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In the l1light of the past changes and the changes

whlch are very likely to occur in the next 10 years, in both

population and per capita income, this study 1s an attempt
to analyze the structural adjustments in agriculture in
general, and in the livestock industry in particular, taking
into consideration the Interrelationships between relevant
sectors of the economy. Emphasis has focused on beef and
pork production in Manitoba snd in the Prairie region.

By 1975 a 60 percent increase in consumptlon of red
meats over that in 1960 has been projected. Shefrin and
Menzies predicted that per capita consumption of red meats

would be 163 lbs. in 1975. This expansion in meat consumption

has had very far reaching implications for both the agriculs=

tural producers and the meat slaughtering and processing

ihdustry. Even more significant changes will occur within

the agricultural industry over the next 10 years if the

projected increase in beef and pork consumption is realized.
The important question for the livestock producers and the
processing industry is where this expected increase in

consumption will be produced and processed. TIn line with
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this,.another important problem presents itself, viz., how
the primary sector of the economy will be affected. Many

studies on these problems have been undertaken and some

relevant hypothgses made accordingly. But none of these
studies are based on an inductive analysis, taking general
equilibrium of the whole economy into consideration. The
main objective of this study is thus to fill this gap and to

put those relevant hypotheses to further empirical test.

It is hoped that this study will provide some worth-
while information which can be used by governments or other
plahning agencies in their policy-making; by business firms
which market and/or process livestock and livestock products
and by individual farmers who are the core of agricultural
production. Although the ﬁajor problems tackled in this
study may have little direct relevance to the operation of an
individual farm, the stﬁdy nevertheless, would provide some
indirect aids to individual farmers, such as information on
cost structure in livestock production, movements of live-

stock between provinces, and livestock production trends.

The main analytical tool used is Professor Leontief's
open Input-output model. Input-output analysis is aimed at

a study of interrelationships between various parts of an

economy. The basic model set up for the livestock industry
in Cenada in this study includes eight intermediate sectors,
the unallocated sector, and four final demand sectors. All

sectors are measured at the national level. In addition to
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. the input-output approach other methods of analysis, such
as time series analysis, are also used when applicable.

The following ié a condensed summary of the findings
of the studys |

1.. It was found that greater technological changes
occurred in livestock production between the period 1941~
1951 than during the period 1951-1961. While there were
techniecal changes in primary agriculture in the period 1941-
1951, very 1i£tle change occurred during the period’1951-19él.

2. About 95 pércent of beef and pork has been produced
in the Central and the Pralrie region since 1940. From 1950
there has been a tendency for beef and pork production in the
Central region to become less and less important as compared
to the‘production in the Prairie region. |

3. It is estimated that total beef production in
Canada by 1975 Will increase_bj approximately 53 percent over -
that prddubed in 1960. Of the beef cattle increase in Canada,
1t 1s expected that about 83 percent of this increase will
originate in the Prairie Provinces. In 1975 there will be a
61 percent increase in beef production in Manitoba over
that of 1960.

4. Tt is estimated that hog production in Canada will
have to inérease by approximately 73 percent between the years
1960 énd 1975 if the anticipated demand’for pork by 1975 is to
be satisfied. Of the ihcrease, approximately 59 percent will
be produced in the Prairie Provinces. . Manitoba hog producers

- will probably more than double their production between




1960 and 1975.

5. The shipments of live animals from the Prairie
Provinces to British Columbla and Eastern Cansada are
unlikely to increase in proportion to total shipments of
the same‘provinces by 1975, But 1t is conceivable that
- there would be a large increase in output from the meat
processing industry in the Pyairie Prbvinces, and that an
increasing portion of the output of this industry would
- flow to British Columbia, Eastern Canada smd the United
States.-~

6., In 1975 the meat probessing industry in Canada
will require a 70 percent incresse in employment over that
of 1961. For Manitoba plants it is estimated that |
approximately 500 - 600 additional Workérs will be required
by 1975. These employment estimates were made under the
essumption that thére will be little or no technological

changes in the meat processing industry by that time.
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CHAPTER I
INTRODUCT ION

This study can be viewed as a continuation or part of
& more comprehensive and deductive-~type one -- "Development
of the Livestock Industry in Canada by 1975 and'Implications
for the Meat Processing Industry in Manitoba“, conducted by
the Department of Agricultural Econcmics, Unlversity of
Manitoba in 1962. It is hoped ‘that by employing Professor
Leontief's input-output technlque the present study would be
able to provide: (1) A more penetrating analysis of the
poss1ble development of the 1ivestock industry and the meat
processing industry in Canads 1n general, and in the Prairie
Provinces and Manitoba in particular; and (2) additional
information on the situation of the livestocek industry and

other related industries, such as inter—sector flows of rele-

vant goodsg and services, general input functions, 1nterdepen-

dence between sectors, and aggregate technlcal changes durlng

the past few decades.

The analysis of the problem. "No meat, no, meal" may

be merely a slogan or motto some decades.ago, but it is no
longer applicable today. The fact, as shown in Table I, is
that per capita consumption'of red meats in this country has

