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Abstract:

A rational distributed lag model of prices and supplies is estimated for the farm, slaughter, and retail
levels of the U.S. pork industry. The rational lags are estimated for estimation of nonstochastic
difference equations. Estimation, of nonstochastic difference equations allows for precision of the
disturbance process from the systematic portion of the regression equations. Short, intermediate, and
long term supply elasticities and price flexibilities are calculated to measure dynamic responsiveness
within the industry. Interpretations and implications of the regression results are given in the body of
the thesis.

The flexibility of the rational generating function permitted the measurement of biological and
economic factors in the market. On the supply side, the ratio of hog prices to corn prices had a
significant influence on farrowing and slaughtering decisions. However, the supply elasticities were
relatively small, reflecting high investment costs in confinement technology. On the price side, the
dynamics were less pronounced since pricing decisions are closely tied to short term wholesale
pricing.
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ABSTRACT

A rational distributed lag model of prices and supplies is estimated for the farm,
slaughter, and retail levels of the U, S. pork industry. The rational lags are estimated for
estimation of nonstochastic d1fference equations. Estimation of nonstochastic difference
equations allows for preculsion of the disturbance process from the systematic portion of
the regressipn equations. Short, intermediate, and long term supply elasticities and price
flexibilities are calculated to measure dynamic responsiveness within the industry. Interpre-
tations and implications of the regression results are given in the body of the thesis.

The flexibility of the rational generating function permitted the measurement of bio-
logical and economic factors in the market. On the supply side, the ratio of hog prices to
corn prices had a significant influence on fanrowmg and slaughtering decisions. However,
the supply elasticities were relatively small, reflecting high investment costs in confinement
technology. On the price side, the dynamics were less pronounced since pricing decisions
are closely tied to short term wholesale priging.




CHAPTER 1
" INTRODUCTION

The U.S. pork economy has been characterized by change, much of it eredited to
technological advancements and market ‘reorgan'izption‘ The resultant system is a complex
network of markets, whereby consumers, retailers, agribusiness firms, and prqducm*s inter-
act to establish market prices and quantitjes. Some of the important technical and economic
changes that have -oc‘curred within the production and marketing sectors of pork include’ :

Enabling Factors:

1. The enlargement of grain farms associated with crop technol(;gy, thus, increps-

ing domestic feed supplies,

[N

Animal tachno}Ogy—-antibiotiﬁzs, genetigs (leaner hogs), and specialized build-
ings and equipment.

3. Changed producer perceptions toward hog production enterprises,

4. Economics of size in farming operations.

5. Credit availability for needed financing.

_ Motjvating Factors:

1. On the average, hog-corn ratios over the 1970-1982 time period haye been
favorable to expand sow herds, However, they have also demonstrated consid-
erable variation, |

2. Incentives from ingome tax rules have promoted fast growth of larger oper-

ations.

1U.S,, Congress, Senate. Committee on Agriculture, Nutrition, and Forestry, Farm Struc-
ture, Comm1ttee Print, 96th Cong 2nd Session, April 1980.
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3. Anticipated further inflation as a motivator of growth now.
4. Improvement in consumer demand as attitudes towards pork products have
improved.

Much of the structural change in the hog industry was a mere reflection ‘of overall
changes in postwar U.S. agriculture. Hog enferprises kept pace with the general increase in
the size of farms and the substitution of capital for labor to reduce unit costs of produc-
tion. Thus came the growth of large commercial farrowing and finishing operations. Within
the realm of hog production, confinement buildings, mechanized handling of feed, water
and wastes, and ventilation have become standard-practices. Within the realm of hog mar--
keting, more efficiency has been gained through increased direct sales to packers, horizon-
tal specialization in packing plants, selling hogs on a carcass grade and weight Basis, and
. advertising and ﬁromotion of pork products. -

The importance of marketing hog and pork products is revealed in doilars generated.
In 1982, farm sales were 136.2 billion dollars, of which 70.2 billion dollars was based
directly on livestock production.? Revenues generated by individual livestock production
species were: beef and dairy 48.2-billion dollars, pork 10.6 billion dollars, poultry 9.2 bil-

lion dollars, sheep and lamb .4 billion dollars, and other livestock 1.5 billion dollars.?

Statement of the Problem

Dynamic behavior in production, marketing, and consumption characterizes the total
pork industry. E;iCh level of the market independently exhibits its own characteristics and
also interacts with other market levels in the industry (i.e., packers interacting with pro-

ducers and retailers), These interactions significantly influence the variation in pork

2 Addition of individual totals will not equal sector total due to rounding.

3U.S. Department of Agriculture. Economic Research Service. “Indicators of the Farm
Sector: Income and Balance Sheet Statistics.” Statistical Bulletin ECIFS 2-2. Washington,
D.C.: Government Printing Office. 1982.
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demand, supply, and prices. Quantification of such demand and supply behavior in the pork
industry would give a better understanding of the industry’s economic forces and would
also aid in forecasting important variables in the industry. Such information can lead to a

more efficient allocation of resources in both hog production and marketing decisions.
Objectives

The major objectives of this re.search are:

1. To formulate a dynamic econometric model depicting the production, processing,
and retail structure of the hog-pork economy. Emphasis is on specifying market
price and supply equations.

2. To statistically-estimate the parameters of the conditional probability distributions
abov.e by an appropriate regression method.

3. To assess the distributed lag effects (short, intermediate, and long term impacts)
on the dependent variables from changes in economic and technical variables in

the pork industry.
Procedures

The hog-pork market _str_ucture is represented by behavioral supply and price equa-
tions, formulated by economic theory, a priori knowledge of the livestock industry, and
previous research. The model includes supply and price equations at the market levels of
the producer, processor, and retailer. The sample period includes the years 1969 through
1982. The ‘units of observation are defir;ed on a semiannual period, which is consistent
with the semiannual production period of market hogs. The structural parameters of the
model are estimated by a nonlinear least squares algorithm, incorporating both nonsto-

chastic difference equations and serial correlation in the error structure.
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The distributed lag patterns of the endoge_znous variables assist in assessing the time
path behavior of market pﬁce and supplies. They are calculated from a mathematical algo-
rithm that estimates the partial derivatives of the equations both period by period and
cumulatively, jointly using the parameters of the exogenous regressors and difference
equations.

The following is a discussion of market structure and practices in the pork industry.
This information is an important input in formulating the economic model to be presented

in Chapter 2.

Dynamics of the Pork Industry

Many factors, individually and collectively, determine the supply and demand for_
pork at the farm, processor and retaﬂer levels. Overall, the social, economi_c and technical
factors that affect primary and derived demand and primary and derived supply inte;é,ct ,‘pol
determine equﬂibriﬁm “consumptipn,‘ production, prices and marketing margins.

Over time, changes in consumer preferences have led to more consumption of lean

‘pork with a marked decrease in lard consumption. Pork production in 1960 yielded 10,863

million pounds of meat and 2,419 million pounds of lard, while 15,719 million pbunds of
meat and 1,155 million pounds of lard were produced in 1981.* Per capita consumption of
all meats in the United States increased by 25.76 pounds from 1960 to 1981, with the bulk
of the change attributed to increased beef and poultry consumption. Poultry itself has
experienced a 34 percent increase in per capita consumption since 1967. Pork and mutton
and lamb consumption lévels have remained relatively constant. Per capita pork consump-

tion in 1969 was 65 pounds and decreased to 62.7 pounds in 1982.°

4 National Pork Producers Council. Pork Industry Statistics. Des Moines, Iowa, 1982.

5U.S. Department of Agriculture. Economic Research Service. Livestock and Meat Statis-

tics. Bulletin No. 522. Supp., 1982.
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Because of increased consumer demand for lean meat, pork production trends have
been toward hogs that consis’t of a higher lean to fat ratio. These hogs are being produced
on fewer farms with increased technological and production capabilities (i.e., confinement
operations). During the 1970 tp 1982 period the average dressed weight of hogs decreased
7.6 percent, the number of hogs slaughtered increased 12.2 percent, and meat produced
increased 21.3 percent.® There;fqre, the increased pork production (i.e., meat) is due more
to hog type than animal size or number slaughtered.

Based on time series data, hog prices received by farmers have been characterized by

large fluctuations (shown in Table 1). These price fluctuations reflect changes in market

supply and demand conditions. The demand side changes include: (1) population size, (2)
the level of inflation, (3) the level of consumer income and income distribution, (4) prices

and availabilty of substitutes, and (5) consumer habits and preferences, Supply side

_ changes include: (1) technology, (2) product substitutes, and (3) prpdugtign and market-

ing factor costs (including intgrest).

Marketing margins change over time as a result of changes in the determinants of the

. demand for and the supply of marketing services. Changes in marketing margins shift either

the primary or derived demand curves, depending upon the nature of the change (i.e., intro-
duction of a new service or a cost change for existing services). A change in the cost of
existing marketing services impacts both the retail and producer levels, For example, a
wage increase in meat packing industry has the effect of decreasing both derived demand
(downward shift) and derived supply (backward shift). All other factors held constant, the
result is an increase in retail price and a decrease in farm price. The magnitude of change at
each level is dependent upon the relative slopes of the primary supply and demand curves

(Tomek and Robinson).

¢ Ibid.




Table 1. Summary Statistics of Pork Prices and Supplies, 1969 through 1982.*

Barrow & Gilt Barrow & Gilt Sow Sow
Year Slaughter Price Slaughter Supply Slaughter Price Slaughter Supply Retail Price Retail Supply
($/hundred wt.) (thous. of head) (S$/hundred wt.) (thous. of head) (S/hundred wt.) (mil. of 1lbs.)
1969 23721 70342 20.14 5010 73.26 7433.8
1970 46.88 71086 19.51 4937 78.94 7609.95
1971 36.25 81026 15.11 5354 69.94 8605.0
1972 26.04 74685 22.44 4704 81.36 7961.2
1973 39.86 67586 35.03 4272 106.94 7220.3
1974 35451 70723 29.63 5256 98:33 7784.9
1975 48.42 61327 42.89 3708 131.73 6537.8
1976 44.69 65540 38.14 3359 136.55 6909.7
1977 40.80 69542 38.44 4056 124.22 6719.2
1978 48.00 69581 42.80 3911 141.88 6755.1
1979 43.42 78776 37.60 4648 145.30 7676.5
1980 39.51 85654 35.27 5214 138.05 8317.9
1981 44 .85 82072 40.68 4608 152.10 8066.3
1982 54.20 74412 46.93 3959 173.21 7305.4

*U.S. Averages, taken from monthly U.S.D.A. data.
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General Market Structure

The U.S. pork industry can be separated into several sectors: (1) production of breed-
ing stock, (2) production of market hogs, (3) slaughter and processing, and (4) retailing of
the final product. The majority of hog producfion o,ccuré within the Midwest, close to the
major source of feed (ie., corn). Oftentimes the prodyction of breeding stock and the pro-
duction of market hogs are pursued simultaneously. These are referred to as famrow to
finish operations. In some cases the functions are performed separately~(i.e., strictly feeder
pig produgtion and strictly finishing operatipns). Within recent years technological advances
have made confinement operations more prominent. The result has been a decrease in the
number of producers with increases in average size and productivity of those remaining.
Confinement operations are more capital intensive because of reduced labor requirements,
and since there has been a growing market for lean pork, the result has been efficient pro-
duction of the slaughter hog.

