—Fggs: Percentage change in consumption and money value
per person associated with a I-percent change in income and related
statisticel coefficients, by urbanization closs, 1955 1

Based on consumption Based on mopey value

Effect of o 1-par- Elect of o 1-per-
Urbanization cent change in cent change in
Coefficient ineome Coefficiant income

of deter- of deter-
mination mination
Net  [Standard Net |Standard
effect error effect error

Percent | FPercent Percent | Percent
0. 68 0. 07 0.02 0. 90 014 : 0.02

.25 %03 .02 .78 L0 .02
.02 %0 .p2 .02 =01 .02
. o7 .02 .M .90 12 .01

1 Computed by least-squares analysis from data ip table 11 converted to loga-
rithmic values.
? Does not differ sigrificantly {rora zero at the 5 percent probability fevel.

Differences between consumption-income and money value-income
relationships are due to variations in the price paid for a commodity
by different income classes. If all income classes paid the same price
for egps purchased, the coefficients for consumption-income and
expenditure-income relationships would be egual, because price would
be constant. ITowever, as seen by dividing the money value of eggs
by the consumption of egys (tabPe 13), families in the upper income
classes pay a higher price for eggs than do lower income families,
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although the variation in prices paid by income classes for the rural
farm sector is small. The greater part of the variation in prices
paid by consumers appears to be associated with the size of egg
purchased; the higher the nverage price paid for eggs by a specified
imncome class, the greater the money value of large, extra large, and
jumbo eges consumed, Only the rural farm group does not follow
this pattern closely. However, the rural farm sector mainly uses
assorted size eg%s while for the other sectors, assorted size eggs
constitute a small portion of the eggs used.

TasLe 13.—Egys: Average price paid per dozen, and percentage of
money value spent for large, extra large, and jumbo sizes, by income
and wrbanizafion class, 1855 1

Urbanization class

TUrban Rural All
Income class
{dollars) Nonfarm Farm
Aver- Aver-
age iMoney age |Money
price | value | Aver- |Maney} Aver- Morey| price | value
age | value | ape | value
priee price
Households of 2 or FPer- Fer- Per- Per-
more; Ceads | cond | Cends | cond | Cents | cent | Cenis | conl
Under 1,000.___. 47 48 45 24 39 24 42 30
1,000-1,999____. 50 46 43 27 39 30 44 35
2,000-2,999_ ___. 53 53 45 30 38 24 47 43
3,000-3,999__ __. o3 a7 406 46 38 26 48 51
4,000,099 _ .. a4 62 47 47 38 3 30 a6
3,000-5000____. 54 64 48 a7 39 30 51 G0
G,000-7,999_____ G| 08 a0 G2 30 25 52 64
8000-9959___ __ 83 it a4 82 28 Ml a4 70
10,000 and over. 5% 85 48 80 42 44 7 57 83
Pey- Per- Per- Per-
Coeflicient of varin- | eend rent cent cent
tion? ... 6.2 ... [ 6.8 .- E N B | L (T PR
: : ;

! Average price derived by dividing money vadue of eggs u-ed by conswinption
{table 11).
? The standard deviation cxpressed as a pereentage of the mean.

Because the money value of eges used is the product of the price
paid and the quantity consumed, the elusticity of money value
equals the sum of the elasticity of consumption and the elasticity
of price. In cross-section data, however. all consumers are assumed
to face essentially ithe same average level of prices {except for
regional varintion). Therefore. variation in the price paid is due
to variation i the quality of the commodity used. For egys. the
consumer usually has a choice of several grades and sizes, with
diflering prices. DBy clwssifying the attributes of grade and size
into the term qualitv. variation in prices paid by consumers can be
considered as variation due to quality and an elasticity mensurement
can be derived. It can be shown (see Appendix, p. 149) that the
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elasticity of quality with respect to income is equal to the difference
between the elusticity of expendifures with respect to income and
the elasticity of consumption with respect to income. For the 1955
data, the elasticities of quulity obtained are:

Urban 0.66
Ruent:

Nonfarm ——— DR ). i1
Furw "}
All - - .09

1 Less than 0000,

The absence of a quality response for the rural farm sector appears
reasonable when it 1s remembered that a large part of consumption
by this group is of eggs produced on the farms whete consumed
and, therefore, may huve no quality identification.

Jouscholds of one person are excluded from the regression analy-
ses becnuse they are ulypical, consumption per person exceeding
that of other size households at all income levels. The large con-
sumption of shell eggs by I-person households may be due to the
relative ense In preparing eggs compared with other foods as well as
to economies of scale. On the latter point, Bylund (4, p. 54} con-
cluded from an investigation of egg consumption in a Pennsylvunia
city that, “It appears that the number of children in the household
is the important factor associnted with level of egg consumption
rather than simply the number of persons in the household.  The
data indicate that children eat fewer eggs than adults*® and that the
number of children is relnted in such a way thut the effect 1s more
than additive. In other words it appears that four children in one
household would eat fewer eggs than four children in four one-child
households.” ldeally. the relutionships of consumption and money
-alue to income level should be adjusted for number of children in
the household. However, duta are not published to make this
adjustment,

An indication of the effect of children on the consumption-income
pattern is obtained from (he 1943 survey of food expenditures of
urban houseliolds. Table 14 shows that althougzh egg consumption
per person in households with children is below consumption per
person for comparable family income classes in households with no
c¢hildren, consumption per person increases with income about twice
as fast for houscholds with children as for households with no
children. In houvscholds with childven, a 10 percent increase in per
person income was associnted with a 2 percent mcrease In consump-
tion per person, while for households with no children a 1) pereent
incrense in per person income was associated with less than a 1
percent increase in consumplion.®

@ This agrecs with the findings of Topper {22},
3 The relationship of consumption per person (X)) with income per person
{Xy) was:
(1) Housebolds with ehildren:
fog X;=—09!+0.20 log X
{6.03) (4
ﬁz"—-_-* .92 8;_3=0,02

(2} HHouseholds wilh no children:
log X{=—0.52- 609 log X,
(0.09) {3)
= 0.41 3a=0.04
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TaABLE 14.—Eggs consumed at home: Average consumplion per person
and expenditures per household in a week, by income group and child
stafus, April-June 1948 *

Consumption per Expenditures per
person in household household with—
with—
Income class {dollars)
Children No Children No
children chiidren
Dozens Dozens Dollars Dollars
Uoder 2,000 .. _____. —————— 0.38 0. 52 0. 95 0.74
2,000-2,0909_ . _____.______..__ . 46 . 56 110 v
3,000-3,899_ .. -1 . 60 1. 25 .54
4,000-4,999____________.______ . 51 .68 1.23 .94
5000-7,499 ... __.... .55 . 58 1.28 .89
7,500 and over_ ... ... _ . 58 . 66 1. 68 1. g9

! Urban housekeeping families of 2 or more persons in the United States.
Derived from {8},

Comparisons with other commodities——Comparison of the rela-
tionship of consumption and money value to income level for eggs
and the commodities that are close substitutes and complements
reveals that meats, poultry, and fish and cheese have greater con-
sumption-income and expenditure-income responses than eggs, and
that breakfast cereals and bacon have about the same response {fables
15 and 186).

Large variation between income groups in the average price paid
for meats, poultry, and fish and for bacon account for money value-
ncome relationships significantly higher than quantity-income rela-
tionships for these items. As income rises, consumers tend to bu
hi%her grade meat and the more choice cuts. For example, for all
urbanizations combined, 53 percent of households of 2 or more persons
used some form of beef steak in the survey week, with 24 percent
of the households in the less than $1,000 income class and 74 percent
of the households in the $10,000 and over income class reporting
some use. On the other hand, 29 percent of the households with
incomes less than $1,000 used salt pork, while only 6 percent of the
households with incomes of $10,000 and over used that item. Much
of the fish in the lower income brackets was obtained without a
money expenditure, while purchases by the higher income brackets
include a greater proportion of more expensive shellfish. For cheese,
average price per pound, by income class, is about the same in all
Income classes, except for the $10,000 and over class, and for break-
fast cereals, average price per pound differs only for the less than
$1,000 income group. Therefore, the elasticity of money value with
relation to income for cheese and for breakfast cereals is not signifi-
cantly different from the consumption-income relationships of these
items.
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TasLE 15.—Selected foods consumed at home: Average consumplion

per household and per person, in @ week, by income groups, all ur-
banizations combined, April-June 1955 *

Consumption Money value
Income class
(dollars) Ments, Break- Meats, Break-
poultry|Cheese| fast | Bacon| pouliry|Cheese| fast | Bacon
and cereals and cereals
fish fish
Per household
1-person house- Pounds { Pounds | Pounds | Pounds | Dollars | Doliare | Dollars | Dollars
holds___________ 514 | 0591031038 3071028008 021
Households of 2 or
more:
Under 1,000_____1 9.67| .57 | .66 .781 455 .28 .16 . 39
1,800-1,999_____ iLery 7| .76 79| 578 .38 .23 .41
2,000-2,999_ ____ 13. &6 .88 .90 .93 7. 23 . 46 .24 .49
3,000-3,999_ . ___ 1431 | L.O5 .91 . 90 7.92 Lal .27 .48
4,000-4,009_____ 1514 | 114 | .95 | .87 | B 84| .56 | .28 . 50
5,000-5,999_____ 16.21 | 1.26 | 1. 01 .94 O.83 | .60;: .30 . 55
6,000-7,999___ __ 16,49 | 1. 32 . BB .96 | 10. 25 .64 .26 . b9
8,000-9,999___._ 1570 | 1.48 ¢ .81 .81 11026 .73 .25 .50
10,000 2nd over__] 17. 63 | 1. 56 . 82 .88 | 12 64 .82 .25 . 57
Al 13. 77 | 1. 06 82 .84 7.99 .51 .24 .47
Per person
1-person house-
holds_ . _____._._ 47210.54 | 028|035 282|0.26|007| 019
Households of 2 or
more:
Under 1,000__._._ 2,971 17| .20 .24 140 .09 .05 .12
1,000-1,999_.___ 3. 54 .23 .23 .24 1.75 .12 ir .12
2,000-2,900___ __ 3.94| .28 .26 .26 2205| .13| .07| .14
3,000-3,999_____ 360} .29 54 .25 216 .14 | .07 13
4,000-4,999_____ 418 .31 .26 .24 244 .15 .08 .14
5,000-5,909_____ 4 39 .34 .27 .25 2. 66 .16 .08 .15
6,000-7,999_____ 463 | .87 .23 .27| 2881 .18 .07 .17
8,000-9,569_____ 4 36| .41 L322 .22 285 .20 .07 14
10,000 and over__| 4847 .43 1] .22 .24 3.47| .23 | .07 16
Al 414 32 25] .28 | 2404 .15 a7 14

1 Food purchased, home-produced, and received as gift or pay by housekeeping

families in the United States.
Derived from (59).

The elasticity measurements obtained from the 1955 survey data
suggest that expenditures for eggs associated with rising consumer
incomes per person are less than the corresponding increased
expenditures for meats, poultry, and fish and for cheese. We would
expect, therefore, that eggs will receive a smaller share of each
additional dollar in future years, so long as consumer incomes con-
tinze to Tise, than meats, poultry, and fish and cheese, and about
the same as breakfast cereals and bacon, provided price relationships,
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TasLe 18.~—S8elected foods consumed at home: Perceniage change in
consumplion and money value per person associated with a I-percent
shange wn tncome and related statistical coefficients, all urbanizations,
18851

Basged on consumptilion Based on money value
Effect of & Effect of &
Item Coeffi- | 1-percent change | Coeffi- | I-perceni change
clent of in income cient of in income
determi. determi-
nation nation
Net |Standard Net [Stondard
effect errar effect grrox
Meats, poultry Percent | Percent Percent | Percent
and fsh__ ___._ 0. 96 014 0 0} 0 47 Q.27 0. .02
Cheese_ . __._..__. .68 .28 .02 .98 .27 .02
Breakfast cereals._ .12 .03 2,03 . a0 .09 .04
Bacon. __.__.____ {% &) ) . 64 . D8 .03

i Computed by least-squares analysis from dats in table 15 converted to
logarithmic values.

* Diges not differ significantly from zers 2t the 5 percent probability level.

3 Less than 0LO1.

consumer tastes and preferences, and other economic and demo-
aphic varinbles that may influence the relationships between these
items do not alter over time.

Comparisons over time.—While the 1955 survey data indicate that
consumption and expenditures for eggs have a small income response,
more confidence would attach to inferences drawn from that result
if the estimate could be confirmed with the aid of cross-section
studies at othur points in time. Comparisons fmong surveys ab
different points in time are difficult because of differing coneceptual
and methodological aspects employed. However, on a broad basis,
and keeping in mind the inherent shortcomings of such comparisons,
data for eggs from surveys in 1942, 1948, and 1951 are compared
in table 17 and figure 9. These data are for urban income groups;
consequently, they should be compared with data for the urban
group only in the 1935 survey. In the lower income groups there
are marked differences between the consumption of urban and rural
farm families, with rural nonfarm families occupying an inter-
medinte position. In addition, both the 1942 and 1951 data include
single-member households, which have higher per person consump-
tion and expenditure rates for eggs for their per-person income
level than do multi-member households in the same per-person
income levels. However, if single-member households are nof con-
centrated in any one income class (which appears a reasenable
assumption}, comparing data from surveys which include single-
member households with data from surveys which exclude single-
member households should not alter the basic consumption-income
and money value-income relationships.

Regression coeflicients for the consumption-income and money
value-income relationships for eggs for urban groups in the 1942,
1948, and 1951 surveys (tfabis 18) did not differ significantly from
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TanLe 17.—FEggs: Average consumpiion and money value per household
and per person, in @ week, by urban income groups, spring, 1942,

188, and 18951

Income per—' | Average size | Consump- | Money value
tion per— per—
Incotne class
(dollars)

Fam- | Per- {Fam-| House-| House-| Per- | House-| Per-

ily son ily { hold2 | hoid |son?| hold |son?

194214 Per-;  Per- Doz- Dot-
Dollarst Dollars| sons | sons | Dozens| ens | Dollars| lars
Under 500_ .. _..__ 310 183 11,69 | 1.77 O 0.51 | 90.31| 018
S00-999. . _______ 735 322 (2. 28 2. 45 1.435 | . 58 .45 .20
1,000-1,499_______ 1, 244 482 |2, 55 2. 95 1.861.63 . 687 .23
1,500-1,999_______ 1, 750 614 |2.85| 300 212 |.71 L7671 .25
2,000-2,490_____._ 2,232 725 |3. 08 3.24 2.23 ;.69 .77 .24
2,500-2,00¢.______| 2 736 827 13. 31 330} 2.30|.70 .86 .20
3,000-4,999__ . _.__ 3,714 | 1,004 3. 70 3. 60 2. 41 | .67 . B7 .24
5,000-9,999_______ 0, 138 | 1, 395 [4. 40 4.15 2. 50 | . 60 .98 .24

18485
Under 1,000 ._..__ 610 243 12. 51 2.84 1.43 | .50 .78 .27
1,000-1,09%_______ 1, 5355 536 {2. 90 3. 23 1.67 | .52 98 .30
2,000-2,999_______| 2, 5035 To4 |3. 28 3. 49 1.90 | . 54 1. 08 .31
3,000-3,999 . _____ 3, 485 9%0 |3. 52 3. 65 208 .57 1,20 .33
4,000-4,999_______ 4 421 {1,267 (3.49 | 3.50| 2.20|.631 1244 .35
5,000-7,499_______ &, 861 | 1,724 (3. 40 33 194 | .59 1. 11 . 34
7,500 and over_.___ 11, 766 | 3,080 |3. 82 3. 84 2. 36 61 1. 46 38
195114

Under 1,000 ____ 614 4090 | 1.5 1.5 ) (%) .49 .33
1,000-2,000. . ____. 1, 532 730 | 2.1 2.3 %} % .64 ] .28
2,000-3.000_ _ . ___ 25341 939 |27 2.0 (8 {8 .87 .30
3,000-4.000_ ______ 3487 1 1,000 | .21 32| % {9 .98 | .31
4,000-5,000. ______ 4,462 | 1,312 ] 3.4 3.4 % (%) 107 .31
3,000-6,000..  _____ 5,440 | 1,514 1 4.6 3.4 4] () 1. 11 .33
8,000-7,500__ _____ 6,618 | 1,780 | 3.7 33| ® ¢y | 11| .35
7 500--10,000_ - ___ S,434 | 2,109 | 4.0 a7 ™ ¢y | tes| .34
10,000 and over..._ 115,914 | 4,301 | 3.7 3.4 (%) Q] 1. 27 .37

! Income after Federal toxes in 1941 and 1947, Tor 1951 data,

after Federal, State, and loval taxes,
z Total meals served at home adjusted to 21-meal equivalent.
3 Household data adjusted by avernge household size.
+ Includes single-meamber households.
5 Housgeholds of 2 or more persons.
¢ Not reported in preliminary releases.

Derived from: 1942 (60 and §4), 1948 (9}, and 198381 (53).

1950 incoine
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the regression coefficients for the 1955 survey,™ indicating a stable
income response for eggs. The only constunt term that differed
significantly from zero at the 10-percent level of probability*? was
the value for the consymption-income relationship in the 1948 survey.
However, the differences among the constant terms for each of the
periods, although not significantly different from zere at the 10-
percent level of probabﬁity, do appear to reflect some effect of
changes in the general price level as well as changes in price rela-
tionships between eggs and other goods, shifts in income distribu-
tions, changes in pre?erences and tastes, and many other additional
unspecified factors. Because it is generally assumed that tastes,
preferences, income distributions, and other factors that are prima-
rily determined by institutional forces change slowly over time,
changes in the general price level appear to be the major factor
contr:buting to differences in the height of the regression linus for
the four surveys being considered.

Allowance can be made for changes in the general price level by
deflating the money value and income variables in each regression
problem by the Consumers’ Price Index for all items (published
by the United States Bureau of Labor Statistics). Because the Con-
sumers’ Price Index is the same for all observations in each period,
adjusting for the CPI is eguivalent to cividing by a fixed value,
and, therefore, the regression coeflicients remain unchanged; only

W The "t values obtained for the differences I*2tween regression coeflicients in
each pair of periods were:

Value of "
Dogrees of
Survey freedom
Consump- Money value-
tion-ingpme income
1955 and—

1042 e *. 8 *0 6 13
1048 o * G 2 12
Bt No dafa “1.3 14

*Does not differ from zerp by a statistically significant amount at the 10-per-
eent probability level.

B The “t" wvalues obfained for the dilfercuces between the eonztant terms in
cach pair of periods were:

Value of 47
Degroes of
Survey ireedom
Consump- |Money value-
tion-income meome
1953 and—

10 e *). 4 14 13
F R B R (195} =6 12
198 e e Nodatla L4 14

*Does not differ (rom zevo by a stm.i:tic:tll_\'signiﬁcn.nt;_:lmr:unl. ut tlu-lﬂ-pf!;:
cent prohability level.
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RELATIONSHIP O EXPENDITURES FOR EGGS AND INCOME,
PER PERSON, FROM CONSUMER SURVEYS,
1942, 1948, 1951, AND 1955*

b
O

o ]
Loy T
s O R
.-——L;QI

—

—

o__J/

1542
- O 1948
e % 1951
i

AI195S

15 L] LI l 1 ] 1 LEljd 1 b L3 1

150 200 300 400 600 8oe 1,000 2,000 4,000 6,000
X, ANWUAL MCOME PER PERSON {DOLLARS)

PLRAAK MOUSEROLOL DHLY

X, WEIKLY EXPENDITURES FOR £GGS, PER PHRSON (CENTS)

Ui, DEPARIMENRT OF AGRICULTURE HEG. 3101-32(4) AGRICULTURAL MARKETING JERYICE

Ficvze 9.—Ip the last 15 years the relationship of a dollar increase in income
to weekly per persop espenditures for eggs bas remained relatively stable.

the constant terms in the equations change. The “t” values*® obtained
fur the differences between the constant terms adjusted for the
price level in each pericd were not significant, with the exception
of *he 1955-1948 consumption-income relationship. Therefore, data
for the conswnption of eggs from the 1955 and 1942 surveys and
data for the money value of eggs from the 1955, 1951, 1948, and
1942 surveys were pooled in regression analyses to compare with
regression analyses from time series data.

n pooling data from the different surveys, the Consumers’ Price
Index was added as a separate variable rather than as a deflator
so that comparisons could be made more easily with coefficients
obtained from the 11-equation time series model of the egg economy
{p. 64). In addition, the derived average price paid for eggs in
the survey week by each income class was added to the consumption-
income analysis to allow for shifts in the consumption-income

18 The “t" values obtained for the differences hetween the constant terms in
each pair of periods, after adjustment {or price level, were:

Value of “t"
Degrees of
Survey freedom

Consump- Money
tlon-income | vaiue-income

1955 and—
*i.1
7.2

No data

* Does not differ from zere by & statistically significant amount at the
10-percent probability level,
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TasLe 18.—Kggs: Percentage change in consumption and money
value per person associated with a I-percent change in income and
related swatistical coefficients, urban groups, for specified periods’

Bused on consumption Based on money value
Eifect of & 1-per- Effeet of o 1 per-
Year and source {Joeffi- cent change in Coeffi- ceat change in
cient of income cient of income
determi. determi-
nuation nation
Net  [Standard Net {Standard
effect &rror effect error
Percent | Percent Percent | Percent
1942 (60) o oo 0. 45 012 0. 05 0. 74 0. 16 0 04
1948 (9y_________ .78 . 09 .02 . 06 .13 .01
1951 (58} .. .___ Q) ) ) . 45 . 08 . O4
19538 (68) o oo . 68 .07 .02 .90 .14 .02

{ Computed by least-squures analysis from data in tables1l and 17 converted to
logarithmic values.
* Data not available.

relationship attributable to changes in the price schedule facing
consumers at different time periods. For the pooled 1955 and 1942
consumption-income data for urban households, a 1-percent change
in per capita income was associated positively with about a 0.2
percent change in the per capita consumption of eggs, after adjusting
for the influence of the price of eggs and the general price level.?
An elasticity of demand with respect to income of 02 for urban
households 1s higher than the values obtained for any of the indi-
vidual periods studied (table 18) as well as higher than elasticities
obtained for all households in the 1955 cross-section study {table 12}
and any of the time series analyses (table 23). As previously
pointed out, we would expect an income elasiicity for eggs for
urban households higher than for all households combined. In
addition, we would expect results from the cross-section studies for
eggs to be more significant statistically than the time series studies
because time series analyses for eggs that incorporate data from
1931-54 are complicated by intercorrelation between income and the
general price level.

The elosticity of demand with respect to own price of —148,
obtained from the pooled 1955 and 1942 survey data for urban house-
holds, is a great deal higher than the results obtained from time
series data (table 23). We would expect a higher elasticity, however,
because the variation in the price of egrs among income classes,
especinlly for urban households, is due mainly to variations in the

7 The logarithmic relationship obtained for the pooled 1955 and 1942 survey

data was:
log X;i=—0.86+ 0.18 log Xa+ 0.76 log X3— 1.48 log X, (6)
{0.04) (0.38) {0.54)
1) 2y=0.74 81.2%4=0.03
where:

Ny={onsumption of eggs in dozens, per capita, urban households.
Xa.=Disposable personal income in dollurs, per capita,
X,=Consumers’ price index ([947-49~100),

X,=Derived average price of eggs, per dozen,
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grade and size (see p. 50) of eggs used. The price effect on con-
sumption in a poolec]l cross-section study, therefore, mainly reflects
this influence.

The elasticity of demand with respect to the general price level,
derived from the pooled 1955 and 1942 cross-section study, appears
reasonable when compared with the estimates from the fime series
analyses (table 23).

Results from the pooled 1955, 1951, 1948, and 1942 money value
data indicate that a 1-percent change in income per capita is
assoclated positively with about a 0.13 percent change in the money
vilue of eggs, per person, after adjusting for the general price
level.’® This value falls within the range of values obtained for the
money value-Income relationships for each of the surveys {table 18).

From the analyses discussed above, it appears that the influence
of income on egg consumption for urban households is extremely
small; although. statistically significant. The consumption-income
relationship for all urbanizations is probably even smaller than that
obtained for urban households, based on the 1955 survey data for
both groups. The almost negligible influence of income on con-
sumption 1s not surprising, since the data indicate that the average
per capita consumption in each ingome group is about one ego a day
and almost all families in each income group used eggs at some time
i the survey period (table 19).

While it is evident that the consumption-income relationship for
eges Is small, the precision of the relationship derived empirically
ie limited by errors in the survey data and by the statistical methods
used in deriving a measure of the relationship. The analyst gen-

Tapue 19 —Iggs: Percentage of households using, by income ferciles,
in o week spring 1842, 1948, and 1955 1

Percentage of households using
Income fereile

1942 1948 19557

FPercent Percent _ Percent
i
100 98

99 100

S 98

! Ineludes guantities purchased, produced nt home, or received as a gift or in
payment [or services readered. .
2 Income terciles are only approximate, being based on grouped data.

From (51, p. 9) and (53, p. 93).

8 The logarithmic relationship obtained for the pooled 1953, 1951, 1948, and
1942 survey data was:
log X, =0.07+ 0.13 log X%+ 0.51 log X3 {7}
(0.02) {0.07)

f?zl_-_u:(}.SG 8|.23=D.03
where;
A== Money value of rges in cenls, per person, urban households.
Xa=TDsposaisle persoonl income in dollars, per capita.
Ay=Consuemers’ price index {1947-49=100}.
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erally has no control over the relisbility of the data used, but he
must select the statistical form of the equation to be used, often
with little basis for making a selection. The cross-section analyses
for eggs used a log-log 1‘8Tati0nship {that is, the relationship was
considered to be linear in logarithmic values). The major Lmita-
tion to using a log-log relationship in fitting a regression line to
consumption-income and money value-incume relationships is that
little is known about the behavior of households at the extremes of
the income scale. A curvilinear relationship might be appropriate
even when the data are converted to Jogarithms because, at low
income levels, an increase in income probably is spent almost entirely
for food while at high income levels the 1nverse is probably true.
However, the pooled consumption-income relationship {equation (6))
was fested for nonlinearity (see Appendix, p. 149) and the log-log
relationship used was found not to depart significantly from linearity
within the range of the reported observations.

Consumer Preference Studies and Household Practices

Perhaps tastes and preferences have as important an influence on
the demand for eggs as prices and income. But changes in tastes
and preferences generally occur more slowly than do fluctuations
in prices and income, and their effects on demand are difficult to
measure. Studies of consumer preferences and household practices,
nevertheless, aid in understanding the market that exists for eggs.
and such studies may suggest ways for influencing demand.

The factors which housewives consider of primary importance
when purchasing eggs appear fo be quality, grade, and freshness,
although, as table 20 shows, price and size wulso are important. The
relatively minor importance of price indicated by the data may
reflect situations in which the quantity purchased is largely influ-
enced by price and income, but, once a purchase has been decided
upon, quality and other asscciated factors become more important.

Because the evaluation of quality by housewives is o subjective
concept, it is Important to know how housewives make this evalua-
tion in order to supply them with the product demanded. A summary
of studies on consumer preferences indicates some general notions
in consumers’ minds of what constitutes quality. Principally,
external appearance, source of supply, and appearance, taste, and
odor after breaking cut, as well as shaking the egg and other vague
notions were reported by housewives as quaﬁty considerations.
Results of several surveys show that consamers generally select AA
or A grade eggs as the type they prefer, and that they can give a
good reason for this preference.