continuously increased from 131.5 1lbs. during 1950 - 1954 to
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TABLE I
PER CAPITA PERSONAL DISPOSABLE INCOME AND PER CAPITA
‘CONSUMETION OF RED MEATS AND .CEREALS
IN GANADA, 1950 - 1965
Year  Per Gapita Personal. S Pef“capita GonSUmption(a)'
- Disposible Income: (1) Red Meats .. .= Cereals
~~~~~~ T8 T Lbs. Lbs.
1955-59 1,281.2 141.8 159.8
1960-64 1,517.6 143.1 151.7

1965 1,788.0 ‘ 146.73 159.3

S——-
g

Source: (1) DBS, 11-502, Canadian Statistical Review, ' |
_ Historical Summary, 1963 ed. and DBS 13-201 :
Nagional Accounts, Income and Expenditure,
. 1965
(2) DBS, Handbook of égrleultural Statistics,
Part IV, Food Consumption in CGanada, 1926-1955
-~ and DBS 32-226, Apparent Per Capita Disappearance
of Food in Ganada, 1958-1965.




143.1 1lbs. during 1960 - 1964; the amount for 1965 was

146.3 1bs. Two major factors account for this phenomenon;
population growth and the rise in level of disposable income
per capita. From Figure 1 we can see how closely tE? popu-
lation and the livestock production have expanded simulta-
neoﬁsly since 1950. The correlation coefficient between the
two"is-+0.96, almost equal to unity; It indicates that there
existed a strong bond between them, and that 1ivestoék pro-
duction in Canada was primarily aimed at meeting the domestic
needs rather than increasing foreign exchange; In the mean-
time, per capita personal disposable lncome has increased
from $925 in 1950 to $1,788 in 1965. This nearly doubling

of income has caused changes in the consumer's food basket.
While there_has been a steady increase in-coﬁsumption of red
meats, ﬁhe per éapita doméstic disappearance;of cereals |
decreased (also éee Table I).

‘Foreign'trade_of livestock and livestock products has
been quite variable over the last 15 years. As shown in
Table iI, coefficients of variation for exports of beef,
pork, and mutton and lamb are 67.59 percent, 26.70 percent
and'158.63'pefcent, respectively; and for imports of these
same pfoducts are 33.81 percenf,)131.15 percent and 78.69
| bercent; respeetively. The fluctuation in exports of mutton
and lamb has been the gfeatest from year to year; The amounts

of pork have been the most variable in terms of the imports
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TABLE IT

EXPORTS AND IMPORTS OF MEATS FROM AND INTO CANADA
1950 - 1965 (Thousand Pounds)

|

Exports ’ Imports
Year Beef  Pork  Mutton Beef Pork  Mutton
, » & Lamb o & Lamb
1950 84,412 84,807 2,761 10,417 6,005 486
1951 93,485 29,3l4 - 2,737 23,382 22,620 3,499
1952 67,005 26,419 = 46 21,015 4,825 2,661
1953 26,194 69,574 52 - 20,313 436 4,745
1954. 19,934 69,951 53 28,935 1,482  7,32%
1955 9,858 73,275 273 30,936 116 10,829
1956 13,687 61,956 45 27,116 111 9,563
1958 54,970 65,979 1,377 38,043 1,533 21,548
1959 23,960 69,166 749 49,425 1,212 20,119
1960 19,998 69,690 109 38,541 17,061 23,532
1961 31,239 57,120 173 41,680 40,653 33,436
1962 21,757 58,761 556 45,557 34,464 37,916
1963 19,920 63,194 679 49,512 88,487 48,063
1964 34,242 52,637 57T 36,287 52,614 37,654
1965 82,705 54,922 370 27,464 36,605 30, 990
_Means 40,732 59,192 701 32,818 19,349 18, 962

 Standard - ” |

. devigbions 27,530 15,804 1,112 11,097 25,376 14,921
C.V. (%) 7. 59  26. 70 158 63 33.81 131, 15 78.69

Source: Trade of Canada. DRS 65 004 and 65-006,




6
of red meats. As to the future trend, it is expected that.
due to market limitations and, perhaps, even more important,
the incréase in domestic requiréments, little or no expansion
will be realized in the present level of Canada's exports
of live animals and meats. Indeed it is more than possible
that, in occasional years, Canada will be a net importer of
beef. However, imports of livestock and 1ivestock products
have never amounted to a significant percentage of total
productionia

By 1975, about a 60‘percent increase in consumption
of red meats over that in 1960 has been projectedgg Menzies
and Shefrin predicted that per capita consumption of red
meats would be 163 J.baf3 Th;s expansion in meat}consumption

has had very far-reaching implications for the agricultural

producers and the meat slaughtering and processing in&ustny.

, 1W. M. Drummond and W. Mackenzie, Prosress and
Prospects of Canadian Agriculture, Royal Commission on
- Canada's Economic Prospects, January, 1957, pp. 56-60;
R. V. Anderson, The Future of Canada's Export Trade,

asereaa—

RCOCEP, March, 1957, pp. 142-145.

2Department of Agricultural Economics, University of
Manitoba, Development of the Livestock Industry, etec.,

M. W. Menzies, and F. Shefrin, "Demand Outlook for
Cenadian Agriculture", in Resources for Tomorrow, July
1961, po 230 X ) .

RSN S e e e RS
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Even more significant changes will occur within the agricul-
tural industry over the next 10 years if the projected
increase in beef and pork consumption is realized.

The important question for the livestock producers

and the processing industry is where this expected increase
in consumptibn will be produced and processed. In line with
this, another lmportant problem presents itself, viz., how

the primary sector of the economy will be affected. Many

gstudies in these regpects have been done and some relevant
hypotheses made accordingly. But none of them are based on
an inductive analysis, taking general equilibrium of the.
whole economy into comnsideration. The main objective of

this study is thus to £ill this gap and to put those hypoth-
eseg to further empiriéal test. In order to envisage the
significant changeé which are likely to occur within the agri-

cultural industry and between agricultural and other sectors

of the economy, some measurements of quantitative relation-

ships would appear to be necessary.

Some specific objectives. This study was maihly

degigned to answer the important questions raised in the
previous section. In addition, sone s?ecific objectlives are

as follows:

1. To deseribe the flows between sectors closely

relaﬂed to livestock production.
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2. To determine some major components of the cost

structure in livestock production.

8. To quantify the interdependence between sectors
closely related to the livestock industry.

4. To test the significance and possibility of
applying Professor Leontief's input-ouﬁput analysis to a

. particular industry or economy such as livestock at a

national level,

It is hoped that this study will provide some worth-
While information which can be used by governments or other
planning agencles in their policy-meking; by busineés firms
market and/or process livestock énd livestock products;
and by individual farmers who are the core of agricultural
production. Although the major problems tackled in this
study may nave little direct relevance to the operation of
an individugl farm,‘the Study,‘nevertheless, would provide
sbme indirect aids to individual farmers, such és infdrmation

on cost structure in livestock production, movements of ~

livestock between:provinces, and livestock production trends.
Unfortunately, the original attempt in conducting a

study on both regional and sectorial basis was thwarted by

lack of’necessary data and limited amount of time available
for this research. However, special emphasis has been placed

on Menitoba and the Pralrie region within the national frame-
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work of the study by drawing most of the implications from

the study with respect to thenm.

Methodology. As stated in the very beginning of

this chépter, the prinecipal analytical tool to be.employed
in the fo;lowing is Professor Leontief's open input-output
’model‘in accordance with the nature of the problems. Other
methods Of analysis such as-regression analysis oh time
series data and time series analysis are also used when
applicable.

Thié study was initiated in 1963. Consequently, 1961
was the most recent year with relatively adequate.published
data..AData for 1941 and 1951 census years were -also collect-
ed and analyzed in order that intertemporal comparisons could
be made. Most of the data was provided by Domihion Bureau of
Statisticé.

Organization of the thesis: In order that the input-
output model used in this study can be better understood, a
brief account of the basic logic involved ig first given in
the next chapter. A specifie input-output model developed
for 1ivesﬁock industry in Canada is then presented. This
model 1s to be employed as an essential setting for the study
throughout. On the basis of it, data were gathered,
analyzed,"projections made, and implications drawn. Chapter
IV contains the empirical results and-a short explanation

about lnput-output tables for the 1961 model. Economic
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implications of this model along with others were derived

in Chapter V. Thus, through Chepter II and Chapter V, the
descriptive part of the analysis was discussed. At the

same time 1t laid the basis for further analysis to be con-
ducted in Chapter VI. In Chapter VI projections on beef

and pork production were made on the basis-of'the’l96l model
with the ald of a simple regression analysis. PFuture move-
ments of livestock and livestock products were dealt with
in the light of the past trend. Finally, the effects of an
increase in demand for red meats on the level of employment

in meat processing industry were analyzed.




CHAPTER II

INPUT-OUTPUT FRAMEWORK

Historical background. The original idea of input-

output models in econémiés can be traced back to the

Tableau Economique of Quesnay, published in 1758. It had
productive industry (agriculture), service industries, and a
- final demand sector presented in a form strongly suggestive

of présent day input-output models.4

About one hundred and
"twenty yéars later, a formal analysis of the interdependence
of ecohomic units was presented'by Walras of Lausanne Univer-
sity in his Elements d'Economie Politique FPure. .The corres-—
ponding fleld of'applied economics.has developed only in the
last few decades. Its origin is in the ploneering work of
Professor Wassily W. Leontief, who first applied his input-
output model to empiricsasl studies of the American economy in
© 1931 and published his first results in 1936 and 1941. Since
then, the input-output approach has developed greatly, and

alternative models have been suggested 5

4a. Philips, "The Tableau Economique as a Simple
Leontief Model, "Quarterly Journal of Economics, LXIX, No. 1,
(February, 1955), 137-44.

5Wassily W. Leontief The Structure of American
Economy, 1919-1939, Second Edition Enlarged, Oxford Univer-
sity Press, New York, 1951.
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Leontief started his study with a "eclosed" model, in
which all sectors are both producers and consumefs. “In other
words, all sectors are assumed to be interdependent with'
functionally related inputs and outputs. If, on the other
hand, some sectors are related to other sectors but are not
functionally dependent upon them, the system is "open'.
