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ABSTRACT

Like any livestock supply, the supply of Canadian beef
and dairy cattle is characterized by a cyclical pattern in terms
of the number of cattle on farm, the number of cattle slaughtefed,
the price of ;attle, and the income of the beef and dairy cattle
‘producers. In this study, we try to investigate the causes of
such cyclical movements. To achieve this objective, semi-annual
flow matrices are' constructed for both Western and Eastern Canada
for the period 1958 to 1972. The flow matrices are constructed
gccording to the biological sequences of beef and dairy cattle.
(Due to the limitation of the available data\éeries, beef and
dairy cattle are, in some instances, treaéed as homogeneousL P
Distinctions between the two types of cattle are made withinithe //
flow matrices whenever possibie.) The flow matrices allow us to
trace the movement of cattle from one age ;ateéory'to another.
The age categories are‘not published according to the actual aseén
of the cattle, but rather .under the ;ategories §f ¢calves (under
1 year of age), yearling heifers (female cattle 1 year and older,
but which have not given birth to calves), steers (castrated males),

cows (female cattle that have already given birth to calves), and

bulls (male cattle 1 year old or older).

Using the flow matrices, transition matrices are formed.

The transition probability matrices are constructed by dividing



each row element in the matrix by its corresponding row total.
These probabilities arg treated as dependent variables to be

explained by a set of relevant dconomic variables.

Consistent with the evidence, fertility rates of cows in
both regions are assumed constant, and'?ased on these rates the
number of calves born in each region is projected. Impoft functions
of Beef-and dairy cattle are estimated. The introduction of the
new-born calves and the ‘estimated importation of cattle make the

entire(gg&zif/gndogenous. This enables us to predic

of the beef and dairy cattle industry in the long

Finally, simulations are carried out using the transition
probability matrices. In particular, attenpts are Bade to simulate
*thé‘conseqnqnces of changes in some of the important exogenous

variables, for instance, the price of choice steers and personal

L 4

-

disposable income.
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CHAPTER 1 -- INTRODUCTION

1.1 Review of the Canadian Cattle Industry

-

Like most developed countries, Canada igwéxperiencing an
upward trend in the per capita consumption of beef. This increase
in beef consumpltion is reflected in an increased number of cattle-
on fafm, the increase in the number of cattle slaughtered, the
increase in the weight of tﬁe slaughter cattle, and a decrease in

the number of cattle exported.1

The Canadian beef cattle industry exhibits two im-
portant features. The first of these is the regional imbalance in
;eef supply and beef consunption. 'In Canada, three-quarters of
the population is located in a fairly concentrated area in Eastern
Canada which includes Newfoundlahd, Prince Edward Island, Nova
Scotia, New Brunswick, Quebec and Ontario, with the balance spread
out in VWestern Canada, which includes Saskatchewan, Manitobd,
Alberta and British Columbia. The production of béif, on the other
hand, is heavily concentrated in Vestern Canada: It is estimated
that over half of the federally inspected slaﬁghter is originated
in Western Canada and over 80 percent o% Canadian beef cows are
to be found in Western Canada. As a resultt a Eignigicant number

of feeder cattle is moved from West to East to cover the deficit

in production.

The second important feature of the Canadian domestic cattle



industry is the periodic increase and decrease in the number of
cattle and beef output. This.is referred to as the cattle cycle.
The cycle is generally caused by the cattle producers? resﬁonse to
the level of beef prices in light of economic opportunities that
they might have. This is particularly the case in VWestern Canada,
where beef producers can divert their resources to either cattle '
production or cash graiﬁ production, according to profitability.
This particular way of explaining the cattle cycle phenomenon is
usually referred as the 'internal approach'. Among those who are

responsible for this approach are Lorie and Ezekiel.2

To visualize this interpal approach explanation, we can con-
sider, for instance, a situation in which the number of beef cattle
on farm is relatively low. This will result in an increase in the
price of beef and an anticipation that the price will go even higher.
Heifers and cows will bq further retained and this will stimulate
some further increase in price. The spiral will continue until
productio; from expanded inventories satisfies demand., Prices, of
course, will begin‘to level off, and cattlenan Qill inte;pfet this

N .
levelling off as a signal to reduce inventories. Consequently,

-

-

additional stock of cattle will be available in the nmarket. Prices
will then decrease, and this will cause a new spiral, which will

continue until a new low is reached.

' Another way of looking at the cattle cycle is by focusiag
on the exogenous factors like rainfalls, feed supply and pasture
conditions which cause the supply schedule for beel to shift in

~



'such a way as to generate some sort of fluctuations. This is referred
to as the 'external approach' in analysing the beef cattle cycle.
Among’those who are responsible for this approach are Burmeister

3

and Pearson,

Besides the domestic supply of beef, Canada alsq relies on
trade in cattle and beef. The trading relationships for cattle and
beef can be brokeg down into two categories. The trading of live
cattle, which include slaughter cattle, feeder cattle and calvgs, is'
largely between Canada and the United States. The trading of beef,
on the other hand, comes mainly from countries outside the North
American continent, although there is a certain amount of higher
quality table beef coming into Canada from the United States and a
certain amount of lower quality bgef going to United States érom
canada. The lower quality manufacturing beef exported from Canada
to the United States originates mostly in the Oceanic countrigsland
is transhipped through Canada. Canada has long been a net exporter'J
in the trading of live cattle and calves for beef and veal purposes.
From 1950 to 1973, the only year in which Canada experienced a de-
ficié in the trading of live cattle and calves vas 1971, when there
was a deficit ofiS.é million dollars. The total number of"cattle
and calves exported to th; United States has declined in recent yea?s
begause of an increase domestic demand. 1In order to look at the

trading of live cattle and calves more Q}oselj, a disaggregatioq of

the cattle by weight will be most appropfiate at this point,.

Export of calves of 200 pounds or less : In the last two decades

the 'tS of calves ! ) very S r in an



trend. Exports of calves mostfﬁ originate in Eastern ‘Canada

as a by-product of the dairy cattle industry. Calves exéorted to
the United States are primarily for veal purposes. In recent
years calves for further feeding have also been exported. Western
Europe is an importer of Canadian calves too, as a result of in-

creasing demand for fed beef.

Export of cattle of weight between 200-700 nounds : Cattle be=

longing to this category are usually referred as feeder cattle.
Traditionally, Canada has been a net exporter of feeder cattle.
Exports of feeder cattle'usually originate in \/lestern Canada., The
nﬁmber of cattle exﬁﬁrted in this category is rather jrregular.

In the mid 1960's the exports of feeder cattle to the United States
were Galued at about 30 million dollars per year. This figure
dropped to a record low in 1970, when onlf oné nill%on dollar
worth of feeder cattle were shipped to the United States. A new
upsurge of feeder cattle exports occurred in 1974, as a res&ik

of the incréase in the calf crop size in VVlestern Canada and a
strong United States feedlot demand for replacement. Ixports of
feeder cattle to\the United states establish a general feeder

price in Canada, and this price is referred as the 'floor price'’

for feeder cattle in Western Canada.

Exports of cattle 700 pounds and over : Exports of this category

can be sub-divided into three main groups : heavy feeder cattle

H

for further feeding, low grade slaughter cattle for boneless beef,

) and live fed cattle for slauéhtering._ Tfading of slaughter cattle

a
i

S
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occurs whenever there is a price differential between the United
States and Canada larxge enough to permit such trading. This is
also true for low grade slaughter cattle. Importation of fed
cattle from the United States for immediate slaughter has occurred

almpst entirely in Eastern Canada.

The Canadian cattle industry, likefother industries, is
subject to government controls and regulations. In the case of
the cattle Endustry we can see that regulations are such that they
can be regarded as internal forces that affect the cattle cycle
it:self.’+ It is therefore crucial to discuss all the major govern;
ment policies-relating to the cattle industry. Like the production
of beef cattle, feed grains are produced largely in Western Canada.
In order to assist the beef cattle producer; in Eastern Canada,
a’government‘feed grain subsidy program was set up. Being the
feed grain producing area, Vestern Canada can move the féed grain
in three different ways --- to the world export market, to Eastern
Canada and British Columbia, and to the non-Board markets of ‘lest-
ern Canada, as designated by the Wheat Board. Before 1972, wheat
pn:hucers haﬁ tuvo options in selling their grain. They could
either sell the wheat to the ‘Jheat Board for eventual sale on the
world market, to Easte?n Canada or British Columbia, or they cou}d

sell the-grain to the livestock feeders of their own érovince.

A third option was to use the grain to raise . their own livestock.

The Wheat Board had relied on a differential pricing system
" H

in selling the grain and, as far as Eastern Canada was concerned,
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grain was sold at a price competitive with United States corn
landed in Eastern Canada. It is, therefore, not surprising to

find that,thg price of grain in Eastern Canada is approximately
equal to the Chicago corn price plus transportgtion and a ta}iff

of eight cents per bushel.S Exports of grain outside of Canada

are competitive with the world export market and are often sold

at prices at or below the Zastern Canada prices. In an attempt

to equalize the rates charged on grain for export with the rates
charged for Eastern Canada and British Columbia, the Freight
Equalization Policy (FEP) was proposed in the 1930's and was
formally established in 1941. In 1966 the Canadian Livestock Feed
Board was established for the continuous administration of the
objectives of the FEP. It also functions as a medium to ensure

the availability of feed grains, reasonable stability of feed

grain prices, availability of adequate storage space forglivestock
producers in Eastern Canada, and a fair equalization of feed grain
prices in Eastern Canada and British Columbia. This was certainlys
an improvement to the original FEP, but livestock producers in
Eastern Canada and British Columbia still felt that they were being
discriminated against Because they did not have access to the
cheaper pon—Board grain which was available to Western feedlot
operatﬁrs. Western Canada also complained that feed ~-freight assist-
ance discrininated against their region. 'If the market forces

were unhinéered, they said, Vestern Canada farmers would convert
their- feed grains into livestock. Slaughter and packing operations

would theﬁ be based in Hesterﬁ Canada. In view of all these facts,



an interim policy vas established by the Federal Government in
August 1972 and was eventually replaced by a permanent policy, in
August 1974. The permanent policy called for an equalization of
feed grain prices for all livestock producers in danada, aside

from differences associated with ngtural transportation advantages.

In a move aimed at encouraging long-term development of
the Praire livestock industry where feed grains are produced but
livestock is not, the government announced a reductio; in its feed-
freight assistance program start{ﬁg in August of 1976. The 20-
mllllon—dollar-a-year transport susidy will be ellmlnated in the
mnovement of Prairie feed grain into Cntario, and reduced for

traffic to Quebec and British Columbia.

Beef and cattle importations are subject to a tariff
system'as a protection for domestic producers. Traditionally, the
Canadian tariffs on the importation of beef %gd cattle vere re-
latively simple and were quite similar in structure to the United:
States tariff on beef and cattle. Ag)a comparison, a table showﬁpg
the tariff structure for livestock, beéf and veal in Canada and

1

the United States is listed below.6

4
\J
.



Table 1.1 Canada and the United States Tariffs on Livestock,
and Veal in Zffect in Recent Years -

Canadian rates on imports U.S. rates on imports

From U.S5. From Australia
& New Zealand

(cents per pound) (cents per pound)
Purebred for
breeding free free free

Dairy cowvs ‘
over 700 lbs. 1.2 ~ free 1.3

Calves under
200 1lbs. 1.5 free 1.5 on first 200,000
per fiscal year
2.5 thereafter

Calves 200 to .
699 1bs. 1.5 free 2.5

Cattle 700 lbvs.
and over 1.5 free 1«5 on first 120,000
per quarter and
400,000 per
. fiscal year
2.5 therefore

Beef and veal,
fresh chilled
or frozen 3.0 3.0 3.0 subject to quota

a

In recent years, the Canadian government has instituted a
Eumber of measures designed to reduce imports and increase returns
to domestic p;oducers of beef and veal. Betueen November 1973 and
January 1974, a temporary tariff surcharge of 3 cents per pound

on live cattie and 6 cents per pgﬁgiron beef was imposed on all

ihportg. This was eliminated in Felruary 1974.

l"
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In lMarch 1974, the government instituted a beef subsidy
program which involved a 5 cents per pound payment to producers
by processors who in turn, were'reimbursed by the governnent. .
This subsidy program was phased out by August 24, 1974 and was
replaced by a deficiency payment scheme. The n;J scheme involved
a price support level of at least 8$45.42 a hundredweight for grades
A, B, and C cattle sold for slaughter. This was calculated by the
use of a fornula based on the average producer prices over the ﬂ
past five years and the expected change in the Farm Input Price
Index in the coming year. If, at the end of twelve months, the
n;tional average price for certain classes of slaughter stock is
below the ;;;}ort level, the government will pay the .deficit amount

directly to the individual ?roducers.

New import quotas on live cattle and beef were also intro-
duced by the Canadian government in August 1974. Under the new
quota system, the total number of live beef cattle imported was
limited to 82,835 heads per year, and the total poundage of beef
and veal imports was limited to ﬁ25.8 nmillion pounds in a twelve
month period. In an attempt to prevent short-term market dis-
ruption, the government also restricted the total amount of imports
in any quarter to be not more than 30 percent of the annual quota;
Since the United States has élways been Canada's biggest trading
partner of beef cattle, & similar restriction on imports of cattle

and beef from Canada to the United States was imposed in retaliation,

in 197%. In the early part of 1976, the quota restrictions on
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beef and cattle importation were lifted.

An additional feature of the beef and cattle export and
import situation was the bagning By the Canadian government of
diethylstilbestrol (DES), a growth hormone, in the raising of
cattle. This came into effect in January 1973 and was extended
to imports in April 1974. The result of the ban was an almost
complete cessation of United States shipments into Canada. As a
résult, prices for Canadian fed cattle moved upward relagzve to
their United Syates counterparts. In August 1974, agreement was

reached to allow certified DES-free herds to be imported into

Canada.



1.2 Review of Literature

©

The literature relating to the cattle industry, especially
the Canadian cattle industry, is quite limited. Traditionally,
the study of the cattle industry has centered around the study of

the demand for beef, the supply of cattle, or the cattle cycle.7
Studies relating demand and supply can be found in the work of
Yankowsky and Shefrin.8 Langemeir and Thompson, also did a study,
for the U.S., relating demand, supply and price in a sipultaneous
system.9 It was, however, only in 1973 that Kulshreshtha and )
h~“\;;IEon publishgd the first beef cattlé model for the Canadian
economy.10 This is an econometric nodel in which simultaneous
relations among demand, supply, prices and expérts are discussed.,

The model covers the period from 1949 to 1969 and predictions

were made about the Canadian beef economy to the year 1975.

)

A more recent approach to the study of the cattle iﬁdustry
involves the treatment of cattle as capital good. Producers hold
cattle as long as their capital value in produétion exceeds their
slaughter value. 3ased on this assumption, Jarvis developed a micro-
model to determine thé optimum slaughter age and feed input for a
steer, given the growth function for the animal, the price of beef,
the interest:cost.and the cost of other input.11 Carvalby, in an~

other study, formulated a quadratic ﬁfofit function for the cattle

~
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producers to be maximized by a set of biological constraints on
the cattle herd.12 Basically, the reproduction herd is considered
as a capital good, and the supply and inventory conditions are

examined.

The study of the Canadian caétle industry is high-lighted
by two recent doctoral dissertations, by Heek and NaéAhlay.13
In fleek's study, he developed a dynamic demographip modei of the
Canadian cattle herd, based on the biologiczl .growth‘and product-

. Lo o

jon processes as experienced in Canada. 4Tﬁe model separates cattle
into beef and dairy, male and female compoﬂents. It involvéd
disaggregation into three regions, namely Eastern Canada, Vestern
Canada and the rest of the wdrld. The model does not consider ‘
price deternination and trading mechanisms within the regions.
The p}ime objective of lieek's dissertation is basically data and
information assessment. The lMacAulay model involves as apﬁlication
of quadratic programming which takes account of cattle productiqp;
cattle trading, consumption of beef anﬁ veal, gnd the deteréination
ot priceé among the Western Canada region, the Eastern Canadsa,
reglon and the Unzte; States. Pollcy 51mu1atlons of .three varlants

of a deficiency payments scheme are ‘also reported in the dlssert-

tation.



1.> OQufline of the Present Study

The basic purvose of this studf is to experiment with a
new approach, .involving the use of transition matrices, ih the
study of the beef and dairy cattle industries. The reaéons for
incorporating both dairy‘and beef industries into the analysis -
are : First, in many instances, because of the way the data have'
been compiled, it is virtually impossible to separate cattle into .
the two categbri;s. (This point will be considered fu&ther in
Chapter ; when we discuss the aséuﬁptions and adjustménts being
made in reconciling the data series for this study.} Secondly,
about 90 percent of veal supply‘and 30 peréént of the total beef .
supply are féom the"over-agéd' dairy herdé:and herds of dairy

14

‘steers and heifers.

The study is divided into six chapters. In this fixst
chapter, we have presented a brief description of the cattle in-
ndustry,_and the present éfatg of the art{ in the study of this‘

industry.

P

Chapter 2 describes the biological nature of cattle
and how transition maérices can be estinated by utilizigg inform~
ation gathered regarding thé bio;ogical’sequenéeé of cattle. Thé
transition matrices allow us té tréce‘tﬁe mﬁ%ements of cattle
and calves ﬁrOm one category to gnothep°f;om one period to the

next. (Becﬁuse of the structure of the Canadian cattle industry,

15
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separate transition matrices are constructed for Eastern and
Western Canada). The last section of Chapter 2 discusses the data
used, and the adjustments made to the data series in constructing

the transition matrices.

Chapter 3 discusses the procedures ana assunptions used
in constructing the transition matrices. Chapter 3 also acts as
a bridge between the mechanical procedures involved in constructing
the matrices and the econoaic explanations of the nmovements of
cattle from one eétegory to another. An economic model of the
cattle supply and inventory is thus developed. This rodel allows
us to single out the important economic variables that affect the
supply side of the cattle industry.i The demand side of the cattle
industf& is also taken account of in.specifying the model. (The
transition probabilities are assumed to be generated in accordance
with the equilibration of demand and supply.) Empirica} results

are also preseanted in this chapter.
¢

In Chapter 4, we estimate the number of births of calves
‘and the jimports of cattie into Western and Eastern Canada. As a
regult of this, we are ;ble to move the system (the tiahsition
matrices and the associated‘state variablgs) forvard in time, frqm

one period to the next. This allows us to simulate the effects

. L - he¥ . .
of certain economic “variables on the systen. _ :;ﬁh?

The final chapter is reserved for concluding remarks and

suggestions for future research. rzél» ‘ . .
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FOOTNOTES TO CHAPTER 1

A discussion of result developments of the Canadian beef *

cattle industry can be found in the works by larshall (1974).
Lorie (1970) and Ezekiel (1938), pp. 225-280.
Burneister (1949) and Pearson (1953).

In the internal-apuroach explanation of the cattle cycle, the
cyc}e is produced as a result of the producers' response to
the level of beef prices as compared to other opportunities.
In the case of government regulaéions and interventions beef
prices and other opvortunities can all be under the control

of the government.
Food Prices Review Board (1974).

The Table is taken from the Report of the Federal Task Force

on Agriculture (1969), p.153.

The study of demand can be found in the work by Yeh (1961).
The supply of cattle is illustrated in the }brk by XKerr (1968),
Lohoar (1964), pp.1-8, and Tryfos (1974), pp:107-113. The

cattle cycéle is discussed by Marshall (1964).
4

:iankowsky and Shefrin (1968).

Langemeier and Thompson {1967), pp.169-185.

' -

Kulshreshtha and Wilson (1972), pp. 84-91.



12.

13.

14,

16

Carvalby (1975).
Meek (1975) and MacAulay (1976).

See, for example, Agriculture Canada, Publication Number 1439

(1971).
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CHAPTER 2 -~ IETHODOLOGY FOR COIPILING TRANSITICN TABLES

2.1 Biological Sequences of Cattle1

The anatomical structures of beef cattle and dairy cattle
are identical. It is, in fact, impossible to distinguish between
the skeieton of beef steer and a dairy cow. The difference between
beef ang dairy caétle is in the degree of fleshiness and in the
develcdpment of the ﬁﬁder. Beef cattle are bred to be blocky with
smooth muscles.i;;é}ing the angularity of their bones. Dairy
cattle are much hig:er in the%? fleshing. Their shoulde{ bone,
fibs, and hip’ bones ake usuallf more prominent.

y

The principles of breeding, however, are the same for both
beef and dairy cattle. The gestation period of eattle is about
280 days. The usual objective is for each cow to have one calf
a yeaé., This means that the cow must be mated in the third month
subsequent to calving.2 Once a calf is born, it has to rely on
its‘mother's milk for at least three days. It is then fed whole
milk from the herd until it is 5 days old. After that it can 5e
continued on whole or gradually shifted to commercial replacers,
and it can be offered hay and grain. The initial 20 days of the
calf's life is the most critical period. After the calf is 20 days
old it begins to eat increasing amounts of grain and hay. At 3'
Qonths"of age it can be weaned"entirely from milk or milk réblacers.

Dehorning, castration, marking, branding, and vaccination are all
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done at the time of round-up.