Information on household practices also offers additional insights
into demand. Results from one such survey covering two cities are
listed in table 21. Almost all households used eges for table use
in the two cities but & much smaller percentage of households used
eggs in batters and doughs and in other food preparations. As the
quantity of a product used by a consumer increases, its demand
tends to become inelastic. If production in such cases continues to
increase, severe price and income decreases to producers can be
avoided only by finding additional uses for that ouiput. Butters,
doughs, and other food preparations may offer opportunities for
increased use of eggs.
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TABLE 20.—FKggs: Percentage of housewives who consider specified
Jactors of primary importance when purchasing, selected citves

Yeaar
study
Wig
cen-
duct-
ed

Factor considered

Quality,
rade,
and
fresh-
uess

Brand
e,
color,
or tlesn-
liness

Nothing
specific,
or re-
liedd on
retuniler’'s
reputa-
tion

Miseel-
liteous
and
unelns-
sified

Baltimore. . o oo
Wichita

Des Moines. .
Columibus
Tthoea

Percent
22,
83.
ad.
18,
66,
Tl

LPercent
47, 7

Percant

iBrand nama.
2 Color,

3 Coler, 3.8 percent; clennliness, 7.0 pereent,

From: Jasper (23, |

3. 8).

Tapre 21.---Eggs: Percentage of households using and percentuge used,
by use and tncome eluss, Birmingham and Indiunapolis, spring 1953

Birminghain

Indinnapolis

Household income

All

Household iucoine

Tow

Mid-
dle

High

house-
haolds

1
Low !
|

Alid-
dle

i

| ITigh

Perveuntare of houseliolds using
! i
Per- | Per- | Per- |
crnd 1 oeend ool
Gb 43 9%
Gl 69 G4

53 [ 56
991 )

_F Por- :
vogend

)
88 ‘

32

Per-

cent
7
49
48 ‘

100 ’

Per-
cenf
For tuble. . 98 ‘
In batiers and douphs. !
For other food pre-

puaration

43
43 E
99 [

Percentuge used

81 |
12

TFor tuble TG
In butters and doughs. 13
For other foed pre-

piration 7 8 3

100 i

82 5
10 3

(48, Juiy 1954, p. 21),
51290350 &
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An 11-Equation Meodel)of the Egq Economy

The section on factors that influence the supply of eggs indicates
that the supply of eggs in a calendar year 1s influenced by price
movements within the sume period through two methods of adjust-
ment under the control of producers—chick replacements and layers
sold and consumed on farms where produced. (1) If the egg-feed
ratio in the first half of the year, when producers are starting chicks
for future flock replacement, is lower than the ratio for the corre-
sponding period in the previous year, producers generally start fewer
replacements. If the egg-feed ratio is higher than a year earlier,
they tend to increase the number of chicks started for flock replace-
ment. (2) The number of layers seld and consumed on farms
where produced throughout the year is related to the ewy-feed ratic
prevailing in that year. When the e% -feed ratio 1s above the
previous year. the number of layers so c% and consumed on farms
where produced is less than when the egg-feed ratio in the current
year is below the ratio in the previous yeur. Consequently, there
1s an interaction between demand and supply within the 1:2-month
time span of January through December.

Tinder this condition of a simultaneous relationship between sup-
ply ana price. it has been shown [see, for example, (/8) and (29) ]
that estimation of such coeflicients as elasticity of demand with
respect to price by the traditional method of a single regression
equation fitted by least squares may result in a statistical bias. To
avoid this bias, a “system” of equations should be solved simuita-
neously if the underlying economic relationships between demand,
price, and supply factors are to be uscertuined. We are concerned
therefore, with obtaining a structural estimation of the relutionships
among the many variables that have been shown to afiect the demand,
price. and supply for egps. IKlein (27, p. 21) has stated that “in
weneral. the goal is to estimate a set of relations that will remain
valid or change in known wavs under a wide variety of circum-
stances.”

Variables

The variables that enter into the structural model of the egy
economy are listed below, identified symbolically. In order to work
with the limited information approach, the total varishles in the
system are divided into two categorier—endogenous variables and
predetermined variables. The former are those variables whose
relationships among themselves and with other variables are to be
determined from knowledge of variables whose values are assumed
to be kmown. The latter variables are designated ws predetermined.?

All variables in the system of equations relate to the calendar year
except those having 2 prime ('), which designates values of the
-ariables for Januwary-June.

The Following varigbles are assumed 1o be endosenons for this
analysis:

Qe==C'ivilian domestic disapprarance of eges, hilhons,
Proand Pe=TRetall price of eges, per dozen, cents,
0 Technically, an endogenous varizble is one that is eorrelated with the un-

explained residunal in the structural relation in which It appears, while a pre-
determined variable is uncorrelated with the uncexplained residual.
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@r=TFarm production of eggs, billions.

Lp=Average number of lavers on farms during the year, millions.

.r=Number of pullets raised, millions.

Le=XNumber of layers sold and consumed on [arms where pro-
duced, millions,

Peand Ppul* arm price of eggs, per dozen, cents,

Qz=Farm production of eggs nunus the Januar y-June net into-
storage movement of shell, frozen, nnd dricd eggs (shell equiva-
lentt, exeluding Government stocks, billions.

S’ =January thmugh June net into-storage movement of shell,
frozen, and dried eggs (shell equivalents, excluding Govern-
ment stocks, billions.

T'he lollowing variables are assumed o be predefermined in this
anmalvsis:

L= Cousuner dispusable ineome, billion dellars.
Py and Py=Retail price of meats, poultry and fish, index
numhbers (1947--49= 10{)),
Peawd Po=Retail price of chueese, index pumbers (1947-49=100).
Py and Pg=Retail price of bacon, index numbers {1947-49=
100;,
Proand Pr--Retail priee of ready-to-cat eereals, index numbers
(1947 40 = 700).
Py and Pg=Consumers' price indoex ol all items {1947—49=1G0j.
)y = Average number of vggs produced per laver during the vear,
Ly=Number af heus and pullets of leying age and pullet:a not vet
laying on furms, January 1, millions.
A= Difference belween eivilien domestic disuppearance of eugs
wnd farm production of eggs. hillions.
I--\Imtnhl\ of layers plua o balaneing residual, millions.
PG pel Pg- Average prive of poultry ratinn, per 100 pounds,
dollars,
I =Population eating sul of eivilian supphies. July 1, millions,
Qp-—.\t:mb i of exea produced on larms, billions,
= Unit labor rost of marketing [ead ijclu(t index numbers
(1947 -49:= 100,
F=Gain or loss on fulusms contract, previous yvear, speculative
long position, per dozen, conts,

In the previous sections on factors that affect the supply and
demand for eges. reasons for choosing these variables are discussed,
E\r.ept for the net into- -storage mov ement of shell. frozen, and dried
eggs. S, the unit Jubor cost of marketing food products, and
the ;_mm or loss experienced by those who took 4 specuhtn*e long
position on fhe previous vewr’s Tulures contract, /. Reasons for
including the variables .87, T, and F in the structural model of the
egrg economy are explained Delow.

Years Included

The simultanevus equation analysis i hased on fiest difference
values for the yeurs 1931—41 and 19465+, Conditions during these
vears are assiwhed to have been sufliciently homogenecus to permit
their inclusion in w single analysis. Yeuls :ubsequent to 1954 are
excluded so as to leave several observations against which to test
the fitted equations. TIndividoal equutions preqented In previous
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sections were, in some instances, fitted for years prior to 1931; how-
ever, cdlata for all the variables used in the model of the egg economy
are availalble only from 1931. The war years 1942-45 are excluded
because of the :{normal circumstances that influenced supply und
demand in that period. First differences are used because of the
several trend factors that have aflected the relationships.

Price supports for eggs, in order to bring about expansion of
production to achieve certain announced goals, were mandatory from
1042 through 1946. In part of this period, maximum piice controls
were imposed on prices paid by retailers for shell eggs. and ceiling
prices were imposed at wholesale levels for liquid, frozen. and dried
egg products. In addition, the Government became a heavy pur-
chaser of eggs for our military use as well as for the use of our
allies. ILevin (77, p. 888) states that the following percentages of
the eggs produced on farms were procured for Lend-Lease purposes:
5 percent in 1941, 15 percent in 1042, 13 percent in 1943, 17 percent
in 1944, and 2 percent in 1943, (See ulso tuble 48, p. 1534} XNearly
all of these eggs were dehydrated. With the termination of the
Lend-Lease program in the latter part of 1945, dehydrated eggs were
taken for UNRRA and other overseas relief programs. However, it
seems reascnable to assume that the effect of the wartime programs
on egps. as well as wartime influences that affected other variables
in the model of the egy economy, were considerably lessened by 1046
so that the postwar years can be included in the analysis™

Equations in the Model

The following structural equationz are invelved in a system that
represents the supply and demand for eggs. The 11 equations
shown correspond to the 11 endogenous variables in the syvstemn.
Therefore. this is a complete system.

I{ g . [ ¥ - 1 L] '
-%-F'=ﬂl“"'bwpﬂ"f"f'u ]F}--}-('mp_q—' (‘;;;Pc-." ot 5';‘('{.5])?" f'm}oo".""'-*'l {S)
Cp (- Ly (9)
QE::: I"L);--'- R (10)
Lpoe Dyt o AL S e (11}
: e
(o s - b:a}?,'f'l'us (12)
[r3
Fi
J".r':"ﬁ'.' . f;'.r._ Iz Wy (13)
G
| s el
Pe-aie s bofp - b:a“j‘f“l‘f?l” ch (14)
ST LA Qs - 3
Prag bt ;;‘T‘bnﬁ"j'?‘i‘fsl“ =M. (15)

20 o g eaplerie acenunt of the sfect of World Yar IT prozreoms on eggs,
spe Lovin (31).
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f
FegPntensl s+ cPotu  (16)

%=aw+ broe %+3101F+u!0 an
Q= i—8" 18y

In this notation, the a’s represent the constant term in each equa-
tion, the b's and ¢'s represent structural coeflicients that apply to the
endogenous and predetermined variables, respectively, and the u’s
represent random error terms. No coellicients or random exror ferms
are involved in equations (9}, (10), (11}, and (18) because they
are identities; they need not be fitted by statistical means. The
remaining seven equations each coutain two or more endogencus
variables and, therefore, were fitted by the method of limited infor-
matiun,

Several modifieations were made in fitting parameters to the
model. The predetermined variable I wuas dropped from the
gystem because representative data were not available. However, it
was felt that the loss of information resulting from the exclusion
of the predetermined variable 1/ is minor, although each valid
predetermined variable added fo 2 system tends to increase the
statistical efliciency of the model. When using the model for fore-
casting purposes, it is necessary to substitute an estimate of the
variable A/ into equation (11} because it is an identity equation.
Another modification in fitting the model involved the substitution
of linear approximations {or the nonlinear variables and relations.
like Qeg/H and @ = Lp. These modifications and cerfain other
agpects of fitting are discuszed in the Appendix.

Constderations in the formulation of the above equations are given
in the sections that relate to supply and demand and the following
remarks.

FEguation (8)—The civillan disappearance of eggs is influenced
by the price of eggs. population, income. the prices of substitute and
complementary goods. as well as the general price level

Eguation (10 )—Because annual egg production is the product of
the rate of lay and the average number of layers on farms during
the year, the variable 4 is added to equation (10) as a balancing
ifem befween civilian disappearance and farm production of egps.
The variable 4 is considered predetermined because annual changes
in stocks. exports and imports, and eges used for hatching ave only
a small percentage of annual egy production while military and
USDA takings Tor export, which unccount for a lavge percentage of
production in some years, are essentially exogenous factors.

7 Foole (84, p. SG) peints ownt Lhat the lipited information method “is given
that name beeanse it wakes use of ondy part of the inforwation that is shown
by fhe complete medel. It ylelds estimaies for o selected subset of eguntions
when we neclee! information about the varinbios thut appear In particular
cquations in the remainder of the system.” In deriving the eoeflicienls in this
model, the subset in each case ronsists of a single equation.
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Equations (12) and (13 )—These include the egg-feed ratios for
January-June and January-December, respectively. Because these
ratios have as one of their components the price received by farmers
for eggs, they arc classified as endogenous variables, thereby neces-
sitating the addition of several equations to the system.

Lguations (14) and (15).—Equation (14) relates £p to the average
retail price of eggs in each year (Pg), while equation (15) relates
P, to the average retail price of eggs in the first six months of each
year {Pz). Essentially, equations (14) and (15} represent the funetion
of the marketing system which transmits consumer demand fo the
farm price level. Farm and retail prices are related by (1) fixed
charges such as costs of processing, traunsportation, and containers,
and (2) percentage markups in wholessle and retail distribution.

Yeur Farm-retail

spread
- i —_—

{'enls
1920-20. .. ... L .. . . 15,9
1G30-8 . . L L e aemm i ememee o ima e e . 1. 8
4049 L __.. L. . o e - 15. 8
1950, .. e e e o e e o . . 19t
9ai._ . 20. 3
1352 . .. e - 2, 4
AL T - i7. B
1954 ... - 18. 7
1955 . - 8.0
1966 . ... . oL - 17. 4
1957 e m - | 18. 3
1968_. . .- - 19. 4

The farm-retail price spreed for eggs rose rapidly in the years after
World War II. Since 1953, however, it bas changed little as higher
costs have been ofiset by cost-reducing changes in marketing chan-
nels and practices. These include: (1) Reduction in numbers of egg
handlers and frequency of handling individual eggs, through the
bypassing of city w’ho%esa]ers and associated distributors by large
country assemblers and other integrated assembler-grader-distributors
and retailers; (2) adoption of improved methods of grading and
bandling eggs in plants; (3) incregses in number of specialized cgg
farms; {4) increases in buying of eggs from farms on the basis of
U.8. consumer grades; and (5) increasing movempnt of grading and
cartoning c:f)emtions from city to country plants.

In a study conducted in July and October 1935 and January and
April 1956 (10, p. 13) the average paying price for all eggs at the
farm during the 4-month period was 345 cents per dozen. The
average selling price to retailers and others for all eggs, including
cartoned and loose of all sizes and grades, was 43.8 cents per
dozen. Hetailers added another 10 cents per dozen, bringing the
retail price per dozen to almost 56 cents. The following tabulation
shows the brealkdown of the 2L.5 cents per dozen in handling and
transportation costs beiween the farm and the final retail outlet
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distributed ameng gross margins for country sssembly points, city
recelving plants, and retail outlets: ‘

Cost item Cost per
dozen
Country assembly plant: Cenls
Procurement (pickup at farm). ... . . ... 0. 68
Candling .. e mrmm e e R .74
Carfoning. el . 34
Loading out L e il s .18
Supervision.____.__ e mm e mmmmmmm— memamm- .33
Supplies. .o e 3 50
Commission. ..o coeunos e e .31
Miscellaneons_ _ _ . .o - e .94
Total e mmmcmmmm e emmaaa—. e 7.20
Transportation_ . . - 1. 05
City receiving plant:
Warehouse. .. ... .......__. .50
Trucks and sales. . ..o i e amman 1,76
Miscellaneous._ o o ... e mccenaan- 1. 04)
ot e —mam 3. 25
Combined cost of assembly, transportation, and receiving_ _______ 11. 50
Refail gross margin i e 10. 00

Farm-to-retail price spread_ . oo ...._

"o, p. 13).

The retail margin for eggs is not broken down because of the diffi-
culty of allocating costs such as rent, labor, and electricity among
the thousands of items sold in a retail outlet.

In the previous year, 1934, a different study (7I, p. 23) showed
that the typical marketing costs for country assemblers of mid-
western eggs sold in eastern markets was 9.5 cents per dozen {table
22). The following tabulation indicates that marketing costs for
wholesalers candling eggs in Washington, D.C. were about 8 cents
per dozen:

Typical
Tt marketing
¢ost per
| dozen
! L}
H ('ents
Labor (candling and oiher) ____ ... ... . . e ey 2. 50
Cartons e e eaeae . - . e e : 2,23
Inspection . oo . - i .20
Cases, flats, and fillers {replacements) ... e R . 25
Miscellaneous. - .. ._... T, . L .33
Throw eut loso '______. . . . . . c e L 25
Overhead and profit . . . S - [ 1, 27
Total__ o o . i 803

1 Loss incurred in replacing lower grade eggs with Grade A eggs when candling
into consumer grades,

(11, p. 24).




68 TECHNICAL BULLETIN 1204, U.S, DEPT, OF AGRICULTURE

Tansve 22.—Eggs: Typical marketing costs for country assemblers of
madwesiern eggs sold in eastern markets, 1954

Item Cost per Ttems included
tozen
Cents
Freight on sales______ 2. 70 | Plant to consuming area.
Labor .. ___. . B8 | Processing, loading in and loading oud.
Supplies_ . _________ 2. 02 | Cases, flats, fillers, nails, wire strapping.
Buying vcommission_ _ 2.38 | Paid to siation buyers aund Independent
dealers for pickup at farm, grading, and
handiing.
Piant trucking costs.__ . 59 | Delivery costs, and expense of 1noving eggs
from buying station fo receiving plant.
General___ . ___._____ 1 13 | Overhend, proft, ete.
Tobado . . __ 8. 50
(11, p. 23).

A measure of the influence of fixed marketing charges is reprssented
in equations (14) and (15} by the variable W, an index of the unit
labor cost of marketing food products. The influence of percentage
markups 1g sllowed for by including the variable @g/H in equetion
(14) and @z/H in equation (15). This assumes that percentage
markups vary with she quantity of eggs moving through the marketing
channel. At each stage in the marketing chanuel differences between
the cost of goods purchased and the subsequent selling price of those
goods, after allowing for fixed transportasion, packaging, and process-
g, is determined by the equilibrium price between the demand
curve of a marketer and the supply curve of & marketer in the im-
medistely lower distribution channel. At times of heavy marketings
of & perishable commodity, such as eggs, prices at the retail level
adjust so that supply clenrs the market. Beecause, in the short-zus,
distributors are willing to perform the marketing function if they
cover only out-of-pocket costs, percentage markups would decrease
with large supplies and incresse with small supplies, However, if
both fixed and variable costs are to be met, then percentage markups
would increase with large supplies and decrease with small supplies.
Consequently, the quantity of eggs moving through marketing chan-
nels, on s per capita basis, is included in the two price-level equations.

Egquation (16).—Both P, and Py are endogenous variables. The
formulation of equation (8), which contains values for Pp, was ex-
plained sbove. Equstion (16}, which contains values for Pp, is
similar to equation (8); that is, it includes the factors which influence
the demand for eggs, although only in the months January through
June. Howcever, the combination variable S'/H 1s included 1
equation (16), bubt not in equation (8). The vanable represents the
nes into storage movement during the period January threugh June
of shell, frozen, and dried eggs {(on an equivalent shell basis) stated
in per capita terms to adjust for the effect on demand of the growth
in population.. It is introduced into the Jenuary-June demand
analysis for seversl rensons.  As pointed out on page 8, the absolute
level of January 1 stocks of eggs and changes in t%w, level of stocks
normslly are of minor importance as & price meaking factor in the
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annual supply and distribution of egegs. However, beeause of the
seasonal nature of egg production, the supply of fresh eggs available
in the spring months of March through May is greater, and the
supply in the fall months of August through October is less, than the
average monthly supply over the entire year. This ssasonal varia-
$ion in supply, which is treated more thoroughly beginning on page
97, gives rise to the role of storage.

The excess shell eggs (in relation to the prevailing price) available
in spring are placed in storage, or broken commercially for conversion
into dried or frozen eggs. Part of the shell eggs put into storage in
the spring are withdvawn in the fall, when supplies of fresh shell
eggs are less than the quantity that would be demanded at the pre-
vailing price. If it were not for storage, which serves to level the
peaks and troughs in cgg supplies, shell egg prices would tend to
decline in the spring and rise in the fall to an extent greater than
usually prevails, Because of the simultancous relationship between
the price cf shell eggs in the Januvary-June period and the quantity
of eggs stored, the variable §” is treated as an endogenous variable,
necessitating the addition of equation (17), to the system of simultane-
ous equations. In addition, beeause Qg/f is treated as an endogenous
variable, equation (18} is added to make the system of simultancous
eqiations complete.

Lguation (17).—This siates that the net into-stornge movement of
eggs, per person, for January—Junc is a function of the ratio of January-
June farm egeg production to the January—December farm egg pro-
duction, @s/s, the net goin, or loss, on the speculative position of
the previous year's [ugures contract, ¥, and a random error term.
(See pp. 119 to 131.)

The ratio of production in the two time periods is introduced to
represent the trend in the seasonality of ege production. Through
the use of artificial lighting, changes in the halching date of chicls,
improvements in breeding, and other fnctors, the seasonal peaks and
troughs of production have tended to become less acute.  Obviously,
as production becomes less sensonsl, the price incentive for storing
cges diminishes.  The combined varable ¢5/(¢F cllows for Lhis effect
in our modei,

FFarm production of eggs in January-Junc (Q7) is included in the
model as o predetermined variable, while production over the 12-
month span Janvary-December ((p) is trealed as an endogenous
variable i she system. ) is considered to be predetermined beeause,
as pointed oub In the section on supply, producers principally stavt
chicks for flock replacement in the first six months of the calendar
year. Few chicks arve started lor flock replacement in July-December,
although there has been an merensing tendency on the part of some
proclucers to start chicks in this period. Producers generally cull in
summer and [all. Clessilving @ as & predetermined variable,
therefore, assumes that culling aetivily in response to changes in the
egg-fecd ratio in January—Junc is negligible, although culling activity
over the ontire calendar year is treated as responsive to the cge-
feed ratio.

The variable 7 was obtained by: (1) Determining the monthly
average of the daily closing prices of the September, October, and
November egg futures contructs in their respective months of
maturity and then obtaining the average of the three monthly
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averages; (2) determining the monthly average of the daily closin,
prices in March, April, and Masy of the September, October, an
November futures contracts, and obtaining the average of the three
monthly averages; and (3) subtracting the avernge obtained in
(2) from the average obtained in (1). If the sum obtained is
positive, long traders or unhedged storers had a greater likelihood
of making a profit than if the sum was negative, A more satisfac-
tory equation explaining the storage operation probably would
include the “basis” (the spread between the current spot price and
the nearest futures contract price). However, if the price of the
nearest futures contract was included in our mode! (which in the
January-June period would be the September contract for eggs), an
equation explaining traders’ expectations about demand, supply, and
price in a future period would need to be constructed. Consequently,
in order to restrict the model to a manageable size, the simplified
form of equation (17) was used. As is shown on page 127, this sim-
plified equation can be justified on u logical basis.

Lquation (18).—This defines the civilian consumption of eggs in
January-June, @z, as the sum of the quantity of eggs produced ou
farms in the first six months of the year, Qr, less the net into-storage
movement of shell, frozen, and dried eggs in the first holf of the year,
S/, The varisble Q¢ Is not strictly comparable with @ because
changes from year to year in foreign trade, eggs used for hatching,

ilitary purchases, and other factors, which were included in the
variable 4, arc not allowed for. However, because these factors con-
stitute only a small part of production, the variable Q:, obtained as
the sum of @y minus S’, adequately represents the supply of egus
available for censumption in Jaunuary—June,

Resulfs

The following results were obtained when the structural equations
involved in the system representing the supply and demand for eggs
were fitted by both the method of limited information and the
method of least squares for the years 193241 plus 1947-54. Although
it was pointed out that the method of least squares gives estimates
of such coeflicients as the elasticity of demand with respect to price
that are statistically biased when simultancous relationships exist
(%3 5), least squaves fits of the structural equutions in the model
of the egg economy are presented Tor the following reasons: (1) In
forecasting valnes of the endogenous variables in the model. least
squares results may be as good as, or better than, results obtained
by forecasting from the limited information fit; (2) the amount of
bias in the least squarves coeflicients appears to be small for some
structural relationships; ar 1 {3} cocflicients for Jeast squares fits
computationally are more casily obtained than for limited informa-
tion fits.

Numbers in parentheses under the coeflicients show their respective
standard errors.”® Vuriables with asterisks were used in the analysis
in linearized forms (see Appendix, p. 142). The variables are
described on pages 62 and 02

2 The standard ervor indieates the ranee whiel for two samples out nf three
includes the true-universe value, provided certain statistical conditions are met
by the initial data.
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Model I—Limited Information Resulis

Ye* , I
A5=084—14.68AP;—0.51A=— 1.01AP,

(4a94)  (161)H (642)
+14.774P;4+0.77AP; —6.17AP-+8.96 AP,
(46.72) (4.85) (15.93) (21.08)

’—\(\?Fzﬁ(QA'LF)*
AQp==AQp+AA
ALp=AL+ACe— AM— AL,
Pi*
Al=—2.64-+14.22A 1;’
(2.77) Lo
*

ALc=—9.32—15.5(jaP—F
(4.35) + ¢

*
APpr=—0.15+0.82AF,—0.05A % +-0.04AW"
(0.08) (0.04) (0.09)

APl=—3.0T—2.03AP;+1.36 A2

(19.90)  (9.43) H ¢
APf=—T7.81—2.174 Ij*_g_:m‘a%;-;_o.wa_{
{1.45) [(1.75) + {0.15)

+0.28AP 0. 44APL—0.60AP — ) .53AP 140384}
(1.03) (0.94) (0.61) (1.33) (3.21)

L Fox
A %: —146.63—199.554 (L-{-&g?aﬁ‘
- (501.26) Wr (12.49)

ARr=AG—AS’

Equations (23) and (24), representing supply relationships, equa-
tion (25), representing a price level relationship, and equation (27),
representing demancd at the retail level in the months January
through June have standard errors smaller than the regression co-
efficients for most of the variables inciuded in each equation. The
signs of the regression coeflicients between price and per capita con-
sumption in equations {19) and (27), representing demnand relation-
ships, agree with the postulate of economic theory that price and
consumption are inversely related. Xowever, because of the size of
their standard errors little confidence can be placed in the price-
consumption coefficients. The remaining varizbles in equations (19)
and (27), and the variables in equation (26} and (28), also have
such large standard errors relative to their regrec~on coefficients,
that little confidence can be placed in them. ¥ .- .ver, the high
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degree of statistical significance obtained in the supply relationships
tends to confirm the presence of a simultaneous relationship between
price and production within the same year through the response of
chick placements and layers sold a-ncf' consumed on farms where
produced to the egg-feed ratio.

