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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 consumers, 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. All 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

apuaroach 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,

CATSIMB, 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.
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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 l958 to l972 inclusive.

RECON provided valuable insights into the validity of official

cattle-calves statistics for the period l959 to l972. 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 l958 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.

All 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-

cn1rrent 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

stabil ity, 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.

0 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

0 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.
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In addition to these values, it stated specific goals for the

non-dairy livestock sub-sectors. These specific goals are:

c that a target of 500,000 feeder cattle for export be set for

1980, and

a that enough beef and veal be produced in Canada to meet

domestic consumption, and

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

. that Quebec and Ontario dairymen reconsider selling dairy

calves as veal in order to market heavier veal or feeders,

and

° that resources be diverted from grain production to cattle

production, and

c 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. 15 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 Studnyontext

Government, especially at the federal level, must take the lead

iri 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:

0 feed grain models

oil 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.1

A second beef model is being developed at the University

of Guelph.2 This model is a quadratic programing 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

light 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,1 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.2

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 yhthe 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,

 

1Most 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,

areepartial equilibrium. Specifically, the following mechanisms have

131§_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



  



. 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 MacAuley1 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 (l) 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.2

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

0
1
w
a

import rate

 

1MacAuley, op. cit.

2Official 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 11pfor 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 behavioral variables. Econometric

techniques are used to arrive at parameter estimates. Prices, including

cattle prices, are exogenous 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.1

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:

l. 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:

0 biological parameters,

0 production processes,

- 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 export 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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1. live birth rate

birth weight

birth distribution

heifer calving age

heifer calving distribution

0
5
0
'
!
w
a

weaning weight

7. rate of gain

8. carcass weight

9. 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:

l) to successfully "track" past p0pulation 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 lit-

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."1 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 cr0ps 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.

Posada2 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

 

1This model and related study are reported in G. L. Johnson et

al., A Generalized Simulation Approach to Agricultural Sector Analysis

with Reference to Niggria, East Lansing, TMichigan State University,
—

7 .

 

d

2Alvaro Posada, "A Simulation Analysis of Policy for the

Northern Columbia Beef Cattle Industry," unpublished Ph.D. dissertation,

Michigan State University, 1974.
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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.1

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

 

1Hovav Talpaz, "Simulation Decomposition and Control of Multi-

Frequency Dynamic System: The United States Hog Production Cycle,"

unpublished Ph.D. dissertation, Michigan State University, 1973.



.
0
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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 l

l
1

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,1 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.

 

1One 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,TEast 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 l operates the basic model under a set of strict and somewhat

unrealistic assumptions concerning the rate of breeding herd replace-

ment; CATSIM2 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.
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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.1

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

 

1For 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,

Mfchigan State University, 1972, pp. 32-46; and M. 1.. 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

(If 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

hanuaered or even precluded appropriate use of specialized techniques.

The preconditions for optimization are as follows:
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l. 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 approach 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 Baygian 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 crap yields,

or the daily weather.

3. Identification problem: given measured input and output

variables, find the relation between them.
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Figure l. A simple system with feedback

The identification problem basically is the one of concern in

this study. In 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.
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PROBLEM DEFINITION (through

(1) interaction between investigator 1

and decision maker)

   

 

 
l

MATHEMATICAL MODELING AND SIMULATION

(2) (and more interaction between

 

investigator and decision maker
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MODEL REFINEMENT AND TESTING (and

(3) more interaction between investigator

 

and decision maker)
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MODEL APPLICATION IN PROBLEM SOLVING

(4) (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

infbrmation 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_Analysi§

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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. needs analysis

0 system identification (in very general terms)

0 problem formulation

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

- determination of physical, social, and political relizability

. determination of economic feasibility

0 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:

. 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 components1 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

 

1Appendix 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

Qynamics 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 0f 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:

l. 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.1

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 ande. 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 useful 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, papulation 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.



33

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.



v.

d)-

 

a.”

 
   
 

 
  



34

 

 

 

 

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 .1071 .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
 

Marshall1 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. 0n 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 phenomenon 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

_ upswin 1928-1933 5 years

1928 1939 downswgng 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 feur 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."1

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"]965 upswing 1959-1965 5 years

1965-1969 downswing 1965-1969 38 years

 

lMarshall, op. cit., p. 11.

2T. Petrie, "Analysis of Seasonal, Cyclical and Trend Variations

in the Prices and Output 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 l958-1966 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 l958-1972 of births, calf exports, calf

slaughters, while Figure 5 relates cow-heifer slaughter to calf births

and steer slaughter.

The Trade Dimension
 

Boswell,1 Boswell and MacEachern,2 and Marshall3 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: less 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.
 

2A. 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 DemandlSituatTons for Cattle and Beef, Hogs and

Pork,_with Reference to Canada's Position in the North American Market,

Department of AgricUTtural EconomTcs, University of Guelph, T968.
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detail later in this chapter, the intent of this discussion is to

provide some appreciation of the changing nature of trade flows.1

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.

Of 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

Industlg'jgin 1975 and 1980, Publication B-708, Oklahoma State University,

July 1 .



P93H 000‘ 00 l

2
3

-
.

C
a
l
f

B
I
R
T
H
S

2
2

1'

2
1
"

 

I
N
S
P
E
C
T
E
D

C
a
l
f

S
L
A
U
G
H
T
E
R

3
‘

U
N
I
N
S
P
E
C
T
E
D

C
a
l
f

S
L
A
U
G
H
T
E
R

1
"
fl

:
#
:
\
/

C
a
l
f

E
X
P
O
E
I
§

(
l
e
s
s

t
h
a
n

2
0
0

p
o
u
n
d
s
)

I
J
L

T
_
j
_

1
n

l
I

l

5
8

5
9

6
O

6
l

6
2

6
3

6
4

6
5

6
6

6
7

6
8

6
9

7
O

7
1

7
2

 

L
I

L
.

 F
i
g
u
r
e

5
.

E
a
s
t
e
r
n

C
a
l
f

B
I
R
T
H
S
,

E
X
P
O
R
T
S
,

a
n
d

S
L
A
U
G
H
T
E
R
,

l
9
5
8
-
1
9
7
2
.

42



43

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/pepple geographic distribution,

either cattle or beef must move East. Over the past 16 years 9220.

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)1 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

linfit for heifers while a 575 pound upper limit 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 lst and probably the

majority of these in the preceding three months.

Petrie's study1 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

 

1Petrie, 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.1

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

is 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; andTStatistics 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. In

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:

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

Rate and SLAUGHTER. Modifiers will have the first letter

capitalized only.

0 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 conventiona

 

A. FLO! yglues gnd 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 1

REPLACEMENT Rate

IN FLOW

(OUT FLOW

Cows MILKED Yesterday

Cows and Heifers 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

 

.A 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 list of the elements in these three groups in order to aid the reader in

comprehending this study.
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Table 2--Continued

 

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

all modifiers.

 

Calf, Calves

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

Vealer Calves identification

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

Feeder Cattle, Steers, Heifers

Finished Cattle, Steers, Heifers

Herd

Cattle Herd

Cattle Population

Breeding Herd

with various modifiers

Cows. Cow Population

Brood Cows

Mature Cows

Cull Cows

Bulls, Bull Population

Replacement Bulls with various modifiers

Cull Bulls

with various modifiers

Number of Fanns Reporting

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

Cows and Heifers in Calf

with modifiers Beef and Dairy

with modifiers Beef and Dairy

 

Procesggg, delays, distributions, and prices. Modifiers of these are pp: capitalized.

 

Processes: birth

death

slaughter

hgrowt

feeding, finishing, feeding-finishing

gestation

production

calving

replacement

breeding

weaning

Delays

Distributions:

Prices:

 

birth, calving

death

slaughter, cull

replacement

slaughter steers

canner and cutter cows

stock calves

veal calves

hogs

 





Calves,

Under 1 Year Old

Steers,

1 Year Old or Older

Beef Heifers

Beef Cows

Dairy Heifers

Dairy Cows

Bulls,

1 Year Old 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

(l958-1972).

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.

shipped East by rail.

the balance by truck.

SLAUGHTER

FEEDLOT

STOCKYARDS

SLAUGHTER

FEEDLOT

STOCKYARDS

 

These data refer only to those Cattle and Calves

It is believed that most are shipped by rail with

Thus, these data represent a lower bound.

Cattle Movement for:

These are assumed to be Finished Cattle for

Immediate SLAUGHTER.

These are assumed to be Feeder Cattle, over

550/575 pounds1 to be placed in a feedlot

mainly--some may go to grass.

Calf Movement for:

These are assumed to be Calves for Immediate

SLAUGHTER--they are likely above average

weight and age for Slaughter Calves.

These Calves are assumed to be below

550/575 pounds2 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.

2Ibid.
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Dairy Correspgndents 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

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.1 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.

 

1From 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

l958-1972 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.1

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.

0 Annual Purebred

 

1Not elsewhere Specified. This element of the various EXPORT

and IMPORT data name is dropped elsewhere in this dissertation in

order to shorten the name; the context provides ample identification.
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. Annual Purebred Dairy

. Annual Purebred NES.1

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 Up2 purpose of this study, it will be assumed

that all Cattle in this category are 2 years

or over.

Cattle, NES, Wei ht This category is assumed to include very

Less Than 200 ounds 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.

 

1Ibid.

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



6O

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.1

0 A production function for Slaughter Cattle:2

(1) SLAUGHTER CATTLE = f1 (land, labor, BREEDING STOCK, GRAIN, other

capital, non-farm inputs, technology).

0 Beef supply function:

 

1While 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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(2) FED BEEF = f2 (SLAUGHTER CATTLE, EXPORTS, IMPORTS, Pa’ PS,

GRAIN PRICES)1

(3) NON-FED BEEF = f SLAUGHTER CATTLE, CULL CATTLE, IMPORTS, EXPORTS,3(

GRAIN PRICES).

. Breeding Herd investment functions:

(4) REPLACEMENTS = f4 (land, labor, SLAUGHTER CATTLE, Pa’ Ps’

MVPBREEDING STOCK)°

(5) CULLS = f5 (land, labor, Pa’ Ps’ MVPBREEDING STOCK).

(5) d BREEDIEE HERD = REPLACEMENTS - CULLS. 

0 Beef demand functions:

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

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

0 Farm price functions:

(9) P f9 (PRICEé, processing and retailing cost, price of

by-products).

(10) PS = f10 (PRICEg, processing and retailing costs, price of

by-products).

 

lPa and PS are defined in the following pages.
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0 EXPORTS and IMPORTS of Cattle functions:

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

(12) IMPORTS
f12 (Pa’ p5, US prices, tariffs, transport costs).

0 Grain production and demand functions:

(13) GRAIN = f13 (land, labor, other capital, non-farm inputs,

technology).

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

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 Disinvestment1
 

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.

 

1The 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.2

(15) Pi < MVPi

Disinvestment takes place when expected marginal value is less than

market price.

(16) Pi > MVPi

 

1A traditional treatment of investment, business cycles and

growth is given in R. G. 0. Allen, Macro-Economic Theory, A Mathematical

Treatment, New York, St. Martin's Press, 1968.

An excellent review of recent literature on the economics of

investment 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 p:_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.1 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 1f Pai < MVPi

Disinvest if P . > MVP.

S1 1

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

 

1For 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 as1

(17) STOCK - STOCK = (1 —1) (STOCK; - STOCK
t+l t t)

M .
4

O O 7
< ‘
-

II

the desired level

the accelerator—
l

I

>
2

I
I

and

(18) STOCKtH-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’ Ps’ 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 = f1 (goods and servicest, leisuret).

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) Utilityt = f2 (Ht/leisuret).

 

‘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. Hqu, A NationalTResearch Program

for the Marketing of Canadian Cattle and Beef, a restricted distribuTion

publication, SchOOl of AgFicu1tural 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:

-
*

(2]) Trt - Pmilk Qmilk + Pbeef Qbeef + Pgrain Qgrain‘ ' f3(Qmilk’

Qbeef’ Qgrain’ other expenses).

But each output is subject to the constraint of the production

function. Production functions can be written as follows.

(22) Qmilk = f4 (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) 0grain = f6 (land, labor, mach1nery, non-farm 1nputs, 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.

 

10* is grain sold, 0. ' r 'n r duced.gra1n is 9 a1 p 0
grain
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Substituting equations (22) and (23) into (21) and

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

(25) d = P a Qmilk + 3 Qbeef + a Qgrain

d cow milk a cow beef a cow grain a cow

3 P . a P a P . f ( )
m1lk beef grain _ 3

+ Qmilk a cow + Qbeef a cow + Qgrain a cow cow '

Since for each farmer %-%-= 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

a Q - 3 Q . f_ m11k beef _ _._3_
(25) MVPCOW ' Pmilk a cow beef a 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 Poligy, 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*exp1icitly 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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T [E(P 1 - E(c).] E(P ) (1-R(t))"”
(27) E(MVP) = z ‘ J . J + 2 T T

j=n (1+1)J (1+1) ’"

  

where

P1 = price of milk x quantity of milk

price of calf x weight of calf,

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

C = 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,

- contain the risk associated with conception, medical

problems, calving problems. They also are assumed to

increase with age,

m

A
v

_
.
1 V

L
i
.

I

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 gll_the breeding herd or to completely disinvest; the upper

limit 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.

All 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*)'1 of the herd is replaced each year. If the

herd size is k, then culls = k x (N*)" per year.

 

‘Expansion 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"')"1 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. Pa = E(MVP) indicates

the supply of replacement heifers. This quantity is denoted as 0*.

By necessity, Q* 5,Q.
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The above formulations consider Pa and PS 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 P5 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 0* is

used, then a small change in Pa (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 0* > O;

. decrease stock if 0* < Q:

- maintain stock if Q* < 0* < O.

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.

  

 

P ___________ Slaughter

 Replacement

0:; Qt

 

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, 0, only 0: vfill have

E(MVP) > Pa'

If the sub-sector is in equilibrium then--

k x (N*)" is the demand for replacement heifers

0* is the SUpply of replacement heifers

and

Q* = k x (N"’)"1 conditional on Pa’ PS such that this

identity holds true.

Also, (N"‘)'1 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

lying 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 ppg_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 gll_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

, just 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.
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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 Cyple
 

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.2

. The price mechanism can be, and is, influenced by factors

apparently exogenous to the cattle-beef economy. Two examples are

weather and government policy.3 These influences can disrupt the

smoothly functioning cobweb phenomena. In the instance of government

 

‘Talpaz, 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. Ill

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.

 

‘Government 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.
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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

 

‘No 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.
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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) af- 4 [D(P) - S(P)l-<1> mm

This formulation was expanded to ”n” commodities by Hicks. But the

Marshallian stability conditions could be used as a starting point in

like manner.2 This Marshallian formulation would be

(30) 3% 4) [0(0) - 5(0)] =4 [5(0)]

 

‘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

Retrqspect, Homewood, 111., Richard D. Irwin, Inc., 1968, p. 414. "But

the Walrasian 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: in time

period "t,“ heifers 1-2 years of age is fixed. The flow, or 0*, 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**),

d
excess price exists equal to P**-P*. To restore equilibrium ag-must be

negative as indicated by general equilibrium theory.
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0*

Q**

  
  

 
Figure 13. The excess price model

Thus

%%-= a [demand price - SUPply Price]

07‘

353-- 1» [D(Q) - s<o>1= 9) [5(4)]

as given in equation (30) above.

Assuming a linear function, o, this differential equation can

be specified in discrete difference equation form. Transformation

suggests three different models.

(3‘) Qt ' Qt-1 ‘ kEt + et

0"

(32) Qt ' Qt-1 = kEt-T l et-1

or a linear combination
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(33) Q,c - Qt_] = AREt + (1-1)1<Et_1 + e; O<kil

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-l = k(l')\)Et + A<Qt-Qt-l) + r1t

where2

nt = et ' ‘ et-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

Yt' A linear relationship could be specified as

* .-

The relationship between XE, which is not observable, and Yt could be

specified as

_ *

' Yt-l ‘ Y(Yt ' Y1;-1) ”(11‘

That is, the actual adjustment is only part of the desired adjustment

in the period between t and t-l. Substitution and the application of

a Koyck transformation generates model specification (34) below.
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D(Q) = a0 + “th + aDt + ”t

3(0) = so + 810t + 32St + n).

Utilizing these functions the excess price function may now be

specified as:

= _ _ _ 1

(35) Et (a0 80) + (a1 Bl)Qt + ath 82St + et.

where

St = the supply shifters;

Dt = the demand shifters;

0t N "(0! 02);

71;” N(0, 02);

et = a linear combination of “t and nt’ is N(0, oz).

The final form of the econometric models is Obtained by

substituting (35) into equations (31) to (34). Substituting (35)

into (31)

Qt ‘ Qt“ = k(a0 ' 80) + k(a] ‘ 8])Qt + kGBS ' kB3D + et.

(36) Qt = n] + "ZQt-l + 113$t + 114Dt + et'

 

‘The 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)

Qt ' Qt-1 = k(0‘0 ' 30) + l<(0'1 ‘ B1)Qt-1 T k0‘3st-1 ' kB3Dt-l + et'

(37) Qt = "1 I “ZQt-l I T'3St-1 T T'4Dt—1 T et‘

and (35) into (33)

Qt - Qt-1 = ke(0.0 - 80) + Kth + KBO‘BSt - keB3Dt + (1 -e)ke(ocO - (30)

+ (1 -e)kQ.c_1 + (1 -e)kest_1 - (1 -G)keDt_1 + et.

(38) Qt = 1'1 I 1T20t-1 l "sst + "4St—1 I "sot l "5”t-1 + et‘

and finally (35) into (34)

Qt - Qt-1 = (l-X)k(a0-BO) + 0-1)th + (1-)()1<<:13st - (1-1)kB3Dt - AQt_2 + et.

(39) Qt = 111+Tr2Qt_.l + “3Qt-2 + 114$t + TTSDt + et.
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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:2

1. investment 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.

 

‘The 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 Sgpply,

Agricultural Economics Research Council ofTCanadS} PUblication NO. 15,

Ottawa, 1968; and Kulshreshtha et al., op. cit.

2The stock and flow notational convention is resumed at this

point 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

sane or similar data and the similarity in algebraic manipulation, all

depend/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).
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Cow SLAUGHTER
 

Four separate Cow SLAUGHTER equations are required for the

Cattle Herd simulator. They are:

- Dairy Cow SLAUGHTER, East;

- Dairy Cow SLAUGHTER, West;

0 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. I

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 excellent indicator 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

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

 

‘As previously stated no price expectation models are

Specifically employed to generate expected prices. All prices used

iri 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 l958-1972 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 recognized 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.2 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 isz‘

'Pm-b'N+b'L-b'
C_1

(4°) C“) 3 4 5 6
0 + b-IPC+C + béPOPC - b PV + b'7Pb + béI

+ DOW+bl0M+blll°

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

functions as follows:

(41) PC+c=b +bcc+bPOPC-me-bN+bL-bPv+b b
012 34567p

-+b81

+ b W+me+b T.
9 11

 

‘For a description of the variables used in these equations,

"efé‘r 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) CE 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

_ .............P..................................................................

Cow Population POP: 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 choice slaughter steers P: Source: QDaFterly Bulletih Of-AOEIEOTIUEEI-StdtiStiES.

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.

............................................,---------------------------------------_--------------_

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) P5 Source Economics Branch, Agriculture Canada.

L 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----------n-----------------------------------—---o---—

Price of manufactured milk for P” Source Dairy Review. Expressed in dollars per

all purposes plus subsidy hundred weight.

Years of milk subsidy N F A zero/one variable. Value of l 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.

.. - .........p----------p .......................................................

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.

..................................1.----------.-----------------n--.------------——--------------------

Aggregate real income Y Source: Prices and Price Indices and National Accounts.

Income and expenditures by quarters, expressed in

J millions of dollars at annual rates.

Time T First quarter 1948 - O.

  

 

   
 

“The following superscripts modify the variable symbols: E - Eastern Canada; W - Western Canada;

8 - Beef Cattle and D - Dairy Cattle.
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The demand function is stated and manipulated in equations

(42) and (43).

C ' I C+C 1 S I hg 1

(42) C a0 - a]P + aZP + a3P + a4Y.

_ c s hg

(43) Pt - a0 - a1C + aZP + a3P + a4Y.

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

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

1 l
(44) Et = (ao-bo) - (a +b 4 2 3)Cc + a2PS + a3Phg + a v - b POPC + b Pm

b — b I - b w - b
V

+ b4N - b L + b P - b P 8 9 105 6 7 M ' bIIT.

This excess price function is then substituted into the first of

the econometric models, equation (31), where CE is now substituted for

Q: in that equation.

C C _ C S

ct ‘ Ct‘] ’ k(ao-b0) ' k(a]+b])ct + k(azp ,oooo, b11T).

c c _ c s
Ct + k(a]+b])ct - k(a0-bo) + Ct-l + k(a2P ,...., b11T).

  
 

t = (1+ka1+kb]) I (1+ka]+kb])_Ct-1 l (1+ka]+kb])

s
(a2P ,...., bllT)'



1... er

I r/

3:. do

  

r

»

.. .r

... we

0
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The estimating equation for the Eastern Dairy Cow SLAUGHTER

becomes, in reduced form:‘

cDE _ cDE cDE SE th mE E
(46) Ct - "0+"lct-l ~112P0Pt +113Pt +114Pt +TTSPt +TT6Nt -TT7Lt

VE bE E E E E

I "apt “"gpt "'10‘1; ’"11wt+"12Yt "'13Mt "'14‘t°

To Obtain the Western Dairy Cow SLAUGHTER equation, grain stocks

are added as an opportunity cost of dairying.

47 cDW = cDW._ cDW sE th mW _

v bW W W W W

I “apt ‘"9Pt I Tr10Kt ‘ Tr11‘t ‘ Tr12wt +1T13Yt ' Tr14Mt " "15"

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.

cBE = +1! CcBE POPeBE +11 PsE +Tr4PcE +11 Pth bE

(48) Ct 1TO 1t-1'"2 t 3t t 5t ‘"6Pt

E E E
- 1T7It - 118Wt + 11th - 1110T.

 

‘The additions to the superscripts refer to Dairy (0), 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.

(49) CCB” = 11 +11 C93”-rt 0 1 M POPEBW+TT PS“+ Pcw+n Phgw-n Pb”
2 3t TT4t 5t 6t

W W W W
+ "7Kt"fl8It'-fl9wt""lOYt"flllT'

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:

Dreplacements = f(Price, MVP)

Dslaughter compet. prod.
= f(Price, Price , Income)

S = Dreplacements + 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:

(so) Rh = bb-biPh+béPOPc+b'Pm+bAN-b'L+b'6Pv+b
1 CV 1 S

3 5 er8P7

I C+C I b I I I I
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It is manipulated so that price appears on the left hand side.

h
(51) P=b " N-b L+b Pv+b PCV+b PS

m

P+b456 7 8

C

O 3

c+c b
+ b9P "b10P i—b11W-b121-b]3M-b]4T.

The SLAUGHTER demand function is:

h _ 1 1 h 1 V 1

(52) S — a0 - a1P + a2P + a3
5 I C+C 1 hg I

P + a4P + aSP + a6Y.

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

h _ h v s c+c hg
(53) P - a0 - alP + aZP + a3P + a4P + aSP + a6Y.

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

 

‘At 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 Et = ¢ (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.



100

P" + b P“ - a Pc+c
- h h v S S

c+c hg c m b

- 6121-61314- 6141.

(54) Et = (-a0+b0) +a1Sh - bth - (a2-66)P" + b7PCV - (a3-b8)PS

- (a14-tag)Pc+c - asphg - a6Y + bzPOPC + b3Pm + b4N - 65L — amp"

- an - b121- b13M - bMT.

The constraint is imposed by POPh = Sh + Rh or Sh = Rh - POPh.

Et = (-a0+b0) + a](Rh-POPh) - b1Rh ,...., - b14T.

(55) )5t = (-a0+b0) +(a1-b])Rh - aIPOPh - (a2-62)P" + b7PCV - (a3-b8)Ps

c+c hg c m b
- (a4-b9)P -a5P -a6Y +b2POP +b3P +b4N -b5L -b]0P

-b]]w-b]21-b M‘b

13 14"

This excess price function is then substituted into equation

h _
(31), where Rt - Qt'
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h h _ h h

(56) Rt - Rt-l - k(-a0+b0)-+k(a]-b])R -+k(-a]POP , ....,-b]4T.

n h h __ h h
Rt - ka1R +kb1R - k(-a0+bo) +R,c_1 +k(-a]POP 43141.

(57) Rh k('a0+b0) I h k

  
 

t = (1-fi]+kb]) I (l-ka]+kb]) kt-l + (1-ka]+kb]i

h

(-a]POP ,...., - b14T).

The estimating equation for Eastern REPLACEMENTS, Dairy Heifers

now becomes:

hDE _ hDE hDE- vE- SE - c+cE-— th

E cDE mE E bE E
117Yt + 118POPt

”9P1. +1'10"1;"'11Lt"'12"t '"13wt

I T.
E

t'"15”t"'16’ 1'14

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 =11 +1: Rho”-
t Olt-l"

POPZW + 1r PC” f it PS” " 1r PC+Cw WW
2 3t 4t‘5t '"6t

w cow mw w 3w

‘ "7Yt *"apopt * "9% + "ioNt ' "llLt ' "izpt * "13Kt

w w

’ "M”t ' "15% '"lGMt ‘ "17T°

Eastern REPLACEMENTS, Beef Heifers are estimated with a similar

equation except that those variables related to milk are dropped.

th

"apt

hBE _ hBE th cE-+ sE - c+cE

-'n‘7Yw 4' NBPOPEBE - 1r PBE - 1r NE T.
t 9t lpt'"111t‘"17

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.

hBW _ hBE hBW cW-+ sw-+ c+cw hgw
(61) Rt - "0+"1Rt-1'"2P0Pt +1r3Pt -n4Pt -nSPt -‘rr6Pt

N cBw Bw w

’"7Yt * "apopt ‘ "9Pt +"ioKt ’ "n”t ' "1211: ’ 1T13T°
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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 th

t W5P1; +a6pt

bE bE sE
P +a7Pt

- cE
(62) Rt - a0+a1Rt_1+a2 t +a3POPt +a4P

bE E E

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 th

(53) Rt - a0+a1Rt +a2Pt +a3POPt +a4Pt +a5Pt +a6Pt +a7Pt

bW w w

' aBPt +39Kt'alowt'alllt'al2T'
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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 c+cE
(64) Ct - ao+a1Ct_]--a2Pt -a3POPt -a4Pt -a5Pt --a6Pt

th bE E E

- a7Pt ‘fa8Pt -+a9Wt-+a101t-+a]1T.

and for the Western Bull SLAUGHTER:

bW _ bE sW cW mW cW c+cW
(65) Ct - aO-faICt_]-a2Pt --a3POPt --a4Pt -—a5Pt --a6Pt

th bW W W

Calf SLAUGHTER
 

The Cattle Herd simulator requires four Calf SLAUGHTER

estimating equations:

0 Male Calf SLAUGHTER, East;

. Female Calf SLAUGHTER, East;

0 Male Calf SLAUGHTER, West; and

0 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:

(66) 5V = ' - a'pV + a'PS + a'Phg + a'
a0 l 2 3 4V:



side.

(67)

(68)

(69)

(70)

107

Equation (66) is manipulated to place price on the left hand

V = _ v s hg
P aO a]S + aZP + a3P + a4Y.

The supply model is:

s" = b' +b'PV-b'Pc+b'POPC -b'Pm+b'Pb0 1 2 3 4 5 +VW+b I-VT.
6 7 8

Price is once again placed on the left hand side.

v = vl_ c m b _
P bowls bZP + b3P0PC -b4P +65P +66w+b71 b8T.

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

- V C c m b

V s hg
-b7I + b8T +a2P +a3P + a4Y.

The excess price function is then substituted into the first

statistical model, function (3l), where sv = Qt.
t
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Vv _ v c
St-St‘] "' 1((30-130) 'k(a-l+b-|)St+k(bzp ’oooo’ a4Y).

v v _ v c

Sv = + Sv +

t (l+kb]+ka]) Tl+kb]+ka]) t-l Tl+k61+ka])

   

c
(bZP ,...., a4Y).

The estimating function for Eastern Male Calf SLAUGHTER then

becomes, in reduced form:

vEt-1 CUE-tn PsE.+" Pth+TT YEva _

(7‘) 5 " t 4t 5t 6t

cE
t no + n13 + “ZPt - 1T3P0P

mE bE E E

+Tr7": '"spt ‘“9”t‘“101t+“11T°

The estimating equation for Eastern Female Calf SLAUGHTER is

va _ vE cE cDE sE th E
1i +1r]St_]+n2P -TT3POP +TT4Pt +"5Pt +1r6Yt

(72) St " o t t

mE bE E

+1‘7"t ‘ "8P1; ' "9”t ' "1011; + "11
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 inlied by the theoretical models.
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CowSLAUGHTER-1 ++++

REPLACEMENTS, Heifers-1 e + + +

Bull SLAUGHTEL; + +

REPLACEMENTS. Bulls-1 + +

Calf SLAUGHTER-1 + + +

Population Cous-1 - - - - + + + + - - - + + - - -

Population Heifers-1 - - - -

Population Bulls-1 - - + a

Price slaughter steers-1 + + + + +/- +/- +/- +/- - - + + + + +

Price can. and cut. cows-1 +/- +/- +/- +/- - - + +

Price stock steer calves-1 + + + e + - - + + + + +

Price veal calves-1 + + +/-

Price index 100th + + + + - - - - - - + + e + +

Price manufactured eilk + + + + - - + + + + +

Milk subsidy + + + + a + +

Over quota penalty - — - -

Price barley - - - - - - - - + + - - - - - -

Grain stocks + + + + - + + +

Interest - - - - - - - + + - - - -

Far- ueges - - - - - - - + + - - - - - -

Real aggregate national

income + + + + - - - + + +

Milk production per cow - - - -

Tineb ---- ---- ++-- +++

Season     
 

.The excess price function, as specified. reverses the sign of the regression coefficient

associated with the exogenous and lagged endogenous variables of the supply function.

bThe 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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vmW _ wnW cW cDW sW th W

mW bW W

+"7Pt ' "apt T "9Kt ' "id”t ' “11% T "12T°

va g va cW cDW sW th w
(74) St no I’1T1St-1 HrZpt i-n3POPt 'fn4Pt -+n5Pt -+n6Yt

mW bW W

+"7Pt ' "apt + "9K1: ' 1Tiowi: ' "11% + “"121

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 (3l) 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 (3l) 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.



112

Accountinggjdentities 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 "0 data ava113b‘e

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) POPt+1 E P0Pt + REPLACEMENTSt - DEATHSt - SLAUGHTERt

+ IMPORTSt - EXPORTSt.

P0Pt+1 and P0Pt are known from available data series. DEATH

Rate is being taken as given from a study of DEATH Rates. EXPORTSt and

IMPORTSt are known in an aggregate fashion; they must be disaggregated

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

disaggregation:
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l. disaggregate data from l969-l972, 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 (A3,....,xk)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.2

Over the period under consideration, l958-l972, the Dairy Cow

Population has been monotonically decreasing, with the exception of

the years l960-196l.

By fixing alternately CULL Rate (A1) and REPLACEMENT Rate (A2),

a data series can be generated for the non-fixed element in the identity.

If CULL Rate, A], is set at some Rate known to be historically correct

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

POP +1 = P0Pt + REPLACEMENTS - DR - POPt — A] 0 POP
t t

+ IMPORTSt - EXPORTSt.

 

1Parameters 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 l966, the Herd has been growing at

a fairly constant rate since 1958.
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Now solve for REPLACEMENTSt.

REPLACEMENTS = P0Pt+1 - POP + DR - POP + A
t t 1 . POPtt

2

' IMPORTS (A3-Aj). + EXPORTS (Aj+]-Ak)

J t'

(76) REPLACEMENTS ==P0Pt+1-+(DR.+A -1)P0Pt-IMPORTS(A3,....,A.)
t 1 j

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

In a similar fashion if REPLACEMENT Rate, A2, is known, then

identity (75) can again be used to calculate SLAUGHTER (CULLS).
t

POP = POPt-tk -POP -DR -POP -SLAUGHTER
t+1 2 t t t

+ IMPORTS(A3,....,Aj)t-EXPORTS (xj+],...., k)t

SLAUGHTER POP -+x -POP i-DR -P0Pt+
t t 2 t -+ IMPORTS(A3,....,A.)

1 J

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

(77) SLAUGHTER (l+A2-DR)i-POPt-P0Pt+]-+IMPORTS(A3,....,A.)
t J t

- EXPORTS(A.3+],....,A
k)t’

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 SLAUGHTER is also known, Beef Cow SLAUGHTERt
t

can be calculated.
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(78) Beef Cow SLAUGHTERt E Total Cow SLAUGHTER - Dairy Cow SLAUGHTERt
1'.

Beef Heifer REPLACEMENTS can be calculated by substituting (78)

into (75) and solving for REPLACEMENTSt

(79) Beef Heifer REPLACEMENTSt = P0Pt+l - POPt + DR - POPt

+ Beef Cow SLAUGHTER -IMPORTS(A3,....,A.)t
t J

+ EXPORTS(Aj+1,....,Ak)t.

Since Bull SLAUGHTER (CULL) data is published, this figure can

be substituted into (75) to calculate Bull REPLACEMENTSt.

(80) Bu11 REPLACEMENTS = POPt+1 -POP +DR ° POP +Bu11 SLAUGHTER
t t t t

- IMPORTS(A3,....,Aj)t-+EXPORTS(Aj+],....,Xk)t.

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

ifliile MATRIX requires semi-annual rates, thus, equations (76) and (77)

must be slightly modified to fit. POPt and P0Pt+1 now refer to semi-

annual livestock figures as do EXPORTS and IMPORTS.
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A
DR 1

2 POPREPLACEMENTSt = POPtH + —.2— - P0Pt +  

t

- IMPORTS(A3,....,AJ.)t + EXPORTS(XJ+],....,Ak)t.

A
= DR . 2 _ _

(81) REPLACEMENTSt POPti-l + (2 2 1) P0Pt 

 

- IMPORTS(X3,....,Xj)t + EXPORTS(XJ+1,....,Xk)t.

  

A
_ 2. _DR. _SLAUGHTERt - POPt-+ 2 P0Pt 2 P0Pt POPt+1

- IMPORTS(X3,....,Aj)t - EXPORTS(Aj+],....,Xk)t.

A2 _ DR
(82) SLAUGHTERt = (1 + -2— 7) - POPt - POPtH + Il‘iPORTS(A3,....,>\.)t

J

- EXPORTS(XJ+],....,Ak)t.

The results obtained from MATRIX are conditional on the

parameters (A3,....,Xk) 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

These are average or typical values but may not be correct forA2.

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 A] or A2 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.l In 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 listing of program MATRIX is provided in Appendix C. All

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 l958-l972 period, gflg_the Eastern

Beef Herd has been climbing steadily over that same period.1 It is

further assumed that the SLAUGHTER Rate on the Eastern Beef Cow Herd has

been basically stable over the 1958-l972 period.

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

generating a first estimate of the l6 endogenous data series. These are

 

1As 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 l-December l), 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 l969-l972 data as a basis.1

The following parameters and their values are used to

disaggregate annual Purebred IMPORTS:

Purebred IMPORTS lst half V22 = .526

2nd half V24 = .474

Purebred IMPORTS Female V3 = .90

Dairy VlO = .20

 

1Appendix 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 lst 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 Vll = .80

Cows in first 11,000 head

(East, 3,000 head)

(West, 8,000 head)

Proportion of Cows in the East Vlll = .lO

balance West Vl12 = .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 lst ha1f 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 lst half East V13 = .60

West V14 = .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

lst quarter VALD(l; = .262

2nd quarter VALD 2 = .258

3rd quarter VALD((3) = .222

4th quarter VALD(4) = .282

Beef, East and West

lst quarter VALBE(l) = .20 VALBW (l) = .28

2nd quarter VALBE(Z} = .50 VALBWEZ 3 = .64

3rd quarter VALBE 3 = .15 VALBW3 = .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 lst half 0R1

2nd half DR2

.008

.006

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 lst half V20 = .045

East 2nd half V21 = .055

Dairy Cow CULL Rate West lst 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.1 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.

 

1Originally, 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.

lst quarter lst half REPLACEMENTS x VALE 4

VALD(l)
2nd quarter lst 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 l
lst quarter lst half REPLACEMENTS x V LB + V

VALBW(Z)
2nd quarter lst half REPLACEMENTS x VALBW(l) + VALBW(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
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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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Table 5. Quarterly INSPECTED plus UNINSPECTED Cow SLAUGHTER and REPLACENENT, l958-1972.

estimated by program MATRIX

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

SLAUGHTER REPLACEPENTS SLAUGHTER REPLACEMENTS

Dairy Cows Dairy Heifers Beef Cows Beef Heifers

Veer Quarter East West East West East West East West.

(head) (head) (head) (head) (head) (head) (head) (6006)

1950 ‘ 1 06063 36653 109966 39911 16731 69935 ‘"*7202 57915"

2 60907 30907 99796 37061 13966 60360 12506 132377_

3 6322077’ 36636 ”96609 39197 15366 69111 23350 61070

6 115156 63566 76763 33726 19650 55576 23079 .61070

1959 1 76266 36090 95569 36033 13613 32565 6331 62363

2’ 69909 30230 67507 33676 12665 3175077 15627 162601

3 73163 37609 76961 66176 12665 62261 27213 2950g_

6 65666 62611 66767 36016 11563 66636 21726 29500

1960 1 76033 ‘33729’ 117636 62663 16536 60961 5911 ‘59066T

2 66116 29911 106662 39633 16209 35060 9777 135012

3 in“ 37069 09933 63330 9667 63669 29670 66603

6 93963 62661 77366 37266 11571 69066 27375 66663

1961 1 77260 33673 119102 67022 10331 39235 7276 77926

2 69357 30039 110655 63667 6652 61266 16169 176116

3 72396 36390 97056 39673 10365 53690 23966 25666

6 102065 63290 63515 36137 12693 56696 21670 25666

1962 1 ’701916 36005 112566 31196 ‘410910 66266 ‘0151 ‘70652

2 79930 30155 106565 26962 6926 63096 20379 161690

3 91266 37063 ‘91725 27311 11009 61065 25150““‘67729"

6 117566 61617 76926 23500 13655 70620 22661 67729

1963 1 09623 31970 1155903 35023 11553 62639 9563 72671

2 61792 26350 07663 32539 9653 37315 23959 166562“

3 90567 35391 90090 32621 11739 69616 19956 73591

6 106666 39909 77519‘""‘26069 ‘16366 ‘52715’ 17110 73591

1966 1 06796 31037 ”136695 31616 ”11979 39920 11677 96166

2 63666 27523 126956 29561 9601 51996 26693 215262

3 69066 36169’ 96529 27275 17303 556007 20151 30125“

6 111366 36531 76661 23669 22037 76666 19166 60126

1965 1 62059 29636 130796 27766 22269 66693 21300 100962

2 0510107 26202 120000 75115 20030 507167 3! 251 230729

3 109665 32336 116653 21296 _J 37566 66019 26656 76967

6 131066 36666“‘E“96715—““‘16326‘ r—*60000“"130291"“"25616“—‘“76967"

1355 I 90001 776195 116706 101636 710017 107750 13051 56065

” 2 61367 26515 105766 17129 21750 76656 23102 196765

”’3 73951 29516’ 91666 20127 21620’ 61909 25967 69662

WWOL _17300 17319 26202 126690 23150 69662

13* 92516 16135 11652’ 60161 10556 "'76502

2 76976 22667 65953 169?L__ 9536 60507 26g91 170291__

3 01736 26976 91266 21636 11920 92066 26539 66679

6 100326 30622 76550 16617 16566 113630 23650 66679

1966 1 66066 23605 p 103697 16763 12676 96q70 .1332“ 75903__

2 62961 20755"“"‘96299 17651 10206 76776 33560 '“ 173693

3 66770 25239_‘ 191551 22771 12966 99919 11231 53653

6 T112666 26661 7295 19593 15021 109501 0093 53653

1969’ 1 66363’ 22066 111196 50169 12677 609677 20396 62610

2 65653 19552 103306 10720__+_.10372 67167 50996 166623

3 69066 ”23923 97621 31115‘ 13736““_63366“““16905““—66225“'

6 100566 26977 63636 26773 16769 53550 13575 66225

1970 1 92160 21562 116936 26376 13699 50976 17707 69679

2 90069 19133 106763 22665 7711206 52636 66267 205637

3 66260 23762 60736 20606 16666 51995 31616 62656

6 93571 26616‘ 69669 17903 17656 69697‘“T“26116“““62656“”

1971 1 WWI 2507r 15 065 57336 W

2 65760 16276 66910 23295 12326 61663 52136 265096

*3 66571 22917 91263 6623 16036’ 66059 11069 69151

6 91571 25663 76566 5527 19599 76657 7202 69151

1972 1 76635 16626 119990 32605 L_1556O 75606 26600 109766

2_ 30566 16696‘*“’111660"“”""30293”“ 12737""“66371""‘61699“‘"250963"‘

3 60220 21799 96626 6769 16660 66936 11592 63016

6 91360 26561 60035 7526 20562 75271’ 7509 63016     
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Table 6. Quarterly INSPECTED plus UNINSPECTED Calf SLAUGHTER. l958-I972. estimated by program MATRIX

Hale Calf SLAUGHTER Female Calf SLAUGHTER

Tear Quarter East East Host

(htld) (head) (heed)

19’. 120313 56729 2779!

992 10657

H b

1079 6 67071 32 16

116630 66796 20661

1219 5 89636 0

213970

100059

121708
 

b0

‘0

222525

11b66|

11675“

125630

216563

110900

166252

157950

213605

05

217327

95607

125931

110320

17k722

100221

115078
 

93328

155990
 

13773

101963

'166226

72609
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Tibia 7. Ounrtnrty INSPECTED plus UNINSPECTED null SLAUGHTER and REPLACEMENT, l958-1972. cstiuated

hy program HRTRlx

lull SLAUGHTER auTT REPLACEMENT

Yclr Quart-r Rust
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Parameter Estimates and Behavioral Model Appraisal
 

The parameter estimates for the l6 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 R2 and R2.