Beef calves are usually born inhthe spring, and beef cattle
producers speak of the calves born in any one year as their ‘*calf
crop'. Dairy calves, on the other hand, are born more evenly
throughout -the year. Generally speaking,’there is slight differe;Ee
betveen the methods of raising a dairy calf and the method of raising
a beef calf. In raising a dairy calf, the calf is usually fed the
samé feeds as are given to the dairy herd after weaning. This will
allow the calf to grow very rapidly if it is given all the high
quality hay and silage or pasture that it can eat. Beef calves
of the same group are generally fed to a level where they will
grov satisfactoriiy uqfil the fattening period. The normal age of
maturity for both dairy and beef calves is around 18 months. At
18 months of agé, the cattle are physically matured for reproduction.
At a rate of giving birth to one calf every yeaf, the cow usually

3

reaches its peak production age at 6 or 7 years. This does not

mean that cows will be replaced after reaching 7 ;egra of age,
because the cost of producing replacement heifers is something
that. must be taken account of in calculating production costs.

Every calf a cow produces reduces this overhead cost against her.

About 90 percent of all veal originates from the dairy
herds with the remaining 10 percent coming from the beef calves.
The veal calves are gsuéll; sold at weightsnbetween 100 and 200
pounds, with some reaching over 300 pounés. Dairy cous, wvhen no

longer productive as milk producers, are usually sgnt directly to



slaughter without further fattening. The same procedure holds

for beef cows, dairy and beef bulls. Beef from 'over-aged' dairy
cows and bulls, together with the growing practice of raising dairy
steers and heifers and fattening them for beef purposes, accounts
fo£ over 30 percent of the beef supply in Canada. The fattening

of beef or dairy heifers and steers for beef purposes can be
described as follows. Young calves designated for beef purposes
may be.fattened on pasture or may be sold as feeders to cattlemen
who specizlize in fattening them for slaughter. The peak sales

of such feeder cattle occur in the fall, because cattlemen are
looking for feeders to consume the already harvested crops of hay,
silage and feed grains. They buy the feeders directly from the
cattle raisers, at the auction market, or through agents who buy for
;hem; The feeder cattle are fed with hay, silage and possibly
pasture, if the weather permits, throughout the first winter. They
are pastured the following summer and then fattened by feeding

them heavily for 60 to 100 days. Vith this procedure, the cattle

- reach the market at 18 to 20 months of age and weigh approiimately
1000 pounds. At this age and weight, the animals are considered

to be finished cattle, and are ready for sale to meat packers,

through public auction, or to slaughterhouses.

Based on the foregoing\ﬂéggpgéion, we can now construct

a diagram indicating the biological sequences of cattle, fron

birth to death.”



Diagram 2.1 The Bioclogical Sequences of Cattle
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The above diagram indicates the typical life cycles.
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male calf can either be slaughtered at a young age or raised as

a steer ané slaughtered later.

for reproduction purposes.

reaches the age when its reproductive capacity has declined to

such a stage that it is no longer economical to keep it. This

sequence of alternatives for males is true for both beef and dairy

»

cattle.

The story for a female calf is somewhat different. A

female.calf can be either a dairy calf or a beef calf. Female

It will then be slaughtered vhen it

20

It can also be retained as a bull

L]
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calves can be raised and fattened as feeder cattle and later
slaughtered as slaughter cattle. They.can also be retained as
replacenent cattle for reproduction purposes. [The major bioclogical
difference between a male calf and a female calf is that once a
male calf is castrated to become a steer it can no longer serve
the purpose of a bull. On the other hand, a replacement heifer,
for either beef purposes or dairy purposes, can be retained for
reproduction or slaughtered. Normally speaking, however, it is
usually decided ahead of time vhether a female calf is to be for
replacemen€ or fattened. The decision can, of course, be revised

under changed economic conditions.

The discussion of the biological sequences of cattle refers
strictly to the different stages from birth to slaughter. Tt |
should be pointed out that cattle at any particular stage of life
can die from natural ca&ses. Cattle at different ages can also be

exported or imported to any part of the world, but this will not

change any of the biological sequences of the animals themselves.



2.2 Basic Convonents of the Transition Tables

LY

Based upon the biological sequences of cattle, as discussed
in the previous section, and the availaﬁilit&-of the data series,
as discu;sed in the next, we will establish a series of transition
matrices. The basic concept of a transition matrix is derived
from the simple Markov chain process, which was introduced in 1907.6
The concept has been applied in many different aspects of economic
analysis. Solow used the probabilistic approach in Ehe analysis

?

of income distributions. Champernowne used the same approach in

the analysis of wage distributions.8 Hart and Prais used the

2 Judge and

tochnique in the study of business concentration.
Swanson used the technique to study the past and potential size
distribution of a sample of hog-producing firms in central Illinois.
In recent years the same technique has been used by Tracz gnd
O'Mahong to study the educational system and develop planning
technique.11 David and Otsuki, Denton, and Dawson and Denton
have utilized the technique in the study of labour force behavior.12
Lazar, in a ?ore recent article, has used the technique in the
study of rgéional unempibyment.13 The foregoing are merely exabples
and b;‘no g;ans constitute an exhaustive list of applications.
StrangeI;\%nough, despite keen ifiterest shown by agri-
cultural economists in exdmining how some/ economic proces.es and
institutions have changed through tine, and the simple nature of

22
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the Markov chain process, this approach has not been used extensively

15

in the field of agricultural econonics.

Without pursuring the concepts underlying the Markov chain
process, we present the folloving definition, as given by Kemeny
et al. .

"A Markov chain process is determined by
specifying the following information :
There is given a set of states (s., Bos
esey B_)e The process can be in one and
only ohe of these states at a given time
and it moves successively from one state
to another. IZach move is called =a step.
The probability that the process moves
fronm 8. to s, depends only on the state
5. that it oacupied before the step.

The transition probability p.. which
gives the probability that +hd ockss
will move from s, to 5, is given feor
every pair of st3tes. JAlso an initial
starting state is specified at whigh
the process is assumed to begin."

With this basic definition, we can define the different
llarkov states as various stages of the beef and dairy cattle life
cycles. For simplicity, we will first restrict ourselves to the
transition matrix for male cattle. A male can be in any ome of
the foliowing categories dﬁ;ing any particular period of time. It
can be born during that period of time, it can be a calf on farm,
it can be a steer on farm, or it can be a bull on farm. The male
can also die in that particﬁlar‘period or it can be exported (in
our case, , to either one of the two other regions). That is, if
we are dealing with a transition table for Western Canada, cattle

in any one of the above three categories can be exported to Castern
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Canada, or to the rest of the world (in practice, mostly to the
U.S.). At the same time, cattle in any one of the three categories
can be imported from the other two regions. Because of the nature
of the available data series, we will specify all of our transition
tables for semi-annual periods. FEach time period an animal that

is in any one of the above mentioned categories at the end of one
particular period can be either in the same category or in a
different category six months later -~ subject, of course;-tofthe
biological and natural constraints that prevent a bull from becoming
a calf again, or a steer from becoming a buil. With all these
pieces of information a transition or flow table for maies can be
specified as in Table 2.1. Ve may think of this as the matrix for
region 1 (which can be thought of as Western Canada) in our three-

region model.

The transition ta?le is by no means self-explanatory and
a detailed discussion of it is appropriate. The basic function of
the transition table is to present the flows of cattle from on;\\\\\
category to another, if such flows can (or indeed do) actually
occur. For instance, the element in the first row and first colunmn
cell (a11) indicates the number of male calves that are born during
t+1 and remain on farm at the end of t+1. The 'a14' cell iﬁdicates
the flow of calves that are born in t+1 and are slaughtered within
the same period. ‘(Any male calf that is born in t+1 can also die
or be exported in the same period.) The symbol 'v' indicates a

possible flow, while '~' indicates an impossible flow. The ‘a21'
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cell indicates male calves at the end of period t which remain as
calves at the end of period t+1. A calf may remain a calf at the
end of t+1 (a21)' it may become a steer (a22), or it may become a

bull (a ; alternatively, it may be slaughtered as a calf during

23
t+1 (a24) or slaughtered as a steer (ézs). It is doubtful that
"a'young bull would actually be slaughtered, and for simplicity'we
will assume that no young bulls are in fact slaughtcred17, there-
fore, we have a '-' sign in the 'a26' cell, indicating an impossible
flow. A male calf on farm at.the end of t can, if it dies, die

as a célf, as a steer, or as a bull duriné t+1. Givendthe data
éonstraints, ve inqlude deaths of s%éeisland buils in the'single
cétegory of deaths of cattle. Finally} maie calveé on farm at the
end of period t can be exported to either of the other two regions

as calves, steers or bulls during t+1. All such export flows are

- - N - ) ’ . '
indicated by the cell entfles ln—'aag to a2,14 .

Tn similar fashion, we can establish cell entries for rows
3 and 4. In row 3, we denote the flows of steers that vere on
farm ét the end of period t. A steer ¢n farm at theven§,of t can
still be on farm at the end of t+1, can be slaughtered as a steer,
can die of natural causes or can be exnorted to either of the other
two regions. Bulls on farm at the end of t can’ Stlll .be bulls ut
the end of t+1, can be slaughtered, can die of natural causes, or

can be exported tq either. of the other two regions. These p0551b1e‘

flows for bulls are represented By the cells in row k.

Row 5 and 6 represent imports of calves frpm regions- 2 and

..
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2, respectively, during period t+1. The possible flows ;f such
imports to ihg different‘categories are similar to those of domestic
caives on farm as discussed above. It should be pointed out that

we are assuming that imports of calves from another region can be
re-exported within the same period to either the original region

or to a third region, as calves, steers, or young bullS.18 Rows 7
and 8 represent imports of steers inté region 1 during t+1. Rows

9 and 10 represent imports of bulls. The flows of imported steers
and bulls are analogous to those of domestic steers and bulls. |

Row totals rebrésent the stocks of the different categories of

cattle on farm at the end of period t and the flows of calves born and
imports during p;riod t+1. Column totals represent tge corresponding

stogks of the different categories of cattle at the end of period

t+1.

.‘With the knowledge écquired in specifying the transition
table for the male cattle populatioh, we can nov proceed with
-Eoﬁétructing a transition table for the entire population. Jﬁgain,
the fransition table presented hgre is for region 1 (which can ée
thought of aé Western Canada).‘ All trading of cattle and calves

will therefore .be between region 1 and regiéns 2 and 32' Basically,
the transltlon table presented here can be used to represent any

-

one of the three regions, because 1t deplct° only blologlcal

E .. sequences. This enlarged table appears as Table 2.2.

The 'corplete! transition table is strncturally Similar

.to the one discussed previously. DBesides incorporating both male
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and female cattle into it, we have also utilized the a;;ilable ]
information regarding slaughter so that the slaﬁghter of cattle
con?ains separate information on male and female calves, steers,
héifers, cows and bulls. In the class of uninspected slaughter,
we have only two categories : calves and cat’cle.19 Exports and
imports are classified into four different categories, namely,
calves (male and female), heifers and steers, dairy cattle, and
bulls. In the actuél eétiﬁation of the transition éables we can

. N .
eliminate the category of exports and imports of bulls. This
decision is based upon the fact that there is no trading of bulls

5

as a separate entlty among the three regions. It is for the sake

H
»

of completeness that we allow for such trading here. -

Once the thebreticai table is constructed, the initial .
task is to compute the flows of cattle or calves from one category
to another. As there is no published or available information
relatlng to such flows, we have to rely on assumptlons in order to
make the cells of the- table con51stent with the known row and
column totals. There is, of course, no guargntethhat such con-
sistency can be achieved by our initial éssumptions. -To ensure
that all the rows and colﬁmns do add to their specified totals,
we adjust the initial flow table using the so-called.RA3 nethod
which Has been emp}oyed for a similar purpose.in the estimation
of input-output tables.ZO Vhenatﬁe transition tables are formally

constructed, it is then possible to estimate transition probabilitigs,

‘'on which the subsequent analysis is based. The derivation of the
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transition probabilities is discussed in Chapter 3.
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2e3 Assumptions and Adjuétments to Data Series Used for

Constructing the Transition Tables

In constructing the transition tables all the relevent

published and unpublished data series of which the author is aware

have been brought together. A brief description of the nature of

each data series is presented here, along with the name of the

collecting agency. The assunptions which are made concerning the

data 'series in order to make them directly useable in the con-

struction of the transition tables are also discussed.

21

Dats relating to cattle on farm

Calves born

Calves on farm

Stecers on farm

Statistics Canada (STATCAN) in its Calves
Born Survey collects data twice annually on
calves born during the preceding six months.
The two data periods are December 1 to lay
31, and June 1T to November 30. Since the
majority of the data series used for con-
structing the transition tables refer to
periods January 1 to June 30, and July 1 to
December 31, adjustments have to be made to
the calves born data series,zio that it is
comparable with the others.

The STATCAN Revort on Livestock Surveys
Cattle, Sheep, Horses (Livestock Survey)

.contain these data series. The series re-

late to both male and female, dairy and beef
calves under 1 year old. These data series,
together with the majority of the remaining
data series, are all avaijlable semi-annually
(January 1 to June 30 and July 1 to December
31). The one exception is the data series
on natural deaths of calves and cattle.

-
«

 The STATCAN Livestock Surveys report both

31 . . ) ‘ s 7
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dairy and beef steers 1 year old or older
kept for beef purposes under this heading.

Dairy heifers on farm The STATCAN Livestock Surveys provide this
data series.. The series includes all
female stock 1 to 2 years old raised pri-
marily for milk puryposes.

Beef heifers on farm The STATCAN Livestock Surveys provide this
data series. The series includes all
female stock 1 to 2 years old raised mainly
for beef purposes. The series does not
distinguish between heifers coming fron
beef cattle and those from dairy herds.

Dairy cows on farm The STATCAN Livestock Surveys vrovide this
data series. It includes all femele stock
2 years old and older kept mainly for milk
-and reproduction purposes.

~

Beef cows on farm The STATCAN Livestock Surveys provide a
) series for female stock'2 years old and
olkder kept for reproducing beef cattle.

Bulls on farm The STATCAN Livestock Surveys provide =a
data series for tnis category which includes

both beef and dairy bulls 1 year and older.

Data relating to slaughter of cattle

.

Information relating to slaughter of cattle is available
separately for inspected slaﬁghter and uninspected slaughter.
Data for insﬁecded slaughter are collected and published by fhe
Li;estock Division, Production and tiarketing Bréhch, Agriculture
Canada. 7Uninspected slaugﬁter data are compiled by the Agriéultnral
Division of STATCAN for its own internal use and are not formally
published, but have béen made.available to the author. The data

" series for inspected slaughter are available for the follouing

-
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categories : male calves, female calves, heifers, steers, cows
and bulls, They are also available in the usual Western Canada
and Lastern Canada break-down. The uninspected slaughter series
have the Westerﬁ Canada and Eastern Canada break-down too, but'the
data series are available only for the categories of calves and

cattle. -

Data relating to death of cattle

The term 'death of cattle' is taken to refexr to death
from natural causes. The total includes catfle dying of diseases
and old age. (It is, of course, very unlikely that any cattle will
die of old age instead of beiné slaughtered.) The deaths=-of-cattle
serles are available only for the two broad categories of cattle
and calves. Like the calves~born survey, the deaths-of-cattle:
series are ?ollected by STATCAN every six months. Unfortunately,
the six month intervals do not coincide with the usual January 4
to June 36 and July 1 to December 31 periods so adjustﬁ;nts have
to Ve made accordingly to reconcile these series with the other
data series. It has been estimated by Meek that deaths of calves
occur mainly in the first two quarters of the year while deaths
of cattle are more or less evenly spfea hroughout the year.23
It seens reasonable to assume that the heavy concentration of
deaths of calves a?e related to the corresponding concentration
of births in the same period. For this reasom we will assune

that the distribution of deaths of calves during any particular

year follows the birth distribution of calves. Furthermore, we
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will assume that deaths of cattle are evenly spread through the

year.

Data relating to the trading of cattle

Trading of cattle is the last entry included in the constru-
‘ction of the table. Trading of cattle can be divided into 'internal
trading' and 'external trading'. ‘'Internal trading' refers to
trading of cattle within Canada (between Western Canada and Eastern
Canada). 'External trading' refers to trading of cattle with the
rest of the wor?d;, The *term 'rest of the world! includes the '
U.S.A. In fact?ithe majority of livestock trading between 6angda
and the rest of the world occu}s between Canada and the United
States, Trading ;f cattle is disaggregated into three broad
catego;iés : trading of calves, trading of heifers and steers,
and trading of dairy males and females. Since there is no recorded
information on trading of bulls, this entity will be dropped from
thé transition table as presented previously. The disaggregation
of cattle into the above categories applies to both 'internal
trading' and 'externai trading'. Assumptions made relating to any

of the data series in any of the three categories wili be discussed

as we go along. o
Calves Since we defined calves to be cattle under 1 year of

age, we will use this criterion to classify and group the relevant

data series. In particular, the following published series are

. employed estimating the nunmber of calves traded : ;

)

Hovemegt of calves by rail to stockyards from Yestern to

~
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Eastern Canada;

(2) Vlovement of calves by rail for slaughter from Western to
- EBastern Canada;j

(3) Movement of calves by rail for feeding from Vestern to
Bastern Canada; <

()  Feeder cattle 200-700 1bs. exported from Western Canada to
the Onited States;

(5) Feeder catife 200-700 lbs. exported from Eastern Canada to
- the United Stgtes;

(6) sSlaughter cattle 200-700 lbs. exported from Western Canada
to the United States; '

(7) Slaughter cattle 200-700 1lbs. exported fram Eastern Canada
to the United States;

(8) cCalves exported from Western Canada to the United States;
(9) Calves exported from Eastern Canada to the United States;

(10) Cattle, dairy, not elsewhere svecified (NES), less than
200 1lbs. exported to all countries including the United States;

(11) cCattle (calves), NES, greater than 200 1lbs., exported to the
United States;

(12) Cattle, NES, 200-700 1bs. exportéd to the United States;

(13) 1Imports of calves from the United States to Eastern Canada
for immediate slaughter;

-

(14) Imports of calves from the United States to Western Canada
for immediate slaughter. -

Data series (1) to (9) relate to movements of calves fronm

]

Vestern Canada to Zastern Canada, and fronm VYestern and Dastern .

f

Canada to the United States. .In partlcular, data series (1) to

(4) pertain to 'internal trading' of calves while data series (5)

to (9) pertain to 'external trading'. All nine series are published

by Agriculture Canada in various issues of the Livestock an@'neat'

Trade Revorts. . : . .
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Data seriesd (10) to (12) also relate to 'external trading' of calves.

These series are published by STATCAN in the Trade of Canada series.

Some assumptions are necessary so that we can classify the series
to their appropriate regions. For data series (10), ve assume

that only dairy calves that are not purebred are recorded in this
category. Furthermore, we assume that all exports in this category
originate in Eastern Canada. Data series (11) is assumed to in-

»
clude main}y young dairy calves and we assune that exports in this
category originate in Eastern Canada. Data series (12) includes
mainly young beef cattle shipped from Vlestern Canada to the Horth
Central United Sgates. For simplicity, we will assume that cﬁlves

in this category originate in Vestern Canada.

-

Data series (13) and (14) are the only recorded series for
imports of calves into Canada. The actual volume of such imports
is very small and it does not contribute in any significant degree

to the 'external trading' of calves.26 -

[

Heifers and steers We take all feeder cattle over 1 year of

age to belong to this category. The category include all cattle
over 700 1lbs.,by weight# The following data series are used in
deriving figures relating to the trading of heifers and steers :

(15) Movement of cattle by rail to stockyard from vestern ¥o
FEastern Canadaj : .

{16) lovement of cattle by rail for slaughter from Westeran to
Eastern Canadaj )

(17) liovement of feeder cattle by rail from Western to Eastern
Canadaj 4
. /
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(18) Imports of cattle from the United States to Western Canada
for immediate slaughter;

(19) Imports of cattle from the United States to FEastern Canada
for immediate slaughter;

(20) Feeder cattle less than 700 1lbs. exported from Yestern Canada
to the United States;

(21) Feeder cattle less than 700 1lbs. exported from Eastern Canada
to the United States;

(22) Slaughter cattle greater than 700 1bs, exported from Western
Canada to the United States;

(23) Slaughter cattle greater tpan 700 1lbs. exported from Eastern
Canada to the United Stat

(24) Cattle, purebred, INES, imported from all countries (including
the United State);

(25) Cattle, NES, imported from all countries (including the
United States);

(26) Cattle, purebred, exported to all countries (including the
United States); “

(27) Cattle, purebred, I'ES, exported to, all countries (including
the United States);

(28) cattle, NES, greater than 700 lbs. exported to the United
States.