The results obtained by fitting each of the equations in model I by
the method of least squares were:

Model [—Leost Squares Resulls
ARpfH=—3.05—0.84AP,—0.03AI/II-0.07AP,,
(0.47) (0.05) (0.54)

+0.52AP, —0.61AP;—1.77AP,+5114P, R*=0.72 (19a)
(0.82)  (0.22 (0.59)  (1.66)

ACe=—3.05+15.36APLIP, 72=072 (238)
(2.40)
ALe=—8.91—9.929AP/P, =055 (24a)
(2.10)
APp=0.024+0.96AP,—0.05AQ,/H—0.05AW  R*=099 (25a)
(0.05)  (0.03) (0.07)
AP;=0.31+0.95AP —0.04A0L H—0.17AT 1099 (25a)
(0.08)  (0.03) (0.05)
APh=—2.03—0.66A04 T —041A8 TT4-0.02AT T —0.158P )
(0.52) (0.29) (0.04) (0.45)

+0.28AP—0.10AP;—0.73AP;+1.54aP) R*=0.84 (27a)
{0.42) (0.20) (0.51) (1.38}

AS'[H=0.95+1.41A0, Qr+1.25AF 22==0.69 (28a)
(1.23) (0.23)

The coefficients obtained by limited-information methods and by
least-squares methods for equation (22) and (23a) agree very closely
while the coeflicient on the egg-feed ratio (Pr/FPg) in equation (24) is
about two-thirds Jarger than the coeflicient in equation (24a). The
standard error of the regression coellicient in equation (24), however,
is more than twice as large as the standard error for the coeflicient in
(24a), so that the equations do not indicate any significant differences
in measuring the supply relationships® If the coeflicients obtained
from the limited information fit are expressed in terms independent
of the units used, the supply elasticitics obtained for the period 193141
plus 1946-54 indicate that a 10-percent change in the January-June
ego-feed ratio is associated with about a 4-percent change in the same
direction in the number of chickens raised for laying flock replace-
ment while a 10-percent change in the annual egg-feed ratio is
associated with about a T-percent change in the inverse direction in
the number of layers sold and consumed on farms where produced.
The supply elasticity for pullets raised with respect to the spring

By(bjn—bi2) =1.31, which it not significant st 1he 3-percenl probability level.
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egg-feed ratio seems quite reasonable, but the elasticity for layers
sold with respect to the annual egg-feed ratio scems too large. How-
ever, the corresponding regression coeflicient obtained from equation
(24n}), which did not differ significantly from the coeflicient cbtained
In equation (24) at the 3-percent probubility level, gives an elasticity
of about —0.£ This estimate appears more reasonable than the
estimate of —0.7 derived from equation (24).

The limited information fit of equation (25) agrees closely with
the least-squares ft (25a). Correct signs were obtained for the
coellicients ussociated with #p and @521/, ulthougi the latter coeflicient
is not significant at a high probability level.” In neither equation
was the cocllicient of W statistically significant, although on a priori
grounds we would cxpect a negative relationship in the equation
Tformulated. However, the lack of significance for the coefficient of
¥ could be due to the inclusion of @z/ in the equation. In formu-
lating the marketing equations, we could have assumed that the
marketing margin is simply a function of unit cests in marlketing
as reflected by unit labor costs in mavketing (). However, in
any given year, because of a relatively fixed supply of marketing
seryices, marketing charges may also vary with the volume of mar-
ketings. IFrom a cost side, the higher charges might reflect over-
time payments to labor, increased costs due to use of obsolete equip-
ment. and similar items. Consequently, by including in equation
(23) the variable Qgz// as an indicator of the amount of egos moving
through the marketing sector we are removing that effect from the
unit labor cost of marketing. This action makes it more ciflicult
to_get a significant coeflicient on the varviables /77 and TV,

In contrast, equation (26a) yielded o cceflicient for W that was
statistically sigmificant. Idowever, the simple coefficients of deter-
mination for the least-squares fits of (253a) and \26a) show that the
 value of 2,/ and T in (25a) is 023 while the value of /i
and I an (26a) is 0.02. Therefore, with no measurable statistical
relationship between the quantity variable and the unit labor cost
in marketing, we are able to get a significant result for the regres-
sion coefficient in equation {26a). Further evidence that the rela-
tionship between @ &/ and 1" was the reazon nonsignificant resulis
were obtained in (25a) for W is obtained by refitting (25a) with
Qe/H eliminated. In this formulation, (23c), the regression co-
eflicient for 1 equals —0.11 with a standard error of (==0.06). (Sece
p.75.)

Although the limited information fit of (25) agrees closely with the
least squares fit of (250), equetions 126 and (26a), which express the
marketing relationships in the first half of the year, differ sharply,
None of the coefficients in equation (26) were larger than their stand-
ard errors, a surprising result when judged agsinst the significance
obtatned in equation (26n). One explanation for the seeming incon-
sistency sbems from the different way in which the covarinees be-
bween Pz oand Qi1 and between QA7 and 1 aflect the least
squares and lmited information estimates. The values of the simple
correlation cocflicients for these pairs of variables are negative, bhut
extremely small, so that they do not change the gross positive relation-
ship between Pi and £7; in the least square (it of equation (26a) to a
negative net relutionship.  Llowever, in the limited information fit of
equation (28) the negative covariances for £ and Q477 and for
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@z/H and 1 are coupled with the effects of the predetermined vari-
ables in the system. These combined affects have sufficient influence
to producse a negative sign on the net coefficient between P and Pg.

As mentioned above, little confidence can be placed n the coefli-
cients obtained from the limited information fits of equations {(19) and
(27), representing demand relationships, becruse of the large standard
errors obtained. Least square fits of the demand relationships, equa-
tions (192) and (27a), were better. The net regression coelficlent
between @p/H and Py in equation (19a) is significant at the 10-20
percent probability level while the net regression coefficient between
Pq and Qz/H in equation (27a) differed significantly from zero at the
53-10 percent probability level. Significant coeflicients also were
obtained in esquation (192) for the veriables representing the price of
bacon, Pz, the price of brealfast cereals, Py, and the general price level,
Py, The signs associated with the coefficients for Py and P, agreed
with the signs expected on a priori grounds. However, the sign for the
coeflicient of Py is contrary to the expected sign if breakfast cereals
are & substitute for eggs in conswmers’ [ood expenditures.

Judged in their entirely, the least square fits of the demand equa-
ttons, (1%a) and (27a}, are not much more satislactory than the
limited information fits of (19) and (27). "The major reason for the
unsatisfactory results appears to be the high degree of intercorrelation
among the variables 1n the demand equations™ In many ceses, as
the degree of intercorrelation 1n o regression analysis increases beyond
o cerbain level, the sign of some of the partial regression coefficients
changes. In this region of the sign change the value of the regression
cocfficient does not differ siguificantly from zero for samples of modest
size. It can be assumed that high mtercorrelation wiso affects coef-
Leients o limited information fib in & similar manner, although no
systematic study has been made of the method of limited information
to determine ot what level of intercorrelation the sign of & partial
regression coeflicient is affected.

Because of the high degree of Intercorrelatlion among several of the
predetermined var inbles in the demand equations, the model of the
esg et.onomy wes reformulated with the predetermined variables Py,
Pe, Pg, Py, Pg, and W* dropped from the matrix of predetermined
variables. Specifically, the demand equations were modified to ex-
clude prices ol substitute items. In fitting the individual equations,
however, Pg was used in equalion (231} and W~ was used in equation
(25b) and (26b). In contrast to the carlier model, effect of velume
of markclings on the retall-farm price margin was not included in
(25b) and (26b). No other modifications of the equations on page
G4 were made. The results obtained from the reformulated model
were;

M Bhmple correlation coefllivients of .80 or moere were obiained in equalion
{19a) Ior Lhe relutionships of: P, Pe {0L88); Py, Po (0.82); Pe, FPo (0.91); and
P, Pp (0.87). In equation (27a) simple correlation coefficients of 8.80 or more
were obtnined for the relutionships of: Py, P2 (0.81); Py, Po (0.93); Pé Py
(0.90); and Py, FPo (0.83).

1 The simple correlation eoeflicient for the relationship of Py with Pg was
0.86, and for the relationship of ¥ with Fp, 0,93, E£imple correlation coeflicients
smong the other predetermined variablas are given in footnote 24, and on page 79,
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Model I—Limited Information Resulls

AQS/H——6.83—2.9TAP ,+0.02AI/H+3.80AP,
(1.31) ~ (0.08) (1.73)

AQr=a(Qu- Le)*
Q=40+ AA
AL;' == ALJ + ﬂ(’p— ﬂﬂf‘_ ALC

ACr=—2.644+15.76AP*/P;
(3.49)

ALe=—0.20—13.92AP}P,
(3.70)

APr=0.0110.83AP,—0.01a1W
{0.09) {0.08)

APi=—02110.50AP,+0.12AW
(0.26) {0.23)

APp=—227—0.39A0:* /T —0.36 A8 */H 4 0.02A [} H +0.51 AP,
{0.23) (0.31) (0.04) {(0.52)

AS S H=—0.5241.80A0.%/ Q0+ 1.21AF {28D)
(1.55) (0.25)

AQr=AQ:+AS’ (29hb)

The least squares results obtained for the eguations in model I
are listed below. Least squares results for equations {28b), (24b),
and {28b) are the same as equations (23a), {24a), and (28a).

Model H—Least Squares Resuitls

AQefH=—4.69—0.73AP +-0.04 AI/T1+1.43AP, =038 (19¢)
(0.44) ~ (0.05) (0.81)

APr=0.24-40.98AF,—0.11A W =097 (25¢)
{0.05) (0.06)

AP;=0.364-0.95AP,—0.16A W R:=0.98 (26c)
(G.04)  (0.08)

APj=—2.36—0.36A04/ H—0.40A8 [ +0.03AT H+0.46AP;
(0.22) (0.26) (0.04) (0.47)

=052 {27¢)

The elimination from the matrix of predetermined variables of
model IT of the predetermined variables that were highly inter-
correlated substantially improved the standard errors obtained for
the regression coeflicients. Of the 15 regression coefficients in model
11, 7 differed significantly from zero at the 5 percent level of proba-
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bility, 8 ut the 10-30 percent level of probability, and 5 coeflicients
were smaller than their standard errors.

The coeflicients obtained for the supply relationships, equations
(23b) and (24b), were almost unchanged from the coelflicients
obtained for equations (23) and (24). This wus expected because no
variables were dropped from these two equations in refitting mode] L

Equations (25b) and (26bh), from which were dropped (J¢ff and
Qz{f, respeetively, bad correet signs on the farm-retail price coeffi-
cients, and the coeflicients differed significantly from zero at the 5
percent probability level. The exclusion of the variable representing
the quantity of eggs per person moving throvgh the marketing
systern did not alter the farm-retail price coefficient in equation (23)
for which the corvect sign and a statistically significent coeflicient
were obtained. However, excluding Qg7 in fitting equation {26b)
gave o Tarm-retail price coefficient, with the proper sign, that differed
significantly from zero at the 5 percent probability Ievel whercas
nonsignificant results were obtained for cquation (26). The coelfi-
cient for 117 in both equations (25b} and (26b) in model T1 were not
improved from the results obtained in model I even though W™ was
excluded from the matrix of predetermined variables, In the least
squares equations (25¢) and (26¢}, however, the coefficients for W are
s@gnllﬁcnnt at the 10 pereent and 5 percent probabilily levels, respec-
tively.

Substantial improvement in the significance of the coefficients for
the demand equations fitted by the limited information method was
obtained by dropping the highly intercorrelaied variables in the
model.  In ecquation 718h) the regression coellicients for the retail
egg price varinble {Pr) and the general price level variable (#g) are
significant at the 3-pereent probability level, but no significance can
be attached to the eoeflicient for the income varialle. In equation
{27h), the significance of the regression coefficient for the consamption
variable (QefFD) increased from that obtained in model I, but the
coellicient differed significantly from zervo only at the 10-20 percent
probability level. The regression coefficient for the storage variable
(S7/M) also was significant at the 10-20 percent probability level.
No statistical sienificance enn be attached Lo the coellicients for per
capita income (/) and the general price level (£, Results from
the least sruares fit for equntion (1%9¢) were less satisfactory than the
results Trom the limited information fit {19L); resuiis from {27h) and
(27¢) were similar.

The coellicients obtained from fhe limited information fit of the
storagre equalion (25h) were very mueh improved in model LI, and
were almost similar to the leasl squares resulls in equation (28q).
The cocilicient for the variahle representing the availability of hedg-
ing opportunities (¥) was highly significant while the coeflicient
reflecting the changing seasonality of production had the expected
sign. although it dilfered sigmilieantly from zero only at the 20-30
percent level of probability.

Elasficities of Demand and Supply

The cocfficients in the equations desceribing the demand. supply,
and price structure of eggs oxpress the ehanges from year-to-year
in the variable fo the left of the equality sign that are assoeiated
with year-to-year changes in the variables to the right of the equality
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sign when both are expressed 1n the units used in the analysis. Tor
example, equation {10b) states that a l-cent change from the pre-
vious year in the retail price of eggs is associated with an inverse
change in per capita egg consumption of 297 eggs. IHowever,
associated with the 2.97 is a standard error of 1.31. When allowance
is made for the standard error, we can state that a l-cent per dozen
change in the retail priece of eggs is associated with an inverse
change In per capita egg consumption that falls in the range of
1.06 fo 448 egps. The probabibty of this being a true statement is
two-thirds. Stalements that are correct 95 percent of the time can
be made by using twice the standard error in computing the range.

A more convenient method of referring to related changes is a
mensure known as an “elasticity"—the percentage change in one
variable that secompanies the percentage change in another variable.
Tn equation (19L). for example, a 1 cent increase in the retail price
of egus is accompanied by atmost a 3 egg decrease In egg consump-
tion per person. The elasticity belween these two variables, referred
to as “‘the elasticity of demand with respect (o price” is —0.-t—n one
percent increase in the retail price of eggs is nccompanied. on the
average. by a 0.4 percent decrense in egg conzumption per person.®
Table 23 presents measures of the elasticity of demand witly respect
to price and income, and other elastirities derived from the analyses
dsenssed above.

Tanne 23, [oggs: Exlimates of price, income, and other clusticitics by
type of anadysis, based on data for 1931-]1 plus 19830511

e [ h

Apalyvsis mud clasticity I Vudne § Swandard
g error

Demand elasticity with respeet to-— :
Own price: ; .
Stmnanenns approach: { Pereent | Percend
Model I2. L. i 6. 01
Moiled IT+ . . —. 40 .
Lenst squares methel: !
Model [ 7. : i, 11
Mendel JIS_ . oo LRI 1 4
Lepation (1dy 7o - 09
Fguation cifey 8, L S
Tneoe:
Sitnltaneous approacts: .
L33
Model 114, 04
Lenst squures methonls :
Maolel §5.. .0 08 !
Muodel 118 ... L 0f
Fuuation 718d: 7. . 11
Lguation (18er ™, . 14
Genpral price level:
Simmnltiaeons spproteis
Model T3, ... . §0 .04
Model JTY 0. .88 . 41
Loast sinares methed:
AMadel 15 L2 .39
Modep T4 _._ - . : . 33 L 19
Ser footnotek ot end of table
2% Ohtained by multiplying the coefticient {—2.071 in equation {19%) by the
vatio of Lthe aversee retail ege price for 103141 plus 31046-54 {40.0 cents) to
the average per capith consumption of egps {941 egps) in the sume period.
012093 --49——=%
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Tasve 23.—Eggs: Estimates of price, income, and other elasticities by
type of analysis, based on data for 1931-41 plus 1946~54*—Con.

Annlysis and clasticity Value Standard
error

Supply elasticity with respect to—
rice of poultry ration:

Simultaneous approach: Percent Percent
Modelt I®e____________ W el {n (‘?
Modet IT™®_____ . ____ ... —. 31 e

Supply elasticity of pullets raised with respeet Lo— !
Egg-feed ratio, Japuary—June: i
Simultaneous approach:

Model I____ _______ .. ... . _____ i .40 .08

Model I Y .44 .10
Leasti ;;é;émrffs method:

fodel T___

l\IOdEl II“_# B e e e . 43 - 07

Sllppé?' elasticity of layers sold with respect to—
gg-feed ratio, anpual average:
Simultaneous approach:

ModeiI“-_--___---_-,-.------“----._? —. &7 .19

Model IX¥________ .. ... ... . ...l —. 80 .16
Leasg.\ isq‘éxargs method:

Model I__.

Model 1T B e —. 40 .09

! Elssticities computed ab the mean value for the years, 1931-41 plug 1946-54.
Vatues for variables used in these analyses are given in table 49, p. 152,

% Based on coefficients in equation (19}, p. 7L,

3 ?oefﬁcient does not differ significantly from zero when tested at the 10-percent
level,

¢ Based on coefficients in equsiion {19b), p. 75.

¢ Based on coeflicients in equation (19a), p. 72,

¢ Based on coeflicients in equation {19¢), p. 75. The constunt value in this
equation dilfers signifieantly from zero st the S-percent probability level. The
ctfect of time per veur obtiined by dividing the censtunt value by the average
per capits consuniption of exys during the period is 0.014 percent per year.

i Based on coefhicients in equation (19d), p. 79.

& Based on coefficients in equation {19e), p. 79.

° Coetficient differs signific *utly (rom zero when tested at the i3-percent level
but not at the 5-percent jevel

¥ Derived frow reduced form equations.  (fee text, p. 80

Y Less than 0.05 percent.

2 Not gomputed. (Seec text, p. 80.)

13 Based on coefficient in equation {23), 1. 71.

M Bosed on coeilicient in equation {23h), P, T3,

* Based on coeflicient jn equation {230}, p. 72.

'¢ Based on coefficient in equmion (24), p. 7).

7 Based on coeflicient in equation {24h), p. 73,

* Dased on coefficient in enuation {24n), p. 72. The constunt value in this
equution differs siguificantly from zero at the 10-percent probability level but
not ot the S-pereent level. “I'he effect of Uime per venr obtained by dividing the
constant value by the average number of layers sold and consuined on farms
where producett during the period is 0.034 percent per year.

Measures of the elasticity of demand for eggs with respect to the
refail price of eggs obtained from the simultaneous approach and
the least squares method ranged from —0.09 to —1.96. However, only
the elasticity from the simultaneous fit of Model IT, —0.4, differed
significantly from zero when tested af {he 10-percent probability

level. An elasticity of demand of —0.4 is relatively inclastic. To
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increase per capita consumption by one percent requires a price con-
cession of about 2.5 percent,?” with an accompanying decline in
consumers’ expenditures for eggs.

In none ofp the demand equations was a significant coefficient
obtained for the variable representing per capita disposable income.
One possible explanation for the failure to obtain a sigpificant
income coeflicient—a priori we would expect a positive relationship—
arises when the lower-order least squaves relationships among the
variables in equation (19 are examined. These relationships for

the years 1932—41 plus 1947-54 are:
Variables { Correlation Varinbles L Correlation
! coefficient cocilicient
- %- 4 —
AQg i, 8P .o < - A 0, {14 E AP, ALH R Q.43
AQufH, ATH ... L4l AP APe o . .66
AT, APy oo .47 Al A oLl .70

Although there is evidence of a significant positive relationship
between year-to-year changes in per capita consumption and per
capita income, the simple correlation coeflicient is only a gross measure
of the relationship, uncorrected for the price eflect of the commodity
itself (Pz) and of other commodities (). Ir correcting for these
effects, infercorrelation among the three variables I/H, Pg, and Py
affects the relationship of consumption and income.

For example the relationship between AQg/H and Af/H increases
from the simple correlation coeflicient, of 0.46 to the partial correlation
coeflicient of 0.49 when the effect of year-to-year changes in the retail
price of eggs is removed. The relationship between AQe/H and
A7H 35 reguced, however, from 0.46 to 0.20 when the effect of year-
to-year changes in the general price level is removed. In the fatter
example, the high degree of relationship between per capita income
{({/H) and the general price level (o)} reduces the relationship of
Qr/H and [/I greatly. When the effects of changes in both the
price of eggs and the general price level are removed from the gross
measure of the consumption-income relationship, the partial correla-
tion coefficient between AQz/H and AZ/H is only 0.20.

In an attempt to lessen the effect of the intercorrelation between
income and the general price level, the least squares equations (19d)
and (19e)2® were At using the variable representing the general price

= This 3 the elasticity of price flexibllity, obtained as the reciprocal of the
vlasticity of demand.

= ithe equations obtained were:

Alpifl== - 224~ 0.52A P Py - 10.03AT TP {19,
(044, 14).03,
11)?.:3:0-1?-
alog Qplif=--0003-10.] liﬂo_l.{ Py i~ 3.133[0[; fHH Py {19e)
L n.1m

1#1,,=0.18
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level as a deflator rather than as an independent variable. As shown
in table 23, this treatment yields income elasticities that ave slightly
larger than their standard errors but still do not differ significantly
from zero at the 10-percent probability Jevel. The elasticities plus
or minus their standard errors fall within a range of zero to 0.2.
The reader may recall that on page 49, an elasticity of demand with
respect to income of 0.02, which differed signiticantly from zera at
the 5-percent probability level, was obtained from cross-section aata
for all urbanizations in the spring of 1955, In addition, an elasticity
of demand with respect to income of 0.18, statistically significant at
the 3-percent level of probability, was obtained from pooled eross-
section data for urban households'in 1955 and 1942 ( p. 53). Although
measures of income elasticities obtained from cross-section data tend
to be smaller than measures from time series data, it appears reason-
able to assume fromn these analyses that the elasticity of demand
with respect to income for eggs for the period 1931—1 plus 1946-54
15 very low. perhaps in the neighborhood of 0.1,

Measures of the elasticity of demand with respect to the general
Eriee jevel differed markedly between model 1 and model 1T and

etween the simultaneous approach and least squares. Model I
probably more nearly represents the effect of the general price level
on demand than model 1T because model T has attempted to remove
from the effect of the general price level the effect of commodities
that are believed to be substitutes for eggs In consumers’ diets,

Measuves of the elasticity of supply with respect to own price
capnot be derived from either the structural equations or the reduced
form equations of the models of ihe ecpg economy®® Ilowever.
estimates of the elasticity of supply with respect to the price of
poultry ration, derived by algebraleally manmipulating the simul-
taneous approach-reduced form equations for models I and JI%0
indicate a relationship between changes in the price of poultry ration
and the quantity of eggs produced of zero to —0.3. Although these
estimnates have error ranges aftached to them, standard errors were
not computed because of the involved computational procedures

= I'n hoth models, prodoction responses are formulated with respeet 1o the ratio
of the farm price of eggs to the priec of pouliry ration.  Thereforoe, it is nat posibile
by algebraie manipulation= of the structural equations to abizin the pariial
derivadive of production Qe with respeer to either ihe apnual averase priee
received by facmers for exu~ {FPry or the Jaeuary -June average price of eggs P
In addition, beeau<e both produetion Qe and Tarm prive - Fpoaud P2roare endo-
genous variables, there i< no unlgue solativn for the relationship of produstion
and farm price that ean be derjved from the rerdueed form cguations of model [ or
morie] I1.

® As an example from madel 10 fited by the simubtanesns approach, the
elastielfy of wupply “Qp) with respeet 1o the priev of poultey ration (g i< obinizerd
by multiplying the coctlicient of 3P in vquation (481, 58,4 15204, By the eoeffiefeng
of Addg in cquation (86, —0.U%208%, to abtain — 5481702 Af%, The render wifl
recognize from the Appendic ‘p. 146, that Ad; eontains fhe ternt A Py, and that Lhe
product of the two coellichats egouls the paetal dorivative of AQp with tespeet
to APz The elastivity of supply with respect to the pric: of *ouliry ration,
therefore, is:

20n, =220z Po_ (58 145201y 200 :
D(Qp),,’— oAl QP‘“‘"D 0020%8:(58 445201)] | 7 =~0.31 (30}

where the values of P and Qp are the arithmetic meass for the yeurs 1931-41
4-1048-54.




DEMAND, SUPPLY, AND PRICE STRUCTURE FOR EGGS &1

necessary to obtain the standard errors of reduced form equations
derived from a system of equations fitted by the method of limited
information.

Because none of the equations in the model directly relate egg
production to either the price received by farmers for eggs or the
price of poultry ration, least squares estimates of the elasticity of
supply with respect to the farm price of eggs or with respect to the
price of poultry ration were not obtained.

The elasticities of supply of pullets raised with respect to the
January-June egg-feed price ratic and of layers sold with respect to
the annual egg-feed price ratio appear to be reasonable estimates
of the relationships involved. 7The simultaneous equation results
and the least squares results for these measures did not differ signifi-
cantly.

Eemand and Supply Elasticities From Other Studies

Flasticities of demand and supply from several different studies
for eggs are presented in tables 24 and 25.

Lstimates Zor the elasticity of demand with respect to own price
ranged from —0.3 to —1.3, with an average for all the studies being
about —0.5 to —0.6." The range of values obtained from the alter-
native models of the egg economy fitted In this study is greater
than obtained for the studies presented in table 24. The elasticity
from model II of this study, however, agrees closely with the
average of the results obtained in the studies cited.

Estimutes for the elasticity of demand with respeet to income
ranged from 0.3 to 1.1, values substantially larger than those
obtained in the analyses presented in this study. Part of the dif-
ferences in income elasticities obtained in other analyses and the
income eclasticities obtained m this study arises from the different
time periods used. Only two of the analyses in fable 2t included
observations more recent thun 1041; those two covered the period
1021-50. TFrom the analyses of family budget data presented on
page 58, however, we observe that the consumption-income relation-
ship for urban households in the 1942, 1948, and 1955 survey
pericds was extremely small.  As our analyses also showed that the
consumption-income relationship for all households in the 1955 sur-
vey was lesg than that for urban houselolds, we can conclude that
income response in the post-World War 1T years is very small. We
would expect. however, that it would be greater in the period of the
1920°s when income levels were much lower, ulthough we do not
have empirical measuves. Consequently. as (he anulyses in this
bulletin included hoth pre- and post-World War II periods, we
would expect a lower income elasticity than those obtained for pre-
World War IT analyses.




TasLr 24.—Eggs: Elasticities of demand with respect to price and income, by type of analysts, for specified periods

Demand elasticity with respect to—

Period
Study included Method of analysis Own price Income
in analysis
Value Standard Value Standard
error error
Fislier (14): Percent Percent Percent Perzent
Model 12 oo oo . 191540 Simultaneous approach.. _._-___ 3—1.28 0. 69 1. 14 0. 55
Model IX 4. .. onul 1915-40 |.__._ QO e —. 70 .20 .82 .19
Model IIT5__ .. . .-se 1915-40 ...__ Ao o —0. 81 to —1. 02 ) 0.48 to . 76 ®
Model T2______ ... .....} 1915-40 | Least squareSa-ee_ oo ____. —. 29 .13 .44 14
Model TT4_ ... ... 1915~40 |- -. QO e el —. 32 .08 . 56 .09
Model TIT5. .. .. e 1915-40 " | __ QO e —.31 .10 .31 .15
010, X 0 1) P 1922-41 ... 6 LY SP I —. 43 .08 . 57 .07
1922-41 J..__. [« (T U S —. 34 .06 .49 .08
Judge (28) oo c e 192141 |_ ... QO oo —. 53 .09 .31 .08
192141 Simultencous approach_ . . __._ —. 58 ® .44 ®
1921-50 . | Least squares. oo —. 32 .13 . 43 .12
) 1921-50 Simultaneous approach___..____ —. 60 ® .27 ®)
No(rdin, Judge, and ‘Wahby 1921-41 Tieast squares ... oo _-_ —. 55 O] .41 ™
37).

! Blasticities from the study by Fisher were computed at the mean value.

therefore, elasticities were equal to the regression coefficients reported in each siudy.
2 Uses values deflated by & measure of the general price level.
3 Coeflicient differs significantly from zero at the 10-percent probability level but not at the 5-percent level.
« Uses actual values rather than deflated values.

8 Uses first differences of deflated values.

the simultaneous model.

8 Could not be computed as standard errors of regression coefficients not given in original study.
7 Stated as statistically significant at the 5-percent level.