Slaughtering and procpssihg are the next stages in the pork marketing channel, Their
principal function is to slaughter, process and package fresh and cured meats. Hog
slaughtering and processing plants are located throughout the U.S., but the volume of
slaughter is largest in the North-Central states. This location cpincides with greatest con-
centration of hog production.

Since the early 1920s, the market concentration of meat packing firms has declined.
This has been reflected by changes in firm size in the national market. On a regional level,
the market may indeed_ be -classified as imperfect competition. Size structure refers to the
volume of slaughter hsld by one firm or several firms relative to total slaughter. The factors
that account for declining congentration include: (1) new firms have entered and are
slaughtering increasing portions of livestock produced, (2) small firms that remaiﬁed in the

industry have experienged more rapid growth than the remaining larger firms, (3) increased
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species specialization by slaughtering and processing ﬁrms (attributed to' technjcal effici-
ency), and (4) fé,deral inspection and grading of carcasses have enabled small firms to com-
pete more effectively with larger firms. The combination of increased farm size and struc-
tural changes at the slaughter levels vas been to reduce the importance of terminal markets
and, to a gertain extent, local auctions. This has led to a greater pergentage of direct pro-
ducer to packer éales rather than‘ loeal auction market transactions. Currently, direct sales
constitute more than 70 percent of total national hog sales (Sheperd and Futress, 1982).

Processors sell pork to retailers in a more highly prooessed form compared to beef,
lamb and mutton, and poultfy. On a regional basis, the structure of most retail markets is
classified as manopolistic competition (Holdren, 1964). Retailers sell in local markets
where the market is delimited by time and space, producing a certain amounf of isolaﬁqn
from direct price competition and, thus, relying more upon non-price competition.

Many market participants in the livestock-megt egonomy have vpjcgd concern gyer
the structure and conduct within the food industry. Small retailers argue that large pro-
ceséors have undue market power, while small processors maintain they are at the mercy
of large retailers, Consumers feel they are beiﬁg exploitéd and are impotent in implement-
inlg corrective measures. Farmers feel that since they are the smallest and least grganized
institution in the food industry, they lack bargaining power and have lirﬁrited marketing
alternatives. Both consumers and producers have expressed concern gver middlemen func-
tions due to the increasing size of marketing margins. However, Tomek and Robinson
indicate that the size of the marg‘in i'tself does not automatically imply‘ inefficiencies or
profiteering in the marketing‘ sector.

The néxt chapter presents a review of the literature relevant to the estimation of sup-
ply and prices in the pork industry. Also, g discussion of distributed lag models and the

formulation of the hog-pork meodel for this thesis will be presented. The empirical results
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are presented in Chapter 3. The final chapter summarizes the accomplishments of this
work and directives for further study. Appendix A presents the raw data used in estimating

the models.
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CHAPTER 2
LITERATURE REVIEW, THEORY, AND MODEL SPECIFICATION

The first sectign of this chapter describes previous econometric models of the pork
industry. Development of distributed lag theory will be discussed in the second section of
this chapter. The final section of this chapter presents the model specification to be esti-

mated in this work.

Review of Literature

Mény studies have addressed the problem of accurately modeling the livestock-meat
industry. With respect.to pork, much of the previous research was devoted to explanp‘;ion
of the hog cycle and its hypothesized length. A majority of previops mod‘els specified a
recursive set of equations to account for the delayed interaction between price and quantis
ties, i.e., é. Cobweb framework. However, Jelavich (1973) presented an alternative approach
to the Cobweb' theorem in explaining hog cycles via distributed lags (disc_:ussed later).

Harlow (1962) estimated a quarterly statistical model that explained variations in the
supplies and prices of hogs. The endogenbus variables explained in the model were: (1) the
number of sows farrowing, (2) number of hogs slaughtered, (3) quantity of pork produced,
(4) cold storage holdings, (5) retail price of pork, and (6) prices recei\)e'd by farmers for
hogs. The model was specified as a recursive system of equations. He assumed that prices
and quantities were nét jointly dependent, which, if they were, would warrant pse of a
simulltaneous equaﬁon’s estimator. Harlow’s modgl was statistically significant based on
the e);plained variation in each dependent variable (the R?’s exceeded .90) and the signifi-

cance level of the estimated coefficients.




11

Crom (1971) estimated, by -ordinary least squares, a quarterly model of the beef and
pork sectors based on 1955-68 data. The pork sector consisted of behavioral and identity
equations within a recursive framework. Sow farrowing numbers represented a herd inven-
tory equation, and was specified with a lag on the dependent variable énd with lagged
explanatory variables. The hog-corn price ratio explained approximately two-thirds of the
variance in sow farrowing numbers. Lagged sows farrowing, pigs saved per litter, and a
lagged hog-corn price ratio were utilized to estimate a commercial hog slaughter equation.
Equations for pork imports and exports were also constructed and hypothesized ‘to be
functions of wholesale pork price and lagged per capita supply. Net imports and ending
stocks were added to domestic pork production, then divided by population, to derive .
contemporaneous per capita pork consumption. This variable, aloﬁg with per capita non-
fed beef supply, consumer income, and a trend variable depicting consurﬁer tastes and
preferences, was specified in a retail pork price equation. Ending st'ocks‘ were determined
simultaneously with retail prices. Live hog prices were specified as a function of wholesale
price and by-product values.

Research has shown that U.S. pork producétion is cyclical in néture. The hog—qqrn
ratio generally has been used as the appropriate measure of profitabﬂity in'the ho,f;" produc-
tion sector (Breimeyer, 1959). The biology of hog production yields laggéd,_résponses, for
instance an increase in returns (i.e., via a higher hog-corn ratio) results in ir}‘creased farrow-
ings, which in turn generates increased pork production, but the incieased 6utput does not
reach the market until one to two years later. Increased produption then impacts the hog-
corn ratid causing it to decrease, and consequently, gross returns decrease lead%ng to an
industry contraction of the sow herd.

Early research explained cycles in pork pr;Jduction and prices through use of the Cob-
web theorem. Dean and Heady (1958) specified farrowings as a function of the hog-corn

ratio lagged one year, however, Breimeyer (1959) and Harlow (1962) suggested that the
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cycle was longer. Breimeyer indicated lagged hog-corn ratios of one and two years were
more meaningful, and Harlow rationalized that price during one year may affect produc-
tion decisions during the next two to three years. This hypothesis was instrumental in
Harlow’s observation of the fqur year hog cycle.

Jelavich (1973) presented a distributed lag harmonic motion model as an alternative
to the Cébweb theorem. The author’s primary criticism of previous hog-pork industry Cob-
web models was the assumption that farmers expected curfent prices to remain unchanged
into the next production ;.neriod.‘ His work resulted in a distributed lag technique for esti-
mating harmonic motion within the hog industry. Hog-corn ratios and commercial hog
slaughter were estimated using lag specification. He determined that both equations were
cyclical in nature with the leng.th of the cycles not significantly different from four years.
His contribution was the concept that distributed iag equations can assist in determining
the true lags involved in time series data, i.e., properly declining weights on past values of
the independent variables.

Heinen (1975) estimated an econometric model based on annual data from 1950 to
1959. Heinen’s model included six endogenou§ variables: (1) farm price of pork, (2) retail
price of pork, (3) pork imports, (4) total supply of pork, (3) total production of pork, and
(6) the total number of hogs slaughtered. The final model estimates obtained by OLS
resulted in significant parameters of the theoretically correct sign. Prediction interval tests
along with short- and long-run response coefficients were also presented. One method
employed to evaluate the forecasting accuracy of the model was prediction interval tests
for observations outside the sample. These interval tests were .feported for the 1970-73
period, a time of considerable fluctuation in both prices and quantities.

Heinen also applied an alternative evaluation of rr;odel performance, thé Chow test.!

This procedure tested whether or not unexplained shifts or structural change occurred

1 See Heinen (1975), p. 374) for a detailed description and use of the Chow test.
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during the 1970-73 period. Extremely low values of the test statistic revealed that struc-
tural change was not evident.

Shonkwiler and Spreen (1982) presented a systematic approach for specifying lead-lag
relationships betvs‘/een hog slaughter and the hog-corn ratio. Their dynamic regression
approach was considered to be another alternative procedure for analyzing the U.S. hog
market. This process allowed explicit tests of causal relationships between variables ny use
of transfer functions, and in specific circumstances provided a means of identifying the
proper distributed lag forms. |

They indicated that the general nature of lag relationships may be described by
theory and observation, Particularly, the dynamic regression technique should allow tﬁe
data to determine the length of the lag. The dynamic regression technigues applied to post-
war hog market data (1946-1979) showed a dampening oscillating cycle of 3.047 years.
In order tp verify this cycle length, analysis of monthly data was alsp conducted. The cygle
length of 3.047 years was again supported.

The length of the cycle calculated by the £ransfer function approach was shorter than
the four year cycles obtained in earlier research. However, Shonkwiler and Spreen’s sample
period inc.lude‘d mbre recent data than earlier studies. The authors suggest that the adoption

of hog confinement operations and the increasing size of present confinement operations

may have tempered the length of the hog cycle.

Distributed Lag Theory

Dependent variables often respond to changes in independent variables over several
time periods. This delayed reaction suggests that lagged explanatory variables should be
included in the model specification, resulting in a dynamic model. There are several reasons
why such a lag structure is necesséry. On the demand side, consumer attitudes, information

dispersion, and habits and customs are impediments to quick adjustment. On the supply
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side biological production pleriods, technology, and producer attitudes serve as constraints
to immediate output response.

Some theoretical justifiéations for specifying distributed lag models are the “‘partial
adjustment” and “adaﬁtive expectations’ hypotheses. The partial adjustmént model is
utilized in situations where the adjustment process does not take place instantaneously.
This delayed reaction may be due to such factors as biological and/or technical constraints,
customs, or rigidities within the industry. The adaptive expectations rn_odel is appropriate
in situations where the level of a decision variable is a function of the expected level of an
independent variable. The latter is usually represented by a weighted structure on previous
levels of éxperience in forecasting the independent variable (Kmenta, 1971). In devéloping
a mode] to explain the hog-pork industry, 'the use of either of these hypo‘theses can be
justified. For example, in the situation where the number of sows farrowing is the decision
variable, the pg,rtial adjustment model is appropriate sincg both biological as well as physi-
cal factors (i.e., sow replacement intervals and farrowing capacity) inﬂugnce the producer
adjustment process. The adaptive expectations model is also appropriate in that decisions
regarding sow herd size are made on the basis of producers’ expectations of returns in mar-
ket hog production (i.e., future slaughter price and feed costs). O.ftentimés the two
hypotheses can be combined into one model, called the compound gebmetric model
(Kmenta, 1971).

A distributed lag model with one dependent variable Y and one independent (exo-
genous) variable X can be written as:

Y, = BoX, + B X, t Xy t oty 0

where e, is the classical additive disturbance term, In this model the effect of a change in
the explanatory variable (X) on the dependent variable (Y) is spread over an infinite time

period. As long as the summation of the g coefficients is finite, the’ lag effects of the
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explanatory variable upon the dependent yvariable would asymptoticaliy dissipate, thus
allowing the dependent variable (Y) to achieve a new equilibrium.