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 (3l) 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, ngt_

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. All 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 (3l) to (34),

the statistic that is normally used to indicate the degree of serial

correlation, the Durbin-Hatson (DH) statistic, is unreliable. Thus,

another statistic, the "h" statistic, is used in this dissertation.‘

This "h" statistic is distributed approximately N(O,l) 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."2 Thus, an excluded, but systematic

 

1This alternate statistic is presented in J. Durbin, "Testing

for Serial Correlation in Least Squares Regression Hhen Some of the

Regressors Are Lagged Dependent Variables," Econometrica 38:410-42l,

l970.

 

The statistic "h" is calculated as follows:

 

h = r 'r‘_1hITT'
—n i

the DH statistic; and

= the variance of the coefficient of the lagged

endogenous value.

where r 2 l - %d ?

vu.1

The test fails when l-nV(bi) < 0.

2Jan Kmenta, Elements of Econometrics, New York, The MacMillan

Company, l97l, 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.1 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.2

Both Johnson and Kmenta indicate that the properties of

serially correlated models are:

l. unbiased estimates of the regression coefficients and large

sample consistency, and

2. inflated 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 pr0perties 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, l963, 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" > l were retained. The second

property (prediction inefficiency) was not considered as serious in

that the five effected models have either high R2 (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.

Hhile 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 "8" set) for l968-1972.

Serial correlation proved to be a problem with early Eastern

Beef Cow SLAUGHTER models. This condition was removed by using time,

time2 and time3 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 R2 delete

 

1A reference for this statistic is Robert Ferber and P. J.

Verdoorn, Research Methods in Economics and Business, New York, The

MacMillan company, I962, pp. 994100. TThe authbrs state, "an idea of

the relative imgortance of each independent variable in a multiple

regression is o tained through the so-called beta coefficient."

"This is not the only means of evaluating the relative importance
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value.1 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 + .8 mix, + E

1-3

the beta coefficient is defined as

OX'

Bli = “110,,1

1Both the "t" and "F" statistics for the standard error of

the regression coefficients provide the same ranking as the R2 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 R2 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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Parameter estimates for Cow SLAUGHTER and REPLACEMENT

 

A. Dairy Cow SLAUGHTER, West

4.

 

Variable

Expected

coefficient

Sign

Estimated regression

coefficient and

standard error

 

Constant

Slaughter_]

Dairy cow population_1

Price slaughter steers_2

Price hogs_4

Farm wages

Spring

Summer

fiz

Standard error

h   

5239.

(2317.

2920**

2045)

-.2517**

.1024)

.0608

-5239.1

.0051)

.4407**

.2866)

.4147

.3081)

.3559**

.8485)

323**

(830.4257)

~42.6815

(1137.0268)

10395.2214*

(669.8801)

540.1

-3.1

 

aAll regression coefficients significant at the 5 percent level are

denoted with a single asterisk (*) while those significant at the l per-

cent level have a double asterisk (**).

This notational convention is continued to Tables l0 and ll.

All tests are two-tailed tests.
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B. Replacement Dairy Heifers, Nest

 

Variable

Ex ected

coe ficient

sign

Estimated regression

coefficient and

standard error

 

Constant

Replacements_1

Dairy cow population_1

Dairy heifer population_1

Price slaughter steers_2

Price stocker calves_1

Real income_1

Spring

Summer

------------------------------------------------

Standard error

h  

+/-

128129.7538**

(37202.5045)

.2959**

(.l204)

-.2556**

(.0696)

.8051**

(.2300)

-481.4096

(431.7824)

762.6667**

(250.1689)

-7.4142**

(2.1360)

1476.4807

(2407.4369)

-2396.8l43

(1872.3770)

-10070.2533**

(2062.8982)

b--—--------------------
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C. Beef Cow SLAUGHTER, West

 

Variable

Expected

coefficient

sign

Estimated regression

coefficient and

standard error

 

Constant

Slaughter_1

Beef cow population_1

Price slaughter steers_

Price stocker calves_1

Spring

Summer

fiz

Standard error

h

3

 

-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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D. Replacement Beef Heifers, West

 

Variable

Expected

coefficient

sign

Estimated regression

coefficient and

standard error

 

Constant

Replacements_]

Beef cow population_1

Price slaughter steers_2

Price c+c cows_1

Price stocker calves_1

Price of barley

Spring

Summer

Standard error

DH  

+/-

+/-

72005.

(36146.

(.

-4702.

(1699.

-3962.

(2844.

2873.

(1503.

-15507.

(13923.

l07848.

(9407.

-57797.

(21798.

-23375.

(7932.

 
-------------

3371**

2612)

.2870**

.1372)

.0496**

0150)

1262**

0234)

3855*

0655)

9203*

3735)

6432

5667)

8030**

3271)

7163**

3628)

2773**

4784)
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E. Dairy Cow SLAUGHTER, East

 

Variable

Expected

coefficient

sign

Estimated regression

coefficient and

standard error

 

Constant

Slaughter_1

Dairy cow population_l

Price slaughter steers_4

Price veal calves_1

Price hogs

Farm wages

Years of milk subsidy

Spring

Summer

Fall

Time

Time squared

Standard error

h  

-175450.0196*

 

(99812. 7032)

.2109**

.0139)

.1262**

.0483)

.6532

.7230)

.4092**

.3432)

.4019**

.3366)

.1449**

.4525)

.3600**

.9331)

.3242**

.6800)

.4068**

.9672)

.0833**

.2210)

.1717**

.5361)

.5366**

.0332)

)-----------------------
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F. Replacement Dairy Heifers, East

 

 

Expected Estimated regression

coefficient coefficient and

Variable sign standard error

Constant 779768.2174** 461939.2288**

(140060.6315) (112695.9787)

Replacements 1 + .1319 .2027

' (.0669) (.1423)

Dairy cow population“1 + -.3607** -.1789**

(.0669) (.0416)

Dairy heifer population_1 - .3437** .3132**

(.0917) (.0980)

Price slaughter steers_4 +/- -l408.9147** -1452.9586**

(643.1696) (705.6278)

Price c+c cows_.l +/- -457.6674 1065.9288

(1030.8904) (1056.3383)

Price hogs - 1474.8048** 1175.1190**

(363.4522) (379.3627)

Milk production per cow - -14.4532* -19.5076**

(8.3878) (7.6607)

Spring -9991.5818* -9897.8295

(5626.1975) (6183.2009)

Summer -22355.4252** -22645.2115**

(4977.9252) (5349.7168)

Fall -35404.4679** -37845.2569**

(4637.2970) (4710.4716)

Time 1530.0588**

(503.5889)

Time squared -39.1851**

(11.6297)

-------------------------- q———-——--————-(---—--———------—-)-————----———---

R2 8764 .8438

R2 .8420 .8091

Standard error 6302.8194 6927.0427

h .4753

ON 1.7345   
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G. Beef Cow SLAUGHTER, East

Expected Estimated regression

coefficient coefficient and

Variable sign standard error

Constant -36765.0456

(23493.2732)

Slaughter_4 + .5244**

(.0773)

Beef cow population_1 - .1885**

(.0267)

Price slaughter steers_3 + -696.5868**

(320.4876)

Price c+c cows_] -2247.9625**

(391.7064)

Price stocker calves_3 + 259.3201

(250.6175)

Price hogs + 525.8325**

(126.9048)

Real income + 2.5390**

(1.2264)

Spring 2725.9907**

(1212.2651)

Summer 6119.1481**

(1466.6370)

Fall 6370.4933**

(1365.0145)

Time -4780.9209**

(808.5554)

Time squared 101.2289**

(22.0375)

Time cubed -.8845**

(.1971)

............................ 1---_--__-_-__-_-_-__-----------------------

R2 8396

82 7900

Standard error 2817.6410

h 1.3984   
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H. Replacement Beef Heifers, East

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Expected Estimated regression

coefficient coefficient and

Variable sign standard error

Constant 112212.2469**

(48163.5818)

Replacements_4 + .1176

(.1419)

Beeficow population 1 + -.0603

' (.0476)

Price slaughter steers 4 +/- -1393.5692**

' (593.2013)

Price c+c cows_] +/¥ -2171.3383*

(1305.7785)

Price stocker calves_1 + 924.2043

(638.4321)

Farm wages - 9717775

(61.9624)

Real income_l - -4.094056

(2.4792)

Spring A7 15559.7570**

(4089.4627)

Summer A 18752.6570**

(4810.2201)

Fall A 32013.6511**

(12312.1751)

Spring B 27583.4245**

(4827.9243)

Summer 8 4004.7022

(5070.9654)

Fall 8 26041.7988

(16868.2736)

Time 485.1695

(506.3804)

Time squaredi 15.4424

(9.6243)

............................q---_---------_----___----------------------

R2 .8270

R2 .7622

Standard error 5640.5029

h test fails

OW 1.6951   
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In three out of the four models, real aggregate income lagged

one period was significant while the application of the milk subsidy

was found to be significant only in the East.

Milk price, price of barley, interest rate, farm wages, and

grain stocks proved to be non-significant variables. In all cases,

except Western Female Calf SLAUGHTER, a significant time trend was

noted. While this trend was downward in all cases, the positive sign

on time2 for both Eastern models indicated that the rate of change

is slowing.

The excess price model proved particularly disappointing in

the case of Calf SLAUGHTER in the sense that the realized sign of the

regression coefficients were opposite to the predicted signs in most

cases. The "incorrect" signs are mostly associated with variables from

the underlying "supply" mode1--Dairy Cow Population, slaughter steer

price, and stock calf price are examples. The sign of real aggregate

income is also incorrect in all instances; however, it serves as a

factor in the demand for bpth_vea1 and beef. The simplified Calf

SLAUGHTER model used in this study did not adequately reflect these

two demand functions and their relative income elasticities.

Lagged Calf SLAUGHTER was consistently an important variable

in all Calf models by both indices. The price of stocker calves was

also consistently important by the R2 delete index. Continuing to

use this index, the seasonal variable, spring, proved important in

Eastern models while fall held the same position in the Western.
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Parameter estimates for Calf SLAUGHTER behavioral models

 

A. Male Calf SLAUGHTER, East

 

Variable

Expected

coefficient

sign

Estimated regression

coefficient and

standard error

 

Constant

Slaughter_4

Dairy cow population“3

Price slaughter steers_1

Price stocker calves_]

Price hogs

Real aggregate income_]

Milk price

Years of milk subsidy

Spring

Summer

Fall

Time

Time squared

-----------------------------

Standard error

h

--------------------

 

80336.0628

(157301.7436)

.4833**

(.1032)

.0986

(.0756)

 
(21

.6330**

.9372)

.8488**

.7474)

.2596*

.0427)

.8629*

.1497)

.9538

.3190)

.7945**

.7433)

.1023**

.3692)

.0444

.3258)

.1330**

.8357)

.8677**

(1190.

69.

.9653)

8180)

2244**
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Female Calf SLAUGHTER, East

 

Variable

Expected

coefficient

sign

Estimated regression

coefficient and

standard error

 

Constant

Slaughter_4

Price slaughter steers_]

Price stocker calves_1

Price hogs

Real aggregate income_1

Years of milk subsidy

Spring

Summer

Fall

Time squared

---------------------------- q

R2

'fiz

Standard error

h  

95538.

(26234.

9696**

8607)

.4582**

.0880)

.3298

.7172)

.5499**

.3680)

.9670**

.2757)

.6336*

.5608)

.8348**

.8415)

.3015**

.1789)

.2194

.3352)

.9951**

.4636)

.1973*

.2663)
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C. Male Calf SLAUGHTER, West

Expected Estimated regression

coefficient coefficient and

Variable sign standard error

Constant 59399.4215**

(25761.4252)

S1aughter_4 + .4085**

(.0729)

Population diary + beef - .0132**

cows__1 (.0032)

Price slaughter steers_1 + -417.1973*

(230.8712)

Price stocker calves_1 + -503.63l3**

(157.3257)

Real aggregate income_1 + -12.7213**

(5.9461)

Spring 1914.7789**

(973.3416)

Summer 2741.8436**

(1041.2650)

Fall 3340.8456**

(1077.0228)

Time -220.5733**

(83.7173)

............................I__-_-___---_------___-_----_--_--_----__-__

R2 .9458

iii .9352

Standard error 2433 7700

h - 5536   
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0. Female Calf SLAUGHTER, West

 

Variable

Expected

coefficient

sign

Estimated regression

coefficient and

standard error

 

Constant

Slaughter_4

Population diary + beef

cows_3

Price slaughter steers_2

Price stocker calves_]

Price barley

Spring

Summer

Standard error

h  

8896.0727

(7753.6348)

.2835**

(.0734)

.0150**

(.0029)

-600.6975*

(358.4579)

-889.2789**

(212.3119)

4379.4108

(2954.2386)

-1887.9025

(1454.4207)

2671.5658*

(1469.5519)

12084.5311**

(1852.4866)
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For the Eastern models, real income was important by the beta index

while the importance of milk subsidy was evidenced by the R2 delete

index. In the case of the Western models, the sum of Dairy plus Beef

Cow Population was important. In both models, the slaughter steer

price was shown to be important by the beta index.

Bu11 SLAUGHTER and REPLACEMENT
 

The least consistent feature of the Bull models is the use

of lagged Population as a predictor. In the case of Eastern Bull

SLAUGHTER, the sum of Dairy + Beef Cows lagged three periods gave

a reasonable fit together with predicted sign. In the case of Western

Bull REPLACEMENTS, Bu11 Population lagged three periods gave the best

fit. In the other two instances, a lag of one period on Bull Population

was highly significant.

The price of canner and cutter cows, price of slaughter steers

and price of feeder calves, enter these four models in a rather incon-

sistent manner as do hog prices. In the two Western models both inter-

est rate and barley price were good predictors even though the sign was

"incorrect" in the Bull SLAUGHTER model. Grain Stocks once again proved

to be insignificant.

A time trend was noted in both Bull REPLACEMENT models; however,

the sign was not consistent between them. A positive sign was expected;

this occurred in the Western model but not the Eastern. The negative

Eastern sign might result from the establishment of a large number of

small Beef Herds, each with its own Herd size; this is a hypothesis only.
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A serial correlation problem occurred with Eastern Bull

REPLACEMENTS that could not be removed with either the use of the

theoretically suggested variables or by the use of a time trend. The

same situation applied to Western Bull SLAUGHTER. The "h" statistic

failed in the case of Western Bull REPLACEMENTS: however, the low 0W

statistic value and high standard error on the lagged endogenous

variable suggest that it also has significant serial correlation.

In both Bull SLAUGHTER models, the price of canner and cutter

cows was consistently important as were the seasons summer, spring,

and fall, and the price of hogs. Lagged REPLACEMENTS was consistently

important in the Bull SLAUGHTER models as was lagged Bull Population

and time. In both REPLACEMENT models, spring or summer proved important

with fall also being important in the Western model.
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Parameter estimates for Bull SLAUGHTER

behavioral models

and REPLACEMENT

 

A. Bull SLAUGHTER. East

 

Variable

Expected

coefficient

sign

Estimated regression

coefficient and

standard error

 

Constant

Slaughter_4

Population diary + beef

cows.3

Price c+c cows_1

Price stock calves_1

Price hogs

Spring

Summer

Standard error

h   

23229.2923**

(11535.8110)

.1631

(.1142)

-.0052

(.0044)

-673.4769**

(141.2890)

132.4531**

(57.9927)

77.3524**

(30.2596)

3181.1680**

(478.0134)

6716.5654**

(907.6478)

3519.1658**

(591.4977)

908.6374
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8. Replacement Bulls, East

 

Variable

Expected

coefficient

sign

Estimated regression

coefficient and

standard error

 

Constant

Replacement_4

Bull population_1

Price slaughter steers_1

Price c+c cows_1

Spring

Summer

Fall

Standard error

h  

69370.

(13785.

249.

(140.

-813.

(233.

4653.

(1965.

-3571.

(1324.

1807.

(1740.

-270.

 

8097**

8886)

.5187**

.0948)

.4639**

.1003)

3419*

6795)

9760**

7458)

4734**

2978)

4345**

9432)

8445

4049)

0263**

.7154)
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Variable

Expected

coefficient

sign

Estimated regression

coefficient and

standard error

 

Constant

Slaughter_2

Bull population__1

Price slaughter steers_1

Price stocker calves_1

Price hogs

Interest

Price barley

Spring

Summer

Standard error

h

7248.6288**

(2098.4868)

-.3554**

(.1221)

.0452**

(.0127)

152.0917**

(63.2109)

-176.3291**

(40.6994)

143.2745**

(30.6684)

.2955**

.6899)

~990.3946*

(510.6763)

2115.7041**

(284.2183)

1717.3784**

.0127)

2023.8506**

(367.0365)

.8396

678.5276

2.806   
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Replacement Bulls, West

 

Variable

Expected

coefficient

sign

Estimated regression

coefficient and

standard error

 

Constant

Replacement_4

Bull population“3

Price slaughter steers_z

Price hogs

Interest

Price barley

Spring

Summer

Standard error

OW

h  

70266.2945**

(11677.6818)

.5397**

(.1430)

-.3475**

(.1029)

-527.0168**

(150.5670)

-102.4590

(84.6617)

-2029.0168**

(610.9371)

-2922.2334*

(1641.2919)

9555.9719**

(1843.8523)

~4062.9831**

(1405.8923)

-6956.0921**

(1410.5917)

365.0983**

(80.5094)

------------------------

.9586

.9494

2107.3617

1.3924

test fails 
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Table 12. Quarterly INSPECTED plus NINSPECTED Cow SLALSHTER and REPLACEMENT, 1959-1972, estimated

by the behavioral model

WEI! REPLACEMENT SLAthER REPLACEMENT

Dairy Cows Dairy Heifers Beef Cows 0eef Heifers .

Year Quarter East West East West East West East ‘ Nest

(head) (head) (head) (head) (head) (head) (head) (head)

1959 1 79963 33023 96196 60703 12907 30032 0269 65591

2 69MLJ13L__37023___13507____17.159.___16026__1663L3L

3 73762 37059 02099 37261 13976 35396 26155 26066

I 91105 “a“ 7: 351 1.0175 11.2.“ 53650 an a; “an

_ngn 1 1.7730 33235 105555 39233 12157 3951.5 1.751. 50059_

2 63010 30600 106013 35510 13191 39616 10766 150697

3 77921 371.15 95112 35933 022 5_

6 90329 62532 02053 37710 10371 50295 21009 66200

1961 1 71691 33700 119090 61703 12336 37950 10100 67959

2 72279 31115 110001. 1.2357 11771. 33023 23010 1521.23

3 00006 37752 97770 30703 11733 53656 27067 62167

4352 1 J5321. 31.095 307552 37125 9593 1.21.32 5253 15557

2 02069 31070 102376 26750 11297 30607 22350 172969

3 59531 45915 93590 251.25 11721. 53555 23939 1.0901

6 111076 61666 72611 20595 12613 60091 20555 67709

1963 1 09569 31030 112066 33603 0609 51606 5600 66079

2 52012 251.52 307,721___35005 9227 1.31.19 217mm

3 91667 36919 97026 36160 11563 55159 20230 50006

—____1 111975 39712 52531 30555 159.5% “u; fig}:

.135; 1 51.591 3011.9 1.421. 77.1...__30132.___1523 ’ 55_ ‘ 0.1L

2 00732 20059 122073 20373 13201 60676 26526 200026

1 90355....13969 102100 30110 100.27__.6.60.7.3____26962_7.9931_

6 116300 30521 03675 23017 23660 01001 25309 67760

1965 1 90731 29017 119710 26500 22366 75761 16026 96510

.2 05252 26712 110 .i_____13§ ’ 6130.

3 90313 32666 107523 21909 30069 70579 30175 07220

1. 121230 m an“ ““1. a“; ““3

_1355 1 97509 27957 125355 15111. 29559 105355 15511. 10255L

2 00031 2659'. 107552 17500 16367 00606 27250 207179

3 5591.2 2110.6__.__.90 933__.17350__23013__51.a~15__.__zzzz1__5590L

6 97966 33320 77119 15965 25966 101166 22326 59631

1967 1 01767 25561 106330 23061 13376 95970 11010 90637

2 75715 22152 90215 20905 9159 59231 29533 196296

3 70960 27393 03936 19166 9357 76077 20000 56210

WJu—lgfli um Ann: mm mm
196 3 3673 106170 2 001 9000 06696 10063 70635

12 75565 20001 90905-_20273_...__107.99_____03601__._..63025____.170360--

3 00075 25750 92662 20619 15607 06931 13606 7 56071

5 1025“ 25952 “a“ ”“5 10.121 100 “a ”n; 551.“

.1169 1 50301_._20002__.116200.--- _23.665_.__1307_3___._0357.6_ .-_15530_____I_5015_

2 06331 10991 107596 22907 12257 60921 67775 191169

3. 90 ___96501_~__.252Ll____.16396_____62101“.»..11251_____69609_.

6 102713 27061 02962 22590 16066 59196 11722 50156

1970 1 09926 21617 121362 25665 16103 65952 26196 99576

1L, 09390_____10226_3__.92712.._.“Z6961,_____9620-_2-_61060m-._”67675_.__222105_.

3 06921 23707 03375 21000 15779 56053 20567 69297

*M—flflfi? 113711 ““1 WM

1971 1 57153 25953 95510 2291.2 13055 «711.7 13715 10

2 02003 17200 93713 21956 16676 51011 50009 227157

3 03996 23316.._."51067“.___17550m“0_117675.”..273316 m)-_19591____.96265_.

6 91510 26069 07526 10166 20720 02907 15535 76299

1972 1 01166 19976 110316 10901 15972 63665 22606 111597

2 55035 15552 107971. 22133 11159 55755 53173 205357

3 76799 22115 93756 15625 16669 70730 11532 76299

5% 91515 21.515 521.05 5251 2115L 30511. 51.55 77220
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Table 13. Quarterly INSPECTED blus UNINSPECTED Calf SLAUGHTER. 1959-1972. estilated hy the behaviora!

lode
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Veer Quarter East Rest East Nest

(head) (head) (head) (heod)

1955 1 1221.55 31115 03002 22571

2 220555 35321 55519 ,21113

3 111075 39620 63906 26952

. 3 97053 35123 37550 35330

_1355 1 122330 30305 00925 20275

2 212327 35595 53130 25295

3 122205 35371 05590 30025

6 103767 36555 61572 66917

1961 1 120309 29710 50263 29609

2 205005 32555 151753 27775

3 126090 30290 50760 35165

0 102530 35005 03357 09175

‘_1352 1 115550 25503 07779 30505

‘ 2 219299 30560 09300 29637

3 127553 32002 53172 ,30050_

6 113057 29013 67953 66726

1963 1 126766 22750 50132 25500

2 221735, 27211 59503 20125

3 122695 20799 53120 32501

3 ,107231, 129272 ,02357 03511

.4150 L 121739 20150 52003 41.531

2 219220 27265 93652 27059

3 125973 29502 57577 30500

6 110203 33031 52275 69103

1965 1 133916 26717 57029 36061

2 220199 33252 92593 35555

3 130292 32961 61615 60999

0 127057 435135 ,57500 ,55005

,_1355, 1 ,109052 ,25070 50035 35709,

2 215515 26901 93330 33001

3, 125557 30253 59217 ,35211

6 115120 35355 52006 56210

1967 1 129003 23060 50606 33961

2 ,199609 ,23501 09029 ._29611_

3 107660 26217 67363 33103

‘ 0 150022 25759 03555 05392

1960 1 110776 17906 51790 20331

2 205505, 21725 59305, 25025,

3 110730 22931 97197 39531

,0 99059 23999 03979 05700_

1959 1 121570 15523, 53095 25771

2 100070 16796 03167 23000

3 92159 ,10039 02330 22233

6 05961 16022 39120 23190

1970 1 116550 11692 52663 10907

2 150193 10059, 75125 5755

3 97033 12951 60906 13256

0 ,90050 113525 35001 2005.

,11971 ,11 ,1106126__- 9016 .63390... 11016

2 150120 9717 69200 10760

3 55101 12015 ,30152 ,10515_

6 06999 19209 30931 20009

1972 1 93952 7606 - 30325 0291

2 160030 0730.__”__.31__..._66536 9233"

3 77206 9602 30506 11001

0 20105 1215;? 29755 15922
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1’qu 14. Gnu-mu INSPECTED plus UNINSPECTED Bull SLAIEHTER and REPLACEMENT, 1959-1972. «ti-ltd

by tho behavioral mac! ‘

luIl SLAUGHTER Bu}! REPLACEMENT

Var cum East

(had)

1959 0382

15810

 

  



CHAPTER IV

EVALUATION OF THE STATISTICAL DATA BASE

Statistics concerning Cattle and Calves are collected, compiled,

and published by several different agencies within Canada.1 Some rele-

vant data are collected but only used internally by the collecting

agency. Much data that would appear to be relevant to a wide range

of problems is not collected by anyone. One question that must be

asked by researchers, policy makers, and outlook economists is, do

these published data represent a sufficiently accurate, comprehensive,
 

and compatible base for the statistical analysis relevant to the execu-
 

tion of their respective tasks. The implication for statisticians is

clear, as is the challenge.

These Cattle and Calves data differ among collecting agencies.

One such difference concerns the time period of collection. While some

series are published weekly, others are published monthly or semi-

annually. In addition, some data collection periods coincide with

calendar years, others do not. SLAUGHTER and EXPORT—IMPORT data, for

example, are aggregated on a calendar year basis while Livestock Pop-

ulation data has historically been published on a June 1 to December 1

basis.

 

1The reader is reminded that the notational convention employed

to denote stock and flow variables continues through Chapter IV. This

convention is given in Table 2, pages SO-Sl.

167



168

These data differ in definition among agencies. For example,

STATCAN's Agriculture Division defines a Heifer in terms of age (l-2

years of age), while the External Trade Division does not report by

sex at all. The Production and Marketing Branch of Agriculture Canada,

on the other hand, defines a Heifer in terms of certain recognizable

physiological characteristics.

These data differ with respect to the level and basis of

aggregation. As one example, STATCAN's Agriculture Division uses age

to designate Calf Population with no differentiation between Male and

Female. STATCAN's External Trade Division uses weight, but again no

differentiation between Male and Female Calves. The Marketing and

Trade Division, Agriculture Canada, uses weight and sex to identify

Calf SLAUGHTER.

Four related aspects of the overall data problem might be

identified. The first of these would be data compatibilityf-this
 

aspect was discussed above. If all data were compatible with respect

to time, definition, and basis of aggregation (disaggregation) it would

be possible to add and subtract these various data series to generate

some desired bit of information. If these data series are not com-

patible, then this sort of manipulation may result in such error as

to make the end result not only useless, but dangerous.

The second aspect concerns data completeness or comprehensive-
 

ness; this aspect was also discussed above and is highly related to data

compatibility. The current data base has some glaring omissions. With-

out commenting further, it is sufficient to say that missing data can
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only be generated from the current data base with high potential error

due to lack of data compatibility.

The third major aspect is data accuracy. Accuracy can be

checked by comparing one data series with another. A second method

involves periodic completion of a comprehensive and highly controlled

survey to generate an "accurate" benchmark. In either case, consistency

might be observed, or the two series might differ. If the latter

case holds, one series is generally held to be correct and the other

incorrect. In the same sense, if the two data series are consistent

then they are both considered to be correct. Correct and incorrect are

inappropriate words for describing these sorts of consequences. While

consistency is necessary for accuracy, it is not sufficient; these

data must be believed to be accurate and found to be useful in solving

meaningful problems. These data are believed to be correct in a

probablistic rather than an absolute sense.

The fourth and final aspect of the data problem concerns

application to meaningful problems. If the data is accurate, compre-
 

hensive, and compatible, then it may be used for analysis and projec-

tion work, among other uses. If the data base were to meet the above

three conditions, results of analysis and projections would be held in

higher regard and found to be more useful.

In attempting to build a demographic model of the Cattle Herd,

it is critical that both the builder and the user have some knowledge

of the reliability of these basic data series. While it may not be

possible to isolate exact errors, it is hoped that the sign and the
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relative magnitude of biases may be indicated, trends noted, and the

deviation in random errors isolated. Information concerning these

biases, trends, and inconsistencies could be conveyed to the collecting

agencies; this act would constitute an additional payoff to the

investigation.

To this end, a project1 was initiated in the Research Division,

Economics Branch, Agriculture Canada in mid-l973. This work was

curtailed in part during early l974, as the economist in charge

changed positions. An internal report on this project was produced

in mid-1974. The continuation of that project became part of this

current study where its basic concepts are retained intact. The model

RECON is an attempt to computerize its major features.2

The purpose of RECON is twofold. First, the model attempts to

reconcile the various available data series, to note discrepancies, and

to evaluate the data series for error, bias, trends, and randomness.3

The second purpose is to obtain one estimate of some of the parameters

that will be used in MATRIX and CATSIM. It should be noted that RECON,

MATRIX and CATSIM all model the same Cattle Population over the same

time period using the same basic statistical data. The difference

 

1Bruce Lee, "Simulation of Population in Several Sub-Categories

of the Canadian Cattle Herd,“ a mimeographed paper, Economics Branch,

Agriculture Canada, Ottawa, l973.

2The method of analysis involves providing a visual array of

RECON output that may be compared with published official data.

3A listing of program RECON is provided in Appendix D.
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among them basically involves level of aggregation, although methods

of calculation vary also. All three models complement each other and

should be generally consistent with each other. By utilizing all three

models, it is planned that a dynamic picture of Cattle demographics will

appear, together with plausible estimates of critical system parameters.

RECON is an annual model utilizing annual data only. All

equations are identities using the basic livestock identity (75) from

Chapter III. It is reproduced here as follows.

(83) Populationt+1 E Populationt-+BIRTHSt-tTRANSFER INt--DEATHSt

- SLAUGHTERt-EXPORTStT-TRANSFER OUTt.

This identity (in a modified form) is used for each and every row of

the RECON output matrix which is displayed in Figure 18. This modifi-

cation is shown in identities (84) and (85).

(84) TOTAL SOURCES E Populationt-tBORNt'fTRANSFER INt+Il~1PORTSt

(85) TOTAL DISPOSITIONS E DIEDt-+SLAUGHTER -+EXPORTSt'+TRANSFER OUT
t t

+ Populationt+].

If identity (83) holds true, then TOTAL SOURCES E TOTAL DISPOSI-

TIONSt if not, then an "ERROR" of given magnitude and sign is produced.

The "ERROR" will be discussed in more detail later in this chapter.
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RECON's output matrix is produced for each year under

consideration, i.e., l958-l972 inclusive, for both East and West.

NEST-EAST Cattle Movement provides one major link between the two

Cattle producing regions. This dichotomy allows an evaluation of

the completeness of NEST-EAST Cattle-Calf Movement data. In addition,

some evidence may be found concerning the sex of Cattle and Calves

shipped East.

There initially appears to be a duplication with respect to

Calves; this is not the case however. Calves have been split into two

groups; Calves Born This Year (XCAV stream), and Calves On Hand (YCAV

stream). This split assists in tracing the flow as it ages. For

example, Ending Calf Inventory must all be due to this year's BIRTHS,

while all Calves in the YCAV stream must be disposed of or allocated

to non-Calf categories by year end.

In the discussion that follows, the calculation of the elements

of the RECON output matrix are considered. An important part of the

discussion concerns the assumptions made and the initial values of

the parameters that are used.

As was the case with MATRIX, a critical problem is the

disaggregation of statistical data to fit the structure of the model.

This disaggregation is discussed in the next sub-section.

Data Base Disaggregation
 

The discussion of the data base follows closely the same

discussion with respect to program MATRIX presented in Chapter 111.

To avoid undue duplication, this discussion will be abbreviated.
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EXPORT and IMPORT data.--Since RECON is an annual model, only
 

annual data are used. The first export category is Cattle Under 200

Pounds. These are assumed to be solely Male Dairy Calves.

A second export category is Cattle 200-700 Pounds. This flow

is divided between Male/Female and XCAV/YCAV streams. The first case

is self explanatory; however, the second may need further elucidation.

The XCAV stream refers to Calves born thj§_year while the YCAV stream

refers to Calves born la§t_year. Calves exported in this category may

be either this year's or last year's Calves. A further assumption is

made that only Beef Calves are exported in this category. The

following parameters are employed.

Proportion of EXPORTS 200-700 Pounds from XCAV stream

Vl = .90

Proportion of Male Calves in EXPORTS 200-700 Poundsl

V2 = .l35

The export category Other Dairy EXPORTS is assumed to be solely

Dairy Cows and Heifers over two years of age. As such, it is in a form

for direct use in the model.

The import category Other IMPORTS is assumed to be soley

Steers and Heifers for Immediate SLAUGHTER. This category is further

assumed to contain only Beef Cattle. The Male/Female separation

remains. It is disaggregated by parameter V12.

Pr0portion of Steers in Other IMPORTS

Vl2 = .65

 

1This parameter value is the subject of subsequent discussions

in this chapter. This value by itself can be very misleading.
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The Purebred EXPORTS and IMPORTS remain to be disaggregated

into Beef/Dairy, Male/Female components. The following parameter

values are used.

Proportion of Females in Purebred EXPORTS1

East, V3 = .90

West, V4 = .90

Proportion of Females in Purebred IMPORTS2

East, V5 = .80

West, V6 = .80

Proportion of Dairy in Purebred EXPORTS

East, V7 = .826

West, V8 = .826

Proportion of Dairy in Purebred IMPORTS

East, V9 = .20

West, VlO = .20

The final export category is Cattle Over 700 Pounds. As

previously discussed, a fairly stable element in this category is

Cull Cows; the transient element is Steers and Heifers for further

feeding and Immediate SLAUGHTER. This was programmed using the

following parameters. The critical limit referred to is 8,800 head

of Cull Cows, 2,400 East and 6,400 Nest. The following parameters

are used to model this feature.

Proportion of Steers in the non-Cull Cow portion of EXPORTS,

Cattle Over 700 Pounds, Vl4 = .35

Proportion of Cull Cows in EXPORT Cattle Over 700 Pounds

Under a critical limit, Vl5 = .80

Over a critical limit, East, V16 = .10

West, Vl7 = .05

 

lThese parameter values differ slightly from the values used

ultimately in CATSIM and MATRIX; however, all models prove to be

relatively insensitive to these parameters.

2Ibid.
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SLAUGHTER data.--Calf SLAUGHTER is assumed to be totally Dairy

fi

Calves. Cow SLAUGHTER must be divided between Dairy and Beef Cows,

however; the following parameters are employed.

Proportion of Beef Cows in Cow SLAUGHTER, East

V20 = .lO

Proportion of Dairy Cows in Cow SLAUGHTER, West

V21 = .18

While the above applies to INSPECTED SLAUGHTER, a second and

major category is UNINSPECTED SLAUGHTER. The following are used to

disaggregate UNINSPECTED SLAUGHTER.

Proportion of Males in UNINSPECTED Calf SLAUGHTERl

East, v22 - .55

West, v23 .50

Proportion of Steers in UNINSPECTED Cattle SLAUGHTER2

(non-Cow, non-Bull UNINSPECTED Cattle SLAUGHTER)

East, V24 ' .615

West, V25 .30

Proportion of Cows in UNINSPECTED Cattle SLAUGHTER

East, V26 - .28

West, V27 .25

Proportion of Bulls in UNINSPECTED Cattle SLAUGHTER

East, V28 - .06

West, V29 .06

WEST-EAST Cattle-Calf Movement data.--The data available on
 

WEST-EAST Cattle-Calf Movement covers only Cattle and Calves moved by

rail; however, this is believed to be the bulk of such shipments. The

 

1These parameters are discussed in detail later in this chapter.

These values are very tentative and should be treated as such.

2Ibid.
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data is divided into Cattle and Calves. Each in turn is recorded as

to destination, SLAUGHTER, FEEDLOT, and STOCKYARD. All are assumed to

be Beef Cattle. The disaggregation is in terms of sex; the following

a priori parameter values are used initially.

Proportion of Males in WEST-EAST Calf Movements to

FEEDLOTS and STOCKYARDS

V32 = .80

Proportion of Males in WEST-EAST Cattle and Calf Movement

for SLAUGHTER

Calves, V33 = .95

Cattle, V35 = .95

'Proportion of Males in WEST-EAST Cattle Movement to

FEEDLOTS and STOCKYARDS

V = .80

DEATH Rates.--0EATH Rates are assumed to be similar for Dairy
 

and Beef, Males and Females. Differentiation, however, is made between

Calves in the XCAV and YCAV streams and Cattle over one year.

Calves XCAV stream, East, XDRME1 = .03

XDRFE = .03

West, XDRMW = .03

XDRFW = .03

Calves YCAV stream, East, YDRME = .03

YDRFE = .03

West, YDRMW = .03

YDRFW 8 .03

Cattle over one year, East, DRE = .015

West, DRW = .015

 

1In all variable names E and W refer to East and West, M and F

to Male and Female while B and 0 refer to Beef and Dairy.
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A further parameter is used to proportion Calf DEATHS between the

XCAV and YCAV streams.

Proportion of first year Calf DEATHS occurring in the

XCAV streams

V38 = .60

BIRTH Rates.--Two BIRTH Rates were used, one for Beef Cattle
 

and the second for Dairy Cattle.

Beef Cow BIRTH Rate, East, BRBFE = .85

West, BRBFW = .85

Dairy Cow BIRTH Rate, East, BRDYE = .75

West, BRDYW = .765

Description of the Model (RECON)l

RECON generates BIRTHS by applying a BIRTH Rate to the Cow

Population plus that portion of the Heifer Population expected to

freshen during the ensuing year. Dairy Cow P0pulation is taken as an

average of December 1 plus June 1 STATCAN Inventory. Beef Cow Popula-

tion is taken as the December 1 STATCAN Inventory of Beef Cows.

Separate BIRTH Rates are used for Beef and Dairy; in fact, separate

Dairy BIRTH Rates are used for East and West. These rates are ini-

tially given by a priori knowledge of the sub-sector and then adjusted

upward or downward as indicated by the consistency required in the

model.2

 

1The discussion in this section follows the form of identities

(84) and (85). Together these identities form one [Qw_in the output

format displayed in Table 15.

2The structure of RECON with respect to BIRTHS is discussed in

more detail in a subsequent sub-section.
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Calf DEATHS are calculated for the XCAV stream by applying

a DEATH Rate to Calf BIRTHS. Provision is made in the model to have

different Male and Female DEATH Rates. In addition, a second parameter

is provided to allocate DEATHS between the XCAV and YCAV streams. This

parameter, V38, accounts for the proportion of time (Calves x days)

between the two streams--it is set by informed judgment. YCAV stream

DEATH Rates are set based on a study done by Agriculture Canada. Thus

XCAV stream Rates are the Rates that will be varied, if Calf DEATH

Rates are varied.

Calf SLAUGHTER in the XCAV stream is assumed to be totally

Dairy Calves for veal; thus, Beef Calf SLAUGHTER is zero. Calf

SLAUGHTER is made up of INSPECTED plus INSPECTED SLAUGHTER; the latter

is divided between Male and Female by parameters V22 and V23.

Calf EXPORTS are considered next. It is assumed that all

Cattle EXPORTS Less Than 200 Pounds are Male Dairy Calves. These are

divided between the XCAV stream and the YCAV stream by the parameter Vl.

These EXPORTS are further split between Male and Female by parameter V2.

Beef calving distribution and other a priori information give initial

clues to likely values for these parameters.

The final columns considered in the XCAV stream are Ending

Inventory and "ERROR." Ending Inventory is calculated by subtracting

DEATHS, SLAUGHTER, and EXPORTS from BIRTHS. The "ERROR" is calculated

by comparing this figure with the official December 1 Calf Population.
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Calves on Hand (the YCAV stream).--Beginning Inventory for the

YCAV stream in period t is the Ending Inventory of the XCAV stream in

period t-l.

DEATHS are calculated by applying DEATH Rates to the Beginning

Inventory. As previously mentioned, parameter (l-V38) is used to weight

DEATHS in the YCAV stream.

The assumption is made that no Calves are slaughtered from the

YCAV stream. This assumption is applied consistently to MATRIX and

CATSIM as well.

It is assumed that no Dairy Calves are exported. The EXPORTS

from the YCAV stream are based on published Cattle EXPORTS zoo-700

Pounds using parameters (l-Vl), and V2 as discussed under the XCAV

stream. I

Ending Inventory is zero. This occurs as all Calves on hand

January lst must pass one year of age on or before December 315t.

TRANSFER OUT is calculated by subtracting TOTAL DISPOSITIONS from

TOTAL SOURCES. No consistency check can be made on the YCAV stream

as was done with the XCAV stream, that is, no "ERROR" term can be

calculated.

Bulls,--Beginning Inventory of Bulls is that given by the

December 1 official Bull Population. IMPORTS are taken from Purebred

IMPORTS by using parameters V5 and V6 to separate Females from total.

At this stage there is no reliable information available on the

magnitude of these parameters. DEATHS are calculated by multiplying
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a DEATH Rate by average December 1 and June 1 Bull Population. This

same DEATH Rate applies to all Cattle over one year of age. Bull

SLAUGHTER is taken directly from published INSPECTED Bull plus

UNINSPECTED Cattle SLAUGHTER statistics. In the case of the latter,

Only a portion is used. The Bull portion is separated by using param-

eters V28 and V29. EXPORTS are calculated from Purebred EXPORTS using

parameters V3 and V4 to separate Females from total.

Ending Inventory is taken from December 1 Bull Population.

The only missing column is TRANSFER IN or Bull REPLACEMENTS. This

is the value (number of head) that will equate TOTAL SOURCES with

TOTAL DISPOSITIONS.

Dairy_and Beef Cows.--Dairy and Beef Cow Beginning Inventory
 

is taken from the December 1 official statistics published for year t-l.

IMPORTS are calculated from published Purebred IMPORTS using parameters

V5 and V6 to separate Cows from total. Parameters V9 and V10 are used

to separate IMPORTS into Beef and Dairy. DEATHS are calculated by

applying a DEATH Rate to Beginning Inventory. SLAUGHTER is considered

by applying parameters V20 and V21 to separate published Cow SLAUGHTER

into its Beef and Dairy components. The method used, whichis consistent

with MATRIX, is to calculate Dairy (Beef) Cow SLAUGHTER as a proportion

of Inventory. ~Beef (Dairy) Cow SLAUGHTER is the difference between

total Cow SLAUGHTER and calculated Dairy (Beef) Cow SLAUGHTER. Total

Cow SLAUGHTER includes INSPECTED plus a portion of UNINSPECTED Cattle

SLAUGHTER. This portion is separated by parameters V26 and V27.
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EXPORTS are calculated by using parameters V3 and V4 to

separate Purebred Cow EXPORTS from total published Purebred EXPORTS.