The remaining studies used logarithmic values and:

Estimates of elasticities vary depending on the way suthor handled income znd supply in

é8
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The studies by Fisher and Judge also presented elasticities of
supplg with respect to the price of eggs and the price of feed. As
seen from table 25, none of the supply elusticities, wheve standard
errors were computed, differed significantly from zero at the 10-
percent level of probability. However, based on the elasticities from
the least-squares equations in table 25 whose values were larger than
their respective standard errors, it appears that in about two-thirds
of the time we could expect between u zero to 0.4 percent increase
in production following a 1-percent inecrease in the average price
received by farmers for eggs. No conclusions can be made about

the magnitude of the elasticity of supply with respect to the price
of feed because either data to establish error ranges were not given
or else the standard errors were larger than their regression co-
efficients.

No direct comparison of the elasticities of supply with respect to
the price of eggs can be made with the equations fitted in this study
becanse the price of eggs and the price of feed were used in a ratio
form in this study (see p. 80). The reader will recall, however, that
the elasticity of egg supply with respect to the price of poultry
1{'ation) derived in this study was in the range of no change to 0.5

p. 803},

Fisher in his study also derived measures of long-run supply
elasticitics by using lagged variables. The long-run elasticities are
10 times greater than Che comparable short-run estimates. The
long-run elasticity derived by this procedure does not allow Tor
factor costs to change. Production adjustments are required to take
place within the framework of existing resources. Therefore, the
concept of long-run used by Fisher differs from the definition of
Jong-run on page 12. As adjustments take place within the frame-
work of existing resources, I'isher’s Jong-run elasticity differs from
the annual short-run elasticity delined on page 12 only because it
allows for production to adjust in response to a given price over a
period longer than a year. While there is no a priori basis upon
which to expeet the magnitude of the relationship between short-run
and long-run elasticities, in general the latter would be expected
to be lareer because of the opportunity to adjust over time which
is entailed in the concept of long-Tun estimates. Some caution is
warranted, however, in considering short-run versus long-ran rela-
tionships in the egg industyy. The two measures differ depending
upon the period of time needed for an industry to adjust from a
piven level of production to some desived long-run equilibrium Tevel.
Tf 2 complete ndjustment is made in one time period, the short-run
and long-run elasticities would be equal. The long-run elasticity
exceeds the short-run elasticity when more than one time period is
required to adjust to the long-run equilibrium level. As producers
can adjust so rapidiy in the egg industry. it seems unlikely that the
long-run elasticity would be so different from the adjustment pro-
ducers can make in one year to a price change, except in response
to a price increase that might encourage expansion beyond the
existing capacity of the industry.




Tasue 25.—Eggs: Lstimates of short-run and long-run supply elasticities, by type of analysis, for specified periods !

Elasticity of supply with respect to—

Period )
Study included Method of analysis Own price Feed price
in analysis
Value Standard Value Standard
error error

Short-run elasticities

Percent Percent Percent Percent
Tisher (14): 1915-40 Simultaneous approdch._.. ... 30,20 0. 53 3—0.16 0. 18
Model T2, ol | 1015-40 [___.__ O —. 11 ® —. 03 (%)
Model IX4. . ... . _ 1825-40 Least squares Zo oo ool 3 22 .13 —. 11 *)
Model TITS_ ... . .2_. 1021-50 | _... QO e 3,19 .17 301 .15
Judge (88) oo il L0 1921~80 - | Simultaneous approach__..._. - 1,17 *) —. 97 Q]

Long-run elasticities 7

Fisher (14):
Model TIT 8. _ .. _.__._. 1925-40 | Teast SqUAreS. eooo Lo 2.2 *) —1.1 ®

! Elasticities from the study by IFisher were computed at the mean value. The remaining studies used logarithmie values and,
therefore, elasticitics were equal to the regression coefiicients reported in each study.

2 Uses values deflated by a measure of the general price level.

3 Coefficient does not differ signifieantly from zero when tested at the 10-percent level.

i Uses actual values rather than deflated values.

$ Could not be computed as standard errors of regression coefficients not given in original study.

¢ Uses first differences of actual values.

? Derived algebraically from a lagged equation given in (14, p. 58).

¥8
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Use for Forecasting

'The analyses presented in the preceding pages of this bulletin were
designed to show the relationships among the major variables that
make up the egg economy. The elasticities presented in table 23 con-
veniently summarized the more Important measures of the basic
economic relationships,

In addition to determining such relationships, we are often con-
cerned with estimating the values of specified variables in & sector of
the economy. For example, we might be inferested in obtaining
estimates of the conswmption of eggs, per person, in some designated
year, or of the farm price of eggs, per doze:, etc. The structural
equations for the limited information and least squares fits of models
Tand IT {p. 71, 72, 75, and 79) can be used for such purposes. Also,
we can use for forecasting algebrale transformations of the limited
information eguations (ecalled reduced form equations) as well as
applying a least squares fit to the variables that appear in the reduced
form eguations derived from the limited information fit of the
couations in the model. The former equations tale into account the
relationships among each of the endogenocus and predetermined

ariables in the system. The reduced form equations for models I
and II of the egg economy, and their derivation, are given in the
Appendix (pp. 146 to 149).

The reader will notice that by making the transformation from the
coeflicients In the structural equations of the economic wodel to
the coeflicients in the reduced form equations, each of the endogenous
variables in the model is expressed as a Iinear function of all of the
predetermined variables in the model. In this form, the effect of a
change in any one, or all, of the predetermined variahles can be sasily
measured on any ong, or all, of the endogenous variables in the model,
For example, using model T, if we wished to measure the estimated
change in the annual farm price for eggs that would be asscciated
with an inecrease of $1 per 100 pounds in the annual average price of
poultry rations, we would multiply $1 by 58.445201 (the coeflicient of
APy in the structural equation {46), p. 146}, and, in turn, multiply the
product by $.185367 {the coefficient of A4 in eguation (72), p. 148)
to obtain an estimated change in the average farm price of eggs of
+10.8 cents per dozen. The effect of the change in the annual aver-
age feed price is dirvectly measured in relation to the change 1 farm
price through its direct effect in the structural equation on the number
of layers sold, after allowing for the indircct effect of all the pre-
deterinined variables, and modified by the interactions among all the
endogencus variables in the system.

In the above example the annual average feed price was changed,
but the January-June average feed price was not changed, thereby
leaving as unchanged the relationship of the January-June feed
price to pullets raised. ITowever, if, at the same time that we allow
the annual avernge feed price to increase $1, we allow the January-
June average feed price to increase $0.20, then the average annual
price veceived by farmers for egps increases from the previous year by
13.1 cents per dozen® In the Intter case, we have taken the direct

2 Obtained as [1,00 (38.445201) (0.185367) + 0.20 (—G1.470308) (—0.185267)]
where 38.445201 is Lhie cocfficient of APy in equation {46), p. —; 0.185367 is the

coellicient of Ady in equation (72), p. 148;—061.479308 is the cocllicient of AP,
in equation {45); and - 0.184367 is Lhe coeflicient of A4, in equation {72), p. 148,
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effect of the annual average feed price on the number of layers sold
and consumed in Jarm households where produced and added to it
the direct effect of the January-June average feed price on the num-
ber of replacement pullets raised, after allowing for the indirect
effect of all the predetermined variables and modified by the inter-
actions among all the endogenous variables in the system. The
direct effect of the higher feed costs is to decrease the number of
replacement pullets raised and to increase the number of layers
sold. ~As a result, the size of the laying flock is decreased. In
addition, as the rate of lay is also held unchanged, production falls,
and prices rise as consumers have fewer eggs available to purchase
;vith the same amount of income and an unchanged general price
evel,

Table 26 compares the actual values of the endogenous variables
for the years 1948-57 with values estimated from the simultaneous
approach and least squaves fits of model T and model IT of the egy
incdustry. The values for the simultaneous approach were estimated
by the process described above while the values for the least squares
results were estimated from the structural equations on pages 72
and 75. Other comparisons that can be made are discussed on page
95 and seme indication of the results of those comparisons are
presented. As the estimating equations were based on data for the
period 1931-41 plus 1946-54, estimated values for the years 1935-57
represent extrapolations of relationships beyond the range of obser-
vations used.

As an aid in assessing the relative merits of the alternative
models and methods used in estimating values in the egg economy,
table 27 shows the variation between actual and estimated values of
the relevant economic variables within the egg industry for the
years 1948-54, as well as for the years 1955-57. A's the years 1948-54
include only part of the period for which the statistical coefficients
of the models were fitted, and as the years 1955-57 were not included
in the statistical fitting of the models, the ratio of the variation in
a variable not explained by the model to the total variation in a
variable can exceed 1.0.* For the period 1948-34, as well us for the
years 19535-57, better estimates of the quantity variables appear to
be obtained from the simultaneous fit of model I, while betfer esti-
mates of the price variables appear to be obtained from the least
squares fit of model T,

3 Unexplained variation computed as the sum of the squared diffevences in
cuch year between the yegi-fo-yeaur changes for a varialble and its value esti-
mated by specified modlel and method of fit. Total variation computed as the
suin of the squared differences in ench year of the year-to-year changes for a
variahle.




TasLe 26.—Hconomic factors in the egg economy: Actual and estimated values of endogenous variables, 1948-57!
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TABLE 26.—Hconomic factors in the egy economy: Actual and estimated values of endogenous variables, 1948—57"-
Continued

Pullets raised, January—-June, Cpt

Layers sold; Le*

Domestie egg Lormlmpmon
January—June, Q3

Tstimated Lstimated Estimated
Year
Simultaneous | Least squares Simultancous | Least squares Simultancous | Least squares
Actual approach . Actual approach Actuall approach

Model | Model | Model } Model Model | Model | Model | Model Model{ Model{ Model | Model

I IT 1 1T I II 1 I I 1T I 11

M. Ml Mal. AL, M. M. AL M. Ml AL, Bil. § Bal Bil. | Bid. | Bl
1948 [ 386.0 | 385.7 | 415.3 | 410.9 | 410.9 | 274.8 | 283.5 | 303.1 | 269.6 [ 269.6 | 28 5 | 98. 6 | 30. 2 284 [ 29.9
1049 __ ... 447,07 487 | 452.3 | 427.5 | A27.5 | 2447 | 253,11 °'256.7 | 249. 3] 249.8 1 30. 4| 27.9 | 30. 7 29, 3 30.0
1950 .o 2. 393.6 | 362, 4| 430.2 ['394.0 | 894.0 | 275.2 | 261. 1 | 328.8 | 262.5 | 262. 5 | 31.0 | 27.2 349 1 31.5 3L 4
1951 398. 7 £ 4104 | 3044 | 4182 [ 4182 | 240.8 1 256. 0 [ 240.1-| 250.6 | 250.6| 30.5 | 34.6 | 20.8 | 31,0 30. 3
1052 .. ... 370.2 | 370. 8| 385, 2 | 358.8°) 358.8 | 243.0 | 253.2 | 240.0 | 259.3 | 250.3 | 30. 5| 30.5 | 30. 6 | 312 31.2
19531 376,11 3461 307.3 | 410.2 | 410.2 | 237.8 | 209.3 | 2620 | 212.9 | 2129 | 30.3 | 33. 4 | 31.9 30.51 3L0
1054 ... 309.8 1 375.0 | 373:8 | 850.8 | 859.8 | 235.6 | 247. 1 | 245.9| 255.6 | 255.6 | 20.8 | 27.0 | 31,4 | 29.0{ 30 2
1956 .. ... 330.2 1 3084 3712 [ 857,51 357.5 | 227.0 | 224. 9. 287. 4 | 239. ¢ | 239, ¢ 30.0 | 35,4 | 34. 513818 30. 8
1956. .. ... 340,41 338,21 346.0 | 3506.37'356.3 { 219.1 | 205.9 | 223.8 | 219.0] 219.0 { 30.7 1 35.0 | 3001 3.6 1 30 ¢
1957 ... .. 305.6 | 29174 338.9-| 301.-8 | 301.8 | 223.0 | 208.2 | 264 8 [ 2027 | 202.7 | 31.0 {27.3 /3421 30.8| 3L ¢
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Net into-storage movement, Retail price, per dozen, Pgpt Farm price, per dozen, Pp?
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Tasre 26.-—Ieonomic factors in the egg economy: Actual and estimated values of endogenous variables, 194857 '—

Continued
Retail price, per dozen, January—June, Py Farm price, per dozen, January-June, Py 8
Tistimated Istimated
Year Simultancous Least squares Simultaneous Least squares
Aetual approach Actual approach
Model Model Model Model Model Model Model Model

I I I 11 1 I I 11
Ct. Ct. Ct. Ct. Ct. Ct. Ct. Ct. ct. ct,
LB SR 63. 9 59, 4 68. 0 61. 9 67. 3 44,0 41, 4 47,2 42,2 40. 6
YOA) ol 63. 2 61. 1 62. 3 59. 9 63. 2 43. 3 43. 8 43. 2 39. 6 43. 2
1960 oot 19. 2 54 4 58. 4 59. 0 59. 9 30.°5 27. 6 40. 5 39.2 40, 2
106 L e 64 6 71. 4 57. 4 60. 6 57. 3 43. 4 39. 2 36. 2 40.2 37.1
1962 il 50. 4 64. 9 66. 0 Gt 7 65. 0 35. 7 43. 1 44. 4 43, 4 44. 4
1058 e aiaial 63. 6 73.9 59. 5 61, 4 59. 7 44. 9 28. 4 37. 7 40. 4 38.7
1964 il 57. 2 46. 3 63.0 62. 5 62.7 38. 6 44. 9 44. 44. 1 44. 1
1985 i e 53. 9 $6. 0 56. i 60. 7 57, 4 35, 8 20. 2 37.7 42. 3 39. 2
L1056 ccmci el 2 i 58.0 76. 4 54 7 57. 9 54. 7 39.8 35. 2 36. 3 39.5 36. 4
Y87 e 19, 3 43.6 59. 3 86. 7 59. 7 30. 7 30.0 40. 4 38.7 41, 7

1T (seetext, pp. 85 and 86, and Appendix, p. 146).  Wstimated values for least squares equations were obtained from Model I and Model II
(see text, 1p. 72 and 75) except as noted below,

2 Least squares ostimates from equations (19a) and (19¢), multiplied by population (the variable H, see p. 154). ‘

3 Least squares estimates derived from subtracting the variable 4 (see p. 152) from the lenst squares estimates of domestic cgg
consumption, ) o

4 Least squares estimating cquation the same for Model I-and Model 11.

§ No least squares estimates mide for this variable as it was included in an identity equation in both Model T and Model IT.

¢ Least squares estimates oblained from fitting equations (19a) and (19¢) with APg dependent.

7 Least squares estimates obtained from equations (25a) and (25b), using for A Pg values estimated from equations (19a) and (19¢),
with APy dependent.

¥ Least squares estimates obtained from equations (26a) and (26b), using for AP values estimated from equations (27a) and (27¢c).

! Estimated values for the simultaneous approach were obtained from the reduced form forecasting equations of Model T and Model
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TanLE 27.—Analysis of variation between actual and estimated values in the egg economy obtained from alternative
models and methods of fit, for specified periods*

Variable

104854

1955-57

Total
yariation
in-variable

Dowmestic: ege consumption, Qg
(DIHONSY o C e i dime e
Tarm egg production, @y (billions) ...
Layers on farms, Ly (millions) .-
Pullets raised, January-June, - Cr
Amillions) - oo oo ol
TLayers sold, Le (millionsy o o _.._.
Domestic egg consumplion, January—
June Qg (billionsg) o - ccma_l_oo
Net into-storage movement, January-
June, S’ (billions) e _Cocooioaoon
Retail price, per dozen, Pg (cents)- ..
Farm price, per dozen; Pp (cents)-.__
Retail price, per dozen, January—
June, Pp (eentS) ecoceieimonace-o
TFarm price, per dozen, January-June,
P (eents) ccmim e

5, 24
9, §8
389. 25

9, 579. 04
2, 303. 43
11. 03

8. 03

395, 85
407, 12

617. 24

Ratio of unexplained variation

to total variation?

Ratio of unexplained variation

to total variation ?

526. 09

Total
Simultancous | Lenst squares | variation Simultancous Least squares
approach in variable approach
Model | Model | Model | Model Model | Model | Model | Model
I II I IT 1 1T I 11
*1, 64 | 22,99 1,84 2062 0. 69 *4, 07 | 178 57| 2148 21. 46
* 84 112,00 .95 | 152 1.82 1 *1.46 . 63.63 7. 36 7.78
1.00 | %906 ® ® 23,211 *4.07 ! 1889 ® ®
* 22 L3t .29 .20 | 2,481, 306 * 32 1. 13 .33 .33
* 6271 2.01 . 65 .65 08.66 ] *2.37 | 54.91 579 5.79
4.08 | 2.24 | *20 .31 J14 | 43814 221,20 | 29.2 *7, 21
6.75 [ 3.09 * 36 | *36 J14 | 43814 | 221,29 | *66. 14 | *66. 14
A4 127 * 29 .61 11. 05 2.59{ 45.30 | *L065 6. 52
L84 L1 *o 44 . 66 “16. 93 L-92 | 20. 31 *1. 62 4 98
.64 48 | % 3T . 48 82. 59 16, 97 1, 40 *1. 22 1. 59
.76 . 62 *, 40 . 54 85. 85 1.33 1. 28 *1. 24 1. 68

t Models fitted to first difference values for the years 1932-41 plus 1947-54. See table 26, p. 87, for values of variables and details

of models.

2 Unexplained variation computed as the sum of the squared differences in each ye
and its value estimated by specified model and method of fit.

year of the year-to-year changes for a variable:

Total variation compu

3 Least squares equations were not fitted for this variable.
*Signifies estimate for which ratio of unexplained variation to total variation is smallest for the specified variable.

ar between the year-to-year changes for a variable
ted as-the sum of the squared differences in each
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IHowever, the ratio of the unexplained variation, estimated by a
specified model and method of fit, to the total variation in a variable
can be very large due to the estimated value for one year being
very poor, although for other years the estimated values obtainec
from that model and method of it may be closer to the actual values
than a model and method of fit that had 2 smaller ratio of unex-
plained varviation to total variation,

Based on percentage differences between actunl and estimated
values for the years beyond the period for which the models were
fitted (table 28}, it appeurs that model I, ftted by the simultaneous
approach, gives the best estimates of the endogenous variables in
the egg economy among the niodels and methods of fit that were
used.  The reason for the better estimates appears to stem from the
number of predetermined variables used in model . As the reduced
form forecasting equations (p. 146} show, each estimated value of the
endogencus variables in the model is obtained as a weighted linear
combination of all the predetermined variables in the model, It
would appear that the greater the number of relevant predetermined
variables used in a mwodel, the smaller the difference between the
estimated value and the actual valve of an endogenous variable
because more information about the economic system 1s being utilized.

As observed in the egg model, the addition of certain predeter-
mined variables to the model increased the degree of correlation
among the predetermined variables, While the exact eflect of high
intercorrelation among the predetermined variables in a simultancous
approach is not measurable, it appears, from considering the effect
on a least squares sclution, to contribute to larger standard errors
of the regression coelliclents than if the intercorrelation was not
present. llowever. as long as the values of the predetermined vari-
ables in the model stay within, or close to. their range of values
during the period for which the model was fitted, the effect of high
intercorrelation among the predetermined variables on estimated
valoes apparently is minimized. As the values for 1955-57 of the
predefermined varinbles in the model of the egg ecconomy are within,
or close to, their range of wvalues for the 193241 plus 19i7-54
period. estimated values of the endogenous variables from both the
simultaneons approach and Jeast squares fits of model I are closer
to the actual values of the endogenocus variables than the estimates
derived from the simultaneous approach and least squaves fits of
model IL. Iowever, if the values of the predetermined variables
should depart widely {rom their previous levels, model IX, which
had smajler standard errors of the regression coeflicients, would
probably give better estimates than model I, although the former uses
less information.




TasLe 28.—Variables in the egg economy: Percentage differences between actual and estimated values obtained from
alternative models and methods of fit, 1955-57 1

1955 1056 19567

Simultaneous | Least squares | Simultaneous | Least squares Simultancous Least squares
Variable approach approach approach

Model | Model | Model | Model | Model | Model | Model | Model | Model | Model [ Model | Model
I 1I I I I II I IT I 11 I II

Percent| Percent | Percent| Percent | Percenl | Percent | Percent | Percent| Percent | Percent | Percent | Percent

11.°¢ 3.8 1.7 [*¥—1. 2.3 4. 6 . *2, 0 14. 1 2.2 5.0

11. 1] 3.5 1.3 |*—2. 2. 4.4 X *1, 8 13.9 2.2 5.6
2. A2, 6. * 3 * 3 2 ®

12,
26.

15.
—33.
—43.

*4.1

*5. 1

Domestic eg consumption, Qp.
Tarny egg procluctmn Qr
Layers on-farms,

—
[
RN

Pucll(.ts Taised, J‘lllll‘ll‘y—-JllllC,

—3. 2 |*—1. . 2. —4, 10,9 |*—1, .
—1. 2. *—06, 18.7 { —9. —9.

—2. . ¢ . —11. 10. 3 | *~-. 1. ¢
—3. 3. . *3.81—20.0 6. 14,
—4, . . *§.2 |—22. 4 12, 24.
—5, . 7 jR—11 20. 3 15. 21

6
9.5 {—1L —8. . . *ee D, 31.6 |- 26 35.

Layers sold, L¢

Domestic ege consumption,
January-June, @z

Retail price, per dozen, Pr

Farm price, per dozen, Pp

Retail })1 ice, [))(}l dO/cn, Janu-
ary-June, 1

Farm price,
ary-June,

* *
|
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L Models fitted to first difference values for the years 1932-41 plus 1947-54. See table 26, p. 87, for values of variables and details
of models.

2 Least squares equations were not fitted for this variable.

3 L.ess than 0.05 percent.

*Signifies the smallest percentage difference between actual and estimated values of each variable in each year. Computations not
shown for net into-storage movement, January—June, S8’, as estimated values included many stoek reductions while actual storage
movement in each year incrensed stocks,
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An additional consideration in appraising the results of an analysis
is to determine the independence of the residuals of the fitted equa-
tions. If the assumption does not hold that the residuals are inde-
pendent. then the estimators of the parameters in the system are
not efficient and the confidence regions calculated without taking the
serial correlation into account may be highly misleading. In a
recent article, Durbin (73) extended the test for serial correlation
in Jeast squares regression to testing for serial correlation in systems
of simultaneous regression equations, Using the procedure suggested
by Durbin. the results of the test for independence in the residuals
from model I and model 11, fitted by the simultanecus approach, are
inconclusive (table 29). Therefore, in using the results from the
analyses in this bulletin, the reader should keep in mind that some
limitations are involved in the confidence regions of the regression
coefficients and the measurements of elasticity coefficients.

Tanne 29-—XMeasures of serial corrclution in the residuals of fitted
equations, for specified models and method of fit !

Simultaneous approach
Reduced form equation for
estimating Model I Model JI
d’ 4-d’ df 4-df
A e e eeaaan 1.41 2. 59 1,77 223
Ap .. 1. 36 2 64 1. 76 2 24
APg L 2. 80 1. 20 2,26 1, 74
Alp ol 1. 17 2,83 117 2. 83
Al . L 63 2.35 1. 88 2,12
AL e __ 2.02 1. 98 1.84 216
APy ol 2. 55 1. 45 3. 47 .93
APp e e 2. 96 1.84 2,30 1. 61
AP e eecmaeaa. 202 1,08 2. 83 1 17
Al .. 1.83 2. 17 1. 98 2 g2
A8 el 1. 84 2. 18 1. 48 202

1 Berial correlation measured by the statistie:

n
D odi—d gt

t=2
L ol o r———
= =
E ;,[‘2
=1

where d, is ithe unexplained residual for obsecvation ¢ from the reduced form
forecasting equalions of each model,  See text, p. 146.

In making a choice among the alternative fitted models to use in
forecasting values for any of the cndogenous variables in the egg
mndustry, the reader should consider the data required for a forecast.
For example, in using the reduced form forecasting equations from
the simuitaneous approach of either modet I or model IT to estimate
the endogenous variables in the egg industry, the data reguired are
the predetermined variables included in the model. These include
the average number of eggs produced per layer during the year
(€ 1), the number of hens and pullets of laying age with pullets
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not yet laying on farms, January 1, (Z,), the difference between
civillan domestic disappearance of egrgs and farm production of
egos (A}, the mortality of hens, incluf.ﬁng a balancing residual (af),
and the predetermined variables from outside the egg industry,
such as pepulstion SH ), income ([}, the general price level (Py),
the price of feed (Ps), and so forth. However, if the same variables
that were defined as being endogenous in the simultaneous approach
are to be estimated from the least squares fits of the structural
equations m cither model I or model II, values for some of the
endogenous variables whose values we are attempting to estimate
must also be used. In equation (19¢) on page 75, for example, it is
necessiry to estimate the price of egpgs, per dozen, at retail (Pr) in
order to forecast per capita egg consumption (@g/H)}. As an al-
ternative, we could have fitted equation (19¢) by least squares with
P as the dependent variable. If we followed this procedure, it
would be necessary to estimate values of @z/f in order to forecast
the value of P;. By locking at the equations in the least squares fit
of model T {p. 72) or model IT {p. 78), the reader will observe
that each equation contains at least two variables whose values are
determined within the egg industry. Because of the nature of the
method of least stuares, the value of one of these variables must
e estimated before a forecast of the value of the other varinable can
be made. In addition, vilues for the predetermined variables in the
Teast squares equations must also be cstimated, just ns in using the
simultancous appreach. The latter method, therefore, has the ad-
vantare of not requiring values of any of the endogenous variables
in the ege industry to be estimated before a foreeast ean be made.
The simultaneous approach, on the other hand, requives estimates of
all of the predetermmned variables in the model when a forecast is
to he made wherens lenst squares requires estimates of only those
variables that appear in the particular equation being used.

In evaluating the lorecasting properties of the fitted models, [ore-
casts obtained from least squares fits of the struetural equations in
medel T and madel IT were compared with foreeasis ebtained from
the simultancous approach redueed form cquations (tnble 26). As
previously mentioned, forecasted values of the endogenous variables
m o model also can be obtained from o least squares fit of the reduced
form equations of the model as well as from the structural equations
whose cocllicients were fifted simultancously. These Intter equnlions
arc essentinlly the equations for model T and model II given on
page 71 and page 75, respeetively. The least squares reduced form
equations for model T and model IT do net provide direet measures
of the basic cepnomie relntionships that exist in a model.  However,
they are uscful in forecasting values of variables.  As Uhere is interest
i the relative merits of alieraative lorecasting models, some com-
parisons were made between the reduced form equations of model I
fitted by the simulteneous approach {see Appendix p. 148) and Lhe
lenst squares fit of the same reduced form cquations.

The Lwo least squares reduced form equations thul were computed
expressed. AR, and AP, respeetively, as functions of the predetermined
variables which nre in model 1T (AfT, AT, AP, AL, AA, AL, A,
APg, APe, AW, APS. AQ:, and AF). The variable A, was selected
because it illustrates & case in which Lhe least squares fil of the struc-
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tural equation gave & smaller ratio of unexplained varistion to total
variation for 195557 than did the simultaneous approach reduced
form equation (table 27). The variable P; was sclected for the
opposite reasons. Based on these limited computations,® it appears
that we cannot specify a priori what type of fitted equation will
forecast best. Consequently, we would continue to base our decision
on the type of considerations specified above (p. 94).

