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{ 5,\ SIMULATION OF THE CATTLE-CALVES SUB-SECTOR IN A
et DEVELOPED ECONOMY WITH SPECIAL REFERENCE
TO THE CANADIAN CATTLE HERD

By

John James Meek

Cattle prices and cattle numbers in Canada have historically
demonstrated a regular cyclical time pattern; recently this pattern
has become more irregular. This cycle results in fluctuating incomes
to producers, fluctuating prices to consumerst and fluctuating con-
tributions to the foreign trade sector. While these fluctuations
might have been tolerated in an earlier age, modern society demands
more stability, more growth, and more management.

In order to predict supply or prescriptive right actions,
descriptive knowledge of the dynamics of cattle production and trade
is required. The purpose of this dissertation is to contribute both
descriptive knowledge and analytical tools that may subsequently be
employed in prescriptive and predictive applications as well as in
future descriptive analyses.

The study has three basic objectives; these objectives are
realized concurrently rather than sequentially. The first objective

is to identify the structure and develop a model of the Canadian cattle

herd consistent with specified design parameters. The second is to
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identify, assemble, and explicitly evaluate such data, official and
otherwise, as are required to build and validate the model. Thirdly,
the model must be tested and found to be valid by specific validation
criteria. The third objective includes generation of plausible dis-
aggregations of published population and slaughter data.

This study was conducted as an element of the sector modeling
program of the Economics Branch, Agriculture Canada. While the cattle
herd model is designed to interact with other models in this program,
it is also designed to provide useful answers independent of these
other models. Specifically, the model reflects the supply side of the
cattle-calves sub-sector. Modeling of the price determination mechanism,
the trade mechanism, and the wheat-feed grain sub-sector are left to the
other models with the cattle herd model taking prices and trade flows
as given.

The cattle herd model is based on the biological growth and
production processes as experienced and practiced in Canada. In
addition, the cattle herd is separated into its dairy, beef, male
and female components. Three geographic regions are recognized; Eastern
and Western Canada are modeled explicitly while the third region, the
rest of the world, is treated implicitly through the exogenously
determined or given trade flows.

The herd is further disaggregated to recognize function,
production process, and age. The basic functional choice is recognized
through allocation of breeding age cattle to either the breeding herd

(investment) or to the feedlot for subsequent slaughter (consumption).
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Two feeding processes are modeled: the first simulates a low energy
ration such as might be experienced with high roughage feeding; the
second employs a high energy ration simulating feedlot feeding-finishing.
Finally, the model recognizes age by subdividing calves into ages one to
three months, four to six months, and six to twelve months. Further age
subdivision is recognized through the above functions and processes.

While many aspects of cattle production and marketing are
behavioral, three were isolated for explicit modeling. A1l others are
left for subsequent model development. As investment-disinvestment in
the breeding herd is central to the study of cattle herd dynamics, cow
and bull cull flows and cow and bull replacement flows are estimated
econometrically. In addition, the flow of calf slaughter is estimated
in similar manner.

In order to conveniently adapt the behavioral models to the
cattle herd model, a statistical "excess price" model was developed.
This latter model is developed from simultaneous supply-demand equations
to abstract from "own" price producing a single equation with quantity
as the endogenous variable.

The excess price model proved to be a good predictor of
quantity (flows) but was a disappointing estimator of sign. That is,
the estimated sign of the regression coefficients differed from the
predicted sign in a high proportion of instances.

The technique employed to model the cattle herd is that of
generalized simulation. This technique encompasses the system science

approach to problem solving. The system science approach is an
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iterative, learning one where concepts or values initially held to be
true may subsequently be found to be false or not useful in the context
of the study. Should this occur, then a return to a prior stage of
the investigation is required. Four tests of objectivity were used as
validation criteria; the first two were applied continually throughout
the study. These tests are: consistency with observed and possibly
recorded experience, logical internal consistency of the concepts used,
interpersonal transmissibility of the concepts used and results pro-
duced, and workability of the model in the solution of practical
problems.

Three basic versions of the cattle herd simulator, CATSIM, were
built. They differ basically in the method of calculating investment
and disinvestment in the breeding herd. The most advanced version,
CATSIM3, employs the behavioral models to estimate these flows. Two
other models were built. The first, MATRIX, is used to estimate
endogenous variables for the behavioral models from known published
data using simplifying assumptions. The second, RECON, is used to
evaluate the various published data series and other information
descriptive of the cattle herd. This second model is based on a
single identity.

The most substantive results of this study are contained in
the structure, parameter estimates, and assumptions of the models. A
basic purpose of this study was to develop general models and evaluate
historic cattle data in order to solve future practical problems. This

objective was met.



John James Meek

While meeting this basic objective, several useful results were
obtained concurrently. MATRIX provided highly plausible estimates of
dairy and beef cow slaughter and replacement flows for both Eastern and
Western Canada. Eastern and Western bull cull and replacement flows are
also estimated as well as beef and dairy calf slaughter flows. These
estimates are produced for the years 1958 to 1972 inclusive.

RECON provided valuable insights into the validity of official
cattle-calves statistics for the period 1959 to 1972. In addition, the
model provided an opportunity to test certain beliefs about the cattle
herd, cattle production and cattle trade. The assumptions made to
disaggregate the official data in order to build MATRIX, RECON, and
CATSIM, served to accent the deficiency of the official data.

Model CATSIM embodies all of the descriptive knowledge of the
cattle herd that was assembled. This model generated quarterly popula-
tion and slaughter flows for the years 1958 to 1972 inclusive. These
estimates were demonstrated to be highly credible when compared to the
historic official data. These data disaggregations are a significant
result.

A11 models serve to highlight deficiencies in the descriptive
knowledge of the Canadian cattle herd. Model sensitivity to certain
model elements served to rank the importance of the missing elements.
While all models developed in this study may immediately be adapted
to solve practical problems of the cattle-calves sub-sector, a con-

current effect must be made to alleviate these noted deficiencies.
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CHAPTER I

INTRODUCTION

The livestock sub-sector is a major element in the Canadian
agriculture economy. Vast expanses of range lands and apparent ample
supplies of feed grains coupled with a growing domestic and world demand
for red meat should make livestock, and cattle in particular, a growth
sub-sector. But an anomaly appears to be developing. Over the past
several years, Canada has been losing its self sufficiency in beef and
in fact has incurred several successive trade deficits.

This thesis does not intend to examine Canada's comparative
advantage in the production of red meat or beef; its objective is much
more modest. This study intends to expand or make a contribution to the
growing stock of knowledge concerning the dynamics of the Canadian
cattle herd. More specifically, it intends to provide both descriptive
knowledge and analytical tools that may aid in future prescriptive and

predictive applications as well as further descriptive analysis.

The Problem Setting

The agricultural situation in Canada in the early 1970's could
have been described as: (1) unacceptably low net farm income, (2) un-

stable income (product prices), (3) uncertainty as to the future, and,



(4) inadequate production planning leading to chronic mismatching of
supply with demand.

The internal economic situation is aggravated by the fact that
Canada is a trading nation thus highly interdependent with the world
economy. In the agricultural sector alone, it is estimated that 25-30
percent of the nation's total agricultural production is exported.

Thus, while current commodity shortages occur largely outside her
borders, these shortages (as well as gluts) are felt internally through
the international trade sector. These periodic and often unpredictable
shocks tend to confound long and intermediate range internal planning.
The most vulnerable agricultural sub-sectors are wheat and feed grains
as these commodities are largely produced to meet an often volatile
international market.

This inability is transmitted through various linkages to other
sub-sectors, notably livestock, and in fact to other sectors. The sit-
uation is aggravated by the fact that wheat, feed grain and livestock
production (beef and to a lesser extent hogs) is concentrated regionally
in the Prairie Provinces. Because this region, and especially
Saskatchewan, is highly dependent on agriculture, the regional economy
is prone to unacceptable fluctuations. Fluctuations in the Prairie
agricultural economy are transmitted nationwide through balance
of payments, the producer durable goods sector, and especially the
food element in the consumption sector. While these fluctuations might

have been tolerated in an earlier age, modern society demands more

stability, more growth, and more management.



One noteworthy result of the combined events of the past several
years has been the unprecedented trend of growing trade deficits in
beef and veal. While trade in these commodities showed a very slight
surplus in 1969 and 1970, the deficits became increasingly large into
1973; this is in contrast to substantial trade surpluses in prior years.
This situation has been aggravated by continuing declines in the dairy
herd in virtually all parts of Canada with the prospects of deficits
in milk and dairy products appearing as matters of some real concern.

As in most developed countries, the right course of action to
pursue concerning the domestic and international agricultural situation
has been a preoccupation of government, university, and industry per-
sonnel for some 50 years. While the problem has taken many forms
through depression, war, and post-war periods, a problem still exists.

A most significant study in this regard was produced by the
recent (1969) Canadian Task Force on Agriculture.! It stated the
following hierarchy of values for agriculture.

e Higher national income per capita;

First level all Canadians must have at least a
minimum standard of living
Functional balance of payments

Higher net farm income
Full employment

Reasonably stable prices

Second level

Stable farm income

Lower cost of production and marketing
* Increased mobility of labor out of
agriculture.

Third level

lCanadian Agriculture in the 70's, Report of the Federal Task
Force in Agriculture, Ottawa, Queen's Printer, 1969.







In addition to these values, it stated specific goals for the
non-dairy livestock sub-sectors. These specific goals are:

e that a target of 500,000 feeder cattle for export be set for
1980, and

e that enough beef and veal be produced in Canada to meet
domestic consumption, and

e that all tariffs be removed on cattle and beef, and

e that Quebec and Ontario dairymen reconsider selling dairy
calves as veal in order to market heavier veal or feeders,
an

* that resources be diverted from grain production to cattle
production, and

e that the Canadian Dairy Commission institution incentives

for dairymen to move into beef production.

Since these recommendations were made, the world and domestic
agricultural situation have switched from a surplus to a deficit posi-
tion. 1Is this a permanent or temporary switch? How should Canada react
domestically? In the face of uncertainty and fluctuations, what is the

best long and short run resource allocation policy?

The Study Context

Government, especially at the federal level, must take the lead
in ensuring the well being of all Canadians through thoughtful and
appropriate policies and programs effectively implemented in a timely
fashion. To this end, the Economics Branch of Agriculture Canada has
been and is providing increasingly effective input into policy and

program planning for the agriculture and food sector.



To aid the Branch policy advisors, the Branch has been
developing an interactive set of agricultural sub-sector models.
These include:

¢ feed grain models

0il seed models

beef models

dairy models

hog models

production adjustment models.

In certain instances, several models have been or are being
developed for one sub-sector. In the case of the beef sub-sector, at
least two models have been developed.

The first of these is a short run linear programming model that
was initially designed to interact with the feed grains and oil seeds
models. In this model, the cow herd is considered as fixed, however,
the progeny are allowed to move at several critical stages of the pro-
duction process. The initial application of this model was to assist
in the development of a national feed grains policy.!®

A second beef model is being developed at the University
of Guelph.? This model is a quadratic programming application that

considers cattle production, trade, beef and veal consumption, and

1An interim feed grain policy was implemented in August 1973,
and replaced by a more permanent policy in August 1974. Both policies
were developed with assistance from Economics Branch models.

2G. L. MacAuley, unpublished Ph.D. dissertation, University of
Guelph (forthcoming).



price determination among three regions, Canada East, Canada West, and
United States. While this model is basically a transportation model,
the production, and especially the behavioral elements, are well
developed.

A third study, a simple cattle herd simulator, was begun in
mid-1973 to examine the consistency of Canada's statistical data base,
related to cattle and calves. This study was curtailed before the
completion due to subsequent staff shortages. This third study has
been incorporated as an important part of this dissertation.

This dissertation research is being conducted as an integral
part of the sector modeling program of the Economics Branch, Agricul-
ture Canada. It has been designed with general purposes in mind that
require something less than a general equilibrium model. While encom-
passing the simulator mentioned above, an early attempt was made to
ensure general compatibility with the Guelph quadratic programming model.

In addition, it is planned that subsequent to this dissertation
research, the developed models are to be adapted to meet specific
descriptive, predictive, and evaluative needs of the Economics Branch.

Some anticipated applications are discussed briefly in the next section.

The Problem Statement

The problem that is confronted in the dissertation is the con-
ceptualization and construction of a dynamic demographic model of the
Canadian cattle herd. This model is conceptualized and constructed

according to the terms of reference and design criteria stated below.






were initially established in consultation with the Economics Branch in
1ight of current and expected future research and policy requirements.
These terms of reference and design criteria are discussed below.

The model that is developed in this study is partial equilibrium
when operated independently of the other Branch models. While it is
intended that it be operated interactively with other models, it is to
be useful without this interaction. In other words, it is designed as
a component, but a self-contained component.

The model is based on the biological growth and production
process as experienced and practiced in Canada. In addition to this
basic departure from prior models,! the model separates cattle into
beef and dairy components, constituting a second major departure. In
turn, each of these have a separate male and female component.?

The model has three geographic elements, two modeled explicitly,
and the third implied. The two explicit regions are Canada East and
Canada West. The third region is the rest of the world and is treated
implicitly through the trade component. In Canada, the major trading
partner in cattle and calves ¥; the United States.

In addition to the above disaggregation of the herd, the herd

is further subdivided in terms of the (1) age and/or (2) function,

'Most models of the beef or cattle sub-sector are based on and
tied to available published statistical data as their main, and usually
only, source of information. Most models of the beef sub-sector empha-
size beef cattle. Reference to the dairy herd as a very significant
source of beef is generally treated tangentially.

2Most models fail to distinguish between steer and heifer beef,
cow beef and bull beef; however, veal is normally treated as a separate
commodity.



and/or (3) process. The basic functional choice is recognized through
allocation of breeding age cattle to either (1) the breeding herd or
(2) the feedlot and slaughter.

The variation in production process is recognized through two
separate and distinct feeding rations. The first process utilizes a
low energy ration where cattle are grown on grass, hay and other
roughage; this process may or may not be terminated by a short finishing
period. The second process involves a high energy, high caloric intake
ration, such as would be experienced by cattle on full feed in a feedlot.
This process assumes that the animal is both grown and finished in such
an environment. Some combination of these two processes should approx-
imate the actual Canadian experience. In addition, this element of the
model allows for a changing combination of the two processes over time.

The model is designed to subdivide calves into ages 1-3 months,
4-6 months, and 6-12 months. This subdivision is reasonably consistent
with the cattle production and marketing process as practiced in Canada.

The major behavioral aspects of the model include: (1) calf
slaughter rate, (2) cow and bull cull rate, and (3) cow and bull
replacement rate. These major flow elements drive the model and
provide it with its basic cyclical and trend nature.

The models developed in this thesis, as previously mentioned,
are partial equilibrium. Specifically, the following mechanisms have
not been developed:

* the price determination mechanism for beef and veal and
for cattle, and

* the trade mechanism for cattle, calves and beef, either
internal or external to Canada, and






e the major sub-sector which is both competitive and
complementary in production has not been modeled,

namely, the wheat and feed grain sub-sector.

In the first two instances, the model developed by MacAuley! generates
the emitted prices and flows; the output and input matrices of this and
the MacAuley model are designed in such a manner that there is potential
for the two to be operated interactively. In the third instance, the
international grain market provides a major influence on domestic grain
price. Because the influence is largely unidirectional, the grain
prices, stocks, and outlook can be treated as exogenous to cattle
production.

The major outputs of the model are (1) a time series of cattle
population numbers by age, function, and process cohorts and (2) a time
series of slaughter cattle and calf numbers by sex, function, and
process. ?

The stock values (population cohorts) are determined by a set
of flow variables. These flow variables include:

1. calf slaughter rate
cow and bull cull rate
cow and bull replacement rate

export rate

o S w DN
e & e e

jmport rate

IMacAuley, op. cit.

20fficial Statistics Canada (STATCAN) livestock statistics list
seven cattle-calves categories biannually for both Eastern and Western
Canada; this model produces 25 categories quarterly. In addition,

STATCAN produces six slaughter categories; this model can generate at
least 11 for both East and West.
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6. birth rate
7. death rate

8. feeding-finishing rate.

Numbers 1, 2, and 3 are pure behixioral variables. Econometric
techniques are used to arrive at parameter estimates. P(iFes, including
cattle prices, are exggsnous to the model. Prices provide a feedback
mechanism for the cattle production process, and are an element of
interaction with other models.

Numbers 4 and 5 are taken as exogenous, and provide a second
level of interaction with other models. Exports and imports are
interpreted to mean interregional as well as foreign trade.

Numbers 6, 7, and to a lesser extent 8, are basically biological
Technology and environmental influences are of major significance. The
impact of economics, especially relative prices and price expectations,
have an effect on 6 and 7; their influence on 8 is marked. This latter
area is not explored in this study but must be given top priority in
future model development.'®

Major design criteria involve flexibility to meet future and
possibly unanticipated applications. In the extreme, this requirement
can invoke undue cumbersomeness. To avoid this result, flexibility

features are avoided if they prove to be mildly cumbersome.

1The events in the cattle industry during 1973-74 have demon- \
strated that producers can and do alter feeding-finishing rate in the

face of major price adjustment and price uncertainty. This unusual
instability leads to further price instability and uncertainty.
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At the design stage and during model development, specific
applications were not known with certainty. This in major part was
due to the fact that problems to be addressed, and thus applications,
occur in the future. However, several general types of applications
were identified. The model is designed:

1. to analyze and evaluate existing data series (while this
is part of the existing study, additional interaction with
statisticians and researchers is planned), and
2. to analyze and assess the impacts on the cattle-calf
sub-sector of changing:
e biological parameters,
* production processes,
e flows values such as exports and imports, and
3. to use the model in an optimum control mode to determine
optimal or alternate paths that may lead to present targets
such as projected domestic or expert demand, and
4. to operate in a forecasting mode, and
5. to operate interactively with researchers in order to

heighten their descriptive knowledge and understanding

of the sub-sector.

These applications are not exhaustive. Since the model is based
on the biological reproduction and growth process and since one antic-
ipated application set involves the evaluation of changes in biological
parameters and production processes, the model must incorporate basic
biological parameters and processes.

The evaluation mentioned above would be expected to include
(1) breeding herd size, (2) breeding herd maintenance, (3) progeny
feed intake, and (4) beef and veal output. The basic biological

parameters that are indicated include:
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—
)

live birth rate

birth weight

birth distribution

heifer calving age

heifer calving distribution
weaning weight

rate of gain

carcass weight

o (o] ~ o (82 > w N
(] . . . . . . .

carcass dressing percentage.

While all of these parameters are not modeled either explicitly
or implicitly, the model must accommodate them with very little altera-
tion. In addition, the model must be flexible enough to accommodate
additional production and finishing processes beyond the high and low

energy streams initially modeled.

Study Objectives

The purpose of this study is to develop a general simulator of
the Canadian cattle herd that can subsequently be readily adapted to
meet specific research needs of the Economics Branch and other Canadian
institutions associated with the cattle-calves sub-sector. This main
objective must be conducted concurrently with or subsequent to other
prerequisite objectives which are included below.

The following specific objectives of this study are realized
concurrently rather than sequentially. This concept is consistent with

the systems analysis process to be described in the next chapter.
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a. Data and Information assessment:

1) to identify and gather such data and information as
required to support the hypothesized model, and

2) to attempt a reconciliation of these data and
information in order to determine their accuracy.

b. Model Development:

1) to identify the structure and develop a general
simulation of the Canadian cattle herd consistent
with the hypothesized model, and

2) to identify, conceptualize, and estimate those
behavioral and biological relationships that are
found to be the model's critical parameter and flow
variables, and

3) to identify and design into the model those critical
elements that are consistent with expected applications
and future development.

c. Model Testing and Validation:

1) to successfully "track" past population and slaughter
daga consistent with the simplifying assumptions used,
an

2) to generate disaggregate historic population and
slaughter data series and to generate replacement

and cull data series that are held to be highly
plausible.

Literature Review

The literature is particularly undeveloped with respect to the
problem outlined above. While this is the case, certain related 1it-
erature is available or is emerging. This related literature falls
into five categories.

1. Simulations of agricultural sectors or sub-sectors.

2. Simulation techniques and components.
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3. Econometric models of the cattle-feed grain sub-sectors.
4. Structure of the Canadian cattle-calves sub-sector.

5. Data description of this sub-sector.

A cattle herd model was incorporated as a component of the
"Nigerian Model."! This component modeled both a "traditional" and
a "modern" sector in an attempt to develop policy strategies and
evaluate policy alternatives. The beef component employed calving
rates, death rates, and various marketing strategies with the former
two rates being functions of nutritional level. The "modern" beef
component utilized a land allocation (allocation between crops and
grazing) as a policy variable. The output of land allocated to grazing
was a function of input expenditures on it. Supplemental feeding was
used as a policy variable as well.

Posada? developed a somewhat similar model for the Northern
Columbia beef industry. This industry appears to be a traditional
economy; policy instruments include imposition and assimilation of more
advanced technology. Credit and export incentives were also employed.

Both the Nigerian and the Posada models are explicitly oriented

toward policy evaluation; consequently, the identification and modeling

'This model and related study are reported in G. L. Johnson et
al., A Generalized Simulation Approach to Agricultural Sector Analysis
with Reference to Nigeria, East Lansing, Michigan State University,
1971.

2Alvaro Posada, "A Simulation Analysis of Policy for the
Northern Columbia Beef Cattle Industry," unpublished Ph.D. dissertation,
Michigan State University, 1974.






15

of output and policy variables become a major part of the model. Input
demand, a crop element and a price determining element are included as
part of both models. The Nigerian study modeled the non-agricultural
sectors of the economy while Posada did not.

Both of the above studies model one or more sectors of the
national economy. As a consequence, the models are highly aggregated;
minimum detail is dictated only by policy and output variables that are
found to be relevant. A more detailed sub-sector simulation was done
by Hovav Talpaz.!