Data series (15) to (17) and (20) to (23) are published by

Agriculture Canada in various issues of the Livestock and lleat

\
Trade Revort. Data series (15) to (17) relaEf to tinternal trading!

of heifers and steers, while series (20) tol(23) relate to the
'external trading'. The series are self-explanatory. Data series
(18) and (19) are compiled by the Agriculture Gaﬁada Information
Section and are not formally published, but made available to the

author. The two relate to imports of both heifers and steers into

Canada.
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Data series (24) to (28) are published by STATCAN in

Trade of Canada. Because of the nature of the series, some further

L]

assumptions are necessary at this point. Data series (24) includes

NES beef cattle, both male and female.2! For simplicity,

we will assume that the total imports in this category is split

into eqﬁal shares between Eastern and Vestern Canada. This may

not seem to be the best assumption possible, but given that the
total number of such imports is relatively small, the assumption
will not seriously affect our analysis. Data series (25) consists
largely of cattle for immediate slaughter and may be taken to

relate primarily to steers. For this reason, we will assume that
cattle in this category will all be destined to Eastern Canada. Data
series (26) includes both dairy énd beef cattle exported from Canada,
There is no information regarding the places of origin for such
;exports. For simplicity, we will once again assume that the total
number of exports in this category is évenly split between \/estern

-

and Fastern Canada. This same assumption is made also in the case

28 In the last export category (Cattle, NES,

of data'series (27).
greater than 700 lbs. exported to the United States), we assune
that all- exports belonging to this category are slaughter cattle.
For this reason, we will assume that they originate in GZEtvrn

Canada.

Hale and  female dairy catﬁlé In the classification and grouping

relating to the trading of calves, we include all the dairy calves

in the Calves category. Hence, for this catggOrymwe will assune
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that the data series relate to male and female dairy cattle 1 year
of age or older. Traging of dairy males and females occurs largely
between Canada and the United Statés, and there is no recorded
trading of dairy cattle between Eastern and Western Canada. Series

relating to this category can be briefly summarized as follows :

(29) Grade dairy females exported from Western Canada to the
United States ;_.

(30) Grade dairy females exported from Eastern Canada to the
United States;

(31) Purebred dairy females exported from Vestern Canada to the
" United.States; .

(32) Purebred daiyy females exported from Eastern Canada to the
United States;

(33) Dairy females and bulls exported from Western Canada to the
United States;

(34) Dairy females and bulls exported from Eastepn Canada to the
United States; . i

(35) Purebred dairy cattle imported from all countries;

(36) Purebred dairy cattle exported to all countries.

fo. g

Data series (29) to (34) are collected and published by

Agriculture Canala in various issues of the Livestock and l}eat

Trade Revorts. Data series (35) and (36) are published byyﬁTATCAN

in its Trade of Canada publication. Since the trade information

published by STATCAN does not distinguish between Western and

*

Eastern Canada, we will éssume that all.such imports and exportis

’ 2
occur strictly betveen Eastern Canada and the rest of the world. 2
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FOOTNOTES TO CHAPTER 2 o

Some of the technical information regarding the biological

sequences of cattle is taken from Encyclopaedia Americana,

One of the most rapidly growing practices in cattle breeding
is artifical insemination. A few outstanding bulls are kept,
;o that several thousand calves can be sired by one bull in
one year instead of the usual 20 to 30 calves produced by

natural mating.
Agriculture Canada, Publication Number 1480 (19725.
Agriculture Canada, Publication Number 1439 (1971).

We will not make any distinetion between beef and dairy calves.
There are two basic reasons to Justify this. First, the life
cycle for both beef and dairy calves are quite similar, and

secondly, the available information relating to births of

- calves does not allow us to distinguish between béef calves

and dairy calves.

The concept of Markov chain process was first discussed by o
Markov (1907?). For a simple discussion of this process, see

Kemeny and Snell (1960).

Solow (1951), pp. 333-334.

Champernowne (ﬁ953), pr. 318-351.
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10.
1.

12,

15.

14,

15.

16.

17.

18.

19.

by this age under normal circumstances.

4

Hart and Prais (1956), pp. 150-=175.
Judge and Swanson (1961). \ ! ’ \’(//-\

Tracz and O'Mahony (1971).

David and Otsuki (1968), pp: 68-77, Dawson and Denton (1974),

pPr.293-311, and Denton (1972), pp. 233-248.
Lazar (1977), pp. 112-129.

A more comprehensive list of reference can be found in Lee,

Judge and Zellner (1970).

Id 8

. ‘
Judge and Swanson (1961) suggested the potential usefulness
in analysis of time-order data in agricultural economics, but
it appears thét few have ever used this technique in agri-

cultural economics.

L) -

Kemeny ,.et.gl. (1959), pp; 148.

The age of a young bu;l'in the category, gt.the'end of t+1,

is at most about 18 months and it is not likely to be slaughtered

’ -
¢ - , *

whilé suéh-flows nay appear idtuitively unlikely, €ﬁefe are
econom1c cmrcumstances in which they would be profitabley

and hence they are not ruled out in the tran51t10n table.

.'-s

Detailed discusszon concerning. the data relatlng to slaughﬁer

_and. other informatzon used 1n constructlng the transltlon
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table will be provided in the next section.

+

20. This method can be applied iteratively to adjust nonnegative
matrices to given marginal totals, assuming thét certain con-
sistency requirements are sati;fied. For theoreticél treat-
ment and discussion of application in the input-output _context,
see Bacharach (1970). For applicatfbn in a different context,

see Denton (1972) and Dawson and Denton (1974).

21, Different agencies collect and publish data series for the
beef/dairy cattle industries. The data series may be published

in one or more statistical publications and the agencies often

-

publish each othér's data. The najority of the data series
\

that are being used in this present study are obtained from
b4

the following publications : Agricuiture Canada, Livestock

1

Market Review, Ottawa, Queen's Printer, various issues;

Agriculture Canada, Livestock and Meat Trade Revort, Ottawa,

»

Queent's Printer, various issues; Statistics Canada, Dairy

ﬁeview, Ottawa, Queen's Printer, various issues; Statistics
n

,danada, Livestock and Animal Product Statistics, Ottawa, Queen's

Prihter, various issues; Statistics Canada, Quarterly Bulletin

of Agricultural Statistics, Ottawa, Gueen's Printer, various

issues; Statistics Cénada, Revort on Livestock Survey Cattlez

‘Shéep, Horses, Ottawa, Queen's Printer, various issues; and

Statistics Canada, Trade of Canada, Ottawa, Queen's Printer,

various issues.
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o

22. The data can be adjusted to reconcile with the other series.

The method of adjustment is based uponrthe birth distridution of
claves during the different months of the year. There is a
complication, however, in that beef calves and dairy calves‘
exhibit different patterns of binth throughout the year, and
there is no information as to the percentage in either Eastern
Canada or V/estern Canada. To overcome this difficulty, we

will assume, *as an approximation, that calves in Vestern

Canada are all beef calves while calves in Eastern Canada afe
Tall dairy calves. The proportionate distributions pf annual

births among the twelve calendar months g{s\fi/tﬁii;:,(January

is month 1, February, month 2, and so om.) :

+

.Dairy calf birth distribution (DCB)
0.069

DCB(1) = 0.088 DCB(2) -= 0.093 DCB(3) =
DCB(4) = 0.112 DCB(5) = 0.089 DCB(6) = 0.065
DCB(7) = 0.05k4 DCB(8) = 0.069 DCB(9) = 0.077
DCB(10)= 0.097 DCB(11)= 0,096 DCB(12)= 0.094"
Beeéf calf birth distribution (BCB) .
bcs(1) = 0,01 - BCB(2) = 0.04 BCB(3) = 0.11
BCB(4) = Q.25 BCB(5) = 0.39 BCB(6) = 0.11
BCB(7) = 0.04 BCB(8) = 0.01 BCB(9) = 0.01

+ BCB(10)= 0.01 BCB(11)= 0,01 BCB(12)= 0.01

These distributions are based on those used by Feek (1975),

H

23. Meek (19?5), p.227."

-

2Lk, The avefage weight of a calf one year of age is ‘around 400 to

500 pounds. Ve assume that all cattle belonging to this

200~-700 1b. category arecalves.
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25. Ve assume cattle of this weight category also belongs to the

~calf ‘category.

26. Over the period 1958 -1973, imports‘of calves to Western
Canada for immediate slaughter occurred only in the second
quarter of 1967 and the number was a meer 15 ! Similarly,
importslgp Eastern Canada oécurred only in 1967 III, 1969 TII,
1970 III and 1972 II, and the number was again small. It

-

ranged from 14 to 43,

27. A breakdown into beef and dairy was provided for the period

1969 - 1972.

[ 4

28. The total number of imports during any‘half of a year is only

in the range of 700 - 5000 heads.

i
Ld

,29. Given the structure of the Canadian dairy industry, this
assumption may seem quite reasonable for Canadian dairy pure-
bred exports. In terms ofﬁpurebred imports, one may suspect
thaﬁ a certain amount of the imports go %o Western Canadaa.
However, with the: small number of such imports occurring.

evéry year, the assumption will not seriously affect our

analysis.
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CHAPTER 3 -~ SPECIFICATION AND ESTIMATICN OF THE TRANSITION-
PROBABILITY 1;0DzL .

3.1 - The Construction of the Transition Probability Matrices

In constructiﬂg the transition probability matriCes,the
basic flow or transition mairices are first established. Although
the biological sequences of beef and dairy cattle are the same in
both Vestern and Eastern Canada, their t;ading patterﬁs differ.1

. ~
For this reason, two different approaches are used to construct

‘the transition matrices for the two regions.

Transition matrices for Yestern Canada

The first step in constructing the flow or, trapsition A
matrices is to reconcile the data series, so that the sum of all
row totals is equal to the sum of all column totals. Due to the
fact that the data series used in the analysis are collected and
published by several different ggenqies; discrepancies are bound
to arise. As a first step to solve this pr;biem, the sum of row
t;tals is calculated and is cb;pared with the éﬁm of column totalé.
in most cases, the differenée between the two suﬁs averages around
5 percent. The method used to eliminate'the differenc? is to divide

it into two and.prorate the resulting awmounts ambgg the row and,

column totals.2

‘\ Since there is no recorded information relating to movement

L

of cattle from ore particular caﬁegofy to another, assumptions have” ;
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.
to be made in order to fill all the possible cells of the transitioﬁ
matrices. The rules of thumb in constructing the matrices are :

(1) £ill in as many cells as possible by using simple and reason-
able assﬁmptions; (2) after filling in as many cells as possib1e>

in this way, fill in as many others as possible by using the
"residual method'. Since we assume that thé~sum of all the cell
entrieé in any particular row or éélumn should be equal to its
respective row or column total, we can fill in certain cell entries
immediatel& after performing step (1). For instance, if we have
two possible cell entries in’row 1 based on the biélogicél sequences,
and if we have assigned a value to the first éeil in row j’by

neans of the assunmptions tﬂat.we are using , we can calculate the
second cell #alug by taking the first row total minus the fifst.

cell value, Such a method can, of course, never assure us that

the value Qe get will be positive. To overcome tﬁis difficulty, ‘
we rely on the following additional‘stéps : (3) Répléce‘all negative
entries ip'the transition mgtrices by a small positive number.

(In our case; all the negativgnentries are replaced,by 10.) This
creates a further problenm of adding up, because now tﬁ; row and
coiumn entries will not add to their reépective row and éolumn
tota‘ﬂ.s." (k) As a remedy for this situatipn_; the RAS method is
employed in each transition matrix. The ﬁat&ices are aﬁjusted
iteratively to force the céll entries to add t6 theif.respectives
row and column totals. (5) Finally, transition probgﬁiii}i@s are
caiculated by dividiﬁé the elements in each of the adjusted matrices’

by the corresponding row totals. The probabilities are then
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necessarily positive and sum to unity.

The procedure for constructing the transition matrices
for Vlestern Canada‘st;rts with calculating the number of calves
slaughtered, the number of‘calves exported to Eastern Canada and
to the United States and the rest of the world, and the number of
deaths to calves during period t+1. Calves for slaughter, export,
‘and those dying can come from\galées born in period t+1 or<ca1ves .
on farm at the end of pegioﬁlt vwhich are still calves at the end
of t+1 {i.e. calves that were under 1 year of age at the end of t).
The number of calves remgining on farm at the end of t+1 from the
two sources is calculated using thdxgzgzaépl metﬁod, as dgscribed'
previously. In the neit step, we calculate ‘the number of uninspected
slaﬁgﬁter of cattle and the numbe; of deaths of cattle. Cgttie
are &efined'QE ;ll young steers, heifers, cows and bulls from all .
' sources. The Eistribdtions of the uninspected slaughters and deaths
of’stgers, heifers, cgus and bulié depend on the ratios of animals
in the various categories to ;he'tStal number of cattle. The'numbe;
oftinspected slaughters of bulls is obtained by assuming that ohly
old bulls are slaughtered in this category. It is“true\that all
uncastratéd‘malé cattlé ovér 1 yeaxr of age are bulls, but we can
loglcally assume that when a cattleman decldes to retaln a male
calf for réproduction purposes, the calf will not be slaughtered
until it reashes the age when it no 1onger serves thqse purposes.

In calculating the number of dairy males and females expopte@lto

the United States and the rest of the world, we assume that ten

N
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percent of all the calves and bulls on farm belong to the dairy
herd. The total ﬁﬁhber of dairy males and females in \lestern

Canada deemed suitable for exporguwill be the ten percent of the
calves-and bulls population plus the total number of dairy heifers
and cows on farm.3 Exports'in this category are therefore allocated
among calves, dairy heifers, dairfICOws and bulls according to their
:espectiVe ratios to the total of the dairy cattle population in
Western Canada. The number of Joung male calves at the end of

period t which are in the bulls catdgory 4t the end of t+1, and

the nunber of bulls at the end of t r ining as bulls at the end

of t+1, are ¢ ulated by the residual metho \iffer performing the

steps mentione¥/ab ve.

. Since we aésume that 10 percent of tﬁe calf population on
farm in WBstern Canada belongs to the dairy herd, the remaining 90
percent of the calves must loglcally belong in the beef cattle
category. In calculating the number of heifers and steers exporteq
to the United States and Eastern Canada, we must first calculate
the total number of cattle available for export in the category of
heifers and steers. H;ifers and s£eers exnérted to either of the
two regions during t+1 can come from young heifers and steers that
were calVes on farm at the end of t, or older helfers and steers
that were helfers and steers at the end of t but remain in their
respectlve categormes at the end of t+1. The actual amount of
-export from each of the three categories again devends on the ?atio

of éach of the categories to the total number of cattle available
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for export under:the ‘heifers and steers category as a whole.‘

In deriving the number of inspected slaughtbrs<§;;€f?ry
and beef cows, we assume that both dairy and beef heifers on fa;m
at the end of t will not be slaughtered as cows during t+1. The
reason is simple. If a ca%tleman decides t6 retain a heifer on

farm in period t for reproduction purposes, the same heifer will

logically not be slaughtered as a cow in pefiod_t+1. Only old

reproductive capacity has lowered to such an extent

tha?/it is\no longer profifable to retain them on farm will -
by slaughtered. Dairy ctows on farm at the end of t+1‘can come
either from heifers on farm at the end of t or from cows on farm
ati the end of t. In either case, the actu;; number is derived by
the Yesidual method discussed previously. The same technique and
reasoning are also used to determine the number. of beef cows on

farm at the end of t+1.

One other assumption was made in constructing the tiansition
mat:iﬁes,and that was that 50 percent of thé imported heifers and
steers t; Western Canada from the United States were for immediate
slaughter while the other 50 percent were retained on farm for
further feeding. This assumption is undoubtgdly not strictly
correct, but giveﬁ the adjustment‘procedure that we willluse.at
the final stage it is thought to be an acceptable one.q Inspected
slaughters of imported heifers and steers are calculated accordingly'..
Similarly, we calculate the number of steers, heifers and begf COWE

remaining on farm from imported sources. The number of calves on

.



50

-~

farm at the end of t moving into the beef heifer category during

t+1 can be obtained at this stage by the residual method.

Steers on farm at the end of t which are not exported and
do not die will be slaughtered or will remain on farm at the end

of t+1. Here we again assume that 50 percent of the steers at

the end of t will be slaughtered during t+1, while the other 50 //\J///,/
percent will remain on farm. This allows us to calculate the

numbers of steers slaughtered apd retained from steers on farm at

the end of t.5 Steers on farm at the end of t+1 that were calves

on farm ét the end ofvt, and inspected ;laughters of young steers

during t+1 from calves on farm at the end of t, can both be obtained

by the residual method,

Finally, we assume that 95 percent of the dairy heifers on
farm at the end of t that are still dairy heifers at the end of
t+1 will remain on farm. Only 5 percent of the dairy heifers will jS
be slaughtered during t+1. This enables us to conplete tﬁe tran~
sition matrix for VWestern Canada, because after f£illing in the
numbers~of heifers remaining on farm and heiferg slaushgéred, we

can calculate the numbers of dairy heifers.coming in from the calves

category to be retained and to be slaughtereéed.

»

The initial set of transition matrices was constructed
using the above procedures. The transition matrices were calculated
using a set of 28 semi-annusl observations covering the pertiod from

the firét half of 1958 to the second half of 1972. It was inevit-

~ .
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able that spme negative entries would occur in the set of 28
matrices as a result of the residual calculation procedure.6 It
is assumed that all &f the negative entries should be small.
Accordingly, all negative entries are replaced by an arbitrary
~k‘pmsi:t;ive nunber. (In Prabtifﬁf the number specified is 10.) The
RAS method is the#iu;ed to adjust the\gptries to add to their row

and column totals. In the case of Western Eaﬁadg{\BOO iterations

were performed to ensure the desired results. (See Appendix I)

Transition matrices for Eastern Canada

The basic procedures used to construct the transition
matrices for Zastern Canada are the séme as those used to construct

the matrices for VWestern Canada. To avoid repetition, we will

-

outline only the key assunptions made in constructing the transition

matrices for Eastern Canada which differ from those we made for

¥

Western Canada.

First of all, we assume that imported dairy bulls will

not be slaughtered in the same period. Secondly, 80 percent of

the calves on farm and 80 percent of the bulls on farm are assunmed

s

to belong to the déiry herd. Also, calves imported from VWestern
Canada are assuned to belong entirely to .the beef herd. It is
" assumed that imported dairy males and females will not be slaughtered

7

for beef purposes in the same period. Furthermore, imported males
and fepmhles are assumed to be mature dairy cattle. Two-thirds of
the impofte@‘dairx cattle are taken to be dairy cows, the remaining

one-third being dairy bulls. This set of assumptions, together
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3
with the assumptions we made in building the transition matrices
for Western Canada, enable us to construct the desired matrices
for Eastern Panada. An arbitrary positive number (again 10) is
also used to replace negative entries. The RAS technique is
employed as the final step to force the entries to add to their
réspectibe row and column totals. For each case 150 iterations

were performed to ensure the desired result. (See Appendix II)

Transition probability matriqes for both Western and
éABtern Canada are calculated using the methods described previously.
We will be making extensive use of the probabilities in our sub-
sequent énalysis and we illﬁstrate the transiticn probability
matrices in the following two tables to indicate the‘possible
movements of cattle from one category to another. Cells repre-
senting possible flows are identified by numbérshwhile cells
representing impossible flows are left blank. This facilitakes

subsequent discussion. -

*a
<

e
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3.2 A Model of Beef and Dairy Cattle Demand, Supply and Inventory

The procedures outlinedlin the 1ast)section.enable us to
calculate estimates of historical transition probabilities for
nmovements of cattle frqﬁ}one category to another. In oréer to
explain such m;vements in economic terms, we now proceed to develop

a theoretical model.

At any p01nt in tlme, the total quantlty of beef and dalry
cattle is available for three uses’

(1) . for slaughter, in or@er to meet the current domestic demand
for beef; ; ' ¥

(2) for export, in order to meet the forelgn demand for cattle
or beef; and \

(3) to replenish or increase inventories of cattle in order to
neet future demand for beef and dairy products; this is
especially relevant in the case of young dalyes and heifers.

1o

The aggregaﬁe avg%iable quagtityh(nﬁmber of animals) iﬁ
aﬁy particular category of cattle at any particular time ié fixed:
it cannot vary in’ response to current prices and feed costs, or’
other varlables., Let Qt denote such a guantity for any partlcular
categbry i of cattle. With semm-annual 1nformatlon (i.e. 1f 't is
referred to the first half of 1958 t+1 will be the second half

of 1958 and so on.), we v111 adopt the following deflnltlons.

O
Vet
i

= calves born during t - ' ) . \lﬁ?
- Qt = calves on farm at the end of't

Qz steers on farm»at the end of 't

1

55 .. v,
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Q = dairy heifers on farm at the end of ¢

O
ot
1}

2 beef heifers onm farm at the end of t ,,/f\
: : (

Q, = dairy cows on farm at the end of t
QZ = beef cows on farm at the-end of t
Q$’= bulls on farm at the end of ¢

*

Then

Qt depends physically on the number of cows on farm at the
end of t-2 and t-3

Qt depends phygicglly on the number of calves born in t-1 and t

Qi depends physically on the number of male calves on farm
t-1, and the nupmber of steers on farm in' t-1

o 5

dependsqphysiqa%ly on the numbér of female’dairy calves on
farm in t~1, and -the number of dairy heifers on farm in t-1

S

depends physically on'the number of female beef calves on
farm in' t-7, and the number of beef heifers on farm in t-1,

&

Qg dépen@swpﬁysically on the number of dairy heifers on farm
in t-A and the number of cows on farm in %-7
QZ dependé physically on the number of beef heifers om farm

in t=-1 and the number cows on farm in t-1

depends physically on the number of male calves on farm in
t-1 and -the number of bulls on farm in t-] o

o

It is qlégr that the quantity'df any category of cattle

aVailable_during period ¢t deﬁends largely on the inventory of the
previous péfiods; Inventory may be regarded as cattle retained.
- on farm to meet fut@re'démand. C fﬂéA

)

&

To examine the actnal level of inventory in each category

.in any period of time, wq‘caﬁ start with a simple subplyedemand
& framéwofk; Other things egnal, the demand for cattle tp be

v

! -
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&

slauéhtered for beef, is related to the income %evels of the
potential consumers, the prices of beef subs£itutes,'the wvage rate
in-the packing industry, and the price of cattle. Similarly, the
lower the domestic price of any pérticular category of cattle, as
compared wi%h the foreign price, the higher will be the demand for

expoft of that'catégory of cattle.