The modei above cannot be estimated directly due to an infinite number of coeffici-
ents, thus resulting in a problem with degrees of freedom. Also, multicollinearity among
the lagged variables would reduce the precision of the parameter estimates. However, the
model can be estimated by reducing it to a first order difference equation with a contem-
poraneous independent variable through the Koyck transformation (Kmenta, 1971).

Finite lag structures are also used in dynamic models. These structures indicate that
after a certain time period lag coefficients assume a zero value. A finite distributed lag
equation can be written as: |

Y, = BoX, + BiXyy * Ba2Xyy * g @
in which all lag coefficients higher than 8; are’assumed to be zero. This modél presents
sevéral statistical préblems. If the lag structure is high, multicollinearity between the lggged
exogenous variables can exist,'resulting in small values of coefficient estimates relative to
their standard errors.. Choice of the lag interval is often arbitrary and without theoretical
basis, which may or may not allow for complete dissipation of distributed lag effects.
Several alternatives have been suggested to handle the statistical problems in both finite
and infinite lag models. Rucker (1980) provides defailed descriptions of these alternative
distributed lag model specifica;cions, including the advantages and disadvantages of each.

Finite lag structures are often utilized to approximate infinite lag structures. Jorgen-

son (1966) presented an application by which infinite lag structures may be approximated

* by estimating a reduced number of parameters. He defined the function as a rational dis-

tributed lag “if and only if it may be written with a finite number of lags in both depen-
dent and independent variables” (p. 138). Jorgenson demonstrated that finite distributed
lag functions, the Koyck geometrib function, and Solows’ Pascal distributed lag function

are all special ¢ases of ratignal distributed lags.
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The class of functions represented by Jorgenson’s rational distributed lag is subject
to the constraint that the sequence of the B; coefficients have a rational generating func-
tion. This generating function, represented by R(L), is written as a polynomial in thenlag
operator £: |
R(ML) =1, +r152+r'2522 + ... 3
Since this generating function is assumed to be rational it may be written as:

a(L)

R@L) = : 4

L) D) )
where a (L) and A (L) are polynomials in L qf order m and n, respek:tively:

a(l) = ag + ;8 +...+am2m (5)

AL) = Ao + AR+ L.+ AN (6)

These polynomials have no characteristic roots in common, therefore, they may be repre-
sented only in ratio form. Normalization of A, at unity is dpne without loss of generality.

Since the sequence §; has a ratipnal generating functipn we may write:

L
Y, = ROX, + ¢ - oDy

t A(L) t + t ‘ ()

where L is the lag operator and LK X, = X i - Multiplication of both sides of Equation (7)

by A(L) yields:

MDY, = «X, + AL e, : _ (8)

Expansion of the polynomial terms yields:

Mg+ AENY, = (@ a2+, . g M) X, +V, C)

N
where V. =A(L) e, = T A, ¢, and is autocorrglated. The final specification of the rational
i= . '

distributed lag function is:
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Yt + >\1Yt-1 + ... )\NYt_N = Qg + alxt_l

+ ...a X

mXem T & FAre ;... Age .y (10)
which transforms Equation (8) into an nth order difference equation with an nth order
moving average error structure. J orgenson showed that a rational lag 'model can approxi-
mate gny arbitrary law function to a desired d‘e,gree; of-accuracy given sufficientl}/ high
values of M and N. |
There are different views of how tp specify the proper order ‘on lag structures in
empirical work. Qne view is that presented by Griliches (1967), where he concluded that
' relatively small changes in parameter estimates imply a variety of possible shapes for the
lag distributions. This group, of Which Nerlove is a member, argues‘ that time series data
is always inexact in nature, therefor_e only rough approximations of lag distributions are all
that can be expected from the data. They propose that the shapes of distributed lag be
based upon economic theory, However, the evolution of dynamic theory is not yet comy
plete (for a disqu,ss-ion of development of .dynamic theory relevant to this problem see
Nerlove (197.2) and Sims (1974)). An alternative view is supported by Shonkwiler and

Spreen (1982) who suggest that the data, in combination with dynamic regression tech-

niques, may itself demonstrate the true distributed lag relationships in the market.

Stochastic and Nonstochastic Difference Equations

Burt (1978) discussed some of the major problems aSSQciated with estimating dy-
namics in agricultural supply response. He discussed the problems with models that rely
upon relevant information through cdmplete specification and a historical data series. He
suggested that low order difference equations can accomplish the same objéctive as a
model ladened with many lagged exogenous variables. He offered a pragmatic justification

for the use of difference equations: (1) a cqmplete series of historical data for exogenous
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variables is not required, (2) the number of model parameters to be estimated is reduced,
(3) a static industry structure is not required, therefore the data sample can be enlarged,
and (4) the problem of lag specification can be minimized. Burt concluded that a low order
difference equation in conjunction with small order lags on the independent.variables can
satisfactorily capture the effects of téchnological, economic, and biological factors that
characterize agricultural supply respbnse.

An estimatiqn approach suggested by Burt is nonstochastic difference equations. A
first order stochastic difference equation is:

Yy

= o+ BX, *AY,, te, ~oan
This equation contains two stochastic elements, the lagged dependent variaple Yt,1 and the
random error term ét' Equation (11) can bé written as nonstochastic:

Y, =« +BX,, + AE(Y, ) +uy, (12)

t
where u, = pe, ; * e, and E(Y, ;) = Yt-l - u,y (.e., the lagged d¢pendent variable js
minus its non-systematic component), |

Every statistical regression equation contains a stochastic disturbance term. However,
whether an equation is viewed as stochastic or nonstochastic is resolved by the manner in
which the lagged dependent variable enters the equation. As shown in Equation (11), a
stochastic difference equation utilizes the observed value of the lagged dependent variable,
while in Equation (12), a nonstochastic difference equation uses the expected value of the
‘lagged dependent variable. Thus, the systematic part of Equation (12) is purely exogenous
even when serial correlation exists in the error structure.

The autorégressive error structure in Equation (12) and/or the lagged expectation of
the depencient variable present estimation problems for ordinary least squares (OLS) due
to nonlinearities in the parameters. Since the parameters in the hpg-pork madel will be

gstimated within the framework of a nonstochastic rational lag structure, a nonlinear
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least squares algorithm (maximum likelihood under normality) will be used. In the absence
of serjous specification error, consistent and asymptotically efficient parameter estimates

shquld result.

Model Development

The adjustment of supplies and prices at all market levels in the hog-pork industry is
hypothesized to be a distributed lag process. Beginning with the supply side, at the farm
level, sow farrowing numbers represent the herd base from which pig crops are generated.
Pig crops and sow inyentories represent the quantity of hogs available for slaughtering and
processing, This quantity is considered primary supply. Since the overall model isa syétem
of market equations, market behavior at 'the slaughter level is described as a jointly depen-
dent relationship between slaughter supply and slaughter prices of barrows and gilts.

The supply of processed pork products in the wholesale market is hypothesized to be
a function of the numbers of barrows, gilts and sows slaughtered and average dressed
weights. Producers tend to finish market hogs at weights desired by packefs, consequently,
the average dressed weights have varied littlé over the sample period.

Cold storage holdings ar¢ also:specified in the model and are estimated at the end of
gach sgmiannugl production period. The quantity of pork in storage is postulated tobea
function of the quantity of wholesale pork producéd and retail price, the latter giving
the signal whether to add to or subtract from storage. The summation o‘f wholesale pork
production, pork cold storage holdings, and pork imports represents the total supply of
pork available at the retail market.

On the price side of the market, the total supply of pork, quantity of substitute meats,
and per capita disposable_: income are hypothesized to influence retail prices of pork. Since
consumers have a strong vote as to-the prices of pork they are willing to pay, retail price

is representative of inverse primary demand in the industry. The farm price, represented by




20
the slaughter price of barrows and gilts, is considered as an inverse derived demand. A
wholesale-to-retail margin is included to provide a link between retail and slaughter prices.
All market equations are estimated with 1969 through 1982 sem“iannuél data, based
on the production peripds December to May and June to November. A larger sample was
desirable but was not availfélble due to data classification changes. All price and income vari-
‘ables are deflated by the Consumer Price Index (1967 = 100) and all production variables

defined in pounds are given on a per capita basis.

Sow Inventory Equation

The breeding herd inventory equation, meé,sured by the number of sows farrowing, is

specified as:

SFt = f, (D2, H/Ct_iE(SFt_j), ult-j) i<
where

SF

; = number of s;ows farrowing, thousands of head, 10 states (endogenous).

D2

n

seasonal dummy variable for the June to November period.

H/Ct-i = hog-corn price ratio, the ratio of the slaughter price of barrow and gﬂts to the
pnce of #2 yellow corn (endogenous).

E(SFt_j) = lagged expectation of thousands of head (predetermined).

Uppg = autoregressive error term.

Feed costs comprise 60 to 70 percent of total pork production ekpenses. Therefore,
the hog-corn price ratio was formed to measure the effect of output price relative to input
costs on the number of sows farrowing. The hog-corn price ratio is typically used in econo-
metric studies to indicate likely profits in future production, however, it does not provide
information on the impadt of the individual price components. It is expected that the ratio

and sows farrowing would be positively correlated.
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The USDA defines a hog-corn ratio as the number of bushels of corn equal in value to
one hundred pounds of live hogs, Efficient producers can usually produce one pound of
pork from three to four pounds of feed. Historically a break-even hog-corn ratio has been
about 18.0.> This ratio has been considered a satisfactory cqnversion for efficient pro-
ducers but not high enough to make a profitable enterpﬁse for the less efficient producer
(Bundy, Diggins, and Christenson, 1976). Because in this model a price ratio is used, and
not the USDA variable, the possibility exists that sows farrowing and the_hog—cbrn price
ratio are jointly endogenbus variables. Therefore, the latter variable is entered as an instru-
ment variable to pursue any potential correlation from the error structure.

The -inclusion of the lagged dependent variable is to account for lags in breeding herd
adjustment due to biological and capa01ty production constraints. For example, mtroduc-
tion of a replacement sow (producer raised) requires at a minimum, three productlon
periods. This interval is incl‘usiye of birth, growth to breeding matyrity, gnd gestation
period, Seasonal influences upon SOWSs farrowing (and other behavioral equations that fol-
low in this model) are accounted for by inclusion of the seasonal dummy variable D2 (Dl',

the December to May binary is omitted).

Slaughter Supply Sector

Barrow and Gilt Slaughter

The quantity of slaughter hogs supplied to packing and processing firms is hypothe-
sized to depend wpon primary supply conditions and other economic variables. More specif-
ically, barrow and gilt slaughter is given as:

'BGSL, = f, (D2, PCyy, BGP, ., PCN, y, E(BGSLy ),y ) K <

2 Alternatively stated, 100 pounds of pork should bring the price of 18 bush;-,ls of corn.
For example, if corn sells for $2.00 per bushel, then 100 pounds of pork should sell for
$36.00.




22

where
BGSLF = barrow and gilt slaughter, thousands of head, 48 states (endogenous).
Pct-k = pig crop numbers, thousands of head (enciogenous).'
BGPt-k = barrow and gilt slaughter price, 7 markét‘ average, averagé‘c‘ost per hundred

weight, dollars (endogenous).

PCN, ;. = price of #2 yellow corn, Chicago, dolars per bushel'(exogenous).

E(BGSLt_j)‘ = lagged expectation of barrow and gilt slaughter, thousands of head (prede-
termined).
Uptg = autoregressive error term.