Talpaz developed a hog supply response model subject to both
biological and economic constraints. This model tends to more explic-
itly model a sub-sector, the hog sub-sector, while taking the balance
of the economy as exogenous. He states that "demand for hogs and the
distribution and marketing system are beyond the scope of this model."
The model does evaluate production response to an identified set of
policy variables and ultimately recommendations are made for dampening
the hog cycle.

Key variables in the Talpaz model are the hog-corn price ratio
and volume (rate) of farrowing. The study has two parts. The first
used econometric techniques to identify and estimate key model param-
eters. Specifically, a Fourier series application to a trigonometric

time function is employed. The second uses a time-variant mixed

'Hovav Talpaz, "Simulation Decomposition and Control of Multi-
Frequency Dynamic System: The United States Hog Production Cycle,"
unpublished Ph.D. dissertation, Michigan State University, 1973.
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difference equation system to simulate production supply response.
A component model was developed to yield age and weight distributions

for market hogs. The sow farrowing variable was found to be the major }

!
\

state variable while hog-corn price ratio represented the major input
signal.

The components and techniques necessary to develop the Talpaz
and Posada models, as well as other simulation models not discussed
here,! can largely be attributed to T. J. Manetsch and his associates.
These techniques and components were perfected in large part during the
execution of the "Nigerian Project" and subsequent "Korean Project."
The text, of which Manetsch is joint author, only reflects this
knowledge in part.2? Full credit must be given to lectures, seminars,
and mimeographed material presented by him and his colleagues.

The next chapter deals explicitly and at length with the
structure of the Canadian cattle industry and the data base descriptive
of that industry. Specific sources and references are cited at that
time. Chapter III cites references relevant for the development of

the behavioral models.

10ne example is D. L. Forster, "The Effects of Selected Water
Pollution Control Rules on the Simulation Behavior of Beef Feedlots,
1974-1985," unpublished Ph.D. dissertation, Michigan State University,
1974.

2T. J. Manetsch and G. L. Park, Systems Analysis and Simulation
with Application to Economic and Social Systems, East Lansing: Michigan
State University, 1973.
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Dissertation Organization

The dissertation is organized in such a manner as to provide
a general statement of the problem and a specific set of objectives
in this present chapter. This chapter has also provided a description
of the context in which the study is being conducted as well as a
discussion of what is being attempted and what is being left to
related models.

Chapter II discusses the background necessary to proceed to the
detail of Chapters III, IV, and V. Specifically, Chapter II discusses
the system science simulation approach to problem solving, provides a
historical description of the cattle-calves sub-sector and a discussion
of the currently available statistical data base. In addition, the
theoretical economic model underlying the cattle-calves sub-sector
is discussed in detail.

Chapter III develops the behavior models required for the
simulation model and provides parameter estimates for the latter model.
In addition, the model MATRIX is discussed. This model is required to
generate an estimated matrix of endogenous variables for the above
behavioral models.

The statistical data bases concerning cattle and calves is
felt to be less than desirably consistent. Chapter IV discusses a
model called RECON that assists in isolating errors and biases in
these data series. The implications for both this study and others

are considered.
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Chapter V discusses the development of the cattle herd
simulator, CATSIM. The building of this simulator requires a second
set of estimated parameters. These parameters are obtained from
sources other than statistical analysis. They fall into two basic
categories: the first concerns the basic biological relationships,
and the second involves data base disaggregation. A third set is
suggested but left to a subsequent study, that is, the statistical
estimation of these two former sets.

Chapter VI provides an evaluation of CATSIM under various
operating conditions. Three basic versions of CATSIM are developed.
CATSIM 1 operates the basic model under a set of strict and somewhat
unrealistic assumptions concerning the rate of breeding herd replace-
ment; CATSIM 2 relaxes that assumption. CATSIM 3 utilizes behavior
models to generate replacement rates and certain other critical rates.

The final chapter, Chapter VII, summarizes the study and
discusses the modifications required to adapt the model to anticipated
applications. Aspects of the model that require further development

are also discussed.






CHAPTER II

METHODOLOGY

The development of a cattle herd simulator, together with its
integral behavior elements, requires a description of the sub-sector,

a description of the sub-sector's context, and a theoretical basis for
analysis. An understanding of the technique of analysis is required
as well. It is the purpose of Chapter II to provide this necessary
foundation.

The first section, The Systems Science Approach to Problem
Solving, considers systems science simulation as a problem-solving
technique useful for investigating both the normative and the non-
normative aspects of problems. It should be noted that while the
first section discusses the total method or approach, this disser-
tation covers only the first few steps of that approach. The steps
involving application are left to future studies, some of which are
being developed concurrently and in coordination with this study.

The second section, The Cattle Sub-Sector, provides a histor-
ical, verbal, and graphical sketch of the Canadian cattle herd, while
the third section, The Statistical Data Base, discusses the statistical
base descriptive of that herd. It should be stressed that the descrip-

tion of the herd is recorded largely in terms of stock and flow data

19
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series that are proving to be inadequate, incomplete, incompatible,
and possibly, in error.

The final section, The Economic Model, develops the economics
relevant to describing the cattle herd. Special attention is paid to
investment and disinvestment in the basic breeding herd and to the
relationship between the cattle-calves sub-sector and the wheat-feed
grain sub-sector. It is a basic contention of this dissertation that
analysis of investment/disinvestment provides a chief indicator of fed

cattle supply 24-36 months hence.

The Systems Science Approach to Problem Solving

The word simulation conjures up a wide variety of concepts or
techniques in the minds of those who contemplate it. Lack of concensus
or existence of misunderstanding leads to unwarranted confusion. The
concept of systems science simulation used in this dissertation follows
closely the one developed and applied by G. L. Johnson and his asso-
ciates at Michigan State University.!?

The systems science simulation approach is general with respect
to technique; thus it may use single or simultaneous equation models,

LP, and NLP models, input/output tables, PPB and capital budgeting

For further elaboration refer to: (a) G. L. Johnson et al.,
op. cit., pp. 25-37; G. L. Johnson et al., Korean Agricultural Sector
Analysis and Recommended Development Strategies, 1971-1985, East Lansing,
Michigan State University, 1972, pp. 32-46; and M. L. Hayenga, T. J.
Manetsch, and A. N. Halter, "Computer Simulation as a Planning Tool
in Developing Economics," American Journal of Agricultural Economics
50:1755-1759, Dec. 1968.
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techniques, or any number of other more specialized techniques. Each
is eligible for inclusion at that point at which each is more appro-
priate. The approach is also general with respect to data use and

data sources. Thus, both time series and cross section data are

often employed. Statistical estimation procedures may be used to
obtain parameter estimates. Another source of data, used extensively
in this dissertation, is informed judgment or data of a judgmental
nature implying a Bayesian approach. The method employed in this study
utilizes the techniques developed by systems scientists as well as the
concept of a system now used generally by most disciplines. While the
systems science simulation approach to systems design and analysis was
originally developed by electrical engineers, it is increasingly finding
favor in a diverse group of disciplines. It is also finding favor in
multi-disciplinary problem oriented research as the systems approach
allows the diversity to be handled in a comprehensive and coordinated
manner, with the logic that is common to all disciplines.

Thus, generalized systems science simulation is flexible with
respect to kinds and sources of information and technique. The mechanical
and logical nature of the process allows adaptation to a wide variety
of modes, including projection, optimization, and optimum control. It
has also been found useful in a normative policy making mode where the
following preconditions for optimization, not being present, have
hampered or even precluded appropriate use of specialized techniques.

The preconditions for optimization are as follows:
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1. A common denominator for the "goods" and "bads" is present.

2. This common denominator is comparable among those individuals
or groups affected.

3. The order, or second order condition, is apparent before
optimization takes place.

4. A specific decision rule for selection of the optimum is
available.

The generalized systems science simulation approach continues to be
flexible in application; this is important when all possible applica-
tions are not known a priori.

The systems science apprqgch to simulation is an iterative,
learning process. While many, if not most, economists "talk systems,"
very few actually "do systems." This study provides an example of
"doing systems," of laying out the system in explicit detail and
simulating the components. The systems approach to accomplishing
this task has the appeal of BaJZian statistics, that is, it appeals
to the logic and thought process of the non-economist or non-
econometrician. It accomplishes this by formalizing the learning
and corrective process that is the method of all scientists and in
fact all entities that learn when reacting to stimuli.

A very simple system is presented diagramatically in Figure 1.
Three types of problems can be identified with such a system.

1. Synthetic or design problems: given desired output and expected

input, design the system to produce the desired output, e.g.,

a pollution control device for internal combustion motors.

2. Analysis problem: given input variables of the system, find
the output variables, e.g., prediction of national crop yields,

or the daily weather.

3. Identification problem: given measured input and output
variables, find the relation between them.
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Environmental
Inputs
Controlled Input Output desired
Uncontrolled ) Variables SYSTEM *Variables undesired
System
Parameters

Controller p—

Figure 1. A simple system with feedback

The identification problem basically is the one of concern in

this study. 1In final application, however, the model will deal with

problems of analysis, or even design.

The systems analysis approach uses an iterative, learning,

problem investigating approach in dealing with all three types of

problems. Figure 2 provides a general overview of this process.

This study basically includes stages 1 through 3. At each stage

interaction takes place between the model builder(s) and the model user.

In a policy evaluation mode, the ultimate model user becomes the policy
or decision maker.



(1)

(2)

(3)

(4)
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PROBLEM DEFINITION (through
interaction between investigator
and decision maker)

#

MATHEMATICAL MODELING AND SIMULATION
(and more interaction between

investigator and decision maker

|

MODEL REFINEMENT AND TESTING (and
more interaction between investigator
and decision maker)

|

MODEL APPLICATION IN PROBLEM SOLVING
(and more interaction between
investigator and decision maker)

Figure 2. The systems simulation process
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The method is iterative in that stage 1 takes place before
stage 2, stage 2 prior to stage 3, etc. At each stage, however, new
or conflicting information may be uncovered that partially or wholly
negates information or concepts previously held to be true in earlier
stages. Thus, any one step may have to be repeated, possibly several
times. Similarly, new information may force a return to a prior step
or, in fact, a return to step 1.

In addition to the possibility and process of uncovering new
knowledge as the overall process takes place, the process accommodates
the possibility of uncovering new problems that were not anticipated
a priori. These new problems may force a return to a prior stage.

As previously mentioned, this study basically does not include
stage 4. However, the foregoing applies to stage 4. Thus, in appli-
cation, there still exists the critical interaction between model
builder and model user. In fact, the human element is not seen as
divorced from the process but as an integral part of the process.
Thus, even in stage 4, the possibility of new knowledge or new problems
may force a reversion to any prior stage. Consequently, the results of
this study must be held tentatively.

The application of the systems simulation process to policy
problems should be noted at this point. Models, including simulation
models, normally are thought of as providing knowledge of a non-
normative nature. An objective function is normally used to minimize
a set of "bads" and to maximize a set of “"goods." This objective

function explicitly states what is "good" and what is "bad"; knowledge
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of the normative is clearly implied. But in policy problems very
often it is knowledge of a normative nature that is missing; it is
the normative knowledge that must be acquired.

To successfully optimize, the preconditions for optimization
must be present. In many, if not most, policy applications, these
preconditions are not present. In another parlance there is normally
an absence of an explicit social welfare function. While the model
provides a set or competing sets of production possibilities, no clear
rule is present for evaluating these competing sets with respect to
social welfare.

The problem may be expressed in terms of the lack of knowledge
concerning the normative. Systems science simulation can aid in the
learning and awareness heightening process by involving the policy
maker in the total process from problem formulation to model application.
The process forces the accumulation of normative and non-normative
information germane to the eventual policy decision.

While the above discussion provides an overview of the general
process, more specific steps are required before a problem may be
approached, systemized, and eventually simulated. The process

involves the following basic steps.

Feasibility Analysis

This step precedes the commencement of work on any project
including this one. It corresponds in part to stage 1 of Figure 2

and includes the following self-explanatory steps:
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e needs analysis

e system identification (in very general terms)

e problem formulation

e generation of the systems' concepts (a broad general list)

e determination of physical, social, and political relizability
e determination of economic feasibility

e generation of a subset of viable concepts.

System Modeling

This step receives the set of viable concepts as inputs, the
working model is the output. It is basically an elaboration of
stages 2 and 3 of Figure 2. This step involves:

e concept selection (the final subset)

modeling of these concepts

parameter estimation or approximation

stability analysis

sensitivity analysis.

From the subset of viable concepts, a further subset is selected
that best appears to represent the system being modeled in light of
the identified problem. The concepts are individually modeled to
collectively produce the model of the system.

Systems modeling takes place in terms of the subset of concepts
finally selected. This model represents a second level of abstraction

from reality. The sequence is:
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THE REAL WORD
MATHEMATICAL MODEL

SIMULATION MODEL

The mathematical model can be represented in terms of an exact
block diagram. The elements in the exact block diagram are modeled
in terms of system components! that in many cases have been developed
in the past and are published in the form of specialized systems
languages. 2

Parameter estimation is a major element in the building of a
simulator. These parameters may often be estimated statistically where
adequate data are available. Where this is not possible, "guesstimates"
and informed judgment provide a second source. In addition, the simu-
lator itself may be deployed to produce parameter estimates with
certain optimal properties.

If the model output simulates some set of "correct" values,
then a formal optimization procedure may be employed to estimate
parameter values. If some less precise concept of correctness is held

or if highly plausible parameter estimates are available from other

'pAppendix B contains a detailed discussion of mathematical
modeling, explains the symbols used in expressing the model in exact
block diagram form, and discusses, as well, the principle system
components used in this dissertation.

2An example is R. L. Llewellyn, FORDYN: An Industrial
Dynamics Simulator, Raleigh, North Carolina State University, 1965.
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sources, then an informal method of parameter adjustment or "fine
tuning" may be employed.

Viability testing is the first stage of testing. At this stage,
generated variable values are checked for correct sign and approximate
magnitude. Validation involves a more detailed test and may include a
comparison of simulated output with some known output, as in the case
of this study.

Sensitivity analysis involves testing the sensitivity of the
model to parameter changes. There are two basic reasons for this test.
In the first case, the accuracy of sensitive parameter estimates is more
critical than those of lower sensitivity. This test then gives some
ordering to the allocation of further research resources. In the second
instance, the ranking of policy parameters in terms of sensitivity can
be very informative to decision makers.

Stability testing can take place concurrently with sensitivity
testing. This test ensures that the model is stable over all reasonable
combinations of parameter values. The dynamic properties of the model
should approximate the observed dynamic properties of the system being

modeled.

Validation

The actual process of validation is one of demonstrating that
the model fails to be found invalid. Thus, the model may be incorrect
in one or more aspects yet superficially appear to be valid. The model
may be found incorrect in application; at this stage, corrections or

revisions will be made in keeping with the systems process.
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A simulation model, such as the one being developed in this
study, uses information from a wide variety of sources. These include
published statistical data, experimental data, as well as the informed
judgment of a range of knowledgeable people. The reliability or
accuracy of any or all of this information is open to question.

Unlike specialized techniques, the usual statistical tests do
not always apply; where possible, they are used. In all cases, however,
less sophisticated but nevertheless useful tests of objectivity are
applied. These tests are applied consistently at each stage of model
development in order to validate and verify the process that is taking
place.

These tests of objectivity are:

1. consistency with observed and possibly recorded experience
(correspondence) ,

2. logical internal consistency of the concepts used (coherence),

3. interpersonal transmissibility of the concepts used and the
results produced, and

4. workability of the model in the solution of problems.!

More specifically, the model's output must be consistent with
the official published cattle statistics and users evaluation of these

statistics. Also, the process by which the model generates output must

1The following two references are examples of those using
objectivity as a validation and verification criterion. G. L. Johnson
et al., Korean Agricultural Sector Analysis, pp. 43-45; and G. L.
Johnson and C. Leroy Quance, The Overproduction Trap in U.S.
Agriculture, Baltimore, The John Hopkins Press, 1972, pp. 44-48.
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be consistent with generally held concepts of how the sub-sector
functions.

The model must be able to reconcile those various bits of
information used in its construction in such a manner as to success-
fully reproduce, or change, the commonly held view of the sub-sector.
These include generation of short term fluctuations and long term
trends. If the model lacks stability or does not reproduce trends
and cycles then it fails to be consistent with the real world. In
this case the model would fail the consistency (correspondence) test.
If the model cannot reconcile the elements used in its construction
then it (the model or the elements) fail the internal consistency
(coherence) test.

The process, the parameter values, and the generated output,
must be accepted by a wide range of individuals cognizant of the vari-
ous aspects of the cattle sub-sector. This group would include animal
scientists, livestock economists, livestock marketing experts, and
other knowledgeable industry people. This is the interpersonal
transmissibility test.

Finally, the model must demonstrate workability or prove to
be insightful with respect to specific problems. This means that this
model (or some future amended version) is only useful insofar as it can
provide usefu] answers; for a wide range of problems it may be found
to be inferior to some other methods or of no use whatsoever.

The process of objective validation and verification is never

ending. The present stage of development of the model represents a
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highly plausible representation of the system. Additional information
at some future date may cause this model to be greatly modified or
simply rejected.

Thus the model's validation will not generally be expressed
in a set of well-known and accepted statistics but rather will take an
objective truth in the minds of those scientists, policy makers, and
others who wish to use it, understand its logic, and contemplate the

validity and usefulness of its output.

The Cattle Sub-Sector

This section describes the cattle sub-sector in terms of its
various dimensions. This sub-sector is in interaction with other
sub-sectors and indeed with international influences through its
foreign trade dimension; thus, it is ever changing. An attempt is
made, consequently, to describe the sub-sector in dynamic terms with

emphasis on the external influencing factors.

The Spatial Dimension

Canada is divided geographically by physical barriers running
north and south, giving rise to separate and readily identifiable
regions. Within each region, considerable similarity exists with
respect to climate, population density, degree of industrialization,
as well as political and social thinking. Generally, each region is
made up of one or more provinces; statistical data collection is

conducted on a basis consistent with these regions.
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For the purpose of this study, two major regions will be
identified, East and West. The major elements in the Western region,
with respect to the cattle sub-sector, are the Prairies. In the East,
Ontario and Quebec are of major significance.

Approximately 70 percent of Canada's population lives in the
East, mainly in southern Ontario and Quebec, while the remaining 30
percent is spread rather thinly over the Prairies and concentrated
in the Vancouver area of British Columbia.

In contrast, the June 1, 1972 Livestock Survey indicates that
the West had 61.6 percent of the cattle population. This uneven dis-
tribution of human and cattle population gives some clue as to the
direction of the internal trade in cattle and meat.

The relative distributions are even more distorted if the
cattle population is split into its dairy and beef cattle components.
Table 1 shows the June 1, 1972 distribution on a seven region basis.
The West is shown to have the bulk (81%) of the beef cow herd, while
the East has most of the dairy herd (79% of the nation's dairy cows).

Table 1 provides a static picture only; Figures 3 and 4 show
the trend in dairy and beef cow numbers, both East and West, over the
1954-1972 period. In general, the dairy cow herd has declined over
most of the period and continues to decline both in absolute numbers
and as a proportion of the total herd. In contrast, beef cow numbers
have been on the increase over this same period with irregularity in

this rate being the greatest in the West.
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Table 1. National distribution of cattle and calves, June 1, 1972,
expressed as a proportion of the national total

Milk Dairy Beef beef
Bulls cows heifers COws heifers | Steers | Calves

Maritimes .0274 | .0457 .0512 .0137 .0127 .0228 .0236

Quebec .1967 | .4116 . 3529 .0476 .0338 .0341 .0914
Ontario .1446 | .3329 .4101 .1237 .2396 .3746 1772
EAST .3687 | .7902 .8140 . 1849 .2932 .4314 .2922

Manitoba .0829 | .0480 .0467 L1071 .0825 . 0885 .0940

Sask. .2121 | .0452 .0362 .2884 .2326 .1476 .2488
Alberta .2892 | .0805 .0629 .3670 . 3453 . 3036 .3212
B.C. .0471 | .0361 . 0401 .0527 .0465 . 0289 . 0448

WEST .6313 | .2098 .1860 .8151 .7068 .5686 .7088

The Trend-Cycle or Time Dimension

Marshall! points out that official estimates of the numbers of
cattle and calves in Canada have been kept since 1906. Over that
period, milk cow numbers rose smoothly to peak in the mid-1930's and
have fallen rather steadily since that date. On the other hand, cattle,
other than milk cows, have trended upward irregularly since 1906.

Marshal goes on to say that these irregularities in cattle
numbers, the so-called cattle cycle, is basically a phenomerion of the
beef cattle population and thus most pronounced in the West. He

identifies the following cycles for cattle other than milk cows.

1R. G. Marshall, Variations in Canadian Cattle Inventories and
Marketing, Department of Agricultural Economics, Ontario Agricultural
College, Guelph, 1964.
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- upswing 1911-1919 8 years
1911-1928 downswing 1919-1928 9 years

_ upswing 1928-1933 5 years
1928-1939 downsw?ng 1933-1939 6 years

_ upswing 1939-1945 6 years
1939-1950 downswing 1945-1950 5 years
1950-1963 uncompleted 12 year upswing

(one year decline in 1958)

Subsequent analysis shows that the last continued until 1965.

A four year down turn followed that bottomed out in 1969. An upswing
has been in progress since that date.

Marshall has been tempted to say that the "conventional" cattle
cycle (as occurring 1911-1950) has not been in evidence since 1950. He
states, "this apparent deviation from the historical cyclical pattern
over recent years, both in terms of timing and magnitude, would appear
to negate the automatic properties of the cattle cycle as seemed
apparent in the earlier years."!

Petrie characterizes the cattle cycle in terms of slaughter,

and from peak to peak.?2

_ downswing 1945-1950 6 years
1945-1957 upswing 1951-1957 6 years
downswing 1957-1958 1% years

1957-1965 upswing 1959-1965 % years
1965-1969 downswing 1965-1969 3% years

'Marshall, op. cit., p. 11.