The supply of cattle for slaughter and export is restricted
by the maximum available guantity of that category~of cattle at
any given time, which is affec¢ted by the desired ahﬁ actual levgl
of inventory. The supply of any category‘oi’céktle at any given
period of time is affected by the relative returns the producer
can derive. Other things equal,'ecoﬁbmic theory wéul& lead one
to  expect that the'supply.of heifers, for instance, would be directly
related to the current price of heifers, the price of mi}k, thé
amount of milk subsidies, the price of feed, and interest'costé.
Let DD
.Blaughter cattle, and SSt
E, is the horizontal summation of DD and DDS and it can be .
expressed as follows : ‘ :

LT ' o
DDy = a_ + a, Y + a Pst + a3 g+ oagPy + a.5PFt (3 1)

where Yé is the income levels of the—poyentlal consumers, PSt is -

denote the demand for cattle exports, DDi the demand for .
the supply of cattle.*wghe total demand,

DD

'the prices of beef substitutes, W, is the wage rate at the packing

t
industry, P, 'is the price of cattle and PF, is the foreign price
of cattle. Other thlngs equal, we can expect that higher the 1ncome

levels of the potentzal consumera, the higher the price’ of beef sub—'



58

stitutes and the higher the foreign cattle ppice,’the higher will be |
the quantity demanded for slaughter cattle. On the other hand, the
higher the wage rate in the packing industrngnd the higﬁer the price
| of cattle, the smaller will be the q;antity demanded.7 With Dbf and |
ssf, we can establish the current market price of cattle and the dis-
tributzon for export, slaughter and inventory. Graphically, the
analysis can be represented in the following diagramn.

Diagram 3.1 The Distribution of Lxport, Slaughter, and Invento:y
for any Partlcular Categpry of Cattle

Fe SSQ,

?

d
11———v1%~*-u-
Determinatlon of 'deslred' level of 1nwentor1es, however,‘

. is more complicatéd. Tryfos viewed the 'des;red' level or 1nventorJ
as determined by the egpectedﬁllve animal pr;ce and the expected
cost of'feed.8 This félaﬁionship can be modified by assuming that

the ‘desired! 1nventory (I ) is determined by the egpected return

relatmva to expected cost. The exnected return is related not

»
. - , ' . ~
4 ©or N !
. . .
- . N
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only to the expected price of live anlmals at the time of slaughter
(p ) but also to the expected price of milk (h ) and milk subsidy
(sb );9 The expected cost includes the expected cost of feed (F ),

‘ *x
and the interest cost (R ) that will be incurred in carrying the

e

inventory. (As compared to the case of a tége growing: or wine
aging, the optimal period ef retention of cattle on.farm is'less
flexible} ﬁof example, a steerhis not deemed suitasie for slaﬁghter
until it reaches‘a.weight of about 1,000 pounds. Nonetheless,

the expected interest cest could have an impactlin deternining the
number of‘animals retained as steers, and the method of feeding |
the cattle.)10 Ve can also anticipate tpat the expected éxport
priﬂe of live animals (PF‘).will affect thé 'desired' inventory.
'fhe list of possible variables to'be included in the analysis can-
be contlnued but those mentioned are perhaps the most important
ones and, therefore, are the ones to be 1ncluded in the present
analys:.s.11 For simplicity, we can represent the above relatmon—

-

sh;p by a llnear function of the form._ .
‘%

* ) ’ I

t . .
NER 19113t +b2Ht + b3SD 4+ bQF + b5 £ +‘b6PFt ~=(3,2)

Other things equal, we can assume -that: the higher the
expecﬁed price of cattle, price of milk; %hefmilk-subSidy, gains
fro& irade, and income price of subs;iﬁqtes;lthe gfeater the number
offcattle'that will be held as invehtofy. On -the other haﬁd, the
‘hl her the expected cost of feed and the rate of interest. the.
‘smaller the number that will be kept a8 1nventory. Thue we can ex-‘
pect . b1, ba, b3 and b6 to be pasztive and bq and b5 to be negative.: .

)

~
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: . \
The relationship between desired inventory (I ) and actual

-

inventory (I) can be represented by :
. ! ‘ u ‘
Ty = Tyoq = oy = Tgq)  mmmmmmmees N o (3.3)
where 0 <c <1 indicates a 'partial adjustment'® process reléting
dctual inventory to desired inventory. This relationship allows
us to eipress the mctual inventorj as :

¢ )I

]
1
i
1
1
1
|
~~
W
[ ]
=
Nt

*

t=c1t+(1—c)1t—1 o e o e 1 s e ot o o
. ’ " L .

-given the expression It in (1), we can rewrite (3) as : -

I, = e(b  + b1P: + oo +'b6??') + (1 - ¢) I q --(3.5)

The‘subplylof slaughter and export cattle can be written
as the difference between the quantity of livestock available
during ﬁhe period (Qt) ané the‘ghange id. inventory.

=Qy - alI, - I, _4)
where d:»O. We have now speclfzed the varlables to be 1ncluded
‘1n the 1nventory equat;on, and ‘the relatlonshxp between . 1nventory
and supply. The dlstrlbutlon of the aggregate avazlable quantlty
of any p&rtlcular ca§egory of cattle betweeh slaughter, export
and inventory 15 undoubtedly a 31multaneous d301810n, and ba51ca11y
. it is determlned by equatlons (9.1), (3 5), and (3 6). |

v . o , 1

The formulatlon of the, 1nventory equatlon iz based on
microeconomlc theory that treats catfle as capltal goods and pro- B
'ducers as portrollo managers.. The producers will hold cattle as
’1ong as thezr capltal falue in ;roductlon exceeds their slaughter
'value.12 As Jwrvis p01nts out. cattle, especlally calves, zre

.‘grow:ng machznes', so that the criterion for slaughter deczslon

Py
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becomes a maximization of the present discounted 'profit* of the
cattle's fattening prqcess.13 In the decision relating to. the

slaughter of cows, the analysis is somewhat complicated. Cows are

considered as 'renevable' resources., Cows nay be fattened and

slaughtered, but they can also bear calves which may themselves

be fattened and slaughtered. Hence, an additional‘;er;; the presgnt
value of the calves stream, will have tc be added to the present
discounted profit. Heifers used for slaughter purposes will, of .
course, be ;ffected by the income stream associated with calf

. ’ “ . - .

production,.
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3.3 liodel of Demand and Supply of Beef and Dairy Cattle for
-Empirical Estimation
M. e

{

In the last section we considered the supoly side of the
beef and dairy industry. Before proceeding with empirigal estimation;

however, we have to consider also the demand side.

‘The demand for cattle in aﬁy category is actually demand
‘-derived from final consumers. In the case of export demand, the
demand'may well be the demandfbf the for;ién oroducers. However,
for our purpose we can consider all the forelgn producers as if .
they were consumers- ‘To 81mp;;fy mattegs even more, we will con~
sider only differences in priéé'between the.exporting and impo}ting
regions. The domes£i; demand for gat%le is based upon the consumers'
i ptility maximization behavior. Given & budget conséraint, a .con-
sumer will choose the amounts of beef and other commodifies 80 as
to meximize his utility. For simplicity, we will assume that only
pork and ﬁpttgn will enter és competing commodities in the con-..
édﬁei'é ut;iity function. Ve will also'assume théf trend and
seasonal elements will affect both the demand for and supply of
cattle. Uages inuthe packing industry will affect the demand for
~cattle, becanse we assume that any increase 1n wages will be passed
"along at least in part to the consumers. ~Mithout BpeCIfylng the
functional form of elther the demand or supply equations we can

' indicate the nature of these equatlona for both Uestern and Eastern

Canada in the foli&g?ng manner.

. -
“ .
. . . —
. .
! " . : . N T
.
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For Western Cgpada

The equation numbers used here correspond to the nunmbers
H . ,
of the cells in Table 3.1 and 3.2. The variables included in the

analysis are listed and defined at the end of this section.

(I) Egquations 1-7 : Calves born during t+1

The cell entries in this row, and any other réws, are aptually
the equilibrium quantities of inventory, domestic demand, ané f;reign
demand determined by thé simultaneous'system disqﬁssed in the last
section. There are also certain cell entries in each roﬁ.¢9picting
the number of déaths in each category of‘céttle., These numsgis
a;e considered as withdraw;ls from the system which are not affected .

by econonmic variables.

As discussed previously, the le§e1 of inventary is'deter-'
nined by the expected return of kéeping the cattle on farm and the
Jevel of inventory of that partigu;ar category of cattle in the
previous period. The supply of patt;e for slaughter anq expo?t ;s
definédlas the difference between the total quantity of cattle
avaiiaﬁle during the period and the change %ﬁ inventor&. For sim-

llclty, we w111 substitute the 1nventory equation as nresented in

equat1on (3. 5) 1nto the supply equation (3 6) and considexr thls as

the 'reduced' supnly equation S5. This 'reduced® supply equatlon

- of sl&u hter and export of cattle can be renresented as follow'.

W 3 Fwi ,,w;’c‘d' C,‘_,i R,,'.R; T3 S; Q

Time subscripts for &ll the yariableé are omitted from the . presentation

ss = 23 N1

Q

for simplicity.
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The demand equation presented here re ents the summation
~°f domestic and foreign demand. As was poifgted out previousiyo

" the total demand is affected by the income Jevels of patential
4‘consumers, own price levels, prices of beef substitutes, foreign
cattle priée, seasonal variations, and habit. The demand equation

can be represented as :
N A

- . » . . 3 * . . . 15
- E(Pui cw’ ww’ L‘w: Hw’ Y) CU’ T! s! CE)

The equilibrium level of inventory, demand and supply is represented

by the following equation :

° ° 1\
.,7 FW’ W W CW;.R' Ry T3 83 @ 3 wl‘l;

Lw; Bys Y3 Cys Cp)

In order to reduce the number of explanatory variables,

EQ = F(p, F,C

certain variables are emnloyed in ratio form. Hereafter, ve will
use Q' to denote the equlllbrlum egquation when certaln Varlables

are expressed in ratlo form : - o ~

h EQ' = F( /FU’ C /wa R! T! S Q a a LW/PW’ H\-I/PW’

Since we are working with transition:probabilities, we will'

.divide the above equation by the total number of calves born during

t+1, to have the required p}obabilities as our dependént variables :

W

w/Fw Cw/Fy R m s .. Yo
B = F( il B Ak R - B A B e
, Q Q Q - Q .

Q™ Q

L‘.’/Pw . . H‘I/P¥J . Y - R CU/P\" . CE/P“I . »w/Fw . ;% ‘
B ?., 1t L B ¥ E] 1 [} ot 3
Q" QM QW T QM TN gt gl

-
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(1I1) Equations 8-25 : Calves on farnm at the end of ¢

The formulation of the 'reduced' supply, demand and equi~

lidbrium equations, for this set of equations and all the following

sets of equations, follows the samne reaéoning as discussed in

the previous case.

]

(P

.

wi Cyi Ry Ry T5 S5 Q)

0.

SS gl FW’ F

DD = g(Pw; Cys Wy Lyys By T3 Pyi Cyi Cps T3 S)

j“
. . . ' 2y
EQ\;\F(PW, Pw; FW’ Fw; Cw; R, R; T; S; Q73 ww; Y;
Lys By Pys Pgi Cps CE)
: 2W /
| - . . - . . . r . -

T Py/Pyi Pg/Pys Cy/Pys Py/Fys Cu/Fyi.R)

o Pu/Fy R
EQ"= FC—.—-a-‘T*; ese} _-ZT')
Q Q "

(III) Equations 26-~31 : Steers on farm at the end of t

‘ ~ W
$S = £(By, Pyi By, F5 B, Ri T3 55 )
PD = g(Py; Wi Lyi By Yi T3 S5 Pg; Py)

B = F(Ry, Pyi Fys Fyi Ry Ry T35 S5 Q75 Wys Lys By
39
EQ'= F(Py/Fyi Ri Ti 85 Q5 Wy5 Ly/Pys By/Py; Y3 Pp/Py;

. . . - /y’
Py/Pyi Py/Fys R e
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- F(P\/Fw . . R
o T

(IV)  Equations 32-%7 : Dairy heifers on farm at the end of t

€
. -

Ss = £(HE,, HEu' - Fu, c,l, R, R; T; 5; 'Y

DD = g(HBy3 Bys Wyi Lys Hys Y375 8)

F(HE , HE ; F , F, C,RRTSQ;U,L“,

y ot g
B3 Y)

EQ'= F(HE,/F,; R; T; 55 Q

’

"

Ly
H w: LW/P H H-u/ .;’ Y’

HE,/F,; C 5 R)

HE,/Fy. R
EQh= F(W  see} -Q-m;,-)

(V) Equations 38-44 : Beef heifers on farm.at the end of 't

= £(HE,, m:w; Fy» Fyi €3 Ry R3 T3 85 @) .
o A |

4 -~

F(HEW H-bu \I' u? Cs R!' B; T3 S;'st; “"w;
Dy Hw T PD' Py

'= FOAR,/F ws B3 T5 85 Qs v Lu/Pw* Ry/Bjs Y3,

PE/HEW’ U/HE\I' HEy/Fys C?. R) -
BB /F, R,
EQMt= 3¢ reees —5) -
| st | >0



(1v) E%uations 45-49 : Dairy cows on farm at the end o‘&f t

88 = ,f(scw, 8Cyi Fyy» Fys €y C; R, R; T 83 st)

DD

]

g(5Cy; Pys’ Wys Lys By Y3 T5 8) %

{

..F(sc ,sc : ¢

o Fyi
Bys Wy A,; E,i ¥)

‘ ] '
- foy .o, . b9, .

B

wt Oyi R R3 T3 Sy SV,

BQ!

Y; _SGﬁ/Fw; r.x‘,,/F"_r; Cy/F. i R) .
v‘ -
- 8C,/F .
- ‘EQ"'*‘F(";‘&«:J’---'T’ R

L3 * ’

‘ «

(VII) Equatiorlé 50-53 : Béef‘ covs 'own farm at the end of £t -~ %~ ¢
. ) A ' ) . )

4
2

5§ =2(s0y, SCy5 Fyr By Cys Gy Ry R T; 55 ™y

-~ . ‘
‘DD = g(SCw, Pw, \u, Lw' H”, Y; :r, s)
:.‘ ' B i L4 o 7‘.! m.

RN Hys I‘u* Hu’ 2 L

o 'EQ*: F(SCU/FW, cw/Fw‘ R, T, s, 7“- w 1.W u' HH/

. L S(fy/Fw‘ cw/F{fﬁ RY D ; e S :
e T e By
c T seed QW R T
e . ‘ : e PR RS

i . ’ v i



(VIII) Equations 54~58 : Bulls on farm at the end of t

8y

88 = £(SCy, SCy; Fy» Fyi Ry R; T3 S5 Q )

Dp

n

g(SC, 5 Pys Wi Lys Hys Y5 T 5) (

ko) = F(SCW’ SC FW’ FW; R, R; Tj S Q8 ; W’ Jw;

w?

Ly iiw5 Y\),

o .
f— » . - » ° . . . H H
EQ'= F(SC, /Fus Ri T3 S5 Q75 ”w’,l‘y:/P P By/Pys T

sc“/‘Fw; R) . : - L
's¢,./F 2
N - w \"' 3 - R
., EQ"‘ F(-—-.BT ess} W.

(1IX) Equatlons 59-66 : Heifers and steers 1mborted from the
: %lted States durlng,t+1 C .

b}

. . A, -'12\»1'-
58 = 2(Fy, Pys By, Fyi'Rs Ry T3 85 Q70

’

B = g(Bys Pgi Bys Vs Lys Bys Y5 T58) .
e f , T .

’ o 'EQ‘=’¢F((‘;, :lgu" Py éw’; R, Ri T3 85 Q2% ?;E,; Pys
o - Wy Lw’ HH’ o ’, .
’mc; /Fw, R, T, S3 Q PE/Pw, PU/PM, w E L,d/
S i V/Fw’ R) - | I
Lo "’T.T v;'Q L :Q:_h.:  o | o

L . P + . . »
N . . b
© , . N . N s D ¥

7
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For Eastern Canaca

(1) Equations 1-6 : é&lves born during t+1

85 = £(Py3 F, Fyi Cp, Cgi B, R; T; 55 Q'F)

E’

DD = g(PE; Pyi CE; WE; LE; Hps Y3 T5 S; CU)
EQ = F(P_, P ; F 3 Cgs Ogi By Ry T3.55 Q"5

E' E' "B’ °B

LE‘ Hgs ¥5 Cyi By)
- 1E,

EQ F(PE/FE, cE/ ; R T5.83 Q5 W3 I.E/P ; HE%PE,~

16
T; C /PH, PE/FD)

P : .
E
EQ": F( E1E } eee} 13“8' ) .
Q Q

(II)_ Equations 7-22 : Calves on.farm at the’ end of ¢

88 = £(Pp3 Fy, Fgi Cgi R, By T; 85 Q°F)
DD = g(Pp; Py Cpi Wgialps Hps Y5 T35 85 € 5.P.)

R = F(Rg, By T Py O B B T 55.9°%% Mgs

LE’ HE ¥,. ol PU? P-) - ;L o
'EQ'" F(PE/ FE’ CE/FE’ R, .F S Q "”E' I'E/Pw’ hE/ "

. ; .
5 ‘ ", . . s .
o E/FE i 'EE*) O
2E: * ’Q, ' . ‘ i - ' “"

EQH-
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(III) Equations 23-27 :'Steers.aon farm at theé end of &

85 = £(Pg, PE; Fo F 5 Ry R ;, 53 3E)
DD = g(PE; Pyi W i E’ 3 Y3 D5 S; PU)
) ) .
EQ = F(PE{ F., F_; R, R; T3 S;'QBE; Woi LE;'

B} B’
Hy; Y5 P
Q= F(PE(FE; R; T; 55 QOF; W

PU/Pw; PE/FE; R)

; PW) <

LE/Pw; HE/PQ; Y;

U

1)

P
Q

l.... E . . I‘{
EQ'_.F( 3E 3 eceoy —‘QTE").

{(IV) Equations 28-33 : Dairy heifers on farm‘é% the end of ¢

-

S = f(nEE, HEEs Frs FE? Czi Ry Rj m;:s;:ghE)

>

= ecme; Py wE; Lgi Hgi T3 75 8) ,
EQ = F( B HEE P FE, c ; R, R; T S3 Q'E
" Wy Lg HE*'Yi Pw)v

- EQ" F(HE,E/FE’ 83 T 55 ¢ WE’ LE/ s HE/ J*'?‘

HE_/EE, qE, R)
N . HE.. N "‘ -
i EE R
N EQ""‘ F( 3 i goo; 'TE_E")
‘f N .d , Q " . “ - 'Q ’;
s ’ :‘ e H "'\ ~? ' ot -~ ¢



(V)

(v1i) -

Equations 34-39 : Beef heifers on farm at the end of t

S8 = f(HEE, HEE; Frs FE; CE; R, R; T3 S; QSE)

DD = g(HEE; Pys Wgi Lps Hgs Y3 T5 S PU)

B = (HE HDEy FE’ FEs C"’ R, R T; S; QEE ‘E;
Lgi Hpi ¥i Py; Pw)

EQ'= F(HE/F ;i R; T; S; Q7F; Vgs Lp/Pri Ho/P i Y;
PU/PW; HEE/FE; R)

HEE/FE ‘ ,.mé,_j
Q TA5E Q5E

EQ"

Equations 40-4h4 : Dairv’'cows on farnm at the®end of t

55 = £(sCp, écE; Fgo :u'"E'; Crs 5E; R, R; T; §; Q°F)
DD = g(SCq; Pys Pps Wi Lo Hps Y5 T; S) _
EQ = F(SCE, éCE; Pps Fps .E; Cps éE; R, é; T; S;
Q6E; Woi Lps Hpi Y5 Py) . IQ
6E

EQ'= F(SCp/Fps Cp/Fpi R T3 55 Q7§ Wgs Ly/Bys T

HE/Pu' Pa/Pys SC"/hE’ CE/FE’ Ry

SCy/Fg; . __R.)