In addition, Cows are exported in the category Cattle Over 700 Pounds.

Parameters V15, V16, and V17 are used to indicate the Cow proportion

in this category. In the case Of Dairy Cows, there is still another

category of EXPORTS, namely, Other Dairy EXPORTS. These data can be

used directly.

Ending Inventory of the Dairy and Beef Cows is taken directly

from published Cow Population for December 1.

As in the case of Bulls, the column still unaccounted for is

TRANSFER IN or REPLACEMENTS. This figure is the number of Cattle that

will balance TOTAL SOURCES with TOTAL DISPOSITIONS.

Dairy Heifers.--Beginning Inventory Of Dairy Heifers is

calculated from published Dairy Heifer Population, December 1, for

,year t-1. TRANSFER IN is set equal to TRANSFER OUT for Female Dairy

Calves in the YCAV stream. Dairy Heifer DEATHS are calculated by

applying a DEATH Rate to average December 1 and June 1 published Dairy

Heifer Population. TRANSFER OUT is set equal to TRANSFER IN for Dairy

Cows. Ending Inventory is calculated from published Dairy Heifer

Population, December 1 in year t. In the case of Dairy Heifers,

the ufissing item is SLAUGHTER. It is the number of head required

to balance TOTAL SOURCES with TOTAL DISPOSITIONS.

Beef Heifers.--Beef Heifers are divided into two categories:
 

thoseefOr REPLACEMENT and those for SLAUGHTER. For REPLACEMENT Heifers,
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TRANSFER OUT is set equal to Beef Cow TRANSFER IN. TRANSFER IN is

set at (1 + DEATH Rate) times TRANSFER OUT. DEATHS = TRANSFER IN

minus TRANSFER OUT. '

Beginning Inventory for Beef Heifers Feeding is taken from

published Beef Heifer Population, December 1 in year t-l. IMPORTS

are taken from published Other Cattle IMPORTS by applying parameter

V12 to separate Male from total. EXPORTS are taken from published

EXPORTS Over 700 Pounds by applying parameter V14 to separate Male

from the non-Cow portion of this EXPORT category.

SLAUGHTER is calculated from published INSPECTED and UNINSPECTED

SLAUGHTER less calculated Dairy Heifer SLAUGHTER. In the case of

UNINSPECTED SLAUGHTER, parameters V24, V25, V26, V27, V28, and V29

are used to separate Heifers from total. TRANSFER IN is calculated

by subtracting Replacement Heifers TRANSFER IN from YCAV stream Female

Beef Calves TRANSFER OUT. DEATHS, and ENDING INVENTORY are calculated

in the usual manner.

In this instance, all relevant columns have been calculated.

A check on consistency is given by comparing TOTAL SOURCES with TOTAL

DISPOSITIONS. The difference is given under "ERROR."

Stggr§,--Not enough information is currently available to

separate Dairy from Beef Steers; consequently, they are considered

together under Steers. ‘

Beginning and Ending Inventory, as well as DEATHS, are

calculated in the usual manner. IMPORTS are calculated from published
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Other Cattle IMPORTS by applying parameter V12 to separate the Male

portion. EXPORTS are calculated from published EXPORTS Over 700

Pounds, again applying a parameter V14 to the non-Cow portion.

TRANSFER IN is calculated by summing TRANSFER OUT from Dairy

and Beef Male Calves in the YCAV stream minus TRANSFER IN for Bulls.

SLAUGHTER is calculated by summing published INSPECTED and

UNINSPECTED SLAUGHTER. In the case of the latter, the Male portion

is calculated by using parameter V24 and V25.

As was the case with Beef Heifers, all columns have been

calculated. Thus, comparison Of TOTAL SOURCES with TOTAL DISPOSITIONS

provides a consistency check. The difference is given under "ERROR."

Analysis and Evaluation

The output of RECON is an annual matrix (for each of 14 years,

1959-1972 inclusive) presenting beginning and ending stock values for

15 livestock cohorts together with the interconnecting flow values for

seven major flow variables. The purpose of the model is to assess these

stock and flow values which are the published statistical data series.

The major method of analysis is a test of consistency; to execute the

analysis, the concept Of Objectivity is employed. The results or out-

put of RECON also substantiates, at an aggregate level, the results

or output of MATRIX and CATSIM. In turn, the knowledge and information

obtained from utilizing RECON is Used to construct or revise these

latter two models.
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The analysis of the data base involves applying the four tests

Of Objectivity. Internal consistency is obtained through model design;

this has been discussed in the previous sections. External consistency

is checked through comparison Of RECON output with published data

series. Another test Of external consistency involves comparison

of RECON output with commonly held beliefs about the Cattle-Calves

sub-sector. The tests Of interpersonal transmissibility and uSerlness

cannot be fully applied until RECON is Operated interactively with

individuals knowledgeable Of the Cattle-Calves sub-sector. This will

occur subsequent to this study.

To assist with the analysis, the concept Of the data as a

hypothesis was compromised. One data series, INSPECTED SLAUGHTER, is

commonly believed to be the most reliable Of all data series used in

these models. Two identities, Steers and Beef Heifer Feeding, include

INSPECTED SLAUGHTER as the major component on the right hand or

DISPOSITION‘ side. An “ERROR" element is calculated for each of

these two identities as well as a third "ERROR" element that is the

algebraic sum of the first two. This "ERROR" is calculated by sub-

tracting DISPOSITIONS from SOURCES.> A negative "ERROR" indicates that

SOURCES is too low relative to DISPOSITIONS (believed to be reasonably

correct) and vice versa.

 

1The element SLAUGHTER includes both INSPECTED agd_UNINSPECTED.

Later in this analysis, the initial assumptions made concerning

lflVINSPECTED SLAUGHTER will be called into question.
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A very simple objective function is used--it is simply the

algebraic sum of the "ERROR“ element for any one identity for the

14 Observations (l959-1972 inclusive). Variation in the annual

"ERROR" values constitute a significant part Of the analysis.

Calf Births

RECON calculates Calf BIRTHS in the following manner. A BIRTH

Rate is applied to Cow Inventory (Cows and Heifers over two years) plus

that portion of Heifers (Females 1-2 years) expected to freshen in the

ensuing year.

For Dairy Cows, the Cow Inventory estimate is the average Of

June 1 and December 1 STATCAN estimates. NO Heifers (Females 1-2 years)

are added to this base as a priori information indicated that Dairy

Heifers freshen with a mean age of two years nine months.

The Inventory of Beef Cows is taken as the December 1 STATCAN

estimate. To this figure is added a portion Of Beef Heifers (Females

1-2 years) as given by STATCAN's December 1 estimates. An examination

Of Observations for 1958-1972 inclusive, indicates that an approximate

average of 30 percent Of Eastern Heifers and 75 percent of Western

Heifers enter the Cow Herd annually.

The initial BIRTH Rates were selected and restricted by a priori

knowledge or beliefs about the sub-sector. First, it was believed that

the Beef Cow BIRTH Rate was higher than the Dairy Cow BIRTH Rate. The

former would be expected in the .80 to .90 range, while the latter

would be expected in the .70 to .80 range. Second, it was believed
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that the Western Dairy Cow Herd was managed more like the Beef Herd

than was the case in the East, at least at the margin. Third, it was

believed that WEST-EAST Cattle-Calf Movement statistics underestimated

the actual eastward movement. Fourth, there was no reason to believe

that BIRTH Rates differed markedly between East and West for Beef

Cattle, or for Dairy Cattle for that matter. Finally, the Dairy

Cattle BIRTH Rate must be high enough to supply the demand for

Replacement Dairy Heifers.

Since the West has a very high proportion of Beef Cattle, while

the opposite holds true for the East, a "reasonable" Beef BIRTH Rate

was selected for the East and the Dairy BIRTH Rate was adjusted until

a "small” negative Steer + Beef Heifer Feeding "ERROR" was Obtained.

The same procedure was used for the West except, in this

instance, a "reasonable" Dairy BIRTH Rate was used. The Beef BIRTH

Rate was incremented until a "small" positive Steer + Beef Heifer

Feeding “ERROR" was Obtained.

Adjustments in all Rates were made until Eastern and Western

Beef BIRTH Rates were equal and the Western Dairy BIRTH Rate equalled

the Eastern Dairy BIRTH Rate + .0151 and all rates fell within a priori

ranges. In addition, BIRTH Rate adjuStments were made until the Eastern

(and Western "ERRORS" were equal in magnitude but Opposite in sign. As

was expected, the Western "ERROR" was positive while the Eastern was

 

1The constant .015 was arbitrarily selected to fall between the

Eastern Dairy BIRTH Rate and the Beef BIRTH Rate, to reflect the assump-

tion that the Western Dairy Herd is treated, at the margin. as a Beef

Herd.
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negative indicating that the statistical WEST-EAST Movement

underestimated the actual flow.

The final BIRTH Rates selected were:

East, Beef = .85 West, Beef = .85

Dairy = .75 Dairy = .765

BIRTHS generated by the above process were compared with

STATCAN's semi-annual BIRTHS as a test Of consistency and a Check

on bias and/or trend. The results appear in Table 16.

From Table 16, it is Shown that in the West, STATCAN over-

estimates Calf BIRTHS by an average Of 46,241 head per year or by

1.5 percent of BIRTHS. This could be explained entirely in terms

of Calf DEATH Rate.1 The sign of these "differences" is as expected.

A priori, it would be expected that RECON would underestimate BIRTHS

in periods of expansion (giving a negative Sign) and overestimate

BIRTHS in periods of contraction (giving a positive sign) due to the

cattle cycle, which is not modeled by RECON.

STATCAN overestimates Eastern Calf BIRTHS consistently by an

average of 260,000 head. This difference varies from 8-17 percent over

the RECON estimate. Part of this difference can be explained in terms

of an actual DEATH Rate which might be higher than that used in RECON.

I concur with Lee2 that it is unrealistic to expect DEATH Rate

 

‘The calf DEATH Rate used in RECON are taken from Yang; however,

his estimates show some variance. In addition, a priori information

would indicate that these DEATH Rates are a lower bound.

zLee, Op. cit.



Table 16. A comparison of RECON generated Calf BIRTHS with Statistics

Canada's semi-annual BIRTH estimates, l958-1972

 

 

  

 

West East

Year Differencea Rg6668513tfis Differencea RECONegiptfis

(head) (ratio) (head) (ratio)

1958 -l36,733 -.0618 -l63,245 -.O8OO

1959 -65,514 -.0294 ~161,279 -.0806

1960 -75,687 —.0330 -l75,675 -.0876

1961 -128,612 -.0539 -202,407 -.1001

1962 -54,818 -.0223 -l8l,94l -.0887

1963 -28,935 -.0114 -219,484 -.1074

1964 19,142 .0071 -271,299 -.1328

1965 51,052 .0177 -324,841 -.1584

1966 -16,975 .0058 -302,268 -.1508

1967 3,695 .0013 -313,196 -.1593

1968 19,592 .0071 -343,923 -.l746

1969 25,330 .0093 -351,317 -.1793

1970 -92,025 —. 0328 -349,554 -. 1784

1971 -191,l98 -.0646 -298,657 -.1544

1972 -21,929 -.OO69 -24l,7ll -.1256

Ave. -46,241 -260,000    
 

aFormula: DIFFERENCE = RECON BIRTHS - STATCAN BIRTHS.
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to account for the total discrepancy in this instance, even though

Dairy Calf DEATH Rate may be very high. It should also be noted that

the discrepancy has tended to widen over the 1958-1972 period.

A second consistency check was made against data from the

Dairy Correspondent Survey. The annual sum Of the Cows and Heifers

to FRESHEN This Month1 item from that survey was subtracted from the

RECON estimate of Dairy BIRTHS. The results are shown in Table 17.

The Dairy Correspondent Survey overestimates BIRTHS by 9 to

27 percent in the West, and by 15 to 29 percent in the East. There is

some indication that the difference is narrowing through the survey

period.

Ending Calf Inventory

Program RECON was designed to divide Calves into two categories:

those in inventory at the beginning Of the year, and those during the

year. Only those born during the year would be on ending inventory at

year end.

Ending Inventory is calculated as follows:

Ending Inventory 5 BIRTHS - DEATHS + TRANSFER IN - TRANSFER OUT

- SLAUGHTER + IMPORTS - EXPORTS.

DEATHS are calculated by applying a DEATH Rate while SLAUGHTER

(INSPECTED + UNINSPECTED) is taken as given by STATCAN. IMPORTS

 

1The freshening ratio from that survey is applied to STATCAN's

December 1 and June 1 Milk Cow data series to scale up the actual Dairy

Correspondent Survey data.
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Table 17. A comparison of RECON generated Dairy Calf BIRTHS with

Statistics Canada's Dairy Correspondent Survey, "Estimates

of Cow and Heifers to FRESHEN This Month," l958-1972

West East

Difference Difference

Year Differencea RECON BIRTHS Differencea RECON BIRTHS

_ (head) (ratio) (head) (ratio)

1958 -l4l,671 -.2253 -425,308 -.2573

1959 -150,970 -.2460 ~411,223 -.2548

1960 -164,713 -.2690 ~412,639 -.2576

1961 -162,587 -.2711 -479,403 -.2979

1962 -107,516 -.l767 -360,828 -.2232

1963 -115,310 -.2000 -315,394 -.1993

1964 -93,720 -.l679 -317,449 —.2025

1965 -89,605 —.1689 -439,l67 -.2809

1966 -80,331 -.1646 -336,438 -.2193

1967 -75,111 -.l677 —264,550 -.l765

1968 -39,155 -.O94O -27l,866 -.1855

1969 -69,670 -.l769 -255,204 -.1764

1970 -53,080 -.1367 -217,l47 -.1534

1971 -80,624 -.2165 -267,045 —.1991

1972 -60,051 -.1730 -257,174 -.1983

Ave. -98,941 -335,389

aFormula: DIFFERENCE = RECON Dairy BIRTHS - DCS Dairy FRESHENINGS.
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are zero while EXPORTS are taken as published by STATCAN. These data

series have all been discussed previously.

The remaining elements are TRANSFER IN and TRANSFER OUT. These

elements are entirely made up of Calves shipped from West to East.

These shipments are recorded in the data series WEST-EAST Calf Movement

for those Calves shipped by rail. As previously mentioned, additional

Calves are believed to be shipped by other means.

Once again, the "ERROR" in Steer + Beef Heifer Feeding was used

to augment rail shipments. A factor of 1.07 (parameter V40 in RECON) is

used to scale up rail shipments. This factor has the effect Of reducing

the above "ERROR" to zero for both East and West, since BIRTH Rates were

calculated in such a manner as to make this happen (i.e., equal

magnitude but opposite sign).

With TRANSFER IN and TRANSFER OUT adjusted by a factor of 1.07,

a comparison was made between RECON's Ending Calf Inventory and STATCAN's

December 1 Calf Population. These results are shown in Table 18.

An average overestimation Of 27,362 head occurred in the

Western STATCAN Calf Population. This error is fairly consistent with

the average overestimation of BIRTHS by 46,241 head. The Sign (or

(firection) of the year by year discrepancy is consistent between BIRTHS

and Ending Inventory for all years except 1964, 1965, 1970, 1971, and

1972. As previously mentioned with Calf BIRTHS, these discrepancies

are largely explained by the cattle cycle. In addition, the average

discrepancy is rather small and can be accounted for by a slightly

higher DEATH Rate.
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Table 18. A comparison of RECON generated Ending Calf Inventory with

Statistics Canada's December 1 Calf POPULATION estimates

l958-1972

West East

Year Di fferencea RECiOiquen'veeTiiiry Di fferencea REClgliNf Eizzrhizry

(head) (ratio) (head) (ratio)

1958 -75,301 -.O34O 209,307 .1549

1959 -28,382 -.Ol63 205,789 .1470

1960 -14,975 -.0082 183,436 .1289

1961 -98,886 -.0584 139,835 .0937

1962 -84,989 -.O476 67,324 .0463

1963 -87,357 -.0429 146,292 .0994

1964 -148,205 -.O685 166,459 .1111

1965 ~118,627 -.0564 135,705 .0978

1966 -3,812 -.0018 252,681 .1685

1967 55,997 .0255 253,658 .1662

1968 28,122 .0131 267,021 .1752

1969 21,491 .0094 252,728 .1660

1970 8,736 .0036 326,542 .2073

1971 53,847 .0209 389,228 .2436

- 1972 81,908 .0300 353,237 .2195

.Ave. -27,362 223,283

aFormula: DIFFERENCE = RECON Inventory - STATCAN Population.
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For the East, the STATCAN data series seems highly inconsistent

with RECON. In addition, STATCAN's December 1 Calf Population is highly

inconsistent with STATCAN BIRTHS. While it was previously noted that

STATCAN BIRTHS overestimate RECON BIRTHS by 8 to 17 percent, STATCAN
 

December 1 Calf Population underestimates RECON by 5 to 24 percent.
 

The trend in these two data series is to a widening discrepancy.

REPLACEMENT Cattle
 

In the previous sub-section it was stated that Calves were

considered under two categories, the second Of these were Calves on

Hand at the beginning of the year. By the end of the year, all such

Calves, of definitional necessity, must have transferred to non-Calf

categories. The following itemizes the possible transfers.

giliyofiii‘cfiillis } to Bull REPLACEMENTS or Steers

Dairy Heifer Calves to Dairy Cow REPLACEMENTS

Beef Cow REPLACEMENTS
Beef Heifer Calves to or Feeder Heifers

The calculation of REPLACEMENTS (TRANSFERRED IN) is made through

the following identity for Dairy Cows, Beef Cows, and Bulls.

REPLACEMENTS = Ending Inventory - Beginning Inventory

+ SLAUGHTER-tEXPORTS-tDEATHS-IMPORTS-tTRANSFER OUT

Since EXPORTS and IMPORTS are minor, errors will be of little

:significance. TRANSFER OUT is nil, while Beginning and Ending Inventory
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is given by the STATCAN December 1 estimates. The major sources

of error occurs in dividing Cow SLAUGHTER between Beef and Dairy.

Because the method used does not adequately account for the cattle

cycle, RECON estimates are inferior to those made by MATRIX in

Chapter III. Table 19 compares REPLACEMENTS with INVENTORY.

The REPLACEMENT Rates for both Beef and Dairy Cows are inferior

to the same ratios that may be calculated from adjusted MATRIX output.

This is the case as MATRIX output is adjusted for the cattle cycle,

while RECON output is not so adjusted. Nevertheless, the Western Beef

Rates do trace out a pattern that is consistent with that cycle. These

rates should be tempered by the fact that some Herds are expanding while

others are contracting. In general, the Beef Herd is expanding while

the Dairy is contracting.‘

The Bull REPLACEMENT Rate differs between the West and the

East, with the Eastern Rate being almost twice the Western Rate. NO

explanation readily comes to mind.

The Sex Ratio of EXPORTS and WEST-EAST

Cattl e-Cal fMovement

To this point in the analysis, the "Objective" function has

been used to minimize the "ERROR“ in Steers + Beef Heifers Feeding.

Since these two "ERRORS" were summed, the analysis abstracted from

the sex ratio.

 

1Over the 15 year sample period, the Western and Eastern Beef

Herds grew at an average continuous rate Of 4.5 and 3 percent, while

the Western and Eastern Dairy Herds contracted at an average continuous

rate of about 4 and 2 percent.
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Table 19. A comparison Of RECON estimated REPLACEMENTS with Inventory

expressed in terms Of a REPLACEMENT Rate, WEST and EAST,

 

 

 

  

 

1959-1972

A. WEST

Dairy REPLACEMENTSa Beef REPLACEMENTSa AgélaSEPOCEEM1NEEZ

Year Dec. 1 Inventory Dec. 1 Inventory Dec. 1 Inventory

(ratio) (ratio) (ratio)

1959 .1896 .1660 .3479

1960 .2052 .1724 .3321

1961 .2068 .1749 .3139

1962 .1396 .1993 .3337

1963 .1712 .1975 .3530

1964 .1544 .2205 .3719

1965 .1347 .2060 .3311

1966 .1134 .1735 .2814

1967 .1211 .1416 .2523

1968 .1440 .1504 .2308

1969 .1879 .1728 .2860

1970 .1703 .1943 .2539

1971 .1258 .1960 .3362

1972 .1793 .1884 .2936  
 

 
aFormula: RATIO =

REPLACEMENTS (Heifers or Bull§)_

Inventory (Cows or BullS) '
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Table l9--Continued

 

 

   

 

8. EAST

Dairy REPLACEMENTSa Beef REPLACEMENTSa ggllaggpsfigEMINliz

Year Dec. 1 Inventory Dec. 1 Inventory Dec. 1 Inventory

(ratio) (ratio) (ratio)

1959 .1598 .1664 .5150

1960 .1927 .1507 .4918

1961 .1949 .1774 .5484

1962 .1823 .1800 .4804

1963 .1880 .1580 .5233

1964 .2175 .1456 .5350

1965 .2617 .0948 .5934

1966 .2133 .1019 .5259

1967 .1758 .1915 .5554

1968 .1986 .1372 .5819

1969 .2083 .2020 .5879

1970 .1993 .2248 .6217

1971 .1988 .1543 .6242

1972 .2458 .1706 .6186    
aFormula:

RATIO 8 REPLACEMENTS (Heifers or Bulls)
 

*TTnventory (Cows or Bulls)
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A priori information concerning the sex ratio Of WEST-EAST

Cattle-Calf Movement for SLAUGHTER were 90-100 percent Male, while

the Cattle and Calves for FEEDLOT and STOCKYARD were 80 percent Male.

A priori information about EXPORTS Of Feeder Cattle to the United

States indicated a sex ratio Of 35-42 percent Male.

The procedure used to confirm or reject these ranges involved

adjusting the sex ratio Of WEST-EAST Movements until the Eastern

"ERRORS" summed algebraically tO zero. The sex ratios that provide

this balance are 95 percent Male in SLAUGHTER and 80 percent Male in

FEEDLOT and STOCKYARD Movements. The resultant "ERRORS" are given in

Table 20A.

An attempt was then made to bring the Western "ERRORS" into

balance by adjusting the sex ratio of EXPORTS, Cattle 200-700 Pounds.

This was unsuccessful in that there were still excess Western Heifers

on the average, when 100 percent of the above EXPORTS were considered

as Heifers.1 These “ERRORS" are listed in Table 208.2

For the East, the average "ERRORS" are close to zero for both

Steer and Beef Heifer, with the sign and magnitude of the "ERRORS"

producing no distinct trend.

 

1This aspect of CATSIM was modeled using a step function with

:some success. For 1958-1965 inclusive, EXPORTS were considered to be

60 percent Male; after 1965, EXPORTS were considered 0 percent Males

(i.e., 100 percent Female).

2While the sex ratios Of WEST-EAST Movements are not constant

between Table 20A and Table 208. this minor discrepancy does not

effectively mask the inconsistency that is being revealed.
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Table 20. A listing of Eastern and Western Steer and Beef Heifer

Feeding "ERRORS" from given parameter settings,a 1959-1972,

program RECON

 

 

 

 

A.

WEST EAST

Year Steers Heifers Steers Heifers

(head) (head) (head) (head)

1959 79,991 -87,038 38,352 75,044

1960 6,151 -41,786 50,287 33,649

1961 46,475 -36,991 1,684 3,433

1962 48,108 -92,521 -13,408 30,165

1963 32,503 ~122,023 -60,898 26,773

1964 -43,981 -32,813 -37,276 -32,251

1965 11,314 -24,258 -60,896 -134,891

1966 -55,931 -17,687 -95,157 -51,857

1967 -30,161 135,979 72,083 23,527

1968 -2,636 21,436 75,289 -4,323

1969 -34,366 13,936 38,231 -23,835

1970 -61,437 130,840 -51,103 385

1971 -1,403 89,496 10,198 58,546

1972 -49,691 129,013 34,879 4,100

.Ave. -3,933 4,685 162 605     
aWEST-EAST Cattle and Calf Movement set at 95 percent Males, FEEDLOT,

and STOCKYARD Cattle and Calf Movement set at 80 percent Males. EXPORTS,

Cattle 200-700 Pounds set at 35 percent Males with UNINSPECTED Male

SLAUGHTER at 0 percent (100 percent Female).
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B.

. WEST EAST

Year Steers Heifers Steers Heifers

(head) (head) (head) (head)

1959 127,100 -134,l47 34,729 78,667

1960 -10,l97 -25,438 46,766 37,169

1961 16,641 7,157 -3,159 8,276

1962 82,332 -126,746 -15,927 32,684

1963 54,938 -144,458 -69,376 35,251

1964 -94,105 17,312 -39,501 ~30,026

1965 -54,287 41,343 -53,319 -l42,468

1966 -42,199 -31,410 -9l,846 -55,168

1967 -40,108 145,925 83,522 12,089

1968 -67,061 85,861 86,026 ~15,06O

l969 ~105,366 84,936 48,156 -33,759

1970 -157,119 226,523 -51,736 1,019

1971 -92,613 180,706 8,011 60,732

1972 -145,882 225,204 29,708 9,272

Ave. -37,709 38,461 861 -94    
 

aWEST-EAST SLAUGHTER Cattle and Calf Movement set at 100 percent

and STOCKYARD Movement 85.5 percent Males.

Cattle 200-700 Pounds set at 0 percent Males (i.e., 100 percent

Males, FEEDLOT

Females). UNINSPECTED Male SLAUGHTER at INSPECTED level.

EXPORTS,
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The Western data presents an anomaly. The a priori assumptions

used do not work; on the average there are too many Beef Heifers and too

few Steers-~by about 38,000 head annually. In addition, a distinct time

trend is evident, that is, from 1960 through 1972 the Heifer surplus

increaSed. More Heifers could not have been shipped to the United

States because these shipments were set at 100 percent Heifers in the

model. One logical conclusion is that UNINSPECTED SLAUGHTER is made

up of more Beef Heifers and less Steers.l

The procedure used to explore this latter alternative was to

initially accept a priori assumptions about sex ratios. Thus, for

WEST-EAST Movements, SLAUGHTER was set at 95 percent Male and FEEDLOT-

STOCKYARD Movements at 80 percent. The sex ratio of EXPORTS Cattle

200-700 Pounds was set at 35 percent Male. The Eastern Female UNIN-

SPECTED SLAUGHTER2 ratio was incremented until the Eastern "ERROR"

came into balance. A separate Western Female UNINSPECTED SLAUGHTER

ratio was then incremented until the Western "ERROR" also came into

balance.3 The results Of this analysis are displayed in Table 20A.

These results indicate that even at 100 percent Female, the "ERROR"

(Western) does not come into balance, although it is close.

 

1The original assumption was that UNINSPECTED SLAUGHTER had the

same ratio as INSPECTED SLAUGHTER.

2For the balance of this sub-section UNINSPECTED SLAUGHTER

refers to the non-Cow, non-Bull portion.

3The sex ratio Of INSPECTED SLAUGHTER (excluding Cows, Bulls,

and Calves) over the 1959-1972 period ranged from 25.3-30.9 percent

Heifers in the East and 25.4-34.2 percent Heifers in the West.
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The logical conclusion is that the a priori assumptions do

not hold. The Steer content in EXPORTS Cattle 200-700 Pounds must

be between 0 and 35 percent concurrently with the Heifer content in

UNINSPECTED SLAUGHTER being between 30 and 100 percent. An infinite

number Of linear combinations would work. One such linear combination

is 20.5 percent steers in EXPORTS, Cattle 200-700 Pounds and 70 percent

Heifers in UNINSPECTED SLAUGHTER. A distinct trend in the "ERROR"

still remains and must be resolved.

An assumption was made that the sex ratio in UNINSPECTED

SLAUGHTERl is constant over the 1958-1972 period. Consequently, the

sex ratio of EXPORTS, Cattle ZOO-700 Pounds must change over this

period. A linear time trend was fitted with the sex ratio being about

50 percent Heifers in 1958 rising to 100 percent in 1972. This tact

appeared to be successful for the years 1958—1966; however, the flow

of EXPORTS dropped Off from 1967-1972, severely reducing the impact

of this change. Consequently, the discrepancy remained for those

latter years. The results of this run are not listed.

The only possible conclusion, given the above assumptions,

is that the sex ratio of both_EXPORTS, Cattle 200-700 Pounds and

UNINSPECTED SLAUGHTER changed over this period with both_exhibiting

a high Heifer proportion in the period 1967-1972.

 

1This appears to be the case in the East; some degree of

similarity might exist between East and West in this regard.
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YearlingCattle

The ratio of TRANSFER IN/Ending Inventory gives some index Of

the average length of stay in the Yearling categories. Theoretically,

Replacement Heifers (1-2 years) should stay exactly one year in this

category. Thus, the above ratio for Replacement Dairy Heifers Should

be one.

This same ratio for Beef Heifers (the sum Of Replacements plus

Feeders) and Beef Steers would be less than one, if the average length

of stay is less than one year and vice versa. Another alternative

involves believing in the reliability Of flows (i.e., TRANSFER IN,

SLAUGHTER, etc.) and using an a priori notion Of average age of Feeder

Cattle.' Holding these beliefs then, the reliability Of stocks (Begin-

ning and Ending Inventory) can be tested for consistency. Since the

author does not have any strongly held beliefs concerning the latter

alternative, the former will be used. The results of this analysis

appear in Table 21.

The Western Dairy Heifer ratio is about as expected for

1959-1965 but then becomes much "too high" and subsequently "too low."

The explanation does not likely involve age Of Heifer but rather clas-

sification Of both Heifers and the Female Offspring of Dairy Cows, some

of which may be more Dual Purpose or crossbred Beef than Dairy. The

ratio is substantially above one during the Herd contraction period,

1965-1969, and substantially below one during the subsequent expansion,

1970-1972.



204

 

 

 

    
 

Table 21. A comparison of RECON Estimated TRANSFER IN with Ending

Inventory for all Yearling Cattle categories, 1959-1972,

program RECON

A. WEST

Year Dairy Heifersa Beef Heifersa Steersa

3 (ratio) (ratio) (ratio)

1959 .9604 .9697 .4956

1960 1.0284 .7146 .5589

1961 1.0461 .6652 .5048

1962 1.0233 .8816 .5918

1963 .9349 .9413 .6016

1964 .8535 .7180 .6016

1965 1.0697 .6137 .6137

1966 1.3340 .6666 .5826

1967 1.1574 .5791 .5862

1968 1.5539 .5576 .5618

1969 1.3095 .5644 .5631

1970 .8279 .5723 .5264

1971 .6613 .6193 .5360

1972 .6870 .6057 .5418

aFormUla: RATIO = Ending Inventory__

TRANSFER IN
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Table 21--Continued

B. EAST

Year Dairy Heifersa Beef Heifersa Steersa

(ratio) (ratio) (ratio)

1959 .9195 1.0809 .8581

1960 .9144 1.0405 .7892

1961 .9423 1.0459 .8642

1962 .9073 1.0692 .9305

1963 .9337 1.0103 .0227

1964 .9420 .9677 .8925

1965 .9471 .8442 .8274

1966 .9517 .9310 .9309

1967 .9173 .9971 .7881

1968 .9506 1.0278 .7749

1969 .9639 .9348 .7771

1970 .9151 .9853 .8592

1971 .7961 1.1522 .8629

1972 .8597 .9991 .7685   
 

aFormUla: RATIO = Ending Inventory .
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The Dairy Heifer ratio for the East is very stable except for

1971-1972. If Inventory and classification are correct, then a ratio

Of slightly less than one might be expected to account for DEATHS and

culling Of Heifers.

The Beef Heifer and the Beef Steer ratios for Western Canada

will be biased by the sex ratio errors noted in the previous sub-section

and listed in Table 20. If this bias were removed the effect would be

to make these ratios even more consistent through time. Taking a

typical Steer value as .5, this would imply that the average Steer is

1.5 years or 18 months Old at slaughter. A typical Heifer value is .7,

this value is made up of Replacement Heifers ang_Feeder Heifers in about

equal proportions. This would imply that the average Slaughter Heifer

is slaughtered at about 1.4 years Of age or 16-17 months.

The Steer and Beef Heifer ratios for Eastern Canada are

substantially higher than for Western Canada. A typical Heifer value

is 1.0 while a typical Steer value is .85. If TRANSFER IN is accepted

as correct, and it seems to be consistent with SLAUGHTER, then either

Ending Inventory is high 93_Eastern Cattle are slaughtered at an Older

age than Western Cattle.

Dairy Heifer SLAUGHTER
 

An initial assumption was made that all Calf SLAUGHTER was

of Dairy breeding. At another point in the analysis of RECON, it

was stated that Dairy Cow BIRTH Rate must be adequate to generate

Replacement Dairy Heifers.
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Since the residual element in the Dairy Heifer identity is

Dairy Heifer SLAUGHTER, this element merits examination in light Of

the above assumptions.

It is generally believed that few Dairy Heifers are slaughtered.

One explanation might be that some progeny Of "Dairy Cows" might be

from Beef sires. Table 22 lists Dairy Heifer SLAUGHTER and compares

SLAUGHTER to Beginning Inventory.

Dairy Heifer SLAUGHTER in the East appears to be more stable

than in the West. The one negative Eastern value (1965) can be

attributed to a model design that underestimates Beef Cow SLAUGHTER,

leading to an overestimation Of Dairy Cow SLAUGHTER thus making an

unusual demand on Dairy Heifers. This explanation would also apply

to 1964 and 1966. In most other years, from 15-30 percent Of

Beginning Inventory are slaughtered.

The rather eratic nature of Dairy Heifer SLAUGHTER in the West

can possibly be traced to two sources. First, some misclassification

might occur, so that the offspring Of the Dairy Herd might oscillate

between Dairy and Beef, depending on economic outlook. In addition,

a given Heifer classified as a Dairy Heifer on one occasion might be

classified as a Beef Heifer on a second occasion, depending on the

farmer's intentions.

Second, some Female Calf SLAUGHTER may come from the Beef

Herd. This would increase the number Of Dairy Heifers on Inventory.

A wide fluctuation in Beef Female Calf SLAUGHTER would thus cause wide

fluctuations in the ratio being considered. The effect Of these two



208

 

 

 

     
 

Table 22. A comparison Of RECON Estimated Dairy Heifer SLAUGHTER with

Dairy Heifer Inventory, l959-1972, program RECON

WEST EAST

SLAUGHTER a SLAUGHTER a

as proportion as proportion

Year SLAUGHTER of Inventory SLAUGHTER of Inventory

(head) (ratio) (head) (ratio)

1959 25,340 .1445 164,707 .3485

1960 3,229 .0183 123,080 .2505

1961 2,737 .0152 109,286 .2188

1962 53,497 .3075 162,831 .3185

1963 52,223 .3090 128,775 .2597

1964 66,303 .4196 72,583 .1455

1965 42,222 .2833 -34,133 -.O702

1966 23,768 .1801 36,491 .0798

1967 30,807 .2525 117,163 .2690

1968 —7,852 -.0689 75,128 .1680

1969 , -l4,815 -.1347 63,219 .1391

1970 32,884 .3224 105,861 .2357

1971 80,171 .8181 171,116 .3903

1972 49,502 .5500 24,485 .0633

aFormula: RATIO = Dairy Heifer SLAUGHTER

Dairy Heifer Beginning Inventory '
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possible errors could conceivably provide the variation noted in

Western Beef Heifer SLAUGHTER.

Model Accuracy
 

The overall accuracy or variation in RECON is demonstrated

by summing algebraically the Steer plus the Beef Heifer Feeding

"ERROR." This data is displayed in Table 23.

Two bases of comparison are used. In the first case, the

"ERROR" is compared to total Steer plus Dairy Heifer plus Beef Heifer

SLAUGHTER. As the major output of the system, SLAUGHTER seemed like a

reasonable basis. The second comparison is between "ERROR" and TOTAL

DISPOSITION of Cattle. Since "ERROR" is the sum of all_the errors in

all_data series, for the seven Cattle series, this also appears as a

reasonable basis for comparison.

Since the first basis has a much smaller denominator, the

relative "ERROR" appears larger. In the West, with the exception of

1963 and 1967, the relative "ERROR" is 6 percent or less. The "ERRORS“

appear reasonably random. The "ERROR" in the East appears less random

and reaches major proportions in 1959-1960 and 1965-1967.

When the second basis of comparison is used, the relative

"ERROR” becomes very small (less than 2 percent) in all but two cases.

Generally, this simple model constructed entirely Of identities

and naive relationships may be considered as quite consistent internally

with the data series being acceptably accurate except where noted.
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Table 23. A comparison of RECON “ERROR" with selected data bases

WEST EAST

ERROR ERROR

as a proportion Of as a proportiona Of

Year Error SLAUGHTER DISPOSITION Error SLAUGHTER DISPOSITION

(head) (ratio) (ratio) (head) (ratio) (ratio)

1959 -7,048 -.0102 -.0013 113,396 .1469 .0198

1960 -35,635 -.O450 -.0063 83,935 .1000 .0147

1961 9,484 .0105 .0016 5,117 .0062 .0009

1962 -44,414 -.0549 -.0075 16,757 .0195 .0028

1963 -89,520 -.0972 -.Ol43 -34,125 -.O38O -.0057

1964 -76,794 -.O699 -.0112 -69,529 —.0691 -.0109

1965 -12,945 -.0123 -.0018 -195,787 -.l7l7 -.0307

1966 -73,609 -.0635 -.0104 -147,014 -.l421 -.0244

1967 105,817 .0882 .0155 95,610 .0942 .0161

1968 18,800 .0199 .0028 70,966 .0670 .0118

1969 -20,430 -.0155 -.0030 14,397 .0134 .0024

1970 69,404 .0510 .0100 -50,718 -.0487 -.0084

1971 88,093 .0627 .0120 68,743 .0667 .0117

1972 79,322 .0527 .0102 38,979 .0361 .0065

aFormula: RATIO = Steer + Heifer Feeding "ERROR"

SLAUGHTER 9: TOTAL DISPOSITIONS '



CHAPTER V

THE CATTLE HERD SIMULATOR

The computer program that simulates the dynamics of the Cattle

Herd is called CATSIM.1 It is the main or focal program in this study.

Because of the sheer bulk Of the program and the initial requirement to

build and debug, the program was built in four parts. The parts are

Dairy East, Beef East, Dairy West, and Beef West. The two Eastern parts

were subsequently merged to form CATSIM East; and similarly, the West to

produce CATSIM West.

A comprehensive knowledge of the simulator can only be gained

by a line by line study Of CATSIM. The purpose of this chapter, however,

is to provide an appreciation Of the model through a general discussion

of its parts, their interrelationships, the assumptions made, and the

parameter values used. The first section of this chapter provides an

overview of the model; the second section discusses the model in detail.

A Model Overview
 

The model of the Cattle Herd, that is Simulated by CATSIM, is

divided into four parts:

 

lThree versions Of this basic model are developed. They are

CATSIMl, CATSIM 2, and CATSIM 3. Unless otherwise indicated, this

chapter will use the name CATSIM when referring to all three versions.

A listing of CATSIM 2 West in provided in Appendix E.
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1. Beef Cattle West,

2. Dairy Cattle West,

3. Beef Cattle East, and

4. Dairy Cattle East.

The structure Of each is deliberately designed to be virtually identical.

Thus, the following discussion applies to any or all the four parts. It

also follows Figures 18 to 26, which are the exact block diagrams of the

above four parts Of the model.1

The basic element in the model is the Cow Herd.2 The size of

the Cow Herd changes with SLAUGHTER (CULL), IMPORTS, EXPORTS, DEATHS,

and addition of Replacement Heifers. The size of the Cow Herd increases

due to favorable expectations; there is a reduction of Slaughter Heifers

as additional Heifers are retained as REPLACEMENTS. After a two or

three year lag, allowing for gestation and progeny maturation, the

SLAUGHTER flow is increased. Since ceteris paribus, prices move in

the opposite direction to quantities, adverse prices might now reverse

the process after appropriate lags. These changes in the size Of the

Cow Herd lead to further changes in prices and price expectations,

which lead to still further changes in the Cow Herd. Thus the Cow Herd

is basic to the phenomenon known as the cattle cycle. Consequently,

investment (REPLACEMENT) and disinvestment (CULLS) form a major part

of this model, providing it with its cyclical motion.

 

1Appendix B discusses exact block diagrams and explains the

symbols used.

2A notational convention is followed to denote stock and flow

variables. This convention is given in Table 2, pages 50-51.
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The Cow Herd is defined as female stock two years and Older

(Beef and Dairy). This allows comparison Of the simulated Cow Herd

with Statistics Canada's semi-annual Livestock Survey.

Generation of a Calf crop is produced by breeding the Cow Herd

and allowing for a nine month gestation delay. Three aspects are

considered at this point:

1. the nine month gestation delay,

2. the birth distribution over the year, and

3. the live BIRTH Rate.

Observation of the exact box diagrams will reveal that First Calf

Heifers are treated differently than Mature Cows. This is so with

respect to: (1) that portion of gestation occurring after two years

of age, and (2) live BIRTH Rate. The former is due to the structure

Of the model and the age at which Heifers are bred. This structure is

discussed in detail in the next section. The latter is a hypothesis

that may or may not be true.

The BIRTHS from First Calf Heifers and Mature Cows are combined

to produce the Calf crop. This in turn is split between Male and Female

Calves. Initially, it is assumed that the sex ratio is .5; this also

is a hypothesis and thus subject to subsequent Change.

The Calves are subsequently aged through a series of discrete

(fixed length) and continuous (variable length) delays,1 simulating the

 

1Delays and simulation of delays are discussed in detail in

Appendix B.
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growing and feeding-finishing processes until they are either

slaughtered or added to the Breeding Herd. Through time, addition

and attrition occurs due to EXPORTS, IMPORTS, SLAUGHTER, and DEATHS.

The following discussion follows these processes looking at each Of

the several identified stages (delays).

Shortly after birth a certain number of Calves are exported.

These Calves are mainly Dairy Males ("bOb" Calves) from the East to

the United States, although increasing numbers are being shipped to

Europe. In addition, the model allows for attrition due to DEATH at

the beginning Of each period.

At the end of the first period (three months of age) a number

of Calves are slaughtered for veal. While Veal SLAUGHTER is currently

Male Dairy Calves, it has not necessarily been the case historically.

In addition, all Veal is not necessarily slaughtered at three months

of age; however, this is a reasonable approximation.

At the end of the second period (six months of age), Calf

numbers are adjusted for the flow of Stock Calves. This includes

EXPORTS mainly to the United States, as well as Movements from Western

to Eastern Canada. This point in time approximates weaning age as well

as the first point in time at which Calves are normally placed on feed.