Prior to World War II, input-output analysis dealt only with
closed models, the objective being determination of the neces-
sary production from each sector to meet the input requlre- |
ments of all other sectors. Subsequently, emphasis has
shifted to the open models which are more applicable in deter-
mining levels of sector outputs consistent with a specified
final or consumer demand. |

Most of input-output studies have been conducted at the
national level, such as those in Canada, United States,
Dénmark, France, Japan, Germany, Austria, Great Britain,
Isreal, Italy, the Netherlands, Norway and the USSR. . Regional
inpuﬁ—outpuﬁ models were developed by Isard, Moses,
6

and Chenery.° Regional models define industries spatially

as well as by type of product or service produced.

6. ¢. Carter and E. O. Heady, An Input-Output Analysis

Emphasizing Regional and Gommodity Sectors of Agriculture,
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Schnittker and Heady7 constructed a regional model of |
agriculture for 1949 in the United States which considered
six regions subdivided into primary and secondary agriculture
and six national industry sectors. Carter and Headye'
éxpandedvon Schnittker's work in oénstructing a'regional and
commodity model -of agriculture for 1954 which considered ten
agricultural regions, nine commodity sectors and three major
categories of industries on a national basis. Exgmples of

2 and

input-output studiés on a particular region are Wright's
Méftin'slo. Raﬁllof North Carolina even applied input-output
analysis in a regional study of a small homogeneéus agricul-
tural area including eight counties.

Input-output research is still admittedly deficient in
one limportant respect: It uses mainly‘static instead ofrdyna-
mic models. Althougb the formal properties of dynamic models

have in recent years been investigated, the lack of adequate

information on the relationship between capital and output

T3. A. Schnittker and E. 0. Heady, Application of
Input-output Analysis to a Regional Model Emphasizing Agricul—
ture, Iowa Agr. Expt. Sta. Res. Bul. 454, 1958.

8carter and Heady, loc. cit.

9R. W. Wright, The Alberts Economy -- An Input-OQutput
Analysis, Dept. of Economiecs, University of Alberta, Calgary,
1962.

10y. E. Martin and H. O. Carter, A Qalifornia Inter-
Industry Analysis Emphasigzing égriculture, Part I: The input-
Output Models and Results, Galifornia Agr. Expt Sta. Res.
Report No. 250, February, 1962.

11P Ram, An Input-Qutput Analysis of A Small Homoge-
neous ricultural Area, North Carolina Agr. Exp Sta. Paper
No. 948 of the Journal Series, August, 1958 (Mimeo)
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still prevents empirical application.

Ihe basic model. Input-output or interindustry

economlcs can be regarded as a vast collection of data
describing our economic system, and/or as an analytical tech-
nique for explaining and predicting thé behaviour of our
economic system. The essential part of empirical input-output
work is the input-output table. Two plers on which the analy-
tical phase of input-output work has been built are: (1) a
set of accounting equations, one for each industry (i.e.,
transaction matrix). The equation for any industry says that
its total output is equal to the sum of all the entries in-
that industry's row in the input—output table; (2) another set
of equations, at least one for each industry. The first group
”ofhthese equations shows the relationships between the output
of the first industry and the inputs it must get from other
- Industries in order to produce its own output, the others do
the same for the second and all other industries (i.e., input-
output coefficient matrix). Having these two, we are able to
derive the third set of equations by which the measurement of
interdependence between industries is made possible. The fol-
lowlng 1s an algebraic ﬁresentation of a basic open input-
output model:

Let Xi rapresent the total physical output of industry
.i, i=1, 2, ....,'m; each of thee magnitudes being expressed

in terms of appropriate physical units, such aS‘tons, yards,
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barrels, or "quantity purchasable for $1,000,000 at given
prices®. To facilitate later analysis and to aggregate into

a workable number of sectors, money units are generally

employed. And xij will indicate the amount of_product of
industry i used in industry j, 1,J- =1, 2, +ee., m, with or
WithOUt.i and J beinguequal. In case.i = ] 1s adopted we
are deaiing with gross output of each industry, otherwise,

net output. Analysis using gross output can provide us

more information as to internal transactions of each industry.

Availability of data and the objective of the study will
dictate a cholice betwsen the two. If Xin stands fqr the
amount of output of industry i1 which is used for direct
household consﬁmption and thus is entered into the final
bill of goodé(i.e., final demand), then, by definition, the
input-output table can be eXpreSSed through the following

self-explanatory system of equations:

- X - X ~ eees = X = X
Xy = Fyq T Fp 1m~ T1in
X - - . c.o - - =
o1t K T Fpp o Fom= Ton
(II - l) ® @ ¢ & & & ¢ 8 5 e e e W . e & 8 * 8 &5 09 * " 8 S
T T Fme T gz T vt Xm = an
or, X m & Fy =

where, i1, = 1,2,...., M.
By the same token, total labor force denoted by XO

may be treated as a gross output, although “the following




equation will not enter the final solution of the model:

Xo = Xo1 ~ Xo2 = e+ = Xop = Xop

From this transactlon matrix, the relation between the

total output of any particular industry, say Xy and the

"amounts, X119 Xpys eeee Xpo of the products of its own and
other industries absorbed in the process of its production_,
can be derived. Thus, we have the second matrix, called
inputeoutput or ﬂéehnical coefficient matrix, and its corres-

ponding system of equations:

CFT Xy T 8,y eeee X ® 8%y
X127 819%0s Ko™ 8o5K5s eere Xpo® apoXn;

(II - 2) 0 06 00990000 0P LIPSO ITRSIERILEELEEEEIEIOETSEIESEOSEES
L L 20 N BN I 2R R X 2R IR BE BN R BN B B R BN BN BF BN NN NN Y N NN AN Y S N SN A AR WY

L I N A A R R E R R T T Y I N I S s

m~ almxmf Xom™ a2me? ceve EppT apnXp
In respect to labor function of each industry,

similarly, a set of equétions can be obtained:

Xol T @01X15 Xe2 T 8opXpi +e.i Koy T @opXp
Substituting system (II - 2) into system (II - 1),

we obtain,

X1 - ek - oagpkpy ¢ e =k T Xy
- a.21X1 + ‘ X2 322}(2 = eee = a2mxm = x
(II-B) ....".......'...'....-..'."....'.'.

® 6 9 00 5 00 0 GO 00 S S E O P ON OO EL LS OE CSENOQGTETS

LR AR B R BN B K BN DN IR 2R N O BN BN B BN B B AN BUEE B SR B I NI 2 W R N WY

T amXy - epaXp - oagz¥z - ... v Xy
briefly, '

(] - [a‘iﬂ I'XJ] - [xin] oFs
IER RN EARIEN

E;.
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where, [:aij] is the so-called input-output coefficient matrix,

and,[I ], en identity matrix. The solution of the system of
equation (II - 3) can be written in the following form:
Xy 5 AaXgp v AppXop toeee ¢ ApX

(II-4) .‘.."-.'..Q......Q'....O..QIC"'
.I.....'...‘Q.O.'..'Q..l.‘....,l',

LR A I B R I R I I I e

Xy = émlxln * ApoXop toee. + Amm®an

\;Xi} [Aiﬂ [ "in]

where [Aij] ?i];I.]— [aij]fg—la This is what we call the
‘interdependence coefficlent matrix. ‘

or, simply,

The input-output or technical input coefficlents, aij’
'tells us what amount of product i should be used to produce a
- unlit of product j, while the interdependence coefficients Aij’-
specifies the required change in gross output of industry 1 for
a one-unit change in the émount of good delivered to final
demand by industry J. So far, the sine qua non of the input~
output model has been established.

To briefly réview the nature of the model, we can see
that it does not Present a theoretically complete picture of
elther the supply or the demand side of the economy, in'that it
does not envision optimizing behaviour on the part of economic
orgenisms faced with alternative courses of action. Like other
production functions, it deals with teehnology only, not with

the preference of economic organism among different states of




affairs. The similarityvof the model to a general equilibrium
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system is that it encompasses all products and industries,

rather than singling out one or a few for study and relegating

the others to the pound of ceteris paribus. And yet, Leontief's

input=~output model ié unlike general equilibrium system in

that it is not in itself an equilibrium systemn,

Underlying essumptions. Systems of general market

application.

equilibrium are too detailed to serve as a basis of empirical

Teontief's approach was to simplify the

Walrasian system to the extent necessary to derive a set of

parameters for his model from a single observation of sach

of the inter-industry transactions in the economy. Hence,

some baslic assumptions are made, which can be stated under

the following two categories:

A. For descriptive analysis:

1.
2.
5.

Given consumption function,

Pure competition and free entry,

The indusfry(sector), rather than the firm
1s the unit of production,

Constant input-output coefficients,

Only one output'in any industry(sector), and
a different output for each industry,

No errors of aggregation exist,
Only current flows of inputs and outputs are

important, i.e., that problems of capacity
and capital can be safely ignored.
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B. For projections:
8. A fixed mix of products,
9. A fixed mix of inputs, and,
10. A fixed mix of final deliveries.
~ Much has been written criticizing these restrictive
assumptions of the model. The most criticized one 1is the
1inearity assumption on the relationship between input
and output, which implies, (1) constant technology, (2)
constant return to scale, and (3) no substitution possi~
bility in terms of both inputs and outputs. Nevertheless,
Cameron concludes, after studying production procesées for
178 Australian industry subclasses, that the assumption
of fixed production coefficients may be a reasonable
approximation of the true relationship.12 Nonproportional
inputs, changes in product-mix, input substitutlons, and
technological changes 21l do ocecur beyond any question.
‘The really important question, therefore, is an empirical
one: are the errors involved in using this simplifying

assumption satisfactorily small? Chenery and Clarkl5 in a

broad review of the accomplishments in this area infer that

12B. Cameron, "The production function in Leontief

models," Review of Economic Studies, vol. 20 (1953), 62-69.

15H. B. Chenery and P. G. Clark, Interindustry
Economlcs, John Wiley & Sons, Inc., N. T., 1959. '
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because of the properties of input-output matrices, errors
in the coefficients do not lead to cumulative errors in the
soiutions, but on the contrary tend to compensate for each
other; the most important coefficlents should be investigated
and additional attention devoted to quantifying them, while
assuming small érrors in the great bulk of the coefficients