Pig crop is included as a principal regressor since it represents the technical pool from
Which slaughter animals are drawn. Pig crop is expected to be significant and positively cor-
related with slaughter numbers. The variable itself is generated through an identity relation;

PC, = (SF; X PSPL,)

where
PCt = contemporaneous pig crop numbers, thousands of head (endégen,ous).
SF, = number of sows farrowing, thousands of head, 10 states (endogenous).
PSPLt = pigs saved per litter, number of head (exogenous).

Economic theory suggests that the dﬁantity of a good supplied should be a pésitive
function of its own price. Thus, the slaughter price of barrows and gilts, which represents
“the offer price to p'rodu‘oers (by processors and packers), is hypothesized to be positively
correlated with barrow and gilt slaughter. Due to the potential joint dependency between
slaughter price and slaughter numbers, barrow and gilt slaughter is treated as an instrument

variable.
The purpose in specifying the price of corn is‘ twofold. First, changes in feed costs

could cause the number of barrow and gilts slaughtered to vary in a specific time period
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because of feeding to different weights; and second, feed costs can influence the number of
gilts retained for breeding. Since slaughter weights may be more determined by packers,
gilt retention may be the most 'important factor. Thus, if corn prices decline, barrow and
gilt slaughter in the current period may decline since it may be profitable to add more gilts
to the breeding herd.

The supply of slaughter hogs in any given period is also dependent upon allocaﬁon
of production resources during previous production periods. This is partly reflegted in
capacity constraints. In order to account for these effects the lagged dependent variable is

also specified gs a regressor.

Cull Sow Slaughter

In any viable production process the replacement of physical production capital is
mandatory, For pork producers, economic and biological factors (including the age of sows)
are criteria upon which replacement decisions ar¢ made, Cull sows érp usually sold to
packers and processors because of lack of produ'.ctivity and/or popr economic conditigns in
farrowing operations (i.e., high feed costs relative to barrow and silt prices). Thus, sow
slaughter is the direct result of replacement decisions to increase or decrease breeding herds
based upon expected returns. The equation is specified as:

SSL, = fi (D2, SOWP, ;, H/C, ;, E(SSL, ), uz, ) i< j

t-i>
where
SSL, = sow slaughter numbers, thousands of head, 48 states (endogenous).
SOWP, ; = sow slaughter price, .7 market average, average cost per hundred weight,
doliars (endogenous). '

H/Ct = hoqg-corn price ratio, dollars (endogenous).

-1
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E(SSLt_j) = lagged expectation of sow slaughter numbers, thousands of head (predeterr
mined).

Usy s = autoregressive error term.

Economic theory suggests inclusion of own price as a principle regressor in a supply
equation, thus, the specification of sow price above. However, since the major objective of
pork producers is not to produce slaughter sows, sow slaugﬁter price islmerely specified as
a measure of salvage value. It is not expected to be highly significant. |

As mentipned earlier, potential profits from current and future pork production are
measured by the hog-corn price ratip. This variable is expected to have a negative impact
on sow slaughter. For example, an increase in the price ratio may encourdge producers to
carry marginal sows into future production periods.

Through an identity relationshjip total slaughter numbers can now be transformed
into poungds Pf domestic processed pork; ‘ | .

QWP, = [(BGSL, + SSL,) X ADW,]

where

fl

QWP,E = quantity of wholesale pork produced, millions of pounds (endpgenous).

BGSL,; = barrow and gilt slaughter numbers, 48 states, thousands of head (endo-
genous).
SSL, = commercial sow slaughter, 48 states, thousands of head (endogenous).

t

i

ADWt average dressed weight of hog carcasses, pounds (exogenous).

This multiplicative transformation from number of head to number of pounds of processed
meat provides the link between producer and retail supplier. Since the slaughter variables

are endogenous, they are entered as instrument variables.
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Stogks of Po;k

Cold storage holdings of pork are representative of the quantities of processed pork
held from one production period to the next. The commociify has a limited storage lifg,
usually not exceeding one year, The importance of cold storage holdings of pork is revealed
by the fact that, on a monthly basis, its quaﬁtity is about 10-15 percent of domestic
production, -

The specificatipn of pork cold storage holdings is given as:

STK, ¥ f, (D2, QWP ;, PR, ;, B(STK, ), ugy ) 1 < j
where
STKt = quantity of storage holdings of pork at the end of the production period,
millions of pounds (endogenous). |
QWP, ; = quantity of wholesale pork produced, millions of pounds (endogenous).

RR retail price of pork, dollars per hundred weight (endogenqus),

AN

t-d
B(STK,

Eil

lagged expectation of stocks of pork (predetermined).

Uge = autorggressive error term.
Since stocks represent the difference between current copsumption and current production
at a given equilibrium price, it is hypothesized that increases in retail price (due to increased
demand) would entail a decrease in pork stocks (Toinek and Robinsgn, 1981, p. 100).
Quantity of wholesale pork production is also included as an explanatory variable. Ali
other variables constant, it is expected that increases in production would lead to ingreased

stocks.
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Slaughter Price Sector

Barrgw ar‘1d Gilt Slaughter Price

The demand price of slaughter barrow and gilts by meat packers and processors is
considered a derived price due to the fact it is based on consumer demand. The distributed
. lag eqﬁation is spegfjﬁgd as:

— ! W-R . .
BGP, = f; (D2, BGSL,;, BPV, ;, M{Y ®), E(BGP, ), us, ) i<

t-i?
variables are defined as
BGPt = slaughter price of barrows and gilts, 7 market average, average cost per

hundred weight (endogenous).

BGSL, ; = commercial -slaughter of barrows and gilts, 48 states, thousands of head
(endogenous).
BPV, ; = farm by-product value, centers per pound (exogenous).

Mt(‘iv ‘R) = wholesale-to-retail marketing margin, cents (exogenous).

lagged expectation of barrow and gilt slaughter price (predetermined).

i

E(BGP, )

Usyy = autoregressive error term.

The adjustment of hog slaughter price to changes in farm levél production is accounted
for by lagged commercial slaughter. Since contemporaneous barrow and gilt slaughter is a
jointly endogenous variable, it enters the regression equation .as' an instfumgnt variable.
Past slaughter numbers are assumed to explain slaughter price because of the adjustment
lags in slaughter anjmal production.

Firms that process pork essentially produée two outputs: (1) by-products from live
hogs and carcasses, and (2) retail pork cuts, with the value of by-products being considera-

bly less. The meat processing industry, however, depends highly upon these by-product
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values to cover slaughter costs and profit margins. A priori, an increase m theé value.of by-
products would be expected to increase packer demand for slaughter hogs, hence, an
increase in slaughter price.

Economic theory suggests that marketing rﬁargins are shifters of derived demand
(Tomek and Robinson, 1981). In this model the wholesale-to-retail marketing margin is
specified as a exogenous variable, cdnsisting of the costs of processing hog’ carcasses and
distributing the cuts to retail outlets. Otner variables constant, an increase in the value of .
the marketing margin would decrease packer demand for slaughter h_ogs; hence a decrease

in slaughter price.

Sow Slaughter Price

Slaughter prices for cull sows average lower than prices of market barrows and gilts.
This is due to the fact that sow prices represent the salvage value of depreciating breeding
herds; also, their meat quality is usually inferior. The behavioral equation is specified as:

SOWP, = fs (D2, SSLy ;, PR, ;, E(SOWP, ), us ) i< j

t-i’
where

SOWP, = slaughter price of cull sows, 7 market average, average cost per hundred
pounds (endogenous).

SSLt_i = commercial sow slaughter, thousands of head, 48 states (endogenous).

PRt-i = retail price of pork, dollars per one hundred pounds of carcass (endogen-
ous).
E(SOWPt_j) = lagged expectation of sow slaughter price (endogenous).

Ugry = autoregressive error term.

Commercial sow slaughter enters the equation as an instrument variable because of its
suspected correlation with the error term. This variable is expected to be significant and

exhibit an inverse relationship with sow price.
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Producer objectives are centered on market hog production, and sow slaughter is
viewed as a residual function. Therefore, based on age, past production, and current physi-
cal condition producers view cull sows in two categories: (1) sows with total depletion of
reproductive capability, and (2) sows with marginal reproductive capability. It was shown
earlier that the hog-corn price ratio impacts the numbers of sows slaughtered, hence, indi-
rectly it also affects sow price. In addition to slaughter numbers, retail price should be con-
sidered since it is a barometer of primary demand for pork. Thus, if there is an increase in
primary demand for pork, pait of this demand is met by cull sow slaughter. Ceteris paribus,
it is expected that an increase in retail price would increase the cull price of sows. Since
retail price is endogenous, correlation with the error structure (u6t) is suspected, thus, it

enters the equation as an instrument variable.

Retail Price of Pork

Primary demand for pork is established at the retail level. Inverse demands, or retail
pork price, is expressed as:

PR, = f; (D2, TSP, ;, QB,;, QPLT, , Y, , B(PR, ), uyy ) 1 < j

where

PRt = retail price of pork, dollars per one hundred weight (endogenous).

TSP, ; = total supply of pork, millions of pounds (endogenous).
QB,; = commercial production -of beef, millions of pounds (exogenous).
QPLT, ; = poultry production, federally inspected, millions of ﬁounds (exogenous).
Y, .. = per capita disposable personal income, dollars (exogenous).
E(PRt_j) = lagged expectation of retail price, dollars per hundred weight (predeter-

mined).

Ugpg = autoregressive error term.
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The total supply of pork available at the retail level is the summation of wholesale

pork production, cold storage holdings, and pork imports. The identity relationship is

fepresented by:

TSP, = (QWP, + STK, + IMP)

where
TSPt = retail supply of processed pork, millions of pounds (endogenous).
QWP, = quantity of wholesale pork produced, millions of'pounds (endogenous).
STK, = quantity of processed pork in storage, beginning of production period,

millions of pounds (endogenous).

IMPt pork imports, millions of pounds (exogenous).
Another equation, the disappearance of pork at the retail level, is also given to demon-
strate an equilibrium relationship. It is given as:

TDP, = (CONS, + EXP, + ESTK,)

where

TDP, = disappearance of processed pork at the retail level, millions of pounds

t

(endogenous).

CONS, = domestic consumption of pork, millions of pounds (endogenous).

EXP pork exports, millions of pounds (exogenous).

t
ESTK, = quantity of processed pork in storage, end of production period, millions

of pounds (endogenous).
Both supply and demand conditions must be consi.dered in the determination of retail
price. Equﬂibx,_-ium price in the retail market is representative of the condition that total
supply equals total disappearance. That is, this model indicates that retail price depends

upon more than'just domestic consumption, but cold storage supplies and the'export—'

import trade.
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The endogenous nature of retail pork supply requires that it ehter the regression equa-
tion as an instrument variable. Other factors constant, it is Hypothesized that increases in
the per capital supply of processed pork would reduce retail price since production,
imports, and movements of pork out of cold storage would only be _so,ld at lower prices
to consumers.
Per capita beef and pork production are specified in the retail pork price equation to

account for substitution effects. A priori, increases in either variable-would be expected to

. decrease pork price due to the reduction in the demand for pork.