2T, Petrie, "Analysis of Seasonal, Cyclical and Trend Variations
in the Prices and Qutput of Cattle and Hogs in Canada," unpublished
Master's thesis, Saskatoon, University of Saskatchewan, 1971.
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Marshall discounts the 1957-1958 downswing as being a product
of high exports, therefore, low domestic slaughter. Beef cow members
continued to increase during this period.

Both Marshall and Petrie note that the cyclical motion in
cattle numbers, generally, is a western beef cattle phenomenon. Petrie
goes on to give three basic reasons for this cyclical motion.

1. Producer response to short term conditions. This would
include the drought in the thirties, the outbreak of foot
and mouth disease in Saskatchewan in 1952, and the drought
in 1961.

2. Exports as a response to relative international prices,
especially U.S. cattle prices. A low period of exports
are noted between 1952-1956 and 1967-1972. The inter-
vening period 1958-1966 generally was a period of high
exports.

3. Wheat--the competitive condition of livestock in the
Western economy. If wheat exports and prices are average
to high, resources are traditionally withdrawn from cattle
production in the West. The years 1963-1967 saw high wheat
exports and low carryover. Conditions changed during 1968-
1970 as exports were reduced and carryover reached
unprecedented levels.

Summarizing both Marshall and Petrie, the following events had

a significant impact on the Western beef cattle population.

1937-1940 drought
1941-1945 government policy to divert excess grain
to livestock
1945-1950 high western grain sales
1950-1962 high grain carryover especially wheat
1963-1967 high wheat sales
1967-1970 high wheat carryover
1970- government policy to divert excess resources

to livestock.
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The recent rise in cattle numbers has in part been sparked
by diversification (into livestock) programs sponsored by several
provincial governments, as well as the 1970 Lower Inventories for
Tomorrow (LIFT) program of the Federal government.

Thus, to Petrie's list might be added a fourth item, government
programs. These items are in addition to and superimposed on the
traditional cobweb model of the cattle cycle. Figure 7 attempts to
show the progress through 1958-1972 of births, calf exports, calf
slaughters, while Figure 5 relates cow-heifer slaughter to calf births

and steer slaughter.

The Trade Dimension

Boswell,! Boswell and MacEachern,? and Marshall® provide a
panorama of the changing cattle trade pattern in North America,
especially as it affects Canada.

Cattle export statistics divide non-dairy, non-breeding stock
exports into three weight classes: 1less than 200 pounds, 200-700 pounds,

and over 700 pounds. While these categories will be treated in some

1A, M. Boswell, "The Changing Economic Profile of Canada's
Beef and Veal Trade," Canadian Farm Economics 8(5):1-14, Oct. 1973.

2p. M. Boswell and G. A. MacEachern, "Determinants of Change
in the North American Feeder Cattle Economy," Canadian Journal of

Agricultural Economics, 15(1):53-65, 1967.

3R. G. Marshall, An Assessment of Current and Prospective Trade
Patterns, Supply and Demand Situations for Cattle and Beef, Hogs and
Pork, with Reference to Canada's Position in the North American Market,
Department of Agricultural Economics, University of Guelph, 1968.




40

‘2L61-8561 SHLYIS 41BD Pue YILHINYIS 3133R) UADISAM G 3unbiy

—T T

2L 1L 0L 69 8 [9 99 S9 ¥9 €9 29 19 09 65 85
T T

T T PP T v g or L st
YILHINYIS 4¢
M0)
YILHINYTS _ -~ 47
434 L3H
2 1S
4 S
’
,
g e
/
74 14
’
\\\
s e
-
Y3LHONYIS
49935 = 152
192
—12
182
462
40¢€
SHLY18 1€
41

Pe3H 000°00L






a1

detail later in this chapter, the intent of this discussion is to
provide some appreciation of the changing nature of trade flows.!®

Calves under 200 pounds flow from Eastern Canada (mainly Quebec,
and to a lesser extent Ontario) into New York, Michigan, and the New
England States. A recent occurrence has been the shipment of calves
to Europe, especially to Greece and Italy. These calves are destined
for veal slaughter and are primarily excess male calves from the dairy
herd. This flow occurs primarily in the March-June period. Figure 6
demonstrates how this flow has gradually increased over the 1956-1972
period.

Cattle exports in the 200-700 pounds range are primarily feeder
calves from Western Canada moving to feedlots in North-Central and
northern United States. These calves are, for the most part, 6-8 months
of age and in the 400-500 pound weight range. Historically a large
percentage have been heifers due to differential steer-heifer price
margins between the two countries. Figure 7 shows this flow, while
irregular, it has been of major significance over the 1956-1968 period.
0f recent years, this flow has virtually stopped due to relative
conditions between the sub-sectors in the two countries.

The third major category is hard to specify. It can contain
heavy feeder cattle, fed cattle or cows, primarily low quality cows for

manufacturing purposes. This category is believed to contain a fairly

1Since Canadian trade in cattle cannot be divorced from the
U.S. cattle industry, knowledge of the changing U.S. pattern is helpful.
One useful reference is The Interregional Structure of the American Beef
Indus%g;3in 1975 and 1980, Publication B-708, Oklahoma State University,
July .
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steady flow of the latter class of cow. Flows of heavy feeder cattle
are irregular, mainly from the West and occur in response to price
differentials, again, mainly from Western Canada.

The flow of breeding stock, both export and import, is small,
except for dairy cows and heifers. A significant export market per-
sistently exists for both purebred and grade dairy females. These
flows originate primarily in Eastern Canada.

Cattle imports are primarily heavy finished cattle for
immediate slaughter. This flow is intermittent and in response to
relative price differences. The import (or export) response is due
in large part to an "import margin" (or export margin). This margin
is believed to be made up of tariff plus transport plus shrink. It

is usually calculated when both prices are in Canadian dollars.

The Internal Flow Dimension

The major internal flow of cattle is from West to East. Because
of the difference between the cattle/people geographic distribution,
either cattle or beef must move East. Over the past 16 years both
flows have increased. From Figure 7 it can be seen that calves shipped
East increased during the 1957-1967 period, with a slight tapering off
to 1971. The latter period was consistent with the adverse Prairie
grain economy.

The movement of cattle (over 550 and 575 pounds)! from West to

East has been significant and relatively steady at the annual rate of

1The statistics are collected in terms of a 550 pound upper
1imit for heifers while a 575 pound upper 1imit is used for steers.
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115,000-230,000 head per year. Most of these cattle are for immediate
slaughter; however, some may be placed on feed for an additional
finishing period.

Figure 8 shows that an increasing proportion of the Canadian
slaughter takes place in the West. Since 1965, the East has generally
suffered an absolute, as well as proportionate, slaughter decline.

In general, the cattle sub-sector has shifted from East to West.
Both the beef cow herd and cattle on feed have expanded rapidly in the
West. This has been accompanied by substantially increased Western

slaughter, particularly since 1965.

The Calf Slaughter Dimension

An important aspect of cattle production is the slaughter of
calves. This slaughter reduces the potential beef supply from a given
calf crop. In addition, it adversely affects the ability to expand
(should some of the slaughter be female).

In the West, both inspected and uninspected calf slaughter
rates have generally declined since 1957, except for a slight increase
in the 1962-1965 period when the grain economy was buoyant. Since 1968,
calf slaughter has declined to less than 3 percent of total calf crop.
Even in 1957, a peak year, calf slaughter was only 14 percent of the
total calf crop. Figure 7 portrays Western calf slaughter.

In the East, calf slaughter is still of major significance
although declining, generally, over the 1957-1972 period. In 1957,
calf slaughter was about 42 percent of the calf crop, in 1972, 15

percent. The calf slaughter is believed to originate largely from
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the dairy herd and is about 70 percent male. It should be noted that
in both East and West, uninspected has been a growing proportion of
total calf slaughter, although declining absolutely. Eastern calf

slaughter is shown in Figure 6.

The Seasonal Dimension

Annual calving distributions are difficult to determine exactly;
however, reasonable estimates suggest a fairly uniform quarterly dis-
tribution in the East where the dairy herd predominates. In the West,
70-75 percent of the calf births occur before June 1st and probably the
majority of these in the preceding three months.

Petrie's study! provides the best evidence of cattle slaughter.
He notes peaks in slaughterings (all steers, heifers, cows, bulls) in
March, June, and September, with the October-December period being
slightly above average. The rest of the months experience slightly
below average slaughterings. He attributes the March-June, and to a
lesser extent September slaughtering peaks to fed cattle from feedlots.
The October-December peak is made up of a higher proportion of lower
quality cattle, likely cattle finished on grass. The September peak
is due to a convergence of marketings of all cattle classes including
cull cows. In general, he states, the seasonal pattern has not
appreciably changed for 14 years (1956-1969).

The seasonal pattern of calf slaughter has also been consistent

over the past 16 years. In the East, calf slaughter peaks in spring and

Petrie, op. cit.
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early summer, reflecting the large number of veal dairy calves being
made available. In the West, calf slaughter peaks during the fall as

heavier calves are slaughtered.

The Statistical Data Base

The data that makes up the data base are collected and published
by several agencies and divisions within agencies. This data base was
assembled by bringing together the relevant published (and unpublished)
data series from these several and diverse sources.’

These data are used in this study in several ways:

1. as stock and flow variables for the various component
models,

2. as standards against which the various model's output
may be compared, and

3. as hypotheses.
This third point may need some elaboration. One study objective
js to "attempt a reconciliation of these data . . . in order to

determine their accuracy." In this regard, the data are not assumed

1As each of these agencies may publish in one or more
statistical journals, and indeed publish each other's data, several
publications are listed covering this data base: Agriculture Canada,
Livestock Market Review, Ottawa, Queen's Printer, various issues;
Agriculture Canada, Livestock and Meat Trade Report, Ottawa, Queen's
Printer, various issues; Statistics Canada, Dairy Review, Ottawa,
Queen's Printer, various issues; Statistics Canada, Livestock and
Animal Product Statistics, Ottawa, Queen's Printer, various issues;
Statistics Canada, Quarterly Bulletin of Agricultural Statistics,
Ottawa, Queen's Printer, various issues; Statistics Canada, Report
on Livestock Surveys Cattle, Sheep, Horses, Ottawa, Queen's Printer,
various issues; and Statistics Canada, Trade of Canada, Ottawa,
Queen's Printer, various issues.
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to be accurate; rather, it is held as a hypothesis that is either
accepted or rejected. Chapter IV deals specifically with this data
reconciliation.

The balance of this section provides a brief description of
the content of each data series incorporated into the data base. 1In
addition, the collecting agency is listed. The content of each of these
data series has been tentatively determined by referring to published
articles and the personal comments of knowledgeable individuals as well
as from personal knowledge of these data series. In keeping with the
concept of data as a hypothesis, it is recognized at the outset that
subsequent findings may lead to a revised understanding of the context

of various data series.

The Livestock Survey?

Historically and for the period under consideration, Statistics
Canada (STATCAN) has published a June 1 and December 1 livestock census.

These data series are the basic reference for the stock variables.

2From this point onward, except where noted, a specific
notational convention will be used to emphasize the stock and flow
variables that are major elements in this study. This convention
is as follows:

e flow values and rates will be capitalized, i.e., BIRTH

Rate and SLAUGHTER. Modifiers will have the first letter
capitalized only.

e stock values will be written with the first letters
only capitalized, i.e., Cow Population and Steers.

When words are used to describe age cohorts or functions of cattle

or in any other context, this convention will not be used. Examples
are modifiers of process or distribution, i.e., birth distribution
and slaughter process. Table 2 provides a list of the stock and flow
variables referenced in the balance of this dissertation. These
variables include the published statistical data as well as those
variables used to describe the various models.
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Table 2. The stock and flow variable notational convention®

A. FL lues and rates. These values and rates are capitalized; all modifiers of FLOWS have only
the first letter capitalized.

BIRTHS and modified by Calf, Cow, and Heifer
BIRTH Rate and modified by Cow and Heifers

DEATHS with various modifiers such as Beef, Dairy, Male,
DEATH Rate Female, and age identification

SLAUGHTER, CULL

SLAUGHTER Rate, CULL Rate with various modifiers

INSPECTED SLAUGHTER

UNINSPECTED SLAUGHTER with various modifiers

{ Farm Killed and Eaten

also sub-categories Farm Killed and Sold

Cattle for Local SLAUGHTER
Cattle for Immediate SLAUGHTER

Cattle for SLAUGHTER
and with other modifiers

IMPORTS
Purebred IMPORTS
Other IMPORTS

EXPORTS

Purebred EXPORTS

Other Dairy EXPORTS

EXPORTS, Cattle Under 200 Pounds
EXPORTS, Cattle 200-700 Pounds
EXPORTS, Cattle Over 700 Pounds

REPLACEMENTS
REPLACEMENT Rate

IN FLOW
OUT FLOW
Cows MILKED Yesterday

Cows and Heffers to FRESHEN This Month
MILK Cows BUTCHERED This Month

with various modifiers

Cattle-Calf
WEST-EAST Movement with modifiers Cattle
Calf

to FEEDLOT
to STOCKYARDS
to SLAUGHTER

also sub-categories

) specific notational convention is employed in this study to indicate which of three possible
meanings are attached to words that are often used in three different contexts. These words are
used to describe stock and flow variables, as well as to modify processes, distributions, and prices.
This table provides a 1ist of the elements in these three groups in order to aid the reader in
comprehending this study.
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Stock values.
all modifiers.

Calf, Calves
Weaned Calves
Vealer Calves
Stock or Stocker Calves

Heifers, Heifer Population
Bred Heifers

Open Heifers

Replacement Heifers

First Calf Heifers

Slaughter Heifers

Steers, Steer Population
Slaughter Steers

Yearlings, Steers, Heifers

These values have only their first letter capitalized; this applies as well to

with modifiers such as Beef, Dairy, Male, Female, and age

identification

with modifiers Beef and Dairy

with modifiers Beef and Dairy

Feeder Cattle, Steers, Heifers
Finished Cattle, Steers, Heifers

Herd

Cattle Herd
Cattle Population
Breeding Herd

Cows, Cow Population
Brood Cows

Mature Cows

Cull Cows

Bulls, Bull Population
Replacement Bulls

Cull Bulls
Number of Farms Reporting

with various modifiers

with various modifiers

with various modifiers

Total Cows and Heifers for Milk--Two Years and Over

Cows and Heifers in Calf

Processes, delays, distributions, and prices.

birth

death

slaughter
h

Processes:

growt|
feeding, finishing, feeding-finishing

gestation
production
calving
replacement
breeding
weaning

Delays

Distributions:

Prices:

Modifiers of these are not capitalized.

birth, calving
death
slaughter, cull
replacement

slaughter steers
canner and cutter cows
stock calves

veal calves

hogs







Calves,
Under 1 Year 01d

Steers,
1 Year 01d or Older

Beef Heifers

Beef Cows

Dairy Heifers

Dairy Cows

Bulls,
1 Year 01d or Older

Calves Born Survey
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This time series represents both Male and
Female, Dairy and Beef Calves. While this
and all other Livestock Survey data are
published by Province, for the purposes

of this study Provincial totals have been
aggregated to form an Eastern and Western
total.

These data represent both Dairy and Beef
Steers.

These data are described as Female stock
1 to 2 years of age being raised for
replacements and those for slaughter.

As is the case with Steers, no attempt is
made to differentiate those on feed from
the balance over most of this time period
(1958-1972).

This figure is described as Female stock
2 years old and older, kept mainly for
beef purposes.

These data are described as Female stock
1 to 2 years being raised mainly for milk

purposes.

These are described as Female stock 2 years
old and older kept mainly for milk purposes.

These data summarize both Beef and Dairy
Bulls.

STATCAN publishes semi-annual estimates of Calf BIRTHS. The

June 1 figure represents an estimate of the Calf Crop from December 1

of the previous year until June 1 of the current year.

Similarly, the

December 1 figure represents the accumulated Calf Crop from June 1 to

December 1. Calves born include both Beef and Dairy Calves.
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INSPECTED Cattle SLAUGHTER

These data are collected and published by the Livestock Division,
Production and Marketing Branch, Agriculture Canada. Because these data
are collected daily by on-site federal government inspectors, a good

deal of credibility is attached to them.

SLAUGHTER, Male Calves This rather broad category includes animals

SLAUGHTER, Female Calves from light Vealers to heavy Butcher Calves.
An examination of carcass weight reveals a
low of 100-110 pounds in April-May to a
high of 165-185 pounds in November. Western
Female Calf SLAUGHTER historically peaked in
the fourth quarter raising average carcass
weight. Thus SLAUGHTER Calves might be
expected to range from 200-450 pounds and
from 3-6 months of age.

While Calf SLAUGHTER is primarily thought of
as Male Dairy Calves, historically there has
been significant Female Calf SLAUGHTER in
both Eastern and Western Canada.

SLAUGHTER, Steers No attempt has been made to separate these
SLAUGHTER, Heifers categories into their Beef and Dairy compo-
SLAUGHTER, Cows nents. The definition of Heifers and Cows
SLAUGHTER, Bulls does not necessarily conform to the age

cohorts previously described for the
STATCAN Livestock Survey.

In addition, no attempt has been made to
calculate carcass weight for each of these
four categories. An examination of an
aggregate carcass weight reveals that it has
risen from about 525 pounds in 1958 to about
575 pounds in 1972. During this period, the
proportion of Steers and Heifers on feed has
risen. This undoubtedly has raised both
live slaughter weight and dressing
percentage.
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WEST-EAST Cattle-Calf Movement

Like INSPECTED SLAUGHTER these data are collected and published
weekly by the Livestock Division, Production and Marketing Branch,
Agriculture Canada. These data refer only to those Cattle and Calves
shipped East by rail. It is believed that most are shipped by rail with

the balance by truck. Thus, these data represent a lower bound.

Cattle Movement for:

SLAUGHTER These are assumed to be Finished Cattle for
Immediate SLAUGHTER.

FEEDLOT These are assumed to be Feeder Cattle, over
STOCKYARDS 550/575 pounds® to be placed in a feedlot
mainly--some may go to grass.

Calf Movement for:

SLAUGHTER These are assumed to be Calves for Immediate
SLAUGHTER--they are likely above average
weight and age for Slaughter Calves.

FEEDLOT These Calves are assumed to be below
STOCKYARDS 550/575 pounds? and may go directly to
a feedlot or to grass depending on season
and prices.

1The statistics are compiled in terms of 550 pounds for Heifers
and 575 pounds for Steers.

21bid.
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Dairy Correspondents Survey

Monthly data is collected by STATCAN from a sample of dairy
farmers. The sample data has been adjusted to correspond to STATCAN's
June 1 and December 1 Livestock Survey by Economics Branch personnel.

The self explanatory headings are as follows:

Numbers of Farms Reporting

e Total Cows and Heifers for Milk--Two Years and Over

Cows MILKED Yesterday

Cows and Heifers in Calf

Cows and Heifers to FRESHEN This Month

Milk Cows BUTCHERED This Month

UNINSPECTED Cattle SLAUGHTER

These data are not published, however, they are compiled on a
provincial basis by the Agricultural Division of STATCAN for their own
internal use. Certain of these data were made available to the author
on a quarterly basis with the balance on an annual basis. These data
are compiled only on a cattle/calves basis.

UNINSPECTED SLAUGHTER falls into two categories: slaughter in
plants and slaughter on the farm.! The former data are estimates of
slaughter in packing plants not inspected by federal inspectors although
they may be inspected for one or more reasons by provincial, municipal,

or other federal authorities.

From this point onward both categories will be included in
UNINSPECTED SLAUGHTER unless otherwise stated.
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Cattle In the West, this SLAUGHTER is about 5
percent of total Cattle SLAUGHTER, while
in the East, it is about 20-25 percent;
it is reasonably stable in both cases.

Calf In the West, this SLAUGHTER is about 20-25
percent of total Calf SLAUGHTER; however,

this total has fallen drastically over the
1958-1972 period. In the East, this SLAUGHTER
is also 20-25 percent of total Calf SLAUGHTER.
In contrast, Eastern Calf SLAUGHTER has
remained relatively high, although only

about half its earlier (1958) rate. This
reduction in Eastern UNINSPECTED Calf
SLAUGHTER is mainly attributed to major
reductions in Quebec.

Farm Killed and Sold, These data represent estimates of animals

Farm Killed and Eaten that are slaughtered, butchered, and possibly
sold by the farmer in such a manner as to not
pass through a packing plant. The number of
Farm Killed Cattle has remained fairly steady
at about 130,000 head in the East and 70,000-
100,000 head in the West. The numbers of
Farm Killed Calves has dropped from 130,000
to 80,000 head in the East and from 60,000

to 25,000 head in the West.

The types of Cattle in this latter category are not readily
apparent. One assumption might be that the Calf portion is distributed
by sex and quarter, as is INSPECTED Calf SLAUGHTER. It also might be
assumed that Farm Killed Cattle may be distributed fairly evenly among
quarters. It might intuitively be expected that Cows and Heifers would
make up a higher proportion of Farm Killed and UNINSPECTED SLAUGHTER
than INSPECTED SLAUGHTER. Thus, one tentative distribution might be
Cows (1/3), Heifers (1/3), and Steers (1/3). They might also be
divided between Beef and Dairy, roughly in proportion to the incidence

of Beef and Dairy in the total Herd.
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IMPORT Data
The most reliable trade data is believed to be collected by the

External Affairs Division of STATCAN and published in Trade of Canada.

Data prior to 1969 data were readily available only on an annual basis.

From 1969 forward, monthly data were available.

Purebred IMPORTS This category includes both Dairy and NES
(Beef) Cattle as well as Males and Females.!
For the purpose of this model, all Purebred
IMPORTS AND EXPORTS are assumed to be Cattle
of at least two years. The breakdown into

Beef and Dairy occurred only with the 1969-
1972 data.