Seasonal Variation of Factors in the Egg Economy

The monthly average price received by farmers for eggs climbs
from @ low in the spring to a peak in late summer and the fall, the
movement being inversely related to monthly production. When
production is large, prices are usnally low; when preduction is small,
prices are usually high. The seasonal peaks and troughs in produe-
tion and prices are less pronounced now than formerly (fig. 10)
because of changes in production practices and breeding. The sea-
sonal variation in shell egg prices has a smaller amplitude than the

EGGS: SEASONAL VARIATION OF PRODUCTION AND PRICES
RECEIVED BY FARMERS, AVERAGES, 1930-32 AND 1953-55
1930-32 1933-55
% OF ANN. AV, | % OF ANN. AV.
160 | 160
Production | J
140 140
3 Production E
120 120
100 100
80 80
P Price 7
&0 &0
A0 C § 1 It 1 A0 L 1 L 1 i 1
JAN.  APR, JULY COCT. JAN. APR. JULY OCCT.

Frorwe Id—Movement in egex prices is inverscly relnted to monthly production.
When produetion is tarme, prices are usually low; when production iz small,
prices are usunlly bhigh., Beenurs of changes in production practices and
breading, the sensopal poaks wmwd troughs in production and prices are less
pronounced now than {ormerly,

33 The raiins of unexplnined varialion to {otal variation obtained for 1955-57
for Az were simuliancous approach struetural equation, 32.7; least squares
striretural equation, 9.2; simullancous npproach reduced form ernation, 178.6;
and least squares reducerd form equalion, 7.7. TFor AP, the corresponding
values were: simmltaneous approneh structural equation, 1.5; lgast squares
structural equation, 1.7; simultancous approach reduced form equation, 1.3;
and least sguares reduced form equntion, 6.2,
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varintion in production due to the demand in the spring for eggs
for storage and liquid egg production. With a part of the Iarge
spring ege production diverted from immediate consumption chan-
nels, prices do not decline to the level that would prevail if the
entire production of eges had to be marketed in shell form within
a short period after being produced. By the same token, egg prices
in the fall do not rise to a level consistent with the decline in
production because of the availability of eggs from storage.

Preduction and Related Factors

Monthly variation in egg production stems from interrelated
economic and physiological Tactors. Most chicks for laying flock
replacement are started in spring beeause weather conditions then
are most favorable to chick growth. This timing, also, is more or
less consistent with the cconomic inceatives to start chicks. Pullets
start laying at about § or 6 months of age and produce for about
a year. As layers near completion of a laying year, their production
tends to fall off. Practically all Jayers which are retained beyond
a laying year go through a rest period which lasts several weeks,
during which molting oceurs. With chicks started in the spring,
peak production tends to come in late winter and the following
spring, followed by declining production until a complete, or almost
complete, halt in output occurs in the fall when Inyers are molting.
For example, in the years 1930-32, almost 75 percent of the com-
mercial hatchery production of baby chicks™ was in the 3 months,
Mazrch, April, an{{ May (25, 28, and 24 percent, respectively). As
table 80 shows, until the end of the 1940%, peak output for the
United States occurred in April and the low in November, although
the seasonal pattern of production was shifting steadily. By the
1950%s, the peaks and troughs of egg production in the United States
took place in March and September, respectively. A price pattern
inversely related to production provided sufficient motivation for
producers to start chicks nt an earlicr date so that layers would be
at a high rate of production when prices were high. In the years
1955-56, less than 63 percent of nonhroiler chicks hatched by com-
mereial hatcheries were produced in March, April, and May (23, 25,
and 16 percent, respeetively). In addition, reduction in the seasonal
variation of the monthly number of eggs laid per layer (discussed
below) contributed to the changing monthly production pattern.
Through improved breeding of laying-type chickens, and also as a
result of improved management practices, declines in rate of lay
per layer duce to molting have been materially reduced.

Table 30 also gives index numbers of scasonal variation of produe-
tion by regional groupings. Data are shown only for 1955, for
purposes of comparison with data for the United States. The chang-
mg seasonal movement brought out by the data for the United States
als0 is present in the regional (ofuls. The index of sensonal variation
in the East North Central Region more closely resembles the average
for the United States than the other regrions.  The greatest ampli-
tude occurs in the South Central and the West North Central re-

® Ineludes broilers as weil us nunbroiler chicks. For these years, however,
broiler chicks were a small part of commercial hatchery productlion.
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TavLe 30.-~Lygs: Index numbers of seasonal variation of production on Jarms, United States and by regions !

Area Jan, Teh. Mar, Apr., May | June July Aug. | Sept. Oct. Nov. | Dee.

United States:
1930

66 97 151 168 160 128 108
73 092 148 167 159 126 105
82 07 142 156 148 120 102
93 107 1442 144 136 113 97
105 107 128 125 120 102 01
106 102 119 115 142 08

107 96 107 102 100 92
111 103 118 113 110 96
West North Central__.____ 112 108 126 122 118 100
South Atlantic 102 103 126 120 114 99
South Central ___._ ... .. 93 103 133 130 123 102 ¢ 4 89
Western . . 102 95 109 105 105 07 } 95 101

! Computed by & method which uses adjusted ratios to moving averages; deseribed in (42) 3 Numbers in italies indicate high and
low values for the year based on unrounded data.
2 Bengonal adjustment factors for the vear 1955,

JYALTADTYYY 30 "LdHA 'S'A. ‘F021 NILATIAE TVIINHOAL
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rions, while the least amiplitude ocenys in the North Atlantic and
lWestem regions. As table 31 shows, the amplitude of seasonal
variation in pmduchon is inversely related to size of egg-laying op-
eration. Larger, more specialized farms tend to have “hetter Jayers
and to be less seasonal in starting replacement chicks, thereby ob-
taining u more evenly distributed annual gre output than smaller,
less sl)ecmhz.ed farms.

Index numbers of seasonnl variations of number of eggs produced

oer 100 layers and of number of layers on farms for the United

tates and major regions are given in tables 32 and 33. Both these
geries exhibit a ch.mmng seasonal pattern, with the reduction in the
seasonality of rate-of-lay greater than the reduction in the seasonality
of numbers of layers. B} lessening the impact of molting on rale
of lay, seasonal variability in the former series was reduced. The
s 13011.11]\ decreased drop in the rate of Jay became a contributing
factor to reduced culling, thereby lessening seasonal variation in the
number of layers series.

Tarue 3L.—Igys: Varability in dndczes of seasonal rvariation in
production and rale of loy, compared with size of flock, by regions,
1955

Coelicient of variation ! {Percentage of
e laying
Region flocks wilh
Production | Rate of lay | 400 or more
chickens *

Percent Percent Pereent

Weslern . 4, 0.
Woarth Atlantic . 3. 25,

Toast North Centralooo oo oo L L. . 12,
South Atlanlic______ .. ___........ 13,
West Noarth Central_Lo___.. e e 18.
South Central - _____ ... . .. 18

1

' Slandard deviation expressed ss o ratio of t}m .1r|L11mnt|L. metn.  Beguuse
the arithmetic mean for o seasonal indey equals 100, the coefiieient, of variation
cuals the atandard deviation.

2 Among commereial farms reporting chickens 4 months old and over on haned
on Lhe day of enumeration {fall, 1931}, From (32, pp. 538-352;.

1:"!‘3
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B R R |
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-

=

The smallest amplitude in the index number of seasonal variations
of rate of lay is the series for the North Atlantic and Western re-
gions while fhe larg: o+ amplitude s in the series for the South
Central and West Nurth Central regions. Variation in rate of lay
appears to be inversely related to size of flock, with regions having
principally large size (locks having less varialion in rade of lay than
regions having principally small size flocks {table 31). Similar
comments are applicable to the index numbers of seasenal varintion
of numbers of layers on farms during the month.




TanLe 32.—FEggs: Index numbers of seasonal variation of number produced per 100 layers, United States and by
regions !

Area Jan, sh, Mar. | Apr. May | June July Aug. | Sept. . Nov.

A8 139 161 161 136 121 105 84 5 48
6t 135 159 160 135 119 104 82 } 47
71 G 130 8 150 129 117 103 84 5 54
82 130 13 138 122 112 99 82 62
93 ¢ 120 126 112 105 95 84 78

97 116 118 108 102 94 87
Region:?

North Atlantic 99 ¢ 108 110 102 101 98 > 94
100 96 114 118 107 101 92 90
99 118 120 123 111 103 91 R3
93 121 121 120 108 101 94 &3
South Centrals oo .. 86 ( 128 1380 129 112 101 91 78
Western 96 ¢ 108 108 110 104 103 99 s > 92

! Computed by a method which uses adjusted ratios to moving averages; deseribed in (42). Numbers in italies indicate high and
low values for the year based on unrounded data.
2 Seasonal adjustment factors for the year 1955.

THALINIIYOV J0 "ILdHEd ‘S'Q ‘$021 NILATIOL 'IVOINHOEL 001




TanLr 33.—Lggs: Index numbers of seasonal variation of number of layers on farms during the month, United States
and by regions !

Area Jan. Feb. Mar, Apr. May July Aug. | Sept. . Nov.

114 111 {

114 112 108 ¢ ) 104 112

114 112 108 ¢ ¢ } { 105 112

118 111 108 X ¢ } ¢ 106 112

112 109 106 ] 5 ( 5 : 109 112

R 110 107 103 ¢ 4 ( { 109 110
egion:?

North Atlantic 108 103 99 ¢ , 96 110 110
111 108 104 9¢ 4 106 111 111
West North Central_._.____ 118 111 107 » { 102 109 112
South Atlantie. e oo . 109 106 103 { ¢ 92 f 103 108 110
South Central. - . 108 105 102 ¢ 2 105 108 109
Western 106 103 100 ( R 93 96 104 106 106

t"Computed by a method which uses adjusted ratios to moving averages; described in (42). Numbers in italics indicate high and
low values for the year based on unrounded data.
2 SBeasonal adjustment fuctors for the year 1955,

SDHE YOI FUALOAYULS EOIMd ANV ‘X1T1ddNS ‘aNVINEd

101




102 TECHNICAL BULLETIN 1204, U.S. DEPT. GF AGRICULTURE

Prices Received by Farmers

Index numbers of seasonal variation of average prices received by
farmers for eggs in the United States and nine major regions are
presented in table 34¢. As shown in figure 10, seasonal variation of
the United States average price received by farmers for eggs is
inversely related to the seasonal variation of the production of eggs
in the United States. We previously have pointed out that the peaks
and troughs of monthly egg prices are not as great as the variation
in monthly production because of the diversion of eggs for storage
and liquid egg preduction ir spring and their release on the market
in fell and Iater periods. In the period 1952-56, more than 80 per-
cent of annual liquid egg production was in the first 6 months of the
vear when egg prices average lower than the last 6 months of the
year. During January-June, the net movement of eggs was into-
storage, while the net movement in July-December wus out-of-
storage. The effect of these factors is to raise the price level for
eggs In the spring, and to lower it in the fall. Because storage
eggs are discounted from fresh eggs, and because the greater part
of liguid egg }iroduction is processed into frozen and dried egg, which
can be carried over into the next year, shell egg prices in the fall
are not as greatly affected by liquid egg and storage supplies as
shell egg prices in the spring are affected by the demand for eggs
for storage and processing into liquid egg,

The seasonal variation in the average price received by farmers
for eggs is smallest in the regions in which the average size of laying
flocks 1s large. Those regions which have the smallest amplitude
in their seasonal variation in production also have the smallest

EGGS: INDEX NUMBERS OF SEASONAL VARIATION OF PRODUCTION
AND PRICES RECEIVED BY FARMERS, IN SPECIFIED REGIONS, 1955
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Froure 11.—Regions that have a small amplitude in their seasonal variation
in production also have a small amplitude in seasonal varintion in price.




TanLe 34.—Lggs: Index numbers of seasonal variation of prices, United States and by regions and specified markets "

Price and area or market Jan. Feb. | Mar, | Apr. May. | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

Received by farmers:
1.~ United States:
1930 116 ( ] ’ 4 91 106 126
35 107 { 6 94 110 124
100 : 4 ¢ 98 112 122 : 123
104 ( & 101 107 115 120
95 - ! ! 106 112 116 112
99 ' : ¢ 107 107 104 103
Region:?
New England 93 115 107 101 92
93 ! 96 X 113 111 107 99

06 . 0% - { 111 109 104 100
98 115 | 9¢ 102 98 103 96
106 102 ¢ € 105 108 109 111

12 105 (¢ 90 100 107 107 119

110 103 : ; 92 101 109 109 117

~Mountain 100 98 102 110 112 105 104 105

Pacific 102 108 ¢ 9 : 103 105 103 102 97 104

At wholesale, grade A:?
Large:

Chicago 91 98 96 9: 104 114 114 111 106 94

Los Angeles 96 102 04 92 104 106 110 110 100 100

New York , 93 99 97 94 91 ‘ 99 109 110 117 104 95

Medium, Chicago ; 99 108 104 101 93 109 111 97 89 97 98

SHOHE YOd WUALDAULIS HDIYL ANV ‘X1ddAS ‘ANVINIA

' Computed by a method which uses adjusted ratios to moving averages; described in (42). Numbers in italics indicate high and
low values for the year based on unrounded data.
1 Sensonal adjustment factors for the year 1955,

80T
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amplitude in seasonal variation in price (fig. 11). The inverse
relationship of regional price and regicanal production is not as
strong as the comparable relationship for the United States because
the greater degree of aggregation in the country as & whole tends
to smooth out the effect of individual State aberrations, as well as
to mask the effect of interstate shipments. By shipping eggs from
surplus to deficit production areas (see p. 106), differences between
regions and between terminal markets in the regions are lessened.

Prices in Central Markets, by Grades

Index numbers of seasonal variation of wholesale market prices
for Grade A, large eggs at Chicago, New York City, and Los
Angeles tend to parallel the seasonal variation in prices received
by farmers in the surrounding areas, with the exception that the
peak in terminal market prices occurs later than the peak in the
average price received by farmers in the corresponding regions.
Terminal market prices are for established grades while reported
mid-month farm prices are for a “mixture” of grades. Therefore,
part of the difference in seasonal variation between terminal market
prices and prices received by farmers is due to different grads
composition.

The seasonal variation of prices for grade A, medium eggs broadly
follows the seasonal movement of prices for grade A, liarge egas,
though prices for mediums peak earlier in the fall, and have a
secondary springtime peak. Iowever, the margin between the index
numbers of seasonal variation in the two series varies from season
to season. In the spring, when supplies of Jarge size egos ave plenti-
ful, prices for large size eggs are seasonally low, and the spread
between the index numbers of seasonal variation in prices for large
and medium eggs is narrow. In September, October, and November,
when medium size eggs ave in plentiful supply and supplies of Jarge
size eggs are less than in the spring, the spread between the indexes
of seasonal variation is greatest. PBecause large size eggs are pre-
ferred to medimm size eggs of similar grades, supplies of large size
egos are dominant in determining the price relationship between
large and medium eggs.

Egg-Feed Ratio and Feed Costs

Table 35 presents index numbers of seasonal variation of the egg-
feed ratio for the United States and major regions. The seasonal
swings in the egg-feed price ratios parallel the seasonal movement in
egg prices. Seasonal variation in the average price paid by farmers
for poultry rations is less pronounced than the seasonal variation In
egg prices and, to an extent, follows the general swing in egg prices.
Seasonal varintion in the average price received by farmers for corn,
a major item in poultry rations, reaches a peak in August and a low
in November. Index numbers of scasonal variation of these two
series are given in fable 36.




TasLe 35 —Iygs: Index numbers of seasonal variation of eqgg-feed price ratios, United States and by regions !

Area Jan, Feb, Mar. Apr. May | June July Aug. | Sept. Oct. Nov. '} Dec.

United States: :
193 02 ks 3 79 89 1056 126 147
93 83 90 109 124 133
86 ) i 93 100 111 123 185 124
92 5 94 98 105 115 124 120
. ( 89 i ! 96 105 112 117 120 112
1955 e et ¢ 106 5 9-¢ z 97 107 106 104 105 104
Region:?
oNew England. oo ..o ( 98 O 3 108 115 109 103 103 93
Middle Atlantic... ... ..o 9: 97 9. 5 104 112 110 107 107 100
North Centrat:
Kasto. .. oo ... 05 104 96 110 11n 108 108 102

West 97 109 103 { ¢ 92 106 102 100 102 100

Sonth Atlantic... ... ..., 106 100 90 5 ! 98 104 108 109 111 112
South Central:
East..... . P 112 10-4 91 z 84 3 89 98 107 110 117 123

Woesbo e o w 109 102 87 83 84 } 92 101 111 112 113 118
Monntain. .o .. v. ovnnn 99 93 90 88 88 ¢ 101 112 114 108 105 106
Pacific . : 100 105 O 95 93 9- 106 105 111 99 96 102

! Computed by - method which uses adjusted ratios to moving averages; deseribed in (42).  Numbers in italies indicate high and
low values for the year based on unrounded data.
2 Seagonal adjustment faetors for the year 1955.

SHDA YOL TUAIDAUIS HOINd ANV ‘XTddAS ‘ANVINET
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TABLE 38.—Feed: Index numbers of seasonal variation in cost of poultry
ration and prices received by farmers for corn, United States !

Month Poultry Corn ¥ Month Poultry orn ?
rafion 2 ration ?
January. . .___ 49 92 {| Juby_ .. ___._. 101 110
February...__ 99 94 il August___.___ 101 112
March. ______ 100 95 || September.___ 101 110
April_________ 101 98 || Oetober____.__ 99 98
AY e 102 103 || November____ 57 a1
June_ ____.___ 101 106 || December. .. _ 98 |

t Numbers in italics indiente high and low values for the year bused on un-
rounded data,

1 Computed by s method which uses adjusted ratios to moving averages; de-
seribed in (42). Based on 1927-56.

¥ Average of ratios to 12 month moving average, centered, adjusted to total
1,2‘%}} and {0 eliminate abnormal fluctuations. Based on 1922-41. From (35,
. .

Price Differences Due to Location and Quality

The analysis of factors that affect the price, demand, and supply
of eggs has been based on aggregate data tor the United States. The
use of aggregate data may obscure the movement of divergent
trends—regional, State, and local—in the components of the total.
Results obtained in the previous sections should be thought of as
a summation of all the individual cases.

In order to make the results more useful to persons swho have an
interest in a lower level of aggregation, the following section relates
the average price received by farmers in the United States to re-
gional prices at the farm level, as well as to prices at several! different
stages of the marketing process.

| Overall Pattern by Areas

Average prices received by farmers for eggs vary considerably
from one part of the country to another. These regional variaticns
in price reflect surplus and deficit production areas, as well as dis-
tances from markets, differences in the quality of eggs produced,
and differences in the seasonality of production in each region.
‘The map in figure 12 shows the average level of prices received by
farmers for egps from 1953 to 1957, Tanes are drawn through areas
having approximately equal prices.

Prices received by farmers for eggs generally average the lowest in
North Daketa, South Dakola, Neﬁraska, and other States of the
West North Central region. Prices generally increase with move-
ment away from the West North Central region. The highest average
prices are received in New England, Florida, and Arizona.

Table 37 shows that these regional price variations are roughly
related to whether o region is a surplus or deficit production area in
relation to consumption. Annual surpluses and deficits can be in-
dicated by computing the percentage that per capita production in
each region is of per capita consumption in the United States.
These estimates are inexact because they assume that nonfarm pro-
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AVERAGE PRICES RECEIVED BY FARMERS
FOR EGGS, 1953-57

> CENTS
PER DOZEN

27 -
312
a7 -
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M-
_F
W7 5 over
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Movre 12-—Regionnl varintions in price chiefly reflect surplus and defieit
production aveas, as well as distances from markets, differences in the qual-
ity of cges produced, and differences in the seasonality of production in each
region,

Tasue 37.—Luggs: Production. per ecapile and average furm price as
percentages of Cnited Slates consumption per capilo. and averoge
Jarm price, respectively, United States and by regions, arcrage 1953-54

I Per capita | Farm price
production | as a percent-
as a percent- { age of United
Tregion age of United| Stutes aver-
States per age farm
capita con- price
sumpiion !
i Pereent Percent
New England . oo el 83 130
Middle Atlwntic_ .o ____. . ___ fmmmmn immmmmmama : T4 1214
Tast North Central_ oo oL ___ 103 02
West North Central._._____.. e mmmmas 327 20
South Atlantie ..o .. e aan- 7l 117
Iast South Centend.. . .. L. .o L .. aa___ 86 94
Wesat South Cenvrnl ... . D, T8 9%
Mountain. .o _-.. Sl s 80 ! 102
Pacific._._ ... _ e 100 | 110
TUnited Staves e mmmma o7 i 100
1

' Production ineludes farm prodoction ns well as an allowance for nonfarm
production, These were, a5 a percentage of farm production: 10 percent, 1953
anc 1954; 9 percent, 14955,

: Prorluction exceerls consumption because of changes in stocks of egys, and
heeause quantities of eggs are exportecd, used for hatehing, and purchased by the
Armed Torces for use outside the Tnited States.
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duction and eggs used for hatching are distributed among States
and regions in the same way as farm produetion, and that per capits
consumption is uniform in exch State. Nevertheless, th{{aiy ﬁprobably
indicate the general picture of regional surpluses and deficits.

United States Average Price Received by Farmers as Related to
Prices at Terminal Markets

Average prices received by farmers for eggs are reported only
for several days near the 15th of each month, whereas terminal
market prices for specified grades are quoted daily. Estimates can
be made of the probable level of prices received by farmers for
other parts of the month by determining the normal relationship
between the average price received by farmers and terminal market
prices,

Tsble 38 shows the statistical relationship between the United
States average price received by farmers and the wholesale market
price for grade A, large, eggs at Chicago, New York City, and Los
Angeles, by months, for the years 1948-55. The wholesale market
quotations are for the 15th of the month and the three preceding
business days, except thai when the 15th of the month fell on a
Saturday or Sunday, the series of four drily prices was arranged
to end on the Friday immediately preceding the 15th, Daily prices
used were averages of high and low quotations. To estimate the
price received by farmers, the wholesale price quotation at Chicago,
New York City, or Los Angeles is multiplied by the appropriate
factor in column 1 and the factor in colamn 2 is added to that

roduct. Comparisons are based only on data from 1943 to 1955
Eeca-use consistent wholesale price series related to United States
grades are not available for the three cities before 1943. During a
part of the 194346 period the margins between farm and wholesale

Tasue 38.—Iggs: Relation of average price received by farmers, per
dozen, United States, to wholesale price of Grade A, large, eggs, per
dosen, monthly, Chicago, New York City, and Los Angeles, 1948-55 1

Faetor by | Factor to be
which the |added to the[Average error| Percentage
Month wholesale wholesale | of estimate’ | of explained

price is prieg 4 variation ®
inyltiphied ?

Chicugo ?

Cenis Cenls Percent
—3.56
—4. 09
—3. 02
—1.33
3

.70
. . T4
August L TGY L3
September L7 .85
October . 08
.61
12

P B Bt N et vt et s
, -
D G W e e LR B DGR D

See footnote at end of table,
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TasLe 38.—Hggs: Relation of average price received by farmers, per
dozen, United States, to wholesale priwce of Grade A, large, eggs, per
dozen, monthly, Chicago, New York City, and Los Angeles, 1943-66'—
Continued

Facter by | Faclor to be
which the [added to the |Averape error] Percentage
wholesale wholesele | of estimate ¢ | of explained
price is price ¢ variantion®
muléiplied 2

New York City *

Clents Cenls Percent

4 . 88. 3
92.¢
95.0
Ga. 2
92. 3
96.1
81. &
24. 0
84 4
86. 4
85.3
88. 8

January
February

August
September
Qctober
November
December

BRI IR RO b A

Loz Angeles?

January 0, 1. 36
February 1.038 —8. 64
. 824 .32
. 809 .12
LT3 .43
. 766
. 786
. 705
L 737
. 806
. 639
Degember_ oo - . 646

PO PO RO B = D

1 Priee received by farmers on the 15t¢h of the month; wholesale quotations nre
for the 15th of the month and the three preceding business days, except that when
the 15tk of the month fell on & Baturday or o Sunday, the series of four daily prices
wag arranged to end on the Priday immediately preceding the 15th. Daily prices
used were averages of high and low guotations,

? Price quoted by the Federal Market News Service (47} for extras, No. 1and 2
{or, in the event that sich a grade wag not quoted, the nearest comparabie grade).
Tn recent vears this has been taken as extras (60 percent or more A’s) or the nearest
comparable grade. Price for white, brown and mixed eolor eggs prior to 1950;
brown and mixed 1950-55.

2 Simple regression coeficient with the average price received by farmers as the
dependent varinble.

i Constant velue (a) in the regression eguation.

$ Standard error of estimate.

¢ Coefficient of determination timnes 100.

7 Less than 0.005.

§ Price quoted by Urner-Barry Company (63) for mid-western mixed colors,
extras, No. 1 large {or, in the event that such & grade was not quoted, the near-
est comparable grade). In recent years this has been taken as extras (70 percent
A’s) or the nearest comparable grads.

¢ Price quoted by the Federal-Siate Market News Service (50} for large, grade A
eggs, cofor not specified. In recent years this has been fsken as minipum 4
percent AA.

512993 —50—8
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egirg prices were affected by ceiling price regulations of the Office
of Price Administration. ‘The effect of the celling regulations prob-
ably did not greatly disrupt the marginal relationships in those
years because egg prices for the greater part of the period were not
pressing against the limits imposed by tEe ceiling regulations.

The change in the factors from month to month refiects seasonal
differences m production. In the months of peak egg production,
a change of one cent in_the wholesale price of eges is associated
with an almost corresponding change in the price received by farmers
for eggs. However, in the summer and fall months of the year, a
1-cent change in the wholesule market is associated with about a
three-quarter cent change in the farm price. The lessened respon-
siveness at the farm level to changes in the wholesale market in the
summer and fall months may reflect, in part, the impact npon

price of cold storage eggs moving into consumption channels.

Prices in"Principal]Producing States as Related fo Prices at Ter=
minal Markets Through Which They Nermally Sell

Because nearby producing areas do not supply sufficient eggs to
meet the demand of large urban areas, the surplus production regions
of the East North Central and West North Central States ship eggs
to urban areas throughout the entire United States. Table 39 Lists
the 1953-55 percentage distribution of receipts of shell eggs at 10
markets in the United States, by region or origin, As would be
expected, each urban area draws Its main source of supply from the
region in which it is situated, although considerable quantities are
also obtained from more distant areas.

Because of the added cost of transporting eggs from more distant
sources, as well as the influence on price of alternative markets to
which surplus re,%ions can ship their eggs and the loss of quality
associated with shipping time, avernge prices received by farmers
for shell eggs in States located close to an urban market more
nearly reflect price movements in the terminal market. than do prices
received by farmers in the more distant supply areas. This varia-
tion In price response associated with distance from market is shown
in table 40, which relates the average price received by farmers in
the States which are the major sources of supply for Chicago,
New York, and Los Angeles to the wholesale prices in those cities,

Price Differentials in Terminal Markets Due to Differences in
' Quality and Size

At g given market, differences in egg prices arise because of varia-
tions in the quality and weight of ﬁle eges being marleted. At
terminal markets, most trading in eggs is conducted on the hasis of
uniform wholesale grade and size designations (table 41). While
data showing the percentage distribution b grade and size of egg
receipts at terminal markets in the United States were not available
for the years of this study, published data for Cunada (5) show for
1953-55 that nimost three-fifths of receipts at registered grading
stations are grade A, extra large and large, one-fifth grade A,
medium, less than 10 percent of graded receipts are grade B, and
other grades and sizes account for smaller percentages.