will not cause'difficulties; However, dus to comtinuing tech-
nological changes, it is advisable to make complete or partial.
revisions of input-output tables'every,four or fivé years.

Although the assuﬁptions thus made limit the usefulness
of the model greatly, Leontief's input-output analysis has
been indeed the sole applicable tool avallable for handling
problems that require a pieture of the production function of
the entire economy, and itsbregults can serve as flrst approx-
imations from which to start making corrections where special
information permits or experiénce demands.

The merit of Leontief's input-output model conglists in
its capaclty to quantify the structural interdepehdence of an
economy. “Structural", according to the 0xford Dictiomary,
denotes soﬁething "pertaining to the arrangement and mutual
relation of the parts of any complex unity." The parts of a
national economy, for example, are individqél households,
buéiness firms, inéustrial'plants, or processes within plants,
or group of such units, or varibus levels of governments.

These different sectors of the economy consume each others'
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products. For this reason, the level of activity in the |
different sectors must be mutually consistent to ensure the
smooth operatlon of the economy towards its goals -- whether
lhese goals are postulated by a central planning organ or are
the outcome'of the interaction of market forces. In this
sense the economy is structurally interdependent. Insofar
as the "plamning® or "control"” has increasingly become
important in modern economic ectivities, measurement of this

sets of relationships is highly useful and desirable;
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CHAPER TIII

THE MODEL FOR THE LIVESTOCK INDUSTRY
IN CANADA

In the previous chapter, the basic input-output model
has been discussed. The possibilities for more complex
formulations to increase the realism of the system are very
wide, but most of them can be treated as generalizations of
this simple model..:The factors which dictate the number
and natufe of thekvariables, and hence, the kind of model
to be employed are:. (1) the problem, or subject-matter,

(2) the objective of the study, and (3) the availability
of data. |

As mentioned in Chapter I, the subject~matter of
this study is the livestock Industry in Canada. All variables
and aggfegation involved will, therefore, be either directly
or indirectly related to this industry. A more ambitious
model which ingludes regional sectors had been attempted in
the early stage of this study. Unfortunately, due to lack
of most regional data and limited amount of time available,v
only the model at the national level could be approached in
the present study. ‘The following are definitions and
classifications of various sectors as well as'the theoretical

background of special models which will concern us.
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Definitiong and Classifications of the Economic Model

“As input-output analysis is aimed at a‘stﬁdy of inter-
relationships between various parts of an economy, establish-
ment or definitions and classifications of these various
interrelated parts called secltors is not only a prerequisite
for_ccllecting data, but also a necessary reference in inter-
preting results obtailned in later part of the work. The
special‘model builﬁ for the purpoées on hand has three major -
sectors: (1) intermediate sectors, (2) the unallocated sector,
and (3) final demand sectors. Sectors ineluded in the first
group are endégenous in the sense that each sector is a pro-
ducing‘unif as well as a consuming unit. They are functlon-
éily interdependent. Sectors in ﬁbe 1atter two groups are
exogenous to the system in that their levels of activities
are dependent on forces outside of the model. Brief defin-
itions of the commodity or industry included in each sector

»are glven below:

Intermediate sectors.

ML, 1 Cattle and Calves -- this and the immediate
following sector “"Hogs" are of primary inter-
est im the study. They are the only sectors
designated as livestock production.

ML 2 Hogs.

ML 3 Feed Grains -- the sector comprises of corn,
: oats, barley and mixed grains. This and the
_redt of sectors in the group are considered

a8 input sectors to livestoeck production.
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Food Grains -- the sector includes wheat,
rye, and buckwheat. It is interesting to
specify this sector from the point of view
that livestock compete with people in con-
suming these crops.

Forage Crops -- fodder corn, tame hay, and
pasture are the items in this sector.

Meat Processing -- the components of this
‘sector are the products of Slaughtering and
Meat Processors as classified in DBS publi-
cations, Cat. No. 32-221, which includes
products of slaughtering and meat packing
‘plants, sausage and sausage casings manufac-
~ turers and animal oils and fats plants.

Prepared Feeds -- products of Feed Manu-
facturers, DBS, Cat. No. 32-214, are included
in this sector. o

Machinery and Related Services -- with respect
to agriculture, tractors, farm machinery,
motor vehicles, gasoline, oil, grease and re-
lated services are the components of this
sector. : '

The unasllocabted sector. This sector was designed as a

- balancing sector which exhausts the output of each
aforementioned sector. The notation for the sector
~is ML 9. : |

Final demand sectors. Components of this group are

foreign trade (exports and imports), inventories,
government, and household consumption.

ML 10 Foreign Trade -- exports include sales of

goods and services from Canada-sectors for
use abroad. It is assumed that all imports .
are substitutable for some domestiec product,
and hence, they are treated as competitive.
Imports are distributed as if they are secon-
. dary products of foreign: trdde and channeled
to the industries for which their products
are primary. Although study on impacts on
the import sector 1s a very interesting one,
unfortunately, lack of detailed import data
by uses prevents its presence. Exports and
impo;t? are distingulshed by subséripts “‘a!’
and 'b'. :

R e e
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ML ll Inventory -- inventory accounts are estab—

' Iished to facilitate reconcllistion of
“current production with current consumption.’
Figures on inventory changes of each gector
are entered in this column. It may be posi-
tive or negative. In case of negative
Tigures, they are excluded in calculating
domestic gross output of each sector.

ML 12 Governmenz -~ in this open input output

' model the government sector is of minor signi-
ficance in the sense that there is little

~ transaction associated with it, _

ML 13 Household Consumption -- this sector includes
all purchases by the household sector. Farm
income in kind is also included. The only
flow from this sector to other sectors con-

sidered in this study is wages and salaries
designated as "labor", and denoted as sector

MLle
Theoretical Background _
| The theoretical or mathematical formulation of the
previoug economic modél has been derived from the basic input-
output model presented in Chapter II, along with some exten-
sions and applications, as follows: |
I we denoﬁe gross domestic output of each producing
sector as Xi; the output of i'prpducing secﬁor purchased by J
produéing sector‘as xij; and the output of 1 producing éector
purchased by exbgenous gsectors as xg; the following trans-
action system of equations are obtained:
Xl =Xy f Xyt oeer + Xjgt+ X
,Xg = x21 + Xaz *oeee + Koot X5+ oees + X

(III'-l) C‘.....'.'0...l....'V‘.;..l...tiﬂ.oﬂiioi

S 5 5 20400 000 %P0 LT PO L B GO OECOEOETEOON

i
Q0

x. = | | 9 - 13
8 - Xsl + X82 + e o0 + X88 -+ x8 + LN ] + X8
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or, concisely written as,

(III"‘Q) Xi = ij': Xij +z_ X}; s Whel"e i, J = 152,00058
ke

9,10,¢.4,13

k
With the basic assumptlion of linearity regarding the
relationships between inputs and output of each producing

sector, we have these fixed technical coefficients:l4

(I1I-3) 834 = R cn:'.xi:j =8y Xj

Substituting (III-3) into (III-2), we obtain,
o == - _k
(III-4) T, x5 = X; -3 aqq X
o T %a 13
Aggregating purchases of all exogenous sectors into
one single sector, (III-4) can be rewritten as,

A Fi = Xi "%;aij Xj s Or in matrix notationf
(I - A)X

(III-5) F
Solving (III—S) for the required outputs of each
sector in terms of Fy gives (III-6),
(III-6) X = (I -4)tF
where A represents technical coefficient matrix; and

(r - A);l, interdependence coefficlent matrix.

141f xij = ay 3 XJ + Gy is adopted as the type of

relationship between input and output, cij is further
agssumed zero for simplicity.
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Some Extensions and Applications of the Model

-Before 1eaving this}ehapter, it seems appropriate to
discussihere some extensions and applicaﬁions of the model
to be employed in the present study. The flexibility of
the input-output model lies not only in adapting the model
itsell to specific objectives of the study and to the avail-
abllity of data as briefly mentioned above, but also in its
use in conjunction with other quantitative analysis. This
is particularly evident when more fealistic results necessary

for policy-making are required.

Direct vs. indirect input reguirements. The direct

and indirect effects of output changes can be derived by
dividingveach column entry in the interdependence coefficient
matrix by that column's diagonai element. If Aij is used to
denote element in the hatrix, it 1s divided by its correspond-
ing Aij’ for 1 = j. The gquotients except all 1's on the |
diagonal can then be compared with technical coefficients and
the magnitude of the indirect input requirements of one gector

per dollar of its output obtained.

Structural analysis. From the standpoint of the inter-

‘_inﬁustry'method, struetural analysis consists logically in
various ways of studying the interdependence coefficient
matrix: (1) I one wishes to study the ultimate impact of

demand for a commodity (product of a producing sector), one
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only has to read down the appropriate column. The total of
each column is sometimes called the output multiplier, since
it can be used to derive required output changes due to
changes in final demand. In algebraic terms, this can be
expressgsed as,

2 3

(II1-7) SiLaxi =(Zz4p)ary
where Aij is the output multiplier. (2) If one is interested
in a composite structural analysis, involving a particular
cluster of final demands,‘one can do this by multiplying the
columns by appropriate weighté. The total effects on output
requirement of each sector caﬁ then be summed up. (3) Another
agpect of étructural analyslis 1s the examination of structur-
al changes over time. ThisrtYpe of analyslis can be conducted
on both flow tables and technical coefficient tables or |
different time periods concerned. ‘Relativé changes in the
flows or input coefficients over timg reflect both changes in
