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The purpose of this study is to clarify the effect and role of egg products on shell egg
price in USA. In order to do it, the econometric model by Nagaki and USDA “Poultry

Yearbook” was utilized.
The background of this study is as following :

Under the trend of changing the commodity style of egg and increasing egg products
share in Japan, regarding the market in USA as a front type which this trend is already
typical, and discuss the development of egg pricing in Japan, utilizing egg pricing model
including egg products. For example, Suciyama (1993) indicated that the egg consump-
tion in every country has a shift of table eggs or shell eggs in which cracked egg market
both in export and domestic has expanded and the products share has reached 35-40%.

Particularly, this trend in USA is typical of many countries.

The motive of this study which is based on the actual condition such as the above

mentioned, is as following :

Firstly, to analyze the relationship between table eggs and processed eggs, in other
words, the shell egg market and the egg products market, including as the interrelation-

ship between them.

Secondly, what effects the price formation for processed agricultural commodities.
Thirdly, what considerations the development of market structure under increasing

egg products share.
The result was that egg products is a definite factor on the shell egg price.

participants indicate that egg products achieve a function as price stabilizer, in other
words, a buffer in the egg market, however the framework of this analysis is not a result
to refer to it directly. We must recognize the limitation of this model, however we can
consider that effect of egg products will be more important in shell egg pricing, unifying

with the result of estimation and existing state of things.

(Jpn. Poult. Sci., 36 : 236-244, 1999)
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Introduction

The purpose of this study is to clarify the effect and role of egg products on shell

egg price in USA.
The background of this study is as following :

Under the trend of changing a commodity style of egg and increasing egg products

share in Japan, we regard the market in USA as a front type which this trend is already

typical, discuss the development of egg pricing in Japan, utilizing egg pricing model
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including egg products.

The motive of this study which is based an actual condition such as the above
mentioned, is as following :

Firstly, to analyze the relationship between table eggs and processed eggs, in other
words, shell egg market and egg products market, including the interrelationship
between them.

Secondly, what effects the price formation for processed agricultural commodities.

Thirdly, what considerations the development of market structure under increas-
ing egg products share. For example, SuciyaMa (1993) indicated that the egg consump-
tion in every country has a shift of table eggs or shell eggs which cracked egg market
both in export and domestic, has expanded and the products share has reached 35-40%.
Particularly, this trend in USA is typical of many countries. Incidentally, the defini-
tion of egg products in this analysis are eggs which have undergone the primary
processing (for example, liquid eggs, dried eggs). Suzuki et al. (1997) indicates a clear
classification of egg products including the definition.

This is the historical detail of egg products’ position in egg market. Under the
surplus trend of the egg market in USA, which resulted due to development of large-
scale egg production and integration, a technique for egg products utilization has been
developed by the egg related industry relatively reduces the supply of the shell egg
market. Shell egg pricing is affected by the market isolation, such as in egg process-
ing.

The center point at issue about the egg market in the review of previous research
in agricultural economics and poultry economics, was to extract the fluctuations in
price, egg cycle, by utilizing some methods of time-series analysis. For example, case
study analysis of egg market in Japan, OGurtl et al. (1992) clarifies a cause and effect
relationship of egg pricing, utilizing auto regressive model and multiple regression
equation model. Case study analysis of it in USA, HarTMAN, D.G. (1974) extracts the
fluctuations in price of the egg cycle, utilizing a methods of time-series analysis,
RocEers, G.B. and L.A. Voss (1971) examines the outline of egg pricing in USA, utilizing
a method of econometrics. NAaGAKI (1996), investigated egg pricing in Japan, utilizing
simultaneous equations model. The analysis is full of useful suggestions for this
analysis, including the methodology and the result of estimation, although he did not
consider the effect and the role of egg products enough.

Materials and Methods

Framework of methodology

The method of this analysis is done by using simultaneous equations model, which
is a staple method of econometrics. The simultaneous equations model is that the
description simultaneous equations system, as a mutual relationship between econom-
ic variables rather than a unilateral cause and effect (Ban et al. 1989), and every optimal
result of some regression equations including common variables is considered as
retaining total equilibrium.