EQ""‘ F( coes-
. QbE .Q6

o
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(VII) Equations 45-48 : Beef cows on farm at. the end of ¢

L 4

F.; C

SS N

it

f(SCE, SCps Fpa gr Cgi Ry R; T; S; Q’E)

DD = g(SCE; Pyi Pgi Wes Lps Hoi Y5 T; S)

F(8Cg, SCp; Fp, Fps Cpy Cpi R, Ry T3 85 Q75
Wgi Ppi Lgi Hg; Y5 P)
-— Ld ) 1 d L2 - L E. ] - -
BQ'= F(SC/Fpi C/FL; R; T; 8; Q75 Wgs Po/Bus Lo/P
HE/PW; Y; SCE/FE; CE/FE; R)

SC./F S
E'"E R
m": F(———-.- ; oo e ; -—-—-——-—)
Q7E Q7E

EQ

(VIII) Equations 49-53 : Bulls on farm at the end of +

f(SCE, SCE; FE, FE; R, R; T35 S; Q7E)

S8 =
DD = g(SCE; PN; Vg3 Lgi Hps Y5 T S)
. [ 4 E * 8E
B = F(SCE, SCpi Fpy Fpi Ry R; T5 85 Q75 Vpi Pgj

Lgs Hgi Y; Pw)
' T e , '
RQ'= F(SCp/Fps Ry T3 55 Q5 Wgi Pp/Pys. Lp/Ps JBp/Pys

Y; 5Cp/Fgi R)
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Equations S4-59

73

: Calves imvorted from VWestern Canada

Equations 60-57

curing t+1

SS

£(Py; Fyy Fgi C 5 R, R; T; 85 Q7F)

gs

DD = g(P; Py; Cpi Wgi Lps Hpy Y5 T5 S5 Cu)

@ .

F(PE, Poi Fpy Fii

E’ CE'
. Lgi Hgi Y5 Cys By)

1

EQ

EQ'= F(PE/FE; CE/FE; R; T; S; Q9E;

Y; cU/Pw; gE/FE: R)

P“NE v ﬁ N
EQU=F(—o 5 eeej —m2)
~Q9E Q9E

; R, R; 75 85 @75

ok

E’ LE/PW’ HE/ Wiy

¢+ Heifers and steers imnported from

Western Canada during t+1

4
SS = f(PE, Pp; Fpy Fgpi Ry Ry T5 85 Q
DD = 8_(P H "IE’ LE’ —=5 T; 53 PH’

EQ = F(PE,,PE; Foy Fgi Ry R; T5 85 Q

E

Hpi - wi Py)

11E)

11E

§ Ygi Ty

4

. av ol1E
EQ'= F(PE/?E; R;‘T; 85 Q Ty wE, LE/P 3 HE/PW, Y,

Py/Pys PE/ wi PE/FE' R)

1 F(PE/PE "g‘ ﬁ )
5%\ ""TTE"':-'ZZ"I"I‘E |

-

,
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(XI) Eqguations 68-75 : Heifers and steers imoorted from the

SS

DD

i

United States during t+1

#(Pg, Pg; Fgy Fp; R, R; T; §; Q12E)

6(Pgi Wi Lpi Hps Y5 T5 S5 Pyj Py)

F(PE’ PE; FE’ FE; R, R; T; s; Q12°; WE; LE; HE;
Y; Pw; PU)

£l L ) - » 15?. v L] [ ]
F(PE/FE, R; T; 85 @ '<b; wE, LE/pw, HE/PH; Y;
3

. PE/PW; PU/PW; PE/FE; R)

EQ"=

(XII) ' Equations 76-80

f(fﬁ/f_@ . . .3‘:...__)
15F -
Q Q

-
L ]
®
[ ]

-

I\

to

-»

Dairy males and females imported fron

e

the United States during t+1

* [ ] . :
S8 = £(SCgs 8Cgs Fpy Fi Cy, Cgs R, Rs T3 55 Q")
- DD = g(8Cp; Ppi Pyi Lg; By Yj T3 g)
' . L ‘Q a‘ l‘ 1Z+E
ER = F(8Cgy 5Cp; Fpy Fgj Opy Cps Ry R T35 85 Q3

. P

»

[

ES| Pys Vgi Lgi Bps¥)

EQ'= F(SPE/FE; CE/FE; 3;.T;"S; Q1h?; PE/P23 WE;

<

Ly/Pys Bg/Pys Y3, 50p/Fgs 6F/FE1.R)‘
J/ v

T 5 ) “/,
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Symbols and Descriptions of Variables Used

Veriable llzne and
Descrivtion

Price of stoclk calves~
Toronto (/100 1lbs.)

Feeder calf prices -
Kansas City

Price of stock calves -
Calgary ($/100 1lbs.)
Grain feed price index -
Eastern Canada (1961=100)

Grain feed price index -
Vestern Canada (1961=100)

Price index for hogs,
Toronto ($/100 1bs.)

»

- Price index for hogs,

Calgary ($/100 1lbvs.)

-

Price of choice slaughter

heifers, Toronte (/100 lbs.)

Price of choice slaughter

heifers, Calgary ($/100 1bs.)

Price of good lambs, Toronto
(weighted average %/100 1bs.)

Price of good lambs, Winnipeg
(weighted average $/100 lbs.)

Price of chqice slaught?r

steers-Toronto (i/100 1lbs.)

Price of choice slanghter

‘steers Omaha (/100 1bs.)

Price of choice slaughter

steers-Calgary ($/100 1lbs.)

Calves born in Eastern
Canada

Source of Data

CDA Livestock and leat
Trade Report

USDA, Livestock and
Meat Statistics

CDA Livestock and'Heat
«Trade Report (weekly)

STATCAN, Farm input
price index

STATCAN, Farn input
Price index

CDA Livestock Market
Review (Annual)

CDA Livestock Market
Review (Annuzl)

CDA Livestock and leat
Trade Report (weekly)

CDA Livestock and leat
Trade Report (weekly)

CPA Livestock and HMeat
Trade Report (weekly)

CDA Livestock and leat
Trade Report| (veekly)

CDA lLivestock and lieat

Trade Report! (weekly)

USDA, Livestock and
Meat Statistics

CDA Livestack and Meat
Trade Report (weekly)



Symbol

QiE

in

12y

SCgn

sC

Variable Name and
Description

i=2,...,8 As described in Section 1,
Chapter 35, with E indicat-

ing Eastern Canada

76

Source of Data

Calves imported from Western

Canada to Eastern Canada

Heifers and steers imported
from Western Canada to East-

ern Canada

Heifers and steers imported
from the United States and
the rest of the world to

Eastern Canada

—

Ddiry males and females im-

ported from the United States

and the rest of the world

to Eastern Canada

Calves bvorn in Vestern

. Canada

«

i=2,.04480 As described in Sectioni,
,Chapter 3, with \/ indicating

'WYestern Canada

Heifers and steers imported
from the United States and
the rest of the world to

Western Canadat
! +

Interest rate paid by
farmers "

Season (semi-~annnal period)

-

Price of good slaughter

cows, Toronto ($/100 1bs.)

Price of.good slaughter
«cows, Calgary

Trend

(4/100 1bs.)

- Bank of Canada Annual

Statistical Review

19591=1, 1959I1I=0,
1960I=1, 1960II=0, etc.

CDA Livestock and Heat
Trade Report. (weekly)

CDA Livestock and Mecat
Trade Report (weekly)

19591=1, 1959TI=2,
sy 19721]:528



Symbol

W

ww

"Variable MName and
Descristion

Packing House lage Rates
Eastern Canada (Ontario),
deflated by C,P.I.

Packing House Yage Rates
Western Canada (Prairiess

deflated by C.r.l.

Real per capita personal
disposable income minus
personal far, incone

77

Sourge of Data

~

STATCAN, Review of Man-
Hours and Hourly Earnings.

STATCAN, Review of Man-
Hours and Hourly Earnings.

STATCAN, National In-
come and Sxpenditure
Accounts



3.4 Empirical Results I (Linear Regression Analysis)

Equilibrium equations for demand and supply in each cell
of the transition matrices for the two regions, Western Canada
and Eastern Canada, were estimated. In both regions, the equations
were estimated using a set of 28 semi-annual observations covering
the period from the first half of 1958 to the second half of 1972.
In the cases of the 'calves born' row &nd the 'import' rows, only
27 observations were used. (In these cases the initial period
was the second half of 1958.,) The least-squares method was employed

in estimating the equilibrium equations for the two regiouns.

o
’

Owing\§g>the fact that we have, on the average, twelve in-
dependent variables associated with each estimaéed equation, attempts
were made to reduce‘the number of such variables. The procedures
used in ﬁetefmining which variables to retain were as follow. First,
all the independent variables included in the equilibruim equations -
as presented in the last section were included ;nitiall% in the #
analysis. Base& on the relative explanatory powe; of the independent
variables in the different equations of a given row, different
indep??ﬂent variables were retained or discarded. The number of
independent vaiiables to be ipcludeé in each equation was seﬁ at
six. This included an income variable, which is defined as real
per capita disposal income minus farm incone. (This variable is
uée@ to daptu?e the consumérs' purchasing power in the market for
beéf.) Siﬁ%;‘somé cells are essentially biological in nature (for

-
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example, natural death), when selecting the explanatory variables
to be retained, no considera£ion was given to the performance of the
different explanatory variables in the equations for those cells.
Similarly, little consideration was given to the performance of the

-

different explanatory variables in the uninspected slaughter eqguations.

The results of the regression analysis for both the Western

and Eastern Canada are as set forth in Tables 3.3 to 3.3.23.

In general, the regression results for both Western and

Eastern Canada appear quite satisfactory. Of the 144 equations

estimated for the two regions, 35 have ﬁe values above 0.8 and 64

have §2 values above 0.65. Equations for Western Canada display
6‘

somewhat higher values of ﬁe than those for Eastern Canada. In both
regions, equations associated with the import. rows show lower ﬁe

values than those associated with 'domestic' cattle on farm. However,

this comes as no surprise. Usually equations for cattle imports are

more difficult to estimate.

The signs associated with each of the particular coefficients
oi\the estimated équations have no specific interpretaﬁion, inasmuch
as the equations estimated are regiced forms of the more basic supply
and demand equations, The dependent variéhres of the equationé are
probabilities and, as such, should sum to unity.17 This restriction is
satisfied by the regression estimates of the probabilities obtained by
the least squares method. Thus, the constant terms in the equations

for the probabilities in eath row of a matrix sum to 1 and the
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coefficients for any given independent variable sum to 0. Further-
more, it is of interest to point out that despite the méthod used
to.seleot independent variables for inclusion in the final equations,
there are, in all cases, at least three independent variables |
which are the 'same? f;r any particular row in the two regions.

For instance, in the case of row 1, which corresponds to the nuﬁber
of calves born during period t+1, five out‘of six independent -~
variable are the 'sanme!' for the Eastern and Vestern Ganada equations.
They are the 'same' in the sense that in both regions they represent
similar‘influen;es on the dependent variables.: For example CE/FE

is considered the .!'same’ as‘Cu/Fw. CE/FE is the ratio of the
Eastern Canada stocker éalf price to the Eastern Canada feed cost
ratio, while Cw/'Fw is the ratip'of the VWestern Cana&a stocker calf

18
price to the Western Canada feed cost ratio.



3.5 Empirical Results II (Rultinqg;al Lorit Regression Analysis)

I3

As pointed out in the previous section, the linear least-
squares method employed in estimating the probabilities satisfies
the adding up constraint but fails to constrain the probabilities
to lie within the O to 1 interval in predictions. To overcome
this difficulty, an alternative method of estimation was enployed.
To ensure that the dependent variables lie between O and 1 the
equations were resnecified so Fhat the devendent variables of each

i .
row at time t were of the form\infpi This is referred®to

19

jt/piht)'

as the multinomial logit form. The multinomial logit equations

satisfy both the adding-up constraint and the 0-1 constraint, " The

!
multinomial logit equations are the same in form as the linear
equations presented in the previous section except that the dependent

variables are now transformed. ,

When constructing and adjusting the originai”f;ansition
matrices, some cells vhich are theoretically non-zero turned out
to have zero estimated values. Hence in estimating the multinomial
equations certain procedures had to be changed accordingly. In
particular, we have for the Vestern Canada region, cell a8,23 of
the Vestern Canada matrix which relates to bulls exported to the

United States and the rest of the world from the stock of bulls on

|
farm; it displayed zero entries in many instances. Alzii cells 812,15

displayed zero entries from tife to time.

*

242,17 812,20 9 242,21
) 81
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Theoretically we can expect cell'a12’15, uninspected slaughter of
imported heifers and steers, to be non-zero. However, in reality

we can expect that moét of the imported heifers and steers are
either retained on farm or slaughtered under federal inspection.
Similarly, we can expect that thernumber of imported heifers and
steers dying of natural causes (a12’17) and the number of imported
heifers and steers to be exported ih the same period (a12’20 and
a12’21) to be quite negligible. This is especially trge when the
total number of imports of heifers and steers from the United States
to Vestern Canada is very small., For Eastern Canada, cells 312’12,
a12’15, a12’17 and a12’21 display zero entries occasionally. Cell
a12’12 represents federally inspected slaughters of heifers imported
from the United States.ao Cell a12'q5 represents uninspected
slaughters of imported United States heifers and steers and a12,17
represents deaths of imported United States heifers and steers by
natural caus a12 24 represents imported heifers and steers

from the Unlted States to be 're-exported'! toc the United States in
the sam%ai/rlod. Naturally, when the total number of United S%ates

imports eifers and steers is small, zero entries nmay occur in

L

the above cells.

In the multinomial logit equation estimation, we transform
the dependent variables by taking the natural logarithms of the
ratios of the original variables, and so zero values in the deno-
ninations of, these ratios are obviously inadmissible. On account
Af this prog;em, cells with possible zero entries for the two re-

gions were omitted from the multinomial logit equation analysis.
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The estimated multinomial logit equations are vresented in Tables

3.24 to 3.44.

The multinomial equations involve ratios of pairs of pro-
babilities and direct comparison with the least squares results,
which relate to individual probabilities, are difficult. However,
the general impression is that the two different estiuation results
tell roughly the same story about the behaviour of the Canadian
beef and dairy cattle industry. A nore rigorous comparison of
the two sets of results can be obtained from simulation tests.

In fact, simulation testing is perhaps the only method available

to verify our models since the estimated coeffjicients from either

model are difficult to interpret.

A A aeei T o ae b e 4
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FOOTNOTES TO CHAPTER 3

< .
Western Canada exports calves, heifers, and steers to both

Eastern Canada and the United States, while Eastern Canada
does not export them to Western Canada. Also, Western Canada
imports heifers and steers only from the United Stateb, while
Eastern Canada imports heifers and steers from Western Canada
and the United States. Eastern Canada also imports dairy males

and females from the United States.

For instzmce, there are 3 values in the row totals A, B and

C, and there are 2 values in the column totals D and E. Now
suppose that the sum of row totals A ; B + C is less than the
sum of column totals D + E, and the difference i? X. The
method used to distribute this difference involves subétracting
(D/(D + E)) (X/2) from D, and (E/(D + E)) (x/2) from E, and
adding (A/(A + B + C)) (X/3) to A, (B/(A + B + C)) (X/3) to B,

and (G/(A + B + C)) (X/3) to C.

We assume that young dairy calves born in period t+1 are not

exported in the same period as dairy males and females.

ar

As an extension of the present study, it would be useful, .
perhaps, to perform some sort of sensitivity test of the
initial assumptions to determine the extent to which they

affect the final results.
Again, the 50-50 allocation between EE#C;hter and retention
is arbitrary, and is just an initial step to separate the
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data. We rely on the RAS method to obtain the final distri-

bution of slaughter and retention.

The number of negative entries in a single matrix varies fromn

zexro to four in the initial set of matrices.

It is believed that the cost of slaughter is largely passed
on to the consumers. Hence} the higher the cost of slaughter,

the higher w%ll be the price of beef.
Tryfos(1974),pp.107-113.

Due to the difficulty of selecting the appropriate milk price

and to marginal variations in the milk subsidy, both variables
. Pl
are ignored in the subsequent empirical analysis.

The length of time reguired for a steer to attain the desirable

slaughter weight depends on the dairy feed inputs.

The expected returns and expected costs listed here are not

“applicable to each and every case in the subsequent empirical

analysis. An outline of exactly what variables are to be i

included in each case will be presented later. P

The treatment of cattle as capital good is best illustrated

W

by Jarvis (1974, pp.489-520) and Carvalho (1975).

Mearnm g
[

Jarvis (1974), p.k92.

L2 - XL RPN

U1 e, gt = oncre

It is aifficult to know with precision how expectation are

L4

e gy



formed. Here we use the percentage change in value as a proxy
for the expected value. Percentage change is indicated by a

)

dot over a variable, For instance, P is defined as (Pt-Pt 5
/Pt-z‘ P,_, instead of P,_, is used as the base period in
calculating the expected value. In doing so, it is hoped,

changes caused by seasonal variations can be minimized.

15. As previously discussed, income of the consumers is one of
the key determinants of the derived demand for cattle. Income,
which is regarded as théf?urchasing power of the consumers,
is defined as personal disposable income minus personal farm
income deflated by the consumer price index. The reason that
we take away the personal farn income from our definitioﬁ of
income is that the personal farm income variable includes
the inventory of farm produce. Such inventory mo;es erratically

and is general regarded as a poor indicator of consumer pur-

chasing power. .

16. Certain prices (for example, the prices of calves, lambs, and

hogs) are expressed relative to the price of Western Canada

steers.

17. A discussion of the adding up property can be found in a recent

manuscript by Denton(1977).

. Sy, .
18. Both of these variables are divided by their respective stock

totals in the equations actually fitted.



19.

20,

See Theil (1969), pp.251-259.

The zero entries in this cell reflect the fact that the
majority of imports of heifers and steers from the United

States are steers,

133
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CHAPTER &4 - 3ILULATICN VITH THE TRANOITION !AT.IICES

L,1 Estimation of Births of Calves and Imports of Cattle

ghe semi-annual historical transition matrices constructed
from available data, as described in Chapter 2, are interesting in
themselves., They indicate the movewents of the different categories
of cattle through time, and the probabilities associated with them.
These probabilities are then further explained by sets of explanatory
variables as described in the last chapter, based on two different
sets of regression equations., In the present chapter we will see

how the estimated equations can be used for simulation purposes.

Let x,be a row vector, the elements of which represent

t
the distribution of the total stock of cattle at the end of period

t among the different categories specified. Let P, to be the tran-
sition probability matrix which governs movements between the end

of period t and the end of period t+1. The transition probability
matrix is, in turn, determined by the estimated equations and th;‘
exogenous variables included in‘fhem, as specified in the previous

chapter. The conditional expectation of X, 4 is then given by
E(x,, 4 1 x¢) = Py B e L cormmen(l.1)

The conditional expectation of Xip2 is xtPtPt+1’ and so on. In

general, the expected value at t+k, conditional on Xx,, is given by
€.

E(xy o 1 %) = %PePyq oo NFPpax-1

—
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Thus, if the initial vector is given, and the equations
and exogenous variables governing the probabilities are specified,
we can compute the changing matrices of probabilities for both
regions. DBased on these matrices, we can then calculate the flous
of cattle into the different categories from period to period.

By specifying different ascumptions about the exogenous variables,

we can further examine how such assumptions affect the probabilities,

f’éQifks in the various categories.

an proceed with simulation, we have to overcone

the flows, and the resul

Before we
one major difficulty. The difficulty is caused by the fact that
the time period associated with births of calves and imports into
the two regions is always one period (6 months) ahead of the period
for the other rows. The reason for this is Phat the total number
of calves born and the total number of imports are flows coming
into the systen, while the other rows indicate only the distribution
of existing stocks. Hence, in order to make the system self-con-

tained, we have to have separate estimates for the numbers of calves

born and imports of the different types of cattle inteo the two

regions.

Estimation of calves born

The number of calves born in either region is governed
by the fertility rate of cows. It is reasonable to assume that
this rate is not influenced by economic variables. This is

because & heifer is kept on farm only for reproduction purposes

-

-




and it will fulfil this purpose by giving birth to one calf every year.
The decision to keep the heifer on farm for reproduction purpose is,
by and large, influenced by the economic situation confronting the

cattle producers, but the fertility rate itself is probably not.

The gestation period for a cow is roughly 270 days. Since
we are yorking with semi-annual information, a calf born in period
t should be conceived between the end of period t-2 and the begin-
ing of t-1. If we let ft be the fertility rate at time t, we have
the following relationship between the fertility rate, the total
number of births, and the total number of cows capable of giving

birth :

ft = Bt/NCt "’""}" ----------- 0 om e s 0 e 0 s 0 e (‘4‘-3)

wvhere f, is the fertility rate of cows in period t,

t
_Bt is the total number of calves born in period t, and

Nc; is the average number of cows that were cgpable of con-
ceiving and giving birth to calves in period t.
th is further defined as a weighted average of the total
number of cows on ferm at the end of t-1 and t-2. Since for a
cqif to be born in period t, it should be conceived roughly‘at the
end of period t-2 or ?he gbg%nning of t-1, we gpply equal weights
to the numba£ of cows at the end of t-1 and at the end of t-2 to

derive the total number of cows capable of conceiving and giving

birth to calves in period t. NC, is therefore defined as

WG, 4+ W PSSR ¢ S

: 17t~ 27%~2 —
vere ?1 = Wp = 0.5. - . .
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However, before we can proceed to calculate the fertility

rate, we have_to refine definition of ¢ows on farm. Since in the
Calves Borm Survey there is no separate information relating to the
number of births of beef calves and dairy calves, we have to group
the total number of beef cows.on farm and the number of dairy cows
to come to the total number of cows on farm. Tables 4.1 and 4.2
present the fertility rates of cows in Western and Eastern Canada

in this manner.