techniques and changes in the combination of factors used in
producing the output of g particular sector. One requirement

is thet constant dollar be used for all tables.

Backward projection. There are two cases in which

backward projection can be applied. One 1s in testing the

validity of the original Leontief assumption of congtant

input ratios, or coefficients for input-output analysis.15

151Leontief, op. cit. Part IV-A.
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The other 1s in observing aggregate technical change over
time.l6 The flrst case does not concern us here. For the
latter, the procedure is to project output of a certain past
period by uslng the final bill of goods of that period along
with the interdependence coefficient matrlx of a later periodl7
"If the projected output is the same as actual output, no tech-

nical change has taken place; a large difference denotes great

technical change.

Forward projection. The logliec of this application.is
much the saﬁé aévthe backward projection Just disgussed, except .
that we are now interested in projecting the output of a
certain future period on the final bill of goods of that
future period. Information on the final bill of goods now has
to be obtained elther from the projection Qéde by other
studies, or by one's own study. Two independent projections
afe involved. The scope of the input-output projection may
incldde the entire final blll of goods or only part of it.
This type of application is mostly policy-oriented. There

are a number of instandes of overall economic projections in

16g, A. Peterson and E. ©. Heady, Application of Input-
OQutput Analysis to a Simple Model Emphasizing Agrlculture,
Iowa Agr. Expt., Sta. Res. ‘Bul. 427, 1955. .

( 6§7The gystem of equations to be applied is (II-4) or
III~
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the published interindustry literature, such as the study

by Cornfield, Evans, and Hoffenberg (194791% by Berman
(1953)19; by Chenery, 01é.rk, and Cao-Pinna (1953)20. Carter
and Heady made a partial projection on.their 195# input-output
structures for 1960 and 197521

Total #nd direct labor requirements. In an open input-

output'frémewofk, labor along wiﬁh imporﬁé, capital and land
are ﬁreated as primary resources which do not enter the
1nterdepegdent‘system. Nevertheless, input requirements of
these primary resources for a certain bill of goods can also
be derived as follows, provided that we know the functional
relationships between outputs and these inputs:

Labor requirements, for example. Assuming the func-
tional relationship, Xoi'# éoixi + ¢, and ignoring ¢ for the
moment , total labor requirements of a sectorAéan be derived

from the projected output of that sector, i.e.,

18J. Gornfield, W. D. Evans, and M.'Hoffenberg, "Full
‘Employment Patterns, 1950, Monthly Labor Review, LXIV, No. 2,
163-190 (Feb., 1947), and LXIV, NO. 3, 420-432 (March, 1947).

' 19E. B. Berman, “"The 1955 and 1975 Interindustry Final
Bills and Generated Activity LevelsY, Interindustry Item
No. 16, U. 8. Bureau of Mines, 1953.

Structure and Growth of the Italian Economy, U. S. Mutual.

Security Agency, Rome, 1953,

2lCarter and Heady, op. cit., 522-25,
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m
(I111-8) Xy =2, Ay, F
C S o
: m
(II1-9) X514 T 801Xy = 8012 Ag3Fj, and
. : 3=
direct labor requirements are, aoiAiij’ where 1 = jJ.
Total labor requirements of a sector include not only
employment in a sector induced directly by the final demand
for output of that sector, but also employment required of
that sector induced indirectly by the final demand for out-

puts of other sectors.
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CHAPTER IV
EMPIRICAL RESULTS FOR THE 1961 MODEL

Based on the model or theoretical background set up

for the livestock industry in Canada in Chapter III essential
" sets of tables which will serve in later analysis have been
compiled: viz., the flow tables, the technical or inpubt- output

coefficient tables and the interdependence tables. Since

there is close relationships between tables of the same set,
6nly the use and structure of those of Model I and for 1961
are described in this chapter. Theudevél@pment of models and
'SOurcesjbf data will be given in the Appendix. Understanding
of these tables willihelp greatly in following the exposition
of further analysis.

The flow tables. These are the tables whieh describe

the transactions betﬁeen different sectors. The fofmal
counterparts of the tables are the systems of equations

(II - I) and (III - I). In contrast to these systems of equa-

tions total output of each sector is placed in the extreme
right column. In Table IIT the first eight rows show the dis-
tribution of product of each secﬁor named in the extreme left

column to various sectors named on the top of -each column.

For example, of $687,065,000 value of total output of 'cattle!
sector (ML1), $50,041,000 was purchased as feeder cattle by
the sector itself; $335,981,000 was delivered as slaughter
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animal to Meat processors (ML6). #85,640,000 worth was sold
abroad (ML10); inventory change on farms (ML1l) was in the
amount of $31,902,000; and only %20,229,000 worth was |
slaughtered and consumed on farms (ML13). On the other hand,
#1,294,000 worth of cattle was imported during the same period
(ML10). As in most of input-output analysis, producers'
prices were used in this study. 1In addiﬁion to elight rows
for intermediate sectors 'labor' row (ML13,) was added to the
table. Siﬁce an open input—eutput medel was employed in this
study household consumption was treated as one of the final
demand sectors..

As pure eompetition and free entry is sssumed fer the
model, there must be balance for each intermediate sector.
‘In other words, gross domestic output must be equal to gross
domestic input for each intermediate sector. Column 93 and
row 9y are diffefent as apperent in their captions; One
refers to output, the other to input. They need not be of the
same magnitude for each intermediate sector. Both vary wiﬁﬁ
the number and kind of sectors concerned. However, the
column total of 9a should be equal to the row total of 9b'

Reading ffom the top of columns 1 thredgh 8 down the
bottom of the same columns, we have the cest structure for
each intermediaie.sector. The 'hogs' sector (ML2), for
example, bought feeder hogs through public stockyards at the
cost of $1, 951,000; cost for feed grains (ML3) was $158,588,000
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which constituted the largest part of cost incurred in hog:

production; the second largest individual cdst item was pre-
pared feeds (MLT), $63,023,000; cost for food grains (ML4)
fed to hogs was $10,716,000; forage-crops (ML5) fed to hogs
~was in the amount of $2,447,000; while cost incurred on
machinery and related services (MI.8) in hog produetion
amounted to $1Q,179,000. Labor (MLle) employed in hog pro-

duction was valued at %16,90®;600. For 6ther cost items'sdch
| as rent, taxes, etc. the amount was %76,940;600.

Specific examples of éorrespéndencé with the system of
equations (III-I) are as Follows. Intérnal inputs
7($l,951,00®) equals Xég; inputs from 'feed grains' sector
($158,588,000) equals X3p; ete. Similary, for iuw entries,
output of 'eattle' sector pﬁrchaéedlinternally ($50,041,000)
equals to Xll;_purchases of 'meat processing' sector from
- Ycattle' sector (%335,981,000) equais to X455 etec.. Tables of
 éimi1ar construction to Table III are Tables VII anﬂ XIII.
One is for the second input-output model, the other for

different tlime periods.

Technical coefficients. Table IV shows techniecal or

input-output coefficients for each intermediate sector.
Exogenous sectors are excluded here since they are not inter-
related with each other nor are they related to the inter-
medlate sectors. Labor, as a primary input, however, is shown

in relation to the output of each intermediate seétor‘
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Reading across the table, say, 'feed grains' seetors, each

entry tellé us the direct requirement for the output of this
sector of the sector named at the top of each column. For
~ each dollar output of the 'cattle' sector (ML1) 6 cents worth
of feed grains (MLB)vwas required; for each dollar worth of
hogs (ML2), 47 cents worth of feed grain (ML3) was required,
etc. On the other hand, if we read down each column of the
table, we obtain the input structure in terms of a %1 worth
output for eaeh sedtor named atAthe top of the corresponding
column, Iﬁ order tc produce a %1 worth of oﬁtput of 'ecattle’
sector (MLl) the following'amounts ofiinputs were directly
required; T cents worth of feeder ¢aﬁt1e (MLl) through public
stéckyards, 6 cents worth of feed grains (ML3); 0.2 ceﬁts
worth of food grains (ML4); 31'cents worthvof forage crops
-(MLS)g 4 centg worth each of prepared feeds (MLT) and machin-
ery and related services (ML8); and 5 cents worth of labor
(ML13y) .
Entries in Table IV were calculated directly from

Table III by dividiné flgures in each column wlth the total
domestic output of the sector named at the top‘of the_cofrés—
- ponding column. EachAentfy thus céfrespoﬁds ajy in the sets
of equations (IIT - 3). Similar tables are Tables VIII, and
XIVQ The impértance of Table IV and similar tablés lies not
“only in that they indicate the level of technology, provide

1npﬁt cdmposition for a §1 worth of output of each inter-
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medlate sector, but also in that relevant interdependence

coefficients were derived from thenm.

Interdependence coefficients. Entries in Table V are
elements of the inverse metrix of equation (III - 6) or bij
of the system of equations (II - 4). The unique feature of
this matrix is that indirect and eircular relationships be-
tween sectors, as well as the direct relationships, are
summarized. Each coefficient shows the direct and indirect
requlrements for products of the row sector per dollar of
delivery to final demand of products'of the column sector.
Thus, a dollar's worth of final demand for products of 'hogs'
 sector (ML2) was assoclated with‘the following outputs of the
Sectors listed on the extreme left. 0;3 cents frém the

'cattle' sector (ML1); onme dollar énd 0.8 cents from itself
(one dollar for final demand plus 0.8 cents' worth of gener-
aﬁed internal flows); 54 cents from feed grains (MLB); 5
~cents from food grains (ML4); about 1 cent each from forage
) créps and méat proceésing‘(MLS and ML6); 19 cents from pre-

 paféd feed (MLT) and 20 cents from machinery and related
services (MLS). The associéfion of a dollar's final demand
fof broduets of a sector other than 'hogs' can be examined

in the analoglical manner.
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CHAPTER V
ECONOMIC IMPLICATIONS OF INPUT-OUTPUT MODELS .

Although this study has placed more emphasls on the
possible development of livestock indﬁstry in Cénada by 1975,
further consideration would reveal that collection of facts