Per capita dispbsable income is included as a regressor.to measure the impact -of
chaﬁges in consumer purchasing power on the retail price of pork. It is expected that
increases in per capita income would increase retail price since the demand schedule for

pork would increase (positive income effect).
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CHAPTER 3
EMPIRICAL RESULTS |

The maintained hypotheses presented in Chapter 2 represent the dynamic s’tructur_e of
the pork supply and price model, In all, there are seven structural and four identity equa-
tions. This chapter presents the statistical results and the economic implications of each
behavioral equation. It should be noted that the final equations may not éxactly match the
maintained hypotheses since certain variables may be omitted due to lack of statistical sig-
nificance. Table 2 presents the regression results of the supply sector and Table 4 presents
the regression résults of the price sectc’>r. Tables 3 and 5 present the short, intermediate,

and long term price flexibilities and supply elasticities specific to the model equations.

Sow Farrowing Equation

The final sow faﬁoWing equation is estimated as a function of two binary variables,
- lagged barrow and gilt slaughter price, lagged corn price, and a second order nonstochastic
difference equation with negative first order serial correlation. The regression results are
summarized in Table 2. All signs of the estimated coefficieﬁts meet a priori expectations
and the asymptotic t ratios, overall, are good. The fit of the equation (1_12 =.90) appears
_ comparable to that of Harlow (1962).

The two binary variables, D2 and D (1982:1), are respectively included to measure
seasonal production and to account for an extreme Observation in the data sample. Season-
ality in farrowings is evident since spring sow farrowings average larger than fall sow far-

rowings. The binary variable D (1982:1), represents the December to May period of 1982.




Table 2. Regression Results for Sows Farrowing, Sows Slaughtered, Barrows and Gilts Slaugntered, and Pork Cold Storage

Holdings.?

VARIABLESD

Equations Intercept DOpf D(82:1) 02 BGP BGP-1 BGP-2 PCN PCN-1  PCN-2 H/C H/C-1 PC PC-1 PC-2 QWP E(Dep-1)¢ E(Dep-2)°
SF 2073.5 -805.03 -228.04 -54.28% 104.51 -33.495 -234.82 -996.87 802.05 .9605 -.2n3

(5.654) (-5.051) (-.903) (-4.889) (5.269) (-1.666) (-.869) (2.164) (2.950) (6.619) (-2.767)
SSL -mM.7 1393.7 -15.908  33.500 1.571 -.6743

(-3.953) (5.592) (-1.676) (3.652) (16.957) (-8.015)
BGSL 20605.0 -1866.9 -951.95 -325.13 176 144 .243

(2.300) (-1.161) (-2.483) (-3.128) (1.589) (1.642) (2.820)
STK -.0496 -.0291 .000041 .426

(-1.650) (-3.915) (3.648) (2.192)

a
The asymptotic t-ratios are in parentheses under each coefficient. All variables are significant at the 95 percent probability level except
seven; they are D2, BGP-2, PCN, H/C, Dpf, PC, and PC-1.

quuation test statistics are defined as: §2 = adjusted multiple R-squared, Sy = standard error of the estimate, DW = Durbin-Watson statistic,
and p= autoregressive term. The test statistics for each equation are: SF, the ﬁz = .9020, Sy = 188.354, DW = 2.365, p = -.323; SSL, the
R2 = .7267, Sy = 220.746, DW = 1.994, pnot specified; BGSL, the RZ = .8561, Sy = 1473.033, OW = 1.996, p = .850; STK, the R% = 7225, Sy =
.0149, DW = 1.550, p= .455.

cE(Dep-l) = the lagged expectation of the appropriate dependent variable.
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During the 1981-1982 period there were market irregularities due to unusually low sow
slaughter prices, increased corn prices, and financial strain from high interest rates (USDA).
Overall, a national breeding herd reduction that began in the late 1970s overlapped into
the early 1980s. However, an abrupt halt in this process yielded an inconsistency in sow
farrowing numbers for 1982. The Economic Research Service of the USDA stated:
Producers are not reducing output as much as they indicated on June 1. In-
stead, they are responding to a $8-per-cwt. increase in hog prices over the past 4
months, a 62-cent-a-bushel drop in corn prices since July, and prospects for even
cheaper corn later on. Farrowings in the major producing States during June-
August were down 4 percent from a year earlier, instead of the 7 percent decline
stated in the June Hogs and Pigs report. In addition producers indicated on Sep-

tember | that they intend to have 6 percent fewer sows farrow during Septem-
ber-November much less than the 11 percent decline indicated earlier. ..

Table 3. Estimates of Supply Elasticities from the Pork Model.?

Equations BGP PCN H/C PC QWP
SF -,212 -.056
£215) (-.421)
[.210] [~.329)
SSL -.120
(.126)
(1.289]
BsLP -.149 194
.158
.266
STK 1.092
(1.756)
[1.902])

3The top number in each row represents the short run effects, intermediate run effects
are in parentheses, and long run effects are enclosed by brackets. These elasticities
are evaluated at their respective means.

bThe top number represents the six month elasticity, the second number indicates the
twelve month effects, and the third number is the eighteen month effect.

1U.S. Department of Agriculture. Economic Research Service. Livestock and Meat Statis-
tics. Bulletin Number 243. Washington, D.C.: Government Printing Office, October 1981

(p. 6).
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As‘ a result of the change in anticipated reductions, farrowing numbers in June-November '
.1982 were larger than the Dec_:ember-May 1982 férrowings; which is consistent with the
‘negative sign of the dummy variablé.

Inclgsion of the hog-corn price ratio as a measure of profitability in farrowing opera-
tions yielded unsatisfactory statistical results. Consequently, compound parts of the ratio .
were specified as separate regressors, Because of the endogenous nature of cantemporans-
eous slaughter price, it was specified in the‘regression as an instrument variable. The nega-
. tive coefficient of contemporaneous price is valid given the biological production con-
straints which exist in the industry. The summation of the contemporaneous and lagged

. 1

slaughter price (periods t-1 and t-2) coefficients is, however, positive which indicates that
producers expand farrowings beyond one-time period following an increase in output
price. The estimated short-fun supply elasticity shows that a 10 percent increase in barrow
and gilt slaughter price will decfease contempQraneous farrowingq by 2.12 percent, pﬁv
marily since g-ﬂts retained far breeding purposes require at least 12 months before farrow-
ing. This biological constraint is less restrictive in the intermediate run where a 10 percent
slaughter price increase yields a 1.2 percent increase in sow farrowing numbers.

The hegative effect of corn price on sow farrowings (shown by the summation of the
corn price coefficients) is consistent with the maintained hypothesis; that is, an increase in"
corn price implies decreased returns in farrowing operations due to increased feéd costs.
Concluded from the intermediate and long run elasticities of supply, the percentage effects
of corn price on farrowing decisions exceeds the percentage effect of barrow and gilt
slaughter price. This may be somewhat unusual in that output price in livestock production
decisions generally have a greater weight than input prices. Both elasticities, however, are
relatively small. Dixon and Martin (1982) attribute such low oufput price and input price

supply elasticities to fixed investment in confinement technology.
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The sizes of the estimated difference equation coefficients, .96 and ~.27, indicate that
the difference equation is stable and possesses imaginary roots. Thus, the behavior of sows
farrowing subsequent to a change in either slaughter price or corn price is cyclical, dampen-
iné rather quickly due to the small absolute value of X, (.27). Though these oscillatory pat-
terns are not a direct measure of the hog cycle, they appear to be consisteht with the
average length of the oy'cle. For example, the distributed lag patterns of sows farrowing
show that the effeétﬁ of barrow and gilt price and corn price tend to dissipate within three
to five years (the average length of the hog cycle is about four years). One reason for the
three to five year dissipation period is the time lag required in adopting newer technology
and/or adjustment to price changes. Also, some producers may be reluctant to make rapid
production adjustments based only on a recent price change. That is, they are expecting
continuous changes in input-output prices. This reasoning is also supported by Marsh

(1984) in his econometrjc stpdy of the slaughter se¢tor of the livestpck-meat economy.

Slaughter Supply Sector _—

\

The processing sector consists of three behavioral equations, barrow and gilt slaughter,
SOW slaughter, and cold storage holdings. The statistical results of these equatjons are sum-

marized in Table 2, and the elasticities of supply are given in Table 3.

Barrow and Gilt Slaughter Supply ' ‘

Barrow and gilt slaughter is estimated ds a function of a seasonal dummy, a binary
variable accounting for irregular }narket behavior in the 1973, contemporaneous and lagged
values of the pig crop, the c_ontempo,raneous. hog-corn prige ratio, and first-order positive
serial correlation. The difference equation coefficierits were not si;gnificantly different
from zero and, consequently, omitted. The signs of the contemporaneous and lagged

parameter estimates appear to satisfy a priori expectations.
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The positive coefficients of the pig crop variables indicate that barrow and gilt
slaughter incrgases subsequent to larger pig crops. The summation of the copefficients is
.56, inFiicating that the remainder (.44) is a combination of statistical error, death loss, and
gil‘t and boar retention. Thus, for évery 1000 head increase in pig crop in time period t,
over three time periods 560 hea& are slaughtered. The contemporaneous pig crop variable
i,s'considered endogeno‘us and enters the equation as an instrument varjable (since pig crop
is the product of sow farrowing numbers and pigs saved per litter). Lagged pig crops are
assumed predetermined,

The hog-comn price ratio represents the relationship of market output price to feed
cost in the finishing of slaughter hogs. The variable is assumed jointly endogenous and is
therefore entered as an instrument variable. Note that the ratio is signiﬁcant only in the
cbntgemporaneous time period and exhibits a negative relationship with barrow and gilt
slaughter pumbers. This qQgeurs gincle an increase in the price ratio, all other faptgrs
unchanged, leads producers to retain more gilts for breeding purposes. Also, but probably
a weaker argument, an increase in the price ratio could lead some producers to fged bar-
rows and gilts to heavier slaughtér weights (thus, carrying them into period t+1). Th.is
might be partiqularly so for lighter hogs near the end of the semiannual period.

A binary variable, Dpf, is included for the second period of 1973 to account for mar-
ket irregularities. During this time institutional change, the Nixon price freeze on beef,
poultry, and pork affected the market. This event, coupled with the 1973 consumer beef
boycott and the commerc'ial truckers’ strike in early 1974 produced artificial restrictions
on prices. After the lifting of the freeze sﬁbsequent commodity price adjustment problems
occurred as a result of producer uncertainty. Coefficient of the binary variable is signifi-
cant at the 90 percent level and negative correlation with barrow and gilt slaughter indi-
cates that market hogs were withheld from slaughter. The equation fit and stability were

improved by inclusion of thijs variable.
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Sow Slaughter Supply

Sow slaughter is estimated as a function of the seasonal dummy yariable, the hog-corn
price ratio, and a second order nonstochastic difference equation. Initially, a first order
serially correlated error term was included in the regression equation, but was deleted due
to statistical insignificance. |

Sow slaughter and sow farrowings are quite similar in terms of their seasonal produc-
tion patterns. Sow slaughter is seasonally largest during the June-November production
period, this result is confirmed by the positive coefficient of D2.

A negative correlation exists between the dependent variable and the contemporan-
equs hog-corn price ratio, while a positive correlation characterizes the relationship for the
ratip lagged one period. This pattern reflects both an economic and biological slaughter
responsg, Initially, an increase in the hog-corn ratio is a signal for better pfoduc'tion returns,
thus, more gilts will be retained to increase production capacity, Also, some margipally
productive sows may be retained for farrowing purposes rather thah.marketed for slaughter.
The short-term supply eiasticity is -.12, indicating that giv'en é-change in the hog-corn
ratio, producers do not greatly vary culling rates in the initial period. The positive intér-
mediate and long term supply elasticity estimates (.12 and-1.2, respectively) reflect the
biological conditipn that more cull sows ate slaughtered due to increased breeding herds.