Other IMPORTS This category contains largely Cattle for
Immediate SLAUGHTER. They are assumed to be
primarily Steers.

With all IMPORTS, the statistics are compiled at the Port of

Entry. If these data are used as though destination coincided with

the Port of Entry, some error may be introduced.

EXPORT Data

As with IMPORTS, only annual aggregate data is available prior
to 1969. For 1969 and forward, these same statistics are available on
a monthly basis.

e Annual Purebred

INot elsewhere specified. This element of the various EXPORT
and IMPORT data name 1is dropped elsewhere in this dissertation in
order to shorten the name; the context provides ample identification.
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e Annual Purebred Dairy

e Annual Purebred NES.!

These data are not divided into Dairy and Beef components prior
to 1966. In addition, no division is made into Male and Female. One
possible guide to disaggregation is data published by the Livestock
Division, Marketing and Trade Branch, Agriculture Canada. Using 1973
data from this source, Purebred NES (Beef) appears to run 60 percent
Bulls in the West and 10 percent in the East. Purebred Dairy is less
than 10 percent Bulls, East and West. Purebred Cattle appear to be
almost 95 percent or better Beef in the West and 10 percent in the East

(prior to 1972).

Dairy, NES, This category is assumed to be Dairy Cows
Weight 200 Pounds and Heifers that are not Purebred. For the
and Up? purpose of this study, it will be assumed

that all Cattle in this category are 2 years
or over.

Cattle, NES, Weight This category is assumed to include very
Less Than 200 Pounds young Male Dairy Calves. These Calves are

shipped largely from Quebec and Ontario to
New York and other adjacent American states,
with greatest flow occurring in the March

to June period.

Cattle, NES, Weight These Cattle are largely shipped from the

200-700 Pounds West to the North Central United States.
One estimate is that they are 58-67 percent

Female and are shipped mainly in October and
November.

'Ibid.

2Shortened to Other Dairy EXPORTS elsewhere in this
dissertation.
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Cattle, NES, Weight This category contains everything from
Over 700 Pounds Feeder and Slaughter Cows to Slaughter

Steers and Heifers. One knowledgeable
official has stated that it is primarily
Cows; when relative prices place Canada on
an export basis, the increase in this cate-
gory is largely Slaughter Steers and Heifers.
A review of Agriculture Canada's figures show
that most Eastern Cattle in this category are
for slaughter, with the numbers being reason-
ably stable, therefore, they are likely Cows.
The Western pattern varies widely.

The above annual categories are also given on a monthly basis
for 1969 and onward. This monthly basis provides a distribution for

disaggregating the annual data prior to 1969.

The Economic Model

At any point in time, the size and composition of the Canadian
Cattle Herd can be taken as given. This Herd represents the net effect
of all past adjustments to price, institutional and biological condi-
tions as well as those expected to prevail in the future.

The Breeding Herd, in terms of Cows and Bulls is viewed as a
stock of capital. This stock of capital is a productive input in the
production function for Calves and thus beef. The relative prices for
inputs and products determine an optimum flow of services required from
that stock, or abstracting from the user cost problem, determine the
optimum size of that stock of capital.

Consideration of the Breeding Herd as a stock of capital that
is an input to the production of beef from Slaughter Cattle differs from
conventional capital theory. It differs in that net investment or
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disinvestment in the Cattle Herd directly affects beef supplies and,
thus, relevant prices and, in turn, the optimum stock.

The optimum stock and the production functions are markedly
influenced by the price of inputs and especially inputs that are
produced with largely the same set of resources. The input in
question is feed grain.

A Cattle Herd simultaneous equation model may be described
in the following oversimplified terms.!

e A production function for Slaughter Cattle:?

(1) SLAUGHTER CATTLE = f] (land, labor, BREEDING STOCK, GRAIN, other

capital, non-farm inputs, technology).

e Beef supply function:

'While these equations will not be discussed immediately
or directly, they are intended to facilitate the discussion which
follows. They have no other purpose.

Many similar, but more comprehensive models of the cattle-
feed grain sub-sector have been developed. One example is S. N.
Kulshreshtha, A. G. Wilson, and D. N. Brown, An Econometric Analysis
of the Canadian Cattle-Calves Economy, Department of Agricultural
Economics, Saskatoon, University of Saskatchewan, 1971; and J. W.
Freebain, "Some Adaptive Control Models for the Analysis of Economic
Policy: United States Beef Trade Policy," unpublished Ph.D. disser-
tation, University of California, 1972.

Teigen provides a critical analysis of five such studies in
his Ph.D. dissertation. L. D. Teigen, "Costs, Loss and Forecasting
Error: An Evaluation of Models for Beef Prices," unpublished Ph.D.
dissertation, Michigan State University, 1973.

2The notation for these equations is as follows: variables
written with upper case letters are endogenous to the model, those
written in lower case are exogenous.
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FED BEEF = f2 (SLAUGHTER CATTLE, EXPORTS, IMPORTS, Pa, PS,
GRAIN PRICES)!

NON-FED BEEF = f3 (SLAUGHTER CATTLE, CULL CATTLE, IMPORTS, EXPORTS,
GRAIN PRICES).

e Breeding Herd investment functions:

REPLACEMENTS = f4 (1and, labor, SLAUGHTER CATTLE, Pa, Ps’

MVPeoEEDING STOCK*

CULLS = f5 (1and, labor, Pa’ P, MvP

s’ BREEDING STOCK)'

BREEDING HERD

d dt

= REPLACEMENTS - CULLS.

e Beef demand functions:

PRICE; f7 (NON-FED BEEF, FED BEEF, price of substitutes, income).

PRICES

f8 (NON-FED BEEF, FED BEEF, price of substitutes, income).

e Farm price functions:

o
n

f9 (PRICEé, processing and retailing cost, price of

by-products).

PS = flo (PRICE;, processing and retailing costs, price of

by-products).

'P, and P, are defined in the following pages.
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e EXPORTS and IMPORTS of Cattle functions:

(11) EXPORTS = f]] (Pa’ P., US prices, tariffs, transport costs).

(12) IMPORTS f]2 (Pa’ Ps’ US prices, tariffs, transport costs).

e Grain production and demand functions:

(13) GRAIN = f]3 (1and, labor, other capital, non-farm inputs,

technology).

(14) GRAIN PRICE = f]4 (GRAIN, BREEDING HERD, international price,

institutional factors).

The balance of this section develops the concepts introduced
above, while drawing on this simple simultaneous equation model. It
should be emphasized that this dissertation basically expands on

equations (1), (4), (5), and (6).

Investment and Disinvestment!

Neo-classical capital theory makes provision for depreciation
of capital stock through a process of physical depletion and functional
obsolescence. Capital stock may also be reduced by direct sale or
salvage. The investment and disinvestment processes, discussed in
a growth context, also make provision for capital of different

vintages and different embodied technology.

!The notational convention described in Table 2 is dropped for
the balance of Chapter II.
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Normally or usually depletion, disinvestment or depreciation
take the form of the oldest and/or lowest technological items being
displaced first. Investment normally takes place in terms of new
items embodying superior technology. In addition, neo-classical
theory allows for the possibility of investment and disinvestment

taking place concurrently.!

Neo-classical theory suggests that investment takes place when

the marginal value product (MVPi) of an asset exceeds its market price.?
(15) P; < MVP,

Disinvestment takes place when expected marginal value is less than
market price.

(16) Pi > MVP,

'A traditional treatment of investment, business cycles and
growth is given in R. G. D. Allen, Macro-Economic Theory, A Mathematical
Treatment, New York, St. Martin's Press, 1968.

An excellent review of recent literature on the economics of
jnvestment in fixed capital is given in Dale W. Jorgenson, "Economic
Studies of Investment Behavior: A Survey," Journal of Economic
Literature 9:1111-1147, Dec. 1971.

Because the nature of investment and disinvestment in livestock
differs in some fundamental ways from investment in industrial capital
goods, the method used in this study diverges somewhat from the method
and studies cited in Joregenson.

The theoretical argument that is developed in this section is
Presented in a very lucid fashion by Dan Sumner in a mimeographed paper,
'An Empirical Examination Concerning Investment and Disinvestment in
Durable Assets: Econometric Analysis of U.S. Milk Cow Herd," Michigan
State University, 1973.

2Market price or Pi refers to the asset's rental price.
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Fluctuations in Pi or in MVPi lead either to investment or
disinvestment.

A revision to neo-classical theory, developed by G. L. Johnson
and his associates leads to a third alternative, that of assets (stock)
fixed in production.! The three investment possibilities depend on the
existence of two prices, not one. The two prices are referred to as
acquisition price, Pa’ and salvage price, Ps' The divergence of these
two prices is attributed to cost of obtaining information, transaction
and transport costs.

The three investment possibilities now are:

Invest if Pai < MVPi
Disinvest if P_. > MVP.
si j

Neither invest nor disinvest if Psi < MVPi < Pai'

This latter position is known as the fixed asset position where
assets are fixed or locked in production for the firm. A firm never
plans on being in this position, a position in which it incurs a
capital loss. This situation comes about through mistakes made in
past investment decisions or where expectations do not materialize.

This discussion indicates that net investment takes place in

two activities, gross investment in new capital usually of high

'For a detailed description and mathematical treatment refer to
G. L. Johnson and C. L. Quance, The Overproduction Trap in U.S.
Agriculture, Baltimore, John Hopkins Press, 1972.
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technological content and gross disinvestment in older capital of lower
technological content. Further, this investment and disinvestment con-
siders two prices, not one. In addition, the optimum stock of capital
is reached when the adjustment is completed with respect to a change

in the two prices, Pa and PS, and to changes in MVP.

This adjustment process may be represented as!

(17) STOCK,q - STOCK, = (1-1) (STOCKY - STOCK,)

where
STOCK* = the desired level
1 -X = the accelerator

and

(18) STOCKt+] -STOCKt = Gross Acquisitions, - Gross Dispositions

t t

This theory may now be applied to the instance of a specific
operator or decision maker, making marginal adjustments to his breeding
herd. While prices (Pa, P and input prices) are determined at a macro
level, aggregate supply of cull or slaughter animals or demand for
replacements is the sum of the decisions made by the micro units.

The micro decision makers in the cattle sub-sector are farmers,

ranchers, and cattle feeders. Their large numbers and dispersion at the

1This formulation is that of the flexible accelerator. Much of
the recent literature on investment uses this formulation with emphasis

on the determination of the level of desired capital, the time structure
of the investment process and the treatment of replacement investment.
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cow-calf production level suggests that the sub-sector can be
approximated by the competitive model. However, at the feedlot level,
competition might be something less than perfect, leading to increasing
vertical coordination.!

The actions of these micro decision makers result in investments
disinvestment, and calf slaughter which control the capacity of the sub-
sector to subsequently produce more beef and veal. It is their
aggregate behavior that is of major interest in these models.

It is assumed that the decision makers are utility maximizers,
that is, they attempt to acquire and utilize resources in such a manner
as to maximize utility over time. It is further assumed that utility
is a function of the goods and services that they can command and

leisure. This utility function may be expressed

(19) Utilityt = f, (goods and services,, 1eisuret).

Assuming that profit, however defined, is a good proxy for command over
goods and services and, that given leisure, utility is a function of

profit, then equation (19) can be written

(20) Uti]ityt = f, (nt/]eisuret).

There is increasing concern that vertical coordination is
resulting in less than desirable price reporting due to the lower volume
of cattle through public stockyards. Price quotations are given for
sales at this point. The concern is expressed by C. Mills, "WSGA Market
Information Services (CANFAX)," Proceedings of the CAES Workshop, Banff,
1970; and by R. G. Marshall and H. B. Huff, A National Research Program
for the Marketing of Canadian Cattle and Beef, a restricted distribution
pubTication, School of Agricultural Economics and Extension Education,
University of Guelph, 1970.
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The profit function for the dairy or beef (cow-calf) farmer

could be depicted as follows:

- *
(21) Tt = Pmitk Qmitk * Pbeef Qbeef * Pgrain Qgrain1 - f3(Qm1'1k’

Qeer? Qgrain’ other expenses).

But each output is subject to the constraint of the production

function. Production functions can be written as follows.

(22) Qmi]k = f, (dairy cows, grain, forage, labor, housing, non-farm

inputs, technology).

(23) Qbeef = f5 (cows, grain, forage, labor, housing, non-farm inputs,

technology).

It will be noted that grain is an input into the production of beef and
milk, it also competes for resources with beef and milk production.

Thus a production function can be written

(24) Q

grain = f6 (1and, labor, machinery, non-farm inputs, weather,

technology).

The following argument is developed in terms of these basic
production functions. It should be recognized that (1) grain and
livestock production are both competitive and complementary in
production and (2) that milk and beef are produced as joint products

in some proportions.

Q* is grain sold, Q

grain is grain produced.

grain
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Substituting equations (22) and (23) into (21) and

differentiating (21) with respect to cows, the following is obtained.

9 Q . 2 Q 3 Q..
d = milk beef grain
(28) d cow Pmi]k o Ccow ¥ Pbeef o cow * Pgrain o cow
P Pmitk 0o 2 Pheef 0 3 Porain  f3( )
milk 9 cow beef 5 cow grain 3 cow cow

Since for each farmer g—%-= 0, the fourth to six terms drop out.

If P is equated with the value in milk or beef production then the

grain
third term is cancelled out as well by the last (cost function) term.

The MVPCow then equals

2 Q. 2 Q f
_ milk beef = 3
(26) MVPcow = Pmitk 5 cow beef 3 cow  cow °

Using an adaptation of equation (26) the E(MVP) of a cow can be

approximated by the discounted value of all future net returns.!

'This formulation is an adaptation of the familiar capital
budgeting discounted present value formula. It is given in many texts
including J. C. Van Horne, Financial Management and Policy, 2nd ed.,
Englewood Cliffs, N.J., Prentice Hall, Inc., 1968, pp. 53-55.

Branson provides a lucid argument demonstrating that utility is
maximized by maximizing present value in W. H. Branson, Macroeconomic
Theory and Policy, New York, Harper and Row, 1972, pp. 199-203.

Branson goes on to demonstrate that the present value criterion
is preferred to the marginal effeciency of capital criterion in that the
former explicitly considers the opportunity cost of capital.

Because of uncertainty, MVP is seen as a random variable with
first and second moments. For this reason, MVP will be expressed as
E(MVP) for the balance of this theoretical development. It should be
explained that MVP is the marginal value of a cow over cost thus for an
individual farmer it is discrete rather than continuous. This usage
differs from the usual definition of the marginal addition to gross
revenue made by the last unit produced and sold. The latter is usually
thought of as a continuous differentiable function of output.
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[E(P])j - E(C)J] ) E(pz)T(]_R(t))T-n

n (1+1)J (1+1)T-n

T
(27) E(MVP) = .2

J:
where

P] = price of milk x quantity of milk
price of calf x weight of calf,

P2 = price of cull cow x weight of cull cow,

cost of maintaining cow for 1 year plus cost of
maintaining calf until sold (1 year or less),

R(t)

a risk factor associated with death; assume that it
increases with age,

E(P]). = contain the risk associated with conception, medical
J problems, calving problems. They also are assumed to
increase with age,

i = the discount factor, a measure of the opportunity cost
of resources, a variable that has a Pa and Ps’

T = some terminal length of stay in the herd under existing
technology, a function of (MVP, PS), and

n = current age of cow, N=0 at first calving.

In making decisions on whether or not to invest in breeding stock,
farmers look largely at the recent past and next immediate year.!

This is the case as retain-cull decisions can be made almost con-
tinuously and are revocable at a cost for the herd. The lower limit
is to cull all the breeding herd or to completely disinvest; the upper

1imit is imposed by the capacity of the physical plant. Alteration of

While this model does include expected prices, price expecta-
tion models are not explicitly incorporated into subsequent applications.
A11 prices that are subsequently considered are either current or lagged,
as noted. The author recognizes, however, that a price expectation
model is implicitly suggested.
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the physical plant requires that E(MVP) of the physical plant exceeds
its acquisition price.!

For an individual cow, E(MVP) diminishes with age as n ----= T,
as shown in equation (27) for positive i. This circumstance is shown

graphically in Figure 9.

Figure 9. Expected marginal value product, E(MVP), of a cow.

The dotted horizontal line represents salvage price or cull cow
price. At some age, PS = E(MVP); call this age N*. This can be consid-
ered as the average or expected length of stay in the herd for any one
cow. At equilibrium, (N*)'] of the herd is replaced each year. If the
herd size is k, then culls = k x (N*)™! per year.

lExpansion of the herd through utilization of existing capacity
as compared with expansion through investment in additional plant
capacity suggests an interesting and realistic dimension to the problem.
This question is left for future studies.
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At equilibrium (no growth), X = k x (N*)'] represents a supply
of cull cows and demand for replacements. That is, at equilibrium, no
net investment is taking place, gross investment covers only the
depreciation on the stable stock of capital (the cow herd).

Heifers available to enter the cow herd, Q, also have a
distribution of genetic desirability. For this reason, E(MVP) of
heifers can be depicted as a downward sloping curve as with cows,

however, age is constant (say 1-2 years) while quantity is variable.

Figure 10. Expected marginal value product, E(MVP), of a heifer.

The E(MVP) here represents E(MVP) of a cow. But heifers have
an opportunity cost as slaughter animals. This is represented by the
dotted horizontal line Pa or acquisition price. P, = E(MVP) indicates
the supply of replacement heifers. This quantity is denoted as Q*.

By necessity, Q*_g Q.
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The above formulations consider P, and P¢ as constants. This
is the situation for a farmer in competitive equilibrium. In the
aggregate, however, the price is jointly determined with quantity.

These E(MVP) curves become the demand curve for stock of cows
and supply curve for replacement heifers, respectively. These curves
are considered further in the next section.

The above discussion develops the E(MVP) formulation and
determines that it is a downward sloping function as well. In the
case of a stock of (fixed genetic desirability) cows, this downward
slope can be attributed to the aging or physical deterioration process.
In the case of a stock of heifers (fixed age), a downward slope can be
attributed to a distribution of genetic desirability.

Given these downward sloping functions, an optimum stock can
be determined, given Pa and PS as shown in Figures 9 and 10. A shift
in Pa of PS or a shift in the E(MVP) curve would indicate a new optimum
stock. The adjustment process is indicated by equation (17). This
adjustment is carried out by acquisitions and dispositions as noted
in equation (18).

The E(MVP) function is really a distribution function as
previously noted. Thus Q* or N* are not known with certainty. Rather,
Q* (and N*) represent a range with an upper bound and lower bound.
These might be interpreted in terms of Q} and Q; where the subscripts
"a" and "s" have the usual meaning. If this interpretation of Q* is
used, then a small change in P, (or PS) or any of the E(MVP) shifters,
might not dictate a change in optimum stock. Three situations might

be noted:
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* add to stock if Q* > Q;
« decrease stock if Q* < Q;

e maintain stock if Q* < Q* < Q.

Competing Demands and Complementary Inputs

At any one time stocks of cows, heifers, bulls, and calves are
fixed. This is certainly the case when the time period under consider-
ation is short. Facing this fixed supply are competing demands--the
market price is that price that will simultaneously satisfy all demands
given supply.

This situation is demonstrated in Figure 11 for the competing
demands of heifers for replacement and the demand for heifers for
slaughter. This situation occurs also in the case of the demand for

slaughter calves and the demand for calves for further feeding.

Dl
p == Slaughter

D ?ep]acement

% %

Figure. 11. Price determination given competing demands and fixed supply.
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Thus, the determination of optimum rate of flow (or stock)
must simultaneously consider competing demands given a fixed initial
stock.

From a stock of eligible heifers, Q, only Q; will have

E(MVP) > Pa'

If the sub-sector is in equilibrium then--

k x (N*)_] is the demand for replacement heifers
Q* is the supply of replacement heifers
and

Q* =k x (N*)'] conditional on Pas P such that this
identity holds true.

Also, (N*)'] would be the average replacement rate and herd size
would be an excellent indication of cows culled and heifers needed for
replacement. But the industry is not in equilibrium as evidenced by the
cattle cycle. The E(MVP) curve shifts as does the demand for cattle for
slaughter. Thus the Pa’ Ps’ and elements in E(MVP) are indicators of
the elements to include in the relevant supply and demand equations.

A second supply/demand situation might exist where the demand
relative to the stock is so small that the supply is essentially com-
pletely elastic. This instance might apply to the demand and supply
of bulls. For all eligible male calves, an E(MVP) might be drawn
that is downward sloping to the right, as is the case with heifers
(as depicted in Figure 10).

For all practical purposes, that portion of the E(MVP) curve

1ying above Pa represents the demand for herd sires with supply being
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unlimited at P = Pa' Thus, the demand for herd sires does not
effectively influence price; however, price is exogenous to the
demand for bulls.!

A second phenomena germane to the cattle herd model is the
concept of grain (wheat and feed grain, oilseeds) as complementary
to the breeding herd in the production of slaughter cattle and as a
product competitive with slaughter cattle for land, labor, and capital.
The relevant equations from the simultaneous model expressing these two
relationships are (1), (4), (5), (13), and (14).

Since both grain and slaughter cattle are final products (with
respect to the farm firm) and since both may utilize the same land,
labor, and capital, an exogenous rise in the price of grain will raise
the MVP of resources employed in grain production. Land, labor, and
capital would be expected to shift toward the production of grains and
away from cattle production.

This same exogenous rise in the price of grain will raise the
cost of slaughter cattle since they utilize grain as an input. The MVP
of other inputs, especially stock calves, will be reduced. The MVP of
the breeding herd is reduced in like manner. In addition, the costs of

land, labor, and capital to all phases of cattle production rises

!Commercial beef bulls sell at a small premium over the price of
slaughter steers of comparable weight and age. This premium appears to
Jjust compensate the vendor for the additional effect required to market
this male animal in the fashion. A few beef bulls earn a noted economic
rent due to their unique breeding or intense marketing effect on the
part of the vendor. On a national average, these beef bulls are the
exception.



e
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because of their opportunity cost in grain production. Through the
processes described above, the MVP of a brood cow is reduced still
further.