concerning the situatlon of the livestock industry in relation
to other industries is by no means far from necessary. >These
- two aspects are compiementary fo each other in facilitating
scientifie'policy—making in secondary agricuiture fof the
decade to come. One of the major applications égfiﬁput—output
model is the analysis of the economic structure. After having
presented the compilation and mechanical meanings of the basic
input-output tables 1ﬁ the previous chaptef; this chapter is
devoted to the analysis of the econbmic’implications of the
models especialiy setbup fozaiivestock indusﬁry"in Canada. It
1s to be noted that any analysis or interpretation of speciflec
sectors must bé fiewed in the perspective in which these

sectors~were constructed, not as individual contributions but

as part of a complete model.

. Transaction patterns. Table VI, showing the percentage

distributians of total supplies or what is,vsometimes, called
the distribution coefficients, was calculated from Table III,
the transactions table. Total supplles consist of both

domestic production and imports of each commodity concermed.
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For example, total supply of meat products amounted to
$1,212,838,000 in 1961 while gross domestic production was
$1,127,419,000 for the same year. This table shows us the

general transaction patterns of the livestock industry and

% related industries.
In 1961 half of cattle production went to slaughtering

~and meat processors. Slightly more than 12 percent was ex-~

ported. Areund 7 percent was feeder cattle marketed through

pablic stockyards. GCattle slaughtered and cbnsumed on farms

took only 3 percent. The rest of the percentages were feeder

cattle so0ld through markets other than publie stockyards and

cattle slaughtered in small establishments. They were not

counted here because of lack of data. Imports of cattle in

the value of $1,294,000 were primarily for breeding purposes.
Most production of hogs were slaughtered in this

country. Export of live hogs assumed little significance.
It took only 0.3 percent of total production. Marketing of

feeder hogs were even more scarce through public stockyards

than feeder cattle. In contrast to marketing of feeder

cattle, very few of feeder hogs were shipped outside of the
province where they were ralsed. A little higher'percentage,

4.5 percent of hogs were slaughtered and consumed on farms.

No live hogs were imported in 1961.
- Thirty-five pefcent of the feed grains produced-in 1961

was fed to hogs, 9 percent to ecattle. About 12 percent of
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TABLE VI
PERCENT AGE DISTRIBUTIONS OF TOTAL SUPPLIES
LIVESTOCK INDUSTRY, CANADA,
-+ MODEL I, 1961
T.  II I1I IV v.. VI = = VII VIII

-Sectdr”Catﬁle -Hogs -Feed Food Forége Meat Pro- Prepared Machinery
Grains Grains Crops cessing Feeds & Rel.Sv.

I 7.27 - - = 48.81 - -
II - o.57 - - - 72,69 - -
III 80 85 340 77 6 L 94 - » - . - llo 89 -
Iv 0.22 2017 - 13-40 - - 4-27 -
V 44.72 00 52 - - hd - O. 27 -
VI - - - - - 14.72 0.90 -
VII 9.27 20.83 - - .08 0.28 . -

VIIT _ 0.84 0.31 3.64 4.30 3.39  0.39 __ 0.10 ___ 1.16
XITIL® 38.93 19.29 22.26 6.62 12.90 - - -

TABLE VI (continaed)

; o IX - X L XTI - XII XIII, @Gross

Sector Unallocated Exports Inventory - Govern- Household Domestic

' Qutputs Changes ment ' Consumption: Output
II 20.67 0.34 1L.27 - 4.46 -100.00
III 9-49 9001 19005 - . c . 100-00
IV 31.19 x 48.76 - . 100.00
v 54.23 0.25 - - - 100.00
VI 0.26 5.31 0.21 - 78.59 100.00
VII 64.50 _ 0.63 0.11 - 4,29 -100.00 .
YIII 17.71 oo 0.42 3,43 64.31 100.00

. o . D . o
.XIIIb - - - - - -

% Export of food grains was supposed to come entirely from
- year-to-year carryover.
P98 XIIIb stands for 'Labor' sector, only percentages of total
labor employed in agriculture (sectors 1 - 5) amounting to
$87,600,000 are calculated here.
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these grains went to the prepared feeds industry. A small
portion‘of food grains pfoduction was used in secondary'
agriculture:_ 4 percent of it was shippeé to prepared feeds
industry; 2 percent was consumed by hogs; and only 0.2
lpercent fed to cattle. Estimation of the percentage of forage

crops consumed by cattle was 45 percent of the total supply.

As little as 0.5 percent was estimated to be consumed by
hogs. Another big consumer of forage crops is dairy cows
which is not considered in this study.

The meat processing industry is one of the big agricul-
turel processing industries, which absorbs a large amount of
products from the agricultural sector but in return sells 1it-
tle of 1ts products to agriculture. Most of its products are
‘final products delivered to final demand sectors. As much és
80 percent of the total supply of meat products was consumed
Aby the household sector in 1961, There.were - intra-sectoral
Vtransactions amounting to 15 percent of the total supply. On
the other hand, a greater percentage of products of the 'pre-
pared feeds' sector were delivered to the agricultural sectors
than was the case for products from the meat processing indus-
try. The prepared feed industry is somewhat of a dual-purpose
industry since 1t both processes grain and furnishes large
quantities of formula feeds to agricultural sectors. The es-
timate on delivery of prepared feeds to the 'hogs!' sector is

21 percent of total supply. Nine percent was delivered to the
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fcattie‘ sector. ‘

Compared to primary agriculture, the degfee of
mechanization is far less in lifestock production. We can
see this in Téble VII. Whlle the expenditure of primary
agriculture on machinery and related services amounted to
$369,973,000 in 1961, the same expenditufe of livestock pro-
duction was $37,445,000, only one-tenth of that incurred inm
primary‘agriculture. A 1arge guantity of goods and services
broduced by the 'machinery and related services' sector was
sold to the 'household consumption' sector. It'accountéd for
64 percent of the total production. Percentages distributed
to each agricultural sector are as folloﬁs: 4.3 percent to
the 'food grains' Qeetor; 3.6 percent to the 'feed grainé'
sector; 3.4 percent to the 'forage crops' sector; only 0.8
percent and 0.3 percent to the 'cattle' sector and "hogs'

‘ sector,»respectively. Consequently, secondary agriculture is
more labor-consuming than the primary agriculture. Of the

. total labor employed in agriculture amounting to $87,600,000,
38.9 percent was empleyéd by the 'cattle' sector. Hog pro-
‘duction used lesser amount of labor, 19.29 percent. It is
~amazling that only 6.6 percent of total labor employed in agri-

- eulture was for production of food grains.

Direct dependence between sectors. A question in the
agricultural economy is that of the inter-relation of crop and

livestock production. What are the requirements placed on
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TABLE VII
TRANSACTION TABLE, LIVESTOCK INDUSTRY
CANADA, MODEL II, 1961
(Thousand dollars at producers prices)
-I 1T III Iv Va
Sector - Secondary Primary Meat Process~ Machinery Unallocated
Agriculture Agriculture ing & Feed & Related  Outputs
: ’ Indugtry Services
I 51,992 - 583,747 - 235,014
IT 423,325 97,959 76,611 - 452,384
III 91,285 - 190,559 - 198,235
v 37445 369,973 16,073 37,813 578,198
v, 28 372,868 880,285 417,685 2,651,726 -
1%, 51,000 36,600 144,922 574,548 15,137,730
G.D.I. 1,027,905 1,384,817 1,429,597 3,264,087 -
TABLE VII (continued)
VI, — VIp T VIL VIII IX,
Sector Exports Imports Inventory Govern- Household Gross
, Changes ‘ment consumption Domestic
Outputs
I 86, 809 -1,294 36,227 - 35,420 1,027,915
IT 42,281% 35,874 328,131 - oo 1,384,817
III 66,253 -85,755 2,836 . 966,184 1,429,597
Iv *e .o 13,585 112,000 2,099,000 3,264,087
vt 4,442,002 6,327,552+ 7,393,000 24,532,396 -+
X, " - 3,594,000 889,000 19,539,000
G.D.I. 5,201, 5__-6,450, 15 30,000 11 099 000 28 +522,000 ..
n Only exports of Feed grains and forage crops were counted here.

%% 'Unallocated Inputs' sector;
'G.D.I. stands for 'Gross Domestic Inputs' .

'Labor Inputs'

sector.
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primary agriculture when secondary production is inereasing?
What amdunt of crop product from primary agriculture is neces-
sary for each "unit increase" in output of livestock? More

specifically, ﬁhat amount of feed grains, for exemple, will

Vbe«required for a unit increase in hog production? What amount
.of.forage crops will be needed for a unit increase in cattle
production?

All these questions and questions of simllar nature can

_.be answered by examining Table IV in the previous chapter and
4 Table VIII in this chapter, It is apparent in Table VIII that
there exists a close'relation between primary and secondary

~agriculture. For a dollar inerease in secondary production
41 cents 6f inputs from primar& agriculture was required in
1961. Some of the oﬁher requirements‘were>9 centé of produects

from 'meats and feeds' aggregate sector, and 4 cents of outputs

from 'machinery and related services' sector.

TABLE VIII

INPUT—OUTPUT COEFFICIENTS, LIVESTOCK INDUSTRY
: GANADA, MODEL II, 1961 :

Sector _ I 1T III?- IV =

I Secondary
Agriculture 0.050580 - 0.408330 -
II Primary
. Agriculture 0.411829 0.070738 0.053589 -
III Meats and , '
FeedS e s a0 00 O. 088806 - Oo 133296 -
IV Machinery & ’ '
Rel. Services 0.036428 0.267164 0.011243 0.011585
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To consider cattle and hog productlon separately, for

each dollar worth of cattle production inputs from the
'forage crops' sector amounted to 31 cents. Costs of feeder

cattle from publié stockyards was 7 cents, feed grains 6

cents, 4 cents each from prepared feeds and machinery
services, respectively. The cost structure of hog production
was qulte different from that of caﬁtle production except that

they both required a similar amount of labor input, 5 cents

for each doilar worth of output. As mentloned before, a great
portioﬁ of the cost for producing hogs was due to feed grains.-
They required 50 cents ﬁ@?@thf feed grains for each dollar
worth of:output. Inputé 6f hog production from 'prepared
feeds' sector were 18 cents per each dollar of output.

Products of 'food grains' sector used for feed were mostly

fed to hogs rather than to cattle, amounting to 3 cents for

‘eaéh dollar worth of output; Costs incurred on machinery and
related services was 1 cent less than that for cattle produc-

tion. Also shown in thegse two Tables are the direct require-

ments of production in so-called agri—business for products

from agricultural sectors. 1In aggregate, each dollar increase
of production'in the 'meats and feeds' sectors required 41

cents worth of produéts from sécondary agriculture, while only

5 cents worth of products from primary agriculture. In
detall, these requirements were: 30 cents worth of products
from the 'cattle' sector and 22 cents worth of products frém

the 'hog' sector for production of a dollar worth of output in
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meat processing industry; 18 cents worth and 7 cents worth of