The difference equation is stable and has imaginary roots. Thus, sow slaughter behaves
cyclically given a change in the hog-corn p;ice ratio. This fesult is consistent with the stable
oscillating pattern that characterizes sows farrowing. The' distributed lag patterns reveal
that sow slaugh:cen adjustment to a change in the hog-corn price raﬁo peaks in twq angd one-
half years and dissipates around five years.

The adjusted R? (.73) is relatively low fof this equation and the estimated standard
error of (220.8) is relatively high. However, estimating cull glaug‘hter is wsually difficult

because of the randomness in producer decisions, characteristics of different productjon
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units, and varying financial positions of producers. The inability to quantify these factors

gives rise to a rather large residual sum of squares.

Pork Storage Supply

The statistical results for the pork storage supply equation are suﬁmarized in Table 2,

' Co_lq storagg holdings arg estimated as a function of the seasonal dummy variable and conr

temporaneous quantity of slaughter. production. A first-order nonstochastic difference
equation with a positive first order serial correlation is employed.

Retail price was initially specified in the stock equation (see the maintained hypothe-
sis, Chapter 2),-hovaer, it was omitted because of an insignificant asymptotic t ratio.
Assuming no serious specification errors, the coefficient’s insignificance implieg that pro-
cessors add to and subtract from cold storage primarily to provide a buffer between con-
sumption and production.

Wholesale pork production (QWP) js statistically significant in terms of impacting
cold storage holdings. Wholesale pork production is formulated by the use of an identity
relationship, i.e., the summation of barrow and gilt slaughter and sow siaughter multiplied
by their average dressed weight (Chapter 2). Since hog slaughter nuﬁbers are endpgenous

. in the model, instrument variables estimated from reduced form equations enter the iden-
tity. The ¢ontemporaneous value of wholesale production is specified in the cold storage
equation beéaus¢ of the limited storage life of fresh and processed pork, and the fact that

. lagged values are not needed due to the presence of the difference equation.

‘The responsiveness of cold st,o.rage' holdings to changes in wholesale productionﬂ is
slightly higher than unity in the short run. That is, over a six month period, a 10 percent
increase in wholgsale production will increase storage holdings by 10.9 percent. Over the
long run, the 10 percent ingrease in wholesale production increaseé pork storage holdings

about 19 percent.
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The first-order nonstochastic difference equation is stable with the value of the esti-
mated difference. equation term at .42. This implies a relatively small long run supply elas-
ticity because of the short geometric adjustment period. This rapid adjustment process is
consisfent with the semi-perishable nature of pork. Stocks of pork also exhibited consid-
erable seasonal fluctuation, primarily based on the need to store pork products for con-
sumption at times different from their seasonal production. Indeed the negati‘ve coefficient
sign on D2 indicates stocks are down in the June-November time period (compared to the

December to May period) when seasonal consumption is usually higher.
Price Sector

The regression results for the farm and retail price equations are summarized in Table

4, The.price flexibilities are given in Table 5.

Barrow and Gilt Slaughter Price

The price of slaughter barrow and giltsr is estimated as a static equation with fipst
order serial correlation. The independent' variables include 3 seasonal dummy, contempor
raneous farm by-product value, retail price, corn pricg, and contemquaneous slaughter
supply. Attempts to estimate this equation within a rational distributed lag frame\;vork
produced unsatisfactory results. Statistical results based on the.six month obsgrvation
period indicate that prgvious carcass prices do not affect current prices. This result could
be due to the short-term nature of meat packer pricing decisions. Typically wholesale
prices are determined by the yellow sheet and through bid-offer negotiations between
packers and retailers, which may occur weekly or even on a daily basis. These negotiations
highly impact hog prices. The static specification of this market sector is also supported b_y'

comparable findings in the beef industry by Brester and Marsh (1983).




Table 4. Regression Results for the Sow Slaughter, Barrow and Gilt Slaughter, and Retail Price Equations.?

VARIABLES®

Equations Intercept Dpf D2 SSL BPV PR PCN BGSL Qs ¥ Y-1 TSP TSP-1  E(Dep-1)¢
SOWP 10.189 1.468  2.166 -.00496 .278
(1.567) (.741) (2.629) {(-3.062) (4.275)
BGP 22.402 -.618 2.998 172 -3.268 -.00043
(3.554) (-2.290) (4.399) (4.775) (-2.693) (-3.098)
PR 86.552 6.539 -8.259 .023 -.022 =22:692 " 15.397" .1 942
(3.029) (2.269) (-3.991) (7.315) (-7.366) (-9.340) (5.382) (20.668)

®The asymptotic t-ratios are in parentheses under each coefficient. All variables are significant at the 95 percent probability
level except one, Dpf.

quuation test statistics are defined as: RZ = adjusted multiple R-squared, Sy = standard error of the estimate, DW = Durbin-Watson

statistic, and p= autoregressive term. The test statistics for each equation are: SOWP, the R® = .8608, Sy = 1.858, DW = 1.653,

o = .530; BGP, the RZ = .9720, Sy = .965, DW = 2.384, p = .662; PR, the RZ = .9199, Sy = 3.099, DW = 1.908, p not specified.

CE.(Dep—l) = the lagged expectation of the appropriate dependent variable.

(014
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Table 5. Estimates of Price Flexibilities from the Pork Model.?

Equations SSL  BPV PR PCN  BGSL Qs Y TSP

SOWp” -.546 .981

g :

BGP 2408 U830 PELT100 g ag

PR -.979 1.119 21,513
(=2:973) (1SE2Y 1(=1:776)
[=17.148) . [1.132) ' [=6.p18)}

a X
The top number in each row represents the short run effects, intermediate ryn effects
are in parentheses, and long run effects are enclosed by brackets.

These numbers represent the six month effects.

The negative coefficient on the seasonal dummy variable is consistent with lower hog
slaughter prices in the second half of the year due to seasonally larger slaughter supplies.
Carcass by-product values exhibit a positive relationship with the dependent variable,
which is plausible since by-product values cover processing costs and profit margins. The
short run price flexibility shows that a 10 percent increase in the value of by-products
Jeads to a four percent increase in slaughter hog prices. This percentage effect is very close
to the impact of carcass and slaughter by-product values of fed slaughter steer prices
(Brester and Marsh, 1983).

A wholesale-to-retail marketing margin was initially specified in the equation to pro-
vide a link between the processing and retail markets. However, its coefficient was not
statistically different from zero. This was partly due to collinearity with other regressors.
However. Foote (1958) shows that substitution of retail price in the right hand side of the
equation can accomplish the same necessary market link between the processing and retail
levels. The jointly dependent nature of retail price required it to enter the systematic part
of the equation as an instrument variable. The coefficient estimate of retail price is posi-

tive and statistically significant, which implies an increase in retail demand increases the
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derived demand, thus, the price of slaughter hogs. Thé price flexibility coefﬁcieﬁt shows
that a 10 percent increase in retail price increases slaughter price by about five percent.

The negative coefficient estimate for the price of corn is in agreement with most
studies that show l_ivestock prices are inversely correlated with feed costs. In this equation.
the price flexibility is quite small at -.199. Thus, it apbears that the other regressors over-
shadow its importance. Marsh found similar results in the beef industry when feed costs
impacted slaughter steer prices less than other price and production variables.

Contemporaneous barrow and gilt slaughter enters the equation as an instrument
variable. Its negative coefficient is in agreement with economic theory, since parrow and
gilt prices decline with additional slaughter supply on the market. Note from Table 5 that
among the price flexibility _coefficients that the percentage impact of barrow ar;d gilt

slaughter exceeds the percentage impact of the other independent variables.

Sow Slaughter Price

The sow slaughter price equation is estimat\ed as a function of two binary variables,
contemporaneous sow slaughter, retail price, and first-order serial ;orrelation in the error
term. The coefficient signs of each variable are as hypothesized and, with the exception of
one, are statistically significant. The adjpsted R? of .86 is lower than those of the other ‘
price equations, but isA somewhat typical _o.f estimating prices and quantities in cull live-
stock markets.

The binary variables specified are D2 and Dpf. The seasonal variable, D2, reveals a
significapt positive correlation with the dependent variable. This appears contrary to
a priori reasoning. Although the majority of sows farrow during the first semiannual period
with increased culling occurring in the second, the effect is offset by seasonally higher pork
demand (i.e., retail pork price) in the second period. As dislcussed earlier, the Nixon price

freeze and consumer beef boycott of 1973, and the commercial trucking strike in early
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1974 were institutional changes in the market. The positive coefficient of Dpf ;eveals that
these actions led to higher sow slaughter, however, the asymptotic t ratio indicates it was
not signiﬁcan.tly different from zero-. ‘

The quantity of sows slaughtered is negatively correlated with sow slaughter price;
The empirical results show that a 10 percent increase in sows slaughtered reduces the cull
sow price by about 5.5 percent. Significance is not surprising sinice the salvage value of a
livestock unit would be highly influenced by the supply of depreciated livestock marketed.

Changes in consumer demand aft the retail level usually impact variables in the market-
ing z‘md production sectors: Retaﬂ price is included in the sow slaughter price equation to
quantify the effects from the primary level of demand. For example, increased consumer
demand for pork translates into higher slaughter prices for all hogs because of the increase
in demand for all pork meat. Quantitatively, a 10 peréent increase in retail price results in

9 percent increase in sow slaughter price.

Retail Pork Price

Retail pork price is estimated as a first-order nonstochastic difference equation. The
independent variables specified are the seasonal dummy, per capita disposabie incofne for
periods t and t-1, total supply of processed pork in periods t and t'1 , and the contemporan-
eous value of meat substitutes. All signs of the estimated coefficient are as anticipated. The
statistical results are presented in Table 4 and the price flexibilities are given in Table 35,

Theoretically, meat substitutes for pork are shifters of retajl demand and should have
an inverse effect on price. That is, in the case of substitutes, an increase in their supply
reduces the demand for pork, hence, pork price. The primary substitutes for processed
pork are beef and poultry. Initially; these variables were specified as separate regressors
in the maintained hypothesis. Howe\}er, the asymptotic t-values indicated their individual

effects were not significantly different from zero, partly due to a multicollinearity problem.
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Consequently, the two were aggregated into one variable, QS, to account for'the competi-
tive effects on retail pork price. It can b;a seen that the negative impact of pofk substitutes
is large as given by the price ﬂexibility coefﬁcients for various-lengths of run.