TasLe 39.—Eggs: Percentage distribution of receipts of shell eggs at 10 markets, by region of origin, average 1958566 !

New Phila- Cleve- | Cincin- St. San Los
Region of origin Boston | York [ delphia | Atlanta| land nati | Chicago| Louis Fran- | Angeles
cisco

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent
New England .3 2.5 ) 2)
Middle Atlantic . . 70. 4 . . ®
ast North Central_ . .. ____.__.._._ 2. . .4 . A : 50. 7
West North Central . . . . . . . 49. 1
South Atlantic . . .

East South Central
West South Central
Mountain

Pacific

! Exéludes shipments totaling less than 10,000 cases from a State to'a particular city. = Also, nearby receipts, which bypass the
wholesale market channels, may not have been fully reported.
* Less than 0.05 percent.
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TaBLe 40.—Fggs: Relation of averoge price received by farmers, per
dozen, selected States, to prices, per dozen, in specified terminal
markets, 1948-551

Factor by | Factor to be
which the |added tothe| Average Percentage
State wholesale wholesale error of of explained
price is price 4 estimate ¥ | variation ®
multiplied 3
Relation to Chicago price ?
Cents Cents Percent
lowa______ __ ... O 808 —2 44 1. 43 30. 0
Iinois_ ______________ - 861 —3. 85 1. @7 94 8
Minnesota______._____ . 821 —2.13 1. 24 42 5
Wisconsin ... . 948 —4 45 1.23 94. 4
Relation to New York City price 7
Towa . . __________ . 864 —6.00 1. 01 895. 0
New Jersey_.___._____ 1. 23] —6. 07 2. 57 86. 1
New York. o ... 1. 289 -8 67 323 a0 6
Relation to Los Angeles price ®
California__..__.______ 1. 017 —5. 94 1. 27 96. 2

! Annual averuge prices based on: (1) price received by farmers on the 15th of
the month; and %2} wholesale quotations for the 15th of the month and the 3
preceding business days, except that when the 15th of the month fell on a Saturday
or & Sunday, the series of 4 dnily prices was arranged to end on the Friday im-
mediately preceding the 15th. Dalily prices used were sverages of high and low
guotations,

2 Price guoted by the Federal Market News Service {{7) for extras, No. I and
2 {or, in the event that such a grade was not quoted, the nearest comparabie
grade}. In recent yeors this has been {aken as extras (68 pereent or mere A’s)
or the nearest comparable grade. Price for white, brown and mixed color eggs
prior to 1950; brown and mixed 1950-55.

3 Bimple regression coefficient with the average price received by farmers as
the dependent variable,

¢ Constant value {a) in the regressior equsation.

¢ Standard error of estimate.

¢ Cocfficient of determination times 100.

T Price quoted by Urner-Barry Co, (63) for mid-western mixed colors, extras,
No. 1 large (or, in the event that such a grade was not quoted, the nearest com-
parable grade). In recent years this has been taken ns extras (70 percent A’s)
or the nearest comparable grade.

® Price quoted by the Federal-State Market News Service (50) for Inrge, grads
A egps, color not specifed. In recent years this has been taken as minimum 40
percent AA.




Tanre 41.—Shell egys: Summary of United States wholesale grades and weight classes

Wholesale grade
designation

Minimum pereentage of cggs of specific qualities

required !

Maximum tolerance permitted (lot average)

AA
Quality

A Quality
or better

B Quality or
better

C Quulity or
better

B Qual-
ity,

C Qual-
ity,
Dirtics,
and
Checks

C Qual-
ity,
Dirties,
and
Checks

Dirties
and
Checks

Checks

U.S. Specinls—Percent
AA Quality 2

U.S. Extrus—Iercent A
Quality 2

U.8. Stundards—Percent
B Quality 4

U.S. Trudes—Percent C
Quality ¢

U.S. Dirtiecs—Percent

U.S. Checks—Percent

‘See footnotes at end cf table.

Balance. .

None permitted
except for
tolerances.

Balance

None permitted
exceept for
tolerances.

Percent

Percent

Percent

Percent

Percent
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TapLe 41.—Shell eggs: Summary of United States wholesale grades and weight clusses—Continued

Per 30 dozen cggs Weights for individual eggs at rate per dozen
Weight class Average net weight | Minimum net weight Weight variation tolerance for not
on a lot 3 basis individual case 4 Minimum weight more than 10 percent, by count,
busis of individual eggs
At least—

Ixtra large . cooooo oo 5034 pounds..... 50 pounds... .. _._. 26 ounces___..__.____ Under 26 but not under 24 ounces.
Large. oo .. 45 pounds..._... 44 pounds...____.__. 23 ounces. . ..o Under 23 but not under 21 ounces.
Medium______________._. 394 pounds___._ 39 pounds__ ... ... 20 ounees ..o Under 20 but not under 18 ounces.

Small ... 34 pounds._ __.. None_ _oouo ... None. . .ooooooo._ None.

! Substitution of eggs possessing higher qualities for those possessing lower specified qualities is permitted.
3 The actual totel percentage must be stated in the grade name.

¥ Lot means any quantity of 30 dozen or more eggs. )

¢ Case means standard 30 dozen egg case as used in commercial practice in the United States.

Souree: (38, p. 9).
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While higher prices are received for better quality and larger size
eggs, the price relationships among different classifications of eggs
change throughout the course of n year due to seasonally varying
suppTies of the different qualities and sizes of eggs. Seasonal varia-
tion in the production of high quality eggs arises because hot
weather adversely affects the physiological makeup of the laying
hens. In addition, hot weather contribufes to a more rapid deteriora-
tion of egg quality while eggs are in marketing channels. The
seasonal variation in egg size Is associated with the age of a layer;
pullets first coming info production lay smaller eggs than they do
after they have laid several months. Consequently, proportions
of Jarge size eggs are greatest in spring, while propertions of medium
and smaller size eggs ave greatest in fall. The varying seasonal
relationship between medium and large size ~o¢s 1s shown in table 42,
which lists (he percentages that month Apts of medium size
eggs are to monthly receipts of large size  t. t registered grading
stations in Canada for 1951-55.

TanrLe 42.—Fggs: Percenlage thal receipls of grade o, medium, are to
grade A, large. monthly, and monthly and yewrly averages, 1951-55 1
i |

t | I
Period 1951 L 1052 1053 1954 | 1935 | Average

. -_ i ; ‘ 11051-55

V Percant | Percent | Pereent | Pereent | Percent | Percent
January. ... _ o321 301 33.58 35. 8 3.7 34 4
February. .. ... . 225 2381 25. 1 24, 4 225 24,5
March.__... ... ... 17.9 22.3 %7 19, 4 16. 4 19.1
Aprilo oL _. Coe i7. 0 20. 2 18. ¢ 17. 5 16. O 19. 7
Mavoo_ L. ... 175 i0.8 18 4 18. 8 17. ¢ 18.3
June_.. e ] 18. 1 2008 19.5 22, 3 2007 20,3
July__-. . ... o 2.4 27. 7 35 4 32.2 30.3 27.6
Aupgust_. . . . 36. 6 40.7 41. 8 324 4. 4 43 5
Saptember . - 64 G 63. 3 71,2 T3 BG. 7 GS. 4
October___ . .. - 980 90. 5 20. 2 79. 7 52,0 88. 3
November. _ o BLY 740 76 4 64, 1 G8. 5 73.0
December... .o.b BT S 49, 9 36.7 6. 3 48. 3 | 51. 8
Year.. ...~ S35 36. 7 36.0 36.3 1 35. 4 ‘ 35,9

1 Monthly receipts nt Cunadinn registered grading stations, from: Pouliry
Praducts Market Review (J).

If consumers were indifferent to the quality and size of the eggs
they purchase, prices for the different grades and sizes would tend
to be equal. Consumers, however, are not indifferent to the quality
and size of eggs. The consumer preference studies discussed on
page 60 indicate that consumers prefer high quality eggs and are
willing to pay a price diflerential for quality. Storcrs also prefer
high quality eggs because they keep a fresh condition longer than
lower quality eggs. The demand for grade A eggs, therefore, dif-
fers from the demand for grade B and other grade eggs. In
relation to size, the consumer purchase data from the 1055 expendi-
ture survey {page 50) show that for almost ull income groups, more
large and extra large size cggs were purchased than mnedium, small,
and peewee size egas. While a comparison of purchases by size
reflects the ratio of available supplies of large size eggs to eggs
of other size, consumers naturally prefer a large size egm fo a
smaller size egg if both are offered nt the same price.
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Unfortunately, quantity data by grade and size designations are
not available to obtain empirical measurements of the elasticities of
substitution among the various grades and sizes of eggs. In the
absence of the needed data to derive empirical measurements, ihe
following section formulates and discusses a model for obtaining
substitute relationships amon%r grades and sizes.

Figure 13 presents a simplified diagram of the demand and price
structure for eggs, by grade and size.  We assume that the price and

uantity of eggs are simultaneously determined within the specified
time period of a year, and that consumer income is the major factor
that influences the level of egg prices, given the quantity of egos
to be consumed. Basically, this assumption results in a simplified
version of equation (8) in the 11-equation model of the egg economy.

SIMPLIFIED DEMAND AND PRICE STRUCTURE FOR EGGS,
BY GRADE AND SIZE

PREBETERMINED
FACTORS
THAT AFFECT
SHRPLY

WANTITY
aF
EGGS

& SIZES

U.5. DEFARTWENT DF 4GRICULTUZE HEG. §107=3R[d} AGRICULTURAL wARLETING IERWILE

Fuwuke 13.—This diagram shows the major factors that affect the prices of
different grades and sizes of egps.

The total guantity consumed s assumed to be sold on a grade
and size basis, buf the aggregate can be thought of as a total without
grade and size designations, In the diagram, the total quantity
consumed is divided among “grade A, large,” “grade A, medium,”
and the category “other grades and sizes.” The simultancous rela-
tionship befween price and consumption is shown as channeled
through a sector which relates price and quantity by grade and size,
Within this sector, it is assumed that the proportions of the total
quantity consumed by grade and size ave fixed. With the given
proportions of grades and sizes, price relationships adjust to equate
the demand for the various grade and size classifications with the
quantity available for conmsumption. The prices rveceived form a
weighted average price for eggs, and this price, in turn, influences
the total guantity of eggs consumed.
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This simplified model assumes that the quantity of eggs consumed
equals the quantity produced. The assumption also is made that,
although the total quantity of eggs consumed is simultaneously de-
termined with price, the proportions of the total quantity consumed
by grade and size are fixed. This is 2 simplifying assumption be-
cause, as stated iu earlier sections, changes in price, through their
influence on the number of replacement chicks and the number of
Inyers sold and consumed on farms where produced, affect the size
and quality of eggs marketed. For example, in .a year of large
replacements, a greater proportion of the eggs marketed would be
pullet eggs than in a year when the number of replacement chicks
started was small. Consequently, there is a simulfanecus relation-
ship within the span of a calendar year between price and the
proportion of eggs marketed as grade A, large, grade A, medium,
and so forth.

The simultaneous relationship, however, is not as strong for the
mndividual grades and sizes as for the relationship between average
egg price and total egg consumption because it is the weighted
average price for the various grades and sizes marketed that in-
fluences the total quantity of eges marketed. This is indicated
schematically by the direction of the arrows showing the paths of
influence.®®

Under these assumptions, the prices for grade A, large, grade A,
medium, and all other eggs can be determined by solving the follow-
ing system of equations:

Qﬂ!zari‘i‘blzpuf‘i_{’!apam‘{'biipo“i'fuf‘i"u} (31)
Qnm=a‘.'+622})u!Ji"b'.’:ipum—i—bﬁ-ipu":_(‘zif'}‘y? (3?)
Qaza:i"I_b32P5£+633Prxm+b$1[)o+caif+u3 (33)
Qu == in';" Qam lT Qo (34-)
(Qe=s+bsnPobcuZ+us (35
PaE/Paza'ﬂ"]l_bB?QnI/Qﬂ_i_CGII'i"us (36)
Pﬂmfpa:a? _i"b?i’Qam/Qa +C7;I+1£7 (3?)
Po{Pa:aG+mea/Qa+calI":_u3 (38)
where the endogenous vaniables are:
(la=Quantity of cggs, grade A, large.
Gam=unntily of eges, grade A, medium.
Q.=Quantity of eggs, all other. _
(J.=Quantity of cggs, grade A, large; grade A, medium; and
all other.
Py =Price of cggs, grade A, large.
Pomn=Price of cges, grade A, medium,
P,=Price of egas, all other.
P,=Price of eggs, weighted average, grade A, large; grade A,
medinm; and all other ®
B Te allow for this aspecet of simultaneity, it would be pecessnry to intro-
duce in the 1l-equation mexiel of the egz econoiny separate price and supply

equations for ench grude and size designation.
¥ The model nssumes that:

Po=(PurQutt Pam-Quam-+ PQ-Q,)-—QI—G
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and the predetermined variables are: -

I=Consumer disposable income.
Z=Predetermined factors that affect the supply of eggs.

In this notation, the a’s represent the constant term in each equa-
tion, the b's and c¢s represent structural coefficients that apply to
the endogenous and predetermined variables, respectively, and the
u's represent random error terms. Equation (34} is an identity and,
therefore, is not. fitted. As there are eight endogencus variables and
eight equations, this is a complete system.

ﬁ'_.acking the quantity data to obtain price generating cguations
and elashicities of substitution by grades and sizes, we are limited to
measuring the average relationships between the prices of designaied
grade and size categories of eggs. Tables 43 and 44 show the average
relationship at Chicago, Ly months, between the price of grade A,
large, eggs and grade A, medium, eggs, and the price of grade A,
large, eggs and standard eggs. The large values in the £all months
for the constant values in the regression equations reflect the fact
that lnrge size, high quality eggs are a smaller proportion of total
egg supplies in those months than at any other time of the year.

Tanur 43.—Fggs: Relation of arverage price, wper dosen, of grade A,
large, to grade A, [medium, monthly, wholesele market, Chicagn,
191655 ¢

|
i Factor by Fretor to
I which the be added Avernge Percentapge
Month omadinm {o the grror of of explaioerd
price is mediim estinemte ¥ | variation s
mnlriplied * price? :
J— A
Cents Cenls Percent
JREOAEY . oo 0. 922 6. 55 1.78 50, 4
Tebruary .. _________. . 825 4. 26 1. 25 G4 4
Mareh . ______.__ 924 3. 2% . G5, &
AP e 1.025 L. 8§ 1,13 47.0
Moy, e . 984 3. 45 104 97. 8
June_ oL _______ 1. 037 2 33 .97 08 4
Jly e . ' . 965 G.13 1. 58 95. 2
Avgust__ ... ... i . Opd 7.7 2. 08 43. ¢
September___________. ! . 820 17. 35 1. 98 G 7
Qetober. ... _________. ! . 002 18. 26 2. 65 42,0
November_ . ... : 1. 024 10, 87 3. 45 85.1
December oo ...... . 998 4. 93 2,34 .6

! Prices are for the 15th of the month and the 3 preceding business days, except
that when the 15lh of the month fell on a Saturday or u Sunday, the series of
four daily prices was arranged Lo end on the TPriday iunmedintely preceding the
158h. Daily prices used were averages of high and low quotations reported by
the Federal Alnrket News Service (47). Grade A, large, and grade A, medium,
quotations are for extras, No, 1 and 2 {or, in the event that such a grade was not
quoted, the nearest comparable grade), In recent years this has been tiken as
extras (GO percent or more A's) or the nearest comparable grade,

2 Simple regression coefficient with the average price of grade A, lurge, eggs
as the dependent varinble.

¥ Constant vulue (a) in the regression eguation.

¢ Standard error of estimnte.

$ Coeflicient of determination times 100,
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TaBLE 44.—Fggs: Relation of average price, per dozen, of grade A,
large, to standards, monthly, wholesale market, Chicago, 1946-55 1

Month

Factor by

which the
stnndard
price is

multiplied 2

Faetor te
be ndded
to the
standard
price ¥

Average
error of
estimate ¢

Percentage
of explained
variation ®

Cenis
4,15
4 14
1. 37

.33
3.09
3. 44
6. 50
4 81

16, 16

16. 88
4. 47
335

Percent
January

February __
March_.__ ..
April_._.. ..
May__._. .
June_____. ..

Juby_ ...
August

Septembear. . . . . 890
October. __ . . .91t
November_ . .. 1. 125
December._._ . . _. .. 1. 026

. G70
. BaT
L 032
. 070
. 942
. 037
1. 004
.01

=D D G =1 S0 00 sk 1D 45 S —

! Prices are for the 15th of she month and the 3 preceding business days, except
that when the 15th of the month fell on & Saturday or a Sunday, the series of
four daily prices was arranged to end on the Friday immedictely preceding the
15th, Daily prices used were averages of high and low quoiations reported by
the Federal Market News Service (4%). Grade A, large, guoiations are for
extras, No. 1 and 2 {or in the event that such & grade was not quoted, the nearest
colnparable grade). In recent years this has been taken as extras (60 percent.
or more A's) or the nearest comparable grade,

2 Simple regression coefficient with the average price of grade A, large, eggs
a8 the dependent variable,

 Constant value {8) in the regression equation,

¢ Standard eiror of estimate.

¢ Coefficient of determination times 100,

Futures Market for Eggs

In equation {17) of the model of the egg economy on page 65, the
variable /' introduced the futures market as a factor that influences
the net into-storage movement of shell, frozen, and dried eggs during
January-June. %torage movement arises, 1t was shown, because

of the seasonal nature of egg production. In the spring months of

peak production, eggs are put into storapge or broken into liguid
eggs for drying and freezing. The shell egas put inte storage in
the spring are withdrawn in the fall and winter when supplies of
fresh shell eggs are less than the quantity demanded at the pre-
vailing price. The withdrawal of frozen and dried egg extends
over a longer period because of their relatively easy storage for
extended periods. Table 45 shows the net into-storage movement
from January-June of shell, frozen, and dried eggs (shell squiva-
lent) and the percentage that storage stocks are of farm egy
production in the same period. The declining ratio reflects the trend
in the seasonality of production. Until the 1940%, the into-storage
movement tended to be from March-July. With the changing
production pattern, the into-storage season now lasts from about
February-June.
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TaBLE 45.—Net into-storage movement of shell, frozen, and dried eggs
(shell equivalent), production, and the percentage of eggs stored,
January through June, 192758 1

Net into- Storage as
Year storige Farm n percentige
movement? | production | of produc-
tion
1,000 cases | 1,000 cases Perceni

19237 i ieao_ 10, 793 G4, 839 153 5
1928 e mimees 9, 074 68, 652 14. 5
1929 .___ 7, B89 66, 951 1. 8
1930 . 11, 747 70,274 16. 7
1031 eaa- 3, 444 68, 042 12, 4
3 5, 447 65, 117 8 4
Y033 ..o 10, 511 G4, 508 16, 3
1934 - 9,711 62, 505 15. 5
1935 el 8, 111 58, 228 13, 4
| L P 7, 234 60, 500 12.0
L e eeam 10, 910 65, 433 6.7
1938 Ll _ G, 206 64, 430 9.6
1930 e i 8770 66, 812 13,1
1940 ... ... e amn 8, 131 67, 522 j2. 0
B 8, 204 69, 670 il 8
1042 L. 12,715 81,611 15. 6
1043 oo () 03, 201 )
1044 L. 2) 100, 938 Y]
Y045 ... 7,173 03, 361 7.8
1646 _ . Lala- 14, 992 05, 381 15. 7
JR L N 5, 855 02, 095 6. 4
1048 oo 9, 653 88, 839 10. 9
1949 . 4, 446 a8, 708 5.0
1950 . el s 7, 416 a3, 639 79
1051 il G, 124 90, 791 6.7
1952 - 6,011 a0, D432 6.6
1953, 4, 002 3s, 031 4.5
1964 .- 5, 460 88, 372 6. 2
1965 . e iiaena 5, 430 §9, 006 6 1
1966 el _ 4,035 89, 517 4.5
3057 e e 3, 006 80, 131 4.3
1968, . 2, 180 87, 606 2.5

' Reported storage holdings of dried egps commenced Nov. 1, 1943.
2 Excludes Government holdings,
1 Government holdings not separately available,

Because there are costs of warchousing, spoilage, and interest
charges of carrying the stock attendant with storing eggs, the futures
price for eggs tends to be above the spot price from January
through about June. This span parallels the into-storage period.
Keynes (26, p. 144) points out that “the existence of surplus stocks
must cause the forward price to rise above the spoi price, i.e. to
establish, in the language of the market, a ‘contango,’ and this
contango must be equal to the cost of the warehouse, depreciation,
and interest charges of carrying the stocks.” In the latter half
of the year, spot prices tend to %e above the futures price because
refrigerator eggs, which are discounted from fresh eggs, can be
delivered on the futures contracts in this peried (fig. 14). A re-
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EGGS: FUTURES AND WHOLESALE PRICES,
MONTHLY, AVERAGE 1950-58*

CENTS PER DOZEN

55

50

Price ()cn:all'm:r Futures'|

45

40

Wholesale price®
35 DS U P Uy S R .-II. PO ——
JAN. MAR, MAY JULY SEPT.

* YEAR BECINMING WOVEMBER.
A MOMTHLY AYERAGE OF DALY CLOUNC FOR OCTORER FUTURES COMTEACT,
O BOHTHLY AYERAGE, TMICACO: EATAAS [60 FERCENT &), LARCE, SRUYN AND WIED,

V. 5. DEPARTMENT OF AGRICULTURE HEG. 8105-37(2} AGRICULTURAL MAREETIMG SEAVICE

Froves 14—Beeause of carvying charges, prices of October futures tend to be
ibove the spot price until the end of the into-storage movement. Future
prices are below spot prices in the out-of-storage months becuuse of price
discounts on relfrigerated eggs, which can be delivered on the contract.

frigerator egg is defined as an egg that has been in storage for
20 days or longer.

While eggs will leep in storage for nearly a year, they maintain
good condition for only 6 or 7 months. Eggs decrense in weight at
an almost regular rate while in storage, averaging a net Joss of about
1 pound per case for a period of § months. The storer of eggs,
therefore, does not have the same commodity to sell after storage that
he originally purchased. Because refrigerator eges are deliverable
on a futures contract, the price of refrigerator eggs and the price
of the currently deliverable futures contract should be approximately
the same. Traders who are short on futures would profit by making
delivery when refrigerator egos are cheaper than the current fu-
fures price while traders who are long on futures would profit by
taking delivery when refrigerator eggs are higher priced than the
current futures price, with due allowance for delivery costs.

Hedging
The storage operation involves a risk because there is no guarantee
that the stored eggs can be sold at prices sufficient to cover the
original cost and carrying charges on the purchased eggs. Risk on
storage, however, can be minimized or eliminated by hedging trans-
actions in the futures market.7

# Trading in ecx futures was berun in i919 on the Chicage Mercantile
Exchange. In 192} the New York Mercantile Exchange innugurated trading
in egg futures, but the volume of trading en this exchange has never renched
large proportions. These markets were estahlished to furnish {a) hedging
facilities to dealers, {&) a broad, liquid market, and (¢} continuoug price
quotatlons (37, p. 4).
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The hedging transaction consists in either buying or selling in the
spot market, and offsetting the spot tramsaction with either a sale
or a purchase of a futures contract. 'We have therefore:

(FO—PO)+(PI_FI)_O:b (39)
where:
Fy and Fy=futures contruct price in respective time periods
P, and P,=spot price in respective time periods
O=costs of warehousing, spoilage, and interest charges of carry-
ing the stock
b=gnin or loss

For & short hedger {one who has made a spot purchase and sold a
futures contract) to make a gain, $>0; for a long hedger {one who has
imade a spot sale and purchased & fubtures contract) to make a gain,
5<0; if =0, the hedge is perfect. Obviously, for unhedged stocks:

PI—(Po‘i'O}:b (40
end, i 5>0, holding unhedged stocks is profitable.

Changes in the Basis

The symbolistic formulation of the hedging transaction brings out
the major aspect of hedging, the importance of parallel movements
in the futures and cash markets, Under the restraint of parallel
movements in both markets, a gain in a futures transaction s offset
by a loss in & cash transaction, and vice versa. Changes in the rela-
tionship between cash and futures prices, therefore, are the major
concern of hedgers, rather than the actual price changes, Table 46
shows for the period 1946-58 the difference, in cents per doezen,
between the monthly average wholesale price for eggs at Chicago and
the monthly average price for the nearest futures contract. The
difference between these price gquotations is usually referred to as
the “basis.” In the months of into-storage movement the average
monthly basis shouid approximate the cost of storing eggs until the
time ofy storage withdrawal. In the fall of 1936, the appreximate
cost of storing eggs was: 14 cents per case, per month, for storage;
12 cents per case for handling charges; $1.20-$1.30 per case {(on
35 cent eggs} for interest and insurance; or about 4 to 5 cents per
dozen for eggs stored 6 to 7 months. The “basis” in each of the
months of into-storage movement averages to the approximate stor-
age costs, with variations around the average as a percentage of the
average greatest in January and July when the direction of storage
movement changes. The averages m tuble 46 tend to mask the
daily fluctuations that oceur in the futures market beeause they are
derived as the monthly average of the daily closing prices. Within
any particular day, variation in the price of an egg futures contract
is administratively limited by the exchange on which the trade is
trking place. In recent years, the limitation has been 2 cents per
dozenr above or below the previous day’s settlement price.®

8 The settlemont priee is the last =nie price of the day unless there is a
lower offer or n higher hid at the ¢lnse
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TaBLe 46.—Ejggs, difference per dozen: Monthly average price, nearest future, and Chicago average wholesale price,
1844

Year Jan, Feb. Mar. Apr. May June July Aug, Sept. Oct. Nov, Dee.
Cents Cents Cents Cenls Cents Cents Cenls Cents Cents Cents Cents
5. 08 4, 43 4, 03 5. 54 4,22 1.04} —2 26 [—10.39 [—13. 62 ) ¢

—. 84 4. 33 5. 94 7.36 5. 97 3.35 | —4.71 | —6.82 | —6.62.|—15.46 | —13.75
4. 80 4. 14 6. 74 5. 14 7.05 1.03 | —3.59 | —9.01 (—15,29 |—19.83 | —14, 12
.80 —. 02 1 40 3.78 3. 25 1. 08 —.56 [ —5, 21 [—11.96 |—13. 64 | —11. 39
2. 36 2. 92 5. 30 6. 87 6. 63 417 { —1.96 { —9.61 {—16.93 [—13.90 | —11. 47
3.41 2.35 . 34 1,85 167 —1.11 | —2.79 | —7.55 |—10,72 | —9. 41 —2.32
5.30 3.71 5. 03 6. 59 4 .05 .14 —3.92 1—13.55 {—18.05 [—17.84 1 —18. 14
3.:69 2. 36 4. 28 5. 02 1. 45 271 —5.19 | —9.95 |—15.26 {—15. 67 —b5, 41
7.05 5. 82 4, 97 7.30 421 | —3.56 | —6.66 | —9.44 [—18.58 [|—12 00 —9.75
4. 52 3. 26 4,16 4. 39 2. 34 —. 52| —5.60 | —8.45 |—10.06 |—10. 94 —6. 56
1. 86 5. 17 4. 91 6. 09 5,43} —1.52 | —5.38 |—13.25 |—12.27 [ —9. 97 —5. 54
3. 44 4,55 6. 59 7. 23 5. 04 L59| —6.96 | —9.70 |—13. 53 |—15.04 -9, 04
4,41 3. 81 4,27 5. 08 3.04 | —1.58 | —4. 81| —9.52 [ —~9.48 | —9. 31 —3.76
6. 49 6. 62 4; 89 4,90 2.97 1 —2.73 | —6.65 |—10.41 [—13.87 [ —9.40 —5.76
2. 65 —. 90 4.24 3. 69 3.15 22| —4.74 | —T.47 | —6.48 | —5.66 —4 11

! Insufficient data Chicago average wholesale price.
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Relationship of Storage Movement to the Basis

Storers of eggs can be assumed to have some normal level of stocks
in mind in relation to their previous experience with requirements
for eggs in the fall. Departures from this level would be influenced
by the “basis,” If the “basis” was less than the cost of storing eggs
and carrying them to fall, storers would put fewer eggs into storage
than they would otherwise store; if the Il)msis was greater than tﬁe
cost of storage, more eggs would be put into storage. Figure 15
shows for the years 1927-58 * the net into-storage movement, ex-

EGGS: NET INTO-STORAGE MOVEMENT OF COMMERCIAL
STOCKS, JANUARY THROUGH JUNE, 1927-58*

THOUS. CASES

2'000||I_1MM| 1FITI1JII|
1927 1932 1937 1942 1947 1952 1957

o FXCLUDES 1941 AND IP4L iW THOSE YEARS DATA FOR GOYERNGENT STOCKT
COULR WOT KE SEPARATED FROM DATA FOR COMMERCIAL STOCKS, & TREAD DRAYM TO RICLUDE 42w 4b

U.5. DEFARTMEMNT DF AGRICULTURE KEG, 6106-3910) AGRICULTURAL MARKETIMG SERYICE

Fioure 15.—We would expect a larger “basis™ for years in which net into-storage
movemednt is above the trend line than for years below the trend line,

2 Years 1943 and 1944 are excluded because records of commercial and Gov-
ernment stocks cannot be separated.
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cluding Government stocks, for January-June. The trend line,
which indicates an approzimation to normal, was drawn with the
observations for the war years 194246 excluded. We would expect
a Jarger “basis” for the years above the trend line than for the years
below the trend line.