At this point also, the Calves are directed along one Of two

streams which correspond to ration and method of feeding. The first

stream is called Stream A and the ration fed, Ration A. This ration

is high roughage, low energy, and is received by all Cattle not placed

in a feedlot. It is assumed that all future Breeding Stock will be

derived from Stream A.
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Ration 8 (fed in Stream 8) corresponds to a high energy, high

feed intake ration such as would be fed to Cattle on full feed in a

feedlot. It is assumed that none Of these Cattle are used for breeding

purposes.

Stream 8 Cattle are matured to Finished Cattle through a

variable length delay process. This "continuous" delay provides for:

(1) an expected time on feed, and (2) a distribution about this expected

value.

This continuous delay attempts to approximate the effect of the

different feeds and feeding practice used, as well as variation in

genetic growth rates.

As the Finished Cattle leave the feeding-finishing process

(continuous delay), they are added to Cattle matured on Ration A to

produce total Steers and Heifers Available for SLAUGHTER.

Steers and Heifers Available for SLAUGHTER are adjusted by

EXPORTS AND IMPORTS of Slaughter Cattle to produce Steer and Heifer

SLAUGHTER for each region (Local SLAUGHTER).

Six month Old Calves ngt_going directly into a feedlot proceed

to mature along Stream A, on Ration A. The next stage of the growth

process is six months in length. This period is simulated by a fixed

length or discrete delay. At the end Of this period, when Calves are

one year Of age, adjustments to their numbers are made for EXPORTS and

WEST-EAST Movements. It should be pointed out that EXPORTS, IMPORTS,

and WEST-EAST Movements do not occur at discrete points in time (age)

but occur more or less continuously. Thus the model abstracts from

reality to simplify the study.
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The numbers Of Calves generated by the model may be summed at

this point to compare with Statistics Canada's semi-annual Livestock

Survey category, Calves Under One Year Old. This summation includes:

calves one to three months

calves four to six months

calves seven to twelve months Ration A

calves seven to twelve months Ration B (a portion Of total

Ration B Cattle)

At this stage (one year of age) a decision is assumed to be

made as to whether or not Calves will be added to the Breeding Herd

or finished for slaughter. Those ngt_added to the Breeding Herd are

matured through a continuous delay process and subsequently added to

the flow Of Steers and Heifers Available for SLAUGHTER. This was

discussed above in connection with Cattle fed on Ration B.

The number of Yearlings entering the Breeding Herd are

calculated in the following manner. Their numbers are large enough

to provide for DEATH losses and just provide the necessary additions

to the Breeding Herd. In actual practice morg_than this number would

be allocated to allow for non-breeders, poor type and to provide

flexibility. Thus, this model deals only with actual REPLACEMENTS,

flgt_intended or potential REPLACEMENTS.

One year old Bulls are added immediately to the Bull Herd.

The size of the Bull Herd generated by the model may then be compared

with Statistics Canada's semi-annual Livestock Survey category Bulls,

One Year or Older.
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One year old Heifers are matured for one more year before

being added to the Cow Herd. During this period they are bred. AS

was discussed in connection with MATRIX, the assumption is made, at

least initially, that Beef Heifers are bred at 15 months to calve at

24 months. Thus, all Beef Heifers are assumed to calve immediately

upon leaving the one year maturation period. This assumption and

subsequent modeling will be followed until new information is found

to the contrary.

In the instance of Dairy Heifers a more SOphisticated and

realistic approach is used. From a priori knowledge, an expected

calving age and distribution about this expected age have been deter-

mined. Thus, as Dairy Heifers leave the one year delay they enter

another continuous or variable length delay with an expected value

and dispersion as indicated above. This second delay models the

period of time between two years of age and parturition.

For various purposes, all First Calf Heifers are added to

(or deleted from) the Cow Herd at three points. In the first instance,

Heifers are added to the Cow Herd to provide a total which can be com-

pared with Statistic Canada's semi-annual Livestock Survey category

Female Stock Two Years Old and Older. In the second instance, they

are deducted from the above total so that different BIRTH Rates and

gestation lags can be applied to First Calf Heifers and Mature Cows.

In the third instance, the Calves from both groups of Cows are summed

to provide the total Calf Crop.
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Simulation of the Elements in Cattle Production
 

The elements in the Cattle Herd simulator are described in

detail in this section.1 The structure of each element, the assumptions

made, and the system's key parameters are given together with plausible

estimates of their value.2 This structure is also displayed in the form

of exact block diagrams which indicate the relationships of stocks,

flows, and system parameters. A rationale for this structure is

provided in many instances.

Simulation of BIRTHS
 

BIRTHS are simulated by applying a BIRTH Rate to the available

stock of Cows and Heifers. The first assumption is that BIRTH Rate is

a function of the age Of the Brood Cow. This model identifies two ages

of Brood Cow; namely, First Calf Heifers, and Mature Cows. Different

BIRTH Rates could be used for these two ages.

It is initially assumed that the Dairy Cow breeding cycle was

approximately 13 months; this figure is based on a priori information.

It was then assumed that, everything else being equal, the First Calf

Heifer BIRTH Rate would be the Nature Cow BIRTH Rate x 13/12. This

was roughly translated to provide a BIRTH Rate differential Of .08

for Dairy. The same assumptions were not made for Beef.

 

1One versiOn of CATSIM, namely CATSIM2 West, is listed in

Appendix E together with an explanation Of key stock and flow

variables not described in this chapter.

2These parameters also include those that are required to

disaggregate published statistical data in order to generate certain

stock and flow variables.
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It was further assumed that Eastern and Western Beef BIRTH

Rates do not differ. This assumption was made for lack Of information

to the contrary. Subsequent testing resulted in a Slight differential

being introduced.

Finally, it was assumed that the Western Dairy Herd was managed

somewhat like a Beef Herd, at least at the margin. For this reason, a

Western Dairy BIRTH Rate was selected that fell between the Beef and

the Eastern Dairy BIRTH Rates.

The Rates used in this model and their variable names are

listed below.1

Dairy Birth Rate Cows, East BREDC = .72

West BRWDC = .76

Heifers, East BREDH = .80

West BRWDH = .84

Beef Birth Rate Cows, East BREBC = .85

West BRWBC = .84

Heifers, East BREBH = .85

BRWBH = .84

The second assumption is that BIRTH Rate is constant over time.

This may well be unrealistic in two respects. First, there may be a

long run trend and, second, BIRTH Rate could well be expected to have

 

1Appendix A contains a detailed discussion Of the derivation of

BIRTH Rates and Of many other parameter values used in CATSIM as well as

RECON and MATRIX. The parameter values listed in this chapter, in many

instances, were derived or at least verified, through the operation of

programs RECON and MATRIX. The sensitivity analysis described in the

next chapter also influenced the selection of the values listed.
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both a predictable and a stochastic element. These two aspects were

not considered in constructing CATSIM.

A third assumption concerns sex ratio. It is initially assumed

that this ratio is 1:1 or Calves are Male and Female in equal numbers.

A major element in simulating Calf BIRTHS is the quarterly

distribution. Various estimates are discussed in Appendix A. CATSIM

uses a monthly distribution that is subsequently aggregated to produce

the required quarterly distribution.‘ Dairy birth distributions, East

and West, are initially assumed to be equal, however, the Eastern Beef

birth distribution is assumed to be more uniform than the Western Beef

birth distribution.‘ The array "VAL" indicates the monthly BIRTH Rate

at the beginning of each month (note that VAL(l) = VAL(13)).

VALDE(1), VALDW(l) = .088 VALDE(7), VALDW(7) = .054

VALDE(Z), VALDW(2) = .093 VALDE(8), VALDW(B) = .069

VALDE23), VALDW(3) = .069 VALDE(9), VALDW(9) = .077

VALDE 4), VALDW(4) = .112 VALDE(10), VALDW(lO) = .097

VALDE(S), VALDW(S) = .089 VALDE(ll), VALDW(ll) = .096

VALDE(6), VALDW(6) = .065 VALDE(12), VALDW(12) = .094

VALDE(13), VALDW(13) = .088

 

‘An integration subroutine, INGRAT, is used to calculate the

proportion of BIRTHS for any stated period Of time. This subroutine

is described in Appendix B and listed in Appendix E.

2The characters 0 and 8 refer to Dairy and Beef while E and W

refer to East and West. This convention is followed in all variable

names used in all programs. In addition, M and F are used to denote

Male and Female.
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VALBE(1) = .05 VALBW(l) = .01

VALBE(Z; = .06 VALBW(Z) = .04

VALBE 3 = .06 VALBW 3 = .11

VALBE(4) = 10 VALBW(4) = .25

VALBE(S) = 20 VALBW(S) = .39

VALBE(6) = 20 VALBW(6) = .11

VALBE(7) = 10 VALBW(7) = .04

VALBE(B) = 04 VALBW(B) = .01

VALBE(9) = 04 VALBW(9) = .01

VALBE(10) = 05 VALBW(lO) = .01

VALBE(11; = 05 VALBW(ll) = .01

VALBE 12 = 05 VALBW 12 = .01

VALBE(13) = 05 VALBW(13) = .01

Figure 18 is an exact block diagram of the birth generation

process. After a stock Of Cows are bred, a gestation period is

realized. This period is approximately nine months in length or

three DT's.‘ The gestation period is simulated by a discrete delay

process2 that essentially retains the generated BIRTHS for nine months

before emitting them. First Calf Dairy Heifer BIRTHS are delayed

through a continuous or distributed delay. This process which was used

as the age at which First Calf Heifers calve, describes a distribution.

Since this distribution is known, it is modeled with a continuous

delay.3

 

‘The model CATSIM simulates the Cattle Herd in time increments

Of three months or .25 of a year. Each time increment is termed a DT;

a DT is the same as the At used in other contexts.

2A BOXC subroutine is used. This subroutine is described in

Robert W. Llewellyn, FORDYN, An Industrial Dynamics Simulator, Raleigh,

University of North Carolina, 1965, pp. 52-56. The BOXC program is

listed in Appendix E.

 

3The subroutine used was VDELDT. A similar subroutine DELDT is

described in Llewellyn, O . cit., pp. 40-51. A complete discussion of

VDELDT is contained in Appenaix B; the program is listed in Appendix E.
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The expected value of this Dairy Heifer gestation delay is

approximately .85 years beyond two years of age. This is modeled

by the use of the following parameters.

DELEDH, DELWDH = .85

The distribution is very flat, with some BIRTHS occurring before two

years Of age and as late as four years. The parameter that provides,

the shape to the distribution is:

KEDH, KWDH = 3

For lack of proper information, no delay is experienced with

First Calf Beef Heifers. It is assumed that they immediately calve

Upon turning two years of age. Information received in the future

may allow this element of the model to be developed more accurately,

possibly along the lines Of the Simulation Of First Calf Dairy Heifer

BIRTHS.

Figure 18 Shows that First Calf Dairy Heifers are added to the

Cow Herd at point A and subtracted again at point B. The purpose Of

this structure is to allow the model to both conform to STATCAN sta-

tistics ang_provide the differential birth process. In the first

instance, Heifers are added to the Cow Herd at two years Of age.

This allows comparison Of Simulated "Cows and Heifers, Two Years

and Over," with the published figures. In the second instance, First

Calf Heifers are subtracted after being multiplied by a constant in
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order to generate BIRTHS in an accurate manner consistent with actual

practice. The rationale for this structure is described below.

By definition, Cows are considered to be females over two years

Of age, kept primarily for milk and for producing Calves. At first

glance, BIRTHS would appear to be a product Of Cow times BIRTH Rate.

That is:

BIRTHS = Cow Population x BIRTH Rate.

This formula assumes, however, that only Cows over two years

of age produce calves; in fact, only Cows two years or older are bred.

If Heifers are bred at 15 months, they drop their first Calf

at two years. Thus, tw9_groups Of Females calve: Replacement Heifers

under two years, plus Cows over two years. If Cows only are considered,

BIRTHS are understated by the Calves produced by Heifers bred prior to

two years Of age.

On the other hand, if Cows do not produce their first Calf

until they are 3 3/4, then BIRTHS will be overstated if the above

formula is used. This occurs as Females two to three years of age

do not produce Calves at all.

Sine the possibility of different BIRTH Rates exist for First

Calf Heifers, as opposed to Mature Cows, the following formula may be

used.

Cow BIRTHS = (Cow Population - Heifer Population‘) x Cow BIRTH Rate

 

‘Refers to the stock Of Replacement Heifers, not total Heifers.
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Heifer BIRTHS = Heifer Population x Heifer BIRTH Rate

Total BIRTHS = Cow BIRTHS + Heifer BIRTHS.

This formula applies only to the situation where a Cow has

its first calf at approximately 2 3/4 years. It does not apply to

the above "early" and "late" calving instances. To do so it must be

altered--the critical point is the breeding age of 15 months. At this

breeding age, Heifer Population is ngt_subtracted from Cow Population

in order to calculate Cow BIRTHS. If bred at two years, then Heifer

Population j§_subtracted; if bred at three years, then Heifer Population

is subtracted approximately EEiEE:

The generation of BIRTHS can be reformulated as follows to

handle all the above instances mentioned.

Cow BIRTHS = (Cow Population - Heifer Population x A) x Cow BIRTH Rate

Heifer BIRTHS = Heifer Population x Heifer BIRTH Rate

Total BIRTHS = Cow BIRTHS + Heifer BIRTHS

where

= 0 if Heifers bred at 15 months,

1 if Heifers bred at 24 months,

J
>

J
>

:
>

1
1

2 if Heifers bred at 33 months.

The continuous delay parameter DEL is used to indicate the

expected age of First Calf Heifers at calving, by measuring time from

two years onward; thus, DEL is used to calculate A.
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A = DEL/.75

where

.75 represents gestation period in years, the same unit as DEL.

Thus, if Heifers calve at two years Of age, as it is assumed

Beef Heifers do, DEL 0, and A = 0. If Heifers calve at 2 3/4 years,

then DEL = .75 and A = 1; this is roughly the case with Dairy Heifers.

If DEL is unknown, but all other elements in the birth genera-

tion process are known, it may be possible to optimize on A. DEL would

then be estimated by the formula:

DEL = A x .75.

Simulation of DEATHS
 

DEATHS constitute a continuous, but not necessarily constant,

depletion of the Cattle Herd. The major parameter Of concern is the

DEATH Rate, usually expressed in annual terms as a proportion of the

Herd. The DEATH Rate is most likely a function of the age of the

animal, possibly its sex, possibly its function, and quite likely

its environment.

Due to the lack Of information concerning DEATH Rate, several

assumptions are made to accommodate the simulated process and the

available data. The first assumption is that Male and Female DEATH

Rates are equal. A second assumption is that for East and West, all

Cattle under one year of age have the same DEATH Rate. All non-Fed

Cattle over one year of age have a second and different DEATH Rate.
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A third assumption is that all Cattle on Feed, East and West, have a

third DEATH Rate. A final assumption is that the DEATH Rate for the

first six months of the year is at a high level, a lower level is used

for the last six months.

The best initial estimates of annual DEATH Rate of Calves are

as follows, together with their variable names.

DRMBCE‘ lst quarter = .048

DRMDCE 2nd quarter = .048

DRFBCE 3rd quarter = .022

DRFDCE 4th quarter = .022

DRMBCW lst quarter = .040

DRMDCW 2nd quarter = .040

DRFBCW 3rd quarter = .020

DRFDCW 4th quarter = .020

Lower annual DEATH Rates are used for Cattle over one year and

all Cattle on Feed. The DEATH Rate variables and their annual rates

are listed below.

DRCATE(1) = .015 DRCATW((1) = .016

DRCATE(Z; = .015 DRCATW§23 = .016

DRCATE 3 = .012 DRCATW 3 = .012

DRCATE(4) = .012 DRCATW((4) = .012

DRCATF(1) = .014

DRCATF(2) = .014

DRCATF(3) = .012

DRCATF(4) = .012

 

‘The annual Rates are stored in a set of subscripted variables

whose names commence with CY, i.e., CYMBC(1). The DEATH Rate parameters

take on different values each quarter. The value Of the parameters are

changed quarterly by a CBOX subroutine which cycles the subscripted CY

variables. This CBOX subroutine is explained in Appendix B as well as

in Llewellyn, op. cit., pp. 52-55. The CBOX program is listed in

Appendix E.
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DEATHS are simulated by generating the flow at the beginning

of each period, for each age, and/or function cohort. This is done

by multiplying the net inflow rate by the annual_DEATH Rate then by

the lgngth_of time in that cohort. If the cohort is represented by

a stock value (i.e., Cows and Bulls) then the stock_value is multiplied

by an agngal_DEATH Rate.

These two types Of simulation models are shown in the following

exact block diagrams (Figures 19 and 20).

EXPORTS IMPORTS

DEL

IN _ + K OUT

FLOW _ l FLOW
 

  

 

 

f

   

Annual DEATH

Rate x DEL

Figure 19. Simulation of DEATHS in a Flow Situation.

Some inaccuracy is introduced as the whole DEATH flow is

deducted at the beginning Of the period as a continuous process is

being simulated by a discrete process. This inaccuracy, however, is

not felt to be significant in light Of the possible error in the

estimated DEATH Rate.
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Cow Cow Cow

EXPORTS IMPORTS CULLS

 

  

Cow +

Population _ _ Heifer

-e S 2 + REPLACEMENT

Rate

  
 

  
   

Figure 20. Simulation Of DEATHS in a Stock Situation.

Simulation Of Calf, Cow and Bull SLAUGHTER

Simulation of SLAUGHTER is not so much a problem of method

or model structure as one of data or Of Obtaining estimates of the

magnitude of the flow variables. The technique used to estimate the

flow variable, Calf SLAUGHTER, is to employ published statistical data

or at least available statistical data.

The data basically fall into two categories: INSPECTED and

UNINSPECTED. Both categories have previously been discussed in

Chapter II. INSPECTED data are available on a monthly basis, East

and West, Male and Female. The only remaining problem is to allocate

it between Beef and Dairy. Good estimates are unavailable; consequently,
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the following parameters are used in CATSIMl to generate the necessary

flows.‘

Proportion of Male Calf SLAUGHTER that is Beef

East, V41 = .10

West, Vl = .10

Proportion Of Female Calf SLAUGHTER that is Beef

East, V42 = .10

“ West, V2 = .25

The second category of data is UNINSPECTED SLAUGHTER. These

data are estimated by STATCAN under the classification, Farm Killed

and Eaten, and Farm Killed and Sold. The latter two data series are

available only on an annual basis, while the former is available on a

quarterly basis. All are available on an East/West separation but not

on a Male/Female basis. The problem then is to estimate a quarterly

distribution and a Male/Female separation. While this matter is

discussed in detail in Appendix B, the first estimates were made

by simply applying the comparable rates from INSPECTED SLAUGHTER.

The parameter values used are as follows:

Proporion Females in UNINSPECTED Calf SLAUGHTER

East, V43 = .55

West, V3 = .50, before 1966

V3 = 1.00, after 1965.

Quarterly Distribution of UNINSPECTED Ca1f SLAUGHTER==.25

(included as a structural element, not as a parameter).

 

‘This sub-section is largely devoted to describing the method

of estimating SLAUGHTER (Calf, Cow, Bull) flows for CATSIMl. SLAUGHTER

flows for CATSIM2 and CATSIM3 have previously been estimated by program

MATRIX and the behavioral models, respectively.
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The allocation into Dairy and Beef follows the same distribution as

INSPECTED Calf SLAUGHTER. CATSIMl re-calculates this latter

distribution quarterly.

Calf SLAUGHTER flow values for CATSIM2 and CATSIM3 are taken

as generated by MATRIX and the relevant behavioral models, respectively.

These flows are given in Tables 6 and 13.

The allocation Of Cow SLAUGHTER into its Dairy and Beef com-

ponents represents a further data problem. In CATSIM2, Cow SLAUGHTER

flows are calculated by MATRIX; these data are given in Table 5. Cow

SLAUGHTER flow data for CATSIM3 are generated by the behavioral models;

these data are listed in Table 12. Finally, CATSIMl calculates Dairy

Cow SLAUGHTER in the West and Beef Cow SLAUGHTER in the East by select-

ing fixed values (constants) that maintain the respective Cow Herds at

published levels given REPLACEMENT Rates. The replacement process and

Rates are discussed below in sub-section Simulation of the Growth

Process.

SLAUGHTER Rates are determined by REPLACEMENT Rate plus or

minus a constant. The former Rate is then applied to the appropriate

Cow Population to determine SLAUGHTER flow. The constants are minus .06

for Eastern Beef Cow and plus .022 for Western Dairy Cows. Calculation

of Western Beef Cow SLAUGHTER and Eastern Dairy Cow SLAUGHTER is the

residual given the published Total Eastern and Western Cow SLAUGHTER.

Program MATRIX corroborates the estimates for these flow values.

As with Calves, UNINSPECTED Cattle SLAUGHTER also contains

Farm Killed and Eaten and Farm Killed and Sold estimates. This flow



232

must be disaggregated into its Cows, Bulls, Steers, and Heifers

elements.

The calculation of Bull SLAUGHTER follows the pattern Of

the calculations for Calves and Cows. That is, SLAUGHTER flows for

CATSIM2 and CATSIM3 are taken as estimated by MATRIX and the behavioral

models. These flows are listed in Tables 7 and 14. For CATSIMl, the

UNINSPECTED Bull SLAUGHTER is added to the published INSPECTED Bull

SLAUGHTER.

It was initially assumed that Bulls occurred in UNINSPECTED

SLAUGHTER in the same proportion as in INSPECTED SLAUGHTER. This

assumption was modified as the result Of new information Obtained

through the use Of program MATRIX leading to the following parameter

values.

Proportion of Bulls in UNINSPECTED Cattle SLAUGHTER

East, V75 .06

West, V35 .06

Flow values for UNINSPECTED Heifer SLAUGHTER is required, as

well as for Steers. The Heifer value is the residual after UNINSPECTED

Steers, Cows, and Bulls have been accounted for. The following

parameters are used for this purpose.

Proportion Of Steers in UNINSPECTED Cattle SLAUGHTER

East, V76 = .40

West, V36 = .207, before 1966

V36 = .00, after 1965

It was assumed initially that 25 percent Of UNINSPECTED Cattle SLAUGHTER

was Cows, the balance was Heifers. Program MATRIX indicated an upward

revision in the case of the Eastern Cow value.
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Proportion of Cows in UNINSPECTED Cattle SLAUGHTER

East, V45 .28

West, V11 .25

The allocation of UNINSPECTED Cow SLAUGHTER between Beef and Dairy is

the same as that for INSPECTED SLAUGHTER.

When the SLAUGHTER flow has been estimated in the disaggregate

form required of CATSIM, it is deducted from the IN FLOW by the simple

Operation Of subtraction. This is demonstrated in Figure 21.

IN FLOW OUT FLOW

Z *'+

  

SLAUGHTER

Figure 21. Simulation of SLAUGHTER.

Simulation of EXPORTS and IMPORTS

As with SLAUGHTER, the major problem encountered in attempting

the simulation of EXPORTS is the determination of magnitude of the flow.

SLAUGHTER statistics are available in a fairly disaggregate form for

the years 1969-1972 inclusive and in a highly aggregate form for the

years 1958-1968 inclusive.

The 1958-1968 data is available on an annual basis only. The

first set Of parameters provide initial quarterly estimates.
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Quarterly distribution Of Purebred IMPORTS

East and West, 01(1)=

01(3)

01(4)

Quarterly distribution of Purebred EXPORTS

East and West, 02(1) = .18

02(2) = .28

W() = 24

02(4) = .30

Quarterly distribution Of Other Dairy EXPORTS

East and West, 03(1) = .16

032 = .32

0333) = .30

03 4) = .22

Quarterly distribution Of Other IMPORTS

East and West, 04(1) = .31

04(2) = .26

Q43( ) = 03

04(4) = .40

Quarterly distribution of EXPORTS, Cattle Under 200 Pounds

East and West, 05(1

W1
1

1
|

1
|

1

—
-
l
—
-
I
U
'
|

O
G
D
N

05(4

Quarterly distribution Of EXPORTS, Cattle 200-700 Pounds

East, 0631; = .14 West, 0621; = .04

06 2 = .16 062 = .04

06(3) = .29 06(3) = .08

06(4 = .41 06(4) = .84

Quarterly distribution Of EXPORTS, Cattle Ovverr700 Pounds

East, 07(1) = .14 West, 07(1) = .31

07(2) = .34 07(2) = .22

07(3) = .26 07(3) = .18

07(4) = .26 07(4) = .29

The next problem is the division of EXPORTS into Male/Female

and Beef/Dairy.
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Proportion Females in Purebred IMPORTS

East, V59 = .90

West, V19 = .90

Proportion Females in Purebred EXPORTS

East, V58 - .85

West, V18 .85

Proportion of Dairy in Purebred IMPORTS

East, V55 = .20

West, V25 = .20

Proportion of Dairy in Purebred EXPORTS

East, V56 = .826

West, V26 = .826

The EXPORT category, Cattle 200-700 Pounds, contains Cattle

that range from Weaned Calves to Yearlings. A parameter is needed to

make the basic division Between six month Old Calves and one year old

Calves.

Proportion of six month old Calves in EXPORTS,

Cattle 200-700 Pounds

East, V46 .90

West, V6 .90

A parameter of major interest, as it has historically hampered

Herd expansion possibilities, is the proportion Of Male Calves in

EXPORTS, Cattle 200-700 Pounds.

Proportion of Males in EXPORTS, Cattle 200-700 Pounds

East, V44 - .145

West, V4 .50, before 1966

V4 .00, after 1965

The EXPORT category, Cattle Over 700 Pounds, contains a variety

Of Cattle. To make this division, the following assumptions are made.
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East:

1. Of the first 3,000 head Shipped annually, 80 percent are

Cull Dairy Cows.

2. Of all Cattle over 2,400 head (80 percent of 3,000) only

10 percent are Cull Dairy Cows.

West:

1. Of the first 8,000 head Shipped annually, 80 percent are

Cull Dairy Cows.

2. Of all Cattle over 6,400 head (80 percent of 8,000) only

5 percent are Cull Dairy Cows.

ALL EXPORTS, Cattle Over 700 Pounds that are not Cull Dairy Cows are

assumed to be Steers and Heifers for Immediate SLAUGHTER.

Proportion of Cull Dairy Cows in EXPORTS,

Cattle Over 700 Pounds below a fixed critical figure

East, V53 - .80

West, V13 .80

Proportion of Cull Dairy Cows in EXPORTS,

Cattle Over 700 Pounds above a fixed critical figure

East, V531 .10

West, Vl3l .05

Proportion of Steers in the non-Cow portion of EXPORTS,

Cattle Over 700 Pounds

East, V54 .35

West, V14 .35

In addition, the Dairy/Beef proportion of EXPORTS of Cull Cows

is assumed to be in the same ratio as Cows in the general population.

Other assumptions include: (1) all EXPORTS Of Cattle Under 200 Pounds

are very young Male Dairy Calves, and (2) all EXPORTS of non-Purebred

Dairy Cattle are Dairy Cows.
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Finally, consideration must be given to the proportion of Males

in IMPORTS, Cattle Over 700 Pounds. It is assumed that this category

only contains Cattle for Immediate SLAUGHTER.

Proportion of Males in IMPORTS, Cattle Over 700 Pounds

East, West, Vl6 = .70

Simulation of EXPORTS and IMPORTS is done by the same

subtraction operation as was the case with SLAUGHTER.

Simulation of NEST-EAST Cattle-Calf

Movement

 

Closely related to foreign trade are the internal trade flow

variables. The following assumptions are made concerning the published

data.

1. Eastern Movements by rail are something less than total Cattle

Movements. The scale of coefficient for WEST-EAST Cattle-Calf

Movement is:

East, V9 l.07

Nest, V7 1 .07

2. Calves shipped for SLAUGHTER are assumed to be slaughtered

immediately. Calves shipped to FEEDLOTS or STOCKYARDS are

assumed to be placed in a feedlot or on grass.

3. Cattle shipped for SLAUGHTER are assumed to be slaughtered

immediately. Cattle shipped to FEEDLOT or STOCKYARDS are

assumed to be placed in a feedlot or on grass.

The remaining problem is the Male/Female division. The

following parameters are used.

Proportion of Males in Calf Movements for FEEDLOT and STOCKYARDS

V5 = .80 _

Proportion of Males in Cattle Movements for FEEDLOT and

STOCKYARDS

V12 = .80
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Proportion of Males in Cattle and Calf Movements for SLAUGHTER

VlS = .95

As with SLAUGHTER, EXPORTS, and IMPORTS, WEST-EAST Movements

are simulated by a simple arithematic operator: in the case of the

East, the recipient, an addition operator; in the case of the West,

the shipper, a subtraction.

Simulation of Feeder Cattle ALLOCATION

to Feeding Programs

 

 

As previously discussed, CATSIM models the feeding and finishing

of Cattle using two processes. The first or Ration A is a low energy

ration. The second, Ration B, is a high energy ration. While a whole

spectrum of processes are used in practice, these two processes in some

proportion are felt to reasonably represent cattle feeding and finishing

in Canada. The decision point comes at approximately six months of age

when the Calves are weaned and are brought in off the range.

An assumption made in constructing the model is that all

REPLACEMENT Cattle are taken from the low energy or A Stream. Thus,

at least enough Cattle must remain in this stream to comfortably provide

for REPLACEMENT flow. An extension of this assumption is that no Dairy

Heifers are diverted to the high energy B Stream.

Appendix A provides a discussion of the initial values used in

allocating six month old Calves to the two feeding-finishing processes.

These parameters and their values are:

Proportion of DeefoMales to Ration 8

East, V47

West, V7 .60
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Proportion of Daizy Males to Ration 8

East, V67 =

West, V27 = .70

Proportion of Beef Females to Ration 8

East, V48 = .30

West, V8 = .20

Proportion of Dairy Females to Ration 8

East, V68 = 0.0

West, V28 = 0.0

The simulation of Feeder Cattle ALLOCATION to Feeding Programs is

demonstrated in Figure 22.

Simulation of the Growth Process
 

One of the most important processes in cattle production is

that of growth (and feeding-finishing). This process can be of varying

length depending on genetic stock, feed intake, disease and environmen-

tal factors and the cultural or husbandry practices followed.

Three observations might be made. One, for any group of Cattle,

the growth (and feeding-finishing) rate varies from animal to animal.

This is true for one feedlot as well as for the total Herd. A second

observation is that given constant cultural practices, the average

length of the growing period might shorten over time, due to techno-

logical improvement in feeding and breeding and wider adaptation of

superior techniques. A third observation might be that the shape of

the distribution of cattle coming out of the growth process might change

for the same reasons as were used to support the hypothesis that the

growing rate was increasing.
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On the other hand, due to economic influences,l farmers,

ranchers, and feedlot operators might switch from one feeding practice

to another, from one breeding practice to another, and, in fact, may be

changing several aspects of production concurrently.

CATSIM is designed to accommodate the varying length or dis-

tributional aspect of the growth process, the trend in the growth

process over time and variation in the proportion of Cattle on one

of two feeding processes. Changes in Breeding Stock and cultural

practices can be accommodated by a replication of existing "streams"

in the model, plus a new vector of parameters describing that new

"stream."

CATSIM models the growth process by using a combination of

discrete or fixed time period delays, plus continuous or distributed

delays. These have been used in modeling the gestation delay and are

discussed in detail in Appendix 8.

Discrete delays are used to model the first portion of a Calf's

life. Variation will occur in the weight and degree of maturity of

Calves leaving this fixed period of time. Thus discrete delays are

used to model the first six months of all Calves' lives, the next six

months of Cattle on Ration A and the subsequent year for Heifers

entering the herd.2

 

‘Historically, farmers have been switching from a low energy

ration to a high feed intake, high energy ration through increased

feedlot finishing--with recent high grain prices, there is some

evidence that they are switching back to low energy rations.

2This simulation element is practical provided that Stream A

and B Cattle are not ready for slaughter before twelve and six months,

respectively, and Heifers to not calve before two years. In this latter
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After this first portion of the Calf's life has been simulated

with discrete delays, continuous delays are used to model the remainder.

A continuous distribution is characterized by the fact that a flow

entering at point A, leaves with an expected value at point B and a

distribution about point B. The subroutines used to model continuous

delays has two parameters, the first of these, DEL, provides the

expected value, the second, K, dictates the shape. The subroutines

used, model an erlang distribution. This distribution is described

and displayed graphically in Appendix B. By varying parameters DEL

and K, the distribution can range from a declining exponential (K==l)

through Chi-square (K==2,6) to an approximate normal (K==lO,25).

The problem then becomes one of determining the eXpected value

of that aspect of the growth and feeding-finishing process as well as

determining the shape or distribution about this expected value.

To bring the modeling of the growth and feeding-finishing

process into perspective, the following is laid out:

  

Growth Process Simulation Element

Calves one to three months Discrete delay

Calves four to six months Discrete delay

Ration B, 7 months onward Continuous delay

Ration A, 7-12 months Discrete delay

Ration A, l3 months onward Continuous delay

Heifers one to two years Discrete delay

Gestation period First Calf Continuous delay

Heifers

 

regard, CATSIM may be used to model an early calving process where

Heifers calve before two years, but a discrete delay could not be

used reasonably beyond one year of age.
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The discrete delays are modeled with a BOXC subroutine; the

distributed delays employ a subroutine called VDELDT. This latter

subroutine, VDELDT, has provision for changing DEL during the time

period being modeled; this allows a shortening or lengthening trend

to be modeled.1 This trend need not be linear.

IMPORTS EXP RTS IMP RTS EXP RTS

  

 

   
Cattle for

SLAUGHTER
+

 

“FLO” I DISTRIBUTED] OUTFLOW

l DELAY J

 

 

 

1DEL

K

DEATH Rate

x DEL

Figure 23. Simulation of Feeding-Finishing Process using a Distributed

De ay.
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| DELAY J

T2 DT's

 

DEATH Rate
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Figure 24. Simulation of a Growing Process using a Discrete Delay.

 

1CATSIM does not utilize the feature; however, it was built

into CATSIM so that it might be exploited in the future.
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The following initial parameter values are used in modeling

the cattle production and growth processes where distributed delays

are employed.

All Dairy Heifer gestation periods

East and West

DEL = .85

K = 3

Ration A feeding-finishing processes

East, Male and Female West, Male and Female

DEL = .83 DEL = .75

K = 3 K = 3

Ration B feeding-finishing processes

East, Male West, Male

DEL = .9l DEL = .99

K = 5 K = 4

East, Female West, Female

DEL = .83 DEL = .83

K = 5 K = 4

Simulation of REPLACEMENTS1
 

The proCess of adding REPLACEMENTS to the Breeding Herd can be

extremely complicated in that this investment function is a function of

the market mechanism. To this end, the behavioral models developed in

Chapter III are utilized to provide the price feedback of the market

mechanism in CATSIM3.

In CATSIMl, a much simpler mechanism is used; this mechanism

replaces a fixed proportion of the Herd annually.2 Since no price or

 

1The three versions of CATSIM (CATSIMl, CATSIM2, CATSIM3) are

basically differentiated on the basis of the simulation of REPLACEMENTS.

2As with SLAUGHTER flows, REPLACEMENT flows are calculated by

one method in CATSIMl while estimates are provided by MATRIX and the

behavioral models for CATSIM2 and CATSIM3. The following discussion

refers to the method used in CATSIMl.
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market feedback mechanism is involved, the cattle cycle is not

simulated. What is simulated is one of three phenomena, steady

state, exponential growth or exponential decline.

The modeling involves two basic parameters. The first

dictates the annual proportion of the Herd to be replaced. The

following values are used.

Proportion of the Dairy Cow Herd to be replaced

East, V65 = .l9l

West, V2l = .l60

Proportion of the Beef Cow Herd to be replaced

East, V6l = .l6

West, V31 = .l9

Proportion of the Bull Herd to be replaced

East, V62 = .476

West, V22 = .307

The second basic parameter allocates REPLACEMENTS in a quarterly

fashion. The basic assumption is that Heifers are added proportional to

the quarterly birth distribution. Bulls are added mainly in the first

and second quarters in a manner somewhat consistent with Beef Cow

calving distribution. This is verified semi-annually by program MATRIX.

Quarterly Dairy Cow replacement distribution

East, ADDDCE(l) = West, ADDDCW(l) = .27

ADDDCE(Z) = ADDDCW(2) = .30

ADDDCE(3) = ADDDCW(3) = .22

ADDDCE(4) = ADDDCW(4) = .21

Quarterly Beef Cow replacement distribution

East, ADDBCE(l) = .20 West, ADDBCW(l) = .l9

ADDBCE 2%= .50 ADDBCW 2; = .73

ADDBCE 3 = .l5 ADDBCW 3 = .05

ADDBCE(4) = ADDBCW(4) = .03
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Figure 25. Simulation of the REPLACEMENT Process (CATSIMl).
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Quarterly Bull replacement distribution

East, ADDBLE(T) = .50 West, ADDBLW(T) = .50

ADDBLE(Z; = .40 ADDBLW(Z; = .40

ADDBLE(3 = .05 ADDBLW(3 = .05

ADDBLE(4) = .05 ADDBLW(4) = .05

CATSIM2 uses the REPLACEMENT values calculated by program MATRIX.

These are listed in Tables 5 and 7. CATSIM3 uses the REPLACEMENT values

estimated by the behavioral models developed in Chapter 111; these are

listed in Tables ll and l3.

Simulation of Steer and Heifer SLAUGHTER
 

The purpose of a Cattle Herd in Canada, besides milk production,

is for the production of beef and veal. The input into beef and veal

production is, of course, Cattle and Calves. CATSIM generates the

following vector of SLAUGHTER flows for both East and West.1

SLAUGHTER, Stream A (low finish)

Beef Steers

Dairy Steers

Beef Heifers

Dairy Heifers

SLAUGHTER, Stream 8 (high finish)

Beef Steers

Dairy Steers

Beef Heifers

Dairy Heifers

While the generation of each element in this vector is done

with something less than absolute accuracy, the potential exists for

 

lSLAUGHTER estimates for Cull Cows and Bulls, as well as Calves,

is provided by program MATRIX and the relevant behavioral models

previously discussed.
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incorporation of new information to improve accuracy for testing

hypothesis, making projections and simulating different grades and

quantities of beef and veal.

CATSIM aggregates the output of Stream A and B and adjusts

these for appropriate EXPORTS, IMPORTS, and WEST-EAST Cattle Movements.

Two basic assumptions are made. The first is that trade in SLAUGHTER

Cattle is in terms of Beef Cattle only. The second is that the

SLAUGHTER element in WEST-EAST Cattle Movements are Cattle for

Immediate SLAUGHTER and all IMPORTS of non-Purebred Cattle and all

non-Cull Cow EXPORTS Over 700 Pounds are also for Immediate SLAUGHTER.

The problem that remains is one of making the Male/Female separation.1

Proportion of Males in WEST-EAST Cattle Movements

East, West, Vl5 = .95

Proportion of Males in EXPORTS, Cattle Over 700 Pounds

(that portion that is not Cull Cows)

East, V54 .35

West, V14 .35

Proportion of Males in IMPORTS, non-Purebred

East, West, V16 = .70

 

1The SLAUGHTER estimates of CATSIM2 are listed in Appendix G.
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Figure 26. Simulation of Local Steer and Heifer SLAUGHTER.



CHAPTER VI

MODEL TESTING AND OPERATION

Model CATSIMl is a highly deterministic model incorporating,

simplifying and limiting assumptions. These assumptions were discussed

in Chapter V and concern investment and disinvestment in the Breeding

Herd.1 While these assumptions might initially appear to be limiting,

this model proved to be very useful in developing the more realistic

versions that are to be discussed subsequently. It also proved useful

for conducting preliminary tests and for estimating the magnitude and

sign of preliminary stock and flow variables. Itis felt that CATSIMl

will prove useful in certain types of future practical applications.

The output of program MATRIX is incorporated into the basic

CATSIMl to produce CATSIM2. That is, the simplifying investment/

disinvestment assumptions of CATSIMl are dropped and MATRIX output

(as amended) is incorporated directly. A comparison of the output

of CATSIMl and CATSIM2 demonstrates the superiority of the second

model. CATSIM2 is used for all sensitivity tests on the Cattle

Herd simulator.

CATSIM2 is operated in a stochastic mode to generate CATSIM3.

In the latter instance, the output of MATRIX is replaced by the

 

1The stock and flow notational convention continues to be

used in Chapter VI.
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estimated values produced by the behavioral equations. The operation

and output of CATSIMl, CATSIM2, and CATSIM3 are discussed in the last

sections of this chapter.

The first section discusses the model validation process.

The second section tests the sensitivity of key parameters and serves

as a "quasi optimization" procedure for obtaining parameter estimates.

The third section discusses model stability while the fourth and fifth

sections make the comparisons among CATSIMl, CATSIM2, and CATSIM3.1

Validation of the Model
 

At this stage of model development, the questions "is the

model valid" and "how do you know that it is valid" could be asked.

As mentioned in Chapter II, the process is largely one of demonstrating

that the model fails to be invalid. Two tests of validation were set

out in the study objectives. They are repeated here.

l. To successfully "track" past Population and SLAUGHTER

data consistent with the simplifying assumptions used

(the correspondence test).

2. To generate disaggregation Population and SLAUGHTER data

series and to generate REPLACEMENT and CULL data series

that are held to be highly plausible (the coherence test).

Starting with the second objective first, REPLACEMENT and Cull

data series were generated by program MATRIX. These data series are

 

1For the balance of this dissertation the program name CATSIM

will be used when the discussion refers generally to all three

variations of the model.
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given in Tables 5 and 7 and displayed in Figures l4 to 17. One test

of their validity involves a comparison of the output of CATSIMl with

CATSIM2. Since the output of MATRIX is expected to be superior to the

simplifying assumptions concerning investment/disinvestment used in

CATSIMl, a comparison of the output of CATSIMl and CATSIM2 with the

official published statistics should reveal the superiority of CATSIM2.

These comparisons are demonstrated in Figures 27 to 32.

Appendices F and G contain a list of historic Population and

SLAUGHTER data estimates. These data are in the disaggregate form that

was initially specified in the hypothesis. A comparison of these data

with the published statistics cannot be made for the obvious reason.

These disaggregate data must wait to be tested by tests that fall

beyond this particular study.

A demonstration of objective one is given in Figures 27 to 40.