The extent and rate at which resources move out of cattle
production and into grain production is a function of their MPP, as
well as relative prices. In addition, their degree of "fixity" in the
production of grain and livestock is a second consideration. A third
consideration is the degree of perception and rate of response of the
micro units.

A growing specialization would be expected to fix resources in
the production of the product utilizing the specialized inputs.! On the
other hand, it would be expected that the superior management of larger,
more specialized firms would be more cognizant of and responsive to
changes in relative prices, as well as being more sophisticated in
the formation of expectations.

Since both grain and cattle producers have been rather
unaffected by technological innovation, and since the ratio of land
to labor or capital remains high, it is expected that resources are
rather rapidly switched between livestock (including cattle) and grain
production. This rapid reallocation might be expected to lead to

unstable supplies of both cattle and grain.

This fixation is due to the higher proportion of fixed costs,
more specialized units and the lower opportunity costs of those
resources. Specialized units would be expected to continue to produce
even though prices had dropped rather markedly, while smaller, less
specialized firms had switched to other products.
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Feedback and the Cattle Cycle

The cattle cycle, if one exists, is an example of the well
documented cobweb model initially demonstrated with the hog cycle.!
The cobweb phenomena is the result of three basic considerations.
The first consideration is that of imperfect knowledge with respect
to future demand, supply, and thus prices. Consequently, incorrect
(in retrospect) production and investment decisions are made. The
second consideration concerns the biological production lag between
the decision to increase or decrease production and the realization
of that increase or decrease. The third consideration, in the case
of beef, is that the decision to increase or decrease production
through change in the size of the breeding herd, leads to immediate
changes in the supply that accentuate the observed price movement.
A fourth consideration, not developed by the classic cobweb model,
is that of shifting supply and demand functions. These shifters are
often largely exogenous to the economy being modeled.?

~ The price mechanism can be, and is, influenced by factors
apparently exogenous to the cattle-beef economy. Two examples are
weather and government policy.?® These influences can disrupt the

smoothly functioning cobweb phenomena. In the instance of government

1Talpaz, op. cit.

2The model developed in this dissertation does consider shifting
supply and demand curves and because of this, cannot be considered as an

adaptation of the cobweb model.

3Changes in weather conditions or government policy anywhere in
the world may influence domestic demand through the international trade
sector.
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policy, the intent may be to smooth out this traditional cycle. 1I11
timed or improperly implemented policy may augment the cycle worsening
an already unstable resource allocation situation.

Major changes in input prices and opportunity costs for
resources employed in cattle (and grain) production are specific
exogenous variables that will disrupt the cattle cycle, and must
therefore be given consideration when anticipating future supplies.
These impacts may be felt in equations (1), (2), (3), (4), (5), (13),

and (14), of the simplified simultaneous equation model presented above.'®

Restatement of the Hypothesized Model

The simplified simultaneous equation model may be used in still
another manner to restate what is and what is not to be included in this
Cattle Herd simulator.

Equation (1) is simulated. This equation will be expanded to
include Slaughter Steers and Heifers, for Beef and Dairy breeds, for
both Eastern and Western Canada. In addition, Male and Female Calves
will be estimated, once again for both East and West. Future develop-
ment will include the economic impacts producing short term changes in
Slaughter Cattle supply and slaughter weight.

Equations (4) and (5), as well as identity (6), are modeled.
They are, once again, subdivided into Male and Female, Beef and Dairy,
East and West. The formulation and parameter estimation of these

equations make up the bulk of the next chapter.

lGovernment policy in Canada normally works through the price
system. A stabilization (control) mechanism would typically operate
through the variables explicitly recognized.
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Equations (7), (8), (9), and (10), are not included, nor are
equations (11) and (12). These elements of the simultaneous equation
model are being developed in a complementary study being conducted at
the University of Guelph, for the Economics Branch.

Equations (13) and (14) are not developed. These endogenous
variables are treated as enogenous to this simulation model. The
economics Branch currently have models of this sub-sector; however,
there are no plans to coordinate them with this study.

Equations (2) and (3) are not being developed in the simulation
model at this time; however, it is planned that they be developed for
one or more of the planned applications. Specific attention must be
given to the economic aspects of changes in slaughter weight.

Carcass cut out percentage must also be considered.






CHAPTER III

THE BEHAVIORAL MODELS

In the previous chapter, it was shown that the change in the
size of the breeding herd depended on the relative rate of investment
and disinvestment. These rates, in turn, are the result of reactions
by farm operators adjusting to realized or anticipated conditions in
a competitive environment.

In addition, it was shown that realized or anticipated
conditions have a distinct bearing on whether or not the progeny
of this herd were fed out to maturity or slaughtered at a younger
age and lower weight.!?

The theoretical behavioral relationships developed in Chapter II
are used to develop specific predictive equations for application in the
cattle herd simulator. These predictive equations are used to simulate
cyclical motion and long term trends; they fall into three basic
categories:

1. investment in the breeding herd (by replacement cattle)
2. disinvestment in the breeding herd (by culling)
3. calf slaughter.

A third possibility exists in the form of interregional trade
when relative conditions among regions change. These flows are worthy
of consideration; however, as previously explained, they are taken as
exogenous in this study.

80
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These equations are both predictive and behavioral. Since
price and quantity are determined simultaneously, in this instance,
and since only quantity (or flow rate) is required, an econometric
model (or models) is/are developed to remove "own price" and thus
avoid the need for simultaneous equations. This econometric model
is described in the next section.

The econometric model requires that both supply and demand
equations be hypothesized. The second section of this chapter lays
out these supply and demand models, and in addition, specifies the
equations that are to be estimated. The theory developed in Chapter II
is used to indicate the structure of these supply and demand models and
to suggest the types of variables that should logically be included.

The outcome of this chapter is a set of predictive equations developed
from these behavioral relationships.!

These econometric models raise a problem in that the current
statistical data series are not complete enough to provide the necessary
time series for the endogenous variables. The third and fourth sections,
therefore, lay out a set of identities, a method, and a computer program
(RECON) that generates the required endogenous data series from and
constrained by existing data series.

The fifth and final section displays the estimated behavioral
model parameters and relevant statistics. This last section comments

on the reasonableness of these estimators and provides ex post

INo attempt is made to retain any structural nature that exists
in the supply/demand relationship or to infer back to them from the

fitted reduced forms.



82

explanations. Finally the estimated endogenous data series are listed

in tabular form.

The Econometric Model

In static equilibrium! for one commodity in a competitive

equilibrium, the Walrasian supply-demand model can be given as:
dP _ -
(29) F =6 [D(P) - S(P)1=¢ [E(P)]

This formulation was expanded to "n" commodities by Hicks. But the
Marshallian stability conditions could be used as a starting point in

like manner.? This Marshallian formulation would be

(30) Q- 6 I0(0) - S@] = ¢ [E(Q)]

!The argument in this section follow closely that of B. T.
McCallum, "Competitive Price Adjustments: An Empirical Study,"
American Economic Review 44:56-65, March 1974.

2The following quote is taken from M. Blaug, Economic Theory in
Retrospect, Homewood, I11., Richard D. Irwin, Inc., 1968, p. 414. "But
the wa%rasian excess demand treatment which is usually implied in modern
text book treatments is no more plausible than the Marshallian excess
demand-price treatment." The context of the above quotation indicates
that this is true if both price and quantity can vary. In the instances
under consideration, the flows do in no way deplete the whole stock even
though the stock is fixed for a given period. An example: 1in time
period "t," heifers 1-2 years of age is fixed. The flow, or Q*, being
added to the cow herd as replacements, can be varied by altering the
flow, Q', being fed for slaughter.
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where
D(Q) = demand price;
D(S) = supply price;

¢ = an excess price function.

This model can also be presented in graphic terms. The
traditional excess demand model is shown in Figure 12(b) as taken

from the supply-demand model of Figure 12(a).

ED'

(a) (b)

Figure 12. The excess demand model

The axis of these models can be reversed to produce an excess
price model. The relationship between P and Q is still negative.
These relationships are shown in Figures 13(a) and 13(b).

In Figures 12 and 13, P and Q are in equilibrium at P* and Q*;
excess price is zero. At a quantity lower than Q*, say Q**, the demand
price is D(Q**) and the supply price is S(Q**). Since D(Q**) > S(Q**),
excess price exists equal to P**-P*. To restore equilibrium %g must be

negative as indicated by general equilibrium theory.



84

Q*

Q**

S(Q**) P* D(Q**) p P* P** p
(a) (b)

Figure 13. The excess price model

Thus

%% = ¢ [demand price - supply price]

or
=6 [0(Q) - S(@7 = ¢ [EQ)]

as given in equation (30) above.
Assuming a linear function, ¢, this differential equation can
be specified in discrete difference equation form. Transformation

suggests three different models.

(31) Q, - Q1 = KE, * e,
or
(32) Qp - Qpq = KEp g + ey

or a linear combination
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(33) Qp - Qp_q = AKE, + (1-A)KE, 4 + ey 0<k<1

A fourth modification might be suggested by a distributed lag
formulation® where the adjustment takes place over several periods

rather than within one period.
(34) Qt = Qt_] = k(]‘)\)Et + A(Qt'Qt_]) + nt
where?

= e, -Xe

g = & t-1

The excess price function requires both supply and demand

functions. These may be specified as:

This distribution lag uses the familiar geometric lag model.

A partial adjustment rationalization is suggested by the theoretical
model previously presented. The argument is as follows: given a set

of relative prices and other pertinent exogenous variables, call these
Xt-1> an optimum rate of flow (or stock) is suggested, call this level
Y;. A linear relationship could be specified as

* _

Yt = o + th_'l + et--l

The relationship between X:, which is not observable, and Yt could be
specified as

Yy - Yo = YOV} - Y ) 0<y<]

That is, the actual adjustment is only part of the desired adjustment
in the period between t and t-1. Substitution and the application of

a Koyck transformation generates model specification (34) below.
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D(Q) = ap + oqQy + oDy *+ g
S(Q) = Bo + B]Qt + stt + n%.

Utilizing these functions the excess price function may now be

specified as:

- 1
(35) Et = (ao - BO) + (a] - B])Qt + a2Dt - BZSt * ey
where
St = the supply shifters;
Dt = the demand shifters;
nt v N(O’ 02);

n;; v N(0> 02);
e, =a linear combination of U and Ny is N(0, o2?).

The final form of the econometric models is obtained by
substituting (35) into equations (31) to (34). Substituting (35)
into (31)

Qt - Qt_" = k(ao = BO) + k(a] - B'I)Qt + ka3S - kB3D + et.

(36) Qt =m o+ "2Qt-1 + 1r3St + 1r4Dt *te.

1The excess price function, as specified, reverses the sign of
the regression coefficients associated with the exogenous and lagged
endogenous variables of the supply function.
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and (35) into (32)

Qp - Qqg = klag - Bp) + ko - B))Qy_ *+ kagSy 3 - KBgDy 4 + ey.
(37) Q =™+ Qe * Sy * Dy * ey
and (35) into (33)

Qp - Qu_q = k8lay - By) + KeQy + KBagS, - k6D, + (1 -8)k6(ay - Bj)
+(1-0)kQy_; + (1 -0)koS, 1 - (1 -6)keDy 4 + ey
(38) Q= m + Qg + mgSy * meSyy * gDy + gDy g + ey

and finally (35) into (34)

Qi - Q¢ = (0-Mk(ag-8g) + (1-2)kQ, + (1-1)kasyS, - (1-1)kB3D, -2Q, 5 *e,.

(39) Qp = M+ mQy g + T3y o + S, + D, 4+ ey






88

Behavioral Model Development

The economic theory presented in Chapter II (pages 59-80)
is combined with the econometric models suggested in the previous
section of this chapter to provide the required prediction behavioral
models. These behavioral models are developed in this section and
subsequently fitted to the data to provide the parameter estimates
presented in the final section of this chapter.!?
The behavioral models required for the Cattle Herd simulator
fall into three general categories:?
1. 1investment in the Breeding Herd (REPLACEMENTS)
2. disinvestment in the Breeding Herd (CULLS), and
3. Calf SLAUGHTER.

These behavioral models are required for both Eastern and
Western Canada. The investment/disinvestment models are required for
Beef Cattle as well as Dairy Cattle. In addition, SLAUGHTER models are
required for Calves on an East/West, Male/Female basis. In total, 16
behavioral models or estimating equations are developed and fitted to

the data.

1The author wishes to acknowledge helpful consultation with
G. MacAuley, who was concurrently developing somewhat similar models
for his Ph.D. dissertation at the University of Guelph. His disser-
tation is cited elsewhere in this dissertation. Also, specifically
consulted were T. C. Kerr, Determinants of Regional Livestock Supply,
Agricultural Economics Research Council of Canada, Publication No. 15,
Ottawa, 1968; and Kulshreshtha et al., op. cit.

2The stock and flow notational convention is resumed at this

gpint in the dissertation. This notational convention is given in
able 2, pp. 50-51.
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The various econometric models developed in the previous
section are not considered as alternate hypotheses, although they lend
themselves readily to that purpose. They are considered, rather, as
alternate possible forms that will be examined to obtain accurate
estimates of, or predictors for, the endogenous variables required
in the Cattle Herd simulation.

In order to utilize the econometric models previously developed,
both supply and demand functions must be hypothesized for each estimat-
ing equation. These in turn are used to develop excess price models.

As previously implied, the development of the supply and demand models
draws on the economic theory, sub-sector description, and statistical
data description presented in Chapter II.

The supply and demand equations fall into two general
categories: (a) those that are derived from the E(MVP) or production
function formulation, and (b) those derived from the traditional final
demand formulation.

Because of the similarity in the basic argument, use of the
same or similar data and the similarity in algebraic manipulation, all
demand/supply and excess price functions will not be developed in detail.
In addition, the excess price model will not be fitted for each of the
four variations on the basic excess price model as given in equations

(31) to (34).






90

Cow SLAUGHTER

Four separate Cow SLAUGHTER equations are required for the
Cattle Herd simulator. They are:
¢ Dairy Cow SLAUGHTER, East;
e Dairy Cow SLAUGHTER, West;
e Beef Cow SLAUGHTER, East; and
* Beef Cow SLAUGHTER, West.

Because of the similarity of these equations, only one will be
developed in detail; the other three will be taken as variations on
this equation.

SLAUGHTER Cows are supplied by farmers and ranchers. These are
Cows that are surplus to the Herd because their expected productivity
has become very low relative to their salvage price.! As previously
mentioned, culling takes place during both expansion and contraction
of the herd--only the rate changes.

If the Cow Herd is in a steady state, then a fixed proportion
would be culled annually due to physical deterioration. In this rather
hypothetical instance, Herd size would be an exce]]entvindicator of the
CULLING Rate (number CULLED per unit time).

The production function or E(MVP) formulation, equation (27),
indicates the basic variables or type of variables that should be

included in a supply function for Slaughter Cows. The first variables

1As previously stated no price expectation models are
specifically employed to generate expected prices. All prices used
in the behavioral models are current or lagged. Specific lags are
stated below.
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are those associated with revenue, namely, milk and veal calf prices.
One index of milk price is the price of manufacturing milk for all
purposes plus the government net subsidy on such milk. It is expected
to have a negative sign. Since this subsidy was introduced during

the 1958-1972 period, a dummy variable is indicated to express years

of subsidy.! This variable is intended to reflect the economic impacts
of the psychological effects of the subsidy and the expectations asso-
ciated with federal government involvement in manufactured milk policy
and pricing. A positive sign might be expected. In addition, a quota
system was subsequently introduced with penalties applied for production
in excess of quota. The years of over quota penalty are recognizea with
a second dummy variable. A negative coefficient is expected. The value
of the calf is recognized by the inclusion of the price of veal calves
giving a positive coefficient.

A second major element in the calculation of E(MVP) is the cost
of inputs. Three major elements are identified: feed, labor, and cost
of capital. All are expected to positively affect the CULLING Rate.

The feed cost used is the offboard price of barley. This is the local
price at grain elevators for non-Canadian Wheat Board sales.? The labor

proxy used was the monthly salary of farm labor without board.

'The subsidy coincides with the establishment of the Canadian
Dairy Commission. This commission is a federal agency which monitors
the sub-sector, makes policy recommendations and implements programs
aimed at improving the well-being of the manufactured milk industry.

2International and interprovincial sales of prairie grains,

including barley, are a monopoly of the Canadian Wheat Board. Within
each province, grains, including barley, trade on a competitive basis.

It is felt that this offboard price reflects the within-province
competitive price.
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A third element in the E(MVP) formulation is the salvage value
of the cull cow. An increase in cull cow price increases E(MVP), thus
a negative sign would be expected. However, cull cow price is also Ps‘
As PS rises, more cows could be culled, thus a positive sign would be
expected. Consequently, the a priori sign associated with this
variable is indeterminate. The price of cull cows is represented
by the price of canner and cutter cows.

A fourth and final element in the E(MVP) formulation is the
opportunity cost of resources. While this variable can be estimated
by the interest rate, a more direct proxy is the price of competitive
products. For this purpose, the price of barley and the price of hogs
provide one index. The coefficient associated with hogs is expected to
be negative, while the coefficient associated with barley is expected
to be positive. In the West, due to the actions of the Canadian Wheat
Board, the back-up of grains in storage on farms is thought to be a
good index of the opportunity cost of resources in grain production.

Over the period 1958-1972 there have been considerable
technological advances in dairying as well as increased incidence
of adoption. These changes fall into the general areas of feeding,
breeding, housing, and equipment. It might be expected that husbandry
and business management, as well, have improved. These changes have
resulted in increased milk yield per cow. One proxy for the net effect
of technological changes is milk yield per cow; a second might simply

be a time variable.
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The demand for Cull Cows is a demand derived from the demand
for beef, especially low grade beef. It would be expected that demand
will vary inversely with own price and directly with the price of
substitutes and income. The own price is again taken as the price
for canner and cutter cows. The price of choice slaughter steers
and index 100 hogs are taken as substitutes. Aggregate national
income deflated by the consumer price index is taken as the income
variable.

The supply and demand functions for Cull Dairy Cows are laid
out below and manipulated to produce excess price functions as given
by equation (35). The excess price function in turn is substituted
into the first of the four econometric models represented by equations
(31), (32), (33), and (34).

The supply function for Cull Dairy Cows is:!

WP _baN+biL - bPY +biPP + b

C _ w1 ct+c ' (o}
(40) c* = b0'+b]P +b2POP -b3 4 5 6 7 8

+ béw+bi0M+bi]I.

This function is manipulated into the form required for the excess price

functions as follows:

ctc _ c c m v b
(@) p = bg+byC” +byPOP™ - boP" - by N+ bl -beP” +bP” +bgl

+ b9N+b]0M+b T.

11

For a description of the variables used in these equations,
rfer to Table 3.
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Table 3. Notation for and description of behavioral model variables

Variable name Symbola Source and description

Cow SLAUGHTER (CULLS) Cg Revised output of program MATRIX, expressed in head.

Bull SLAUGHTER (CULLS) Ch

REPLACEMENTS, Heifers Rb

REPLACEMENTS, Bulls Rv

Calf SLAUGHTER Sh

Heifer SLAUGHTER Ss

Steer SLAUGHTER S

- e e e cmm e e e cmc e e e ccemmm e ccccccmmmccmmmmm——ceme e

Cow Populatfion POPE Source: Report of Livestock Survey's Cattle, Sheep

Bull Population POPh Horses. Expressed in head.

Heifer Population POPs January 1 value--published December 1 statistics.

Steer Population POP July 1 value--published June 1 statistics.

April 1 and October 1 value--average of December 1
and June 1 published statistics.

Price of chofce slaughter steers | Po | Source: Quarterly Bulletin of Agricultural Statistics.

Price of good heifers E+c Expressed in dollars per pound.

Price of canner and cutter cows Pcv Toronto and Calgary prices used except for veal where

Price of good stock steer calves P v Edmonton replaced Calgary prices, expressed in dollars

Price of good veal calves P per pound.

......... b e e e ceeeemeeeeeem—me—ee————-

Price of index 100 hogs Pﬁg Source: Quarterly Bulletin of Agricultural Statistics.
Expressed in dollars per pound.

Toronto and Calgary prices used. Grade A hog prices
converted to index 100 by:
index 100 = 0.971429 x grade A.
Price of barley (off board) PB Source: Economics Branch, Agriculture Canada.
I Expressed in dollars per bushel.

On farm grain stocks (March 31) K Source: Quarterly Bulletin of Agricultural Statistics.
Expressed in millions of tons. The March 31
value is used for the first quarter and the
last three quarters of the previous year.

...... - B A e e T T e e L e T T

Price of manufactured milk for pm Sowrce: Dairy Review. Expressed in dollars per

all purposes plus subsidy hundred weight.

Years of milk subsidy N A zero/one variable. Value of 1 for the second
quarter of 1962 forward.

Years of over quota penalty L A zero/one variable. Value of 1 for the second
quarter of 1967 forward.

Interest Rate I Source: Bank of Canada, Annual Statistics Review.

Expressed in two places of decimal.
cefeccnaaaa] L —eececcmcceccccccccecacaccccecccccccammeceec—emee—m—a—=

Farm wages (without board) W Source: Quarterly Bulletin of Agricultural Statistics.
Expressed in dollars per month.

In all cases the value for the fourth quarter is a
repetition of the third quarter value.

Milk yield per cow M Source: Dairy Review and Report of Livestock Survey's
Cattle, Sheep, Horses. Calculated in hundred
weight per annum by the formula:

total milk production
average dairy cow population
The one annual figure was replicated for the four
quarters.

Aggregate real income Y Source: -;rices and Price Indices and National Accoun;s.
Income and expenditures by quarters, expressed in
millions of dollars at annual rates.