In figure 16, ycar-to-year changes in the relationship of the
average net inte-storage movement of shell, frozen, and dried egg
(shell equivalent basis) for February—June and the average “basis?
for those months are plotted. Only the postwar years 1947-58 are
shown because a prewar comparison is complicated by changes in the
specifications for wholesaic quotations, confract terms, storage costs,
and so forth. A distinet relationship is apparent between changes
in the net into-stornge movement and changes in the basis, with a
basis greafer than the previous year associnfed with a net into-
storage movement larger than that in the previous year. Both 1952
and 1957 appear to be exceptions. The seatter of the data, however,
indicate that when theve is no change in the “basis” from the previ-
ous year, a small reduction in the net info-sterage movement from
the previous year occurs. This would be expected from the down-
ward trend of net into-storage movement indicated in figure 15,

In relation to the downward trend in inte-storage movement,
only the observations for 1951 and 1957 depart {from the premise
that deviations from the trend of into-storage movement are related
to the size of the “basis.” From the nctual observed “basis,” we
would have expected an into-storage movement below trend in 1951
and above trend in 1957. It is not readily apparent whether these
deviations were the result of random influences, error in estimating
the trend in into-storage movement, or the result of specific, but
nonidentifinble factors in the egg market. However, the ege market
in 1951 (spring) was characterized by uncertainty over ceiling price
regulations of the Office of Price Stabilization and the future course
and duration of the Korean War, factors which could have con-
tributed to the above-trend storage in 1951 even theugh the “bagis”
was small.  For 1957, no explanation is apparent, but large purchases
of dried egg for the School Lunch Program were made in the first
half of the year which may have influenced the actions of storers,
breakers, and traders engaged in hedging and speculative operations.

Explanation 57 how changes in the “basis® occur, however, 15 com-
plicated and incomplete. It is assumed that in an equilibrium posi-
tion the “basis” is equal to the cost of storage and, at this spread
between the futures price and the spot price for eggs, changes in
into-storage movement are roughly governed by trend requirements.
In turn, departures from trend requirements are influenced by
changes in the “basis.” Beeause the supply of eggs in the into-
storage period is greater than current requirements for immediate
consumption, the price which storers ot eggs are willing to pay
determines the spot price. In the into-storage period the equilibrium
spot price for eggs equals the price of the nearest futures contract,
less storage cosfs. Thercfore, the spot price for eggs during the
menths of into-storage movement can be considered as a discounted
futures price.

The futures price for a commodity represents the consensus of
opinion of buyers and secllers in the futures market as to what the
price of a specified commodity will be at some distant date. Tor

5120H3—50 0
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egos during the into-storage period, the price of the September,
October, and subsequent futures contracts is to a large extent deter-
mined by the expected price for refrigerator eggs in the months of
contract settlements because refrigerator eggs are deliverable on the
contracts. As the sentiment of ﬁedgers and speculators as to the
correctness of the expected price for refrigerator eggs changes, the
current futures price shifts, altering the “basis” temporariﬁr until
storage activity restores the spread %etween spot and futures prices

EGGS: RELATIONSHIP BETWEEN STORAGE MOVEMENT
AND “BASIS”, FEB.-JUNE AVERAGES, 1947-58*
_ - _ 1
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Fiouse 10.—Year-to-year chaoges in the net into-storage movement in Febru-
ary-June are related to year-to-year changes in the average “basis" for those
months; a “basis” greater than the previnus year heing nssociated with net
intc-storage movement larger than that in the previous year.
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to the cost of storage. The factors upon which traders in the egg
futures market form their expectations of distant prices involves
all those which are expected to affect supply and demand at the
time when a contract becomes deliverable. The more important
factors are probably the expected size of egg production, the quan-
tity of eggs in storage, the rate of withdrawal from storage, and
the overall level of activity of the cconomy in the fall and winter
months. For each of these factors, the trader in spring can have
only an “ex ante” measure. Consequently, a model of how traders
form their expectations would be necessary.

The major factor that traders probably consider as influencing the
price of refrigerator eggs is the quantity of egas to be produced in
the fall. Tence, some relationship should Be observable among
futures prices of fall contracts in the spring and variables that
relate to egg production in the fall. The most important information
relating to fall egg production that develops during the spring is
the indicated size of the replacement hatch and the number of
Jayers culled. ¥owever, data on replacements and culling are not
avatlable per se but must be deduced by traders from movements
m a number of related poultry statistics. If the estimates of re-
placement pullets raised and layers sold and consumed on farms
where produced, derived on pages 29 and 33, are used as estimates
of trac]lers expectations, no measurable relationship with futures
prices in the SFring is observable for the post-World War IT years.
However, the lack of relationship may be due to the inappropriate-
ness of using the estimated replacement pullets raised and layers
sold series, which are “ex pest” measurements (that is, they measure
facts which have occurred), as measures of “ex ante” factors. Only
in cases where the “ex ante” and “cx post” measurements correspond
do the estimated series indicate the expectations upon which traders
act in the futures market in spring.

In the model of the egg economy, however, the effect of the price
of futures enters only indirectly through the net into-storage variable,
&, which appears in equations {16) and (17). Consequcnﬁy, changes
in the net into-storage movement must be explained in fhe model.
It was shown above that changes in the net into-storage movement
are related fo changes in the “basis;” and that changes in the “basis”
reflect the inleraction of movement in the spot and Tutures market.
To explain movement in the futures market cntails the construction
of an expectation model. DBecause such a model is difficult to con-
struct with available data, an alternative approach to explaining
net into-storage movement was adopted in the model for eggs.

Relationship of Storage Movement to Previous Speculative Activity

In order for springtime storers of eggs to protect their purchases
in the cash market by a hedging transaction, a body of people must
be willing to take a long position in the futures market. Without
a sufficiently large group of speculators to provide a liquid market
on which eggs can be hedged, storers of egos are exposed to Inrge
risks from price fluctuations. As the “basis” changes, affording
storers the incentive to put more or less eges into storage than
normal, the amount of hedges to be plared to cover the cash market
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trensactions changes concurrently. Consequently, the number of
speculative long commitments needed to support the hedges also
changes. Therefore, we would expect a positive relationshipEiJetween
net into-storage movement and the number of speculative long
commitments. Figure 17 shows the existence of a rough association
between changes in the January-June nel into-storage movement
and changes 1n the number of speculative long commitments. The
data on commitments separate small traders (any trader whose
osition in one futures contract is less than 25 carlots of egos) only
y their positions as long or short and do net show whefher the
commitment is speculative (including spreading or straddling) or
hedging. In the into-storage period, however, it seems reasonable
to assume that the greater number of small traders who are long on
futures hold a speculative position (table 47)[.

The incentives that prompt traders to hold a speculaiive position
are probably innumerable, but as important factors that affeet the
behavior of traders we might cite their previous expericnee in the
egg futures market, as well as instifutional fuctors such ag interest
rates, the tax structure on capital gains, mavgin requirements,
movements and activity in other commodity markets, and the general
economic condition of the economy. In reference to previous ex-
perience in the ege futures market, we hypothesize that 1f the
speculative operation in a particular year i profitable, traders will

EGGS: RELATIONSHIP OF STORAGE MOVEMENT AND
LONG COMMITMENTS, SPECULATIVE FOSITION,
AVERAGES JAN.-JUNE, 1947-58
10,000 -~
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Fmievre 17—A rough associntion exists between changes in the Tanuary-June
net into-sterage movement and changes in the number of speculative long
commitments.  As the “basis” changes, affording storers the incentive to put
more or less egms into storage than normul, the amount of hedges to be
placed te cover the cash market transactions cluinges concurrently. Con-
sequently, the number of speculative long cowmitments needed to support
the hedges also changes.
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TasLE 47 ~—Fggs: Net into-storage movement and long commitments,
average monthly nwmber of futures contracts outstunding, by type of
trader, Januwary-June, 1856-58 1

Futures contraets outstunding, long
commitinents
Net into-
storage move-|
ment Laree trad- Small
ers, specula- tricers? Total
tive

1,000 cuases Clarlots Corlols Carloty
14, 092 1, 558 1, 309

5, 835 440 1,815

347 I, 673
437 1,020

=+ I 63 S0

581 1, 609
686 1, 520
361

708
5, 460 821
5, 4530 1, G§6
4, 035 1, 427
o 3 906 434
1958 ... . Lo..ea.o 2 180 1, 055

P Average of the number of contrugts outstanding on the 15th and 30th of each
month on the Chicage and New York Mercantile Bxchanee.

2 Shell, frozen, wwl dried eggs, shell equivalent. Exeludes Gaverpment
heldings.

1 Includes hedging as well a5 speculative positions.

Derived from (56).

show a greater willingness to enter the marvket the following spring,
while unfavorable cxperiences lerd to a lesser willingness. This
hypothesis is not confirmed by data for the post-World War I years
{Ag. 18}; however, the apparent lack of relationship could be the
result of failure to include the other variables, in addition to previous
speculative outcomes in the futures market, that influence the num-
ber of specnlafive long positions taken. Assuming this premise,
we can, by substitution, form a relationship between the net inte-
storage movement and the previous year's profit or loss on
speculative long contract (figure 19). This relationship, with the
addition of a shift variable te allow for the lessening seasonality
of production, comprises equation (17) of the model of the cgg
economy. The direct substitution of the variable F into equation
(17) ignores some statistical considerations in fitting (see Appendix,
p. 150}, but they appear to be justified because of the lack of data
and in order to simplify the computations involved. The results
obtained by statistically fitting equation (17) of the egg model gave
coefficients consistent with economic expectations. Based on those
cocfficients which differed significantly from zere at the 5-percent
level of probability, a 1-cent change from year-to-year in the gain or
loss from a speculative long position on the previous year's futures
512052 —59——10
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contract would be associated with about & 1.2 egg, per person, change
in the same direction in the net into-storage movement of shell,
frozen, and dried egg, after allowing for the shift in seasonality of
production. Associated with this change would be 2 standard error
of about 0.2 eggs.

EGGS: RELATIONSHIP OF SPECULATIVE ACTIVATY
AND PREVIOUS YEAR’S PROFIT OR LOSS ON
SPECULATIVE LONG POSITION, 1947-58
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Biaune 18—Avaeilable data do not veveal a relationship hetween year-to-yeat
chunges in speculntive activity and yeuar-to-year chiunges in the previous
year's profit or logs on speculative long positions. The Iack of appnrent
relitionship could be the result of failure to include the other variables that
inllrence the number of speculative long positions taken,
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EGGS: RELATIONSHIP OF INTO-STORAGE MOVEMENT AND
PREVIOUS YEAR’S PROFIT OR LOSS ON SPECULATIVE
LONG CONTRACT, 1932-41, 1947-58
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Fiavee 10.—If traders have made more, or lnst less, on the previnus vear's
speculative long contract than they did the year hefore, net into-storige
movement for January-Tune, per person, genernlly increases from the prevl-

ous year.
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Government Programs

Since the early 1930, several Government programs have involved
agricultural commodities. These programs can Be broadly classilied
as;

(1} Commadity Credit Corporation price supports through which
the Department of Agriculture provides nonrecourse price
support loans to eligible farmers, thus providing an outlet
(not an additional use) for any quantity of a commuodity
which meets eligibility requirements, and at certain specified
dollars-and-cents prices which remain unchanged throughout
the announced price support period.

(2) Section 32 surplus removal under which the Department at-
tempts to give farmers price assistance by widening markets
for limited quantities of agricultural commodities which are
temporarily 1n surplus supply.

(3) Supply programs such as Lend-Lease, UNRRA, ECA, and
their suceessor agencies through which supplies of agricultural
commodities have been procured for other Government agen-
cies, foreign governments, and international relief organiza-
tions such as the International Children’s Emergency Fund
2nd the Red Cross.

(+) Operations under Section 6 of the National School Lunch
Act which authorizes the Secretary of Agriculture to use
a portion of the annual school lunch appropriation to purchase
food commodities for distribution to participating schools in
accordance with need, as determined by local schoo} authorities.

The guantities of shell, frozen, and dried eggs purchased by the
Department of Agrienlture under these programs are listed in
table 48. Purchases for distrbution to the School Lunch Program
are included under price support and surplus removal programs.
Only during World War II did government purchases of eggs
constitute an appreciable share of annual farm production. The
effect of a purchase program upon the price and supply of eggs,
however, should be assessed in relation to production and prices
during the period eggs are being removed from market channels, and
not, necessarily in relation fo annual fofals and averages. In the
following sections brief descriptions ol the government programs
that have affected eggs are given.i!

# For a detailed nceount, see Fenderson (20).

. The sectipns developed helow are biasod mainly an nnpublished records of
the HMistory Section, Agricultural Bconomies Division, Agricuttural Marketing
Servige; Renedict and Stine {I); Tevin (31): and (489).
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Pre-World War Il Programs

The first purchases of eggs by the Government after World War I
were in 1933. DBefore 1933 the Federal Furm Board, established
under the Agricultural Marketing Act of 1929, supplied egg co-
operatives with funds to strengthen and enlarge their operations.
The board in its operations stressed the development of nationwide
farmer-owned cooperative marketing systems to which it made loans.
With the borrowed funds the cooperatives attempted in various ways
to promote orderly marketing and stabilize prices. In May 1943,
the board was abolished and its assets transferred to the Farm
Credit Administration.

In October 1933, the Federal Surplus Relief Corporation was
chartered under the laws of Delaware as a nenprofit corporation
without capital, under the direction of the Federal Emergency
Relief Administration. In December 1933 and January 1934 (he
Department of Agriculture was authorized to purchase 314,000 cases
of 1935 storage eggs and, in addifion, State emergeney relief ad-
ministrations bought 313,000 cases for which they were reimbursed
by the Federal Surplus Reliet Corporation.

On November 18, 1933, the charter of the Federal Surplus Relief
Corporation was amended te change the name of the corperation to
the Federal Surplus Commodities Corporalion and to transfer its
direction from the Federal Imergency Relief Administration to the
Department of Agricultuve. Purchases of shell egus, s shown in
table 48, were made by the Federal Surplus Commodities Cor-
poration in each year during 1936—0 with funds obtuined under
Section 32 authorization. Congress, in Section 82 of an act to
amend the Agricuttural Adjustment Aet as amended. approved
August 24, 1935, made available to the Secretary of Agriculture
30 percent of the annuul customs receipts for use in encouraging
the exportation and domestic censumption of Agricultural Com-
modities.

In addition to purchases of eggs for direct distribution, Section 32
funds were used for cggs under the Food Stamip Plan from 1939
throngh 1943. The food stamp program was carried on by the
Department of Agriculture under authority of clause (2) of See-
tion 32. Tlenderson (2, p. 66} describes the plan as operating us
follows: “Persons certified by lowal wellare agencies as eligible for
relict bought minimum quantities of orange-colored = amps, good in
exchange fov any foodstufl at retail stores, and veceived free a
specified number of blue stamps, gnod in exchange only for abundant
foods designated by the Department of Agviculture. Purchiases of
orange stamps insured that normal expenditures for food would
be continued and that foods obtained with Jree blue stamps would
represent 2 net addition (o Tood consumption.” The quantity of
eres used in ench fiseal year under the Food Stamp Plan was:
1939, 5,000 cases; 1940, 07000 cases; 1041, 1.548,000 cases; 1042,
1,075,000 cases; and 1903, 728,000 eases; in 1 1—£3 abont | percent
of annual Larm production of eggs.




TaBLE 48.—Eggs: Purchases by United Slates Department of Agriculture under foreign supply, price support, and
surplus removal programs, 1933-58 1

Supply programs?2

Price support and surplus
removil programs ?

Total purchases

Shell Shell, frozen,
equivulent 3 and dried 3
Yeur
Shell | Trozen Dried Shell | Frozen | Dried Shell
Percent-
age of
Frozen | Dried | Total farm
egg pro-
duction
1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

) cases | pounds pounds cases | pounds | pounds | cases cases cases cases | Percent
JR1- 1 SOOIV AN IO NN 4627 oo femoamas 627 | |elo 627 0.6

__________ TRl P A ES T SR IR 31 )
.......... 5100 N N DA £570) R R PRI 501 .5
.......... (1) T I IS (53 0 SO NI 61 .1
.......... 208 | cccmmecfemaniann b 2 P [, 268 2
.......... 2,317 o femiiao| 20807 | 2,317 2.1
35, 249 200 | oo 1,766 1,748 3,480 | 6,983 6.0
208, 266 5072 P R 502 |oeooonns 20, 559 | 21, 061 15.6
208, 777 A K2 T NP 238 1o 20,610 | 20, 848 13. 8
275, 444 5, 893 |aicccmecdioinane 5503 oo 27,191 | 32,784 20. 2
35, 931 s 70 IR I 3 D, 3,547 [ 3,552 2.3
07,407 |[oooi..o 4,223 100 |oeocoooo 433 9,626 | 10,059 6.5
20,470 | ___.. 61, 320 | 46,408 ... ___.._ 1,635 7,490 | 9,125 5.9
.......................... 27,987 |cmooeoi]|emeoooa 2,763 | 2,763 1.8
SUCIREVUURPN FPRERURI 69,263 1. oo jliia-ooC 6,837 | 6,837 4.4
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tFrom The Poultry and Egg Situation, April 1950 (49, p. 138) and from records of the United Stites Agricultural Marketing Service.

2 The distinetion between purchases for supply programs :ind for price support is based on justification in the docket of the Com-
modity Credit Gorporation (or predecessor organization which authorized the specific purchases).

3 Converted to shell equivalent on the basis of 37.5 pounds of frozen egg obtained per cuse of shell eggs and 1.0 pound of dried
egg obtained per 2.9615 dozens of shell egg.

f Includes 313 thousand cases of shell eggs purchased by State emergency relief administrations for which they were reimbursed
by the Federal Surplus Relief Corporation.

5 Less than 0.05 percent.

¢ Purchased under section 6 of the National School Lunch Act.
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World War Il Period

During 19416 purchases of eggs by the Department of Agri-
culture were principally for shipment abroad under provisions of
the Lend-Lease Act npproved by Congress on March 11, 1941, The
largest quantity purchased for supply programs was in 194d—
275 million pounds of dried egg (27 million cases, shell egg equiva-
lent} or about 17 percent of farm egg production. Purchases for
the supply programs were almost entirely of dried ege because this
product is more coszlct and less perishable than shell and frozen
ege, important considerations in time of war.

In order to stimulate an expansion in production so that ample
supplies could be secured for the United States and its allies, the
Secretary of Agriculture announced on April 3, 1941, a price support
program for hogs, dairy products, clickens, and eges at levels
remunerative to producers; 22 cents per dozen for eggs, Chicago
basis, with appropriate seasonal and other adjustmentsi® The ac-
tion was the first overt price-support for eggs, and was promised
through June 1943. The support levels announced in April 1941
were supplemented in July 1941 by those of the Steagall Amend-
ment.**  This amendment to an act to extend the life of the Com-
modity Credit Corperation directed the Department to support the
price at 83 percent of parity for those nonbasic commodities for
which {he Secretary requested that production be increased. On
October 2, 1942 the support provision was raised from 85 to 90 per-
cent of parity, and the duration of supports was set at 2 years,
begimning with the January 1 following the termination of hostil.
shies ™ With the exception of 1948 and 1944, when support levels
were set at 98 and 95 percent of parity, respectively, support levels
were seb at 90 percent of parity until the provisions of the Steagall
Amendment expirved in 1049,

With price-support levels mandatory through 1949, 205 million
pounds of frozen and dried egg (15.8 million cases, shell equivalent)
were purchased for price support and surplus removal from 1947,
when the supply programs terminated, {o 1949,

Post-Stzagall Operations

For 1950, the first year following the end of the Steagall guar-
antee, the Department of Agriculture elected fo support egg prices
at T3 percent of parity® The Agriculiural Act of 1949 had
empowered the Secretary of Agvienlture to suppoert the price of
egos at any level from zevo to 00 percent of parity. With a support
level of 75 pereent of parity, 82 million pounds of dried egg (8.1
million eases, shell equivalent) were purchased.

Support levels for eggs have not been announced sinee 1050. In
April 1952, however, the Department annonnced program to pur-
chase with Section 32 funds up o 145 million cazes of shell ogas
for disrribution in the fall (o nonprofit schoo! lunch programs and

1 United States Department of Agriculture, 'ress release, 19221, April
1041,

¥ Pubtie Taw T47--77th Congeess, Tuly 1, 1941, 55 Stat, 498,

HPublie Law 720—77th Cungress, Oetolior 2, 1042, 50 Stac. 165,

B Unitel Siates Department of Agriculture, I'ress release, 2740—19, Decem-
her 21, 1948,

15 Public Law 436-—~31st Congress, October 31, 1049, 62 Stat., 1051,

n
why
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other eligible outlets”™ TUnder this program 226,000 cases were
purchase&.

Section 32 programs do not attempt to support the price of a
commodity at any specified level of price nor does the Government
stand ready to take the entire quantity offered, Section 32 purchases
for surplus removal are made on a competitive bid basis with a
price differential, approximating the historical situation, for location.
The determination of the prices to be paid is dependent on the
objectives of the program on one hand and the relationship of
supply to demand for the commodity on the other. The limiting
factor in all cases is the extent of outlefs available.

In the fall of 1956, low prices to producers prompted the Secretary
of Agriculture to announce that the Department was prepared to
purchase shell eggs if such action seemed necessary to stabilize egg
prices® On September 18 the Department offered to purchase
medium-size shell eges for distribution for school lunch and in-
stitutional uses; Section 32 funds were to be used.® Iurchases
totaling 898,000 cases were made until the program was shifted in
March 1957 to the procurement of dried egg. The Departinent state-
ment said that shell egg purchases were being discontinued because
suflictent quantities had been purchased to meel requirements of
school lunch programs for the remainder of the school year.®
ITowever, because the need still existed fo help stabilize producer
prices, the Depariment offered to buy dried egg, which can De
stored for a considerable period of time, tor distribution for school
lanch use. At the termination of the dried egg purchase program
in June 1957 4.7 mililon pounds of dried egg (408,000 cases,
shell equivulent) had been bought.

In the fall of 1958, the Tinited States Depariment of Agriealture
commenced purchases of dried eggs under Section 6 of the National
School Lunch Act. This was the first time this anthority was used
to purchase eggs. Funds for these purchases were made available
by transfer from Section 32 funds to Secction 6 for the fiscal year
ending June 30, 1959 under provision of the Department of Agri-
culture and Farm Credit Administvation Appropriation Act, 1050,
Section 6 funds are used to purchase foods, generally i abundant
supply, for the National School Tameh Program. These purchases
help schools to serve meuls which better meet the nuiritional needs
of the children and which, because of the cconomy of large volume
purchases, may be provided at n lesser cost to the schools.

Effcst of Proagrams

The existence of purchase programs for a commodity ean be
nssmmed to fend to a price higher than would prevail without »
program, but the magnitude of the price effect is difficult to assess

4T Unpited States Departient of Agrienlture, Pross pelense, T77-02, April 9,
1052,

4% Tinited Stales Depariment of Agriculture, Press relense, 2612-50G, Septem-
her 7, Ti6f.

8‘" _}_;)n}t(:(i States Department of Agrieniture, Press release, 2770-346, Sepltember
18, 1056,

s Unitod Skites Deparlinent of Agrvicullnre, Press velease, 905-57, Mareh 20,
T

5 ITaited States Department of Agvicuiture, ress release, I32-57, June 19,
1057
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and depends, in part, on the type of program used. Evaluation of
the price effect of a purchase program is further complicated by the
mmpact of the program upen the supply response of an industry.

For the egg industry, the time of the year at which purchases are
made influences the supply response of producers. Price support
purchases made in the spring months when the greatest part of
replacement chicks are started would have a greater affect upon
production than purchases made at other times of the year. As
shown In previous sections, the number of replacement pullets raised
in a year 1s related to the egg-feed ratio prevailing in the first half
of the year. If purchase operations raise egg prices in the spring,
farmers respond by raising more replacement pullets, and thereby
increase fufure production. If the purchase operation is carried
out in the fall, the out-of-season hatch is probabty affected to some
degree, as well as culling, thereby Increasing egg production, but
to a lesser extent than spring purchase operations.

It would also seem that the type of purchase program used affects
supply response. A purchase program coupled with a specified
support price which remains unchanged throughout the announced
price support period would have a different effect upon production
than Section 82 or Section 6 programs witich are carried out under
a competitive bid basis. With an established su port price under
which future egg production could be marketeg, farmers would
frame their price expeciations, and thereby their supply response,
differently than in the absence of an established support price.

The establishment of mandatory price support. :or eggs under the
1941 Steagall Amendment was donc with the purpose of protecting
prices to farmers who were enlarging production for anticipated
war needs, Egg price support announcements gave farmers expecta-
tions of higher egg prices than would have prevailed in the absence
of supports. Even though the timing of support announcements
did not coincide with the seasons when farmers were making their
production commitments, the expectation of the support price prob-
ably affected the out-of-senson hatch to some cegree, as well as culling,
thereby increasing ege production. In addition, price support pur-
chases, with their upward push on prices, were concentrated in the
spring months. Egg prices were strengthened in the spring.
Farmers vesponded by raising more replacement pullets. The sub-
sequently increased production, in turn, led to the necessity of
purchasing surplus eggs in order fo achieve support levels, The
effect of price support announcements and purchases, therefore, was
to increase ege production over what it otherwise would have been,
and to make the system somewhat self-perpetunting.