These figures, for example, compare Cow Population estimates under the

assumptions made in CATSIMl, CATSIM2, and CATSIM3. These three sets of

estimates and their comparisons occupy the body of the balance of this

chapter.

At this point the first two tests of objectivity, as given in

Chapter II, are applied to the models. The first is a test of consist-

ency with observed and possibly recorded experience. This first test

concerns the relationship of the structure of the model with the

structure of the real world-~does the model fairly represent the

real world? The answer to this question is a qualified "yes." The

impetus to develop CATSIM stemmed from lack of detail inherent in
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compatible models. By including more detail, CATSIM comes closer

to the real world than these latter models.l A second level of

comparison involves the modeling of individual components. At this

level, a comparison of assumptions specific to that component may be

made with the reviewer's knowledge of the real world. Many oversim-

plifying assumptions were made--the effect of these is discussed

throughout the balance of this chapter, while additional model

developments are explored in Chapter VII. A third level of comparison

is that of comparing generated data series (or some aggregate) with

published data series; these comparisons are scattered throughout the

dissertation in the form of figures and tables.

The second test of objectivity is the logical internal con-

sistency of the concepts used. While this test is of necessity related

to the one above, the model must prove itself in terms of stability;

that is, do the components fit together to present a stable model that

accurately reproduces the system being modeled. The model proved to

be stable within the confines of the assumptions. The stability

aspect of CATSIM is covered in the next section.

The third test of objectivity is one of interpersonal trans-

missibility of the concepts used and the results produced. This test,

together with the fourth, workability of the model, has not been fully

applied. These tests are ongoing and will be given a more rigorous

 

1As has been mentioned, CATSIM does not have complete price

feedback loops as do many models to which CATSIM might be compared.

This assertion concerns that portion of a model to which CATSIM might

be compared.
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application when CATSIM is adapted to the set of planned or proposed

applications.

The first two objectivity tests were applied during model

construction and during model testing. They will continue to be

applied during model application--the process never ends. In addition,

as the model is given wider exposure during application, the potential

for failure increases-~in this sense the test of objectivity become

more severe through time. Failure will result in a return to some

earlier step in the system simulation process to make revisions and

to implement additional tests.

Model Sensitivity
 

The model of the Cattle Herd (CATSIM) is composed of: (l)

stocks and flows of Cattle and Calves, (2) a structure describing the

relationship of these stocks and flows to each other, and (3) a struc-

ture that describes the relationship of the Cattle Herd to the balance

of the economy.

The structural relationships are built or designed in terms

of parameters. In the behavioral models the relationships are eXpressed

in terms of regression coefficients which are estimates of the true

parameters. These regression coefficients are estimated by ordinary

least squares regression analysis, which attempts to minimize a squared

error objective function. In the balance of this section, a squared

error value is also used to provide some insight into the impact on

the model's outcome of varying the value of selected parameters. In



255

other words, this "squared error value" will be used as the index

of model sensitivity to parameter changes.

In Chapter IV, a simple error value was used as the index to

"correctness" in the case of model RECON. This index was used to indi-

cate the direction of change for parameter values in order to achieve

some gross indication of optimality. The basis for the error value in

that instance was Steer and Heifer SLAUGHTER. It is believed that

published Steer and Heifer SLAUGHTER statistics are reasonably

accurate; therefore, this basis will be used once again.

Three squared error values are calculated for each parameter

setting. These three squared error values are calculated as follows:

MSteer Squared Error = 2 (Published Steer SLAUGHTERij

i

(
T
I
L
:

stimated Steer SLAUGHTER“)2

Heifer Squared Error = Z 2 (Published Heifer SLAUGHTER

i j

- Estimated Heifer SLAUGHTERij)2

13

Total Squared Error = Z 2 (Published Steer SLAUGHTER

l J

+ Published Heifer SLAUGHTER - Estimated Steer SLAUGHTER

- Estimated Heifer SLAUGHTER)2

where

d
o

l
l

years l958-l975 inclusive

four quarters of each year.

(
.
1
.

l
l
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These squared error values are given in Tables 24 and 25 for

several key parameters. Each of these parameters is varied over a

reasonable range. In many instances a minimum squared error value

is found within the context of the balance of the model. A true
 

optimization algorithm would allow all_parameters (or a relevant

sub-set) to vary concurrently. Since this latter instance does not

apply, the technique does not necessarily indicate the optimum parameter

value. Other evidence of optimum parameter value is incorporated into

the analysis such as visual inspection of the output, a knowledge of

the model's idiosyncracies1 as well as some a priori knowledge of likely

values for certain parameters.

In order to minimize the potential for error in utilizing this

method (sensitivity test results) to provide some sense of optimality,

the subject parameters were ranked in order of significance.2 The

results of the sensitivity run on parameter one are used to adjust

parameter one prior to conducting the sensitivity test on parameter

two, and so on. Regardless of the inaccuracy of parameter estimates,

the technique provides a good index of parameter sensitivity.

Many parameters could have been tested. However, it is felt

that the key ones have been selected; testing additional parameters

would not add a great deal to our knowledge of the system given the

 

1Problems with initialization of the delay subroutines cause

1958 and 1959 SLAUGHTER estimates to be less than accurate. These

obviously inaccurate values are included in the squared error term,

tending to bias it in an upward direction.

2In developing and building the model, the sensitivity and

impact of certain parameters become apparent.
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current level of sophistication of the model and the technique. The

following parameters were selected for sensitivity tests.

- BIRTH Rate--Beef Cows and Heifers, West

--Dairy Cows and Heifers, East

0 The "DEL" parameter1 in all Steer and Heifer delays

' The "K" parameter2 in all Steer and Heifer delays

. The scale up of WEST-EAST Cattle-Calf Movement

For the East only:

0 The proportion of Female Calves in UNINSPECTED Calf SLAUGHTER

- The proportion of Female Cattle in UNINSPECTED Cattle SLAUGHTER.

Model Stability
 

Stability refers to a system's ability to return to the region

of a steady state (or growth path) when that system receives an exoge-

nous shock. In this discussion of CATSIM, a slightly wider interpre-

tation of stability is used-~that is, stability refers to the system's

ability to respond to natural control features inherent in the real

world.

Most systems have feedback loops that give direction to the

system. In the Cattle-Calves economy these include price feedback

loops. These loops provide interaction with the balance of the

economy. CATSIM by itself does not have price feedback loops;

 

1This parameter indicates the expected value of the length of

the delay.

2The parameter dictates the shape of the delay distribution

and is a key parameter in the standard deviation of the delay

distribution.
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Sensitivity test results on selected model parameters--

CATSIM2, West

 

A. Beef BIRTH Rates (BRWBC, BRWBH)

 

Squared error values

 

 

    
 

 

    
 

 

   
 

BRWBC

BRWBH Steer error Heifer error Total error

.82 .25770 E + Tia .20755 E + ll .43092 E + ll

.83 .22202 E + 11 .20657 E + 11 .36717 E + 11

.84 .20158 E + 11 .21587 E + 11 .34438 E + 11

.85 .19138 E + 11 .33544 E + 11 .36356 E + 11

.86 .19142 E + 11 .30539 E + 11 .42121 E + 11

B. WEST-EAST Cattle Movement, scale-up factor (V9)

V9b

1.00 .19981 E + 11 .20056 E + 11 .34006 E + 11

1.02 .20909 E + 11 .20098 E + 11 .35409 E + 11

1.04 .22185 E + 11 .20154 E + 11 .37311 E + 11

l.06 .23810 E + ll .20223 E + ll .39709 E + IT

1.08 .25784 E + 11 .20305 E + 11 .42606 E + 11

C. DEL paramater, the High Energy Ration Streams (B Stream)

DEL

.67 54760 E + 11 .25315 E + 11 .84313 E + 11

.75 37900 E + 11 .26152 E + 11 .65794 E + 11

.83 27982 E + 11 .26613 E + 11 .55229 E + 11

.91 22397 E + 11 .26676 E + 11 .48925 E + 11

.99 T9467 E + ll .36446 E + ll .44971 E + ll

aThe value .25770 E + ll is read .25770 times To raised to the

power ll.

b

set at their final values.

BRWBC and BRWBH are set at .82; the “DEL" and "K" values are



Table 24--Continued

259

 

 

 

 

    
 

 

    
 

 

D. K parameter, the High Energy Ration Streams (B Stream)

Squared error values

K Steer error Heifer error Total error

3 .22584 E + ll .225l3 E + ll .28277 E + ll

4 .2l6l4 E + ll .24034 E + ll .42594 E + ll

5 .22397 E + ll .26152 E + ll .50978 E + ll

6 .24687 E + ll .28652 E + ll .62281 E + ll

7 .28422 E + ll .3l39l E + II .7594l E + ll

E. DEL parameter, the Low Energy Ration Streams (A Stream)

DEL

.59 .2l757 E + ll .40285 E + ll .703l8 E + ll

.67 .l9556 E + ll .30074 E + ll .48699 E + ll

.75 .l9702 E + ll .24582 E + ll .39456 E + ll

.83 .l9605 E + ll .21582 E + ll .36494 E + IT

.9l .20389 E + ll .20089 E + ll .36570 E + ll

F. K parameter, the Low Energy Ration Stream (A Stream)

K

2 .22873 E + ll .29857 E + ll .5837l E + ll

3 .l9202 E + ll .24250 E + ll .39456 E + ll

4 .l9l36 E + ll .23588 E + ll .36369 E + ll

5 .21l24 E + IT .25859 E + ll .43647 E + ll

6 .24445 E + ll .30574 E + ll .58343 E + ll
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Sensitivity test results on selected model parameters--

CATSIM2, East

 

A. Dairy BIRTH Rates (BREDC, BREDH)

 

Squared error values

 

 

    
 

 

    
 

 

    
 

 

BREDC

BREDH Steer Error Heifer error Total Error

.70 .20633 E + 11 .13342 E + 11 .55921 E + 11

.71 .19653 E + 11 .12444 E + 11 .52182 E + 11

.72 .19348 E + 11 .12222 E + 11 .51138 E + 11

.73 .19716 E + 11 .12667 E + 11 .52788 E + 11

.74 .20759 E + 11 .13792 E + 11 .57134 E + 11

B. WEST-EAST Cattle Movement, scale-up Factor (V9)

vga

1.00 .20931 E + 11 .14546 E + 11 .58473 E + 11

1.02 .20446 E + 11 .14559 E + 11 .58047 E + 11

1.04 .20314 E + 11 .14558 E + 11 .58120 E + 11

1.06 .20532 E + 11 .14625 E + 11 .58693 E + 11

1.08 .21102 E + 11 .14678 E + 11 .59766 E + 11

C. DEL parameter, the High Energy Streams (B Stream)

DEL

.67 29423 E + 11 .14803 E + 11 .71598 E + 11

.75 .25249 E + 11 .14531 E + 11 .65047 E + 11

.83 .22879 E + 11 .14370 E + 11 .61338 E + 11

.91 21609 E + 11 .14282 E + 11 .59398 E + 11

.99 20975 E + 11 ..14241 E + 11 .58489 E + 11

D. K parameter, the High Energy Streams (B Stream)

K

3 .22578 E + 11 .14492 E + 11 .62113 E + 11

4 .21852 E + 11 .14420 E + 11 .60543 E + 11

5 .21609 E + 11 .14385 E + 11 .59758 E + 11

6 .21713 E + 11 .14387 E + 11 .59573 E + 11

7 .22117 E + 11 .14422 E + 11 .59890 E + 11    
aBREDC and BREBC are set at .73.
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E. Del parameter, the Low Energy Streams (A Stream)

Squared error values

DEL Steer error Heifer error Total error

.67 .23l62 E + IT .l4797 E + ll .62987 E + ll

.75 .2l609 E + ll .l4385 E + ll .59758 E + ll

.83 .20386 E + ll .l4084 E + ll .57265 E + ll

.9l .l9396 E + ll .l3848 E + ll .55254 E + ll

.99 .l8580 E + ll .13653 E + ll .5358l E + ll

F. K parameter, the Low Energy Ration Streams (A Stream)

K

2 .2l00l E + ll .l3429 E + ll .57270 E + ll

3 .2l609 E + ll .l4385 E + ll .59758 E + ll

4 .22401 E + ll .l5205 E + ll .62592 E + ll

5 .23333 E + ll .l6020 E + ll .65757 E + ll

6 .24376 E + ll .l6834 E + ll .69l45 E + ll

G. Steer proportion of UNINSPECTED Cattle SLAUGHTER

V76

.20 .3970l E + ll .33808 E + ll .57223 E + ll

.30 .25l82 E + ll .l9078 E + ll .57223 E + ll

.40 .20306 E + ll .l4072 E + ll .57223 E + ll

.50 .253l3 E + ll .l8788 E + ll .57223 E + ll

.60 .39964 E + ll .33228 E + ll .57223 E + ll

H. Heifer proportion of UNINSPECTED Calf SLAUGHTER

V34

.l5 .l99l4 E + ll .14592 E + ll .57463 E + ll

.25 .20l43 E + ll .l4325 E + II .57343 E + ll

.35 .20386 E + ll .l4072 E + ll .57223 E + ll

.45 .20642 E + ll .13833 E + ll .57l05 E + ll

.55 .209l3 E + IT .l3609 E + ll .56988 E + ll
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however, version CATSIM3 does incorporate price and other stimuli

through the behavioral elements. To the extent that these price

feedback loops are not closed by incorporation of a second model

(a model determining price), CATSIM is unstable.

The CATSIMl version is highly sensitive and unstable due to

the method of Replacement Heifer generation.1 In CATSIMl, REPLACEMENTS

are generated as a proportion of the existing Cow Herd. If the propor-

tion is slightly high (low), the Cow Herd grows (or declines) exponen-

tially, finally exploding (or collapsing). This feature was found to

be very useful in arriving at initial values for certain parameters as

a slight change in the value of a parameter became very apparent over

a l5 year run of the simulator.

To demonstrate, CATSIMl is analogous to the following very

simple system with respect to its dynamic properties.

The model of the simple system is expressed by the

differential equation:

Pt
da-t-=BR-Pt-DR-Pt-S

where Pt population in time period t;

BR = BIRTH Rate;

DR = CULL + natural DEATH Rate; and

S = other factors such as EXPORT and IMPORT Rates.

 

1This model can be controlled through incorporation of a price

feedback loop where price directed the "rate“ of REPLACEMENT.
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If it is assumed that S = 0, then the solution to the differential

equation is:

(BR-DR)t
Pt = Poe

This model's dynamic properties are shown in the following graph.

These properties are also shared by CATSIMl.

t if BR>DR

if BR=DR
 

 if BR<DR

 

Version CATSIM2 does not explode in an exponential sense due

to the method of calculation of REPLACEMENTS. However, due to the lack

of price feedback, the output can become highly biased without a

cDrrection mechanism coming into effect.

Since a simulator is a second level of abstraction from reality,

instability can occur in the simulator even though it does not appear

in the real world or the mathematical model. This stability or lack

of stability is a function of the models' parameters and especially

those associated with the distributed lag subroutines. This aspect

of stability is discussed in Appendix B.
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Version CATSIM3 is by design a model reflecting the impact

of relevant prices and other external influences. While the model

itself does not complete the price feedback loop, to be operated as

a partially closed system this loop must be closed. Thus, in operation

CATSIM3 is stable within the bounds of the cattle cycle.1

CATSIMl and CATSIM2 are unstable in the sense of the above

discussions. Lack of stability, however, does not preclude their

application to a range of problems and research questions.

Operation in a Deterministic Mode
 

CATSIMl and CATSIM2 operate in a deterministic mode, that is,

they contain no stochastic elements. The main difference between

CATSIMl and CATSIM2 involves the method of generation of Cow SLAUGHTER

and REPLACEMENTS. This difference has been stated before on several

occasions and is discussed in detail in Chapter IV.

The best method of conveying an understanding of the per-

formance of these two models is to visually display the output. To

that end, Figures 27 to 32 plot the historical Cow and Bull Population

as estimated by these two models. These estimates in turn are compared

with the published Population statistics. The estimated flow of

Slaughter Steers and Heifers is given in Figures 37 to 40 in the

next section. These latter estimates are also compared with

published SLAUGHTER statistics.

 

1This was the case over the l958-l972 test period. The model

could be tested using extreme prices and price variations.
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CATSIM2 tracks Cow Population official statistics with

extremely low error in the West and with tolerable error in the East.

The tracking of official Bull Population statistics is less precise

with error mostly below 5 percent although in the l97l-l972 case,

the errors are larger.

In operating CATSIM2, it was found to be necessary to alter

MATRIX output1 in three instances. This was found to be necessary

to force CATSIM2 output to track the official statistics. This

alteration was applied in terms of a factor multiple of the MATRIX

REPLACEMENT series. These factors are as follows:

Bull, REPLACEMENTS, West x .97

East x 1.03

Beef Cow, REPLACEMENTS, East x 1.03

All others x 1.00

In all instances, an attempt was made to keep all_parameter

settings constant between MATRIX and CATSIM2. This was not always

possible as the structure of the two models is inherently different.

In the case of Western bulls, CATSIM2's ability to exactly duplicate

the conditions of MATRIX is obviously open to some error, as evidenced

by the divergence of the estimated from the published Bull Population

data series. The fact that a correction factor of .97 is needed

indicates that the differences between CATSIM2 and MATRIX are not

only random but also biased.

 

1The reader is reminded that CATSIM2 used REPLACEMENT and Cow

SLAUGHTER data as generated by program MATRIX and_as amended.
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The explanation for Eastern Beef Cows is different. The data

series (Cow SLAUGHTER and REPLACEMENT) used in CATSIM2 is not the

original MATRIX output but the altered output. This alteration

accounts for most of the adjustment factor of l.03. The Eastern

Dairy Herd did not require any adjustment factor since the alterations

are relatively much smaller with respect to the larger Dairy Herd.

These alterations, however, show up in the form of poorer tracking

in the East than in the West.

CATSIMl1 overestimates Western Beef Cow Population during the

l958-l963 expansion period and underestimates it during the l964-l969

contraction period, contrary to expectations. In the East, the Beef

Cow Population is once again overestimated during the l958-l963 period

but gives predictable (overestimated) results during the l965-l969

downswing in the cattle cycle.

In the West, the Dairy Cow Herd was assumed a priori to be

immune to the cattle cycle, consequently MATRIX was constructed on

such a premise.2 In addition, MATRIX output was used in an unaltered

form with respect to Western SLAUGHTER and REPLACEMENT data sources.

 

1CATSIMl calculates REPLACEMENTS as a constant proportion of

the existing Cow Population. This model then does not respond to the

cattle cycle except through the Cow SLAUGHTER element; thus, the

response is weak. A priori, it would be assumed that CATSIMl would

overestimate Heifer REPLACEMENTS (thus Cow Population) in the downswing

of the cattle cycle and vice versa in the upswing.

2The fact that this premise did not hold true resulted in

significant serial correlation occurring with the behavioral model

for Western Dairy Cow models.
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Figure 28 shows the results--a steady decline in Dairy Cow numbers.

The published statistics, however, show a rather definite cycle

tending to dispute this stability premise.

The alterations made to the Eastern output of MATRIX may have

been unnecessary as the output of CATSIM2 clearly exaggerates the cycle

indicated by the published Dairy Cow Population series, especially over

the l959-l965 period.

Operation in a Stochastic Mode
 

CATSIM3 is developed by adding the behavioral models developed

in Chapter III to CATSIM2. In effect, the elements of CATSIM2 concern-

ing REPLACEMENT and SLAUGHTER are replaced by the behavioral estimators.

To reiterate, these behavior models estimate (l) Cow SLAUGHTER and

REPLACEMENT, (2) Bull SLAUGHTER and REPLACEMENT, and (3) Calf SLAUGHTER.

CATSIM3 represents the most sophisticated version of CATSIM

developed in this study. The inclusion of the behavioral models allow

the incorporation of price feedback loops and provide other points of

interaction between the Cattle-Calves sub-sector and the balance of the

economy.

Figures 33 to 36 compare the output of CATSIM3 with CATSIM2

as well as with the official published statistics with respect to Cow

Population. Figures 37 to 40 make these same comparisons with respect

to Steer and Heifer SLAUGHTER. The first comparison reflects the

accuracy of the behavioral models with respect to Cow SLAUGHTER and

REPLACEMENT. The second comparison reflects the accuracy of the
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behavioral models with respect to the above, plu§_the accuracy of

Calf SLAUGHTER estimates.

With respect to Cow Population estimates (Figures 33 to 36),

CATSIM3 provides acceptable estimates in comparison with CATSIM2. Most

turning points are reflected; the magnitude of quarter to quarter and

year to year adjustments are estimated quite accurately as well. A

statement that generalizes CATSIM3 performance might be that it

"moderates" cyclical adjustments.

The CATSIM3 estimates of INSPECTED SLAUGHTER (Figures 37 to 40),

closely approximate those of CATSIM2. Steer SLAUGHTER estimates are

particularly close; Heifer SLAUGHTER estimates show more deviation

between CATSIM2 and CATSIM3 estimates. This might be explained in

terms of the fact that Heifer SLAUGHTER is derived from those Heifers

that are surplus or residual to REPLACEMENT needs. Since more Heifers

are used for REPLACEMENT, any error in REPLACEMENT estimates generate

a relatively much larger SLAUGHTER error.

Figures 37 to 40 compare SLAUGHTER estimates with official

published statistics. The statement that SLAUGHTER is a residual

applies to CATSIM, and, in fact, the real world. Thus, all flow

errors are summed and are finally revealed in SLAUGHTER estimates.

Generally speaking, the observed seasonal SLAUGHTER pattern is more

variable than the somewhat fixed CATSIM seasonal SLAUGHTER.‘ For this

reason, the turning points in the estimated and the official data series

1The CATSIM seasonal pattern is fixed to the extent that the "K"

and "DEL“ parameters of the continuous delays are constant.
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do not occur in the same quarter in every instance. The obvious

conclusion is that the observed feeding-finishing lag fluctuates

about the stable one built into CATSIM.

CATSIM tends to even out the observed peaks in SLAUGHTER.

This would indicate the shape of the continuous delay's distribution

is too flat.1 A "best" fit is obtained by using this flat or smoothing

distribution together with a "mean" delay in the feeding-finishing

process. These two unrealistic fixed values (mean delay and delay

distribution) tend to complement each other. If a more accurate delay

were introduced, a more responsive (less flat) delay distribution could

be used.

The second set of comments concerning SLAUGHTER estimates

refer specifically to Heifer SLAUGHTER. These latter estimates deviate

markedly from the observed or official Heifer SLAUGHTER. This deviation

is a result of the two factors mentioned above, namely, (l) SLAUGHTER is

a residual, and (2) the continuous delay element in the model does not

accurately reflect actual conditions, but rather "mean" conditions.

In Figure 38, estimated and official estimates differ widely during

the l962-l963 and l966-T967 period. In Figure 40, this difference is

noted in the l964-l965 period. The l965-l966 period is the first two

years of the cattle cycle downswing. In many years, estimated Heifer

SLAUGHTER is lower than official Heifer SLAUGHTER. A plausible expla-

nation might be that official Heifer SLAUGHTER includes both Heifers,

 

1The shape of the continuous delay's distribution, the erlang

distribution, is determined by the parameter "K."
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as defined in CATSIM, plu§_very young Cows. The latter would in

many cases meet the physiological limits of a Heifer as defined for

SLAUGHTER statistics purposes.

In summary, CATSIM3 appears to operate as well as CATSIM2

or stated in another fashion, introduction of the behavioral elements

causes little, if any, loss in estimation accuracy, while introducing

all the advantages of the price feedback and other interaction with

the non-Cattle-Calves economy. The limitations of CATSIM2 are also

the limitations of CATSIM3.
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CHAPTER VII

SUMMARY AND APPLICATION

The most substantive results of the study are contained in

the structure and assumptions of the various models which are built

in the course of this investigation. These assumptions and the models

structure are described in the body of the thesis and will not be

reiterated in this final chapter.

The Cattle Herd simulator that was designed and built is called

CATSIM. It is, however, the end result of a series of other subservient,

but nevertheless, useful models. These latter models are used to esti—

mate parameter values and generate data series that were not available,

but are required to construct the Cattle Herd simulator.

The first section of this final chapter summarizes these

various models, describes their purpose, relates the models to each

other and to the study objectives as listed in Chapter I. In addition,

chapters, figures, tables, and appendices are referenced where these

describe various aspects of the model or its output.

Summary

In order to build the simulator, it was necessary to utilize

existing official data that are descriptive of the Canadian Cattle Herd.

These data become the stock and flow variable values for the simulator,
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as well as for all other models.1 It was recognized at the onset that

these official data were not necessarily accurate nor were the various

series compatible with each other. In addition to these two short-

comings, these data are not comprehensive enough to support the

proposed simulator. In order to assess the official data, a simple

simulator was built. This simulator, called RECON, was built on the

basis of a single identity. Some of the key results obtained from

the use of RECON are described later in this section.

Parameter estimation is another major part of this study.

One major set of parameters is estimated by ordinary least squares.

This technique is applied to l6 behavioral relationships that were

designed for CATSIM3. While many more behavioral and time variant

relationships could have been considered, the scope of this study

limited it to l6. The behavioral relationships serve to complete the

‘price feedback loop that provides direction to the growth of the Cattle

Herd. They also provide the connecting link between Cattle-Calves sub-

sector and the wheat-feed grain sub-sector, as well as with the balance

of the economy.

In order to fit these behavioral relationships, a set of time

series data was required that was not available from published statis-

tics. To generate these data, the endogenous variables, a third model

was built. It is called MATRIX.

 

1The notational convention employed to denote stock and flow

variables is continued in this final chapter. This convention is

outlined in Table 2, pages 50-5l.
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Additional parameter values were needed that could not easily

be estimated by econometric techniques because of the lack of historical

data series. In truth, often the purpose of obtaining parameter esti-

mates was to generate the missing data series. In these instances,

parameter estimates were obtained from a variety of sources including

data compiled by various organizations, by extrapolation and by obtain-

ing guesstimates from individuals who should be in a position to provide

reliable information. The test of these parameter values is their

objectivity in use in the various models.

All models are based in large part on judgment. The structure

of these models is based on judgment; certain parameter values are based

on informed judgment. In almost all cases, this judgment was given by

individuals who had no subsequent opportunity to revise, clarify, or

defend their subjective estimate. The stage of devel0pment of these

models is such that refinement can only come through interaction between

these subject matter specialists and the model. This will occur

subsequent to this study.

Program MATRIX and the Behavioral Models

The model used to generate the endogenous data series for the

behavioral models (and ultimately for version CATSIM3) is called MATRIX.

These data series are used directly in version CATSIM2 as well. This

model is described in Chapter III while its Fortran program is listed

in Appendix C.

This model generates a time series of quarterly Dairy and Beef

Cow SLAUGHTER (CULL) and REPLACEMENT data. These same data series are
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generated for Bulls. A listing of these data series, together with

Male and Female Calf SLAUGHTER, is given in Tables 5 to 8.

One test of the reliability of these data series is to assess

their performance in the simulator. Version CATSIMl does not use these

data series while CATSIM2 does. Figures 27 to 32 compare Cow and Bull

Population estimates given by CATSIMl, CATSIM2, and the official pub-

lished data. Since the only difference between CATSIMl and CATSIM2

involves these data, their relative performance can be attributed to

it. CATSIM2's superiority is marked; these data series are considered

to perform satisfactorily.

MATRIX was designed so as not to generate a Western Dairy

Cattle cycle while an Eastern cycle was built into the model's output.

The results demonstrated in Figures 28 and 3l clearly demonstrate that

such a cycle does exist in the West while it is overemphasized, as

simulated, in the East.

A most annoying outcome of MATRIX is the presence of negative

REPLACEMENT Bull flow during certain third and fourth quarters. Dis-

cussions with livestock officials could only produce very tentative

explanations of this anomaly. It might be suspected that Bull

SLAUGHTER data is in error or Bulls make up a disproportionately

high element in UNINSPECTED Cattle SLAUGHTER or both.

The behavioral models employ an "excess price" model that

abstracts from "own price." This model was developed to avoid the

use of simultaneous equations as the simulator requires quantities

only. The theoretical development of the excess price model is given
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in Chapter III as well as the devel0pment of the behavioral models

which utilize it. The parameter estimates for the l6 behavioral

models are given in Tables 9 to ll.

The excess price model served as a good predictor of quantities

when evaluated in terms of the statistics R2 and R2. This was the case

in spite of the fact that "own price" was excluded in keeping with the

theoretical model.

The excess price model proved to be particularly disappointing

as it failed to provide the theoretically predicted sign for many

regression coefficients. This model obviously requires additional

development even though its preditive ability is very good in its

present form.

A variation of the excess price model employing lagged

endogenous variables was used in all behavioral models. These lagged

endogenous variables entered most models at a highly significant level

(l percent level of significance). Because these estimators are

quarterly and the cattle production cycle is annual, seasonal dummy

variables were significant variables in most models.

A time trend or cycle was present in many models that was not

otherwise accounted for by the exogenous and lagged endogenous vari-

ables. In some instances, especially Bull SLAUGHTER and REPLACEMENT,

the trend or cycle was not removed. This resulted in significant serial

correlation, however, it was not considered to be highly detrimental to

their usefulness as quantity predictors in the context of program CATSIM.
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Program RECON
 

The purpose of RECON was to attempt a dynamic reconciliation

of the various published data series that describe the Canadian Cattle

Herd. This model is described in Chapter IV while its Fortran program

is listed in Appendix D. The model was used to gain knowledge of these

data series and to obtain some preliminary estimates of parameter values.

It is intended to be used to test hypotheses concerning parameter values

and structure as well as hypotheses concerning the consistency or

accuracy of the published data series. Several of these latter tests

were made in this study.

Statistics Canada publishes semi-annual Calf BIRTH statistics.

Western BIRTHS were found to be consistent with the Western Cow Popula-

tion (plus a proportion of the Beef Heifer Population) when BIRTH Rates

of 85 percent for Beef and 76.5 percent for Dairy were utilized. Year

to year variation ranges from I percent high to 6 percent low for the

official estimates.

In contrast, Statistics Canada's Eastern BIRTH estimates were

8-l8 percent higher than RECON estimates when BIRTH Rates of 85 percent

for Beef and 75 percent for Dairy were applied in a similar fashion.

This discrepancy between official and estimated BIRTHS appears higher

in later years.

An interesting observation is made that the discrepancy in the

East and West move in opposite directions over time. In addition, the

magnitude of the discrepancy appears somewhat correlated with the cattle

cycle.
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Another official data series and potential source of Dairy

Calf BIRTH data is the Dairy Correspondent Survey. This Survey's

data series, Cows and Heifers to FRESHEN This Month, overestimated

RECON's estimated Dairy BIRTHS by 9-30 percent with the Eastern

relative discrepancy being slightly larger than the Western.

Statistics Canada's December lst Calf Population estimates

proved to be reasonably consistent with RECON estimates in the case

of the West, especially when considered in light of Western BIRTH

discrepancy. In contrast, the Eastern official estimates were 9-24

percent below the RECON estimates. This discrepancy has tended to

increase through time.

It was previously stated that Statistics Canada's Eastern

BIRTH estimates were high and tending to get higher through time

while December lst official Eastern Calf Population estimates were

low and getting lower through time. This inconsistency is the most

marked result of the RECON analysis and the one most worthy of further

study.

An analysis of REPLACEMENT Rate did not produce startling

results when compared with a priori assumptions. The one possible

exception is the case of Bull REPLACEMENTS. This latter Rate is much

higher in the case of the West than the East. It would appear that a

herd sire is used for two seasons on average in the West while being

used for three seasons in the East.

The sex of EXPORTS and WEST-EAST Cattle Movements might be of

interest but is not currently published; this information is required
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in model RECON as well as in CATSIM. RECON was used to explore

several possibilities; however, the information available constituted

an overidentified set. Additional information must be brought to bear

on the problem before a dynamic picture of these sex ratios can emerge.

The outcome of RECON suggested that both Western EXPORTS Cattle 200-700

Pounds and UNINSPECTED Cattle SLAUGHTER contain a very high portion of

Heifers.

RECON was used to examine Ending Population of Yearlings. In

most cases the results could be rationalized. One result might be

interpreted to indicate that Western Steers are slaughtered at l8 months

of age while Eastern Steers are slaughtered at 22 months, on average.

If this information cannot be reconciled with other information held

to be true, then official Ending Steer Population is suspect.

RECON also provided insight into possible Dairy Heifer SLAUGHTER.

First, it appeared consistent with the balance of the model that some

Dairy Heifer SLAUGHTER does occur in both the East and West. A typical

Eastern proportion of Dairy Heifers (l-2 years) is 25 percent but ranges

from minus 7 percent (due to model design) to 39 percent over the 1958-

l972 period. The proportion in the West has a wider range; it is thought

that this might result from some "reclassification" of Heifers from Dairy

to Beef with changing economic outlook.

Program CATSIM
 

Program CATSIM is the main or focal model of this study. It is

described in detail in Chapter V; Chapter VI discusses sensitivity tests
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and model stability. It compares CATSIMl, CATSIM2, and CATSIM3 with

each other and their output with the comparable published statistics,

as well.

In their present state, CATSIM is a very general model and

does not provide specific answers to specific problems. The results

of the study, with respect to CATSIM, are contained in its structure,

parameter values, and the assumptions that are made in its construction.

The comparison of the output of CATSIMl, CATSIM2, and CATSIM3

is given in Figures 27 to 40. A complete listing of disaggregate

quarterly Cattle Population and Steer and Heifer SLAUGHTER data is

presented in Appendices F and G. Appendix F gives Population figures

for the years l958 to T972, inclusive, while Appendix G lists SLAUGHTER

data for l96l and l972. A

All versions of CATSIM demonstrated reasonable ability to

"track" past Cow Population data. The more sophisticated versions,

CATSIM2 and CATSIM3, proved to be superior to CATSIMl in this regard

as expected. CATSIMl proved to be very sensitive to changes in

critical parameter values and without a corrective feedback mechanism

was unstable. This proved to be useful in fine tuning the model; it

can be used to advantage in further fine tuning.

All versions of CATSIM proved to be inconsistently good

predictors of Steer and Heifer SLAUGHTER, although the discrepancy

(estimated compared with published) was low in most years. Over the

l96l to 1972 period, CATSIM2 estimated published Steer SLAUGHTER by

97 percent in the West and 97 percent in the East. The comparable
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Heifer figures are 94 percent in the East and TDD percent in the West,

but Heifer estimates show more year to year variation.1 This can be

rationalized by the fact that Heifer SLAUGHTER is a residual after

EXPORT and REPLACEMENT demands have been satisfied. Lack of precision

in the estimation of either of these flows adversely influences Heifer

SLAUGHTER estimates.

In spite of this lack of precision in estimating Steer and

Heifer SLAUGHTER, most quarter to quarter turning points are estimated

correctly, although they are often slightly out of phase with the

published SLAUGHTER data. The explanation for this is that CATSIM

uses a fixed expected feeding-finishing period while the length of the

actual period is responsive to economic conditions.

One of the most interesting structural elements of CATSIM is

the BIRTH generation process. Since BIRTHS are produced by bgth_Mature

Cows and First Calf Heifers, a knowledge of the stock of both is crit-

ical. In the case of Beef, annual calving distribution statistics are

inadequate. Also, the calving age distribution of First Calf Heifers

is critical. Both of these features are included in CATSIM and

discussed in detail in Chapter VI.

 

1If an Eastern Dairy BIRTH Rate of BREDC = .738, and a Western

Beef BIRTH Rate of BRWBC = .85 were used, most of these average dis-

crepancies would be removed. These Rates would then be more consistent

with those used in RECON.
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Adaptation to Potential Applications

The Cattle Herd simulator developed in this dissertation is

a very general model. It requires the refinement that can come only

through interaction among researchers, policy makers, and statisticians.

To become useful, it must be adapted to specifically defined problems,

the sorts of problems that might be identified by researchers, policy

makers, and statisticians who have a practical interest in the problem

of the Canadian Cattle-Calves sub-sector. The above discussion applies

equally to models RECON and MATRIX.

Any discussion of specific applications would be both lengthly

and incomplete. Five general types of applications are listed in

Chapter I; these provide examples of anticipated applications. The

changes or additions required to accommodate these applications include

the following.

1. Provision for structural change. Researchers may wish to

change or improve the structure of the model. Some elements

that require further development are discussed in the next

section. Structural changes might be eXploratory in nature

and thus treated as hypotheses.

2. Addition of a "front end."1 The specific application may

identify a few key variables, possibly policy variables

that are of particular interest. The front end would

allow easy manipulation of these key variables.

3. Addition of a report writer. Once again, the specific

application will dictate the output information that is

 

1A “front end" accepts data and instructions from the user in

a form most easily understood by the user and converts them to a form

usable by the algorithm.



296

re uired. The report written presents the output

in ormation in an easily read form.

4. Control mechanisms and mode of operation. While the

price feedback mechanism is the major element in the

cattle-calves economy, providing it with direction,

there are many policy alternatives that may be super-

imposed on it. A specific rule, or controller, can be

designed into the model or the model may be controlled

manually.

The Cattle Herd simulator was specifically designed to

accommodate biological as well as economic parameters. The above

types of changes or additions apply equally to model applications

developed to solve practical problems suggested by animal scientists

as well as to those suggested by economists and policy makers.

Future Model Development
 

The building of MATRIX, RECON and especially CATSIM, helped

identify gaps in the descriptive knowledge of the dynamics of the

Canadian Cattle-Calves sub-sector. The problems associated with the

published statistical data, descriptive of this sub-sector have been

discussed in detail in most chapters. Lack of adequate data made it

necessary to develop a set of data assumptions in order to build the

various models. These assumptions represent a list of areas where the

data base may be altered, redefined, or expanded.

A second type of data was found to be unavailable or inadequate;

this data can be adequately determined only through further research and

statistical analysis. A third limiting area, not unrelated to either

the first or second, is described by the term, structural design.
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These last two limiting features, requiring additional research and

development, occupy the balance of this section.

A refinement in the structure of the feeding-finishing process

is required if CATSIM is to adequately predict the supply of Slaughter

Steers and Heifers. As currently modeled, this process is not a func-

tion of relative prices, feed quality, climatic or any other factors

that might influence the weight and the quality of the carcass.

Attempt to predict the quantity supplied of various qualities of

beef and veal should consider these factors.

INSPECTED Heifer SLAUGHTER is a residual after EXPORTS, IMPORTS,

WEST-EAST Movements, UNINSPECTED SLAUGHTER, and especially REPLACEMENTS.

CATSIM suffers from an inability to determine the Female portion of the

former flows. While the estimates of REPLACEMENT flows, estimated by

MATRIX and the behavioral models, performed well on the average, the

model's inability to predict Slaughter Heifer flows with accuracy

leaves these estimates as suspect.

Both calving distributions and the distribution of the age of

calving for First Calf Heifers, proved to be limiting. These distri-

butions require additional research as they influence predictions of

the Calf Crop.

It is also suggested that BIRTH and DEATH Rates are functions

of economic and climative influence, among others. The variation noted

between the RECON and CATSIM Calf Crops and the official Calf Crop,

might be explained, in part, by these influences.
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CATSIM identifies two feeding-finishing processes and allocates

Calves between them in a manner that is proportionally non-variant. In

actual practice, there is a spectrum of feeding-finishing processes,

but, more important, the allocation to these two (or more) processes

is a management decision based on current and expected future relative

prices, feed quality, and availability. This aspect of CATSIM should

be developed.

In addition to refinement to the current model, additions

could be suggested. The first addition must be that of a price

determining mechanism and mechanisms determining trade flows. These

additions might involve interfacing CATSIM with a second model that

performs these functions.

A second addition might involve adding a feed demand vector

that interacts with CATSIM's Cattle Population vector. In this way,

estimates of total feed requirements could be determined for any given

size and age composition of the Canadian Herd.

The behavioral models and the theoretical excess price model

developed in Chapter III have potential for further development. Four

potential variations of the theoretical excess price were developed.

These four variations could form the bases for a statistical study;

the application to the subject matter of this dissertation would

still remain appropriate. The excess price model's predictive

performance in this study is very encouraging even though it did

not consistently yield the predicted sign for the regression

coefficients.
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The behavioral models themselves form the bases for

many interesting statistical tests with policy implications.

A refinement of these models would benefit model CATSIM. In

particular, the problems of serial correlation remain, as do

the inadequate structure of the models with respect to farm wages,

interest rates, and grain stocks.

The basic models represented by MATRIX, RECON, and CATSIM

represent a first attempt to simulate the Canadian Cattle Herd.

Additional research and adaptation to practical problems can make

them valuable teaching, research, and policy tools.
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APPENDIX A

PARAMETER INITIAL VALUES

Appendix A deals with the support and derivation of the initial

values for the various models' parameters and such other data analysis

as might be useful in building the model. Since program MATRIX, RECON,

and CATSIM all model some aspect of the same Cattle Population, this

discussion refers equally to all models.

Parameters are of two types. The first may be called charac-

teristics of the cattle production process as practiced and experienced

in Canada. These parameters have to do with the birth and death process,

as well as the growth and maturation process.

The second set of parameters disaggregate published data series.

The level of disaggregation at which all models are constructed, espe-

cially program CATSIM, exceed the limits of the published data. This

disaggregation may involve breaking out the Male/Female component,

Dairy/Beef component, seasonal component, or one of several others.

These data, in disaggregate form, are required to provide a major and

often only source of the critical flow elements for these models.

All initial parameter values are viewed as hypotheses; this

means that they may subsequently be accepted or rejected on the basis

of the four tests of objectivity when used in the models. Some of these

parameter values can be determined fairly accurately from prior sources,
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others are guesses only.

optimization of these models will reveal estimates that approach

the true values.

parameters to which the model proves to be sensitive.

Birth Rate

301

 

It is planned that the operation and

This is especially true in the case of those

(a) STATCAN's statistics for BIRTHS and Cow P0pulation are used

to compute a BIRTH Rate estimate.

June l BIRTHS -+December l BIRTHS

BIRTH Rate =

The results:

The formula used is as follows:

t

 

 

Calgulated

BIRTH Rate

Year WEST EAST

l972 .95385 .908l5

l97l .98400 .92400

l970 .96l70 .94029

1969 .9348l .93828

I968 .93009 .93777

I965 .89776 .9l858

l962 .928l7 .82239

l959 .92876 .8l54l

(b) Dairy Correspondent Survey data was also examined.

t

Total CowPopulationDec.Tt_]-FTotal Cow Population June

Total

Cows and Heifers were compared with Cows and Heifers to FRESHEN This

Month, on a monthly basis.

the elements in the following matrix.