It is interesting to observe from Table 4.1 and 4.2 that the
fertility rates for cows have been roughly constant over the years,
aside from se;sonal variation. The average rate in Western Canada is
0.84264 for the first half of the year and 0.10356 for the second
half. The standard deviations as;ciated with the two average rates
are 0.03210 for the first half of the year and 0.00798 for the second
half of the year. For Eastern Canada, the fertility rates are 0.53723
and 0,36256 for the first and second halves of the year, respectively.
The standard deviations assciated with the two average rates are, |
0.01312 for the first half of the year and 0.01804 for the second
half of the year. It should be pointed out that once a heifer is

kept on farm for reproduction purposes, the objective is to have her

produce one calf per year. However, when the fertility rates in the

© two periods of the year are added together they do not add to 1. For

Western Canada, the calculated average rates for cows sum to O. 94620,

for Eastern Canada, they sum to 9.89978. The reason for such discre-
pranciess at least in part, is that cows are exported during any
particular period of time and ﬁhey may also die of natural causes’

dniing aﬂy.partioular period.



138

Table 4,1 Calculatinz the Fertility Rate of Cows in Vestern Canada
No. of cairy No. of beef Total No, No. of cows Births Fertility -
¢ows on farm cows on farnm of. tows capable of (Bt) rate
(end of t) (end of t) (end of t) giving (ft)
" Period | birth (th)
19581  822.0 1633.,0 2455,0
195811 804,0 1595.8 2399.8
19591 800.,2 1720.0 2520.,2 2427 .40 2001.8  0,8247
195911 795.5 1675,0 2470,5 2L460,00 286.6  0.1165
19601  805.3 1776.53 2581.6 2495,35 2063.2 0,8268
196011 798.9 1764,0 2562.9 2526.05 305.8  0.1207
19611  816.8 1921.4 2738.2 2572.25 2214.9  0.8611
196111 802.0 1862.0 2664,0 2650,55 301.9  0.1139
19621  788.0 1989.0 2777.0 2701.10 2216.3  0.8205
1962I1 754,0 1964.0 2718.0 2720.50 2944 0,1082
19631  753.0 2105.0 2858.0 2747.50 2266.8 0.8250
196311 732.0 2135.0 2867.0 2788.00 296.3  0.1063
19641  927.0 2333,0 3060,0 2862.00 2286.4  0.7989
196411 . 699.0 2345,0 3044 ,0 2963,50 304.2 0.1026
19651  688.0 2528,0 3216.0 3052.00 2522.6  0.8265
.1965IT 652.0 24450 3097.0 3130.00 309.6 0.0989
19661 628.0 2517.4 3145,.4 3156.50 2624,2 00,8314
196611 597.0 2432,0 3029.0 3121.20 313.1 0.1003
19671  574.0 2514,0 3088.0 3087.20 25kl ,7  0.8243
196711 552.0 2389.0 2941.0 3058.50 295.7  0.0967
19681  537.0 244l 0 2981,.0 3014.50 2474.,3  '0,8208
1968II 520.0 2326.0 2846.0 2961.,00 279.3  0.0943
1969  509.0 . 2428.0 2937.0 2913.50 2433.4 0.8352
196911 509.0 - 2423,0 2932.0 2891.50 271.4  0,0939
19701  506.0 2593,0 3099,0 2934,50 2610.8  0.8897
1970II. 486.0 2599.0 3085.0 3015.50 301.9 0.1001
19711 489.6 2866.4 . 3354.,0 3092.00 2849.7  0.9210
197111 444.0 2807.0 3251.0 3219.50 318.4  0.0989
19711  463.8 2999.,0 3462,8 3302.50 2873.5 0.8791
1972I1 427.0 3005.0 3432.0 3356.90 330.7 0.0985
Liq,0 3232.0 3673.0 3552.50 3067.8 0.85636

19731

*All numbers,

except the fertility rates, are in thousands.

-~
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Table 4.2 Calculating the Fertility Rate of Cows in Zastern Canada

*
No. of dairy No. of beef Total No. No. of cows Births Fertility

LSRR T o e ol

cows of farm cows of farm of cows capable of (Bt) rate
(end of t) (end of t) (end of t) giving (ft>
period birth (th)
19581 2206.0 378.5 2584,5
195811  2148.7 388. 4 2537.2
19591 2154.5 381.6 2536.1 2560,85 1301.3  0.5082
195911 2112.7 4os. 4 2518.1 2536.65 860.9 0.3394
19601 2159.5 382.5 2542.0 +2527.10 1306.4 ©.5170
1960I1 2122.1 417.4 2539.5 2530.05 883.5 0.3492
19611 2170.0 419.6 2589.6 2540,75 1346.5 0.5300
196111  2133.8 442,0 2575.8 2564 .55 876.2 0.3417
19621 2150.0 448,0 2598.5 2582.70 1347.7  0.5203 ;
1962I1 = 2099.0 L466.8 2565.8 2587.15 394.7  0.5458
19631 2120.0 oy, 3 2594.3 2582.15 1364.4 0.5284
1963II 2062.0 L84,0 2546,0 2580.05 905.6  0.3510
19641 2118.0 497.1 2615.1 2570.15 1406.6  0.5473
~ 1964II  2062.0 Lgs5,7 25577 2580.55 921.6 0.3571
19651 2107.0 507.0 2614.0 2585.40 442,55  0.5577 .
196511  204h4.0 4L81,5 2525.5 2585.85 892.7 0.3452
>9GGI 2045.9 469.5 2515.4 2569.75 1380.5  0.5372
966I1I 2001.0 470.8 2471.8 2520.45 918.6  0.3465
_719671 . 1995.0 481.6 2476.6 2493.60 1344.9  0.5393 ]
19671 - 1956.0 503.9 2459.9 2hok 20 938.5 0.3793
19681  1952.0 523.0 + . 2479.0  2468.25 1368.7  0.5545 ]
1968I1  1925.0 512.2 2437,2 246945 9k2.0 0.3815 :
19691 1933.0 555.0 2488.0 2458.10 1355.1 0.5513
196911  1892.0 5535 2hk5.5 2462.60 954.8  Q,3877
19701 . 1883.0 583.6 2466.6 2466.75 1552.3 . 0,5482 :
1970II  1809.0 608.7 2417.7 2456.05 953.7 0.3883 !
19711 1767.5 647.9 2b15. 4 2442.15 1327.6  0.5436 j
1974111  1713.5 629.5 2343.0 2416.55 89Lk.1 . 0.3700
49721 1747.0 . 680.4 2427 .4 '2379.20 1273.6 -« 0.5353 S
197211 1720.0 660.7 2380.7 2385.20 894,6  0,3751
19731 1711.0 - - 708.6 2k19.6 2404.05 1298.7  0.5k02

- *A1l numbers, except the fertility rates, are.in thousands. N T

-
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Theére are two additional facts worth mentioning in con-
nection with the fertility rate. First, the annual rate for cows
in Eastern Canada is 0.89978 while it is 0.94620 for Western
Canada. This reflects, to a certain extent, the fact that exports
of cows (which are largely dairy cows) from Eastern Canada tends
to be greater than the exports from Vestern Capada. Secondly, the
semi-annual fertility rates indicate that births of calves are
more heavily concentrated in the first half of the year in lYestern
anada than in the second half. As for Eastern Canada, births éf

calves are more evenly distributed throughout the year.

Estimation of Imports

There are five different categories of cattle entering
the system througﬂ imports. For Westgrn Canada, there are
imports of heifers and steers {;om t United States and the rest
of the world. For Eastern Canada, there are imports of heifers ‘ i
and steers from Western Canada, imports of heifers and steers from
the United States and the rest of the world, and imports of dairy
males and females from the United States and thg rest of the world.

The Eastern Canada imports of calves and of heifers and steers . |

_ from Western Canade are, of course, the exports'of calves and of

heifers aﬂh steers of Western Canada to fastern Canada. For this
- s . 1 . s

réason, we do!not need to estimate these import equations separately.

]

. The estimation. of the import equations is based on a

' number of conditions. Total imports is assumed to be determined
by‘the.ratio of priées:in the exporting and importing ;egions‘for-

!
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the particular type .of cattle being traded, by the .domestic cattle

price and feed cost ratic in the exporting region (as an indicatién

of the cattleman's rate of return), by real per capita disposable

income minus the farm income (as an indication of consumer's demand),

by & trend variable and by a seasonal variable. The estimated

import equations are as follows:

(1)

Imports of heifers and steers from the United States to ‘!estern

Canada

Total imports = 20.00 - 36,62 USS/WCS + 17.37 WCSAICF + 2.51 Y

(0.,672) (=2.248) (0.532) (0.628)
of ~0.22 T + 0,46 s
(-0.466) (0.,032)
B < 0.4617 DV = 2.2224

(II) ZImports of heifers and steers from the United States tv Zastern

Canzada
Total imports = 238.64 - 374,42 USS/ECS + 22.35 Y + 8.77 S
(1.263) (~3.608) (0.814) (1.034)
~2.36 T ~ 15.27 ECS/ECF
("'00717) ("00063)
“B® = 0.4483 DW = 1.6667

(1III) Importé of dairv males and females fron the United States to

Note

Eastern Canada

Total imports = =0.,17 + 0.26 Y = 1.92 USC/ECC + 0.16 S
© (~0.160) (4.649) (-~2.277) © o (2.018) p

% = 0.7353 DV = 2.8142

s Egmbers in brackets.are t-ratios.
R- is the coefficient of determination corrected for degrees

of freedom.
- DH 4i& the Durbin-Watson ratio. , .
The numbers of observations for imports of heifers and stoers
" gvom the United States to Western Canada and Eastern Canada
are 28 covering thé period between 1959 to 1972.

-
-

f . . .
- s . -

. ' T . ‘;g



142

The numbers of observations for imports of dairy males and
females from the United States to Bastern Canada are 12
covering the period between 1966 to 1972.

Total imports are in thousands.

USS/HCS ~- Ratio of the United States (Omaka) choice steer
price (/100 1lts.) adjusted by the exchange rate
to the price of choice steer in Western Canada
(Calgary).

WCS/VICF -- Ratio of the price of choice steer (Calgary) to
the Yestern Canadd feed grain price index.

Y -~ Real per capita personal disposable income minus
personal farm income.

T —eewee~ws Trend: 19591 = 1, 195911 = 2,..., and so on.

R — Season: 19597 = 1, 1959II = O,
1960T = 1, 1S60II = O, etec.

USS/ECS -~ Ratio of the United States (Omaha) choice steer
price {$/100 1bs.) adjusted by the exchange rate
to the price of choice steer in Eastern Canada
(Toronto).

ECS/ECF_~-~- Ratio of the price of .choice steer (Toronto) to
the’ Eastern Canada feed grain price index.

USC/ECC -~ Retio of the United States ({ansas City) feeder
calf price ($/100 1lbs.) adjusted by the exchange
rate to the price of stocker calf in Eastern
Canada (Toronto).

The estimated import equations all have the expected signs
on the ratios of prices in the importing and exporting rcgions.
The-estimated coefficients of the income variables are all positive.
as expected. The coefficients of the seasonal dummies are also
positive while the trend coefficients are negative. These results
all seem reasonable. As the purchasing power of consumers increases,
tho demand for itiports of cattle increases. The negative trend
coefficients indicate declining trends of cattle imports, while the

stitiﬁe'ccefficients associated with the seasonal dummy variable

e s
’
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indicate that imports tend to be greater in the first half of the
year than in the second. The coefficient of the domestic price-
feed ratio in thé equation for imports of heifers and steers into
Vestern Canada from the United States indicates a positive relation-
ship between imports and the profitability of raising cattle by

the cattle producers. However, the price-feed ratio for the Zastern
‘Canada import function of heifers and steers has a negative signs
which is not easy to explain. . However, judging by the t-ratjio
ass%géated with this coefficient, the coefficient, is not signi-

ficant.

* As a result of introducing the fertility rate of cows and
the import equations for the two regions, the system is now complete.
This allows us to proceed with the simulation experiments referred

to earlier.

< e WE




L,2 Historical Simulation

As pointed out in the last chapter, one way of verifying
ouriestimated pro¥ability equations is by simulation. In this
sec)ion ve discuss the simulation results for the two regions and
conlpare these results with the published data. The simulation

brocedures used here are based on the conditional expected value

equations developed in the previous section.

The conditional expected value of the row vector x  at

time t+1 is
E(x, 41 xt) = x. P, ——————————— e e -(4,3)

where Pt is the transition probability matrix. In our present
simulation, t refers to the first half of 1966 for cattle on farn
and the second half of 1966 for the total number of(calves born

and caétle imported. Ve choose 1966 as our starting period for
sinulation becausetgﬁfqrm;;ion regarding imports of dairy males

and females from the United étates to Eastern Canada is avail-

able only from that year onwards. The simulation covers seven
half-yéar periods with the last period being the first half of

’ 1969 for cattle on farm and the second half of 1969. for the total
nunber calves born agé cattle imported. The transition propagiliey

matrix P, is generated by using the estimated coefficients outlined

in the last chapter and the actual values of the exogenous variables

s

for each perioﬁ. Both fthe %ijiﬁr reéressiqp model and the multi-

144
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nomial logit model are used in the simulation. For comparative
purposes, we will discuss only the simulated rowitotals for cattle
on farm of each region. This is s0 because the row and column
totals are the only va{iables for which there are published data.
The simulated column totals are not discussed because the colunmn
totals of any particular period correspond to the row totals of
the following period. For illustrative purposes, we present the
simulated results of the two regions using the linear reg?ession
model and the multinomial logit model and compare these results

with the adjusted row totals as presented in Appeandix I and II.

Diagrams 4.1 to 4.8 provide a visufl compariscn of the
actual and simulated results for VWestern Canada. Diaérams 4,9 to
4,16 display similar comparisons for Lastern Canada. A brief ex-
planation is required. For Diagram 4.1, calves born during t+1 in
Western Caneda, we can see that both the linear and the multinomial
logit models predict very well for the second half of every year but
overestimate the first half of 1967 and 1968. From the second half of
1968 onward both models predict the historical figures very well.

In fact, the numbers generated by the two models are s0 closéﬂ
that we can only use one set of lines (dotted llnes as in this
,case) to indicate the predicted results. Diagram 4.2, calveson
farm at the end of t in Yestern Canada, displays an owerestimatlon

of the hmstor:cal flgures in the second half of every year. The

overestzmatlon does appear to be levelling off at the end of the
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‘occurs In the multin&miél"modal results at the end of the first

150

first half of 1969, which is the last period of our simulation
analysis. On the whole, the linear model appears to perform better
in this case. Diagram 4.3, steers on farm at the end of t in
Western Canada, shows that the linear nodel performs better for
historical simulation. In fact, the simulated results as generated
by the linear model for the first three periods are so close to

the actual numbers that drawing of the dotted line on the dia~-

gram is impossible. Diagram 4;4 and 4.5 depict the numberlgf
dairy heifers and begf heifers respectively on farm at the end of

t in Western Canada. The simulated results as generated by both

the linear and multinomial models do not appear very impressive.
Foxr’ dairy heifErs, the llnear model grossly overestlmatea the

historlcal figures while the multlnomlal model uncderestimates the

'hisborlcal figures. There is a sign, however, that the multinomial

nodel starts to adjust and provide better predicted results at
the end of our simulation period., For beef heifers, the linear

model provides us with simulated results very close to the

adjusted actual figures for the firasf three periods. However,

startzng from the first helf of 1968, the 1inear model starts to

generate numbers which are very large in value. The same situation ;

!
)
ut

half oi 4959. For thzs reason, results beyond the second half of
3

196?,as generated by the linear, model, and results beyond t%g secondx
"

half of, 1958 .as. generated by . tha.multinomial model, are not ;ncludedw

::in'the diagram. In Diagram 4, 6, dairy cows on farm at the end of
‘ ”’ u,t in Hﬁgtern canada, bath the 1inear and.the multmnommal nodels

b 44
) v
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overestinate the historical figures. For the beginnin; four periods,

the tvo models have generated numbers that are very close to one
another. For this/reason, only one set of lines indicating the
simulated results (the dotted lines) is used. Diagranm h.?,/beef
cows on farm at the end of t in Vestern Canada, is quite self-
explanatory. In Diagram 4.8, bulls on f;;m at the end of t in
Western Canada, both the linear podel and the multinomial model
have generated numbers for the second half of 1566 so close to the
historical actual that the‘drawing of the predicted results is
impossible. Between the second half of 1266 and the second half
of 1967, the two models have again generated nunbers that are very

close to each other., Again, only the simulated results generated

by the linear model are shown.

Diegram 4.9 depicts the number of calves born in Eastern
Canada duringlt+1. Both the linear and multinomial models have
generated ;hmbers that are very close to each other. Due to the
closeness of the simulated results generated by the two models,
only the results generated by the linear nodel for'the initizl
three periods are shown in this diagram. When corparing this
diagram with Diagram 4.1, calves born during the sane periods in
Western Canada, we see that the simulated results for the sgcond
half of each year are always better in both of the{two
regions. Diagram 4.16, calves on farm at the end of t in Eastern

Canada, is self-explanatory. HNeither of the two nodels reports

~ very satisfactory resul?é. In Diag

<

eran 4.11, steers on farm at the
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end of t in Zastern Canada, the siriulated gfsults generated by the
linear nodel are very satisfactory. The mu{tinomial recults arc
quite satisfactory for the initial four perieds, but starting from
the fifth oboervation, the multiqomial model performs
rather poorly. Diagran L ,12 reports the number of dai;y heifers
on farn at the end of t in Eastern Canada. Both the linear and
the multinoniial nodels shou very close results. Again, for the
first three observations, because of the closeness of the results,
only the results generated by the lin8ar model are shown. After
four periods of simulation, both models report unduly large simu-
lated results as compared to the adjusted actuals. In Diagranm k.13,
beef heifers on farm at the end of t in Eastern Canada, the results
generated by the linear model appear to be superior than the re-
sults generated by the pultinomial model. In fact, the linear model
is so close to the adjusted actual that only the adjusted actual
is shown on the diagram. In Diagran L.1k, dairy cows on farm at
the end of t in Eastern Canada, it is guite obvious from the diagran
that neither of the tvo models is capable of generating good pre-
dictive values in this case. This is also érue for Diagram L.153,
beef cows on farm at the end of t in Eastern Canada. Finally, in
Diagram'#.16, bulls on farm at the end of t in Eastern Canada; it
is obvious that the linear model has generated a set of resultis
which iB better than the multinomial model., The results generated
by the multinpmial model have become s0 unduly "large after the fourth
period that we have excluded those resultsain the diagram. Fo?

{

the second observatign, bulls on farm at the end of 1966.in Zastern

'
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Cenada, both nodels have generated results very close to the adjusted
actual, and for this reason only the adjusted actual is shown on

the diagran.

The sixteen diagrams presented above give us a visual dis-
play of thre actual and simulated results. Houe;er, in order to
study the predictive efficiency of the two models, the simulated
results are tested using Theil's U-coefficient procedure.1 If the
U-coefficient is equal Fo O, the simulated results are perfect.

If U = 1, there is a complete lack of relationship betweén the

predicted and the actual values.

As it was observed in several of the sixteen cases of
comparison between actual and simulated results, there were signs
that the simulated results exnhibited tendency of adjusting then-
selves to the historical actuals. For this reason, we will extend
our historical sinmulation period to fourteen observations extending
from the first half o£-1966 to the second half of 1972 for cattle on
farm, and from the second half of 1966 to the first half of 1973 for
calves born and cattle imported. This extended period of historical
simulation will, hopefully, be able to capture the adjustrents
exhibited by the two models in predicting the historical actuals
this will also provide us with a better basis in determining which
model performs better in historical ‘'forecasting' for each region.
Phe U-coefficients for the two regions are shown in Tables 4.3

and 4.k,

e e Aoy o . bt P R T — "

v e v a swe



154

Table 4.3 Theil's U-coefficient for the Different Rows of
Western Canada

. .@
Using Adjusted Actuals
Linear Model Multinomial Model
Row 1 0.165762 0.108875
Row 2 0.031329 0.077503
Row 3 0.042185 0.142948
Row & 0.237194 0.358618
Row 5 0.504062 0.296966
Row 6 0.080226 0.067128
Row 7 0.154540 0.129559
Row 8 0.038816 0.076586
Row 12 0.279743 0.279143

*Definitions of the rows are as in Table 3+1 of Chapter 3.

Table k.4 Theil's U-coefficient for the Different Rows of
Fastern Canada .

Using Adjusted Actuals

Linear Model Multinomial liodel
*
Row 1 0.057365 0.083870
Row 2 0.086960 0.112059
Row 3 0.019448 0.166864
Row &4 0.238229 0.262037
Row 5 0.058298 0.271105
Row 6 0.059868 0,078909
Row 7 0,010948 0.091475
Row 8 0.015665 0.555278
Row 9 0.499854 0.,502814
Row 11 0.300116 0,191057
Row 12 0.332482 0.332432 -
Row 14 0.293226 0.293226

'Definitions o} the rows are as in Table 3.2 of Chapter 3.
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In general, the two models perform reasonably well in both
regions, with the exception of the import rows. The relative in-
accuracy of the import predictions is not surprising; imports of
live cattle are usually more difficult to predict. The multinomial
logit model displays better predictive efficiency in the Qe;terh
Canada region, while the linear regression model shows better pre-~
dictive efficiency in the Eastern Canada region.2 The greatest
difference dccurs in row 5 (beef heifers on farm) for the Vestern
Canada region and row 8 (bulls on'farm) for the Eastern Canada
region. Unfortunately, there is no intuitively simple explanation

of these results.