broduets from feod and feed grains sectbrs for producing e
dollar worth of output in the 'prepared feeds' sector. Labor
requirement 1in the meat processing industry wes higher than
that‘in the prepared feeds industry. The former required 11
cents per one doilar worth‘of output while for the latter,
only 8 cents was required. The reason for this may lie partly
in the 'guaranteed wages' set up for workers employed by the

meat processing industry;

Interdependence between sectors. Output requirements -

for a sector are not only determined by the final demand for
that sector, but, alse arise from the final'demand for outputs
of other sectors. Hence there exists interdependency between
sectors. One meaeurement of this relationship is the "ratios‘
of indirect to direet requirement".. To ebtain these ratios
the interdependence coefficients in Table V of the proceeding
chapﬂer were Tirst adjusted to reflect changes in output
rather'than final demend and are preeented in Table IX. If
coefficients from Table IV are subtracted from eorfesponding
coefficients (excluding those in the diagonai) in Table IX to
obtain only the indirect requirements generated by changes in
}eutputs,‘a table of ratios of indirect to direct effects may
be computed. These ratios are presented as Table X. Each
entry is the proportion that indirect requirements of the
column sector for products of the row sector are of the

corresponding direct requlrements.
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For example, a change in output by the 'hog' sector |
would generate 16 percent as mucﬁ indirect output require-
ments from the 'feed grains' seétor as i1t would direct
- requirements. Since'direct requirements are 47 cents per
dollar'of output, this magnitude of the indireet to direct
ratio is a potent force. |

Two other ratios in Table X are worth noting. They
are those between livestock production and 'machinery and re-
lated services' sectors. The magnitudes for them are as large
as 2.42 between the 'cattle' sector and the 'machinery' sector,
and 5.80 between the 'hogs' sector and 'machinery' sector.
These results emphasize thg fact that the inter-relationships
éxisting between the sectofs,may'be vastly understated if
observétions are limited to only direct tfansactions between

themnm,

Structural analysis. Going back to Table V, one can

examine the multiplier effects of a §1 change in final demand
for output of a sec't.or.x22 As far as the model I is concerhed,
a $1 change in final demand for output.of the 'eattle' sector
would bring forth a multiplier effect iﬁ the order of 1.69.
‘For the 'hogs' sector, the magnitude of multiplier effect

would be 2.0l, much greater than that of the 'cattle' sector.

22por the concept of the "output multiplier" please see
page 28 and Appendix A.
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A $1 increase in delivery of output of meat processing sector
~ would have a multiplier effect of 2.32. 4And a $1 increase in
final demand for output of prepared feeds would bring about
1.46 of multiplier effect. |

A more aggregate model was also used for this purpose.
In Table XI_interdepéndenee coefficients were compuﬁed for
the model which enables us to see the inter-rélationships_
- between primary and secondary agriculture, and between agri-
c&lﬁural and other sectors of the economy, in terms of

changes in the final bill of goods and services.

TABLE XI

INTERDEPENDENGE COEFFICIENTS, LIVESTOCK INDUSTRY
. CANADA, MODEL II, 1961 :

Sector I IT IIT v
I Secondary _

Agriculture  1.101830 - 0.519105 -
IT Primary

Agriculture 0.494818 1.076122 0.299661 -
III Meats and ’ : '
Feeds LRI A A 00112898 - 1.206985 -

IV Machinery & ‘
Rel.Services 0.175639 0.290871 0,113858 1.011721

oo e ——— s wemesscsetptetre
e ————— ——— v— —

One dollar's worth of output of secondary agriculture
delivered to finsl deﬁand sectors would require ihputs from
primary égriculture to the exteht'of about 50 cents. Inputs
from the 'meats and feeds' sector cost 11 cents, and from the

‘machinery and related services' sector, 18 cemts. A dollar
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worth of products delivered from the ‘'meats and feeds' sector
to thé final demand sectors were assoclated with 52 cents
worth of output from secondary agriculture and with 30 cents
of outputvffom primary agriculture. These relationships
point out the current situation with respect to the farmer's
share of the consumer's dollar. It is evident that the
farmer's share of the consumer's dollar was relatively less
in ‘erop production then in livestock production in 1961.
~PFurther analysis of structural lnterdependency between
sectors can be seen in Table XII. It reveals that a 10 per-
cent change in final demand for outputs of secondary and pri-
mary agriculture had quite a small effect on the 'meats and
feeds' industries and '‘machinery and related services' sector.
‘Relative dhanges in output requirements for these sectors were
0.31 percent and 0.21 percent, respectively. Nevertheless, a
10 percent change in final demand for products of the 'meats
and feeds' sector did have greater effects on agricultural
sectors, 6.23 percent on secondary agriculture and 2.67 percent

on primary agriculture.
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TABLE XII

STRUCTURAL INTERDEPENDENCY BETWEEN
FOUR AGGREGATE SECTORS, 1961

= 1961 1961  ‘Percent change in ougput resulting from
‘OQutput Final _a 104 change in final demand for. - -
$'000 Demand Secondary Primary Meats Machine
$000  Agriculture Agriculture and & Related
——— : Feeds - Bervices
1,027,915 393,470 4.22 - 6.23 -
1,384,817 822,796 1.41 ’ 6.39 2.67 -
1,429,597 1,233,508  0.31 - 10.41 -

3,264,087 2,802,783  0.21 0.73 0.43 8.69

Intertemporal comparisons. Production of-inpat—output'

coefficlents at different polnts in time can be used to

prédict changes in productivity coefficients and interdépen=-

dence of gectors. To allow an analysis of this‘nature, census

years, 1961, 1951, and 1941 were selected to study the inter-

dependence and input-outpub coefficients of the sectors con-
cerned in both Model I and Model II. Data for 1951 and 1941,
comparable to the 1961 data given in Table IIT were collected

and formulated into input-output flow tables in terms of 1951

constant dollars.

The original data for the thrée years were adjusted to

the 1951 price level by dserf the price indexes for each

seétor. The‘adjusted flows for the three years are given in
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- Table XIII. 'From the adjusted input-output fléw tables, the

techniecal production or input coefficients, in terms of 1951
dollafé,’Were»calculated as shown‘in Table XIV in the same
manner as for Table IV of 1961. Table XV was then derived
from Table XIV. 4
| ' The flows in Table XIII and the input coefficients in |

Table XIV éllow us to meésure changes in the strﬁctural-pfo—
| ductionrelationsnipg over time. While beef production has
‘steédily increased the hog production has remained at rel-

atively the same level during the past two décades.' This is
| because the price elasticity of demand was higher and income
elasticlity of demand lower for pork tﬁan for beef. Due to
the drought experienced in Pralrie Provinces in 1961 total
production of both food and feed grains decreased to the
level of 1941. .Around five hundred millions of dollars'’
worth of feed grains was produced in 1961 and $550 millions
worﬁh of food grains for the same year. Prqduction of other
sectors associated with livestock industry all doubled over
‘ the years except the 'forage crops' sector. |

Use of forage erops in cattle production has largely

been expanded since 1941. The rate of increase in. consump-
tion of these crops was much greater than that of cattle pro-
duqtlon. While $92 341 000 worth of these crops was fed in
1941, $258,734,000 was fed in 1961. Similarly, prepared
feeds consumed by cattle have increased from $6,467,000 to
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$34,485,000 in the same period. During the years 1941 and

1961, food grains had been increasingly substituted for by
feed grains in beef production. As shown in Table XIV, for
$1 worth of cattle output, 4 cents, 5 cents and 6 cents were
required of feed grains in 1941, 1951 and 1961, respectively.
On the other hand, requirements for food grains decreased from
0.3 cents, 0.2 cents to 0.1 cents per $1 worth of cattle out-
put. The same trend happened in pork production. The direct
“requirement of feed grainé inereased from 44 cents per $1
worth of output in 1941 to 50 cents per $1 worth of output in
1961, whereas the direct requiremént for food grains per'$l
worth éutput declined from 7 cents in 194lvto 3 cents in 1961.
| Use of prepared feeds has increased greatly since 1941, most
of the lnerease has been in hogvproduetion rather than in
cattle production. In 1941 only 10 cents worth of prepared
feeds was required by $1 worth of hog production, while 21
cents was required in 1961l. Requirements of this input in
cattle production was 1 cent per %1 worth of output in 1941
and 4 cents per $1 worth of output in 1961.

Expendliture per dollar output incurred on machlnery and
related services has generally increased in almost all agri-
cultural sectors because of mechanization. Technological
change occurring in this respect did have éfeat impact on labor
efficlency in these sectors. Production in the fields of hogs

and forage crops, for example, required 6 cents and 2 cents
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worth of labor per §1 worth of output in 1941 whereas ohly 3
cents and 1 cent worth of labor were required for each $1
worth of Oﬁtput in the reét of sectors also declined since

1941 as indicated in the last row of Table XIV.

The interdependence between both secondary and primary

agriculture and the machinéry sebtor has been increasing.
Output requirements for 'machinery and related services' sec-
tor generated by $1 worth of Cattle delivered to final demand
éectors increased from 5 cents in 1941 to 11 cents in 1961.

In the case of hog production, the requireménts increased from
11 cents to 17 cents. Mechanization in hog production has
been heavier than that in cattle production over the yearé
degplte that direct requirement of machinery and related

services in catile production has been slightly. One dollar's

worth of feed grains delivered to final demand required 14
cents worth of mechanization in 1941 and 24 cents in 1961.
For 'food.grains‘ sector, a $1 worth of output delivered to

final demand was associated with 11 cents and 27 cents worth

of‘macﬁinefy and rélated services in 1941 and in 1961.

Aggregate technical changes. Observing aggregate

‘technicalrehange over time through input-output analysis

requires a "backward projection" of the outputs. This pro-

cedure is used for Table XVI. In constructing this table,
Model'II was édopted. First of all, an input-output table
for the three yéars were compiled from Model I in Table XIII.