The sum of the l2 monthly ratios provides

To
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Calculated BIRTH Rate
 

 

Year Ontario Quebec Alberta

1972 .8604 .9268 .8931

1971 .8658 .9542 .9136

1970 .8458 .9034 .9132

1969 .8490 .9187 .9633

1968 .8390 .9214 .8814

1965 .9112 1.0132 .8980

1963 .8678 .9399 .9533

1961 .9088 1.0310 .9598

(c) ROP data suggests that the average period between calvings

for Dairy Cows is 13 months. This would place an upper bound of

%§_= .923 on Dairy BIRTH Rate.

Calving Distribution

(a) The ROP Section, Agriculture Canada provided an estimate

of dairy birth distribution based on their data base.

Monthlygproportion
 

 

Month of Annual BIRTHS

January .09236

February .06761

March .11133

April .08768

May .06404

June .05321

July .06601

August .07635

September .09606

October .09532

November .09261

December .08670
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(b) The Dairy Correspondent Survey also provides an estimate.

Two years were sampled for the Eastern (mainly Dairy) region.

Monthly Dairy Birth

DistrTBUtion, selected_years
 

Month 1962 1966 1970

January .05231 .05071 .05229

February .05215 .05836 .05678

March .06443 .06160 .06066

April .12254 .12246 .10790

May .18981 .19269 .18094

' June .11784 .13472 .11361

July .07806 .07872 .06805

August .05735 .04912 .06260

September .04478 .03947 .04022

October .04485 .03913 .04185

November .05080 .04655 .04260

December .05028 .05007 .04918

The same years were also sampled for the Western region.

Monthly Dairy Birth
 

Distribution, selected years
 

Month 1962 1966 1970

January .07676 .06912 .07125

February .08035 .07784 .07960

March .08754 .08851 .08518

April .09785 .10311 .09441

May .11459 .11879 .10322

June .09764 .10043 .09082

July .06950 .07402 .06852

August .05580 .06123 .05645

September .05521 .05561 .05534

October .05285 .05405 .06160

November .05642 .05182 .05849

December .06404 .05737 .06568
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(c) The Alberta Department of Agriculture provided an estimate

of the Western beef cow calving distribution on a weekly basis for the

first 37 weeks of the year (until mid-September). This distribution

was broken down into commercial and purebred components. It is based

on ROP records for 1972 and 1973.

Both distributions are heavily concentrated in March, April,

and May. Very little calving occurred in the Beef Herd after July 15th

according to their analysis. The distributions provided show that the

commercial Herd reaches peak calving rate during the April 19-25 period

while the purebred Herd peaks during April 2-8 period.

One Alberta official also added that he feels the calving

distribution has shifted toward earlier calving by 15-30 days over

the past 15 years.

Alberta Beef Birth Distribution,
 

Period 41972-1973

(head) (E)

First 13 weeks 12,930 30.5

Second 13 weeks 28,500 67.5

Third 11 weeks 925 2.2

Total 42,355 IO0.0

(d) While no estimates were obtained for Eastern beef cow

calvings, it is felt that this distribution is less concentrated in

the first two quarters due to year round and especially fall calving.

(e) The semi-annual calving distribution can be obtained by

comparing the December-June BIRTHS and June-December BIRTHS with Total

BIRTHS as published by STATCAN.
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Semi-Annual Birth Distribution, selected years
 

 

West East

December- June- December- June-

!gar June December June December

1958 .70 .30 .67 .33

1960 .71 .29 .67 .33

1962 .74 .26 .67 .33

1964 .755 .245 .675 .325

1966 .77 .23 .665 .335

1968 .78 .22 .655 .335

1970 .78 .22 .65 .35

1972 .78 .22 .65 .35

DEATH Rates
 

The estimates of DEATH Rates are taken from a study by W. Y.

Yang, A Statistical Analysis of Death Rates of Farm Animals in Canada,

Research Division, Economics Branch, Canada Department of Agriculture,

1969. The data in the following table is taken from Yang's Table 2-1,

p. 19.

DEATHS per 1,000 Head, 1950-1967

Semi-Annual
 

 

December- June—

Region flay November Annual

Calves:

Atlantic 16.74 10.49 27.04

Quebec 29.40 10.40 38.53

Ontario 19.07 13.30 32.36

Prairies 20.64 9.84 29.88

B.C. 15.94 10.65 26.30

Canada 21.24 10.74 31.43

Cattle:

Atlantic 7.57 6.02 13.52

Quebec 8.28 5.70 13.80

Ontario 6.27 6.49 12.76

Prairies 8.21 5.88 13.94

B.C. 8.60 7.04 15.57

Canada 7.57 6.02 13.52
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SLAUGHTER and UNINSPECTED SLAUGHTER
 

The disaggregation of SLAUGHTER and UNINSPECTED SLAUGHTER may

be inaccurate at best due to a lack of statistical data. The initial

estimated parameter values may have to be revised as a result of in-

consistencies noted when the models are applied to practical problems.

The first assumption made is that UNINSPECTED SLAUGHTER of

Calves is proportional to INSPECTED SLAUGHTER. This approach is used

in MATRIX; this program calculates the relevant ratios semi-annually

and applies them to the UNINSPECTED data.

The following table provides some analysis of the INSPECTED

SLAUGHTER data for Calves.

INSPECTED Calf SLAUGHTER

Prop. Ouarterlvggjstribgtions

Year Total Male l§t_ 2pg_ §:g_ 4th
   

 

(head) (proportion)

East:

1958 568.486 .7025 .1950 .4114 .2164 .1771

1960 511,962 .7196 .2143 .3766 .2240 .1848

1962 528,280 .7176 .1937 .3658 .2336 .2067

1964 572,511 .6913 .1817 .3712 .2316 .2154

1966 576,432 .6884 .2601 .3808 .1815 .1769

1968 509,393 .6985 .2358 .3558 .2040 .1933

1970 448,930 .7005 .2550 .3554 .1983 .1813

1972 461,630 .7052 .2617 .3826 .1762 .1794

West:

1958 215,981 .5938 .2247 .2647 .2812 .2308

1960 200,138 .5058 .2145 .2361 .2752 .2742

1962 180,949 .4719 .2238 .2177 .2514 .3070

1964 177,808 .4619 .1619 .1995 .2695 .3690

1966 189,164 .4205 .2443 .2266 .2098 .3194

1968 159,018 .3870 .2295 .2214 .2660 .2831

1970 50,232 .4490 .2618 .2440 .2368 .2573

1972 40,740 .4597 .2669 .2374 .2209 .2748



307

A similar analysis is also made of INSPECTED Cattle SLAUGHTER

with the intent of providing initial estimates for UNINSPECTED Cattle

 

IMPORT-EXPORT
 

SLAUGHTER.

INSPECTED Cattle SLAUGHTER

Year Total Bulls Cows Heifers Steers

(head) (proportion)

East:

1958 971,356 .0466 .2793 .1897 .4025

1960 932,676 .0391 .2992 .1929 .4688

1962 958,978 .0378 .3228 .1962 .4430

1964 1,134,670 .0314 .2917 .1911 .4859

1966 1,173,379 .0265 .2974 .1930 .4831

1968 1,163,369 .0285 .2629 .2024 .5062

1970 1,167,962 .0274 .2742 .1838 .5147

1972 1,126,890 .0267 .2491 .1830 .5411

West:

1958 917,924 .0318 .3304 .2181 .4196

1960 1,009,077 .0264 .2775 .2208 .4754

1962 1,069,181 .0251 .3079 .2002 .4667

1964 1,287,590 .0204 .2394 .1989 .5503

1966 1,531,760 .0180 .3033 .2102 .4684

1968 1,621,010 .0146 .2691 .2478 .4685

1970 1,532,871 .0123 .1685 .2305 .5887

1972 1,751,701 .0168 .1860 .2352 .5619

The best evidence of import-export distribution is obtained by

analyzing disaggregate 1969-1972 STATCAN data.

Purebred EXPORTS
 

  

West East

Year Proportion Beef ProporETDn Dairy

1966 .782 .947

1967 .798 .943

1968 .700 .918

1969 .619 .944

1970 .775 .966

1971 .704 .946

1972 .932 .950
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Purebred IMPORTS
 

  

West East

Year Proportion Beef Proportion Dairy

1969 .911 .286

1970 .899 .287

1971 .761 .229

1972 .898 .403

Quarterly Distribution of Purebred Dairy IMPORTS (1969—1972)
 

Quarter flail IkfiflL Canada.

lst quarter .20 .11 .161

2nd quarter .29 .46 .362

3rd quarter .26 .32 .284

4th quarter .25 .10 .193

Quarterly Distribution of Purebred Beef IMPORTS (l969-1972)
 

Quarter East West Canada

lst quarter .14 .25 .214

2nd quarter .41 .26 .310

3rd quarter .19 .14 .160

4th quarter .26 .34 .315

Quarterly Distribution of Other IMPORTS(1969-l972)
 

Quarter East West Canada

lst quarter .32 .29 .308

2nd quarter .20 .36 .260

3rd quarter .04 .01 .030

4th quarter .44 .34 .402

Quarterly_0istribution of Purebred Dairy EXPORTS (1969-1972)
 

Quarter East West Canada

lst quarter .20 .20 .204

2nd quarter .11 .23 .204

3rd quarter .20 .14 .149

4th quarter .49 .43 .443

Quarterly Distribution of Other Dairy EXPORTS (l969-1972)
 

Quarter East west Canada

lst quarter .16 .18 .162

2nd quarter .32 .26 .318

3rd quarter .30 .25 .300

4th quarter .21 .30 .220
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anrterly Distribution Total Purebred IMPORTS-EXPORTS (1969-1972)
 

Quarter Imports Exports

lst quarter .206 .179

2nd quarter .317 .284

3rd quarter .185 .235

4th quarter .292 .300

Quarterly Distribution of EXPORTS Under 200 Pounds (1969-1972)
 

Quarter East West Canada

1st quarter .200 .09 .200

2nd quarter .517 .27 .517

3rd quarter .183 .365 .183

4th quarter .100 .27 .100

Quarterly Distribution of EXPORTS ZOO-700 Pounds (1969-1972)
 

Quarter East ’WeSt Canada

lst quarter .137 .039 .056

2nd quarter .161 .036 .058

3rd quarter .289 .076 .108

4th quarter .412 .850 .778

Quarterly Distribution of EXPORTS Over 700 Pounds (1969-1972)
 

Quarter *East West Canada

lst quarter .135 .312 .273

2nd quarter .339 .221 .247

3rd quarter .265 .178 .198

4th quarter .260 .287 .281

The Canada Livestock and Meat Trade Report provides the

following disaggregation of EXPORTS to United States.
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EXPORT Category
 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

a? a? .. .. . .

.2 .1’ a? 3 ‘3 . B 3

a E :1, a E "’3... as; Z

EXPORTS '1’ 33?} 52 E a? :32 522 .2
t0 >s¢v >~..o >s.o a: .o .o as 0)

United .5213 3:33 3:23 ‘5? 1633 "8g g1; E23;

States 8151 83. Egg. coda) 33 go. mo 1.1.0

(head) (head) (head) (head) (head) (head) (head) (head)

.‘2 East 20,972 11,153 775 9,233 3,817 414 5,775 1,443

2 West 1,422 202 11 3,885 2,974 3,814 5,521 28,271

a East 31,074 15,005 1,425 1,719 455 154 3,079 112

2 West 2,143 427 14 3,012 2.754 2,701 7,127 2,731

;: East 35,441 22,440 3,150 129

2: west 2,334 294 7,957 182

:2 East 33,059 22,283 2,577 129

52 West 2,930 327 12,875 3,397

g East 19,573 19,148 1,525 119

.— West 2,225 550 23,935 14,545

8 East 13,955 13,285 5,488 85

2 West 585 217 25,295 21,455

S East 11,810 11,559 2,334 105

52 West 301 180 7.223 10.735

:3 East 19,389 18,772 8,441 258

52 West 485 275 28,133 51,592

8' East 14,178 17,952 23,755 788

2 West 895 494 31,101 94,193

g East 12,955 15,283 14,952 513

2 West 1,085 542 12,152 17,515

{3 East 11,244 16,607 7,862 141

9: West 281 318 9,188 28,915

g East 14,539 15,509 7,558 34

.— West 295 259 19,549 44,524

S East 16,889 19,140 450 125

3 West 14 97 28,812 86,595         
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Allocation to Ration B
 

The best evidence of the proportion of Cattle placed on a high

energy ration might be given by an examination of the proportion of

Slaughter Steers and Heifers falling in the top two grades (choice,

good). This analysis is given in the following table.

Proportion of Slaughter Steers

Year Heifers in top two grades

1961 .7472

1962 .7177

1963 .7520

1964 .7644

1965 .7413

1966 .7622

1967 .7742

1968 .7968

1969 .8339

1970 .8479

1971 .8449

Allocation of REPLACEMENTS
 

The following table shows the annual change in the Dairy Cow

Population (June 1 data).



Annual

Year

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

Annual % change

1957-1973

change in Dairy Cow Population--June 1

Change in Eastern Change in Western
  

M51

(head)

-149,500

-7,300

'8 9400

52,200

59,000

~227,SOO

—46,500

-2,000

-11,000

-61,100

-50,900

-43,000

-19,000

-50,000

-115,500

-20,500

-36,000

-1.821

Cow Herd

(head)

-51,500

‘109500

-13,000

2,000

15,000

-53,000

-36,000

-26,000

-38,000

—60,000

-54,000

-37,000

-28,000

—3,000

-18.400

-23,800

-22,800

-3.98

Canada

-2.337

The following table calculated the ratios for selected years.

= INSPECTED Cow SLAUGHTER
 

Average Cow Population

INSPECTED Cow SLAUGHTER

AveragegHeifer P0pulation

Ratio A

Year East West

1964 .1279 .1036

1969 .1264 .1070

1972 .1167 .0945

12519.8.
Year East West

1964 .4185 .381

1969 .3861 .423

1972 .354 .339
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Ratio C

Year East West

C = INSPECTED Bull SLAUGHTER

Average Bull Population 1964 .288 .208

1969 .347 .175

1972 .358 .193

Ratio 0

Year East—~—___West

D = INSPECTED Bull SLAUGHTER '

Average Steer Population 1964 .052 .0354

1969 .0464 .0314

1972 .0434 .0365

Delay Parameters
 

The calculation of the parameters for the continuous delays are

based in most part on a set of more or less realistic assumptions con-

cerning the process being simulated. The exception is the simulation

of First Calf Dairy Heifer BIRTHS--a distribution was obtained from ROP

in this instance.

The parameters in question are DEL and K. These are described

in Appendix B. Given the erlang distribution, the purpose of this

section is to consider initial expected values and distributions.

Ration A and B Delays
 

Initial assumption--Calves weaned at 180 days

Male Calf weaning weight 375 pounds

Female Calf weaning weight 350 pounds

Ration B--on full feed

Males to 1,050 pounds

ADG range 1.9 to 2.4 pounds

Days on feed 281 to 355

 1 / at"
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Females to 950 pounds

ADG range 1.7 to 2.1 pounds

Days on feed 285 to 352

Ration A--1ow energy ration for all or part

Assume at 365 days Males 600 pounds

Females 550 pounds

At one year these Cattle may be placed in a feedlot or may be

placed on grass for a further four to six months. This option increases

the ADG range; thus, the distribution being simulated is flatter than

the above "full feed" distribution.

Males to 1,100 pounds

ADG range 1.5 to 2.25 pounds

Days on ration A 222 to 333

Females to 1,000 pounds

ADG range 1.4 to 2.00 pounds

Days on feed 225 to 321

The above ranges provide a bound for expected value; it might

also be expected that at least two-thirds of the distribution would

fall in this range. The Shape of the distribution might be expected

to be skewed to the right possibly suggesting an order (K) of five.

In the case of Ration 8, this provides

mean of 3.33 DT's or .82 years

variance of 2.22 DT's

standard deviation of 1.25 01's or .3125 years

The distribution associated with Ration A might be expected

to be flatter--an order of three is suggested.

mean of 3 DT'S or .75 years

variance of 3 DT'S

standard deviation of 1.75 DT's or .4375 years
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Dairy Heifer Birth Delay
 

The ROP Section of Agriculture Canada provided the following

age distribution for First Calf Heifer FRESHENINGS.

 

month range.

of three. These parameters would provide:

mean of about

variance of about

standard deviation of about

Age Range Proportion of Total

(months)

under 21 .00278

21-24 .01719

24-27 .10542

27-30 .16005

30-33 .15536

33-36 .11261

36-39 .09634

39-42 .12149

42-45 .12652

45-48 .10078

The distribution rises rapidly, then slowly tails off.

quite flat and is in fact bi-modal suggesting two distributions.

Half this distribution falls below the mid-point of the 33-36

The flatness of the distribution suggests the order (K)

01'

DT's

's

S or .85 years

or .5 years



APPENDIX B

SIMULATION

Appendix B describes several different aspects of simulation

pertinent to an understanding of this thesis. The first section

describes the implied mathematical model and the exact block diagram.

The second section describes several common simulation building

components used in the models.

Simulation of the Modeled System

The simulation model is the second level of abstraction from

reality. The sequence is:

THE REAL WORLD

1
MATHEMATICAL MODEL

1
SIMULATION MODEL

There is thus an implied or possibly explicitly expressed

mathematical model of the system under investigation. The mathematical

model in turn is the model that is Simulated. In actual practice,

exact expression of the system in mathematical form is most often

skipped. The development, performance, consideration, and theoretical

316
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discussion of the simulation components, however, takes place in exact

mathematical form.

The dynamic aspects of a biological growth process, such as a

cattle herd, probably can most precisely be expressed in non-linear

differential equations. Their solution, however, even with advanced

numerical techniques, can be unduly complex. If the relationship is

essentially a function of time, it is usually possible to pick a time

period of short enough duration so that the non-linear system can be

modeled in linear terms.

The basic mathematical representation of the cattle population

is developed in terms of linear differential equations and the related

first order difference equations. The matrix representation of a first

order linear differential equation could be given as follows:

 

(%) fifi1=gxu1+omu

where

x(t) = a vector of state variables

U(t) = a vector of rate or stimulus vectors

5, 8.: matrices

Or in first order difference equation form as:

(m) MtH)=AxU)+BMU

where the symbols have the same meaning as above.
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The terms state and rate variables are used in systems

parlance to represent stock and flow variables, respectively. The

state variables are described as the product of the integration of

rate variables. In the specific terminology of this study, stock

(or state) variables refer to cattle numbers at a point in time;

flow (or rate) variables refer to number of head per unit of time.

An nth order linear differential equation is used to represent

lagged response to a stimulus. This can generally be represented as:

(88) a Mi- a 93:13:59.4. ,...., aOY(t) ___ b de(t)

" dt" "’1 dt m dt'"

,...., +b0U(t)

where

x(t) = the stimulus,

y(t) = the response.

Since differential equations are difficult to solve or manip-

ulate, a method is used by engineers, called Laplace Transformations.‘

This is a transformation whereby differential equations can be

converted to ordinary algebraic equations, manipulated, and then

transformed back to differential equation form by an inverse Laplace

Transformation.

 

1The basic Laplace Transformation is by definition

L[x(t)] = x(s)=fox(t)e-Stdt
0

All other transformations are derivatives of this formula.
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If a Laplace Transformation is performed on equation (87), the

following form is obtained

  

bms'“ + + b0 I.C.(s)

(89) Y(S) = m x(S) + m

anS + ,...., + a0 anS + ,...., + a0

where

1.0. = the initial conditions.

If I.C. = 0, then

(90) Y(s) = G(S)X(s)

where

G(s) = ratio of two polinomials known as the transfer function,

itself a polynomial.

The transfer function, G(s), determines the response of the

system being modeled by the nth order differential equation and thus

the model's dynamic properties. This transfer function is used to

design into the model both stability and the required response

characteristics.‘

With respect to the overall Cattle Herd simulator, the foregoing

discussion is strictly theoretical as the system is much too complex to

be modeled in terms of differential and difference equations and assessed

 

1For a detailed discussion of Laplace transformations and the

dynamic properties of differential and system control equations, see

T. J. Manetsch and G. L. Park, op. cit., especially Chapters IV and VII.
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in terms of their Laplace transformations. Rather, the system is

simulated using system components with known properties and the

complete model is then subjected to a series of validation,

sensitivity, and stability tests to assess its dynamic properties

and to fine tune it accordingly.

The simulation of these linear differential equations that

represent the dynamics of the Cattle Herd essentially involve solving

them at discrete points in time. Such a model is called a discrete

model and the simulation essentially becomes a difference equation

model.

Block and exact (mathematical) block diagrams are commonly

used to display and represent the system being modeled. These diagrams

allow lines and direction of causation to be shown, feedback loops to be

displayed, as well as stock and flow variables to be represented. The

exact block diagram displays the simulation components that are the

differential (difference) equations or transfer functions.

For demonstration purposes, a simple block diagram is shown

below. It involves a vector of state variables, X, an exogenous rate

vector, u, and an output rate vector, y. In addition, the model has

a feedback loop.

Feedback involves an output of the system influencing an input,

usually a delayed influence. Most, if not all, real world systems

involve feedback loops together with controller mechanisms. A system

without a feedback loop is called an open loop system, a system with

a feedback loop is a closed loop system. A complex system may involve

both open and closed loop components.
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The feedback mechanism is closely associated with system

performance and stability. If changes in a system's output are felt

almost immediately through a short "delay process," then the controller

can act quickly and so provide smooth performance as does a governor on

an engine. If the system has long delays and slow controller response,

as does the price mechanism in the economic system, then cyclical motion

may result. With poor feedback and an ineffective control mechanism,

explosive behavior or a complete collapse may be observed.

Feedback can be of either a positive or of a normative nature--

usually both are present in a system of any complexity. The behavioral

response of individuals and firms in the economic system represent a

positive response to largely normative stimuli. When certain outcomes

are observed and evaluated as being good or bad (with respect to some

welfare function, largely unspecified), specific adjustments are

observed. Thus, in this model, beef farmers represent the controller,

adjusting Herd investment and disinvestment as well as Calf SLAUGHTER

and certain other variables under their control. A larger model can

be visualized representing the aggregation of all beef farmers, as well

as other immediate elements in the economic system. In the larger model,

the Federal government, their advisors, and operating agencies are the

controller.

Let x represent the vector of the various age cohorts in the

Cattle Population, u represent the vector of EXPORTS, and y, the vector

of Slaughter Cattle. Then H is a matrix of SLAUGHTER Rates and A, a

matrix of BIRTH and DEATH Rates. In differential equation and exact

block diagram form, the model may be represented as follows:
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dx _
EE-AX+U

y=|_i_x

 
 

  

55
M
I

 

   

In difference equation form, the model is

x(t+l) = A_x(t) + U(t)

”H = fl x(t)

   

U(t) x(t+l) UNIT x(t) n Y(t)

— Z DELAY * 1:1-J
+

J—l
 

 

IAT
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The symbols used in representing a model in exact block diagram form

 

  

  

 

are

<::) summation (negation)

,LZJ product

(::> division

integration

.2399—a- variable name, stock or flow

Simulation Building Components

Integration
 

The dynamics of the Cattle Population can be visualized as a

series of stocks and flows. Stocks are quantities at a point in time,

flows are quantities pgr_unit of time. Stocks result from the

integration of flows.

Mathematically, this process can be modeled by differential

equations such as:

 <91) dt = f(x)

where

F(x) = a stock.

f(x) = a flow.
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Differential equation (91) states that the change in the stock

is a function of the flow. If both sides of (91) are integrated from

time 0 to time t+DT, the following is obtained.

t+DT

(92) F(t+DT) — F(O) = j" f(x)dx.

0

Assume F(O) to be zero and rewrite the right hand side

t+DT

(93) Mt+DT) j'f(x )dx + j' f(x)dx.

t

This form, (92), can be related directly to cattle population

by specifying:

F(t+DT) = cattle population at time t+DT,

t

] f(x)dx = cattle population at time t,

o

t+DT

1' f(x)dx = the flow of cattle over the period t, t+DT.

o

This in turn can be rewritten as:

t+DT

(94) F(t+DT) = F(t) + 11 f(x)dx.

t
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Expression (94) can be simulated by a series of integral

simulators that vary in degree of accuracy.1 For the application

used in this study, the simplest possible formula was used initially.

It is called Euler integration and assumes: (1) 0T is small, and

(2) f(x) is constant over the interval (t, t+DT). Since neither of

these conditions hold, some inaccuracy may result.2 The form of the

Euler integral is:

(95) F(t+DT) = F(t) + DT -(f(x)).

Delays

The second major building block is the delay. The delays, as

used in this study, are of two basic types. The first is "discrete,"

where a flow is delayed for a finite or discrete period while a process

or function takes place. The second basic type is called "continuous"

or "distributed." In this instance, the delay is of variable length;

however, the output is of a fixed distributional character.

Discrete delays:--Delays are associated with flow variables.

A discrete delay may be represented by

 

1T. J. Manetsch and G. L. Park, op. cit., pp. 9-19 to 9-43.

2Euler integration was only used in CATSIM to calculate Cow

and Bull Population; in all other possible instances it was found to

be inaccurate. Rather than employ a more sophisticated integration,

all other Populations were calculated by summing the storage (Train

Values) in the delay sub-routines.
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(96) 0(t) = I(t-DT)

where

0(t) = output of the delay in period (t); and

I(t-DT) = the input to the delay in period (t—DT).

For a poli-period delay, a series of such delays would be

utilized.

0(t) = 11(t-DT)

01(t) = 12(t-DT)

0n_1(t) = In(t-DT)

where

01(t) to On_t(t) are intermediate values.

This delay procedure is simulated by the BOXC subroutine.

The call statement for BOXC is as follows:

SUBROUTINE BOXC (BINR, BOUTR, TRAIN, NCOUNT, N CY, LT, SUMIN)

where

BINR = the unlagged value, I(t);

BOUTR = the lagged value, 0(t);

TRAIN = the array of LT-l intermediate values 01(t) ,....

0LT-1(t)‘

NCOUNT = number of 01's since last indexing of the TRAIN;
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NOCY = number of 01's per indexing of the TRAIN;

LT = number of sub-delays in the total delay; and

SUMIN = sum of the inputs since the last indexing.

This delay might be demonstrated graphically as

 
  

 

      

TRAIN TRAIN TRAIN
BINR LT , LT_1,....,_._ 1 BOUTR ,_

  

A second discrete delay is used called CBOX. It is used to

cycle a series of values such as seasonal or monthly values. It might

be depicted graphically as:

 

  

 

    
CYCLE (T) CYCLE (T-l) L—C- ,...,-.1 CYCLE (l)

    
 

 
 

The call statement for CBOX is

SUBROUTINE CBOX(CYCLE, LT, NCY, NK)

where

CYCLE = an array of LT values;

L1 = the number of elements in the array;

NCY = the number of 01 between indexings;

NK = a counter that records the number of DT's since the

last indexing.
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Both subroutines, BOXC and CBOX are described and the programs

listed by Llewellyn.1

Continuous delays.--A continuous delay can be defined as a
 

linear differential equation.

k k-1

(97) x(t) = a ngle—+ a g___yjjj_+ ,...., + a y(t)
k k k-1 k-l 1

dt dt

where

x(t) = the unlagged value, and

y(t) = the lagged value.

This delay is defined by its order, or the size of K. The output of

this type of delay is distributed over several periods; the output

y(t) thus adjusts slowly to changes in input x(t).

The difference between the output of a discrete as compared

to a continuous delay may be demonstrated by the following diagrams,

where x(t) is input, y1(t) is the discrete response, and y2(t) is the

continuous response.

X

 

-
-
-
-

  
 

1R. W. Llewellyn, op. cit., pp. 7-50 to 7-54.
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Y1

I

t

Y2

t 

If x(t) were a non-sustained flow, then the y(t) function

might look like the following:

x(t)

   
The shape of the y(t) distribution depends on the order of

the differential equation (97) that represents the delay.
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The delayed output has an erlang distribution1 with parameters

a and k, k being the order of the delay.

f(x) = Laflk x(k'1)e'kax

 defines the erlang distribution.

(k-l) !

where

_ l

E(x)-—a—-a

l

V(x) = -—§-; and

ka

-I<_-_l_
mode - ak .

The parameter k allows this distribution to represent a whole

family of distributions. The following figure provides examples.

A rather sophisticated continuous delay subroutine is used in

CATSIM to simulate continuous delays that have an erlang distribution.

The subroutine is VDELDT.

SUBROUTINE VDELDT(RINR, ROUTR, CROUTR, DEL, DELP, IDT, DT, K)

where

RINR = the unlagged value x(t)

ROUTR = the lagged value Y(t)

CROUTR = the array of intermediate values

 

1T. J. Manetsch and G. L. Park, op. cit., pp. 12-9 to 12-11.
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DEL = the mean delay at (t);

DELP = the mean delay at (t-DT);

IDT = a parameter to subdivide 0T;

0T = the increment in the model; and

K = the order of the delay.

DEL is related to ”a“ of the erlang distribution by the relation

DEL = %-. The DEL, DELP feature allows the average length of the delay

to change each DT. The IDT subdivides DT; the purpose of this feature

is to provide for stability in the model,1 by meeting the stability

conditions for distributed delays. The K defines the order of the

underlying differential equation and is the same parameter as used

in the erlang distributions.

Stability of Delay Subroutines
 

One source of instability in a simulator is the continuous

delay. The nature of the continuous delay subroutine must correspond

to the size of the DT or the model will be unstable. This source of

instability is derived from the size of the OT and the order of

continuous delays and integrators. There are no hard and fast rules,

however, various authors2 have given rules of thumb that are calculated

to minimize the probability of instability.

 

1Manetsch gt_al,, op. cit., pp. 11-1 to 11-15.

2These authors would include J. W. Forrester, Industrial

Dynamics, Cambridge, The Massachusetts Institute of Technology Press,

1961; T. J. Manetsch and G. I. Park, op. cit., Chapter VIII; and R. W.

Llewellyn, op. cit., Chapter VI.
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For Euler integration, Forrester's criterion is:1

DELL.___
01 — K

Manetsch and Park indicate that for Euler integration the rule

should be:

Min

- _ DEL.
J‘1,..o.,p 11 >DT>O

K3

which is the same as Forrester's rule except that it is extended to

include all the delays in a more complex system.

Llewellyn states his criterion as:

Min

i=1...... 1) [W] >DT>0

where IDT is a parameter used in certain continuous delays to

subdivide OT.2

A different stability rule is required if a higher order

integrator (higher than an Euler integrator) is imployed. These

stability criterion are a function of the roots of the differential

equations underlying the model.

 

1DEL and K are parameters of the continuous delay.

2CATSIM utilizes the continuous delay subroutine VDELDT which

has the parameter IDT. This subroutine was used to retain stability

while employing a relatively large DT.
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CATSIM proved to be stable under all conditions imposed during

construction including the sensitivity tests.1

The INGRAT Subroutine
 

This sub-function integrates over a distribution and is used

in this model to calculate the quarterly calving distribution. The

call statement is:

INGRAT (IBEG, IEND, VAL)

where

IBEG = the lower bound of the integral;

IEND = the upper bound of the integral; and

VAL = the array describing the distribution.

 

1As an example, in the sensitivity tests, the largest K employed

was K=7, the smallest DEL was DEL= .59. Since IDT= 10 for all delays,

the stability formula is:

.59 x 10

2 x 7 = .4214>.25.





APPENDIX C

PROGRAM MATRIX

Appendix C provides a listing of program MATRIX. This program

shares the matrix of published statistical cattle-calves data with

program RECON and CATSIM; the statement required to dimension core

storage and to read this data matrix into core are common to all

three programs.1

Because this matrix of published data is central to this study,

as well as to all programs, the variable names of these data are listed

below. A description of these data is provided in Chapter II, the

third section.

June 1 and December 1 Population Data
 

K = year; 1946 = O; L = quarter; lst quarter = l

CALVE, CALVW, CALVT Calves Under One Year Old,

East, West, Total

STRSE, STRSW, STRST Steer One Year Old or Older,

East, West, Total

BHFRE, BHFRW, BHFRT Beef Heifers, East, West, Total

BCOWE, BCOWW, BCOWT Beef Cows, East, West, Total

DHFRE, DHFRW, DHFRT Dairy Heifers, East, West, Total

 

1All programs were written in FORTRAN IV compatible with

Michigan State University's CDC 6500 computer system.
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DCOWE, DCOWW, DCOWT Dairy Cows, East, West, Total

BULLE, BULLW, BULLT Bulls, East, West, Total

June 1 and December 1 Calf BIRTH Data
 

K = year; 1946 = O; L = quarter; lst quarter = l

BIRTHE, BIRTHW, BIRTHT = Calf BIRTHS, East, West, Total

INSPECTED SLAUGHTER Data
 

I = year; 1946 = O; J = month; January = 1

SCAVE, SCAVW = SLAUGHTER, Calves, East, West

SCATE, SCATW = SLAUGHTER, Cattle, East, West

SBULLE, SBULLW SLAUGHTER, Bulls, East, West

K = year; 1946 O; L = month; January = l

SMCAVE, SMCAVW SLAUGHTER, Male Calves, East, West

SFCAVE, SFCAVW SLAUGHTER, Female Calves, East, West

SSTRE, SSTRW SLAUGHTER, Steers, East, West

SHFRE, SHFRW SLAUGHTER, Heifers, East, West

SCOWE, SCOWW SLAUGHTER, Cows, East, West

SBULLE, SBULLW SLAUGHTER, Bulls, East, West

WEST-EAST Cattle-Calf Movement Data
 

K = year; 1946 = O; L = month; January = 1

ZCTSLR, ZCTFD, ZCTSTK, ZCTTOT Catt1e Movements for SLAUGHTER,

FEEDLOT, STOCKYARDS, and TOTAL

ZCVSLR, ZCVFD, ZCVSTK, ZCVTOT Calf Movements for SLAUGHTER,

FEEDLOT, STOCKYARDS, and TOTAL
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Dairy Correspondent Study Data
 

I = year; 1946 = O; J = month; January = l

FARME

TCAHE

CAHMKE

CAHCVE

CAHFSE

CWBCHE

Number of Farms Reporting

Total Cows and Heifers for Milk

Cows MILKED Yesterday

Cows and Heifers in Calf

Cows and Heifers to FRESHEN This Month

Milk Cows BUTCHERED This Month

UNINSPECTED SLAUGHTER Data
 

I = year; 1946

USRTQE, USRTQW

USTKEE, USTKEW

USTKSE, USTKSW

USRTQE, USRTQW

USRTAE, USRTAW

USRVQE, USRVQW

USVKEE, USVKEW

USVKSE, USVKSW

USRTQE, USRTQW

USRVAE, USRVAW

Annual IMPORT Data
 

I = year; 1946

VPBRDE, VPBRDW

VOTHRE, VOTHRW

O; J = quarter; lst quarter = l

UNINSPECTED Cattle SLAUGHTER, East, West

(excludes the following sub-categories)

Farm Killed and Eaten (Quarterly)

Farm Killed and Sold (Quarterly)

Farm Killed, Eaten, Sold (Quarterly)

Farm Killed, Eaten, Sold (Annually)

UNINSPECTED Calf SLAUGHTER, East, West

(excludes the following sub-categories)

Farm Killed and Eaten (Quarterly)

Farm Killed and Sold (Quarterly)

Farm Killed, Eaten, Sold (Quarterly)

Farm Killed, Eaten, Sold (Annually)

O

Purebred IMPORTS, East, West

Other IMPORTS, East, West





Monthly IMPORT Data
 

I = year; 1946

YPDRYE, YPDRYW

YPBFE, YPBFW

YOTHRE, VOTHRW

Annual EXPORT Data
 

Monthly

I = year; 1946

WPDRYE, WPDRYW

WPDBFE, WPDBFW

WPBRDE, WPBRDW

WODRYE, WODRYW

WCAVEZ, WCAVW2

WCAVE7, WCAVW7

WCATE9, WCATW9

EXPORT Data
 

I = year; 1946

XCAVEZ, XCAVWZ

XCAVE7, XCAVE7

XCATE9, XCATW9

XOTDYE, XOTDYW

XPDRYE, XPDRYW

XPBFE, XPBFW
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0; J = month, January = 1

Purebred Dairy IMPORTS, East, West

Purebred Beef IMPORTS, East, West

Non-Purebred IMPORTS, East, West

0

Purebred Dairy EXPORTS, East, West

Purebred Beef EXPORTS, East, West

Purebred Total EXPORTS, East, West

Dairy, NES, Weight 200 Pounds and Over

Cattle, NES, Weight Less than 200 Pounds

Cattle, NES, Weight 200-700 Pounds

Cattle, NES, Weight Over 700 Pounds

O; J = month; January = l

Cattle NES, Weight Less than 200 Pounds

Cattle, NES, Weight 200-700 Pounds

Cattle, NES, Weight Over 700 Pounds

Dairy, NES, Weight 200 Pounds and Over

Purebred Dairy EXPORTS, East, West

Purebred Beef EXPORTS, East, West
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The model parameters, their descriptions, and initial values

are listed next; further explanation is provided in Chapter III.

A number of intermediate values are calculated requiring a

set of variables. While these will not be described, the output

variables are listed below.

HFRDEl = REPLACEMENTS, Dairy Heifers, East

HFRDWl = REPLACEMENTS, Dairy Heifers, West

HFRBEl = REPLACEMENTS, Beef Heifers, East

HFRBWl = REPLACEMENTS, Beef Heifers, West

BULLEl = REPLACEMENTS, Bulls, East

BULLWl = REPLACEMENTS, Bulls, West

SBULEl = SLAUGHTER, Bulls, East

SBULWl = SLAUGHTER, Bulls, West

SCVMEl = SLAUGHTER, Male Calves, East

SCVMWl = SLAUGHTER, Male Calves, West

SCVFEl = SLAUGHTER, Female Calves, East

SCVFWl = SLAUGHTER, Female Calves, West

BCSCEl = SLAUGHTER, Beef Cows, East

BCSCWl = SLAUGHTER, Beef Cows, West

DCSLEl = SLAUGHTER, Dairy Cows, East

DCSLWl = SLAUGHTER, Dairy Cows, West

The last element in the variable name, a "l" or "2," refers

to the quarter. In the first half of the program ”1" and “2" refer

to the first and second quarter while in the last part of the program

they refer to quarters three and four.
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APPENDIX D

PROGRAM RECON

Appendix D provides a listing of program RECON. The first

statements in the program dimension the output variables, as well as

the variables that are the matrix of published statistical data

described in Chapter II, the third section. The variable names

used to describe these data are listed in Appendix C. The next

set of program statements read the published statistical data matrix

into core.

The parameters of program RECON are briefly described in

comment statements; the initialization of these parameters occupy

the next set of program statements.

The number of intermediate and output variables preclude their

listing, however, the logic of the output variable names is given below.

The program calculates the elements in the output format matrix

displayed in Table l5; each row of this matrix is an adaptation of

identity (83). The first part of the program calculates the four

"Calves Born This Year" rows on the XCAV stream elements.

These row elements are:

XBMCV + E or w + l to 9 or P or M Male Beef Calves

XBFCV + E or w + l to 9 or P or M Female Beef Calves

XDMCV + E or w + l to 9 or P or M Male Dairy Calves

XDFCV + E or w + l to 9 or P or M Female Dairy Calves.

347
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The E or w refers to East or West while the l to 9 or P or M refers to

columns of the output format matrix. These columns are:

Beginning Inventory

BORN

TRANSFER IN

IMPORT

TOTAL SOURCES'
U
w
a
—
J

DIED

SLAUGHTER

EXPORT

TRANSFER OUT

Ending Inventory

TOTAL DISPOSITION3
®
m
N
C
h
U
1

The second part of the program calculates the "Calves On Hand”

rows or YCAV stream elements.

YBMW Male Beef Calves

YBFw Female Beef Calves

YDMW Male Dairy Calves

YDMW Female Dairy Calves

E and w as well as l to 9, M and P make up the last two characters of

the variable name.

Using these same last two elements in the variable name, the

remaining rows of the matrix are listed.

BULL Bulls

DCOW Dairy Cows

DHFR Dairy Heifer

BCOW Beef Cows

BHFRR Beef Heifers--Replacement

BHFRF Beef Heifers--Feeding

STRS Steers
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PROGRAM RECOR!INPUT.OUTPUToTAP51)

C

C DIMENSION THE MATRIX OF OUTPUT VARIAiLES

conrou GULLF1(27). 8ULLESI27). BULLE4(27). 8ULLEP¢27)'BULLESI27).

100LLF¢¢27). DLLLF7cz7). BULLE9(27). 9ULLEH(27T.DCOHE1(27).DCOHESCZ7),

zbcoue4¢27). ocouFF¢27).Dcouesc27).ncnuFotz7).Dc0HE7¢27).ncou69¢27).

socouEH¢27i.oFFRF1(27).DHFRESL27).nHFRFP(27).DHFRESI27).nHFREoI27),

ODHFFEBCQ7).DHFRE9(27).DHFREHC27).DCOHE1(27I.BCOHEJ(27).BCOHE4(27),

SBCOKEP(27).RCOHE5(27).8COHEb(27).nCOHE7(27).BCOHE9IZ7).RCOHEHIZ7).

OBHFFRE3(27).EHFPREP(27).BHFRRESI£7).8HFRREBt27).8HFRRFH(27).BHFRFE

71(27).9HF2F53(27).eHFnFF4<27).aHFRFFP(27).eHFnFFb<27).aHFRFFocz7);

OBHFPFE7CZ7).EHFPF68(27).8HFRFE9(£7).BHFRFEHIZ7).STRSEi(27).STRSESI

927ToSTRSE4i27)oSTRSEP<27).STRSES(27)aTBIRTHE(27).TBIRTHH(27)

COMMON STRSEO(27).STRSET(27).STRSE9(27).STRSEHt27):8EGINVE(27).

1Tnarxuecz7).vlnFTF(27:.sounce¢27).TnIEDE(27).r5LRE(27a.YExPTE(27);

ZTRNOUYE(27)aENDlNVE(27).TDSPNE(PI).08!RTHE(27).DBIRTHH(27)¢

3!BHCVE2(27).X8HCVFP(27).xancvesce7). xancveo(27).XBHCVF7(27).xancve

49(27).xn1CVFF(27).anCVF2¢27)o xaFCVFP(27). xqrcvesc27). xRFCVE6(27).