Time T First quarter 1948 = 0.

ihe following superscripts modify the variable symbols: E = Eastern Canada; W = Western Canada;
B = Beef Cattle and D = Dairy Cattle.
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The demand function is stated and manipulated in equations

(42) and (43).

4Y.

(42) cc ab - aiPC+C + aéPS + aéPhg + a

cte | a, - a CC + a PS + a Phg +a,yY.

(43) Py "= a5 - 9 2 3 4

Equation (44) is obtained by substituting equations (42) and

(43) into the excess price function, equation (35).

= - _ o s hg _ c m
(44) Et (a0 bO) (a]+b])C + a2P + a3P + a4Y bzPOP + b3P

PP _ bl -b

+ b4N - b 7 8 9

v
L+ b6P - b W - b]OM - b]]T.

5

This excess price function is then substituted into the first of
the econometric models, equation (31), where Ci is now substituted for

Qg in that equation.

c (o = C S
ct - ct-] = k(ao'bo) - k(a]”‘b-l )Ct + k(azp 9 ey b]]T).
c c _ c s

(15) et 1o K
t (1+ka]+kb]) (1+ka]+kb])r t-1 (1+ka]+kb]5

s
(azP yeooos b]]T).
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The estimating equation for the Eastern Dairy Cow SLAUGHTER

becomes, in reduced form:!

cDE _ cDE cDE sk hgE mE E
(46) Ct = Tr0+1r-lCt_.| -'rrzPOPt +'rr3Pt +1T4Pt +'rr5Pt +W6Nt -1r7Lt
vE bE

ik T

E E E
* mgPy - TP £ oM Y oMM - M T

gt ~"'t “Mo0
To obtain the Western Dairy Cow SLAUGHTER equation, grain stocks
are added as an opportunity cost of dairying.

47 cDW _ cDW _ cDW sE hgW mi _
(47) ct Mot Ceoq - MoPOPL " +mP" + P PR e meNy - Ly

v bW W W W W
*mgPy TPyt MoKy - T Ly Ty Y mysYe oMM - msT

To obtain the Eastern Beef Cow SLAUGHTER equation, the price of

veal calves is replaced by the price of good stock steer calves while

those variables related to milk are dropped.

PbE

CBE _ CBE _ CBE st CE hgE _
(48) o 1r2P0Pt +maPLT M P 4w Py 6Py

t = TptmCin

E E E
- 1r7It - 178Wt +‘rr9Yt - n]oT.

1The additions to the superscripts refer to Dairy (D), Beef (B),
East (E), and West (W), as indicated in Table 3.
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Finally, to obtain the estimating equation for Western Beef Cow

SLAUGHTER, farm stocks of grain are added.

BW _ cBW _ cBW sW W, phgW __ bW
(49) cc M # 1 €2y = mPOPEEN 4 m PRt b PEX 4 m PRGY - P

W W W W
+omKe - mgly - W - oYy - ™ T

REPLACEMENTS, Heifers

As with Cow SLAUGHTER, four estimating equations are required:

REPLACEMENTS, Dairy Heifers, East;

REPLACEMENTS, Dairy Heifers, West;

REPLACEMENTS, Beef Heifers, East; and
REPLACEMENTS, Beef Heifers, West.

At any one time, the supply of Heifers available for REPLACEMENT
is fixed. Two separate demands face this fixed supply; namely, demand
for REPLACEMENT and demand for SLAUGHTER.

The supply/demand model for REPLACEMENT Heifers is then:

preplacements _ ¢(piica, Myp)

Ds]aughter compet. prod.

n

f(Price, Price , Income)

g = Drep]acements + Dslaughter
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If at a steady state, the Herd would require a fixed REPLACEMENT
Rate. Thus, size of Cow Herd is a good indicator of the required flow
of Replacement Heifers.

The demand for Dairy REPLACEMENTS is expected to vary directly
with milk price, directly with the years of milk price subsidy and
inversely with the years of over quota penalty. In the case of Beef
Cows, the demand for REPLACEMENTS will vary directly with calf and
slaughter cattle prices. The salvage price of cull cows, canner and
cutter cow price, is expected to have a positive effect on REPLACEMENT
Rate.

Labor cost, feed cost and interest costs are expected to have
a negative affect on REPLACEMENT Rate, as would the indicators of
technological progress.

The price of replacement heifers is expected to have a negative
effect on REPLACEMENT Rate.

The demand for Slaughter Heifers is expected to vary indirectly
with own price and directly with the price of good substitutes such as
choice slaughter steers, veal calves, canner and cutter cows, and index
100 hogs. The demand for Slaughter Heifers is also expected to vary
with real aggregate income.

The REPLACEMENT demand function is:

h _ 1oh ' Cc 1M ' ' 1V 1nCV 1nS
(50) R" = bo-b]P +b2P0P +b3P +b4N-b5L+b6P +b7P +b8P

1pCt+C v b ' ' ' '
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It is manipulated so that price appears on the left hand side.

(51) PP =p L+b.PY+b

h c m cv S
-b]R +b2P0P +b3P +b4N-b5 6 7P +b8P

0

ctc b
+ bgP 'b]OP —b]]w<-b]21 -b]3M -b]4T.

The SLAUGHTER demand function is:

h_ 1 oh oV 155 1 oCHC 1 ohg '
(52) S"=ag - aP +ap + azP” + a,P +agPC + ag.

In equation (53), price is placed on the left hand side.

h _ h v S ctc hg
(53) P = ay - a)P" + a,P’ + azP” + a,p +agP e+ oagy.

The above two demands represented by equations (51) and (53) are
constrained by total available Heifers.! The excess price function thus

becomes the difference between the two demands. 2

1At any point in time the stock of Heifers available for either

slaughter or replacement is fixed at level POPh
t

2The excess price formulation being used is Et = ¢ (Price
Replacements - Price Slaughter). If the values in the brackets are
reversed, then the excess price function is E¢ = ¢ (Price Slaughter -
Price Replacement). The use of the latter has the impact of reversing
all the signs in the excess price function.

The former was used as it was felt that demand for replacements
"dominated" SLAUGHTER demand or SLAUGHTER demand was a residual. The
use of the former, therefore, retained the signs associated with the
"dominant" REPLACEMENT demand. This decision can be viewed as a
hypothesis--the predominancy of "correct" or "incorrect" signs on
the parameter estimates will determine whether the decision was
correct or incorrect.
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_ h h ' v cv S S ctc

ct+c hg c m b
- b]zI ‘b]3M‘b]4T.
_ h h Y cv S
(54) Et = (-a0+b0) +a,S -b]R - (a2-b6)P +b7P - (a3-b8)P
- (ay-bg)PS*C -a.P"9 _a Y +b,POPC +b.P™ +b,N - byL - by PP
49 5 6 2 3 4 5 10
The constraint is imposed by POP" = sM + RM or sM = RN - popP,

= h h h
Et = (-a0+b0) + a'l(R 'POP ) - b'IR 9cec 009 ~ b]4T.

h h

c+c hg C m b
- (a4-b9)P - a5P - a6Y + bZPOP + b3P + b4N - b5L - b]OP

- b]]w'blzl' M'b

by3M - Dby, T.

This excess price function is then substituted into equation

(31), where R’t’ = Q.



101

h h _ h h
(56) Rt - Rt-l = k(-a0+b0)-+k(a]-b])R -+k(-a]POP s oo -b]4T.
h h h _ h h
Rt - ka]R +kb~|R - k('a0+b0) +Rt—‘| +k(-a]POP 900 ey -b]4To
(57) RM= k{-a4*bo) + ] A .
(-a1POP" - by,T)
] Seceny 14"
The estimating equation for Eastern REPLACEMENTS, Dairy Heifers
now becomes:

hDE hDE hDE - VvE - skt - c+cE -

(58)  RCE = my+mqREDT - myPOPIOE 3y p¥E 3 pSE £ pC hok

* TPt

E DE . _ .mE 3 bE 3
¥y + mgPOPL™™ # Py +m Ny - myqLy - moPy - Ty g

E
Maly - MsMe - Mgl
The estimating equation for Western REPLACEMENTS, Dairy Heifers
is similar except that grain stocks are added as an opportunity cost for
resources employed in dairying. In addition, good stock steer calf

price replaces veal calf price.
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(59) R:m =m.o+T Rth-

hDW cW+ _ psW+_ octcW __ hgW
0 MR POPt +m.P P P m P

T 3t "4t "5t 6 t

2

W COW L omi W BW
- my¥y #mgPOPLTT + mgPL T mNe - Ml - moPe MKy

W W
- MWy - msly - MMy - ™o T

Eastern REPLACEMENTS, Beef Heifers are estimated with a similar

equation except that those variables related to milk are dropped.

hBE _ hBE hBW cE + sE - c+cE hgE
(60) Rt = 1r0+1r]Rt_] -1r2P0Pt +1r3Pt -1r4Pt +1r5Pt --1r5Pt

WE

£ - Ml

W cBE BE
-'rr7Y +"8P0pt - TaP T.

t 9t ~Mo t~ M7

The Western REPLACEMENTS, Beef Heifer estimator includes the
farm stock of grain as an index of on-farm opportunity cost of resources

employed in grain production.

hBE hBW T Pcw + Psw o Pc+cw Phgw

hBN _
(61)  Ry™ = my+mRy_y - mpPOP ™0 b maP P o m PE™ - mgPe ™ - mPy

-n7v't‘+n8P0P§B“-nPB"‘+n K, -1y W - T.

9t "ot ™M™t " M2t " ™3
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Bull SLAUGHTER and REPLACEMENT

The demand for Bulls is derived from a technical requirement
for the production of Cattle and thus, from the demand for Cows. This
latter demand, in turn, is derived from the demand for beef and dairy
products. It is expected that if the Cow Herd expands, then more Bulls
will be required and vice versa.

If Bulls have a fixed useful life, then the demand for Replace-
ment Bulls, as well as the supply of Cull Bulls, are indicated by the
stock of Bulls, everything else being equal. Since the flow for both
SLAUGHTER and REPLACEMENT are influenced by changes in the size of the
Cow Herd, factors influencing that Herd would be expected to influence
the Bull Herd, and in the same direction.

The demand for Replacement Bulls is expected to vary directly
with the price of milk, directly with the price of stock calves, and
inversely with the cost of barley, labor, and interest. In addition,
it is expected that the increased use of artificial insemination and
possibly more efficient use of existing bulls, could result in a
negative time trend.

The demand for Slaughter Bulls is expected to be a competing
demand with Replacement Bulls, both constrained by the supply of exist-
ing eligible Male Calves. However, only a small proportion of such
Calves are required for Herd sires. In addition, the cost of main-
taining a Herd sire is a relatively minor cost in the production of

Calves, therefore, these cost factors are not considered.
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The market for Slaughter Steers is not felt to be influenced
by the demand for Replacement Bulls; however, the price of choice
slaughter steers may represent an acquisition price for Bulls. In the
context of the following model, the indicated sign would be negative.
However, the price of slaughter steers should directly affect the price
of the stock calves and positively influence the E(MVP) of cows. This
latter positive influence is felt to be the stronger of the two.

The model that is proposed may be represented by Figure 10, of
the last chapter, where the E(MVP) curve becomes the demand curve for
Replacement Bulls, D-D'. The D-D' curve is derived from the demand for
a Cow Herd and thus the E(MVP) of Cows. The supply curve is infinitely
elastic at Pa = f(price of choice slaughter steers). Thus, the
estimates for Cull and Replacement Bulls are based on derived demand.

The estimator for Eastern Bull REPLACEMENTS then becomes:

mE cE c+cE

bE bE sE
P t tagPy *tagPy

_ cE hgE
(62) Rt = a0+a]Rt_]+az t +a3P0Pt +a,P

+asPy

bE _ .E E
- agPy -aghy -ajply -ayT.

The estimator for Western Bull REPLACEMENTS is similar with
the exception that grain stocks are added as an index of opportunity

cost.

bW _ bE SW cW mW cW c+cE hgW
(63) Rt = a0+a1Rt +a2Pt +agPOPL" +a,P " +a Py +a6Pt +asPy

bW W W
- agPy  tagKy -aygy -ag I -ay,T.
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The supply of Slaughter Bulls is once again thought to be mainly
a function of the demand for a Cow Herd and beef in general. Thus, the
demand for Bulls as a source of beef will not be considered.

The estimator for Eastern Bull SLAUGHTER then becomes:

bE _ bE sE cE mE cE ct+cE
(64) Ct = a0-+a]Ct_] -a2Pt -a3P0Pt -a4Pt -a5Pt -a6Pt
hgE bE E E
- a7Pt +a8Pt +a9wt+a]01t+a]]T.
and for the Western Bull SLAUGHTER:
bW _ bE sW cW mW cW c+cW
(65) Ct = a0-+a]Ct_] -a2Pt _a3P0Pt —a4Pt —a5Pt -a6Pt

hgW bW W W
- agP T +agPt -agky tag g +ag I +ag,T.

Calf SLAUGHTER

The Cattle Herd simulator requires four Calf SLAUGHTER
estimating equations:
e Male Calf SLAUGHTER, East;
e Female Calf SLAUGHTER, East;
e Male Calf SLAUGHTER, West; and
e Female Calf SLAUGHTER, West.

At any point in time, the stock of Calves available for
SLAUGHTER is fixed. There are two major demands facing the stock
of Calves. The first of these is the demand for SLAUGHTER, the second
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is the demand for further feeding. The next chronological market for
Calves, beyond the market for Slaughter Calves, is the market for Stock
Calves. The demand for Stock Calves is a function of the cost and
availability of feed and the expected price of slaughter cattle.

In Eastern Canada, most Slaughter Calves are a by-product of
the dairy industry; thus, the Dairy Cow Herd is a good index of the
supply of Dairy Calves; this is more or less true in the West also.
Thus, the decision to sell Veal Calves is made in large part by
dairymen.

The following factors might affect their decision. A rise in
the price of milk would raise the opportunity cost of milk fed to Calves,
thus, promoting sales of Calves at the earliest possible age, i.e., as
light Vealers. A rise in the price of other inputs, such as barley,
wages, and interest, would have the same effect. On the other hand,
an increase in the price of stock calves would raise the opportunity
cost of calves devoted to veal production, thus, promoting a negative
relationship.

Because the two markets for Calves do not operate for the same
Calves at the same time (about 3-4 months apart) and historically not
for the same Calves (one is largely Dairy, the other Beef), the two
demands were not treated as with Replacement Heifers. Another more
practical reason also existed; official estimates of Male Dairy Calves
are not available. For these two reasons, the traditional supply-demand

model is used. The demand function is:

V _ ipV 1pS nhg '
(66) S = a - a]P + a2P + a3P + a4Y.
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Equation (66) is manipulated to place price on the left hand

side.

v _ _ v s hg
(67) P a, a]S + a2P + a3P + a4Y.

The supply model is:

by biW+bsT -beT.

(68) SY = b +b!PY-biPC+biPOPC -b'PM+b'P gW+bIT - b

0 "1 2 3 4 5

Price is once again placed on the left hand side.

PM+b PP +b W+b,I-b.T.

v _ v c
(69) P"=b,+b,S" -b P~ + b3F‘OPC -b4 5 6 7 8

0 1 2
Functions (67) and (69) are now put in excess price model form.

b

- v C C m

‘ s hg

The excess price function is then substituted into the first

statistical model, function (31), where Sz = Qt'
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V vV v o
St‘st-] = k(ao"bo) ‘k(a]+b])st+k(bzp 9ee ey a4Y).

v vV _ v c

t (1¥kb]+ka]) (1+kb]+ka]) t-1 l|+kb]+ka]$

c
(b2P seoens a4Y).

The estimating function for Eastern Male Calf SLAUGHTER then

becomes, in reduced form:

vmE _ vE ct cDE st hgE E
(71) S = Myt mSy_y +mpPy - MaPOPLTE #myPLT +mgPy T+ oYy

mE bE E E
+maPy - mgPy = MW - Mol t Mg T

The estimating equation for Eastern Female Calf SLAUGHTER is

vfE _ vE ckE cDE sE hgE E
(72) St --1r0'l'1r]St_]+1r2P,C -n3P0Pt +1r4Pt +"5Pt +1r6Yt
mE bE E
+117Pt -1r8Pt -'ngwt-nlolt+ﬂ”T.

The stock of grain on farms is felt, once again, to be a good
indicator of opportunity costs and is included in the Western model for

both Male and Female.
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Table 4. Coefficient signs implied by the theoretical models®

Dafry Cow SLAUGHTER, East

Dafry Cow SLAUGHTER, West
Beef Cow SLAUGHTER, East

Beef Cow SLAUGHTER, West

REPLACEMENTS, Dairy Heifers, East
REPLACEMENTS, Dairy Heifers, MWest

REPLACEMENTS, Beef Heifers, East

REPLACEMENTS, Beef Heifers, West

Bull SLAUGHTER, East

Bull SLAUGHTER, West

Bull REPLACEMENTS, East
Bull REPLACEMENTS, West

Calf SLAUGHTER, Male, East

Calf SLAUGHTER, Female, East

Calf SLAUGHTER, Male, West

Calf SLAUGHTER, Female, West

Cow SLAUGHTER -1
REPLACEMENTS, Heifers-)
Bull SLAUGHTER-1
REPLACEMENTS, Bulls-1
Calf SLAUGHTER-3

+

+

+

+

+

Population Cows-;
Population Heifers-;
Population Bulls-;

Price slaughter steers-)
Price can. and cut. cows-1
Price stock steer calves-;
Price veal calves-)

Price index 100 hogs

+/-

4= 4]- 4]- +/-

/- 4/ ¥/~ ¢/~
LR R

Price manufactured milk
Milk subsidy
Over quota penalty

+ +

+ ¢
+

Price barley
6ratn stocks
Interest
Farm wages

"+

LI IR 3 |

[ IR 2 )

"1 4+

4+ &

[ )

LR )

U |

Real aggregate natfonal

{ncome
Milk production per cow
Time b
Season

'Thc excess price function, as specified, reverses the sign of the regression coefficient
associated with the exogenous and lagged endogenous variables of the supply function.

I’l’he theoretical models do not include a seasonal variable; the nature of the data and the

process being modeled suggest its inclusion.
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v _ b cW cDW sW hgW W
(73) St =yt 'n]St_] + "2Pt - 1r3P0Pt + "4Pt + “SPt + nsYt

mW bW

W
P - mgPy * MoKy - Mgy - M Ty T

VW _ vfl cW cDW SW hgW W
(74) St 1r0+1r]St_-l+1r2Pt -1r3P0Pt +TT4Pt +'n5Pt +1r6Yt

mW bW W

P - Mgy F gy - Mg T.

Modifications to the Specified Models

The foregoing models are each modified by the four basic
statistical models given as equations (31), (32), (33), and (34).

Only model (31) was developed above for the sake of brevity.

Equation (32) has the effect of lagging the demand and supply
shifters by one period. Equation (33) has the effect of including both
lagged and unlagged supply and demand shifters. And finally, equation
(36) has the effect of lagging the endogenous variable both once and
twice.

The basic period used in establishing the data series is three
months or one quarter of a year. The basic production cycle for cattle
and grain, and to a lesser extent hogs, is a one-year cycle. Conse-
quently, the lag suggested by the econometric model makes little or no
basic sense.

The fundamental purpose of these models is to generate good

predictors, not to test hypotheses. Consequently, the question of the
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appropriate lag is left as an open question. Lags of zero (t) to
four (t-4) quarters were considered, and the decision rule used was
to select the lag giving the best fit in terms of the "t" statistic.
The final model selected is some combination of statistical
models (31) to (34). An ex post rationalization for the selected
models is given in the final section of the chapter.
A second major modification to these models is the addition
of seasonal dummy variables. The rationale for adding these variables
follows the argument presented with respect to lags and the annual
production cycle. That is, the basic production cycle for crops and
livestock is an annual cycle highly dependent on the seasons. Response
to endogenous and exogenous stimuli is not necessarily immediate nor
of a fixed lag, but seasonal. The calendar year was divided into four

quarters; these quarters were used to represent the seasonal influence.
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Accounting Identities for Cattle and Calves

The next major problem to be considered is the availability of
time series data for the endogenous variables. In many instances these
are not available from any source. The following table indicates the

endogenous data series required and those available for both East and

West.
Desired Available
Veal Calf SLAUGHTER Veal Calf SLAUGHTER
Bull SLAUGHTER Bull SLAUGHTER
Bull REPLACEMENTS no data available
Dairy Cow SLAUGHTER Cow SLAUGHTER

Beef Cow SLAUGHTER

Dairy REPLACEMENT, Heifers .

Beef REPLACEMENT, Heifers ho data available

Thus, an attempt must be made to generate data series from
known information and relationships. The following identity is the

main relationship which is employed.

(75) POP = POP, + REPLACEMENTSt - DEATHS, - SLAUGHTER

t+l t t t

+ IMPORTSt - EXPORTSt.

POPt+] and POPt are known from available data series. DEATH
Rate is being taken as given from a study of DEATH Rates. EXPORTSt and

IMPORTS, are known in an aggregate fashion; they must be disaggregated

t
to meet the needs of the model. Three bases will be used for this

disaggregation:
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1. disaggregate data from 1969-1972, inclusive;

2. informed judgment of professional livestock economists; and

3. evidence given by the simulation model(s).
Thus, we might indicate that the following models are conditional
on a set of parameters (13,....,Ak)1 which are used to disaggregate
EXPORTS and IMPORTS.

Turning to the Cow Herd, there are two unknowns remaining in
identity (75), SLAUGHTER and REPLACEMENTS. Since the size of the Dairy
Herd is more stable than that of the Beef Herd, the former will be
considered first.?

Over the period under consideration, 1958-1972, the Dairy Cow
Population has been monotonically decreasing, with the exception of
the years 1960-1961.