Per capita disposable income, a shifter of priméry demand, is a measure of consumer
purchasing power. The model shows that reta.il. pork price adjustmenfs, subsequent to
increases in this variable, are poéitive:. For examplé, a $.1 00 increase in 'pe.r capital disposa-
ble income incréases contemporaneous retail pork price by $2.30 per hundred weight. The
estimated short- and long-run price flexibilities with .respect to income are aI-)out the same
.at 1.12 to 1.13. These estimates compare favorably with those of Arzac and Wilkinson
(1979). It is interesting to note thaf the retail income price flexibility fo.r beef is higher
than that for pork (Brester and Mmsﬁ, 1983). Consumption of pork and its adjustments to
changes in income is unique since consumers perceive pork aé lower quality .meat when
compared o beef. Consumers allocate a larger proportion of temporary (éhortlrun) and
permanent (long-run) increases in di'sposable income to beef consumption than to pork
consumption. However, as evidenced by the positive income flexibility estimates, con-
sumers view pork as a normal good (i.e., early statistical _studies showed pork to have a
negative income elasticity of demand). This may be due, in part, to increased promotion
activities of fhe National Pork Prodﬁcers Council and pbrk‘ producer support groups aimed
at consumer education. '

The total supply of processed pork is an aggregate measure of all processed pork, and
is derived from an identity relationship of wholesale pork production, cold storage hold-
ings, and pork imports. Since production gnd cold’ storage are jointly endogenous., they
enter the identity equation-as instrument variables. The collective impact 'on pork price of
total supply of processed pork for periods t and t-1 is negative. However, based on the
. price flexibility coefficients, 'its importance is rélatiir'ely Iess than the .competitive supply

effects of beef and pouliry.
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The size of the estimated difference equation coefficient (.942) is indicative of a long
geometric adjustment process. Under normal conditions a 1 cent per pound increase in.
retail pork price in period t leads to: a .9 cent per pound increase in t+1. Since the poly-
nomial denominator of the rational lag function is imposed across all the independent vari-
ables, the distributed lag effects of income, substitutes, and pork supply ate all geometric
in nature. Because of the large valu:e‘ of the difference equation coefficient, the long run

flexibility estimates for all these independent variables are large.
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CHAPTER 4
CONCLUSIONS

Changes-il} producer expectations and technological advancements have £esu1tedl in
the adoption of capital intensive production practices in the pork industry. Likewise,
changes in pork consumption and marketing practices have takén place. All thése changes
together have produced a dynamic market in which analysis of prices and quantities is
more comp;lex. A dynamic economefric model empIQying rational distributed lags was
used to estimate the pork price and supply sect-ors at the producfion, processing, and retail
levels. Semiannual data from 1969 through 1982 was used in the model, The system of
equations at these marketing_ievels were logica,lly linked by appropx:iate;' prige and quqntity'
variables. The coefficient estimates specific to the model equations w'ere utilized {o calcu-
late short, intermediate, and long run supply elasticities and price flexibilities. The various
length of run effects were useful in analyzing the distributed lag patterns of the endogen-
ous variables (given changes in the exogenous regressors). |

The number of sows farrowing (the herd inventory equation) served as primary sup-
ply, and was estimated as a function of laggéd barrow and gilt slaughter price and lagged
corn price. The second-order nonstoghastic differencé equation possessed imaginary roots,
showing a cyclical pattern, which reflected biological and economic constraints in produc-
tion. The time period of dissipation for the cyclical pattern was reasonably close to pre-
vious studies that estimated the length of the hog cycle. The interdepéndent .variables,

slaughter price and corn price, were statistically significant and served as the decision base
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for expanding or contracting farrowing enterprises. The elast‘icity of supply for each varia-
ble was relatively small, reflecting, over the sample period, high inVestmgnt_costs in con-
finement technology.

Commercial sow slaughter was estimated a;s a function of a lagged hog-cormn price ratio
with a second-order nonstochastic difference equation. The hog-corn ratio served as a
proxy for producers’ expectations of returns in farrowing sows, thus, directly affecting
‘sow slaughter decisions. Since the b.re‘eding herd represents the pool upon which sow
slaughter is based, increasgs in the hog-corn price ratio resulted in increased sow slaughter.
The difference equation allowed the model to account for this biological ége factor.

Barrow and gilt slaughter was estimated as a function of a binary variable, the con-
temporaneous hog-corn price ratio, and lagged pig crops. The binary variable was ilncluded _
to addre;ss peculiarities that existed in market behavior during the. 1973-74 period; that is,
the 1973 Nixon price freeze, consumer beef boycott, and a commercial t;uclﬁng strike in
early 1974, This variable praoved to be significant and imp}'oved the equﬁtion test éta’;istics.
Barrow and gilt slaughter appeared to be quite sensitive to the hog-corn price ratio, pri-
marily through changing the number of gilts held for breeding purposes and feec_iing
slaughter hogs to different weights. Pig crop was calculated by an identity relationship, i.@.,
the number of sows farrowing multiplied by average pigs saved per litter. The_ pig crop, the
contemporangous sow siaughter and retail price yariables were endégénous, and therefore
entered as instrument variables. Sow slaughter was highly significant and had a negative
impact. on sow priceA, which was expected since producers would be marketing increased
numbers of a depreciated capital asset. Retail price was positively correlated with sow
brice, indjcating that when primary demand for pork increases, the derived demand (hence -
price) for all pork meat (including cull sows) increases, The static na;tvure of the slpw

slaughter price equation was consistent with barrow and gilt pricing, that is, live hog prices
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adjust quickly to changes in economic variables due to short.—term yellow sheet pricing in
the wholesale market.

The retail pork price equ'ation is considered a primary inverse demand function. This
equation was estjmated as a function of per capita disposable income, per capita supply of
processed pork, and per capita quantity of substitute meats. The income price flexibility
coefficient was positive and significant, however, its impact on pork price is not as strong
as on beef price. Thus, it may ‘still be aless preferred meat. The effect of substitute meats
(i.e.,' poultry and beef) figured prominently in the variation of retail pork price. Poultry '
and beef were chosen as the nearest substitutes for pork based on earlier studies and per-
ceived consumer practices. The supply of processed pork was formulated via an identity
relationship and was comprised of the wholesale pork production, cold storage holdings,
and pork imports. Import quantities are assumed as predetermined while wholesale and
storage quantities of pork are endogenous. Though pork supply was. highly significant in
affecting pork price, its impact, based on the flexibility coefficients, was not as important
as the substitute meats. The equation was estimated as a first-order nonstochastic differ-
ence equation, reflecting consumer habits and market rigidities. The coefficient estimate
of the difference equation was .948 denoting a long geometric adjustment process. |

Some of the supply elasticities and price flexibility estimates of the model were com-
pared with those of previous works to validate the results of the model. Such comparisons
are mentioned in Chz{pter 3. However, comparative values for all variables do not exist and
are difficult to interpret. That is, other models differ in research methods, data measure-
ments and sample size, and specification of the maintained hypotheses.

The distributed lag patterns revealed iﬂ several of the farm-retail model equations
the biological and economic constraints on the endogenous variables. Overall, this complex
nature of interactions between the market levels as well as peculiarities specific to each

market was adequately modeled in the rational distributed lag framework. The rational
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generating function is flexible enough to measure both very short term and long term
dynamic adjustments. In the model these ranged from short term adjustments in farm hog
prices to long term adjustments in sow herd expansion and contraction. Such information
would be valuable for expost forecasting and economic evaluation of.likely p'rospects in
the hog and pork industry.

The model presented here is not without shortcomings. First, the assumption that var-
iables such as corn price, average dressed weights, and substitute meat quantities are prede-
termined could be too restrictive. An expanded model where the possible joint dependency
of these variables is addressed may be required, however, this infers a much more compre-
hensive approach. Second, an efficient price model should also include behavioral price
equations at the wholesale level, something that is difficult due to the highly processed
nature of pork. Third, quarterly or perhaps monthly data applied to the model specifica-
tion would increase degrees of freedom for the statistical computations. Also, shorter units
of observation may reveal important adjustment processes that are masked by semiannual
observation periods. There would be, however, additional risk in terms of empirical evalua-
tion. The additional seasonal influences ma}; become confounded with the market’s
dynamics and lead to questionable coefficient estimates and distributed lag effects. In

addition, shorter measurement units often entail more complicated disturbance terms.
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Table 6. Original Data Used for the Price and Supply Equations.?

OBS

Consumer
Price
Index

Retail
Pork
Price

Barrow
and Gilt
Slaughter

Price

Price
of Farm
By-Product

Commercial
Beef
Production

Per Capita
Disposable
Income

Poultry
Production

Pork
Imports

—
OCXVNDPUND LR =

1
12
13
14
1%
16
17
18
1y
20
21

26
27
28

(10765E+01
c11093E401
v 11425E+401
+17333E+401
V11975E401
+12210E401
+12385E+01
V12598E401
V12926401
+13498E+01
+14203E401
L15063E+01
+15740E+01
V16325E401
S16750E+01
C17213E401
L177591E401
S 18840 +01
V189 AZE401L
L19855E401
V20835E401
22245E+01
3790E401
+» 231508401
L 26400E401
V27695401
P 2HS1SE+01
29 310E401

cGBBL0OE+02
«72650E4+0G2
+BOR10E+02
+77060E+02
»6BB30OEH02
+71050E4+02
+77410E4+02
+8G310E+02
«P7460E+02
+11641E402
«21010E402
+10565E4+02
+11545E4+03
+14801E+03
«14088E+03
+13221E4+04
+119266E+03
212878403
+13741E404
+1A4635E+03
vI03ETE 03
+13748E403
+13158E+03
+14451TE+0.5
«14791E404
+10628E+04
161 72E404
+18470E403

« 20530E402
« 25820E+02
+ 26010E+02
+ 20870E+02
+17020E402
+192230E4+02
+23870E+02
+28200E4+02
¢ 34930E+02
+44790E+02
+35270E402
+35740E402
+40850E+02
+SG990E+02
+48180E+02
+41190E+02
+32010E4+02
c42090E40Y
+46920E+02
+49080E+02
«4Y060E+0L
«37770E+02
+ 34290E4+02
«+ 44750402
+41670E402
+48020E402
+ 491350 4+02
«S9260E+02

+ 29000E401
«39000E+01
+44000E401
+34000E4+01
+27000E+01
+30000E401
+31000E401
+36000E+01
+47000E+01
+ 74000E+01
+61000E401
+AO000E+01
«60000E+01
+ 75000E4+01
«93000E+01
+A46000E401
+A4G000E401
«A47000E401
+9E000E401
+AH1000E+01
+64000E401
s S0000E4+01
+43000E401
L SH000E+01
+G0000E+01
+S7000E+01
+97000E401
+ HS000E+01

+10147E4+05
c10656E405
L 10599F 0%
+10826E+0S5
«10683E+05
+11022E4+05
+10791E405
+11382E4+0%
+10516E+05
+10608E4035
+11010E405
+11693E+0%
1185045405
+12031E4+05
+12531TE4+0S
«15078E405
+12376E405
+12678E40%
» 121 27E405
e 12026E+08
+1079BE+0%
«104670E+05
+104720E40%
+1085/64+00
+ Y0PV IE-

+ 113 26EF05
+10818E+0%
+11548E 400

+ 3039GE+04
+ 31S55E404
«33160E4+04
+34140E4+04
+35545E4+042
+3634SE+Q4
+39305E+04
+41935E+04
«A39GTE404
+AG5330E+04
«4/7420E1+04
+ARGHESEYOS
+S1660E+04

L 94080E+04

+S5P90E+04
+B8530E+04
+6H1635E404
+ 65025404
+68715E+04
+ 75230E4+04
e 76275E404
+ /8130404
+82100E+04
+8B6245E+04
«70290E4+04
SYL2200E4+04
+70035E4+04