SXBFCVETIZ7). xaFCVE9(27). xachence7). xnncv52(27).onCVFP(27).anCVE

65(27).ancvea(27).xnncve7(27). x01CVF9¢27). xnncventa7). XDFCV62IZ7).

7xnrrveptz7).onCVE5(27).xnrcvee(27).onCVF7cz7). xorcvs9<27).xnrcvs

on¢27).XXCAVF2(27).XXCAVEF(27). xxAVES¢27). XXCAVEbIZT). xxcnve7¢27).

9!!CAVEO(27).IXCAVEH(27).XBHCVFJtz7). xarcvestz7). BHFRRF6(27)

COHHON YBHCVEICZ7ToY8HCVE3I27)oY$HCVEPCZ7ngBHCVESCZTToTBHCVEG(27)

1,YBVCVE7(?7).YBHCVEB(27).YBHCVEHI27).YBVCVE1(27).YUFCVE3(27),YBFCV

2EP(?7T.Y37CV55(27)aYBFCVEG(27)oYiFCVE7(27)aY8FCVEB(27)oYBFCVEH(27)

3.YDFCVE1(27).YDHCVEP(27).YUNCVE‘(?7TpYD*CVEO(27)oYDHCV57(27)o

QYDHFVEOCZ7DoTUHCVEHIZ7).YDFCVEXC£7)oYDFCVFP(27).YDFCVF5(27)o

SYDFCVEGIZ7ToYDFCVE7(27).YDFCVE8(£7).YDFCVEH(27).YYCAVF1(27).

6Y7CAVE3¢27ioTYCAVEP(27T.TYCAVE5(l7).YYCAVE6(27).YYCAVE7(27)n

7YTCAVEO(27T.TYCAVEH(27)oXXCAVEltl7).YDHCVEJ(27).TDFCVEJ(27)

cannon RULLU1I27).BULLw3(27). BULLH4(27).BULLHPIZ7):BULLH5¢27).

180LLH6¢27).aLLLu7cz7).8uLLH9(27). BULLHH(27).DC0HH1¢27).ncouH3(27),

20c0Lu4¢27».ocouup¢27). DCOHHS(27).DCDHH6(27).DCOHHTIZ?).DCOHH9t27).

JDcoHuH¢27),onFRu1(27).0HFRu3(27).DHFRuP¢27).0HFRHSL27).0HFRH¢(27).

40H?!HB¢27).nhrRH9(27).DHFRHHKZTT. acouu1¢27t.ucouus<27i.Rcowu4(27).

SBCOtuPIPT). Rcovwscz7). acowubiz7).ncouu7¢27). acouu9(27). RCOHHH(27).

gaHanu3(27).5HrnRuP(27). BHFRRHSIJ7). UHFRRHB¢27). BHFRRHHC27loBHFRFH

71(27).BHFHFHJI27),8HFRFH4¢27),BHFRFHP(27I.8HFRFH5(27). BHFRFHOIZ7).

BDHFPFH7(27).BHFPFHO(27).8HFRFH9!£7)o8HFRFHH¢27).SYRSH1(?7). STRSHSI

927ToSTRSHO(?7lnSTRSHPCZT)n5TRSH‘I27)oPHFRRHbIZ7).BHFRFH3(27)

cannon srR5H¢IZ7l.STRsH7(27I.s Insu9¢27).stngun¢27a: secluthz7).

119AN:NH(27). TIHPTH(?7I. souncu¢27:. tanoHL27i. TSLRHIZ7).TEXPTH(27).

2tnunutu(27).s~ot~vu(27).1nse~u¢2/).srnsua¢27).

SXBMCVHZIZTT.XBHCVHPIZ7).XHHCVH5(£7).XRHCVHbC27).XBHCVH7t27).XRHCVH

49cz7i.xnacvur¢27).xercvu2¢27).xFchuPcz7).xnrcvu5¢27i.xarcvwotzvi;

5!87CVH7(27).X8FCVH9(27).XRFCVHH((7).XDHCVH2(27}.XDHCVHP(27).XDHCVH

as:27:.xnncvu¢(27).xnncvu7c27).ancvu9¢27).xnncvuncz7).xnrcvu2(27);

7xnrcvupcz7).xnrcvu5(27).xnrcvuota7).xnrcvu7:27:.xorcvu9¢27).xorcvu

on¢27).xxcavu2(27).xxcaqu(27).xxsavu5¢27).XXCAVH6¢27).xxcavu7(27i.

Oxxcavw9<27).xxcavun(27).xancvuac27).xarcvua(27).xxcavua(27)

conrou Y8"CVh1t27loYBHCVHSIZ7IoY$HCVNPI27IoVBHCVH5¢27).YBHCVH6(?7I

1.varcvu7¢27).vevcvuac27).vencvunlz7).vercvu1(27).qucvu3(27i.varcv

ZIP(97)pYBFCVh5(?7).YBFCVHbt27).Y$FCVH7(27).YBFCVH8(27).YBVCVHH(27)

3.YDHCVH1(27).YU"CVHP(?7).VDHCVH5127).YDHCVH6(27).YDMCVH7IZ7),

avnflrvua(27).voucvuntz7).rnrcvu1t27).YDFCVHPI27).VchvuS(27).

svnrcvuo¢27).vnrcvu7(27).vnrcvuacz7).vnrcvuntz7).vvcavu1cz7).

6YYCAVH3¢27).VYCAVHP(27).YYCAVHS(Z7).TYCAVH6(27T.YYCAVH7(27).

7YYCAVHIIZ7).YYCAVHH(27)
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c'

c.b1ueus:ou we «mm or PUBLISHED STATISTICAL mu

COMMON BCCHE¢27.4I.8COHH(27.4I.BCOHT(27.4I.BHFRE(27.4I.OH7RH(27

1.4I. BHFRII27.4I.DCOUE¢27.4I.ocoudcz7.4I. Dcou7¢27.4I. ouraE¢27.4I.

znurputz7.4I, [HFRT(27.AI. STRSE(27.4I. STRSHI27,4I. STRST(27. 4I. CALVEI

327. 4I.CALvut27.4I CALVT(27. 4I.auLLE(27.4I.BULLH(27:4I. BULLI¢27.4I,

4DIRTHEIZ7. 4I, BIRTHN(27.4I. BIRTHI<27.4I. SCAVE(27.12I.SCAVU(27.12Io

SSHCAVE(27.12I.SFCAVF<27.12I.SHCAvut27.12I.srcavu(27.12I.

CSCOPE¢27.12I.scowu(27.12I. SBULLFL27. 12).SBULLH(27.12I.SHFRE(27.12

7).SSTRE(27.12IoSSTRH(27.1?I.SCAT:(27.12I.SCATH(27.12I.SHFRRIZ7 12I

c.2c75anz7.12I.zcvrnx27.12I.zcrerI2L 12I. zc1707¢27. 12L ZCVSLRL27.

012IoZCVFDC27.12I.ZCVSTK(27.12I.Z.UTOT(27.12I

- ,;"3

conrou vFaRnucz7I, VPBRDE(27I. VOTHRH(27I. vovuRE(27I:HPonVH(27I.

IHPDRYEI27I.HFDqu(27I.HPDRFF(27I.uonavut27I.woonve(27).HCavu2(27I,

ZHCAVE2(27I.HCAVH7¢27I.HCAVE7(27I.HCAIu9(27I.HCAIEOI27I.uFaRDEIZ7I.

auPaRoH(27I.H:RYU2(27I.HDRY62(27I HDRYH9(27I.HDRYE9(27I.

zuSTYEEIZ7I.u57KSE(27I.USR10E(27.¢I.USRTAE(27I.USTKEH(27I.USTKSHI

327IoUSRT9H(?7.4I.USRTAH(27).USVK:E(27I.USVKSEI27I.USRVOE(27.AI.

OUSRVAEIZ7I.USVKEH(27I.USVKSH(27I.USRVOH(27.4I.USRVAH(27I

COMMON 7PDRYE(27.12I.VPDRYH(27.12).YPBVEI27.12I.YPRFU(27.12);

IYOTNRE(27.12I.YOIHRHCZ7.12I.XCAv:2(27.12I.XCAVH2(27.12).XCAVH7(27

2.12I.XCAVE7(27.12I.XCATE9(27.12I. XCATH9(27.12I.XPDRYEC27.12h XPRF

3E(27.12I.XFFFH(27.12I.xPDRvu(27.L2I.XOIDYE(27.12I.x01nvuc27.12I.

QVARVECZ7.12I.FARHH(27.1?I.TCAHE(£7.12).TCAHH(27.12I CAHMRF(27 .12),

SCAHFKH(27.12I.CANCVE(27.12) CAHCVH(27.12I.CAHFSE(27.12I.CAHFSH(27.

612I.cuoan(27.12I.cuacuu:27.12I.aA(27I.aac27I.ccc27I. 00(27I

C

C READ JUVE 1 AND EEC 1 POPULATION DATA.

C

SHITCH31.0

DO 2 “.1027

I'CS'ITCHoEOOAOD’GO 70 3

U2 ‘
RFAD(1.4I CALVEIKILI.CALVH(K.LI.CALVTIK.LI.STRSE(K.LI.STRSHIK,

1LI.SIRSI(K.LI.aHrRE(K.LI.8HFRH¢K.LI.8HFR1IK.LI.8C0HE(K.LI.acouHIK.

2L’0PCOHTC“0L’

. EORVATCAIX01279.DT

I LIA .

REAPCAg4) CALVE‘KoLToCALVHCKoL’oCALVT‘KoL’oSTRSECKnL)oSYRSHTK,

1L’057R5'(“0LTOBNFRE(K0L’99HFRH(K0L)oBH'RTCxoL’OBCOHE‘KoL)oBCOHUCKo

2LTJFC0HTCDIL’

SHITCHID.D

2 CONTINUE

C'TTCH'AoO

DO 7 “.1027

L'2 .

“FRDL100’ DHFRECK.LI.DHFRH(K.LI.DHFRT(K.LIoDCOHE(KoLI.DCOHHlK.

1LT0DC0HT(KOL,OBULLELKoLToHULLHCKoL’oBULLT‘KoL,

D '0RVATC11X09F9oo)

9 L04

READ(1.0I DHFPE(KoL).DHTRH(K.L).DHFRTCKoLTIDCOHEIKoL).DCOHHCK}

1L).DCOHTIKIL)oUULLCCKoLIoDULLH(KoL)oBULLTCKIL)

SUITCH'Ooo

7 CONTINUE

C

C READ JUNE 1 AND CEC 1 CALF BIRTH DATA.

DO 13 K'2o27

LIZ

READC1.14I UlRIHE(K.LI.BIRTHH(K.LI.BIRYHT¢K.LI

14 FDRPAT(11!.3710.0I

L04

RFAD(1.14I BIRTHFtKILI.BIRTHH(K.LI.DIRTHTIKILI

:3 CONTINUE





G
O
G

G
O
O

0
0
0

35]

READ INSPECTED SLAUGHTER DATA

DO 11 "3012

Do ’2 J'1012

IFIr(1.15IscavscI.JI.scavu¢I.JI.scar£¢I.JIIscntucI:JI;SBULLE¢I.JIL

18901LHII.JI

15 FORFAYIHx.2F10.0.10x.2F10.o.10x.2r1o.oI

12 CONTINUE

11 CONTINUE

DO 18 K812.26

DO 19 L31012

READ(1.21ISNCAVF(K.LI.sncxvucx.LI.srcAVEIKILI.SFcavu(x.LI

21 Fonra7(11x. 2F10. a. 10x. 2F10. 0)

19 CONTINUE

10 continue

DD 24 Ku12.26

Do 75 L'Ial?

READI1.27I SSTREIK.LI.SSTRH(K.LI.SHFREIK.LI.SHPRU(K.LI.SCOHE(

1NOLIoSCONNINoLIOSBULLEIKOLIoSBULLHIKoLI

27 FORWAT(11X.DF10.II

25 CONTINUE

24 CONTINUE

READ HEST'EASY CATTLE-CALF NOVEHENT DATA

DO 31 ”.2026

no 32 L-I.12

nFanI1.34I ZCTSLntx.LI.zc7Fo¢xLLI.zcvsvxcx.LI.zc1torcx.LI.zcv

18LR¢K.LI.zcvrn(x.LI.zcvsrx(K.LI.tcvrortx.LI

34 FonrAIIIIx.ar12.oI

32 CONTINUE

31 CONTINUE

READ DAIRY CORRESPONDENTS STUDY DATA

no 30 II1O.27

Do 39 J'1012

READ(1.42I FARHFII.JI.ICAHE¢I.JI.cAHHxE(I.JI.CAHCVE(I.JI.CAH

IFSEIIoJI.CHPcHE(I.JI

42 PDRHATII1X.715.0.SFZ0.0I

39 courtuuF

30 CONTINUE

DO 45 l-1o.27

no 46 4:1.12

nFAn¢1.42I FARHH(I.JI.TCAHHIl.JI.CANNKN(IoJI.CANCVH(I.J).CAH

1FSH¢I.JI.cuacuw(l.JI

46 CONTINUE

45 CONTINUE

READ UNINSPECTED SLAUGHTER DATA

no 53 [-10.26

00 54 J'104

IF(J.EO.4.0IGO TO 53

REACI1055I USRTOEIIoJIoUSPIOJIIoJ)

55 '0RPATI17X.40X0271°.1I

00 10 5‘ .

5. NFADI1359I USTKFEIII.USTKEN(IIaUSTKSEIIIgUSTKSNIIIoUSRTOEIIoJI

1.USPTOH(I.JI.USRTAE(II.USRTAH(II

59 TOR'AT(17!.ar10.1I

54 couixnuF

53 CONTINUE

DO DZ D'10026

DO '8 J'Ao‘

IrIJoFO.‘o°IGO To 97

NEADIAo‘SI USRVOEIIoJIoUSNVDNIIoJI

00 TO OR .

92 RFADI1059) USVKFEIII.USVKENIIIoUSVKSEIII0USVKSHIII0USRV°EIIIJI

1.usnvou(I.JI.USPVA£<II.USRVAH¢II

on anIINUF

a2 CONTINUE
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READ ANNUAL IMPORT DATA

(
M
O
I
?

DO 72 I-2.26

REAP(1.73IVP8RDH(II.VP8RDE(I).VOTHRHIlIovoTHREIII

73 FORMATIOX.2F15.0.15!.2F15.0I

72 CONTINUE

c

c READ NONTNLY IMPORT DATA

c

DO 77 1'23o26

DO 78 J'lol?

RFADI1.76I vpnnvecI.JI.VFDRvdtI.JI.YPBFE(I.JI.128Fu¢I.JI.YOTH

2RF(1.JI.YOTHRR(I.JI

76 FORPATIGX.6F12.0I

7O CONTINUE

77 continue

C

C READ ANNUAL EXPORT DATA

C

DO 6’ I'2.19

“EADI1061INPCRYEIIIONPDHFEIIIOHPSRDEIIIOHPDRYN‘IIONPDBFNIII.

INPDPDHIII

_OA PORFATIONOOFASQRI

67 CONTINUE

C

DO 60 I'20.26

READ(1.61INPBRYH‘I).HPDBFH‘II.HP3RDR‘I).NPDRYE(I).NPDBPE(IIo

INPDPOEIII

A. CONTINUE

OO 62 I'2026

REAP¢1.63IROCRYH(I).NOORYE(II.NCAVH2(II.NCAVEZIII.NCAVH7(II.

1HCAVE7III.uCaYu9(II.HCAIE9(II

03 Fonrattox.ar15.0I

62 CONTINuE ~

READ MONTHLY EXPCRT DATA

1
1
f
!
“

no 64 1023.26

no 65 J'1o12

RFATI1.66I XCAVEZII.JI.XCAVH2(I.JI.!CAVE7(I.JI21CAVH7¢I.JI.XC

1A159¢l.JI.XCAYH9<I.JI.xnInvetI.JI.xorovuII.JI.XFORIE(IoJI.XPDnYu

2(I.JI.XP8FE(IoJI.!PRFR(I.JI

66 VORPAT(OX.1279.0I

65 continue

64 CONTINuE

C

C PROGRAM RECON

C

C PARAMETER DESCRIPTIONS

C

C V1 PROPCRTION OF CALF EXPORTS FROM THE XCAV STREAM

C V2 PROPORTION OF MALE CALVES IN EXPORTS 200-700L85.

C

C V3 PROPERTION 0F FEMALES IN PURERREO E!PORTS.EAST

C V4 PROPCRTION OF FEMALES IN PURERRFD EXPORTSINEST

C V5 PROPORTION OF FEMALES IN PURERRED INPORTsoEAST

C V6 PROPORTION OF FEMALES IN PURERRED INPORTSaNEST

C

C V7 PROPORTION OF DAIRY IN PJRERRFD EXPORTS.EAST

C VB PROPORTION OF DAIRY IN PJREPRED EXPORTS.NEST

C V9 PROPORTION OF DAIRY IN PJRERRED IMPORTS.EAST

C V10 PROPORTION OF DAIRY IN PJRERNED IMPORTsoflEST

C

C V12 PROPORTION OF STEERS IN JTHR IMPORTS

C V14 PROPORTION OF STEERS IN VON-CON XCATO

C V15 PROPCRTION OF CULL COHS IN XCAT9IUNDER CRITICAL LIMIT.EAST

C V16 PROPORTION OF CULL CONS IN XCATQIDVFR CRITICAL LIMITIEAST

C V17 PROPORTION OF CULL CONS IN XCAT9.0VER CRITICAL LIMIT.NEST
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V20 PROPORTION OF BEEF cows sLAUONTERED.EAsT

v21 PROPORTION OF DAIRY cows SLAUGHTEREO.HEST

v22 PRoPoRTION OF MALES IN UIINRPECTEO CALF SLAUONTER.EA3T

v23 PROPcRTIoN OF NALEs IN UNINSPFCTED CALF SLAUGHTER.NEST

v24 PROPoRTION nF STEFRs IN JNINSPECTED CATTLE SLR.EAST

v25 PROPORTION OF STEERs IN JNINSPECTED CATTLE SLR.NEsT

V26 PRoPoRTION nF cnus IN UNINSPECTED CATTLE SLR.EAST

v27 PRoPcRTTON OF cows IN UNINSPECTED CATTLE SLR.HEST

v20 PROPORTION OF BULLS IN UNINSPECTED cATTLE SLR.EAST

v29 PROPORTION OF auLLs IN UNINSPECTED CATTLE SLR.AEST

v32 PRoPcRTION or NALES IN ZSVSTK AND zcvro

v33 PROPORTION OF MALES IN ZCVSLR

v34 PROPcRTION 0F MALES IN 23TSTK AND ZCTFO

v35 PROPORTION OF NALEs IN z;TSLR .

van SCALE FACTOR FOR NEST-EAST TRANSFERS

AORPE DEATH RATE OF NALES.xCAv STREAN.EAST

XORFR DEATH RATE OF MALES.XCAV STREAN.NEST

XDRFE DEATH RATE OF FENALES.XCAV STREAM.EAST T

XDRFN OEATR RATE OF FENALES.chv STREAM.HEST

YDRFE DEATM RATE OF MALES.YCAV STREAM,EAST

TORPN OEATR RATE OF MALES.YCAV STREAM.NEST

YDRFE OEATR RATE OF FEMALES.YCAV STREAN.EAsT

YORFN DEATH RATE OF FENALEs.chv STREAN.HEST

DRE OEATR RATE OF ALL CATTLE 17R AND OVER.EAST

V38 PROPORTION OF 1ST YR CALFIOEATNS OCCURING IN THE xCAv STREAM

DRN OEATR RATE OF ALL CATTLE 11R AND OVER.HEST

BRB'E BIRTH RATE

Snafu BIRTR RATE

BRDYE BIRTR RATE

RROYN BIRTN RATE

REEF COUS.EAST

BEEF CONS.UEST

DAIRY COUSAEAST

DAIRY CONSOHEST

INITIALIZE PARAMETER VALUES

VAPOSD

V2.0135

V33090

VNROSD

V5'an

VO'ODO

V78.026

VII.D26

',.02°

VID'.2I

V123.65

V148.35

V15'.OC

V163.10

V17¢.°5

V20..10

V21-.18

V?2'.65

V23-.50

V24-.615

V25'.3D

V2OI.2A

V273,?5

V20-.06

V29'.°O

V32',ODD

V333..95

V34-.300

V3580.95

VJOI.OD

VAO'IIDT

xDR”E‘.DJ

XDRVN'.93

XDRIE'.03

RDRFN'.DJ

YDRFE-.03

YDRPN'.03

YDRFE'.03

YDRIN'.03

DREI.015

ORR-.015
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IRDFE'.DS

.RDFNI.RS

.RDYE'.7!

DRDYNI.769

PRINT PARAMETER VALUES

PRINT 300

SCI FORMATIOI‘.OVARIARLE SETTINGS UTILIIED IN THIS RUNOI

PRINT 301.v1.v2.v3.v4.v5.vo.v7.vu.V9.v10 ‘

301 FORMATIAoo.Ax.F5.3.3!.oPRnPnRTIDV 0F CALF ExPORT FRON XCAV STREANo

1.1.5x.F5.3.3x.-PRnPnRTION OF MALE'CALVES IN EXPORTS ZOO-700L850

2.1.5x.F5.3.3x.oPRnPORTI0N 0F FEMALES IN PURFaREo ExPORTs.EASTo

3.].5XAF5.3.31.0PROPDRTI0N OF FENALEs IN PUREBRED ExponTs.uEST.

4,1.5x.F5,3.3x.oPRnFORTION or FEMALES IN PUREBRED INPORTs.FA5To

5,],5x,rs,3,3‘,oPRDPORYION 0F FEMALES IN PUREBRED INPORTS.NESTo

O.II.SX.F5.3.3x.oPROPORTION 0F DAIRY IN PURERRED EXPORTS.EASTO

7.1.5x.F5.3.3x.-PRnPnRTION 0F OAIIT IN PUREBRED ExPORTs.HESTo

3.1.5:.F5.3.3x.oPROP0RTION OF DAIIY IN PUREBREO IMPORTSIEASTO

0.1.5:.F5.3.3x.oPROPORTION 0F DAIAR IN PUREDREO INPORTs.uESToI

'RINT 3O2pV120V1‘AVASDVIOAV20AV?10V22pV23

302 rORNAT(.o.,Ax,F5,3,3x,oPRnPORTInv 0F STEERS IN OTNR IMPORTS.

1.].5XAF5,3.31.0PROPCRTIDN OF STEERS IN NON'COH XCATRO

2.].5XAF5.3.3X.OPROPORTION OF CULLICOHS IN XCATRAUNOER LIMIT-EAST.

3.].5XAF5.3.31.0PR0PDRTION DP CULLI CONS IN NCAT9AOVER LI'TITAEAST.

‘.’.5Xo'5.3.3'.PPRnPnRTION 0F CULLI CONS I" XCAT900VER LINITDHEST.

5.],05X.F5.3.3XAOPROPORTION OF OFEF CONS SLAUGHTEREO.EASTO

0.].5XAF5,3.31.0PROPORTION OF DAITN CONS SL‘UGHTEREDOHEST.

TAIASXAFS.3.SlofiPRDPORTION OF MALES IN UNINSPECTED CALF SLR.EASTO

DoI05X0F5.3oSXA0PR0PDRTION OF MALES IN UNINSPECTED CALF SLRANESTOI

PRINT 303.v24.v25.v25.v27;v20.v29,v32.v33.VS4.v35

so: FORMATI- c.4x.Fs.3.3x.-PRnP0RTIov.or sTEERs IN UNINSP CT SLR.EAST.

1.7.5x.Fs.3.3x.oPRnPnRTION or STEERS IN UNINSP CATTLE sLR.uEST.

2,1.5g.rs.3.3x.oPRnponTION or cons IN uNINSPECTEo CATTLE sLR.EASTo

3,1.sx.rs.3.3x.cPRnPonTInN or COH$.IN UNINSPECTED CATTLE SLR.uESTo

4.1.5x.F5.3.3x.oPRnPnRTION or BULLS IN UNINSPECTED CATTLE SLR.EA5T.

5.1.5x.F5.3.3x.oPRnPnRTInN or ROLLS IN UNINSPECTED CATTLE SLR.REST-

A.//.5!.Fs.3.3x.-PR0P0RTION 0F NA.ES IN ZCVSTK AND zcvro-

70/05X0F5.303XAPPROPORTION OF NALSS IN ZCVSLRO

a.1.5x.r5.3.ax.oPRnPnRTION or RALEs IN ZCTSTK AND ZCTro-

9.1.5x.rs.3.3x.oPRoanTIoN 0F RALES IN zCTSLR.I

PRINT 30A.V40.XORME.XDRMH.XDRFE.ADRFN.YDRME.YORFH.YORFE.YDRFH

304 FORVATIO 0.4!.75.3.3x.cSCALE FACTOR FOR NEST-EAST TRANSFERS!

1.1!.5X.F5.3.3X.00EATN RATE OF NA.Es.chv STREAN.EAST.

20’05N075.303AA‘DEATH RATE OF "AL:SAXCAV STREAH,HEST0

3p/05X0P5.3a3IAPDEATH RATE OF FEMALES.XCAV STREAHIEASTO

4.].5x075.3.31.0DEATH RATE OF FEMALES.XCAV STREAN.HEST.

5.77.5X.F5.3.3x..oFATN RATE OF MA.FS.YCAV sTREAN.EAST.

A,/.§!.'5,3,3x.ODEATH RATE OF MALES-YCAV STREAM.NESTP

7,1.5:.F5.3.3x.-DEATN RATE of FEMALES.YCAV STREAN.EAST.

.0’05x0'5.303'O.DEATH RATE OF FEMALES.YCAV STREAMIHESTPI

PRINT 305.0REaDRN.V3OIDPBFE.BR8FATORDYEAORDYN

305 FORVATIO 0.41.75.3o3Xo'DEATN RATEIOF ALL CATTLE 1YR AND OVERoEASTo

1.7.5:.F5.3.3x,onEATN RATE OF ALL CATTLE 1YR AND OVER.uEsT.

2alo5xnf5.3.3x.PPRnPORTIDN IST TFAR CALF DEATHS OCCURING XCAV STRN.

3.1/.5X.F5.5.3x.oUIRTN RATF BEEF JORS.EAST.

4.7.5x-F5.3.3x.-RIRTN RATE CFEF caus.uF5T.

5.7.5x.F5.3.3x.oRIRTR RATE DAIRT :ous.EAsT.

5.1,sx.F5.3.3x.-OIRTN RATE DAIRY C0RS.NEST.I
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CALCULATE CATTLE POPULATION RECONCILIATION MATRIX

CALCULATE CALVES BORN THIS YEAR MATRIX

TIT

312

313

314

sVITC“l1.0

DO 310 T'12026

TOTAL1I0.0

TOTALZID.O

00 311 J:2.4.2

TOTALIATOTAL1.8IRTNF<I.JI

TOTAL2aTOTAL208IRTHHIIoJI

CONTINUE .

TBIPTNEIII-TOTAL1

TBIPTHHIIIITDTALZ

TOTAL3I0.0

'TOTAL430.0

DO 312 J31.12

TOTALS-TOTALJOCAHPSEIIoJ)

TOTAL4-ToTALAoCANFsuII.JI

CONTINUE

RATIOIIIDCONEIIAZIRDCONE(IA4IIIITCAHEIIASIOTCAMEIIIIII)

RATIOZIIDCOUNIIaZIODCONNIIAAIIIITCANNIIcsIOTCAMNII311II

TOTALDEITOTALSPRATIDI

TOTALDNITOTALAORATIOZ

TOTALBEITBIPIHEIII-TOYALDE

'TOTALRNITRIRTHNIIIOTOTALDN

DBIPT"E=IIOCOHEII-I.4Iooc0HEII.2II/2IoepovE

DRIFTHN-IIDCCNNII-1.4IoncouutI.2II/2I-9RDTN

ODIPTHE-BCOHEII-I.4I-BRRFEo8NFREII-1.4Io.30.0RaFE

IBIPTHN-RCDNAII-1.4IoeRRFanNFRRII-1.4Ic,75.aRaru

AAIIIIORIRINE-TOTALDE

DRIII'DRIRTNN-TOTALDN

CCIII-DRIRTPe-TOTALRE

OOIII'ODIRTNN-TOTALRH

XRMCVE2III8RBIR1NEA.5

XRMFVNZIIIIPBIRTHH.,5

XBFCVEZIIISDBIRTNEP.5

XPFCVHZIIIanaIRTHHo,5

XONTVEZIIIIDEIRTHFO,5

RDMCVNEIIIDDGIRTHNO.5

RDFCVEZIIIIDBIRTNF.,5

IDFFVN2IIIIDBIRTHN0.5

TOTPL5.000

TOTAL600,0

DO 3:3 JI7AT2

TOT‘LSITOT‘L5.TZCVSTK(TOJ,.ZCVFD‘TOJ)’.V4°

CONTINUE

DO 314 JI4AIE

TOTALOITOTALOOZCVSLRIIoJIOVAO

CONTINUE

XDMCVEJIIIOTCTALSOVSZRTOTALOOVJJ

XRFFVEJIIIOTCTALSOIl.‘VSZIOTOTALOOIIA'VSJI

XRMFVNDIIIITCTALSOVSZOTOTALOOVJJ

XBFTVUDIIIITCTALSOI1.-V32I0T0TALOP(I.-V33)

XRNFVEPIII-XRHCVE2IIonnNCVFSIII

XRFCVEPIIIIXBFCVEPIIIoXHFCVESIII

anerPTIIaxCHCVE2TII

anCVEPIII-xCFCVEZIII

XRerNPIIIxxaNcVN2III

XRFCVNPIIIIXSPCVNZII)

XDerNPIIchcNCVN2III

xOFCVNPIII-XLFCVN2III
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lanrv55(l)-XEHCVE2(l)-anHE~v30

XFNCVHSIIIIXBHCVH?(I)09fRHHOVSB

lflFCVHS(l)axsrcvu7(1,.xnnru.v33

XBFCVES(l):xchvE2(I)oxnnr£.y33

ibflchSCI)-xtncv62¢1:.xnnneovsa

XDHCVH5(l)-xcncvu2(I).xnnnu.v38

xnrrvEsct)sxcrcv62(I).anrE.v33

XOFCVHSIIICXCFCVHZIIIOXDRFE-VJB

TOTAL100.0

TOTAL280.O

‘TOTALJ-o.o

TOTALA-O.o

no 315 J24.12

'TOTALIITOTAL105“CAVF(I.J)

'TOTALZsTOTALZoSFCAVE(I.J)

TOTAL3ITOTAL305HCAVH(IoJ)

'TOTAL4ITOTALAOSFCAVUII.J)

315 CONTINUE

‘TOTAL5-o.o

'TOTAL630.O

no 316 4.2.4

TOTALS-TQTALSOUSVKEECI)I4oUSVKSECI)/4¢USRVOE¢I0J)

TOTALOITOTALOOUSVKEHII)IAOUSVKSHIIIIAoUSRVOHIIoJ)

316 CONTINUE

38HFVE6¢I)-o.o

xanrvwoclwso.o

XBFCVE6(I):0,0

XBFCVHOIIIIO,0

xonrveotl)-Tc1AL1.TorAL5.v22

XDHCVNOIIIITcTALJoTnTALboVZS

xnrcho(I)nTCTALZotnrAL5.¢1.-v22;

xnrcvuocx)arotAL4.rorALo.¢1,.v23,

TOTAL7IHCAVE2II)°.96

TOTALOIHCAVHZII)O,96

TOTAL9IHCAVF7II)

IOTALIOIHCAVN7II)

XBMCVETIIIOTCTAL9OV10V2

XOHFVH7IIIxTCTAL10-V1OV2

XBFFVE7IIDOYCTAL9-V10(1.-V2)

NBFCVHTIITITCTAL100V1'Ilo'V2)

XDHCVE7¢I):TCTAL7

XDNCVU7IID8TCIALO

XDFCVETIIII0.0

XOFCVN7IIIIO,O

SUBXBHEIXRHCVE5(l)oxencveo(l)ox91cvr7(l)

suaxanuaxnnch5(I)oxancvu6(l)oancvu7cl) .xancvuatl)

Susie's-XRFCVF5(l)oqucveotl)oxnrcvs7(I)

suexarusxnrcvu5¢l)oxarcvu6(lioxarcvu7tl) .xnrcvu0(l)

SUBXDHE-xnncv55¢l)oxUHCVEo¢l)oxn4cvs7tl)

SUBXDHH=XDHCVH5(1)oxuncvao(l)oancvu7tl)

suaXDFu-xOrCVH5(l)oxorcvu6(I)oxnrcvu7(1)

SUBXDFEsxnrcv55(I)oXDFCVE6(I)oxnrcve7(I)

XBMCVEOIIIIXEHCVEPIII-SUBXBHE

XBMCVH9II)8X6HCVHP(I)-SU8XUHH

XBFCVEOCI!axerchP(l)-Suuxuré

xarrvH9(l)sxercvuP¢l)-Suexuru

XDHCVE¢(l)axchvEP(l)-Suux0ne

XDHrVV9IIIIXEHCVHP(II-SUBXDHH

XOFCVE9II):XCFCVEP(I)-SU8XDFE

xorcvuoclyuxtrcvupttwosuexnru

xancvenclinxancveocIJosuaerE

xanrvuucl):xancvu°(l)oSUUX8HH

xarrvencl):xarcveot|)osuaxere

xarcvwntII-xarcvuott)osuuxsru

XDHFVEHIIIIXLHCVEOIIIOSHBXDNE

XDNPVHNIIIOXE“CVH¢IIIOSUBXDHH

anrvEfltlilxt'CVEOIl)osuuxDFE

XDFCVHNIIIIXCFCVH9CI)OSUBXDFH
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XICAV62IIIBXOHCVE2IIIOXRFCVEZIIIOKOHCVEZIIIOXOFCVEZIII

XXCAVEJIItsstchJ(IIoXHFCVF3(I)

xXCAVEP(I)-xancvepcIIoXBFCVEPcIonoNCVEPIIonDFCVEPII)

[XCAVESIIIIXBHCVESIIIOXRFCVESIIIOXOHCVESIIIOXDFCVESIII

NICAVEOIIIsXBHCVEOIIIOXRFCVEOIIIOXDHCVEOII)¢XOFCVE¢III

XXCAVETIITIXGHCVE7IIIOXRFCVE7IIIOXDHCVE7IIIoXDFCVE7II)

XXCAVE9IIIIXBHCVEOIII~XRFCVFOII)oxDHCVEOIIonOFCVE9III

xxcavEncII-xaHCVENIIonBFCVENtl)oxoncveHIIonDFCVENIII

XXCAVHZIIIIXENCVHZIIIOXBFCVHZIIIOXDHCVHZIIIOXDFCVHZIII

XXCAVHPIIIIXEHCVHP(I)oXBFCVHP(IononcvuP(l).xnrcvup¢1)

XXCAVHSIIISXBHCVHSII)oXRFCVHSIIIOXDNCVH5(IIOXDFCVH5(II

xXCAVH6([)sstCVHb(IIOXRFCVHOIIIOXDNCVNOIIIOXDFCVNOIII

XXCAVH7II):ercvu7(I)oxnrcvu7II)oxoncvu7IIonorcvu7II)

xchvua(I):ercvua(I)oxPFCVHBIl)

XXCAVH9III=XEMCVHOII)oxnrcvu9(I)oxOHcvu9(Ionnchu9II)

xxCAVNN(I)-xancvunct)oxarcvun(l)oxoncquIIonnrcvuntx)

é CALCULATE anves on uauo MATRIX

c

320

321

322

323

xrcsulrcu.£n.1.) on T0 320

YBNCv61II)-xancveocl-1)

YBHCVHIIIIIXBHCVH°(I-1)

Y8FCVEXII):XEFCVE9(I-1)

varcvuxtl>xxeFCVuo(t-x)

YONCVEIIIIxXEHCVEOII-l)

YONFVHIIIIIXL"CVH9(I-1)

TDFCvfizIIIsXEFCVEOIIvII

vorcvy1¢I)-xnrcvu9tl-1)

co to 321

TRHCVEIIIIIO.O

YBHFVH1II)30.O

TBFCVEIIII80.0

TBFCVH1IIII0.0

TDHCVEIII)IO.0

YDHCVHIIIIlO.O

TDFCVEIII)IO.°

VDFFVNIIIIIO.O

SHITCH-0.0

CONTINUE

YOT‘L1'000

TOTAL2I0.0

DO 322 Jnlnb

TOTALIITOTALIOIZCVSTKII.JIOICVFDIIoJIIov40

CONTINUE

DO 323 J8103

TOTALZaTOTALZOZCVSLRIIIJIOV40

CONTINUE

YBHFVEOIIIITOTALI‘VBZOTOTALZcVJJ

YRrCV53cI).TCTAL10(1.-V32)6TOTAL£-(1.-V33)

YBNCVNOIIIITCTALIOVSZOTOTAL?ov33

varcvuacI)aTCTALI-c1..v32)oTOtALz.(1.-v33)

vnncvesc13so.o

vnrch3(1)-o.o

VDNCVH0(I)-o.o

vorcvuo¢1)-0.0

TBNCVEPIII'VBHCVEIIIIOYBHCVEJII)

TBNCVNPIIIIYSHCVN1II)

YBTCVEPII)IYBFCVEIIIIOYRFCVEJII)

YNFCVHPIIIsvarcvuttl)

YDNCVEPIIIIYCHCVEIII)

VONCVNPIII-chCVHIII)

VOVCVEPIII-vcrchIII)

YorrvHPIII-YLFCVNIII)

TNHCVESIIIIYEUCVEIIIIOYDRNEOIIo‘VSOI

VBHCVN5IIIIYB”CVN1IIIoYDRHNoIIo‘VSO)

Yn'rVESIIIIYSFCVEIIIIOYORFEOIIo'VBOI

VHFCVUSIIIIYEFCVHIIIIOYDRFNOIlo'ISBI

YDHCVESIIIOYCHCVEIIIIOYDRHE'(1.-V3B)

TDHCVNSIIIsYCHCVNIIIIOYDRHN.I1.-438)

YDFCVHSIIIIYCFCVNIII)OYDRFN'I1.'V3O)

VDFCVESIIIIYCTCVEIIIIOYDNVEOI1I'V38I
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TOTALS-0.0

TOTALQ-o,o

TOTALS-0.0

‘TOTALOI0.0

OO 32‘ J3103

totAL3aToTALJoSNcAVEII.JI

{OIALA-TOTALIoSFCAVFIIoJ)

yotILS-TOYALsoSHcAVHII.J)

TOTALGITOTALOOSFCAVHII.JI

CONTINUE

TOTAL7IU5VKEEIIII4OU$VK5EIIII“U$PVOEIIo1I

TOTALOIUSVKENIII/4OUSVKSNIIIIQOUSRVONII.1I

TONCVEOIII'0.0

vanrvub(I)-o.o

varcvsoIII-o.o

YBFCVVOIIIlogO

YDNCVEOIIIITCTALSOTOTAL7-v22

vourvuocI)archL5otorAL0ov23

YOFCVEOII)xTOTALAoTOTAL70(1.-V2?)

vorcvuocI)urctALoototALao¢1.-v23;

TOTAL93NCAVEZIII0.0A

TOTAL10-NCAVN2II)0.04

TOTAL113HCAVE7II)

TOTALIZINCAVNTII)

YONCVETIIIITCTALllfiIlo’VIIcVZ

YBHCVH7IIIITCTAL120I1.°V1)'V2

VOECVE7II)ITOTAL110I1.~V1IOI1.'V2)

TBFCVU7II)flTCTAL120I1.'V1)'I1o’Ve’

VOHCVETIII'TCTAL9

VONCVH7IIItTCTALXO

VDFCVETIII'0.0

VDFCVHTIII!0.0

SUBTOHE-VRNCVESII)0YBHCVE6(I)ovn1cve7(l)

SUOYOHHsvanvuscIiovancvuocIIovnqcvu7¢II

SUOYBFE-YPFCVESI[Iovurch6cIIoVRFCVE7II)

SUOYBFN-VRFCVHSIIIoYachuocIIovnrcvu7II)

SUOYDHE=YDHCVESIIIOYDNCVEOIIIOY01CVF7III

SUOVDHu-vnnchSIIiovnncvuotI)0Y04CVH7¢II

SUOYOFE-vnrchSI[IovorcveocI)ovnrcve7tli

SUOYOFNI'OFCVHSIIIOYDFCVNOIIIOTDFCVNTII)

YBHCVEOIIIIYBHCVEPIII-SUBYBHE

YONCVHOIIIIYEHCVHPIII-SUBVBNH

TOVCVECIIIsYBFCVEPIII-SUBYBFE

TOFCVHOIIIIYEFCVNPIII-SUBYBFN

TONCVEOIIizYCNCVEPIII-SUBYDHE

TONCVHOIIIIYEHCVHPIII-SUBYOHN

vorchOIII-vcrchpcI)-suovorE

YOFCVNOII):YCFCVNPIII-SUBYOFH

YBNCVENIIIIYBNCVEHIIIOSUBYBHE

VRNCVUNIIIIYBNCVHBIIIOSUUYBHH

TRFCVENIIISYOFCVEOIIIOSUBYBFE

YBFCVHNIIIIYBFCVHBIII¢SU8Y8FH

VDNCVENIII'YCHCVEHIII°SUBYDHE

VONCVHNII):vcncvu8II)osuavunu

vorrvEntI)-vcrcven(1)osusvore

yorchNIIIIYcrcvun(1)cSUevDFN

VVCIVE1(|)avachE1II)anFCVE1¢I)oVOchEIIII0YDFCVEIIII

TYCAVEJIIIIYQHCVESIIIOYRFCVEJIIIOYDHCVESIII°YDFCVE3III

YYCAVEPIIIaYeHCVEPIIIOYRFCVFPIIIOYDHCVEPIIIOYDFCVEPIII

YYCAVFSIIIaYGHCVESII)0YRFCVES(IIOYD“CVESIII0YDFCVE5III

VY¢AvaIII=VchvEAII)anFCVFoIIIoYUHch6IIIanFCv56II)

TYCAVETIIIIYBHCVE7(IIOYOFCVE7II)6YDHCVE7IIIovnFCVE7(l)