Under the provision of purpose and range, the economic variables used in the
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simultaneous equations model, is defined as following : @ Endogenous variable : eco-
nomic variable determined inside the model @ Exogenous variable : economic variable
determined outside the model @ Predetermined endogenous variable : endogenous
variable including time lag. The purpose and range is as following : In the general
concept of simultaneous equations model, a mutual relationship between economic
variables is simplified corresponding it’s purpose, even if a case that exogenous
variable is affected by endogenous variable, so far the purpose is affected by it, it must
be regarded. And, in accordance with the aforesaid purpose of this analysis, the
relationship of economic variables is indicated model in Figure 1.

Considering the structure of egg price fluctuation in the short run, there were some
implications for egg pricing in the long run and forecasting. The more observe egg
price fluctuation in the short run, the more definite that there is a factor of simultane-
ous determination in the response of market, and the simultaneous estimation method
should be utilized. However, considering the identification problem and defect of
statistics, the characteristics of egg such as independent goods, there are some limita-
tions. The price determination in the market is prescribed by the experiential behav-
ior, which is including predetermination indexes, and taking precedence building more
realistic model, it is appropriate that OLS (ordinary least squares) in recursive model is
utilized.

Normally, there is a premise that explanatory variable is independent of error

Endogenous variables

Habit persistence t-1, t-12 Exogenous variables
t-1~t—6 ]
—>| Number of layers | Poultry laying feed price
Habit perlsistence t-1
S 1d
easonal dummy —
] Egg production Y
t-1~1-6 ‘—{ [mport 1
Habit persistence t-1 A{ Export |
Market quantity
v
<Shell egg> <Egg products>
Habit per;sistence t-1 :
Producer price
T (Shell egg)
— ¥ Producer price
Habit persistence t-1 (Egg products)
Wholesale price
(Shell egg)
¥
Retail price Per capita consumption
(Shell egg) of egg

Fig. 1. Relationship of variables
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term. When one of the explanatory variables is an endogenous variable, this premise
is failed to materialize. For solving simultaneous equations model of simultaneous
determination, it is a limitation. Therefore the premise of traditional regression
equations falls down because of a limitation to estimate by the OLS. However the
simultaneous equations model of this analysis includes the factors for successive
determination, so there is no interference utilizing an OLS.

The verification about methodology of this analysis is modified NAGAkI (1996),
investigated egg pricing in Japan, utilizing the simultaneous equations model, there is
described as Nagaki Model. In spite of that Nagaki model is a simple simultaneous
equations model, it indicates a fine result of estimation. We used it with a modified
selection of variables and function system. However there are some different points
in method and item of research, which must be estimated with careful consideration.

The statistics used for this analysis are from the USDA “Poultry Yearbook”,
however, they have some defects. Therefore, we had to consider the case that used
predetermined endogenous variables, the period of analysis was of January 1984 to
December 1995. The variables used and their units appear in Table 1.

Function System of Empirical Model

The outline of function systems are as following :
(1) Function of the number of layers

The index that prescribes egg production is the function of the number of layers.
It is conjectured that the process of decision making for the number of layers is

Table 1. List of the variables used

Classification Names Unit Abbreviations
Number of layers Thousands NL
Egg production Millions EG
Market quantity Millions MQ
Producer price Cents per dozen PP
Endogenous variables (Shell egg)
Wholesale price Cents per dozen WP
(Shell egg)
Retail price Cents per dozen RP

(Shell egg)

Predetermined

endogenous variables The same as the above

Import 1,000 dozen M
(Shell egg equivalent)
Export 1,000dozen EX
(Shell egg equivalent)
i Poultry laying feed price Dollars per ton FP
Exogenous variables .
Producer price Cents per dozen PPgp
(Egg products)
Per capita consumption of egg Number EC
Seasonal dummy SD

(Monthly)
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prescribed by the following : (D the controlling factor of latent fluctuation @ predict-
ing the functions necessary for it’s occurrence.

The former is found in the investment of fixed capital for optimal process between
occupation of input and productivity. In other words, it is the habit persistence. To
explain it, the number of layers in the previous month from the selected month and the
12th month prior to the selected month (NC; ;, NC,_12) are used and seasonal fluctuation
is explained by using a seasonal dummy.

The latter is found out in the decision making process in egg production. For egg
production, it is conjectured that the fluctuations in chicks and feed price and final egg
price from introduction of day old chicks to starting to lay eggs. To explain it,
thoroughly, one of the feed prices from the previous month from the selected month to
the preceding 6 months, and producer price of shell eggs for the same period (FPy j~t.,
PP..1~¢) were used.