The purchase programs carried out with Seetion 32 funds in 1952
and the fall of 1956, and with Section 6 funds in the fall of 1958,
probably had » lesser effect upon prices and production than purchase
operations under the 1941 Steagall Amendment. The chief rensons
would be the timing of pnrchases, mainly in the fall months, and the
using of a compefitive bid basis fo determine purchase prices, rather
than an announnced support price as wnder the Steagall Amendment.
In addition, as table 48 shows, purchases under these programs were
less than one-half of one-percent of annual farm egg production, as
compared with purchases ranging up to 90 percent of annual
production under the Steagall Amendment.
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Appendix

Fitting the Simultancous Model

The method by which individual equations in a system of si-
multaneous cquations ave fitted is determined by criteria of identifica-
tion. Klein (27, p. 99) says “in studying the identifiability of any
equation, we shall find either that the number of restrictions is more
than enough, just enough, or less than enough to identify that
equation. We call these cases overidentified, just-identified, or under-
identified, respectively.” Overidentified equations theoretically can
be fitted by either the full information or the limited information
method, although computations for the full information approach
in general are “formidable.” In the case of just-identified equations,
a reduced form (ransformation of a least squares solution can be
used. For underidentified equaticns, however, statistical estimation
Is not possible. A necessary, but not sufficient, condition for a
just-identified equation is that the total number of endogenous and
predetermined variables in the system less the number of variables
in the particular equation equal the number of equations in the
system less one. If this number of variables is greater than the
number of equations less one, the equation is overidentified. All
of the equations in both model I and model TT of the system that
need to he fitted by statistical means are overidentified; they were
fitted by the method of limited information. LEquations (9), (10},
{11}, and (18), (p. 64) were not fitted in either model I (p. 71) or
model II (p. 73} because they arve identities which involve no
statistical coellicients or randem errvor terms.

Linearized equations—Because the equations in the ege model are
stated in linear terms, the endogenous variables in the model used in

- S . P
nonlinear combinations (fm' example, %; (4 Lg, !—)—2,- ete. | were Lrans-

formed into lincar approximations by use of formulas given in Klein
(27, pp. 120-121} % "The linear approximations are then substituted
for the oviginal variables. Combinations of variables that are assumed
to be entirely predelermined, however, are treated as a single composite
without linearization as, within the analysis, they are assumed to be
given.

" The formulas given by Klein are:

XY=YX+iV—XY
N V=NT T (3P

where X and ¥ are the means of X and ¥ vespeclively.  If either
the product or the quotient is multiptied hy a constant, then cach
term in the transformation is multiplied by the constant.

@ Friedman and Foote (17, p. 66G) point nut that Chernoff and Rubin (7, pp.
210-212) suggest treating norlinear combinntions that involve endogenons
variables as though eaeh were a single viriable, rather than using a trans-
formation. Triedmwan and Foote, however, bolieve that the Klein appruach
used in this bulletin is to be preferred,

142
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Rewriting the structural equations (p. 64) in linearized form, we
obtain:

H o:

! F3 ?-E
[(—J +%{ Qs)——JT. AH:I=&1+baepﬂ+cué+€mﬂ\r
FeuPeteuPetesPrtePotuy  (8.1)
Qr=()u- Le— 1) 'Er}+(fr-Q4) (9.1)

Qe=0s+4 (10)
LF=LJ+OF"‘M—LC (11)

re 1o\ P,
0§'=Gs+bse[(-i-é+1—76PF)-‘I—J_:;PG}_}"QS (12.1)

3

LC=G5+E)5:[(: )‘—'I)—-."‘? (13.1)
[ [

(14.1)

!

] , Je I N T , )
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7 (Isi‘ul:(ﬂ(‘f‘a J:.) 7 J DI[(]“_‘(-!-I:{ e

J.r ' ! M ’ .
+ey E"i‘fazp,‘r+Cospc+£‘94P13+305PT+‘:05P0+“9
¥ o1 S
— —_HS’ —-_'If = b
[C{+lf ) e :] e
'a'. T" . l ' 1 ra
[(:i___'f_f. F) = Qp]+6101FTuID (1"1)

e fip e

Qi= 08— (18}

Variables used in the M., and 1, matrices of Model I.—The 11,
matrix usually contains all the predetermined variables in the system.
In some cases, however, the number of predetermined variables in the
system exceoeds the number of available observations and modiflications
must be made. To prevent obisining indeterminate resulis, we must
bave at lcast one more year of data than there are predetermined
variables in the A, matrix.

In model I of the egg economy, there are 21 predetermined
variables and 18 observations for cach variable. At fvnst, four pre-
determined variables, therefore, must be omitted. For the JCH
given in subsequent paragraphs, the predetermined variables Py, P¢,
Py, Py, Py, and 3/ are excluded from the matris of predelermined
varigbles i/, leaving 15 variables in this matrix.
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Although the five predetermined variables that relate to prices of
competing or complementary goods during the first half of the year
are excluded from the matrix of predetermined variables for the entire
system, they are included when equation (16.1) 1s ftted individuslly.
The method of limited information allows some predetermined
variables to be dropped from the matrix of predetermined variables
[or the entire svstem, provided suflicient predetermined variables ave
used to provide identification, although the estimates of the cocflicients
are less efficientt in a statistical sense than if all the predelermined
variables in the system ave used {24, pp. 69-70). The loss of efficiency,
in this case, is assumed to be small beeause Py, PZ, Ps, Pr, and Po,
are highly correlated with their respective annual averages, Py, P,
PB, P‘r, ﬂ.ild ‘Po‘

The predetermined variable If is omitted from the J/:- makrix be-
cause vepresentative data nre not available. Experience in fitting
models of this sort has indicated that improved results are obtained
when variables that represent poorly the economic factor that should
be in the structural model are omitted from the Af.. matrix. Such

variables can be used in connection with fitting a particular equation
buf, in this case, the omitted variable is in an identity so that no
statistical fitting is involved.

The linearized values of each of the predetermined variables used
in combination with an endogencus variable in the structural equa-
tions are used only once in the M. matvix. Forexample, Qg /1, when
transformed Into Hnearized form, is:

vl _ ()3‘
[(If+}£ J‘) E ”:|

Similar last terms ace invelved for Qe/H and STH,  As the espee-
tive fast terms in cach are perfectly corvelated, only one, namely
[—(Ge 72 HI, iz used in the Ay, matvix.

In computing the 1/, matrix, however, the entire linearized value
of the cambination of endogrenons and i\wdelm nyined variablesis need.
For example. tor ¢ [/, the followinge linearized form is included n

the 3., matrix:
s @E I ( ’ [Qf
_ s L ff
_(II+II %)~ 70

and for &'/, we include:

B _g.f iy
Gt}
I H I

This is done because o single structural coeflicient applies to the entire
combination.

The next step in the fitting process is {o assign numbered 175 and
7Z's to the linearized forms of the variables, using Z's if they are pre-
determined and 1”5 if they are endogencus.  1n the ontline below, the
varinbles are desigr n'uod as being included m either the /., matrix or
the 37, matrix, or as being excluded from the M., matrix but nsed in
ﬁttm«f iho individual equations. The 17 included in the identitics
are omitted from the Jay malvix a8 these equations need not be
statiztically Rtted.
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Model I, variables used in —

M., matrix M,, matrix

—& H
i

=¥y
r

Gy 7 L =Yy
r —_—— 0 ‘“._1—.. . =¥
i T o T 1

Predetermined varisbles exeluded from Af,, matrix but used in individual equi-
tions

P;‘r:Zu
Pé=zl?
P;=le
Pl"=zm
Py=Zy

Variables used in filting the individual equations.—The varinbles
used in fitting by the method of limited information each of the seven
equations of model I are listed below by their structural symbols. The
cndogenous variables are classified under ¥* and the predetermined
variables under Z*. The corresponding ¥’s and Z’s are indicated in
parentheses. The equation numbers correspond with model I, page

T1.
Model T

Equation ¥# VA

QelH, Pr (¥, Y2 I, Py, Pe, Py, Py, Pa
. (%o 7oy 24, s, Zy, 73)
CF: P.’:;PG (}.h ‘}r‘)

Lg, Pe{Pe (Y5, V)
P, PR:%T (¥7, 15, ¥ W (Z5)

Ph i V8 (¥, ¥ ¥)
Py 0L, ST
fl'—s: Yo, Yi)
SH, Qpfp (Yo, Yin)

W (Z)
I1H, Py, Pé, P, PE, P

(52: Zl&, /;I?; ZISp ZIQI /l'!ﬂ)

F{Zw
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Deriving Reduced Form Equations

The sets of equations on pages 147 and 148 were derived by trans-
posing each equation in model I and model II so that endogenous
terms were on the left side of the equality sign and predetermined and
constant terms in ench equation were on the right. As an example,
the linearized equation (12.1} {p. 143), expressed in changes from
year-to-year (A’s}, is transposed below:

!’

ﬁop—bﬂﬂ%:[a:,—i—buﬂg]—bﬁ é:‘%P{; (122)

; ’
@ a a

L4

QGF_'bsz A'}-)-—f=.(‘15

o

where A equals the sum of the values on the right of the equality sign
in {12.2).

Substituting the resulis from the fitted equations of model IT
{p. 75) into the linearized form of the equatiops, transposing, and
multiplying coefficients, gives:

Model TT
I

7163323801+ 2.9667924F p=—6.82503312,400AH +0.01 54OOAE

+3.795735AP, (41)

AQp— 1484 L, =309.240, (42)

AQp—AQr=A4 (43)

ALy—ACe+ALo=AL,—AM (44)

ACr—5.971186AP; = —2.639736 —61.479308AP;, (45)

ALc+5.231402APp=—9.203071 +58.445201 AP, (46)

APp— 825616AP,=0.012279—0.0074444}F (47)

AP} —0.591801AP ;= —0.205350+0.120745A W (48)
AP;4-2.807865A05--2.54541 508" = —2.271498

+559.320000&[1’-{—&020?97&%-{-0.513049&1’5 (49)

7.163323A8’ - 2.46 1 840AQ, = — 0.519206 -+ 14047/
+0.0410794Q,+1.211173AF  (50)

A+ a8’ =a0; {51)

% In compuiing Af{, the year-to-year changes in the population series listed in
table 49 were mulitiplied by 0.001.
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The above equations constitute a new set of 11 simultaneous equa-
tions in which the sum of the variables on the right side of the
equality sign can be thought of as a constant which varies for each
year with the values of the predetermined variables. A new set of
equations is derived for model I by the same procedure. By inverting
the matrix of coefficients of the variables on the left hand side of the
equations, und multiplying the inverse matrix by the vector which
contains the constants for a specified year, estimates are obtained of
the 11 endogenous variables included in the structural model. That

is, write:
OY=A {52)
where:

¢ =maltrix of coefficients of endogenous variables
¥=vector of endogenous variables
A=vector of predetermined values

then:
=014 (53)

which, when written in the form of a system of linear equations gives
the following series of reduced form equations for model I and
model II:

Model —Reduced-Form Equations

AQ=0.000215A 4,1 0.000004A4,10.997221AA4;+0.000654A 4,
+0.000654AA4,—0.000654A4,--0.003828A4,40.003524 A4,
—0.007151A4,~0.003844A4,,40.145336AA4, (54)

AQr=0.000215A4,+0.00000444,—0.002779A4,40.000654A4,
+-0.0006544 4,—0.0006544 4,1 0.003828A4,-4-0.003524 4.4,
—0.00715144,—0.003844A4,,4-0.1453336A4,, (55)

AP ,=0.068008A4,—0.00000244,—0.48655744,—0.000319A A4,
—0.000319A4,40.00031844,—0.00186844,—0.001719A4,
+0.003489A4,+40.001876A4,,—0.070911A4,, {56)

AL,=0.00000144,—0.00675744,—0.000019A4;+0.0000044.4,
-+0.000004A A, —0.000004A4,+0.000026 A4, +0.0000244.4,
—0.000048AA4,—0.000026A,,+0.0009824 4, (57)

AC=—0.327607A4,—0.6067384A4,+4.236008A4,—0.997217A4,
4-0.00278344;+0.997217A4,—5.835083A44,40.014994A.4,
—0.030426A.4,—0.01635544,,+0.61834544y; (58)

ALy;=—0.327808AA4,40.000018A4,44.236027A4,-1-0.002779A4,
+0.0027790A4;,+0.997221A4,—5.835109A 4, +0.014970A A,
—0.030378A.4,—0.016329AA4,,4-0.61736344,; (59)

AP, = —0.080800A4, —0.001251A4,0.78626844;—0.185099A4,
—0.185099A4,+0.185099A4,—1.083080A 4, U.002783A 4,
—0.005648A4,—0.00303641,,--0.1147744A1,, (60)
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AP»=0.05598844,—0.0000034 A:—0.723938A A, —0.0004754 4,
—0.000475A4;+0.000475A A,+0.997221A 4, —0.0025584 4,
+0.005192A4 4,4 0.002791A4,,—0.105503 4, (61)

AP, = —0.007448A 4, —0.000153A4,-+0.006307Ad,— 0.022672A4,
—0.02267244,10.0226724 A, —0.132662A4 4, —0.122145A A,
+1.247868A4,—0.00037244,—20.552467A A, (62)

AQr=—0.007782A4,—0.00016041,+0.100624A 4, 0.023683A.4,
—0.02368844,4-0.023688A4,—0.138610A4,—0.127621a 4,
+0.25898044,—0.000389A4,,—4.263187A4,, (63)

A8 =0.00778244,+0.000160A4,—0.100624A 4,4-0.0236884 A,
+0.0236884.4,—0.02368844,+0.138610AA4,40.127621A 4,
—0.2580804A 4, + 0.000389A 4,0+ 5.26R187A 4, (64)

Model li—Reduced-Form Equations

AG=0.135374A4,+0.0006284.4,40.03027144;-+0.002938A A,
+0.092088A.4,— 0.092088A 4+ 0.486457 A, +0.5552484 4,
+-0.328648A 4, 0.0120414:1,,—0.9227954.4,, (65)

AQe=0.1353742:1,4-0.000628A:1,— 0.969729A 4,4 0.002088A 4,
+0.092988A.4,—0.092988A 7441 0.486457A 4, +-0.555248A 4,
+0.328646A4.4,+0.01204144,,—0.922795A4,, {66)

AP =0.0102034.1,—0.001517A4,—0.073000A 4, — 0.224510A 4,
—0.224319A.1,--0.224510Aa4,— 1.174552A 4, — 1.340648A 4,
—0.793517A.4,—0.0200734 24,0+2.228080A 4, (67)

ALr=0.0009153A4,—0.00675344,—0.006552A4,+0.000628a4,
+0.0006284,1,—0.0006284 4, +0.003287 A4, 40.003752A 2,
T 0.002221 A4, +0.000081A 44,,—0.00623544 (68)

AC=—0.04315534,—0.0002004 45+ 0.308133A 4, —0.0206432 41,
+-0.970357A A5 0.0206434 4, — 0, 1550754 24,4+ 5.794 1824 4,
43 429524A A0+ 0.125651 Asl—9.62064 1 A, (69)

ALg=—0.044070A A, 4 0.00655244,-1-0.3156864.44,+0.960729A4,
+0.960729AA,1+0.030271A,—0.158361 84,4 5.790430A 4,
+3.42730444,-+0.125570A4,,—9.623406A,, (70}

AP)=—0.007227A4,— 0.000034A 4, 4-0.051771 A4, —0.0040644 4,4
—0.004964A 4, 40.004964 44— 0.025070a 4, -+0.970357A 4,
+0.574348A g+ 0.0210438 4y, — 1.6126854 24y, (71)

APr—0.008424 4.1, —0.00125244,—0.0680344A 4, —0.185367A4,
—0.1853067A4,10.1853674-40.030271A1;,—1.106860a 2,
—0.655141A4,—0.02400344,,+1.839546A.1,, {72)

AP =—=—0.01221044,—0.000057A 4, 0.087467A.1,—0.008387 A,
—0.008387AA4;,+0.008387 A1, —0.0438774.4,—0.0500824 ¢
+0.970357a4,+0.035552A-,,—2.724631 A4, (73}
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AQE=0.0465254A,+0.0002164.4,—0.33327 144, +0.03195844,
4003195844, —0.031958A 4,4+ . 16718341+ 0.190824A 4,4
40.1120478 4,—0.135481 A4, +0.68285924,, (74)

AN/ = —0.046525A.1, —0.00021644,4-0.333271A,—0.03195844,
—0.0319584.4,40.0310584-1,—0.167183A4;—0.180824 A4
— 01129472054 0.135462444+0.317141 A4, (75)

where values of the A«’s are computed as described on page 146.

Elasticity of Qualify *

The snalvsis of the demand for eggs obtained from cross-scction
dots indicated that varinlion in the price paid for eggs by different
income groups was due to variation in the quality tgrade and size
attributes) of oges purchased. A change in price, thercfore, is inter-
preted as a change i guality.

A measure of the elasticity of nuality with respecl Lo income was
derived as the nlgebraic difference between the elaslicities of expendi-
ture and quantity with respect to income. The proof follows:

ory gy _[pog wop)y 20y o2y (76)
dyv Oy pg LOy Oy ipg Oyg dYp
whore:
e=¢xpenditure
p=quality (pricc)
g=quantity
y==income

Testing for Nonlinearity

It the equation of u straight line is fitted to data that are Irom a
nonlinear telationship, adjacent deviations tend to be of the same sign,
indicating that the resicuals from the regression line ure not dis-
tributed randomly. A measure of the relationship between adjacent
doviations can be obtained by modifying the statistic developed by
Durbin and Watson (13} :

i({gg"d;__l)g
e (77}

&= —
i) r“£
H

D

where d, is the unexplained residual for observation &, and ¢ is ar-
ranged in order of magnitude of the independent variable. .\ table
of upper () and lower (d;) bounds for the critical values of % and
4-d’ % can then Le consulted to determine if there s a significant
departure from linearvity.

% Nased on (39, p. 112).

“ Pased on {30, p. §2).

Trrhe rntue 4 relutes o posibive scrin] eorrelation and the volne J4-d” o
negative serial correlation. If d or d-d’ i less than dy, we assume e residuals
Ay be either positively or megativelr seriaily eorrelated. If both &' and =i’
are gregter than dg, we assume that there i§ no serial correlalion.  1f neither
of the computed values is fess than dp, but one of thom ties belween dy and dg,
Lie test is fnconciusive.
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For the regression of per capite consumption of eggs on per capita
income, price level, and the price of egas, (p. 57) the values obtained
for d’ and 44’ indicate that, at the 5-percent probability level, there
is no significant departure from linearity.

Note on Equation {17}

The explanation of storage movement presented in the section on
the futures market for eggs assumed :

X={(¥, uw) (18)
Y=f(Z, v) (79)

where:
A =net into-storage movement, Janunary—June,
¥ =number of speculative long commitments, January-June
Z = profit on speculative long position, previous year
w, v=random error terms

Then & linear form of the model is:

X=G1+611Y+u1 (78-1)
Y=a.t+bsZ+v, (79.1)

and, by snbstitution:
X=a,+b,(a;+bpZ +o,) g {80)

where the values to be used for obtaining estimates of X are the
estimated values of ¥, obtained by a least-squares fit of equation
(79.1).

Equation (17) of the egg model (p. 65), however, leads to fitting
X=/(Z) directly by the limited information method. An equation
of this sort is known technically as a partially reduced form equation.

Data Used in the 11-Equation Model

Table 49 shows the data that were used in fitting the statistical
model described on page 64, All of these variables are self-explana-
tory or have been discussed eXcept the series that relate to population.
Because data on the quantity of food products taken by the military
before 1941 were not available, estimates of per capita conswmption
for years prior to 1941 were based on total domestic disappearance,
including members of the Armed Forces overseas. For 1941 to date,
military takings were deducted from total domestic consumption and
the per capita figures were based on the estimates of the population
eating out of civilinn food supplies.

“ Tle values ohtained for ¢’ and 4-d’ were:
Residuala arranged by order of magnitude of X.; d'=2.58, 4~d’'=1.42
Resldnals nrranged by order of magnitude of X,; ¢'=2.11, 4-d’=1.89
Residuals arranged by order of magnitude of X,; ¢'=2.26, 4-d’=1.74
For N=17, X'=3; d:=0.79, d5==1.08 at the 5-percent probability tevel.
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The population eating out of civilian food supplies is defined as
the civilian population residing in continental United States plus
military personnel eating out of civilian food supplies (Armed
Forces personnel on furlough, ete.) minus that part of the civilian
population eating out of mulitary supplies (primarily dependents of
military personnel eating food boug}l)lt at military commissaries).

The basic population estimates used in deriving the series on the
population eating out of civilian food su plies were the Bureau of
Census estimates of the total population aH]usted for underenumera-
tion of persons of all ages in the decennial censuses, However, since
May 1957 estimates of per capita food consumption published by
the Department of Agriculture have not been adjusteg for under-

enumeration. ‘Therefore, some consumption data published in this
bulletin may not agree with other published consumption data.
For eggs, figures on per capita disappearance based on the un-
a(ljustea population series are about 14 percent higher than the
per capita figures based on the adjusted population series.




TasLE 49.—Data from which year-to-year changes were obtained for use in the 11-equation model of the egg economy,

1931-568
Farm egg pro- Differ- Jan. 1 numbers on Mortality of
duction Civil- | .ence | Aver- farms Layers layers
ian be- age sold
domes-| tween | num- [ Rate and

tic dis- | Qg and| ber of of Pullets | con- Re-

Year Janu- |appear- Jarm | layers | lay?2 raised 2 | sumed ported

Year | ary— |anceof| egg on All Hens | Total 3 on Re- plus
June eges pro- | farms pullets farms 4| ported | resid-

duc- ual ¢

tiont
Qr Qr Qz A Ly Qa L, Cr Le M

Bil, Bil. Bil. Bil. Ml No. Ml Mil, M, Mil. Mil, Mil, Mil.
385 24.5| 413 2.81 303.0 127 | 243.6 | 158.2| 401.8 | 354.7 | 282.3 | 62.8 | 1712
36.3 | 23.41 39.1 2.9 299.1 121 [ 229.6 | 156.2 | 385.8 | 367.8 [ 270.6 | 62.9 183. 9
35.5 | 23.2¢. 37.2 1.8 299.7 118 | 236.7 | 154.0 1 390.7 | 375.0 | 284. 4| 65.2 | - 181.6
3441 2251 36.5 2.2 290.7 118 [ 238.3 | 147.0 | 385.3 322.2 | 283.0 | ©6.1 133. 8
33.61 21.0| 356 1.9 | 276. 4 122 ¢ 211.8 | 138.6 | 350. 4 | 329.2 | 236.0 60.6 | .167.2
3461 2L.8| 37.0 2.5 | 284.9 121 | 226.4 | 136.2 | 362.6 |.357.5 | 254 9| 64.4| 180.3
37.6 1 23.6] 39.7 2.3 | 288.0 130 | 249.3 | 130. 4 | 379. 8 |300. 6 | 280.0 68. 6 112 4
37.41 232 40.3 3112759 135 215.0 | 138.0 | 353.0 | 325.3 | 240.0| 67.5 | 162.4
38.8 | 24.1 41. 0 2.21.289.6 134 | 241.8 | 134.3 | 376.1 | 348.3 | 254.4| 75.6 | 180.4
30.71 243 ] 421 2.4 | 296.6 134 | 253.6 | 139.1 | 392. 71 316.9 | 275.6 | 78.1 137, 4
41. 9 25. 1 41.0 —. 8 | 300.9 139 239.9 | 141. 4 | 381.3 | 372.5 | 225.7.| 80.8 |  227.2
48.6 | 29.4 ) 41.8( —6.7 | 341. 6 142 | 277.7 1'150. 2 | 427.9 | 510.4 | 244.5 | 92.4 | 352. 2
54.5 1 33.6| 44.7 | —9.7 | 383.0 142 | 318.6 1.170.3 | 489.0 | 559. 8 [ 309.6 | 87.7 | 356.2
58. 5| 36.31 45.6|—13.0 | 395.8 148 | 349.6 | 174.0°| 523.6 | 480.1 | 344.5 | 107. 2| 263.4
56.2 1 34.3 51,9 | —4.2} 369. 4 152 | 301.5 | 172, 4 | 473.9 | 506.2 (-309.0 | 91.3 | 301.7
56. 0 344 52.5| —3.3 | 357.6 1561.322.1 | 150.7 | 472.8 | 434.8 | 327.4 | 911 222. 6
55.41 33.27 54.6 —. 6| 345.1 160 | 281.0 | 150.5 |- 431.4 | 437.0 | 281.3 | 83.7 [ .242.0
54.9 32,0 50. 5 1.5 331.6 166 | 278.0 | 139.6 | 417.6 | 386.0 | 274. 8 | '79.0 197. 2
56.2 [ 32.0 56. 6 .44 330. 7 170 | 258. 31 141.0 | 399. 4 | 447. 7 | 244.7 { 82. 3| 271.7
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Tanre 49.—Data from which year-to-year changes were obtained for use in the 11 -equation model of the egg economy,
1931-68—Continued

Price of— Population, July 1
: Index Net Gain or
number | into- loss on
Lggs per dozen Con- of unit | storage | futures,
Poultry ration sumer labor move- |{previous
per 100 pounds | dispos- Eating | cost in | ment, year,
Farm Retad able out of | market-| “eggs, speeu-
income civilian | ing food | Janu- lative
supplies’| ( ary- . | long po-
January-| Year [January-| Year |January- 4 June | sition ¢

June June June

Py P; S r
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TanLe 49.—Data from which year-to-year (lmn(/es were obtained for use in the 11-equation model of the egg economy,
19381-58—Clontinued

Index niimbers of prices paid by consumers (1947-49=160)

Ments, poultry, Cheesz Biaeon Ready-to-eut All items
and fish cerenls ¥

Year | January-- fenr [January-|  Yeur {Janudary-| Year | Junuary-| Year | January—
June June June June June

? b ) t
Py Py p Py

43.
34.
29

41N

51,
33.
28.
34,
50.
55.
53.
50.
45.
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104,
117,
116.
109.
108.
101.

97.
105.
115.

=3
oo

[l AN erFer Kol L W Elol
FRERSTaSS
SoRpRLESD
SorosENee
TRy
el No's X ) B SEA EN B Fo's]
PG
RN
OB = LD 00D D

t Farm egg 'Yroduction cquils Qa. L.

? Per layer during the yenr.

3 Do not necessarily add, due to rounding.

+ See text for explanation.

s Datn have been revised froni those used in anulyses, - Revised figures nre: A, 1953 (1.4); Q4, 1953 (185); Cr, 1954 (386.0); M,
1954 (207.2); Pr, 1957 (35.8); Py, 1957 (31.4) ; 1, 1946 (160.6), 1947 (170.1), 1948 (189.3), 1949 (190.0), 1950 (207.7), 1951 (227.5), 1952
(238.7), 1953 (252.5), and 1954 (256.9); W, 1952 (121), 1953 (124); I/, 1957 (—9.2).

¢ Data not available, See text for explanation.

7 Datn not availiable at time of publication.

% Based on the price of corn flakes. ) :
® Data not availitble for publication. Obtained from United States Bureau of Labor Statistics.
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