'vcvaa(|):ybHCVEA(IIOTRFCVFBIIIOYUHCVEOIIIOYDFCVEB(II

TTCAVENIILIYbHCVEHII)OTBFCVEHIIIOYDNCVEHIIIOYDFCVENIII



0
0
0

C
5
0

359

'VYCAVNIIIIIYOHCVNIIIIOTR'CV'IIIIOVDHCVNIIIIOYD'CVHIIII

YTCAVNPIIIOYBNCVNPIIIOTRFCVNPIIIOYDHCVNPIIIOTOFCVNPIII

YYCAVNSIIIIYBNCVNSIIIOYHFCVNSIIIOVONCVNSIIIOYOFCVNEII)

YVCAVHOIIIIYBHCVHOIIIOYHFCVUOIIIOYDHCVNOIIIOYDFCVUOIII

YVCAVU7IIIIYONCVNTIIIOYRFCVH7IIIOYDHCVHTIIIoYDFCVN7II)

YYCAVNOIIIIYBHCVHBIIIOYBFCVHGIIIOYDHCVNBIIIOYOFCVNOIII

'YCAVHNIIIIYBHCVNNIIIOYBFCVNHIIIOYOHCVNHIIIOYOFCVNNIII

CALCULATE BULLS AND BULL nEPLACEHENTs:

IULLE1IIIOBULLEII’1043

.ULLNIIII'OULLNII‘IoAI

TOTALS-UsTKEEIIIOUsTKsEIIIOUsnTAéII)

TOTALAIUSTKENIIIOUSTKSH(I)oUSRTAd(I)

'TOTALSIVPHRDEIII

TOTALOIVPBRDNIII

IULlE4IIIITOYAL50I1.-v5)

IULIHAgI)8TOTAL60¢1.-V6)

BULLESIII'I(8ULLEII-1.4)~BULLE(I.2)I/2)0DRE

OULIISIII-((SULLNII-1.4)oaULLu(I.2)>/2)oonu

'TOTALTIHPNRDEII)

TOTALOINPBRDNII)

BULLETIII'TOTALTOIlo'VSI

IULLN7III3TOTALOOIlg'V4)

’TOTALCI0.0

TOTALICIC.I

DO 325 JI!.12

TOTAL9ITOTAL9°SBULLEIIoJI

TOTALIOtTOTALIOOSBULLNIIoJ)

329 CONTINUE

IULLEGIIIOTOTALOoTOTALJov7a

IULLNOIII'TOTALIOOTOTALAcV29

IULLE9tl)-BULLE¢I.4)

IULLN9IIIIBULLHII04I

OULLEHIIIIRULLLSII)OOULLEOIIIOBULLETIIDOBULLEQII)

OULLNNIII-OULLNSIIIOBULLNOIIIOBU.LN7IIIOBULLNQIII

IULIE3IIIIOULLENIII-BULLEIIII-BULLEAII)

CULLNJIIIIBULLNHIII-BULLH1III-OULLNAII)

OULIE'IIIIBULLElIIIOOULLEJIIIOBULLEAIII

IULIUPIIIOBULLNIIIIOOULLNSIlIOBULLNAIII

CALCULATE CONS AND REPLACEMENTS

OCOVEIIII'OCCHEII'1o4I

OCOUNIII)8DCCHNII-1o4I

CCOVEIII388CCHEII-1.4)

CCONNiIII'UCCHHII°104I

DCOVE‘III'TOIAL5OV50V9

DCONU‘III3T0TAL60V60VIO

CCO¥E4IIItTOTAL50V50(1.-V9)

CCOKN‘II)3TOTAL60V60Iio-V10)

DcovescII=IDCOHF¢l-1.4)oncou6(I.¢))/2.DR£

OcovuSIIIacncouucl-1.4)oocouu(I.¢))/2oonu

OCOVE5IIIIOCCHEII-1.4)oORE

BCORHSIII-acouutI-1.4I-DRH

TOTAL10'0.0

DO 330 JIIoIz

T0TAL9ITOTAL9°SCONEII0J)

TOTALIO'IOTAL1OOSC0HNIIoJI

330 CONTINUE
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DCOVNOIII'IDCONNII’io‘I‘DCONNIIoZJIIIOVZI

DCOUEGIIIIDCONEIICIoRIOYZO

DCOHEOII)OITOTALOOTOTAL'aVZOI-BCJNEOII)

DCOVNGIII'ITOTALAOOTOTAL40V27)ODCONNOII)

tOTALBE-NCATEOIII

TOTALBNINCATNOII)

IrcToYALaE.LE.Jooo) TOTALCEITOTAgfiEOVIS

I'ITOTALBH.LE.BOOOI TOTALCHITOTA.DE.V15

[FITOTALBE.CT.3000) TOTALCE-24OOOITOTALRE-ZAOOIOV16

[f(totILau.cr.Joooa TOTALCH-o4ooocTOTALau-bcoo)ov17

RATIOS-DCOHEIIo2)/(DCOHEII.2I°BCOHE(I.2)I

nAtIoo-OcouutI.2)/(Dcouu¢1.2)oecauucI.2))

OCOHE7¢II- TOTAL70V30V7OTOTALCE04ATIOSoHOORYEII
)

DCO¥u7IIII TCTALOOV40V70TOTALCNOIATIOOOHOO
RYNII)

Ocoue7(1)- TcTAL70V30(1.vV?)9TOTALCEOI1.¢RATIO§
)

ICOVNTIIII TotaLa~V4o¢1.cVOIotoraLcu-II.-RATI06
I

- DCOHEQIIIIDCONEIIo‘)

DCOPN9III'DCOHNII94)

DCOVE9IIIUBCONEII04)

ICONN9III'DCOHNII04)

DCOUEHIII-OCCHESIIIOOCOH66IIIODCOHE7IIIOOCOHEOII)

DCDVNHIIIUDCCHNSIIIODCOHNOII)oDCJUN7IIIODCOuu9(])

CCDVE”III'BCCNESIIIOBCOUEOIIIOBCJHE7III’OCOHEOIII

OCOUNNIIIIBCONNSIIIoBCOHNOIIIoeCJNN7II)OBCONNOIII

DCOVECIIIODCOHENIII-DCOHEIIII°DCJ
HE4II)

-DCONN3III'DCONNNIII-DCOHfltIII-DCJ
UNAIII

DCOVESIII'DCONENIII-OCOHEIIII-DCJHEAIII

ICOVNJIII'OCONNNIII-OCOHH1III-BCJNN4(I)

DCOVEPIII'DCCNEIII)‘DCONESIIIODCJHEAIII

DCONNPIII'DCONUIIIIODCOHNJIII’DCJNNAII)

'COVEPIIICBCOHEIIIIOBCOHEJIIIODCJNE4III

DCONUPIII'DCONNIIIIOBCONNSIIIQBCJNNAII)

CALCULATE DAIRY NEIFER AND DAIRY HEIFER SLAUGHTER

DNEPEIIII'DHFREII°104I

DNTRN1III'DHFRNII-104I

DUFFEJIIIUYOFCVEOIII

DNFPN3IIIIYJFCVHOIII

DNr‘EPIIIIDFFREIIIIODHFPEJIII

DNFPUPIIIIDNFRNIIIIODHFRHJII)

DNFPESIII'IIBNFREII'Io‘IODH'REII02IIIZIODRE

DHFFU5IIIIIIONFRNII-1.4)onHFRN(I02IIIZI'DRN

DH'PECIIIOOCONEBIII

DNrPNOIII'DCCHNBII)

DN'PE9III'DHFREII04I

DNFPN9IIIUDHFRNIIo4)

ONFPEGIIIIOHVREPIII-DHFRESIII-OHCRENIII-ONFREQII)

ourPub(I)-OurnuPIlI-DHFRNSIII-DHFRNNIII-ONFRHOII)

DNFPEHIIIIOHTRESII)ODHFREOIIIODHFREBI[)00HFNEOIII

,ourruH(:)-ournusxl)ouurnuac:Ioournuact:oournu9II:

CALCULATE seer usxrsns AND seer nexren SLAUGHTER

DNFP'ElIIIIBNFREII'1.AI

DN'F'UlIIIIBNFRNII.104I -

CHFPREOIIII0.0

DHFIRNOIIIIO.O

DNFPREOIIIIUCOHEJII)

DNFPRNOIIIIBCOHHJIII

TOTAL9IO.O

TOTALIOIO.O

DO 335 J-1.12

onALOIToTALQoSHrREII.JI

TOTALIO!TOTAL1005HFRNIIoJ)

3:5 CONTINUE



G
O
O

0
0
0

337

336

36'!

'TOTALIIIOol

TOTALIRNOoO

DO 837 401.12

TOTALIIITOTAL11083TREIIoJ)

TOTALIIITOTAL12OSSTRNIIoJ)

CONTINUE

INFPTEOII)oTOTALOOTOTALSoII.OVZO-VZOICC!.OY2AI -DHVRE6II)

CN'RFNOIII'TCTALiooTOTAL40(1.-V2I.V29)OI1.UV25I -ONFRN6III

ONFPFEOIIIIVCYHRECI)o(1.-v12)

ONrPFH4¢I)-vornnu¢I)o(1.-V12)

INFPFETII)IIIOTALRE-TOTALCEI-(1.-V14)

INFRFNTIIIIITOTALBH-TOTALCHIOIl.chA)

CHEFREJIIIIBNFRPEDII)0I1oODRE)

INFFRN3(1):RNFRRH8(I)o(1.oDRH)

DHFPRESIIIIPNFRRESII)-BHFRREO(I)

DNFPRUSIIIIBNFRRNSIII-DHFRRNOII)

TOTAL’Nflofl

TOTALlOlOol

DO 336 J31.12

TOTALOUTOTALOQICTSLRIInJIOY‘O

TOTALIO'TOTALIOOIZCTSTKII.J)olCTrDII-J)IOVAO

CONTINUE

.N'P'EJIII'YOVCVEOII)‘BHFRRFSIIIOTOTAL90I1.‘VJSIOYOTALIOOIIo'VJNI

INFPFNJIIIIYGFCVHBIII-BHFRRHJII)

DNEPFEPIII8RNFRFE1II).8”FRFE3(IIOBHFRFE4III

DN'FFNPIIIIRN'R'NIIIICBHFRFNJIII9BHFRFN4III

nurwruaxl)ntctALOoII.oVJSIoTOTALIOOII.-V34I

.NfFREPIIIIBhFRPE3II)

INrrRHPIII-nrrnnustli

DNfr'ESIIIIIIRHVREII-1.4)08HFREII.2)IIZIOORE

INrPrHSIII-IIBHrRHII-1.4)°8HrRN¢I.2)IIZI-DRH

INTPFEOIIIsNNFRFIIo‘I

DNfPfN’IIIIRNFRHII94)

DNFPRENIJIIONFRNESIIIOBNFRREOII)

INVRNNNIIIanyrRDHSIIIoaurnRuacII

.NrPrENclaaahrRrESII).eurnreo¢l)onnrRrE7IIIo8NFRFE9II)

IHrPrNNIIIIBNrRrHSIIIoUHrRruocIioeurnru7IlIoaurnru9¢IIoaHrRrua(l)

CALCULATE STEERS AND STEER SLAUGHTER

BUN

STRSEIIIIISTNSEII'1.4I

8TR5N1IIIISTNSNII-la4)

DTRSE9III-STNSEII.A)

8TRSN9III-srasutI.4)

STRSEJIIIUYDRCVEOIIIOYDHCVEOIII’iULLESIIIOTOTALOOVSSOTOTALIOOVJA

CTR5N3IIINYDRCVUOIIIOYBHCVNOIII-iULLN3III

CTR$E4III3VOTHREIIIOV12

CTRSN‘IIIIVOTNRNIIIOVIZ

STRSEPIIIOSTNSEIIIDOSTRSESIIIoSTISEAIII

STRSUPII)ISTRSN1([IoSTRSNJIIIOST45N4III

OTNSESIII!ISTPSEII-I.4)oSTRSEI1.1))1200RE

STRSNSIIIIISTRSNII-lo‘IOSTNSNIlot)I/ZoORN

.TRSEG‘II'TOT‘L,19T0T‘L3.(IO‘VZG’VZBIOV2‘

CTRSHOIII'TnTALIZOTOTAL4NI1.-V27-V29I0V25

3TRSE7III'ITCTALBE'TOTALCEI0V1O

3TR5H7III‘ITDTALBH-TOTALCNI'VI4

CTRSNRII)NIOTALQOVJSOTOTALIOoVJA

ETRSEHIII'STRSEEIIIOSTRSEOIIIOST4557II)0STRSE9III

'TRSNNIII'STRSNSIII’STRSNOIIIOST45N7III‘STRSN9IIIOSTRSNOIII

cous.flULLs.HEIrens ANO stEER;

IEOINVEIII-agLLEIII)oocOHEIIIIooquEIII)oacouexclioanrgrextlio
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IOTNSEIII)

TRANINEIIIIBLLLEJIIIODCOHESIIIODNCREJIIIOOCOHEJIIIOINFRIESIIIO

IINFNFEJIIIOSTRSFJII)

TINPTEIIIIOULLEAIIIODCOUEAIIIOOCUNE4IIIOONFNFEAIIIOSTRSEAII)

COUECEIIDNBULLEPIIIODCONEPII)ODHFREPIIIODCONEPIIIOOHFRREPIIIQ

tlflfflrEPIIIOSTRSEPII)

7°;rne(g).QULLes(1)oocouss(lIODHFRE5II)°OCONES(I)OONFRRESIIIO

aourrres(x).51n555(l)

YSLPEIIIIBULLEOIIIODCONEOIIIODH'NEOIIIOBCONEOIII°9N'R'E‘III‘

13TRSE¢III

TExPTEIIIIOULLETIIIODCONE7IIIOUCJNE7IIIOBNFNFETIIIOSTRSETIII

TRNOUTEIII-ONFREOII)o9HFRREOII)

Eunxuve<I)-BULL69¢|)oocnu59¢x)o04rne9¢I)oacoueo¢xr~aurnr£9(!)o

ISTRSE9II)

TOSPNEIIIIOULLENIIIOOCONENIIIOONFRENIIINOCONENIIIOBHFRRENIIIO

SINFPFENIIIoSTRSENII)

OEOINVNII)I80LLH1II)OOCOHN1IIIODNFRHIIIIOOCOHHIIIIOBHFRFHIIIIO

ISTNSHIII)

TRANINHIIIseLLLHSIII¢DCONH3¢IIoONrRUSIIIoecouu3¢1)oaurnnu3(I).

1INFPFHJIIIOSTRSHJII)

TINPruII).BULLU4IIIoocouu4cl)oOCJNN4II)oOHFanQIIIoSTnsu4II)

COUPCNIII-OULLHPIIIoDcouuPtlioOHrnNPIIIOOCONNPIIIOONVRNHPIIIO

IONFPCHPIIIoSTRSNPII)

TDIFDuIII'OULLNSIIIODCONNSII).DHFRNSIIIODCONNSIIIODHFRRUSIIIO

IINTPFUSIIIOSTRSUSII)

TSLPUII)ORULLN6IIIODCOHHOIIIODHFQNOII)09CONN6IIIODNFRFN6III°

ISTRSNOII)

TEIPTNIIINDULLHTIIIODCOHN7IIIOOCONN7III‘BHPRFH7IIIOSTRSN7II)

TRNOUTNIIIIDNFRHOII)OBHFRRNOII)

ENDINVNIIIIBLLLHVII)ODCOHNOIIIODNFRNOIIIOBCOHNOIIIOONFRFNOIIIO

18TRSN9II)

TDSPNNIIIIOULLHNIIIODCONNNIIIODNFRNNIIIODCDNNHIIIODNFRRHNIIIO

SUNFPFUNIIIOSTRSUNIII

3!. CONTINUE

PRINT TNE LIVESTOCN RECONCILIATION NATRII.NEST

DO 33. I012a26

o
a
n
d

o
n

JIIPAOOI

PRINT STOoJ

37D 'ORVATIOI0oOLIVESTOCK POPULATION-STOCK AND FLON-RECONCILIATION HAY

IRIX 70R THE YEAR 0oI6a2!.ONEST0I

PRIET 371

37: FORHAT(0-0.1TXpOBEGININCO.6X.0904N0.2X.OTRANSFEROoQXpOIHPORTO.SX.0

ITOTRLP.SX.ODIEDO.2X.OSLAUGHTERO.OX..EXPORTOoZXoOTRAN5759034‘oPENDI

INDOoS‘oOTDTAL'IIOI7RoOINVFNTORYOoICXo0I~NoISXoGSDURCESOo37RoOOUT05

33!..‘uVENT0RYOoZXoNDPSITIONO,4X0OERROR')

PRINT 372.8ULLN1III.BULLN3II)¢UU.LN4IIIoBULLNPIIIoBULLugIIIoBULLNO

1‘5’08ULLu751’08ULI-H95 IIoBULLHI‘I II

372 TORNATIO-OoOBULLSOoIOX.FIO.0.10X.6710.O.10X.2710.09

PgIVT 373.0CONN1III.DCONN3II).DC3NN4II)oDCONHPIIIoDCOHUSIII.DCONNb

IIIIoOcouu7III.Dcouu9(I).OcouNHIII

375 FORNATI'O'oOCAIRY CONSOoSXIFIO.OalOX06610.O.1OX.2'10.OI

PRINT 374oDNFRNIIII‘DHFRNSIIIoDHFRNPIIIoDHrRNSIIIoDNFRNOIIIoDHFRNO

IIIIODnrRN9IIInUHFRNHIII

3’. FOR”‘T‘...O.BRIR' HEIFERSO.2l.FIU.O.IOXoTI0.0.10X.3V10.0.IOX.3'10.

10)

PRINT 375.860NN1II).8COHH3II).BCUNN4(II.CCONNPII).BCOHN5II).OCONN6

IIII.OCONU7III.UCOUH9II).860HUN(II
.

:79 roan;1(ooa..aeer COHSO.6X.FIO.0oIOX.OFIO.O.IOI.2FIO.II

C

PnIWT STOoBNTRRNSII).BHTRRHPIII01HFQRN5IIIgflflfnnNGIIIaBNVRRUOIIIo

IDNFFRHNIII

376 fORNATIoflo,an NPR REPLACE'.21X.FI0.0.10X.JrllgOolOlorl0.0a10X.

1'1...)
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AIINFnrHPIII-Duraruncl)

DISTRSUPIII-STRSNNII)

CISOUNCHIII-TOSPNHII)

DfiichVNOIII-CALVHII.4)

CIRXCAVN2II)-TDIRTNHII)

PRINT 377.8NFRFH1(I).HHFRru3clIIUNFRFH4II).ONPIFNP(I)}BNFIFNS¢II.

1INFPrNOIIIoBHFRFH7IIIaBHFRFHOIIIoBNFRFNHIII.A

377 ronrar(og...sr urn FEEDING-.1x.r10.o.1ox.or1o.o.1ox;3r1o.o)

PRINT OTOoSTRSHIIIIISTRSNBII).$T(SN4(I).STRSNPIII.$TRSN5IIIoSTRSNO

IIIIoSTRSH7II).STRSH9(I).STRSHNII).B

37C EORPATIOO05OSTEERS'.9X.F10.O.1OXa6F10.OolOX.3'1O.OI

PRINT 379.8FOINVNII).TRANINN(I).TINPTN(II.SOURCNIII.TDIEDH(I).

(TSLRNII).TEXPTN(IIoTRNOUTHIIIoENDINVNII)oTDSPNNII37C

379 FORNATIOOO.JX.OTOTAL CATTLEO.FIO.OolO!o10F10.OI

.PRIVT 380.!8HCVNZII), XBMCVNPII$.18NCVN5II).XBHCVHO(IIo

IXRNCVN7IIIoXONCVHRII).XRNCVH9III.XDHCVNNIII.BRIII

30. 'ORVATI0-OgoNL BF CALVESO,13X. F!0.0.ZOX.8710.0)

pnznt 351.xércvu2¢x). xarcvupcIa.xarcvus¢t:.xarcvuo¢l).

IIAICVH7III.XGFCVNOII).xercvuocI).x&rcvun:1:,ao(l)

8|: FORNATIOIfio-FN or CALves-.13x. F:0.o.2ox.ar1o.o:

PRINT 302.!DPCVUZIII.XONCVNPIITalDNCVNSIII.‘DNCVN6(II.XDNCVN7II).

IXDNCVUOIII.XCHCVNNII)

302 PORFATIOOioONL DY CALVE50913X0F1O.O.ZOX.QFIO.OolOXIZFIO.O)

PRINT JOSaXDFCVHZIII.XDFCVNPIIIIIOfCVHSIIIgXDFCVHOIII.XDFCVN7III.

I’D'CVH’IIIoXCHCVHHIIIOE

303 'ORPATIOOO.07N 0v CALVES..13x.rlo.o.2ox.4r10.o.tox;3r:o.o)

PRINT 384.!XCAVH2¢I:.XXCAVHPIII.IXCIvus¢I:.xchvuo¢I:.xxcavw7¢II.

IRXCAVNOIIIoIICAVH9IIIIXXCAVHNIIIoD '

and ronnat¢.o..4x.-suatotALo.13x.r:o.o.2ox.ar10.o:

PRINT aas.vnncvu1¢l». rancvupcx).vancvus¢t);

1YONCVNTII)oYlNCVNflII).YRNCVNNII) '

309 rourattooo.onL ar CALVESO.3X.'10.0.3OX.2'10.l.10!.2f10.0.10!.710.I

PRINT 3!O.YO!CVN1III. varcvuPII:.varcvus¢I).

:vnrcvurcl).varcvua¢l).varcvuncIi‘ .

:00 TORNATIOO-.orn er cALves..3x.r10.c.30x.zrao.o.aox.2rao.o.10x.rao.I

PRINT 397oYDHCVN1IIIoYDNCVUPIIIoYDHCVNSIII.YDNCVNOIII.YDNCVN7II).

1YDNCVHOIII0YCNCVNNII)

3.7 PORNATIOOO.ONL DY CALYESOoJXorlO.OoSOX.SF!I.OoIOX.F10.OI

PRINT 380.7DFCVH1III.YOFCVNPII).YOFCVN5III.YOFCVH6II).YDFCVN7(I).

lyOFCVHOIIIoYCFCVHNII)

800 fORNATI'IOoOFN 0v CALVEs-.3x.rxo.o.30x.sral.o.xox. r10.o)

PRINT 309aYYCAVN1IIIn YYCAVNPIIIoYYCAVNSIIIoYYCAVNOIII:

:YYCAVU7IIIoYTCAVHRIIIoTYCAVHHIII

3.. I’ORNATI0|..4x.OSURTOTALO.3X.FIOoOoSOX.571O.O.IOIIEIO.OI

TOTALPUXXCAVNPIII‘TTCAVNPII)

TOTALS-X!CAVN5(II0YVCAYN5III

TOTALO-XKCAVNOII)oYYCAVHbII)

TOTAL7IXICAVN7IIIOYYCAVNTII)

’TOTALNIXICAVNNIIIOYYCAVNNII)

PRINT 390.7Ycavu1cI).xxcavu2(1). TOTALPITOTALSoTOTAL6.TOTAL7

1.YYCAVNOII).IXCAVH9II)oTOTALN

390 TORNATIO-0.3x.-TOTAL CALVESo.2r10.o.20x.7r10.II

380 CONTINUE
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PRINT TUE LIVESTOCK RECONCILIATION HATRlioEAST

DO 339 1.12.25

JII’AOOI

PRINT JAI.J

COO PORHATI01000LIVE3TOCK POPULATIONoSTOCK ANO FLOR-RECONCILIATION NAT

1RI! FOR THE YEAR o.IO.2X.OEAST-I

PRINT 341

341 FORFATIO-O.17!.OBEGININGo.OX.OBO+NO.2X.OTRANSFERoo4xooINPORTo.5X.o

1TOTAL005XI'DIEDO.2X.OSLAUGHTERO.OX.OEXPORTO.2x.0TRANSFER0,QX.oENDI

2N6¢.5x.ctOTAL0./.17x.oINVENTORY0.18X.oINo.13x.OSOURCES0.37X.oOUTo;

33!.0INVENTOR70.2X.ODPSITIONo.4x.IERROR.)

PRINT 342.8ULLE:¢I).8ULLE:(I).BULL54(I).BULLEP¢I).IULLES(I:.BULLE¢

1(I).OULLE7II).8ULLE°II).8ULLENII)

342 roarAT¢---.oaULLs-.10x.r10.o.10x.or10.o.1ox.2r10,o:

PRINT 343.0CONEIIII.OCOHESIT).OCJNEA(I).OCONEPIII.DCOUEOIII.OCONEO

1II).OCOU57(I).UCOH69(I).OCOHEN(I)

343 FORPATIOOO.OCAIRY CONSO.SX.FI0.0o10X.OF10.0.IOX.2F10.0I

PIINr 3C4.0NFNE1(I).DNFREJ¢II.DNrREPII).OHFNE5III.ON7RE6II).OHFR£a

1(I).ONFRE9(I),ONFRENII)

:44 roar;1¢.o.,.oalnv ustrans..2x.r1o.o.xox.r10.o.10x.3r10.o.xox.3r:o.

III

PRINT 345.9CCNE1II).DCOHE3IIIoBCOREAIIInOCONEPII).DCONE5II).OCONE6

IIIIoDCONETIIIoBCOHE9II).BCONEHIII

34’ fORPATIOOOoOEEEF CONSOobloFIO.OoIOXaOFIO.OglOKo261030)

PRINT JOOIDNFRREJII).OHFRREPIIIoAHFRRESIII.RN'RRE6II).DHFRREO¢II.

llflfPRENII)

34‘ rORVATIOOO.oIr NFR REPLACEO.21X0FIO.O.10Ro3fllgOalOXorlO.O.1OI.

3'1...)

A'DHVR'EPIII-RH'RFENIII

DUSTRSEPIII-STRSENII)

CISOURCEIII-IDSPNEII)

DIIXCAVEOIII-CALVEII04I

EIRXCAVEZIIIoTBIRTHEII)

paint 347.0urnrs1tl).aHrRr£3(I).$HrflrsdcII.aNrRrEPII).BNFNFESII).

IONrPr56¢II.aururE7(I).aurnrevcl).anraren(II.A

347 roar;t¢.0...gr urn resolus..1x.rxo.o.10x.¢rxo.o.xox.3r10.o)

PRINT 345.5TNSEIII).STRSEJIII.ST{SEAIII.STRSEPIII.STRSESIII.STRSEG

1(I).STRSE7III.STRSE9(I).STRSEN(II.8

340 FORNATI00',OSTEERSO,9X,F10.O,IOX,6'1O.O,10X,3710.II

PRINT 349.8561Nvecl).tnANINE(I).IINPIEII).SnURCE(II;TOIEDEII).

ITSLVEIIIITEXPTEII).TRNOUTF(I).ENUINVE(I).TDSPNE(IIIC

349 TORNATIOOO.3x.OTOTAL CAITLEo.r10.o.10x.10r10.o)

PRINT 350.XRNCY62III.XBHCVESIIIul8HCVEPIII0X9NCVE5IIonRNCVE6II).

IRRNCVETIIIoXENCVEOII)oXHHCVEHIIIoAAII)

35R FORHATI0-000NL 8f CALVESO.13X.ZTIO.0,10X.4F1O.O.1OX.3F10.O)

PRIFT 351.XBFCVF2II).XBFCVE3(I)oKRFCVEPIII¢IDFCVE5II).XRFCVEOII).

IXBVCVETIIIoXBVCVEOII).XRFCVEfl(I).CC(I)

351 VORPATINIOoOFN BF CALVESO.13XoZFIOoOo10X."1O.Oo101.3710.0)

PRINT 352oXDRCVF2III.XDNCVEPIII.IDHCVE5(I)3!DNCVE6II).XDNCVE7II).

IXDNCVEOIIIoXCHCVENIII

352 FORNATI0OOoORL DY CALVESO.13X.F10.0.20X.47£0.0.10fl32'10.0)

vulwv 353.!DFCVE2II),XDFCVEP(IIoXDFCVESIII.!DfCVE6III.XOFCVE7II).

IxorrVE9II).xcncven¢t).e

383 ronraTtoo-.ouL 07 CALves-.13x.r1o.o.zox.4710.o.10x:sr1o.0)

pnnuy 394.!xcav£2(I).xxcav53¢I).xxcav5P(IquxcnvestI).txcav§otl)..



3Efl5

IXRCAVETIIIoXICAVEOII)oXICAVENIIIoD

39. FORRATI'I'.Olo'SURTOTAL'oIJXoZF10oOoiOXnQ'l0.0oIOXISFI0.0I

PRINT 355.YRRCV61IIIoTDHCVESIIIoYBHCVEPIIIITDNCYESIIIoTONCYEOIII.

1YRNCVE7IIIIYONCVEOIIIaYRNCVEHII)

35$ FORNATIQ-o.oNL 8F CALVES-.3!.FIO.O.1|!.FIO.O.1OR.5FIO.O.1O!.FIO.OII

PRINT 35¢;vnrcvs1(l).varcvesxl).varcvsrcl).varcvesxt).varcveo¢I).

1varcv57¢1).varcveo<z).vercvencI)

:50 ronnatcooo.oru er CALves-.3x.r10.o.1ox.r10.o.10x.5r10.o.1ox.rzo.og

1.10x.rzo.o)

PRINT 357pYDNCVE1II).YDHCVEPIIIoYDHCVESIIIQTDHCVEOIII.YDNCVE7(I).

IYDNCVEOIIIoYCNCVENII)

357 PORYATIOOO.ONL DY CALVESO.JX.71030.30X.5F10.0.1OX.F10,0I

PRINT 350.YOFCVEIIII.YDFCVEPIII.YDFCVESIIIIYOFCVEOIIIIYOFCVE7II).

1vorcveacz».vcrcv5n<t)

350 FORHATI00-00FN 0v CALVESo.3x.r1o.o.sox.srxl.o.10x. rxo.o)

PRIN} 359.YYCAVE1II).YYCAVE3III.YYCAVEPIIIIYYCAVESIIIIYYCAVEOII),

IYYCAVETIIIoYYCAVERIIIoYYCAVENII)

359 [ORNAT(ooo,4x.oSUBT0TALO.3X.F1OoO.10X.F1O.O.1OX05710oO.1OXorlO.O)

TOTALS-RXCAVESIII’YYCAVESII)

TOTALPIXRCAVEPII)0YYCAVEPII)

TOTALSIXXCAVESII)OYYCAVE5II)

TOTALOIXXCAVEOIIIoYYCAVEbIII

TOTALTIXXCAVE7IIIOYYCAVE7II)

TOTRLHSRRCAVEHII)OYYCAVEHII)

PRINT 360.YYCAVE1III.XXCAVEZIII.TOTALS.TOTALPoTOTALSoTOTALOoTOTAL?

1.YYCAVEOIII.I!CAVE9II).TOTALN .

3‘. FORVATINOOoOIo'TOTAL CALVESO.3FIO.OoLOXoTFlO,OI

339 CONTINUE

END



APPENDIX E

PROGRAM CATSIM2 WEST

Appendix E provides a listing of program CATSIM2 Nest. While

there are five other versions of CATSIM, they are basically similar;

CATSIM and its variants are described in Chapter V.

The dimension statements for all subscripted variables and

the read statements for the published statistical data base are the

first statements encountered in the model.1 The statements that read

the revised program MATRIX output are next encountered.2 The variable

names for these data are listed immediately below.

RDCNSLE, RDCNSLN SLAUGHTER, Dairy Cows, East, West

RBCWSLE, RBCNSLN SLAUGHTER, Beef Cows, East, West

RDHFRRE, RDHFRRN REPLACEMENTS, Dairy Heifers, East, West

RBHFRRE, RBHFRRU REPLACEMENTS, Beef Heifers, East, West

RCSLRME, RCLSRMU SLAUGHTER, Male Calves, East, West

RCSLRFE, RCSLRFW SLAUGHTER, Female Calves, East, West

RBLSLRE, RBLSLRN SLAUGHTER, Bulls, East, West

RBLRPLE, RBLRPLW REPLACEMENT, Bulls, East, West.

 

1The core storage required to compile and execute CATSIM in

its present form is about l30 K. A minor rewrite is planned to combine

CATSIMl, CATSIM2, and CATSIM3 while concurrently reducing the core

storage requirement to 65 K.

2These identical statements read the output of the behavioral

models in CATSIM3. In fact, the only difference between CATSIM2 and

CATSIM3 is the data read by these statements.

366
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Statements 245 to 329 describe and initialize the parameters

for CATSIM. The initialization of a wide set of distributions occupy

statements 330 to 480; all of these are described in Chapter V, if

only in a generic fashion.

The next major part of the program initializes beginning

values including the intermediate values in the delay subroutines.

This part of the program was difficult to program and would be equally

difficult to describe. The tact ultimately taken was to attempt to

simulate approximate beginning values then operate the model for

several cycles; the values generated by the model tend to converge

on correct values in most instances. The main problem involves

initializing intermediate values for the continuous (distributed)

delays.

The main element of the program is the execution phase. This

phase is described in terms of exact block diagrams (Figures 18 to 26)

in Chapter V. CATSIM employs several subroutines; these are described

in Appendix B.

The output of CATSIM2 West is the disaggregate Population and

Steer and Heifer SLAUGHTER data listed in Appendices F and G, respec-

tively. These output variables are listed below for the Western Dairy

Herd.

PCMDHl, PCFDHl P0pulation Calves, one to three months,

Male, Female

PCMDHZ, PCFDNZ Poaulation Calves, four to six months,

ale, Female

PCMDH3, PCFDH3 Population Calves, seven to twelve months,

Stream A, Male, Female

PCMDN4, PCFDH4 P0pulation Cattle, seven months onward,

Stream B, Male, Female



PCMDWS, PCFDWS

PHFRDW

PCOWDN

PBULL

SLRMDH

SLRFDW

368

Population Cattle, twelve months onward,

Stream A, Male, Female

Population Replacement Heifers, one to two

years

Population Cows over two years

Population Bulls (Dairy plus Beef)

SLAUGHTER, Steers

SLAUGHTER, Heifers.

A similar set of variables is used to describe the Western Beef Herd

except that the letter B replaces the D in the variable name.

A third set of variables sums the above two sets and dis-

aggregates the published statistical data series in order to make

a comparison of the simulated (albeit reaggregated) with the published

data. These may be determined from the logic of the program so will

not be listed here.
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0cr0H2=IICALVE~'. 5'I1.-OPFUCH'0II-IOIAL~0I1.-v2IvuI0I1.-n°:);u-orI

tnnau2I1I=ccwawz

INTGudIII=CCFnH2

Inwou2III=ccwouz

turnuzctIsccrOuz

rOIuI 1:6

35¢ ro~~AII'--.'Ioaru rno ucsvran CILvrs U-e

yum! 137,rr‘1.m7 CZFIRL’JC"0H2. CCF 0H2. nonnuzmcruuz. OCIIDHZ DCFOH2
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CALCULATE VALUES FOR CALVES 7-12

F HBHJ:PCHflH‘tJJ--1.k!l(2'fl'$

F HOH3=Pcfiow3tJJ-l.:II(Z’OTI

FCFQHJaPPFnH‘(JJ-~1. kiltz'nli

FCFDu33PCFOH'CJJ-1.5II(2'0!)

YN19H3(1D3F6“023

YNHOHSCLI=VCWOH3

:NFQwSI1IaFCFnH3

NFDIJClDIFCFOHJ

TNHWASIZI-FCNnuS

INHOHJC2D8F010H3

INFSHJIZIarcrgw3

INF HJIZIcFCFOHB

GCH923:P:!0H3IJJ-1.LIIIZ'OYI

GCHDd3=PCHnH3(JJ-1.kbl(Z'OTI

GC F8H3993F8H‘(JJ-1.~II(Z'OT)

GCFOH3=PCFOH3IJJ-1.kiI(Z'DTI

CALCULAIE YHE SEGIMMYNS VALUFS

KCHBHB=PCHWHB(JJ-1.BIIDLNBHQ

KCHGHB=°FN"HB(JJ-Lob)IOLNOHB

KCFFHLIPCFfiHo(JJ‘1.B)I0LFRHk

KCFOdhzchOHh(JJ-1.bIlULFOHh

LCHOthPCHDd*(JJ-1.k)InLHOHQ

LCHBHk= PCHQHh¢JJ-1.hIIDLNng

LEF8H3:P;FRH~(JJ-i.b)/DL‘°HB

L F Fou.(JJ- .hIIOLFOHk

CALCULAYE YHE REGINNING VALUES FOR CAYTLE ON RATION A

HCHBHS:PCH345(JJ-1.bI/OLHHN§

HCHOflS=°CfifiwquJ-lok)IOL”DHS

MC‘WH‘PCFQH5(JJ-1.~!/0LF°H6

HCFOHS:P:F0a5(JJ-1.uIIOLFOH5

JCHRHS=PCHnHfitJJ-1.LIIULHSH‘

JCH0A5=P31nufitJJ-1.5IIDLwfiHS

JCF9H5=PCFQNSIJJ-1.B)IDLFQHG

JCFOHSIPCFDISIJJ-l.hIIOLFDH<

ABULLHeRPL°PLutJJ.1I°L

‘ IFIAUULLd. Lt. 0.9) ABULLu:0.0

CALCULAIC BEGtNNING HEIFE° VALUES

RHFPI H:Ranrooth101.11's

BHFDnH-PHHFQDHtJJOL.11’b

CHFR1H=R1HF40HIJJ.1I’L

CHFRWfl=9OHFH°NCJJ91)’b

INHRHPILIzauronu

INHOHOILI=nHF°nu

InuaHDIJI2°IHFDDHIJJ.5I'L

INHOMC('I:°JuF°Pu(JJ.~I'~

INHUHP(?)=°'JHF°Q‘4(JJ.VI’B

'NHDHRI2D=93HFHOH(JJo3"5

TnunHR(1)=UIHF°°H(1.1.2)’%

INHOHRLIIsanHF9QHCJJ.Z)’b

PPXNT 35b

36:. Foo-unh- .‘VQMN ma we'Irnn Harm-5.,

M6; OHFW‘H. TNHIHDECHFnflfl..BHFOOH. YNNOHR. CHFQOHDIN!

365 FO’HAYt'O'oo‘11.0o/96F1

LOAD BEGINNING VALUES ‘09 COHS AND SULLS

IOIALB=H,AYHQIJJ! '07!!!

TOYAL2= H9qofiutJJ)'72(1"(1.-V?fi)

IOTAL3=V33°0'4(JJI'WLI1”C1.-V25)

[OVAL5=V9J")J(JJD‘)1(lI'V2G

YOYAL€=HPqo”H(JJ|')2l1)’V?5

IOIAL7=HOO°YH(JJ)’1I(1I

IFIYOYA Lao 'E.ZLOOV TOVALC=TOYAL9’V13

[F(YOIAL1. Gl.2C00i YOVALC=16009(YOTA

SCOUWH=RWCH§LH(JJ.1I'E

SCOHIH:°RCW§LH(JJ¢1)’6

ICOHQH=YGYAL2'V1A'holOFALC'3ATI01'h

ICONIH=IOYHL3'V1%'oOVOTALC'Clo‘QA I

YCOHIH2‘QTAL"V19’B

VCWHOH:Y$YAL5'V10'Q

”COH"H:PCOH|H(.)J‘1IRI'O°CAYH

OCOHOH= ’COHU‘IJJ-LoBI'ORCATH

SHOULL”)L’L°H(JJ. 1”“

FOR CAITLE ON QATION B

L8-1600)’V131

f OLI'AOYOYALI'B
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Poan '66 -

366 Poonavtv-v ’JFGINNING VALUES FOR HESYERN cows Ann BJLLS')

PRINT 257.htru1c.~rIanc.~cIunL

361 FOQNATI'O'.2F10.0/ F10.0I

E LOAD 'HE CQOUYR FOR FEFDLOILQATION A AND 8’
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338 CONTINU‘

PRINY 36R

36. FOQNA1I'-' 'YRAIN ‘OR HESTFQN HEIFFQ FPESHENINGS'I

PRINI 363. YPHWH

369 FOR‘A‘C’O'oLOFIOoOI

PRINT INI'YAL 9ATESIYRAYN AND "900'? VALUKS

pnruI 37?

372 FO°NAY('1'. 'YD’.‘1.'QUADY'.P .'PCFRHL'.?K.'PCFaH10.2t.'?:11u20

.2X.'PCF"H?'.?X.'PCN4HK'.2x.'PCVQH!'.?x.'PPH3Hh°.’1,'PCFQda’

2!.'Pcfidufi'.2x.'PtrIHG'.ZI.'DHFDQH0.Px.°Pc0Hnu'.zt.°Dwugwu0.I.
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C CALCULAYION OF HEIF‘RS1BQEO AND FOR RREEOING1

"(IN

E CALCULAYION 9F 5ULLS
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s CALCULATXON 3F CALVES11-31

ornFPBH'DT‘Vbt’BD'RRHBC'INGQAT(LouoLHIGH.

'C=(DCONONlJJcL1-XNFRDH’OT'V~0’~1'BRHOC'INGfiAT(LONoLNISd.

H

1

N

d

U

303
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J9L130CF

JOL1'AC'

H15H0L1016160 10
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nocv.LI

NOCY LT

0H.oé°u
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QTHHOCOQTHNOH

NiCH:QTHH§'.‘

an5cw=uluun'.5

ardenxrtuufl'.$

BFOCH=814HO’.‘

8

O
D
D

HBCN1=JfiaCH'fi

=dFP¢H'U

gracwx:nrnca'oq

cuauxzanecu-on

seen:

o-ucu1=3wocuvo
8

E CALCULATION 0‘ CALVESIh-SI

,Inwawz.ncnqu.No

Donacu-nI

nouncu'nt

'09F0CH'01

I'NQFOCR'DT

-V?1'B

00H1H2.TNN1H?.NCOUN1.NO

“DHZ.0CH1H’

GCH7-nracu?

JHZ.0¢FJH2.INrIH?.VCOUNI.Nn

ONZQOCFDHZo1HF0HzoNCOUN1.NO

1H2.
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APPENDIX F

DISAGGREGATE QUARTERLY CATTLE AND CALF POPULATION—-

1958-1972, ESTIMATED BY PROGRAM CATSIM2

Appendices F and 6 display the output of CATSIM2 for the

parameter settings given in Chapter V. These are not necessarily

the correct settings; the correct setting is undoubtedly a function

of a wide range of factors not considered at this stage of development.

Indeed, the structure of CATSIM may be in substantial error and itself

a function of both exogenous and endogenous factors.

These appendices are included to demonstrate the sorts of

output possible from a model such as CATSIM2. The obvious anomalies

in the output underline the fact that additional work must be done.

The reasonableness of most of these results support the contention

that this work is worth pursuing.
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