(2) Function of egg production

The index that prescribes egg production is the function of the number of layers.
Restricted by the lack of a data of the number of layers in Japan, NAGak1 (1996)
conjectures it indirectly, as for the number of chicks there is a time lag going from
starting to lay eggs, being chicks arriving at the peak of laying egg, then finally to
doing away with the layers. However, using a data from USDA, this study uses it
directly to measure more simply.

It is believed that commodity egg prices, egg production in the previous month
from the selected month, and seasonal fluctuation (PP:.;, EGy,, SD), and the affect on
egg production.

(3) Function of wholesale price

The egg pricing process consists of price finding, formula or negotiated and finally
determining the price. For example, egg prices are formed by three organizations in
Japan, Zennoh, Toyo and Tokyo-Keiran Ltd. Between egg traders, producers and
retailers, the egg price is negotiated or formula method according to the market is used.

Still, it is well considered that there is mutual inter-reaction in the final determina-
tion between shell egg wholesale price and egg products price. For the index to
explain about the future market of egg in USA, egg products wholesale price is needed.
However for convenience, egg producer price : Breaking eggs (Heavy nest run) : Price
paid to producer at plant in Central States for trucklot is used. Incidentally, Kaku
(1997) used the wholesale price in New York City for Grade A large, egg products is
Breaking eggs (Heavy nest run) : Price paid to producer at plant in Central States for
trucklot. In this analysis egg products producer price is regarded as the exogenous
variable rather than the endogenous variable.

Under the premise such as stated above, it is estimated by market quantity (MQ),
egg products producer price (PPgp), wholesale price in the previous month from the
selected month as a habit persistence (WP,), and seasonal dummy (SD).

(4) Function of retail price

Retail price is affected by wholesale price. It is explained by wholesale price (WP)

and per capita consumption of egg (EC).
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(5) Function of producer price

It is conjectured that producer price is affected by wholesale price, same as retail
price. And as habit persistence, producer price in the previous month from the
selected month (PP.,) is added to.
(6) Function of market quantity

This is a definitional equation in this model. Market quantity (MQ), in other
words, net domestic circulation quantity is that egg productions (EG), adding to import
(IM), and deducting export (EX).

Function of the number of layers NL=f(NLy.;, NLi 12, FPi 1~t6 PPt 1~t6, SD)
Function of egg production EG=f (NL, PP, , EG.,, SD)

Function of wholesale price WP=f (MQ, WP, PPg,, SD)

Function of retail price RP=f (WP, EC)

Function of producer price PP=f (WP, PP..)

Function of market quantity MQ=EG+IM—EX

Result of Estimation

The results were obtained using the model in the previous section. Still, the
method of the estimation is OLS, utilizing a logarithmic function model. Therefore,
every explanatory variable has a coefficient of elasticity. Table 2 shows suitable
conditions and level of significance (t-value), coefficient of determination (adjusted for
degree of freedom) to effect a composite result, we can confirm the effect of seasonal
dummy by inserting it into the function.

For the following functions, we will describe some particular items necessary for
optimal results.

(1) Function of the number of layers

logNL=0.113+0.939 logNL,; +0.040 logNL 2 —0.002 logFP,4,+0.003 logPP,; R*=0.942
(29.630) (1.324) (—0.304) (0.853)

The main factor for the egg production is determined by number of layers in the
previous month from the selected month but number of layers in the 12th month is

Table 2. Result of estimation (Method by OLS)

(1) Function of number of layers
InNL=0.113+0.939 InNL,-,+0.040 InNL,_,,—0.002InFP;_,+0.003 InPP,_, R%=0.942
(2) Function of egg production
InEG=0.004+0.824 InNL —0.035 InPP,_, —0.181InEG,-; R?=0.300
InEG= —0.477+0.815InNL —0.016 InPP,_, —0.045 InEG;-,—0.037D, R?=0.649
(3) Function of wholesale price
InWP=—0.524+0.189 InMQ +0.308 InWP,_, +0.461 InPPgp R?=0.812
InWP=—-0.326+0.160 InMQ+0.316 InWP;_,+0.434 InPPg—0.041 D; —0.011 Ds R*=0.846
(4) Function of retail price
InRP=0.555+0.782InWP—0.050 InEC R?=0.843
(5) Function of producer price
InPP= —0.5414+0.977InWP —0.2540InPP,.;, R?=0.932
(6) Function of market quantity
MQ=EG+IM—EX
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insignificant. The egg production material price and final egg price affect the decision
making process in egg production. However feed price before 4th months from the
selected month and producer price before the 1st month were examined but those two
combined effects are insignificant and we can disregard them. Still, every explanato-
ry variable includes intrinsic of seasonal fluctuation, it is impossible to extract it with
independence.