+ 36015E4+04
+47551E404
«A0324E4+04
+02476E404
+41423E4+04
+SB3291E4+04
cAS129E4+04
LOA769E404
+ 4481 3E404
36403E4+04
+ABG48E+04
fao422E4+04
«4N098E4+04
LS8N 7266404
fO12466E404
+HEHO0EF0A4
+D2693E404
+H38EEE+04
+ub341E4+04
67930404
«H2331E4+04
e 7A4507E404
1 6795YE+04
W 72784E404
+71015E404
+ 7706 7E404
+ /4143404
+B013/7E4+04

+ 23100E+03
e 21799E1+03
+29499E+03
«24400E4+03
¢ 2UVIP29EF03
799E+03
+ 30499E4+03
«30499E4+03
+ 26700E403
s 26700E403
+27100E+03
+21400E+04
+ 23800E4+03
+ 2QBQOE+0 3
+ 245Y5E+03
¢ 22258E+03
¢ 23457E403
+19245E403
¢ 26972E4+03
+ 23493E+03
+25019E403
+ 24594E 403
s L6030EH0S
28317E4+03
¢ 27754E403
«27238BE4+05
« 26306E403
+3I930E4+03

4 Observations 1-28 represent years 1969-1982.
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Table 6 (continued).

Numbers of Pork Expected
Barrows Numbers Sow Cold Average Quantity
U.S. and Gilts of Sows Slaughter Storage Dressed Wholesale Corn

OBS Population Slaughtered Slaughtered Price Holdings Weight Production Price

1 20196E+06 +36B46E+05 .22410E404 .17480E+02 .27713E+03 ,18408E+03 ,71951E+04 .12100E+01

2 LD0299E4+06 +33496E+0Y  +27690E+04  L22800E+02  +20105E+03 . 18600E+03 ,47453E404 . 12600E+01

3 L 20409E406 +34822E+05  +19160E+04 .22410E+02 .26780E+03  .18707E+03 ,48726E404 ,12400E+01

4 J20519E4+06 +36264E+05 L30210E+04 J16400E+02 25603E+03 .18670E+03 ,75985E+04 +14300E+01

S  ,20631E+06 42062E+05 .24540E+04 L 14210E402 L39523E+03  .18425E+03 ,80457E+04 .15500E+01
6 JD0734E+06 +38964E+05  .29000E+04 L16010E+02 .35870E+03  .18%560E+03 ,77459E+04 ,12800E+01

7 JD0B26E+06 +39074E+05 .21190E+04 .20670E+02 .33760E+03 .18528E4+03 .76106E+04 ,12400E+01

8 .20908E+06 .35611E+405 .25850E+04 .24210E402 .23702E+03 .1B403E+03 ,71268E+04 .13100E+01

9  L20987E+06 +35365E+05 L20990E+04 .30190E+02 ,22763E+03 .18613E+03 ,71193E404 .16700E+01
10 21063E406 .32221E405 .21730E+04 ,39870E+02 .22148E+03 ,18853E+03 ,64400E+04 .25300E+01
11 J21136E4+06 +36290E+05 .21220E+04 .30040E+02 .34233E+03 .19180E+03 ,73480E+04 .28500E+01
12  .21214E+06 +34433E405 .31340E+04 .29210E+02 ,28778E+03 .19057E+03 ,71315E+04 .34500E+01
13 .21290E+06 .33444E405 L18B640E+04 .36670E+02 L31144E+03 L 18540E+03 ,466164E+04 .30500E+01
14 L21381E+06 .27883E+05 .18440E404 ,49110E+02 ,23013E+03 ,18643E+03 ,54249E4+04 ,28800E+01
15 21460E4+06 .31333E405 .14300E+04 ,41890E+02 .24%909E+03 .18B792E+03 ,42318E+04 +26900E+01
16 +21540E406 .34207E+05 .19290E+04 .34390E+02 .20666E+03 .18647E4+03 ,66784E+04 +27300E+01
17  +21625E406 .35394E+405 .19300E404 .33B40E+02 ,23081E+03 .17155E+03 .65038E+04 +24900E+01
18 217156406 .34144E+05 .21260E+04 .43030E+02 .1808BE+03 ,17083E+03 ,62626E+04 .198B00E+01
19 .21806E+06 +35010E+05 .19220E4+04 .41930E+02 L2183BE+03 ,16933E+03 ,40744E+04 +23400E+01
20 L21898E+06 .34571E+05 .19890E+04 ,43670E+02 .21482E403 .17283E+03 ,464474E4+04 .22700E+01
21 J21990E4+06 37287E+05 .18820E4+04 .44040E4+02 L.24995E+03 J17217E+03 ,46597E404 .24200E401
20 L,2208BE+06 .41489E+05 L27660E+04 .31150E+02 .22168E403 L17267E+03 .76450E+04 ,27900E+01
23 ,22194E+06 .44052E+05 ,24650E+04 ,30730E+02 .30498E+03 .17217E+03 ,78964E+04 +26300E+01
24 ,22547E406 .41002E+05 .27490E+04 .39B10E+02 .26782E+03 .17167E403 +76191E+04 +32400E+01
25  22981E+06 .42658E+05 .22380E+04 38020E+02 ,36898E+03 .17317E+03 .77293E+04 +35100E+01
26 .23014E4+06 .39414E+05 .23700E+04 .43330E+02 .25927E+03 .17183E+03 +72646E+04 ,29700E+01
27  J23124E406 . 384460E4+05 L 19770E+04 ,40700E4+02 ,26900E403 .17150E+03 .48977E+04 ,27400E+01
28  L,PIDIVEL06 3IS59S2E+05  L19820E404 JS531S50E402  .20400E4+03 L 17400E+03 .65495E+04 .« 24900E+01
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Table 6 (continued).

Expected
Barrow Numbers Expected Expected
and Gilt Expected of Barrows Numbers Numbers Pork
Slaughter Hog-Corn and Gilts of Sows Pigs Saved of Sows Storage
OBS Price Price Ratio  Slaughtered Farrowing Pig Crop Per Litter Farrowing Holdings
1 J20530E+02 L16960E402 J34B44E+05 .47970E+04 .35140E4+05 .73100E401 ,47970E+04 +27713E+03
2  L25890E+02 .20540E+402 L33496E+05 ,43150E4+04 .31S05E+05 ,73000E401 .43150E+04 +20105E+03
3 L26010E+02 L20640E+02 .34822E+035 ,41610E+04 ,45222E+05 .73300E+01 +614610E+04 .26780E+03
4 L,14600E+02 .13390E+02 ,37781E+05 ,S5S8910E4+04 .42405E4+05 .72000E401 +62570E4+04 .23387E+03
5 +19640E+02 .11670E402 +41216E+05 ,41920E+04 ,44381E405 .71500E+01 +S98B30E+04 .37534E+03
6 +1B25S0E+02 J15220E402 .39005E+05 ,S4010E4+04 .39199E+05 ,72600E+401 +55290E+04 .33854E+03
7 W23940E402 J19340E+02 .3890BE+05 ,55890E404 ,40838BE4+05 .73100E4+01 .54400E4+04 .33942E+03
8 .28B550E+02 .21370E+02 .35865SE+0S5 .S51420E+04 .37029E+05 .72100E+4+01 .520S50E+04 +25211E+03
9  L344600E+02 L19900E+02 .36019E+05 ,SSP10E+04 .40025E+0S5 .71500E+401 ,54030E+04 +25349E+03
10 .45260E+02 L18160E+02 .3193BE+05 ,50910E+04 ,34635S8E4+05 .71400E+401 +.51640E+04 .24989E403
38 +34330E4+02 ,12280E4+02 .36301E+05 ,5S5030E+04 .39010E+05 ,70700E+01 +53720E+04 ,34099E+03
12 .37120E+02 +10430E+02 +34406E+05 ,47040E+04 ,33380E+05 .71000E+01 .49440E4+04 .27956E+03
13  .39900E+02 ,12870E+02 ,33631E+05 ,42250E+04 .30240E4+05 .71500E+01 +39840E+04 .31489E+03
14 .56100E+02 ,20610E+02 .27332E4+05 ,41920E+04 .30234E4+05 .72200E401 +43670E+04 ,21084E+03
15 .48680E4+02 16960E402 .318B0SE+05 ,S7770E+04 .36221E405 .72800E+01 .56490E+04 ,26020E+03
16 +40020E402 +15760E402 .33654E+05 .S85S00E+04 36359E+05 ,72200E401 .58550E+04 .22375E403
17 +40230E+02 L15510E4+02 .346082E+05 ,40S500E+04 ,34972E+05 ,70800E+01 +60530E+04 ,25703E+03
18 .41730E+02 ,19880E402 .34573E+05 ,40090E+04 .37189E+4+05 .72000E4+01 +60B10E+04 ,207644E4+03
19 .47950E+02 L21500E+02 .34158E+05 ,60340E+04 ,36377E+4+05 .70300E+01 +61290E+04 ,21250E+403
20 .47870E+02 .21300E+02 .3510SE405 ,43980E+04 .3921BE+05 .72000E+01 +61710E+04 ,19653E+03
21  ,A9460E+02 .20410E+02 .3673BE+05  ,41400E+04 .43207E4+05 .70200E+01 +62640E+04 ,21823E+03
22 +38040E+02 ,L13850E+02 .41711E+05 ,41770E404 ,44186E+05 ,71600E401 +61380E+04 .20192E+03
23 . 34360E402 .13420E402 .43440E+05 ,60960E+04 .44250E405 .72500E+01 +60640E4+04 +29734E403
24  L,44040E+02 L12990E4+02 +41656E+05 .S57550E404 L41593E405 ,72300E+01 +56420E+04 +27837E+03
25 J41380E4+02 12060E+02 ,42295E+05 ,S55090E+04 .40811E405 .73900E+01 +56830E+04 .36474E403
26 ,4B690E+02 ,15920E+02 .398SSE+05 | 52110E404 .39910E+05 .73800E+01 +53460E+04 .26B6BE+03
27 L49200E+02 .18470E+02 .38347E4+05 ,48300E404 .35430E4+05 .73100E+01 +48400E+04 +27139E+03
28  ,S9140E+02 .23630E4+02 .35630E4+05 ,S0330E+04 .37324E4+05 .74100E+01 +50250E+04 +18913E+03
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Table 6 (continued).

Expected
Numbers Expected
of Sows Retail Pork
OBS Slaughtered Price
1 .22410E404 +68860E+02
2 +27690E+04 « 77650E4+02
3 +19160E+04 .B80810E+02
4 .29180E+04 +692420E402
5 +25600E404 ,72440E402
6 +28370E+04 +69600E+02
7 +214680E+04 + 76600E4+02
8 .24450E+04 .B85920E+02
9 22300E+04 +97330E+02
10 .,22210E+04 .11668E+03
11 .20100E+04 +20670E+02
12 .301460E+04 J10695SE+03
13 +20560E+04 ,11508E+03
14 ,17670E+04 +14818E+03
15 .13570E+04 ,14060E+4+03
16 +21610E+04 ,13008BE+03
17 .18300E+04 .12148E+03
18 .20870E+04 ,12858E+03
19 +17150E+04 ,14008E+03
20 +22010E+04 .14400E+03
21 .19430E+4+04 +15097E+03
22 +246800E+04 +14177E403
23 +24250E+04 12993E4+03
24 ,27260E+04 .14454E+403
25 +23390E+04 .14447E+403
26 +24230E4+04 L15674E+403
27 +18730E+04 .16578E+03
28 .20110E4+04 .18203E+03
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