By fixing alternately CULL Rate (A]) and REPLACEMENT Rate (Az),
a data series can be generated for the non-fixed element in the identity.
If CULL Rate, A], ijs set at some Rate known to be historically correct

on average, then identity (75) can be solved for REPLACEMENTS, .

POP 4 POPt + REPLACEMENTS - DR - POPt - P0Pt

t

+ IMPORTSt - EXPORTSt.

lParameters A3 to Ak are dummy parameters representing whatever
structure and parameter values are necessary to disaggregate the pub-
lished EXPORT and IMPORT data series.

2This same situation applies in reverse to the Eastern Beef
Cow Herd, with the exception of 1966, the Herd has been growing at
a fairly constant rate since 1958.
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Now solve for REPLACEMENTSt.

REPLACEMENTS, = POP - POP_ + DR « POP,_ + X

t+] t g+ A - POP

t
2
- IMPORTS (A3-Aj)j + EXPORTS (Aj+1'xk)t'

(76) REPLACEMENTSt==P0Pt+]-+(DR.+X]—1)P0Pt'-IMPORTS(A3,....,Aj)

+ EXPORTS(AJ+],....,Ak).

In a similar fashion if REPLACEMENT Rate, Az, is known, then
identity (75) can again be used to calculate SLAUGHTERt(CULLS).

POP,,, = POP, +X, « POP, - DR « POP, - SLAUGHTER,
+ IMPORTS (A5, ..., A5), = EXPORTS (Asyp,.ony )y )y
SLAUGHTER, = POP, + A, « POP, - DR = POP, + IMPORTS(Ag,....,2;)
- EXPORTS(Ag, s ..e0uhy)

(77) SLAUGHTERt (]+A2—DR) « POP -POPt+]-+IMP0RTS(A3,....,A.)

t J't

= EXPORTS(A gy eenshy )y

If Dairy Cow REPLACEMENT Rate is taken as known (an historical
average figure) then Dairy Cow SLAUGHTER can be calculated by identity

(75). Since Total Cow SLAUGHTERt is also known, Beef Cow SLAUGHTERt

can be calculated.
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(78) Beef Cow SLAUGHTERt = Total Cow SLAUGHTERt-Dairy Cow SLAUGHTERt

Beef Heifer REPLACEMENTS can be calculated by substituting (78)
into (75) and solving for REPLACEMENTSt

(79) Beef Heifer REPLACEMENTSt = POPt+ -POPt‘FDR -POPt

1

+ Beef Cow SLAUGHTER -IMPORTS(A3,....,A

t it

+ EXPORTS (A5 15ee e shy )y
Since Bull SLAUGHTER (CULL) data is published, this figure can
be substituted into (75) to calculate Bull REPLACEMENTSt.

(80) Bull REPLACEMENTS, = POPt+] - POP_ +DR « POP,_ +Bull SLAUGHTER

t t t t

- IMPORTS(Ag,. .. A5) ¢ + EXPORTS(Aqyqsenvtady)y.

An identity type computer program (MATRIX) was designed to
calculate the required endogenous data series from published data
using the above identities where required.

The rates (Ai's and DR's) previously specified are annual rates
while MATRIX requires semi-annual rates, thus, equations (76) and (77)
must be slightly modified to fit. POPt and POP,,1 now refer to semi-
annual livestock figures as do EXPORTS and IMPORTS.
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A
. DR , 1.
REPLACEMENTS, = POP | + 5% « POP, + —. « POP,

- INIPORTS()\3,....,)\j)t + EXPORTS(AJH,....,Ak)t.

A
- DR, 72 _ .
(81) REPLACEMENTSt POPtﬂ + (2 5 1) POPt

- IMPORTS()\3,....,>\J.)t + EXPORTS(AjH,....,)\k)t.

A
= —~2- . - -Q—B- . -
SLAUGHTERt POPt + 5 POPt > POPt POPtH

- IMPORTS(>\3,....,)\J.)t - EXPORTS(AjH,....,)\k)t.

A
- 2 _ DRy |
(82)  SLAUGHTER, = (1 + = - ) « POPy - POP,,, + IMPORTS(Ag,....,))

- EXPORTS(AJ.'.']’....’Ak)t.
The results obtained from MATRIX are conditional on the
parameters (A3,....,Ak) used to disaggregate EXPORT and IMPORT data.
While the best known estimates will be used initially, subsequent new

information may be obtained, some of which may be generated by MATRIX

and other computer programs used in this study. This new information

will require that a revised set of endogenous variables be estimated.

The results obtained from MATRIX are also conditional on A] or
Ap. These are average or typical values but may not be correct for

non-average years; a few, some, or most years, may be non-average. This

problem is minimized by selecting that Herd (Dairy or Beef) that demon-

strates the most stability in the period under consideration.
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For non-average years, when A1 or Az do not hold true, the
endogenous estimates will be badly biased. Since all endogenous
estimates are constrained by published SLAUGHTER and Population figures,
manual adjustments can be made to the estimated data series. These
adjustments were made in a manner consistent with other known informa-
tion such as price movements, unusual conditions or unique expectations.

In such a manner, endogenous data series can be generated that
are consistent among themselves, consistent within themselves, and
consistent with known external influences. The generated endogenous
data series will ultimately be verified by knowledgeable livestock
economists as reasonable and consistent with their concept of the
historical situation. This verification will come at some future

date when the models developed in this study are used to solve

practical livestock problems.

Generation of Endogenous Variables

Program MATRIX was developed to calculate the time series of
endogenous variables required for the behavioral models and ultimately
for use in program CATSIM.! 1In addition to generating these endogenous
variables, the program provides another check on consistency and in this
way aids in verifying the models and in determining likely parameter

values.

1A 1isting of program MATRIX is provided in Appendix C. A1l
programs are written in FORTRAN IV compatible with Michigan State
University's CDC 6500 computer.
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MATRIX is a quarterly model utilizing identities. The basic
identities used are those developed in the previous section, namely,
(75) to (82). These basic identities are normally modified slightly
to meet the exact application in this model.

To repeat a listing made in the previous section, the following

endogenous data series are calculated:

Dairy Cow SLAUGHTER East and West
Beef Cow SLAUGHTER East and West
REPLACEMENTS, Dairy Heifer East and West
REPLACEMENTS, Beef Heifer East and West
Bull SLAUGHTER East and West
Bull REPLACEMENTS East and West
Male Calf SLAUGHTER East and West
Female Calf SLAUGHTER East and West

Assumptions

The first assumption made in developing this model is that
Dairy Cow SLAUGHTER Rate is basically very stable. An observation
leading to a second assumption is that the Dairy Herds, East and West,
have been basically declining over the 1958-1972 period, and the Eastern
Beef Herd has been climbing steadily over that same period.! It is
further assumed that the SLAUGHTER Rate on the Eastern Beef Cow Herd has
been basically stable over the 1958-1972 period.

The above assumptions plus identities (75) to (82) are used in

generating a first estimate of the 16 endogenous data series. These are

'As previously noted, a slight upturn in Dairy Cow numbers
occurred in 1960-1961.
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combined with the various published data series. The most critical
of these is the semi-annual Livestock Survey. These data series lead
to a fourth and fifth set of assumptions.

The fourth set of assumptions concerns the quarterly distribu-
tion of REPLACEMENTS. From STATCAN figures, the number of additions
(REPLACEMENTS) can be calculated for each of the two six-month periods
(December 1-June 1, June 1-December 1), however, the requirement is
for quarterly estimates.

The fifth set of assumptions concerns the disaggregation of
the relevant data series to fit the model requirements. Discussion of
this third and fourth set of assumptions occupies much of the balance

of this section.

Calculation of IMPORTS.--The data series used to calculate

IMPORTS is the STATCAN annual series Purebred IMPORTS which is available
on an annual basis. This data series was disaggregated into first half/
second half, Beef/Dairy, and Male/Female components using available
monthly 1969-1972 data as a basis.!®

The following parameters and their values are used to

disaggregate annual Purebred IMPORTS:

Purebred IMPORTS 1st half V22 = .526
2nd half V24 = .474

Purebred IMPORTS Female V3 = .90
Dairy V10 = .20

'Appendix A deals with the discussion of data disaggregation
and, in general, information relevant to the building of MATRIX and
all other models.
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Calculation of EXPORTS.--The STATCAN annual category Purebred

EXPORTS is disaggregated in the same fashion as IMPORTS. The parameters

employed are:

Purebred EXPORTS 1st half V72 = .50
2nd half V74 = .50
Purebred EXPORTS Female V8 = .85
Dairy V9 = .826

A second export category is Other Dairy EXPORTS. These EXPORTS
are assumed to be Cows and Heifers Over Two Years of Age. Further, it
is assumed that the semi-annual distribution is similar to that for
Purebred EXPORTS.

The final export category of relevance is EXPORTS, Cattle Over
700 Pounds. It is generally believed that a fairly constant number of
these are Cull Dairy Cows, the balance being Steers and Heifers for
further finishing and Immediate SLAUGHTER.

Observation of the data suggests that at least 11,000 head
are shipped annually in this category. These are taken to be largely
Cull Dairy Cows. Larger shipments are assumed to be largely Steers

and Heifers. This disaggregation was programmed using the following

parameters.
Proportion of Cull Dairy Vi1 = .80
Cows in first 11,000 head
(East, 3,000 head)
(West, 8,000 head)
Proportion of Cows in the East V111 = .10
balance West V112 = .05

East, 2,400 head)
West, 6,400 head)
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An examination of the data also reveals that 57 percent of
EXPORTS are made in the first half and 43 percent in the last half.

The following parameters are used for that purpose.

SLAUGHTER Cow EXPORTS 1st half V82
2nd half V84

.57
.43

Calculation of SLAUGHTER.--SLAUGHTER is calculated by summing

the UNINSPECTED with the INSPECTED. INSPECTED SLAUGHTER data is avail-
able in the form required, however, the UNINSPECTED is only available
in highly aggregated form.

UNINSPECTED Calf SLAUGHTER is distributed semi-annually by the

following parameters.

UNINSPECTED Calf SLAUGHTER 1st half East Vi3 = .60
West Vi4 = .44
UNINSPECTED Calf SLAUGHTER 2nd half East V15 = .40
West V16 = .56

The Male/Female, first quarter/second quarter, and third quarter/fourth
quarter allocations are assumed to be the same as INSPECTED Calf
SLAUGHTER and are recalculated semi-annually from that source by the
MATRIX program.

Cows and Bulls in UNINSPECTED Cattle SLAUGHTER are calculated

using the following parameters.

Proportion of Cows in UNINSPECTED East V23 = .28
Cattle SLAUGHTER West V19 = .25
Proportion of Bulls in UNINSPECTED East V25 = .06
Cattle SLAUGHTER West V26 = .06



122

Calculation of Rates.--A set of parameter values, generally

described as rates and distributions, are used in constructing MATRIX.
The first of these are the quarterly birth distributions. The quarterly
distribution of BIRTHS is also utilized in the program to allocate

REPLACEMENTS among quarters. These quarterly distributions are:

Dairy, East and West

1st quarter VALDglg = .262
2nd quarter VALD(2) = .258
3rd quarter VALD(3) = .222
4th quarter VALD(4) = .282
Beef, East and West
1st quarter VALBE(1) = .20 VALBW(1) = .28
2nd quarter VALBE% 3 = .50 VALBW&Z; = .64
3rd quarter VALBE(3) = .15 VALBW(3) = .05
4th quarter VALBE(4) = .15 VALBW(4) = .05

Two semi-annual Rates are used for DEATHS, one for the first
half and a second for the second half. No differentiation is made
between East and West.

DEATH Rate 1st half DR1
2nd half DR2

.008
. 006

nou

The final set of Rates concerns that rate at which Cows are
slaughtered or culled from the Herd. Rates are estimated for Beef Cows

East and Dairy Cows West.

Beef Cow CULL Rate East 1st half V20 = .045
East 2nd half V21 = .055
Dairy Cow CULL Rate West 1st half V27 = .08
West 2nd half V28 = .10
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It should be noted at this point that all parameters including
BIRTH Rates, CULL Rates, etc. are used in other programs besides MATRIX.
Consistency is attempted among the parameters used in all models thus

aiding with their validation.

Description of the Model (MATRIX)

The model MATRIX attempts to generate plausible time series data
for the 16 endogenous variables previously listed. It does this because
and in spite of the fact that some of the basic statistical data are not
available.

The method used in approaching the problem is to make a set of
reasonable assumptions. Some of these have been made before; more are
made in the balance of this section.

MATRIX is divided into two parts. The first calculates endoge-
nous variable values for the first and second quarters, the second part
for the third and fourth quarters. Structurally, both parts are

identical.

Calculation of the Cow Slaughter series.--The first two

values calculated are Eastern Beef Cow Slaughter and Western Dairy
Cow Slaughter.! The method used is to apply a rate (semi-annual) to
the Cow Population to generate that proportion slaughtered. This in

turn is allocated quarterly.

0riginally, Eastern Dairy Cow SLAUGHTER was calculated,
however, the small errors generated caused relatively large errors
in calculation of the much smaller Eastern Beef Cow SLAUGHTER.
Calculation of Eastern Beef Cow SLAUGHTER, in this manner, is assumed
plausible due to its stable growth over the 1958-1972 period.
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The next two values are calculated using identities (78) and
(82). The values generated in this way are Eastern Dairy Cow SLAUGHTER
and Western Beef Cow SLAUGHTER. Identity (78) uses the fact that there
are only two types of Cows, Dairy and Beef. By the residual method,
those that are not the one must be the other.

The allocation of SLAUGHTER between quarters is made by
allocating the semi-annual in a manner consistent with Eastern (or
Western) Cow SLAUGHTER. The seasonal effect is amplified slightly more
in the case of Beef Cow SLAUGHTER as opposed to Dairy Cow SLAUGHTER.
Examination of monthly Cow SLAUGHTER data shows that Cow SLAUGHTER is
low during spring and summer rising during the September-December period.

Exceptions occur during periods of rapid expansion or contraction.

Calculation of the REPLACEMENT Heifer series.--The calculation

of REPLACEMENTS uses a modification of identity (81) where SLAUGHTER is
taken as generated above. The REPLACEMENT values generated are Eastern
Dairy, Western Dairy, Eastern Beef, and Western Beef.

The allocation of REPLACEMENTS between quarters is a problem
of some significance. From a priori information it is known that the
expected age of a Dairy Heifer at first calving is in excess of 33
months or 2 3/4 years. The data series being calculated is by defini-
tion, the rate of flow of 12 month old Heifers, to the Cow Herd via the
Bred Heifer stream. It can readily be seen that the two ends of the
process differ by 1 3/4 years or 21 months (33 months minus 12 months).

If the distribution of dairy cow freshenings is to be maintained over
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time, it is reasonable to assume that Dairy Heifers freshen according
to the same distribution. It can then be calculated that Heifers
entering the Bred Heifer stream in the first quarter (at 12 months
of age) will be in the same ratio as Dairy Cow freshenings 21 months
later during the fourth quarter. Consequently, Dairy Heifer REPLACE-
MENTS are allocated between quarters as follows where VALD is the

quarterly birth distribution for Dairy Cows.

Ist quarter  Ist half REPLACEMENTS x Vz:rm‘iv%mmmg 4 .

VALD(1)
2nd quarter 1st half REPLACEMENTS x VALD(4) + VALD (T)

The same reasoning is used to allocate Beef REPLACEMENT Heifers.
In this instance, for lack of better information, it is assumed that
Beef Heifers calve at two years of age. Thus Beef Heifers entering
the Cow Herd in the first quarter, also enter the Bred Heifer stream

in the first quarter. Western REPLACEMENTS are distributed quarterly

as follows:
VALBW(1
1st quarter 1st half REPLACEMENTS x VALB TV
VALBW(2

2nd quarter 1st half REPLACEMENTS x VALBW(T) + VALBWI(Z

For Eastern Beef REPLACEMENTS, the distribution used is VALBE
rather than VALBW.
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Calculation of Bull REPLACEMENTS.--This calculation utilizes

a modification of identity (80). As with Heifer REPLACEMENTS, Bull
REPLACEMENTS are allocated using the calving distribution. Since Bulls
are assumed to enter the Bull Herd at one year of age, no maturation
period need be considered. The distribution used to allocate Bull

REPLACEMENTS is VALBE and VALBW in the East and West, respectively.

Calculation of Bull and Calf SLAUGHTER.--These calculations

involve a manipulation of the INSPECTED and UNINSPECTED SLAUGHTER data

as previously discussed.

The Generated Endogenous Data Series

The endogenous data series generated by MATRIX appear in
Tables 5 to 7. Since certain anomalies appear in these data, each
data series will be discussed below.

The Calf SLAUGHTER series is generated by simply summing
monthly published data and in the case of UNINSPECTED SLAUGHTER,
disaggregating quarterly and annual data. The only major assumptions
of note concerns this disaggregation. These four data series are used
directly as endogenous variables in the Calf SLAUGHTER behavioral models.

The Bull REPLACEMENT series indicates that most REPLACEMENTS are
added during the first two quarters of the year. This occurs to such an
extent that negative Bull REPLACEMENT values appear sporadically for the
last two quarters. Barring errors in the published data series, the
only source of this error can be UNINSPECTED Cattle SLAUGHTER. The

Bull proportion of this aggregate series was incremented to 6 percent



g

B




127

to generate the series presented even though 6 percent is a much higher
proportion than that occurring in INSPECTED SLAUGHTER. The only

logical explanation that could be found suggested that high demand

for Slaughter Bulls came from small UNINSPECTED meat packers producing
specialty meats. The remaining negative values can only be inadequately
explained by year to year fluctuations.

The final data series generated by MATRIX are Cow SLAUGHTER and
REPLACEMENT. The assumption that Dairy Cow SLAUGHTER is fairly stable
is believed to be reasonably accurate. Since this assumption is used
for the West, all Western Cow SLAUGHTER and REPLACEMENT figures are used
as generated by MATRIX.

In the East, the assumption that the Beef Cow SLAUGHTER rate is
stable is undoubtedly a gross abstraction. Consequently, Eastern Cow
SLAUGHTER and REPLACEMENT values were adjusted in accordance with a
priori information and consistency among these series. These
alterations appear in Table 8.

Figures 14 to 17 present a visual display of these 16 generated

(and adjusted) endogenous data series.
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Tadle S. Quarterly INSPECTED plus UNINSPECTED Cow SLAUGHTER and REPLACEMENT, 1958-1972,
estimated by program MATRIX