(2) Function of egg production

logEG=—0.477+0.81510gNL —0.016 logPP,., —0.04510gEG. —0.037D; R,=0.649
(10.101) (—1.493) (—0.749) (—11.824)

The function of egg production can be easily inferred on the analogy of the
relationship between egg production and the number of layers. Thisis reflected in the
results of estimation, egg production is greatly affected by it. The effects of commod-
ity egg price in the previous month from the selected month, seasonal fluctuation of
egg production are slight. However, because of decreasing egg laying in February,
seasonal dummy (dummy of February) was inserted.

(3) Function of wholesale price

logWP=—0.3260.160 1logMQ+0.316 logWP;.; +0.434 logPPgp —0.041D; —0.011Ds R*= 0.846
(1.264) (6.109) (12.256) (—5.414) (—1.325)

The factor of the wholesale price is affected by increasing or decreasing of market
quantity the result is slightly negative. It was substantiated that the wholesale price
and producer price of egg products in the previous month from the selected month
affect on it. However, because of depreciation of wholesale price in May and June,
seasonal dummies (dummy of May and June) were inserted.

(4) Function of retail price

logRP=0.555+0.7821o0gWP —0.050 logEC R?=0.843
(27.548) (—1.179)

The factor of the retail price is greatly affected by the wholesale price. The effect
on per capita consumption is slight, but negative.
(5) Function of producer price

logPP=—0.541+0.977 logWP—0.2540 logPP;_, R?=0.932
(24.371) (8.173)

The factor of the producer price is greatly affected by wholesale price. It can be
substantiated that the effect is in the previous month.
(6) Function of market quantity

MQ=EG+IM—EX

Conclusion

Utilizing empirical model as stated above, each function of egg pricing was
estimated. It generally indicates a relationship of Figure 1, in spite of utilizing a
simple simultaneous equations model.

Egg pricing in USA is clarified as following :

Firstly, shell egg wholesale price is the main factor of egg pricing, it affects both
the demand side and supply side, in other words, the retail price and producer price are
extremely influenced by it.
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Secondly, egg products price is strongly related to egg wholesale price. It is
inferred that egg products producer price will be an important factor in shell egg
wholesale price in the future, unifying with result of estimation and existing state of
things. Market participants indicate that egg products achieve a function as price
stabilizer, in other words, a buffer in the egg market, however the framework of this
analysis is not a result to refer to it directly. Egg products producer price is regarded
as one of the exogenous variables in this model. However, if we appraise the effect
and the role of egg products on shell egg price essentially it will be regarded as one of
the endogenous variables. This is a limitation of this model and necessary to improve
it.

Thirdly, the effect that the shell egg wholesale price is affected by increasing or
decreasing the market quantity is slight and negative. This model is built on the
assumption that based on successive determination, total supply is a premise habitual.
It is inferred that trend affects on it over an extended period of time, but is not affected
by it in the short run.

Fourthly, the effect that per capita consumption affects on is slight, though
negative. Because of monthly data, it is inferred that the trend of consumer behavior
in the short run is unexpected or its affect on retail price is underestimated. Response
is found to be the trend of consumer behavior which is over an extended period of time.
Still, the absolute value is low, it is inferred that price elasticity of demand of egg
which is one of the staple foods is gradually lowering, can instead be linked to food
consumption.

Fifthly, the effect of the net market quantity : egg production adding to import
and then deducting export, affects on shell egg wholesale price is slighter than the
effect of number of layers on egg production. In other words, it will be more stable
than increasing or decreasing of market quantity affects on shell egg wholesale price.
Increasing or decreasing of it acts as a buffer function.

Considering these points, it will be necessary for further studies.
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