The use of Theil's U-coefficient is helpful in assessing
the sfedicti;e effibienc& of the simulations. However, the U-
coefficient fails to provide some other important information
about the simulated results. It does not indicate whether the
simulated results are overestimates ¢r underestimates. It also
fails to indicate the magnitude of the deviations of the simulated
results from tge actuals. To overcome these difficulties, two
‘additional calculations are performed. .First, the mean proporti-
ionate errors are calculated.3 This measure indicates whether, on
average the predictions ovpzeétimate or underesiimate the actuals,

The calculated means are presented in Tables 4.5 and 4.6.

-
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Table 45

The lean Provortion Error for the Different Rows of

Row
Row
Row
Row
Row
Row
Row
Row
Row

=2 00~J Ov\n N v o

n

]
Definitions of the rows are as in Table 3.9

Western Canada

Using Adjusted Actuals

Linear Model

Multinomial liodel

~0,106664
~0.070221
0.051657
0.546421
1.400693 -
0.148200
-0,186129
0.071350
1.360729

-0,091329
-0.048800
0.064921
0.626957
0.572350
0.110936
~0,165493
0.119714
1.360729

of Chapter 3.

,.Row 14

‘Dafinitiond of the rows are as-Taﬁle 3.2 of Chapter 3.

Table 4,6 The lean Provortion Error for the Different Rows of
E¥astern Canada
Using Adjusted Actuals
Linear }Model Multinonial Model

Row 1. ~0,098914 -0,132137
Row 2 -0.100714 -0,127529
Row 3 0,013743 -0,215429
Row & 0.461150 0.543529
Row 5 -0.072021 0.299907
Row 6 -00101*011} -0.1251;'71
* Row 7 0,000093 -0,094096
Row 8 ~Q,025293 0.620700
Row 9 0.753007 0.663100
Row 11 0.762914 -0,100621
Bow 12 . 0.872136 0,872136
«0,047421 -0,047421
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Tables 4.3 and 4.4 indicate that, on average, three rows
are underestimated and six rows overestimated for Western Canada,
whilg six rows are underestimated and six overestimated for Eastern
Canada. The mean percentage of underestimation ranges from 7.46
to 18.99 for Western Canada and 2.01 to 9.71 for Eastern Canada.
The mean percentage overestimates range from 4,56 to 13.7 for Vest-
ern Canada and 0.55 to 78.10 in Eastern Canada. The poorest esti-

mates are again seen to be associated with the import rows.

The mg?n proportionate errors do not indicate the degree
of dispersion of the prediction errors : two different sets of
estimates with the same mean erroré may have quite different error
distributions and precictive efficiency. Ve therefore calculate
an additional measure, the mean absolute proportionate error.

The results are presented in Tables 4.7 and 4.8,
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Table 4,27 The Absolute lNean Pronortion Error for the Different
Rows of ilestern Canada v

Using Adjusted Actuals

Linear Model Multinomial Model
Row % 0.154707 0.129436
Row 2 0.113393% 0.117457
Row-3 0.080271 0.256593
Row & 0.546421 0.728914
Row § 1.402550 0,588221
Row 6 0.148200 0,110986
Row 7 0.202200 0.172136
Row 8 " 0.071350 0.119714
Row 12 1.568843 1.568843

Y
Difinitions of the rows are as in Table 3.1 of Chapter 3.

Table 4.8 The Absolute lMean Piopo%tion Error for the Different

Rows of Lastern Canada

Using Adjusted Actuals

Linear Model

L J
Row 1 -~ 0.098914
Row 2 0.120843
Row 3 0.027971
"Row S 0.082200
Row 6 0.104014
Rovw 7 0.015356
Row 8 0.029050
Row 9 1. 473079
. Row 11 " 0,843628
. Row 12 . - 241549376
Row 14 ‘ 0.178371h

Multinomial liodel

0.132137.
0.160643
0,227057
0.543786
0.329300
0.125471
0.106886
1.232371
3.390471
0.349607

- 2h15h936

0.178371

- fbgfiniﬁiﬁns of tho foys}qre as in Table 3.2.0f Chapter 3.
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Comparing Table 4.5 with Table 4.7 and Table 4.6 with
Table 4.8, we can see that in most cases the value for the absolute
mean proportion error change. In particular, in row 3 (dairy
heifers on farm) in Western Canada the mean proportion error based
on the Adjusted Actual was 5.16%, but 3.03% for the absolute mean
proportion error. Change also occurred in row 9 {(imports of calves
from the United States), row 12 (imports of heifers and steers
from Eastern Canada)_and row 14 (imports of dairy males and females
from,lhe United States) for the Eastern Canada region. These
drastic differences in the value of the mean proportion error and
the;absolute mean proportion error indicate that the degree of the
dispersion of the prediction error are quite large and are not
captured by the simple mean proportion error measurenment. On the
other hand, if we have a case where the value for the absolute
med@‘proportion error equals the mean proportion error it indicates

that the over- or underestimation is consistent throughout the

gimulated period, For example, row 1 (célves born) of Eastgrn Canada.

N



4,3 Policy Simulations

The historical simulation experiments discussed in the
previous scction provide us with two useful items of information.
They yield information concerning the effectiveness and accuracy
of our estimation of the transition probabilities using the linear
regression and multinomial logit models for the tho;regions. The
experiments also provide & means to determine which model performs
better in historical 'forecasting' for each regior. Such information
is very useful if we decide to limit further simulation experiments

to one model for one region.

In this section we will investigate the effects of certain
exogenous’changes in the system and consider how such changes
would affect the-cattle industry, as described by our models.
Basically, the exogenous chaﬁgas are all historical, which neans
that if certain exogenous variables had behaved in a manner different
from what history hasjrecorded we can estimateé what would have happéﬁed
to the cattle industry. Such simmlation experiments are not purely
an academic exerciée, but rather an imﬁortant elenent in under- |
standing the performance and behavior of the gattle industry. The
’ experimentg‘alloy.us to examine the nature and behavior of our
modols if such unexpected exogenous changes do‘occuf within the
éyqtém._;wq éapsthqg gee.how would such changes af{éct the
canadian catile m@'x{sti-y_ snd in what fashion. This is definitely
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a very valuable and useful exercise., The exogenous variables that
we will experiment with are basically income and the price variables.
. )

We will discuss further the selection oY variables, and the results,

as we proceed.

Policy 1 : A four percent semi-annual increase in personal income

We select the change in personal income as a possible policy
simulation for several reasons. First, real income, (which is defined
as the per capita disposable income minus the farm income deflated by
CPI1) enters into every equation. Secondly, the steady 4% semi-annual
increase is approximately equal to 8% annually, or roughly the maximum
set up by the Anti-Inflation Board on wage, increase under Bill C-73
(on December 3, 1975). The interesting question is, if ‘the 8% annual
increase in wages had been in operation since 1961, what might have
happened to the Canadian cattle industry? To answer it, we will com-
pare the new situnation with a situation of no chgnge in the system.
For comparison purposes, we will examine only some of the important
elements in the industry; nanely, the retention of new borm calves on
farm, the retention of steers on farm, the re%egtion of beef heifers
on farm as replacement cows, the slaughter of new born calves, the
slaughter of steers and the slaughter of beef huifers.” We will
essign still another policy, a 8% semi-annuai‘increase in personal

inoome, vhich is large relative ta actual experience, and compare

this with both the 4% semi-aﬁnﬁal inorease and the status quo.

-

Policy 2 = En éighi pbrcent aemiéannqgl increase in per§ona1 incore

¥

..This-ia:ﬁeé§gngﬂ;séacificélly for comparison purposes. In

%
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this exercise we can assess the manner in which a 165 annual in-

')

crease in' wages, would have affected the cattle industry.

Table 4,9 Comparison of Retention and Slauchter of Souae Cate;orieé

19661I

of Cattle Under rolicy 1 and .olicy 2 uitih the Status
Quo Situation in scstern Canadg Usin: Multinomial Logit
Model

STATUS QUO . POLICY 1 POLICY 2

-

RETENTICHS

(1) (2) (3) (1) (2) (3) (1) (2) (3)
259, 9 575.4 23,0 263.1 576.0 22,7 132.8 3545.1 50.8

19671 2438.4 275.8 383.8 2438.8 275.5 373.3 2411.8 231.0 432.8
196711 273.3> 782.8 180.6 272.2 467.5 181.0 137.8 743.7 224.0

19681 24k,2 643.9

Jt 242,0 638,6 13.0 6.5 586.2 41,6

19691 2216.0 323.9 124.3 2193.3 320.8 104.3 2095.0 231.3 79.6

19681 2421.,2 394.4 ;ig;i 2416.6 394,5 133.4 2390.0 328.0 149.8
3

196911 2k2.6 719.%

196611
. 19671
196711°
1968}
196811
19691
196911

237.2 71h4.3 7.9 3.6 625.4 403.7

SLAUGHTERS ]
)y (5) (6w (5 (8 (\ (5 (8)
4, 03,7 41 hoh 303.6 L1 3.2 307.2 1.8
16.3 272.6 2.4 16,0 275.8 2.6 16,7 280.h4 0,5
.2 1419.1 2.9 k,2 418.% 2.8 7.8 431.5 0.3
15.5 3h2.0 1.0  15.5.39%.5 1.2 16.7 345 0.0
. 3:6 35100 3‘0 . 3‘6 : 351 61 206 0.2 370.2 0.2
13.8 312.0 1.4  13.8 310.6 1.5 15.0 315.6 ~ 0.0
C 1,6 399.8 4,0 1.6 400.,2- 3,5 0.0 M#12.6 0.k

‘ 'A],l the humbors are in thousands.

‘Bote :

(1) New born calves
"(2) -  On farnm steers

L)

(3) ~Boof heifors for b:.;ead:.ns purposes
(4) 1w vorn:female ca:bves

{5). On form ctecrs .

.- {6y On- farm beef haifém
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Table 4,10 Comparison of Retention and Slaurhter of Some Caterories
of Cattle Under Policy 1 and Policy 2 wvith the Status
Quo Sicuation in Eastern Canada Using Linear Refrression

jodel
STATUS QUO PCLICY 1 POLICY 2

RETZNTIONS
(1) (2) (3) (1) (2) (3 (1) (2) (3)

196611 708.0  451.6 168.4 910.k 451.3 168.0 666.7 U66.4 187.7
19671  983.2  350.6 151.2 932.5 349.5 149,8 926.4 365.7 175.1
1967I1 763.3  453.8 179.5 675.6 454.7 179.9 606.5 L80.4 247.2
19681  991.8  362.1 166.4 937.3 360.8 165.1 901.1 393.,0 203.5
196811 641.5  434,5 198.6 641.4 438.0 201.4 542,0 L7¢.h4 249.0
19691 963.6  349.5 172.5 958.7 349.4 1792.7 837.7 393.2 225.3
196911 683.5 427.5 203.3 682.0 430.8 206.3 sS48,7 k79.1 267.5

SLAUGHTERS )
() (3 . (&) (&) (5) (6) (&) (5) (6)

196611 65.2 299.2 10,8 .  65.2 299.5 10.8 65.6 285.5 10.4
19671 99.1  269.9 Q. 99.1 297.9 9.0 99.5 277.5 2.0
19671I '50.7 312.8 10. 50.7 312.9 9.8 51.0 329.9 0.0
19681 90.2 312.1 9. 0.3 312.8 9.2 89.9 286.9 14.1
0 0.5
0.3
h,2

OO O

196811 44,3 319.1  10. Lh,3 3197.9 1 LL, 0 381.2 0.0
19691 85.1 322.1 10.2 85.1 321.9 1 83,8 285.3 21.2
19691T 38.9 321.9 14.2 38.9 320.5 1 38.1 276.9 0.0

tAll the numbers are in thousands.

Note : (1) New born calves
(2) Orn farm steers .
(3) Beef heifers for breeding purposes
(&) New born female calves
(5) On farm steers
> {6) On farm beef heifors

v - 4 j F j
o . i
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In analyzing the impacts of the per capita income changes .
upon the cattle industry, we will examine the two regions separately.

For Viestern Cadgda, we will compare the status quo situation with

the two hypothetical situatioﬁs using the multinemial logit model.
For Eastern Canada, we will use the linear regreséion model to
perform this comparison. In both regions the 4% semi-annual in-
crease in personal income has only a very marginal effézt on the
cattle industry. This is becauae within our historical data period,

per capita personal income followed roughly a HN semi-annual increase.

It is of gxoatar interest to compare the 8% semi-annual increase in

personal income with the status quo. In Western Canada, a 8% seni-
. 2 - )

annual increase in personal inoome causes a decrease in the retention

of calves and steers throughout the ent§re simulation period. This

~decrease in ratantion is caused by the increase in consumer demand,

which is reflected in the increase in the nnmber of calveb and steers
Blaughtere&. The exercise, however, exhibits one contradictiona

It~is obeerved that the retention of beef heifers for breeﬁ;ng

purposes increaaes in the first fI?e periods of the analypxs and then

¢

fluotuates, This butcomo is difticult ts explain, as is the reeult
that the numbar of beer hoifers slaughtered is smallor “than 1t was under

elther the h% pe:conal income inc:casa aituation and the ntatns g ol

?At fhin.point, ona mioht thina that perhapa the number oI heifera

- and 5tear5 exyertﬁﬁ from Weatern Canada could have been ;ﬁcreasing

ﬁesg&ci&lly a§§g;ta bo Eautern.Canada).? Since the 8% aemi-annual

perSOﬁ&i incqme increawe 1a axperiencad in hoth the Uestern ana

_: Imstarn canaah-region», &nﬁ given the conceﬁtration ot p@pulatiou

- '*. -o_;.
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' Bastern Canada will expand. The stocks of cattle at the end of

165

in Eestern Canada this region will experiehce a much higher demand
for beeft This unfortunately is not thel casé, as revealed by the
models. There is a general increase in f\he import of heifer; ;nd
steers into Eastern Canada, due to the 8% semi-annual increase in
personal income, but the imports originated from the United Ststes

only.

In Eastern Canada, the 8% semi-annual increase in personal
income also causes a decrease in the retention of calves, a slight
increase. in the retention of steers, and an increase in the nunber
of heifers retained for breeding. The 8% semi-annual inorease iﬁ
personal income also results in an increase in the slaughter of

hemfers, but a slight decrease in the number of steers slaughtered

-

in each period.

Finally, it should be pointed out that as a result of this

8% semi~annual increase in personal incoje, the cattle industry in

.

each peiiod appear to be larggr than under the status guo .

situation. -.
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Pollcy 3 ¢ Subsidy scheme for heifers and steers for both Vestern
Canada and Eastern Canada

. In this policy analysis, we will examine the effect of the
subsidy scheme an cattle production in operation in Canada since
August 1974. Because this study covers only the period between 1959
and 1973, we will examine the effect of the scheme as if it had been
in operation since 1966. The amount of the subsidy payment is a
support level of L4#5.42 per hundred pounds for Grade A, B and C
heifers and steers adjusted by the consumer price index.6 In this

pélicy simulation experiment we will establish a minimum price level

for heifers and steers in Western Canada and Eastern Canada at the .
xalue indidated above.

Policy b4 : Constant steers price for both \estern Canada and Eéstern

The purpose of Policy 3 is to ensure a gnaran#eed'return for
beef producers in Canada, In.the subsequent poliéy simulation, wve
wiii‘exanine the case where the return to the catile p}odgcefé vas
kept ‘at a level which does not change throughout the analysis.
Purposelyg-we will let helfersl prices’ vary jusat the way as recorded,
. in history, and see how such a aituation will affect the stocks of

beef cows and ateors ax the: end of each period,

.....
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Table k.41 Comparison of Policy 3 and Policy L with the Status Quo

19661
196611
19671
196711
19681
196811
19691

Situation in Vestern Canada Using the Multinomial Logit

- .
All the numbers are in thousands.

Model ¢
STATUS QUO ' POLICY 3 POLICY &
Steers Beef couws Steers DBeef cows  Steers Beef covs
on farm on farn on farm on farm  ow farm on farn
1019.2 2578.3 1019.,2 2578.3 ° 1019.2. 2578.3
583,3 2385,2 570.5 2412.5 611.9 2374.9
1394 & 2550,.7 433,6  2699.7 1734,0 2488.8
798.8 23%91.8 290.,1 2492.6 1008.6 2350.3
1123.6 2350,.6 292.5 2308.6 1920.4  2317.8
€72.7 2170,2 210.6 2127.2 116%.0 2233.5
- 1283.1 2135.1 231.7 1986.7 1941,.1 210641

" Pable 4,12 Comparison of Policy 3 and Policy 4 with the Status Quo

19661
196611
19671
196711
19681
196811
19691

Situation in Bastern Canada Using jlze Linear Regcression

Model -

STATUS QUO POLICY 3 POLICY 4 |

Steers Beef cows Steers Beef cows Steers DBeef covs

of farm on farnp on farm on farm on farno on. farm
- . . B )

. 4714.5 . 759.9. 0 #7145 759.9 471.5
223.2 ' 483.8 622.8 . 500.6 458,1 469.8
?76.‘*@ 48905 ’ “’0601 51501 " 793.9 l"68.8
680.3 51045 619.3 - 540.6 . © 91,7 479,.6
677.3 . 537.2 621.6 5755 746.7‘ 493,5
7581 539.4 7206.3  580.2 793.5° . 49041

| ’Ail the. numbers saye in thousgnd's.- .
SRl gt
B N
L ; A - P

-

L

|

e, VRS Masyatens
R »

—

o e S 8 & 5 Y, -t st kbt A

| N SO M Tt st 4, Rt
[ m%%k‘~»« AR



168

First of all, we should expect that under a subsidy scheme
for beef production, the producers would be inclined to keep more
cattle for reproduction and sale. As a result, the total number
of beef cows of farm should increase and this is observed in Eastern
but not westerp Canatia. In‘'Vestern Canada, the total nunber of
béef heifers on farm did increase for the first four periods of our

analysis but fell slightly below the status quo during the remaining

3 periods. The nuntber of steers on farm under the subsidy scheme

is always below the statpys quo situation for both regions. This

could be caﬁsed by the fﬁct that producers will tend to sell as

many steers as possible under this favorable price situation. Under
Policy 4, -where the steer prices for both régions were held constant
throughout the;analysis, ve expect that the nuwber of beef cows on
farn wili decline as profit margins decline. This fact is observed
iﬁ both regions. As for thé namber of steers kept on farm under
this experiment, we should expect it to be less than with the status
‘quo. This fact is observed in Western but ;;3“330 q:g‘—axifa. Thép

contradiction is not eaay to explain. - ~

. Policy 5+ An once-and-foraall increase in the Unlted States steer

grice ' . . . . x

The Unxted States cattle ;ndustry is ahout 10 times the size
"of its canadzan counterpart. Since there is active trading of cattle
_‘between the ﬂnited‘States and Ganda, we can thus expect the United -

é:lstatea afecr yri&e wiIl havo a predbminant effeot on the Canadian .

attle indnstry. In th:s axcrcaza wa incorporate a gnauen 1ncrease

1u tha Unztad ptat*ﬂ ste&: price by 100% in the seqond perxoa of our

l
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analysis and then allow it to return all at once to tihe normal
price level in the following periods. Ve would like to examine

how such a sudden change in the United States price will affect the
Canadian industry, and inow long will the latter take to adjust to

equilibrium (the status quo) if indeed equilibrium is attainable.

Policy 6 : A sudden increase in the United States steer price and
with the price remaining at toe nev rate tiroughout
the analysis

This analysis is an extension of the analysis discussed
under Policy 5. This exercise will allow us to ascertain hov a
sustained high United States steer price will affect the Canadian
industry, and in particular, how it will affect the number of beef

cows on farm and the number of steers on farmn at the end of each

period.



Teble 4,13 Comparison of Policy = and Policy 6 with the Status
Quo oituation in .estern Canada Using the lhultinomial

Logit j.odel
STATUS QUO POLICY 5 POLICY 6
Steers Ceef cows Steers Beef cows Steers Beef cous
on farn on foxn on farn on farnm on farn on farn
19661 1019.2* 2578.3 1019,2 2578.3 1019.2 257543
196611 583.3 2385.2 583.3 2385.2 583.3  -2385.3
19671 1394 .4 2580.7 1780.3 2580.8 1779.0 2579.9
196711 793.8 2391.8 991,8 2544 .5 988. 4 2541,6
19681 1123.4 2350.6 1217.3  2350.6 .k 2325.0
196811  672.7  2170.2 721.6  2202.6  246.3  2135.2 H¢
19691 1283.1 2135,.1 1319.8 2456.9 81.5 1979,0 %

]
All the numbers are in thousands.

Table 4.14 Comparison of Policy 5 and Policy 6 with the Status
Juo Situation in sastern Canada using the Linear
Regression i.odel

STATUS QUO POLICY 5 POLICY 6

Steers Beef cous Steers peef cows AJSteers Beef cows

on farm on farn on farm on farm on farm on farn
19661 959.9  471.5 959.9  471.5  759.9  471.5
196611 65%.6 433.8 650.1 L82.1 650.1 484, 2
19671 776 4 4L89,.5 936.0 L88.3 823.6 4324
196711 680.3 510.5 - = 772.2 506.8 281.4 45741
19681 763.0 519.1 817.3 515,1 335.4 315.4
196811 6773 537.2 - 711.9 5339 89k .1 226.2
19691 758.1 539.4 780.4 - 537.0 850.6 264,.5

‘All the numbers are in thousands.
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The results of the two policy simulations are very inter-
esting. Under Policy 5 (an once-and-for-all increase in the United
States steer price in the second period) we can see that there is
no immediate effect on steers on farm and beef cows on farm in
Vestern Canada. On the contrary, there is an i;mediate decrease
in the number of steers on farm and the number of beef cows on ferm
in Bastern Canada. This is largely due to the fact that, as =&
result of the United States price increase, there is an immediate
decrease in Canadian import of United States steers. As the United
States steer price returns to its normal level in the third period,

an increase in steers on farm is experienced in Eastern Canada.