SLAUGHTER REPLACEMENTS SLAUGHTER REPLACEMENTS
Datry Cows Dairy Heifers Beef Cows Beef Heifers
Yeor Quarter East West East West East West East West
(head)  (head) (head) (head) (head)  (head) (head)  (head)
1938 12 88u63 36853 103946 39911 16731 49935 Tra202 $7915
2 83907 30907 93796 37081 14966 «0360 12506 132377
3 53220 3863 EEL.LE] 39197 15368 “9111 23384 ©1079
" 115156 43566 78763 33728 1965y 55574 23079 Le1470
1353 1 74268 36090 95569 36033 13613 325865 8331 62389
H 69309 3023¢C 87567 33478 12365 31750 | 15827 162001
3 73163 37639 763061 “e178 12645 £2261 27213 29500
L) T5366 w2eil 68787 3801« 11543 48636 2173 29500
1369 1 76033 33723 11736 YIRS 16534 L0961 5311 53068
2 66116 29911 104682 39433 18209 35080 9777 135012
3 — 51808 J73e7 83333 %3330 Jeb7 PR LY 29670 “6683
5 93963 $2681 77384 3728 11571 49046 27375 $6683
1961 1 77260 33873 119102 w7022 10331 39235 7276 77926
2 63357 30039 110655 ©3687 865¢ w128 18183 176116
3 72398 38390 97058 39673 10385 53490 23968 25666
[ 102045 3290 83515 36137 12643 56698 21670 25664
1368 1 ~ 81316 Te005 112568 ITT36 — 10910 %6288 8151 70652
2 79930 30155 106585 28982 8926 «3093 20379 161490
3 31288 37033 G175 27311 TiJu9 51065 25150 err23
[ 117566 “1817 734926 23560 13655 764620 22481 67729
1363 1 89823 31970 | 1155903 35023 11553 42439 9583 72871
U7E83 32535 453 I73i5 23559 1866562
3 90567 35391 90690 32621 11739 49618 19956 73591
LY 1G858 39309 Y441% B {111 ) 1L 1Y) 1124 § 17113 73591
130e 1 35738 2332 14 TILe35 ITSIT TI37% 39320 11e77 Je168
2 83686 27523 124956 29561 9801 5199 28693 215262
3 1.4 MY 3167 'Y Y4 ) r{4441 1733 556066 2UTST L1 E L)
“ 111346 38531 78661 23669 22037 76866 19168 80126
1365 1 82359 29638 130796 277686 22269 66493 21300 100942
£ L $11X4 r4:Y4.14 10809 - 5815 cUU38 58747 33251 23072«
3 109865 32336 116453 21296 | 37568 86019 260658 76387
1y IILI6N JOLFe | 96715 I83R&E T WwdlU T IN2IT [ 25618 74387
1360 } 3 ~SE3J8T r443%3 1137806 186830 R4} %4 RV 1441) 130661 80U B85
N 81367 246515 165786 17129 21759 78856 23102 196765
3 78351 29516 51466 20127 13 4Y{] 81333 25967 59562
_“w_’__% g;u 77308 17319 22062 126490 23159 §29662
13 92tie 16135 11652 8G16l 10556 76502
2 74376 226467 85953 16991 9536 60537 26391 170291
3 Si73¢ 26978 91288 21636 11920 92046 26533 “8879
[y 10032 30622 78552 18617 16568 113638 23650 £8879
1968 1 8460688 23605 | 101497 18783 | 12«76 96870 13624 75903
H 82361 20755 | 9uedd 17451 10208 76778 33560 173698
3 86779 25239 | 101451 earry 12966 96619 11231 53853
[ RYILLD 284bL 87235 19593 15821 109501 8093 53853
1363 1 4363 22068 1111396 20149 12677 80961 20398 82610
2 85453 19552 | 103308 18720 10372 67167 50994 188823
3 83046 2392F | Sre23  ~ Ii1iS {3730 633480 16905 Be225
3 100544 26977 835836 26773 16769 53550 13575 66225
1970 1 92160 21582 116936 26374 135699 50976 17707 89879
F L ITEX) 19138 U783 22€65 | 11208 263k L6267 205437
3 86244 28782 8736 20806 1hbub 51995 31618 62658
3 33571 r{1}1] 63463 T 47907 17654 C9837 | 264486 B2658
37T T N 112%] r{ 1313 L EIA L) 11114 15065 S73IE 20885 124728
2 85780 18274 88910 23295 12326 61883 52138 285094
 { 86571 PEL 1YY 31283 Te2J 16030 TL05) 11089 «9151
4 91571 25843 78566 5527 19599 74657 7202 ©9151
1372 1 76635 18826 119994 32605 15568 75606 26600 1097088
7. BGSEG T 16RIL [T ILLWBT T TTI0293 T 12737 T BA3ITL T [T 61499 250943
3 80220 21799 Y8824 8749 1686y 64934 11592 83018
13 R1ELY] r{31}! L PTR 4] 7528 25582 T52IT 7509 LR { L
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Table 6. Quarterly INSPECTED plus UNINSPECTED Calf SLAUGHTER, 1958-1972, estimated QJy program MATRIX
Male Calf SLAUGHTER Female Calf SLAUGHTER
!bor Quarter East West East West
(head) (head) (head) (head)
1958 1 120313 3ess7 .8729 27792
2 251992 “8886 106570 292469
k R I'LR4) 53237 58667 35342
. o 107924 “0176 “?071 32216
1353 4 116839 31376 ©6796 204061
2 222390 38731 85906 22330
3 121915 38445 ©3838 30290
) 96522 37019 33380 0867
1363 { 121120 25866 «5870 29224
2 21391 36647 73561 23036
3 122806 el18461 3763 LY EDS
o 100059 32512 ©2188 43950
1361 1 121708 26100 47999 25190
L 3B 210161 33312 82919 27563
3 115683 37956 w7231 36356
[ 107026 33276 “e637 “6073
190¢ [ 119615 268714 ©3093 29134
2 222525 29068 86375 25397
3 130655 31036 56253 31783
o 116648 31308 48966 €7107
1363 1 116756 22202 “5737 21448
H 213397 74436 JUBL 20267
3 120630 27607 55821 27365
1Y 08178 27391 %5879 35136
1366 1 107653 8- 1117 17117 1] 2vb060
2 216463 32612 98641 31680
k4 128418 31535 56870 J26ed
[ 118930 35725 53386 52293
1363 1 166252 29970 61855 39292
4 236858 30265 33795 35526
3 167950 35036 69673 37525
1) 12252% 1128} § 5728 [Y424']
1300 1 TSC 780 Ze8 3% 133143 IS
2 213605 2770 96429 32768
: § V7358 25285 «8767 32817
[ 104601 Jee02 48172 53758
1387 1 127370 21861 11384
2 217327 23038 93746 29552
k 109433 26551 5485 38410
[ 98887 26820 bb512 556400
1968 1 1254631 20374 55621 31325
Z 136746 r4'rx 4! 13444 298586
3 110320 22955 46963 37779
L) ToeSe7 {11 1113 § ©0152
1983 1 130808 17383 131431 Ritilm
2 176722 15780 83897 20182
L § G758 16218 1'Y$31) 22219
L3 100222 16836 %3698 22778
137¢ 1 115678 11849 “8637 13845
4 13792« 11676 T624T 12269
3 93328 11305 37751 15372
L3 85785 12269 Y RES 16715
1371 1 105068 10297 463ul 13518
2 155940 8570 68484 10966
: 0897 3950 345409 1I039
[ 63773 12381 32265 15091
1372 1 101963 9945 “1021 11722
L4 EU1Y) 8885 BL80E R LES
3 72409 9657 - 32633 11106
[ RAIY B TI78Y T T [ 23659 TI8%0
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Tadle 7. Quarterly !lS;;g ED plus UNINSPECTED Bull SLAUGHTER and REPLACEMENT, 1958-1972, estimated

by program M
Bull SLAUGHTER Bull REPLACEMENT
Year (Quarter Cast West East Nest
(head) : (head) (head) (hoad)
1938 1 11669 6631 1509S 9156
2 1307 8063 37737 20928
3 19511 3373 63 <33
o 16830 Jelé 63 -30
1359 1 8736 €327 15302 9727
H 11265 6623 38256 - 22233
3 16125 8732 o 2978
[} 11v55 7211 [ 2978
1384 1 9106 5343 15126 8669
2 12316 7915 37815 13358
3 16358 8865 -823 3296
[ 11098 8328 -823 3296
1361 1 9350 6242 15317 9102
E 11561 7817 38292 20806
3 16632 10301 1926 3162
[} 13111 8321 192¢ 3162
136¢ 1 9352 5251 13713 9065
2 11786 6586 30286 20721
AR 16753 EDER 102 2097
. 12638 10095 102 2097
1363 1 8833 5595 16859 10288
E 10880 5258 I7TIeTY 23515
3 15386 8372 -309 “9738
1) 11708 8755 =309 “378
131 L) i 358 5330 P 1131 11696
2 11156 7515 33712 26273
3 131152 T3IZ 1967 7810
. 12696 36063 1967 7610
1363 1 9237 6118 16212 11310
P4 12319 4 L'L) 35529 ; 25851
3 20153 10037 2018 5976
v I3I7ZE TIYGY r42% 2 5975
15111 9 A 413 1444 TZR7S. 785
2 10300 7853 31188 20036
| TINTT TeTY I7 S2I90
» 11616 101 36 1367 «2190
1967 i 5053 5365 1!&!7_' _Tﬂ'ﬂ-'
2 10153 6648 314692 23737
3 16026 [XLY) 1561 739
[ 10637 8787 1561 799
1968 1 8609 5260 12318 8859
H 11556 6639 30796 20250
3 14307 8573 2961 4218
[} 12605 8858 2961 “e210
1469 1 8767 5695 12372 10259
2 11485 6328 30930 23449
3 16337 8697 2847 612
o 11621 7885 2867 -612
1373 1 9363 w797 11278 10635
H 11753 5756 28195 26306
3 12960 5535 5027 126
[Y 11347 [3TX4 5027 128
1371 i 33535 w37 126062 13804
2 12666 6851 31656 31553
3 13ie7 8702 250% 5843
[y 10996 8679 . 2506 5065
1372 1 8955 r222 12296 13153
e 12687 L1134 30733 SOUE5
3 12812 9939 1292 1231
3 13696 - Bh1L” TTTTTT1a9T 231
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Parameter Estimates and Behavioral Model Appraisal

The parameter estimates for the 16 behavioral models are given
in Tables 9 to 11. The balance of this section briefly discusses these
models, their parameter estimates and properties. Estimated values for
the endogenous data series are listed in Tables 12 to 14.

The excess price model formulation developed in the first
section of this chapter met with only modest success in terms of pre-
dicted sign of the coefficients. That is, many of the explanatory
variables had significant coefficients that were opposite in sign to
those predicted by the excess price model. This is particularly true
in the case of Calf SLAUGHTER. The behavioral models, however, serve as
good predictors in most instances when assessed in terms of R? and R%.
The excess price model was a success in that the models retain high
explanatory power in spite of the fact that "own price" was excluded
from each model in keeping with the theoretical excess price model.

In almost all instances, the lagged endogenous variable proved
to be significant when evaluated in terms of the Student's "t" statis-
tics. It is retained in each model in keeping with the theoretical
econometric model even though in a few instances this variable was not
significant at the 5 percent level.

The form of the models finally selected do not necessarily
conform to the four models given by equations (31) to (34). For those
exogenous variables representing cattle and calf price, only lagged

values are accepted. The reason for this is twofold. First, these
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behavioral models are part of an unspecified but highly related
simultaneous equation system such as the one given earlier in this
chapter. Thus, these prices could be construed to be endogenous, not
exogenous. Second, these econometric models (as used in CATSIM) may be
operated in a recursive mode with other beef models, such as those being
developed by the Economics Branch. These other models generate cattle
and calf prices.

For all other variables, the lag that has been accepted ranges
from zero to four periods--the decision rule used was to retain the lag
giving the best fit in terms of the Student's "t" test. For many vari-
ables, the lag was either zero or one period, in accordance with the
econometric models (31), (32), and (33).

One notable exception occurs very consistently; that exception
is the lagged endogenous variable. In all cases, econometric model (34)
did not fit as well as the form finally selected. In most models, a
single four period lag, for the lagged endogenous variable, provided
the best fit. The explanation rests with the data, not the econometric
model. A1l endogenous data series are of a highly seasonal nature, thus
a lag of four periods (a one year lag) has more explanatory power than a
one period lag.

The seasonal dummy variables were all retained regardless of
significance as most, if not all, endogenous variables were considered
a priori to have a distinct seasonal component. In addition, a time
trend was often noted that was not explained in terms of other included

variables. For this reason, a "time" variable appears in many models.
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Since all models have a lagged endogenous variable on the
right hand side in accordance with econometric models (31) to (34),
the statistic that is normally used to indicate the degree of serial
correlation, the Durbin-Watson (DW) statistic, is unreliable. Thus,
another statistic, the "h" statistic, is used in this dissertation.!®
This "h" statistic is distributed approximately N(0,1) but has only
large sample properties.

The condition of serial correlation often occurs when time
series data is used, as opposed to those instances when cross sectional
data is employed. This condition proved to be significant in one "Cow"
model, three "Bull" models and just significant in one "Calf" model.

Serial correlation is usually based on the interpretation
of the error term as "a summary of a large number of random and

independent factors that enter into the relationship under study,

but which are not measured."? Thus, an excluded, but systematic

'This alternate statistic is presented in J. Durbin, "Testing
for Serial Correlation in Least Squares Regression When Some of the
Regressors Are Lagged Dependent Variables," Econometrica 38:410-421,
1970.

The statistic "h" is calculated as follows:

h=r /1———{}n5—y
-n 'i
where r = 1 - Xd d = the DW statistic; and
V(bi) = the variance of the coefficient of the lagged
endogenous value.

The test fails when 1 -nv(bi) < 0.

2Jan Kmenta, Elements of Econometrics, New York, The MacMillan
Company, 1971, p. 269.
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relationship may cause serial correlation. Johnson adds a second
potential source of this condition, namely, a measurement error in
the explained or endogenous variable.! Either or both of these causes
are likely to be present in these models, especially the latter, as
these data are generated by a simulation method that undoubtedly,
(1) provides more stability than is present in the real world, and
(2) fails to generate at least some of the systematic variation that
is present in the real world phenomena being modeled.?

Both Johnson and Kmenta indicate that the properties of
serially correlated models are:

1. unbiased estimates of the regression coefficients and large
sample consistency, and

2. 1inflated and thus inefficient estimates of the standard
errors of the regression coefficients--these standard

errors are not asymptotically efficient.

The consequences of these properties are that the tests of
significance of the regression coefficients are incorrect, and devel-
opment of accurate confidence intervals is precluded as well. In
addition to the above, the models are inefficient predictors in that
the standard error of estimate is needlessly large.

The significance of these properties for the purpose of the

five serially correlated behavioral models is that variables might have

1J. Johnson, Econometric Methods, New York, McGraw-Hill Book
Company, 1963, p. 178.

2While I refer to the generation of the endogenous data series
by MATRIX, it should also be recognized that the published data sources
undoubtedly are subjected to a "revision or correction" by a simulation
type process.
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been retained as significant or discarded as insignificant due to the
inaccurateness of the Student's "t" test. This was not considered as
serious since most variables with "t" > 1 were retained. The second
property (prediction inefficiency) was not considered as serious in
that the five effected models have either high R? (i.e., .9948, .9208,
.9913, .8687, and .9586) or have low impact on the overall situation

model, as is the case with the "Bull" predictors.

Cow SLAUGHTER and REPLACEMENT

In most of the 16 behavioral models, a lag of more than one
period, usually four periods, was found to be most significant, for
reasons given above. In the case of Cow SLAUGHTER and REPLACEMENT
models, only two of eight have a four period lag, the balance have a
one period lag. In the case of Dairy Cow SLAUGHTER and REPLACEMENT,
this one period lag can be attributed to a weakness of the seasonal
variation. An explanation for Eastern Beef Cow SLAUGHTER and
REPLACEMENT lag does not readily come to mind.

The price of slaughter steers entered the four Eastern models
with a four period lag in three instances and a three period lag in
one instance. In the West, the lag on this variable was two period
except in one instance when it was three periods.

It is interesting to note that farm wages enter both the
Eastern and Western Dairy Cow SLAUGHTER models and very significantly
so in the East, the dairy region. In this same regard, milk production
per cow was a significant variable in the Eastern Dairy REPLACEMENT

model.
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The price of veal calves entered the Eastern Dairy SLAUGHTER
model at a very significant level reflecting the significance of this
source of income to dairy farmers. As might have been expected, veal
calf price was insignificant but stocker calf price was significant in
the Western Dairy Cow SLAUGHTER model as well as the Western Dairy
REPLACEMENT model.

The price of feed, as represented by the price of barley and
western grain stocks, were not found to be significant in any of these
eight models. It is believed that this is due to the inappropriateness
of the statistical index used or to the structure of the model or both.
In any case, the real effect of these variables is obscured.

The price of hogs enters some models usually with no lag.
While price of milk would normally be thought of as a very significant
variable, it did not prove to be significant in any one of these
models--this is undoubtedly a result of institutional involvement
in price stabilization and its impact on expectations. The imposition
of an over quota penalty was not found to be significant; however, the
application of milk subsidy had a significant effect in the Eastern
Dairy Cow SLAUGHTER model.

It was thought that farm wages, interest rates, and milk
production per cow would influence SLAUGHTER/REPLACEMENT decisions.
With the exception of farm wages, these variables proved to be rather

insignificant in most instances.



142

It should be noted that distinct non-linear time trends were
observed in the four Eastern models, while the non-time variables
proved to be adequate in the Western models.

It was observed that the seasonal pattern of Eastern Beef
Heifer REPLACEMENT changed over the 1958-1972 period. The early
part of the period was characterized by high fall REPLACEMENT, while
the latter part incurred high spring REPLACEMENT--as in Western Canada.
For this reason, one set of regional dummies (the "A" set) was used for
the years 1958-1967, and another set (the "B" set) for 1968-1972.

Serial correlation proved to be a problem with early Eastern
Beef Cow SLAUGHTER models. This condition was removed by using time,
time? and time® variables. While this removes the serial correlation,
the basic underlying relationship still remains unidentified. The
"h" statistic indicates that the Western Dairy Cow SLAUGHTER model
has significant serial correlation. The model used above was
attempted but without success.

Two different statistics were consulted in an attempt to
determine which exogenous, and lagged endogenous, variables were the
most important in explaining variation in the endogenous variables.

These statistics are the beta coefficient! and the R? delete

IA reference for this statistic is Robert Ferber and P. J.

Verdoorn, Research Methods in Economics and Business, New York, The
MacMillan Company, 1962, pp. 99-100. The authors state, "an idea of
the relative imgortance of each independent variable in a multiple
regression is obtained through the so-called beta coefficient."
"This is not the only means of evaluating the relative importance
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value.! While the ranking of these two indices rarely agreed, both
identified the same five most important variables in most instances.

Dairy Cow Population proved to be very important in both
Western Dairy models with Dairy Heifer Population being important in
the Dairy REPLACEMENT models. In these latter models real income,
price of stocker calves, and the seasonal variable prove important.

In the SLAUGHTER model, both fall and spring as well as farm wages
were isolated as being important.

The seasons fall and summer proved important in the Beef Cow
SLAUGHTER model while spring and summer had the same effect in the
REPLACEMENT model. Beef Cow Population was important in both with
lagged Cow SLAUGHTER important in the SLAUGHTER model. The price of
stock steer calves proved to be important in both Beef models, as in
both Dairy.

In all Eastern Cow models, the time variable (including squared
and cubed terms) proved important as did specific seasonal variables in
all models except Beef Cow SLAUGHTER. Cow Population proved important
in all models except Beef Cow REPLACEMENTS. In the Dairy SLAUGHTER

of the different independent variables." Given the model

h
x] = a] + a2X2 + .§ a.X, + E
i=3
the beta coefficient is defined as
o
= X
P11 7 %4 Gy

1Both the "t" and "F" statistics for the standard error of
the regression coefficients provide the same ranking as the R? delete

statistic.
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model, lagged SLAUGHTER and veal calf prices are noted; Dairy Heifer
Population is noted in the REPLACEMENT model. In the Beef models, the

two indices fail to agree on the most important variables except as

previously noted plus real income.

Calf SLAUGHTER

The four Calf SLAUGHTER models have consistently high R? values.
In all cases, except Female Calf SLAUGHTER, West, the endogenous vari-
able is lagged four periods--in the exception the lag was one period.

There appears to be no consistency among the models with
respect to lagged Cow Population. In the case of Female Calf SLAUGHTER,
East, this variable was not found to be significant.

In all cases, the price of stocker calves proved to be a very
significant variable. This fact may indicate that dairy farmers, and
beef feeders, do consider Dairy Calves as an alternative to Beef Calves
for feeding purposes.

The price of slaughter cattle was also a significant variable
in all four models with a consistent one period lag. This fact may be
interpreted to mean that farmers form expectations strongly influenced
by recent slaughter cattle prices--these recent prices thus influence
whether or not Calves are slaughtered or retained for further feeding.

The price of hogs entered both Eastern models but was found to
be insignificant in both Western models. This situation may indicate
that Eastern farmers and Eastern dairy farmers in particular view hogs
as a significant production alternative while this relationship is not

so clear in the case of the West.
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Table 9. Parameter estimates for Cow SLAUGHTER and REPLACEMENT
behavior modelsd

A. Dairy Cow SLAUGHTER, West

Expected Estimated regression
coefficient coefficient and
Variable sign standard error

Constant 5239.2920**
(2317.2045)

Slaughter_; + -.2517**
(.1024)

Dairy cow popu]ation_] - (.0608
.0051)

Price slaughter steers_, + 278.4407;*
36.2866

Price hogs_, + -16.4147
(19.3081)

Farm wages - 20.3559**
(2.8485)

Spring -5239.1323**
(830.4257)

Summer -42.6815
(1137.0268)

Fall 10395.2214*
(669.8801)

R? .9939
Standard error 540.1972
h -3.1645

amn regression coefficients significant at the 5 percent level are
denoted with a single asterisk (*) while those significant at the 1 per-
cent level have a double asterisk (**). A1l tests are two-tailed tests.
This notational convention is continued to Tables 10 and 11.
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Table 9--Continued

B. Replacement Dairy Heifers, West

Expected Estimated regression
coefficient coefficient and
Variable sign standard error

Constant 128129.7538**
(37202.5045)

Replacements _, + . 2959**
(.1204)

.2556**

Dairy cow population 1 +
B (.0696)

Dairy heifer popu]ation_] - (.2051;*
.2300

Price slaughter steers_, +/- 1481.4096)
431.7824

Price stocker calves_; + 762.6667**
(250.1689)

Real income_, - =7.4142%*
(2.1360)

Spring 1476.4807
(2407.4369)

Summer -2396.8143
(1872.3770)

Fall -10070.2533**
(2062.8982)

------------------------------------------------------------------------

Standard error 4719.1838
h 1.176
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C. Beef Cow SLAUGHTER, West

Variable

Expected
coefficient
sign

Estimated regression
coefficient and
standard error

Constant

Slaughter_,

Beef cow population_,
Price slaughter steers_3
Price stocker calves_,

Spring

Summer

R2
Standard error
h

-37656.1259**
(14268.3452)

.5509**
(.0942)

.0340**
(.0082)

1370.9668
(928.8684)

-1854.1417**
(467.3457)

2528.2616
(4161.3974)

14816.0353**
(4554.5544)

21352.8221**
(4353.5838)
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Table 9--Continued

D. Replacement Beef Heifers, West

Expected Estimated regression
coefficient coefficient and
Variable sign standard error

Constant 72005.3371**
(36146.2612)

Replacements _; + .2870**
(.1372)

Beef cow popu]ation_] + .0496**
(.0150)

Price slaughter steers_, +/- -4702.1262**
(1699.0234)

Price ct+c cows_, +/- -3962.3855*
(2844.0655)

Price stocker ca]ves_] + 2873.9203*
(1503.3735)

Price of barley - 215507.6432)
13923.5667

Spring 107848.8030**
(9407.3271)

Summer -57797.7163**
(21798.3628)

Fall -23375.2773**
(7932.4784)

Standard error 18404.9669
DW ‘ 1.9010
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E. Dairy Cow SLAUGHTER, East
Expected Estimated regression
coefficient coefficient and
Variable sign standard error
Constant -175450.0196*
(99812.7032)
Slaughter_, + .2109**
(.0139)
Dairy cow popu]ation_] - . 1262%*
(.0483)
Price slaughter steers_4 + 648.6532
(498.7230)
Price veal calves _, + -2156.4092**
(455.3432)
Price hogs + 397.4019**
(201.3366)
Farm wages - 82.1449**
(27.4525)
Years of milk subsidy + 8177.3600**
(3740.9331)
Spring 7219.3242**
(2840.6800)
Summer 8918.4068**
(3114.9672)
Fall 33873.0833**
(6898.2210)
Time -1162.1717**
(541.5361)
Time squared 26.5366**
(10.0332)
R? .8784
R? .8445
Standard error 4870.8309
h 1.785
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F. Replacement Dairy Heifers, East

Expected Estimated regression
coefficient coefficient and
Variable sign standard error
Constant 7797