The system adjusts to its normal (status quo) level of steers on

farm and beef covws on farm after four periods of simulation. This,
however, is not the case in VWestern Canada, where the once-and-for-
all increase in the United States steer price has caused a constant
increase in the number of steers on farm as well as the nunmber of
beef cows on farm. The increase in the size of the breeding herd
is an indication of the increase in the size of the cattle industry

caused by the sudden increase in the United States steer price.

Under Policy 6 {an increase in tpe United States steer price,
w?th the new price remaining throughout the .analysis), the number
‘ of. steors on farm decrsases due to a favorable prico situation in
stecors exgor%ed to the United States. The pumber of bee{ cows on
farn, hobé?ef, inorcases. This iatconsistent with what onc might

oxgsst. ALfévorablo United statca ctoer market will undoubtedly

lure Qmstarn Canada prodnccra int@ ez@andinr the 1nduatry. in
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Eastern Canada, this policy has caused a contraction of the cattle
industry, as Jeflected in the decrease in the number of beef cows
on farm, This is difficult to explain, because as the United States
steer price increases ve uould cxpect Zastern Canada to expand its
industry in order that it will need to rely less upon the United
States supply. The numbter of steers on farm in Sastern Canada

repained fairly stable despite the increase in the United States

price.

P



1.

2,

Je

b,

173

FOOTNOTES TC CHAPTER &4

The coefficient can be written as U = OﬁgPi - Aig/N)/((Ji(Aig/N +
CJE(Pi) /N)) woere P = predicted or simulated value, Al = actual
value and Il = number of observations. A discussion of the U-
coefficient can be found in Theil (1961), pp. 31-48, A revised

version of the U-coefficient was suggesied by Theil (1966,pp.26-

29) where the coefficient was redefined as O{E(Pl - Ai)z/n)/
CJE(Aii/N)). This revised definition has the root-nean-square
realized change in the denominator. This, of course, has its
virtues as autlined by Theil, But, only the former U-coefficient
has its values lie between 0 and 1, which is a definitle advantage

in understanding the predictive efficiency of the different

models.

In Western Canada, “*five out of the nine U-coefficients calculated
using the multinonmial logit model have a smaller value than

those based on the linear regression model. The situation is
reversed in Esstern Canada, where a total of nine out of the
possible twelve U-coefficients are smaller in value for the

linear regression model than for the multinomial logit model.

The mean proportionate error is defined as 1/N2((Pi- Ai)/Ai)

where Pi is the predicted value and Ai is the actual value.

+

The nmean absolute proportionate error is defified as

1/t | 2Ry~ )/ A | whero P

iz the actual.velue. ' |

4 is the predicted value and /.

£

e —m
h
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The retention of new born calves is defined as the number of
calves retained on farm at t+1 from calves born in t+1. Reten-
tion of steers and beef heifers are defined as the number of
steers and beef heifers retained on faro at t+1 froo steers

-

and replacement beef cous on farm on farm at t. Slaughter of

new born calves, steers and beef heifers are defined in the

similar fcosuion,

The $45.42 per hundred pounds subsidy scheme was announced by

the federal government in August 197L..

[ R,
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CHAPTER 5 -~ CONCLUDING REMARKS

1

‘The transition matrices which we have developed provide us
with useful information regarding the distribution of cattle through
time. It is a convenient wéy of summarizing the existing data series
on cattle and disaggregating them into more detailed and useful |
categories. The transition probability matrices, on the other hand,
pfovide us with information regarding the proportional distribution
of cattle., In this present analysis, we have demonstrated how such
probabilities can be téeated as dependent variables to be explained
by a set of economic variables. We have also shown the effects of
changes in the exogenous variables on the performance of the industry.
The trapsition probability matrices also provide us with information
which‘is useful and normally not easily available, including for
instance, the retention rates for different categories of cattle.
These rates are actually the probabilities associ;ted with their
respéctive cells. The retention and slaughfar rates are weli ex-
plained by the regres;ion analysis discussed in'the previous sections.
The death rates, howaver, are not very well explained in most cases.
This is caused by the way we selected the ¢xogenous variables in
our regression analysis. As explained .in Chaper 3, Section b, no -
critical analxsig waa.attachod to the performance of the different

: oxogenous variables in tha di:foront death oategories, vhon deciding
‘;' npen tho cxoganoun variabloa to hc retuincd. A tgrther look at the

PR

px‘ ‘e is theretore nogadcary. A detailed diacussion
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of the death rates can be found in Appeﬁdix III.

The present study of the Canadian cattle industry opens up
a new way of analyzing the novements of cattle among the different
categories and between the different regions. The transition mat-
rices for¥the two regions have not only provided us with information
regarding the movement of cattle, but also the structural changes
of the industries through time.2 Such knowledge is useful to both

the policy makers and the individual cattle producers.

The transition matrices analysis of the cattle industiry,
however, fajils to generate any price information which some people
may regard as very important within the &ystem. This is, of course,
a shortcoming of the approach. However, it should not be used as
an indication that the approach is not worth further investigation
and experimentation. " One of the main contributions of using the

transition approach in analyzing the industry is that it generates

data that are otherwise difficult to obtain; the approach also serves

as a vehicle to reconcile the existing data series from different
sources. The price variables of cattle, the income variablés, and
the price variables o{_different substitutes are all treated as
oxogeneous in the system. It is, therefore,.necessary to roly on

othor sources to generate these exogenous variables for foreccasting

~ »

PUrPOSOSG. .

This study;ls, +to the best of the author's knowledge, the
£ir3t ono that uaos tha trancition matrix approach 1n analyﬂlng the
cattle induag?y. It ia, therosorc, not surpr;szng that it is not

I PR S,
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difficult to point out scope for improvement. First, there is the
need to establish some sort of accuracy check in the transition
matrices. As described in Chapter 3, the only information that we
have in constructing the transition matrices is the row and colunmn
totals, and the procedures we used to fill up the cell entries
involve using 'reascnable' assunptions and mechaniczl procedures.
In order to generate more accurate and reliable transition matrices
we might need additional information so that we can check the acc-
uracy of the cell entries. One way of achieving this is to have
a survey of the movements of the cattle among the different cate-
gories in some particular periods. Such information would allow
us to check the accuracy of the transition matrices and would s~
provide a basis for readjustment. Secondly, there are avenues to
be explored in obtaining better equation estimates of the individual
cell entries as presented in Chapter 3, Sections & and 5, If we
can set up models for each individual cell entries and estimate
those cells independently we night be able to come up with better
estimates of the cattle flows from one categor& to another. This
process will, of course, not preserve the adding up property of
each rows. Thirdly, in the discussion of the historical simulation
as ;utlined in Cﬂaptor L, Section 2, the conditional expectation
"of tho row vector x, at time‘t+1 is:

Blxg,q 1%,) = %Py —==-mmmme=(5.1)
whore Py ig tho trans;tzén probabzlzty matrix. The conditional
expcctation oi‘ ::t +2 ia Xe tpt +1’ and so0 on. In general, “the expectea

value ab tek, conﬁitmonal on xt, iz givon by:
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E( lxt) = x,P P eeoP, o . mmmemeeeen (5.2)

Xt ek £t te fak=1

This means that the value of x is conditioned upon the estimated

t+k

value of x As an alternative approach to this simulation

t+k-1°

exercise, ue can have the expected value of any Xt en (m>0) depends

upon the actual value of x and not x p or for

r e P
t+n-1 1 A ' I t+n-1"

that rmatter, the initial‘xt. This approach will undoubtedly inmprove

the results of 'forccasting' and historical sinulation.

Finally, I would like to reenphasize that this study is
the first attenpt of 1ts kind and the sare transition ratrix technique

can be used in the analysis and study of other livestock industries.
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FOOTHOTZS TO CHAPYER 5

1. One way of looking at the structural change of the industry
is by exarining the change in the proportion of cattle slaugh-

tered or retained through time.

¥

2. Death rates of the different categories of cattle are defined as
the percentage of death of cattle by natura} causes in their

respective categories.

et g
Fa o Apt gl
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Appendix 1

Transition llatrices For Western Canada

Pefinitions of the different rows and columns are those
given in Table 3.1 and are presented as follow:

Calves born during t+1

Calves on farm at the end of t

Steers on farm at the end of t

Dairy heifers on farm at the end of ¢

Beef heifers on farm at the end of ¢

Dairy cows on farm at the end of t

Beef cows on farm at the end of t

Bulls on farm at the end of t

Ca}ves imported from Eastern Canada during t+1

Calves imported from the United States during t+1

Heifers and steers imported from Eastern Canada during t+1 .
Heifers and steers imported from the United States during t+1
Dairy male afd female imported from Eastern Canada during t+1
Dairy male and female imported from the United States during
t+1 -

Calves on farm at the end of t+1

Steers on farm at the end of t+1

Dairy heifers on farm at the end of t+1

Beef heifers on farm at the end of t+1

Dairy cows on farm at the end of t+1

Beef cows on farm at the end-of t+1

Bulls on farm. at the end of %41

Inspected slaughter of male calves during t+1

Inspected slaughter of female calves during t+1

10 Uninspected slaughter of calves during t+1

11 Inspected slaughter of steers during t+1

12 Inspected slaughter of heifers during t+1

13 Inspected slaughter of cows during t+1

14 Inspected slaughter of bulls during t+1

15 Uninspected slaughter of cattle during t+1

16 Calves died during t+1

17 Cattle died during t+1

18 Galves exported to Eastern Canada during t+1

19 Calves exported to the United States during t+1

20 Heifers and steers exported to Eastern Canada during t+1

21 Heifers and steers exported to the Unzted States during
t+1 .

22 Dairy male angd female exported to Eastern Canada during
t+1

23 Dairy male and female exponted to the Unlted States

dyring t+1 -
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The time periods for the first transition matrix are the
first half of 1959 for row 2 to row 8, and the second
half of 1959 for row 1, row 9 to row 1k,

The second
transition matrix refers to a period of six months after
the first matrix, and so on.
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Row 1 and Row 9 to Row 14 ~-~ second half of 1959

Row 2 to Row 8 ~« first half of 19%9

.
-

Calendar period
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Row 1 and Row 9 to Row 14 -~ second half of 1964

Row 2 to Row 8 ~- first half of 1961

Calendar period
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Row 2 to Row 8 —~- second half of 1961

Row 1 and Row 9 to Row 14 -~ first half of 1962
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-«
P ODOONDSOOOS O

bty

- 20950)009000000 .
W Pt Eeeceesesess & Jerssebravecese
Cescoceascsccioc OOAOOVOOQGOOODA -~
~ Lad -
* Ld

11000000000000 ¢ TOMOVOOOOOOOODO M,

SeTSELLeraBEes b Srmertetrbbbaen
0?.00.0.0000000 € OMOO0O0O®OCOORO0E W
RV 2 . NN .

- a2

FIOCODOIVISGROD O .o 050000006090 ~

# PP eeveiaatrrs 0 o ssessrinnass @
O ROCe0COE0HO00 o 1000000000.. -
(Ve ] LAY T -«

.
-~ w

G- OO00BSIOOPR000 M —~OSSIMN=ECOCODG
ﬂ....-......-.. ¢ St Escsssaseenme &

©e00600mM00CREOO B VO enangyr CROSOO I
“o o~ - ~ Y - L -

L] e -

COPOICBBSOBO~OS & -

*trreesecseses 9 Jrarsivmmanssee &

oo o0 ~ O oes o *

v L4  Ues -
" - b -
- ~ .
wn L

oeosae o re o o
YT Y YT -m.-.-vn.‘-'oonn 3
o o A va ”

v - N @ W - - L]
~ x
-, -

O OO ¥ -0 MOOQDOG M +on B 8D BMNOD OO
wd P PO BT P Oas e ana » i AT L X T Y ey et
a 00 o M CODSCOOCe & dOr O ¢ /P OOS 0D
o o~ N~ * v Lol - A DEMNLENBD

" - O ¢ gt re
e -
~ . L)
8o o & ~OOOOON - .
PPt tansssbbrcen » Jrss it trBrrrnee =
Dowo > LK} o & > o
[ LR * -
P - -
~ ~ o~

CANIOAMOCOIADVE € OO OOCCOCQ Ay AOCOCRO®OOTC0OW

PrEA bt vere s b Jessr bt Benmmoasr * JeLsarerieygnnoen
mv3100000000 00 & OBAOINIIGOOD OO0 ™ 0900&0’00000000

Lo o . A L
~~ ~ -
- - -

EAL LU O T-1-1-7-3-2- F- 3 ¥ O BIOONOBOODINGC ¢ Al LI I TE-T T Y )
FraABLde s esnree o LesserbevmrEsecns « Aes s rEB e ev e
O N 0OI0e0a0000 ~ So00—w00s00c0a 0O & OBANONRORSDROSe
W = * u e [ L A L]

[ ) L ~ ~

- L3
IS 1O POt g baspan L2 L3 £ 3 200 P R ENAS~BP O, T ¢

e ot s s v

BIA00000s20883 . - » --l-.--%

C2O00CODBILI0,. < - o QOSDODMOOO

fxagsasEqEEaaEar m N L It T 174

Lo L.

]
K

1637.2

0 13

1,3

TOTAL

yrrryed = bl
Tre ST

N s



185

t half of 1962

irs
Row 1 and Row 9 to Row 14 -~ second half of 1962

Row 2 to Row 8 -- ¢

Calendar period
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Row 1 and Row 9 to Row 14 -~ second half of 1963
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Row 1 and Row 9 to Row 14 -- first half of 1964
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Row 2 to Row & -~ first half of 1964

Calendar period

Row 1 and Rov 9 to Row 14 -- second half of 1964
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Row 1 and Row 9 to Row 14 -~ first half of 1965

Row 2 to Row 8 ==~ second half of 1964
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Row 2 to Row 8 -~ first half of 1965

Calendar period

Row 1 and Row 9 to Row 14 -- second half of 1965
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Row 2 to Row 8 —- first half of 1966
Row 1 and Row 9 to Row 14 -« second half of 1966
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Row 1 and Row 9 to Row 14 -~ second half of 1967

Row 2 to Row 8 -~ first half of 1967

Calendur period
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t half of 1969
Row 1 and Row 9 to Row 14 -~ second half of 1969
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Row 2 to Row 8 —- ¢

Calendar period
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irst half of 1970

Row 2 to Row 8 --f

Calendar period

Row 1 and Row 9 to Row 14 -~ second half of 1970

L3
—SNOVCPDOoOCCoGaD

o
D 4O FOOCOCO OGO

L TePeces st ars 4 ,es8e8 684000000
OO CPOCOOOOCROO & OO SOrGCOODR 00
& - — ke <&

. [
AFO000ODOCOVOO0 = e mOOCOTVIOBCIOD
SetLEPPETILLOL § jtebsenensensoes
+“IWOO000COTVVOOS ¢ O MOCOCOGOGCOOCOD

[V P

- -
11000000000009 ¢ OO 0OTOLOROOO
b e e Ls eI sAsE ¢ ,uestsecaniocun e

0].000000000000 © O~NOCOOOLOODQCTO

- .
~

~ ~
CO®SOTODSCOCORD § —~Crrre PG €O CO~OO
e s ev s ecnresrrre @
® 0806Ove0000O0 ¢

“ ~ ~

- -

* -

”~ O oo -~ =
= PP T EPO AN ELr N 8 e EEssccremenen
o @oo TP O OMROODOVRTOOO000
“ . o ~ U N

o+ o
~ v

L o«

VOO Q) QDGO + el e 4 B SO O Do O

St vr R Ese0es b Jeeserssaspeban s
OOON BMOCOOOCO0 O O6 & ~AhROOG OO0
- - - v oA

* -

- A
CNOO BOOCB OO O —~ ~BAVVOCOMOOCO00O

d el eecastbrnenr & sevsuescnanes e

00!00%00000°n90 " QOoCORCLOODOLOD

- _— -

" <
-~ -

A0 VOO BOCDHOD O ~COBGH GG COTOO
Jrse s as et eer e 1 3 sssaserncesas
96 CLCTONOQ0C0eOD » COPOOLINCOOADSS
~ > r ~o
~ ~

Crr COCTOOOONO0 M 1O wGMQEIEC OO ©
LRI IR R I I A AP i
5S¢ ~+0000oRCC O A GO cercococomoo
- ~ Y oo -~

>, > -

-~ -

COT OO0 IVI0VO0 O ~OQICT 2ATODDNAIQ
2V e s At s eetteas s mmeamsmasEene s
QG eECPOOLOVIVODI ¢ HE COCORCDOO G
LY ~ v o
g - Lad

~ L
AP EIEEY Dy R Lo B T

——— s e

ARBADPIILBSINEIRS 2833 ArIBINRLEGD

V2CTI0IOLVOLIOD 4 SO020000000000
scEErucshanakaan % Skscksagesoens

-

111.2

3.

Ao .8 11,2 16,9 42,7 1,) 44,0 29,2

301.0

ToTAL

LI e DOOMOG
Jeeresecvansens
VNS OONI LOGCHOO
POP P et iy -

O P ol e
- ~
-

~ coNe

0o o~ono~o0ocac
<o

*Tererennccen iy
G°°°°°50°°°0°°

coL22

-
NO— U 2 OD DD DO

P e teenvrensea
ﬂo FONOOCODOD OO
[V

Lad gt b Lo L e ]

IIIIADIBRANIIAS
OOOCoOORSIC ODO
YREEQGTERuaaxiR

Teas.2

Ten

20,17

norag

-

A

P I

Row 1 and Row 9 to Row 14 —- first half of 1971

Row 2 to Row 8 -- second half of 1970

Calendar period

B

e

B4

[
s Sl W

L <

IIIOOOO CCOOQO0 @ AORMACLI00000MNCO ©
Svesans SrEevr ¢ sevdreestpreate »

o ¢ C0s20/0D0®00C0O OO ®
o [V ] .

- .

BDD0COPOCODOVC & weemGOROOICITROS A
dtte bt e asec00 s o Jassuseresseben o
O e e N O
(%} -

- -

FINOOO0AA0A0Q00 B ~AMCO0ICOCCCOOD -
HrAreeecesiieas 4 Leesessvevwoons o
Oneoco L ] -

Y] [V -
[

SN OO 0008000 Os ~
NIQUO“I!....‘Q - -
< »

v wn o L4
-
-»
* —necvoeoncoosaas o
® Jeeessrresbnsanr o
- °l$ *COoOPOOAsOeD o
-4 pod
& - ~
N
e L

COO=O=O0TOO0CVS N ~ONMM~ATOLD~00 @

Perlrstebentge & Jrorrevioeassracs @

2000 O0EAODOOOA0 M DONM NNG CO0O OO0 M -
o o - o Qg -~ - -

. L]
- -
Ll X X-1-1 NOO = & - BN SN0 ROD
SereEE Ll R T EEl & S esevisveesners & teovensosanes bar
DO?QﬂbDBOOOO?OO o 0090060000 » s
[ - - AN O~ Aty -
* h d O,y Dl dher
. Ny ~

- - T ”

QIO*r0Sr0000p00 M LT - N OOVO~OOOOOW
S *PePSeeseR e Nt 4 Jjbbesecsemvbecne OV O SFbeansssse
ODrSovE O DO AN O -» H Damd ove oeopoes
v ® W - N + L .

- - -
~
~ ~ N
B LOVOOCGCGONDS ¢ ~OROSACOODROID0 ¢ NOUOLOOPBOOCGEOLO
G eses s esenreees & _jetaremssenpese ® LT ETEYYS
QRO IG00VATAINGE = DOMO~NOCOTOBrMSS - mﬁﬁﬂﬂ'iﬂ.'IOOVQ
v Le -y o~ ’ & o
o o — -
- .
— - -

01000000000900 ¥ SOTMNCOCOCODINOT M NOCrGeOONDOO =P

®¢eBereneEsers v JESEEerreEEEERL @ PN I YT Y Y
O'OOOC‘GOOOOU.O ~ OOQ&OO&OOQOUQGO > 905)‘(0‘.‘.. o®
CD) I Y ) -

» : ~
? o
Lt L LY T L NN ENE KD Oy g DO RO B\
e e ——— P )

BPABBIDIINLEDS REBLPBINADEIRS u 84400000080 D

000“00%00)"0%0 - OUDDMDDQQODQDO ~ 00000“00009000
".l..h.‘ﬂl.l1 w TRNEEENRIEFESLE “ SENERATERSERER

- -

¥4IS.S

S. 8

2l.b

TuTay

¢

= L R Y R W LW L ¥
4 -

W e e

i



194

t half of 1971

irs

Row 2 to Row 8 -~ ¢

-
-

Calendar period

Row 1 and Row 9 to Row 14 -- second half of 1971
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