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And then an interdependence coefficlents table for the three

years were calculated from it. }With'these coefficlents avalil-
~able 1t 1is possibie now to set up Table XVI by projecting 1941
and 1951 outputs on the basis of 1941 and 1951 final bill of
goods ahd sets of 1951 and 1961 coefficlents.

TABLE XVI

PROJECTION OF THE GROSS OUTPUTS FOR 1941 AND 1951
FROM INTERDEPENDENCE COEFFICIENTS
FOR 1951 AND 1961
(Thousand Dollars)

o
—

1941 Projected 1951 Gross AAfrojeéted

Sector Adjusted 1941 Gross  Output 1951 Gross
- Gross  Output , Qutput
OQutput
Secoﬁdéfy ' ' ‘
Agriculture 846,415 959,140 995,371 1,057,356
Primary
Agriculture 1,448,882 1,562,664 2,101,047 2,142,103
Meats and |
Feeds ..... 1,034,595 1,201,143 1,130,366 1,354,316
Machinery &
Related

Services .. 1,438,564 1,503,236 2,097,887 2,258,172

Based on the comparisons of original actual outputs
with projected outputs, one set for each year, 1941 and
1951, it is apparent that aggregate technical changes
ocecurred in every sector over the period 1941 and 1951. The -

projected output of each sector is greater than its original
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actual output. For the period 1951-1961, it seems that tech-

- nical changes occurred in all sectors except in 'primary agri-

culture' sector. The magnitude of projected 1951 output for
the sector is $2,142,103,000 which is very close to original
actual output, $2,101,047,000. |

The resﬁlts of backward projection for livestock pro-
duction in Canada in particular, have shoﬁn that projected
eutput for 1941 is %959,14@,060 while actual outpaﬁ of the
same year was $846,415,000; and that for 1951, while actual
output was $995,371,000 the projected output is
$1,057,356,000. Greater technological changes occurred be-
tween the period 1941-1951 than between the period 195l-1961..
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CHAPTER VI

PROJECTED BEEF AND PORK REQUIREMENTS FOR 1975

Economlc implications of lnput-output models for the
1ivestoek industry have been set forth in some detalil in the
Previous chapter. The account is not intended to be

exhaustive. However, some of the significant 1nter—industry

relationships underlying the livestock industry at the

natlonal level were discussed.

Knowledge would be futile were it not used as a guide
to action. The second part of this thesis 1s thus an attempt
to apply the information obtained 80 far t0 a more penetrating
analysis on the possible development of the 1ivestock industry

and the meal processing industry in Canada in general, and in

the Pralrie Provinces and Manitoba in particular. A4s it is
not possible here to'build an input-output model for the

livestock industry on a regilonal and/or provincial basis, &

combined applieatien of simpleeregression analysis and input-

output analysis was made to serve this purpose.
In the following analysis beef and pork production in
the Prairie Provinces and in Manitoba will be taken up first.

Trends of production will then be traced, starting with the
year 1951. Extrapolations on these trends to the year 1975

are to be incorporated into a projection of beef and pork
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requirements in Canada, which will be made by employing the

input-output model, to give projections for the Prairie
Provinces and Manitoba, respectively. The problem of inter-

regional transactions of beef and pork is examined right

éfter the projections have been made. Lagtly, the impact of
expansion in beef. and pork production on the mest Processing

industry are dealt with.

Beef and pork production in the Prairie Provinces.

stock production has been primarily located in both the
Géntralvand_Prairie regions of the country.gBAs indleated in
Table XVII, about 95 percent of beef énd pork has been
produeedlin these two reglons since 1940, 'Livestock pfé@ue-
tion in these two regions was of a competitive nature. While

one expanded the other contracted. This is apparent in

Figure 2. 8ince 1950 there has been a tendency for production
in the Central region to decline in significance as compared

to production in the Prairle region. It is interesting to

~ note that the Prairie Provinces, long‘known as the "bread-
. bagket" of Canada, have produced more than half of all the
caxtlelproduced in Canada since 1940. |

23Ga.nada i1s divided into four regions in this study:
viz., Maritimes, Central (including Quebec and Ontario),
Pralrie, and British Columbia.




TABLE XVII

LIVESTOGK MARKETINGS BY REGIONS AS A
PERCENTAGE OF THE TOTAL MARKETINGS IN
CANADA, 1940 - 1965

Livestock Perizds T v
or Regions 1 9£0-EE 19E5-E9 1950-5 10565-50 1960-6 65

%
CATTLE
Maritimes 0.87 . 1.03 1.67 1.43 1.39 1.48
Central 40.81 35.63 39.58 35.66 35.05 34.17
Prairie 55.14 60.51 55.78 59.88 = 60.96 61.44

~ B.C. 3.18  2.86 2.92 3.04 2.61 2.90
 GALF ‘ | “
Maritimes  3.36 3.53 3.62 2.78 1.72  1.41

Central 61.74 58.50 61.36 57.57 51.13 48.86

B.C. 0.59 0.64 1.04 1.13 1.39 1.82
Hog :
Maritimes 1.47 2.18 3.35 2.15 2.64 2.94

Prairie 58.20 42.89 37.15 44,27 39.00 38.40
B.C. -0.42 0.63 0.7l 0.59 0.49 0.47

e
aaam———

S@arcé: Galculated from Livestock Market Review, Canada
' Department of Agriculture, Ottawa.

/

In the Gentral region, both ecattle and calf production
declined in tne past few decades. Its share of cattle

production 1n the period 1940-44 was 41 percent. It declined
to 34 percent in 1965. Calf produétion decreased even more,

from 62 percent in the period 1940-44 to 49 percent in 1965.

On the other hand, hog production in this region increased
from 40 percent to 58 percent of Canada's ﬁotal in the same

period. In contrast to the Central region, cattle and calf
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production in the Prairie reglon increased, but hog produc-

tion deereased. The share of*cattle‘production in the
Prairie region increased from 55 percent in the 1940-44
period to 61 pereent in 1965. (alf production in the same
fegion increaeea ffom 34 percent to 48 peréent Whefeas the
:percentage of hog broduction deelined ffem 58 to 38 percent.
The Prairie percentage of cash income from livestock
production in Canada was higher than that of the Central
region during the period 1942-45, Since then, it has drqpped
below that of Central regien. This situati@ﬁ'ﬁas ceueed by
vhog production in the Prairie regien during the same period
(see Figure 4). In Figure 3 we can see that the pattern of
‘eattle and calve produetion has been qﬁite different from |
that of hog pfoductien in the Prairie region. There has been
keen competition in cattle production between the Prairie and
_ Central regions. For some years cattle prcduction in Central
region was greater than that in the Prairie reglon, for other
years it lagged behind the Prairie'region. It seems that
.cattle’and calf produetion in Praifie Provineces will even-
' ﬁually dominate for the years to come.
, The trend line fitted in Figure 3 for cattle and calf
production in the Prairie region during the period 1951-65
' appeafs‘as follows:
(VI - 1) B, = 40.22 + 0.70979%

where §e stands for the Prairie percentage of cash income




|

Tl
‘09
1
| e
|z
Atd
i3
04
ikl
S0

a4

- 36.-
31.

23.

LEGEND
MARITIME

CENTRAL
PRAIRIE
¥ B.C. ‘

R e S e

66

FIG.- 3 CASH INCOME FROM CATTLE AND CALVES BY REGIONS
AS A PERCENTRGE OF THAT OF CANADA

1840-13863




R s

67

LEGEND
MARITIME

¢ CENTRAL
: QPRHIRIE
g 63-0 ]

56.0 |

49.0

42.0 |

4 X
AN

Pt
V4.4

PERCENTRGE

A
>

35.0} g

2N

o

28.
21.0 |

‘;1*'Uj_fM  

" 19860 1965

1940 1845 1850 1955

FIG. 4 CASH INCOME FROM HOGS BY REGIONS AS A PERCENTAGE
OF THAT OF CANADA 13940-1965




68

from cattle ahd calf productlon in CGanada and t stands for

yeere (0, 1, 2, «...). The annual rate of growth was 0.71l
percent.
| ‘The annual rate of growth of hog production in the
Preirie region was much 1ese then that of cattle and calf
production of the region as seen invthe following trend
equation.

(VI - 2) B, = 35.54 + 0.03071t
where §h stands for the Prairie share of cash income from hog
produetion iﬁ Canada. The 1ncrease Per annum was as small as

0.03 percent during the past 15 years.

Beef and pork production in Manitoba. Within the
Prairie region, Alberta has had'the largest share of livestock

production. The next has been Saskatchewan. Manitoba has

produced the smallest share of beef and pork (see Figure 5).

While the share of livestock production in Manitoba remained

| qulte constant 1n the past the shares of Alberta and Saskatch-

ewan fluctuated greatly. Both changed in a similar pace.
Of the increase of the Prairie ﬁereentage of cattle
production in Canada, most was located in Alberta. The share

in this provinece 1ncreased from 23 percent in the period

A,194G—44 to 32 percent in 1965. An increase of almost 10 per-

cent was made. Actually the rercentage shares of Manitobs
and Saskatchewan decreased from 12 to 10 and from 20 to 19,
respectively. The increase in the share of calf production

wag the highest in Saskatchewan. It was 10 percent in the
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perlod 1940-44. By 1965 it increased to 18 percent. There

was also an increase of the share of calf production in
Alberta. The change was from'12_perceht in the period 1940-44
%0 18 percent in 1965. The difference between the two

provinces was that thevincfease in the latter had been steady
ﬁhereas in the.former‘unéteady. The share of calf production
in’Manitoba remainéd quite‘cohstant, around 1l percent, during
the same perlod. |

Alberta and Saskatchewan were also most responsible for

the decrease in the share of hog brqdpction in the Prairie
region. it appears that while hogﬂbroductioﬁ rémained at a
.Mcpnstaﬁt level the expansglon in livestoek produection in
Alberta was made in cattle and calves. The percehtage share
of'hog production decreased frbm 32 in the peried 1940-44 to
23 in 1965. In Saskatchewan, while there was only expansion
of the share of calf production, the share of hog production
deeliﬁed from 17 percent to'7 pefcent in the pastitweﬁty-five
years. | |

During the 1940's cattle and calf production in

Saskateﬁewan was,compeﬁitive with that in Alberta. However,
although the same rate of inerease in calf production has

existed in both provinces, a sharp_increase.in eattle produc~

tion in Alberta has reduced Saskatchewan's competitive
position. The share of eaéh}income from“cattle and calves

in Manitoba has declined since 1940. Although there was




TABLE XVIII

LIVESTOCK MARKETINGS BY PROVINCES AS A

PERCENTAGE OF THE TOTAL MARKETINGS

IN CANADA, 1940 - 1965

e

R

0.61

0043
0.35
4.3
30.62
9.48
18.94
32.54
2‘ 61

HOO
2Ys

*

28.94
22.19
9.21
16.94
19.55
1.39

1.21
0.81
0.62
20.15
37.72
T.46
7.69

-23.85

Livestock or _ Periods L
Provinces 1940-44 1945~49 1950-54 55 5 1960-64 1965
% 5 & %
CATTLE ,
P.E‘I. 0.42 0045 . 0072 0067
N.S. 0.15 0.18 0.34 0.29
Que. 5.63 5.23 5.97 4.95
Ont. 35.18 30.40 33.61 30.71L
Man. 12.29 10.71 9.70 9.16
. Sask. 20.09 23.41 19.81 20.41
Alta. 22.76 26.39 26.27 30.31
B.C. 3.18 2.86 2.92 3.04
CALF
P.E.I. 0.72 0.76 0.29 0.34
NoSt Oo 35 ' O; 33 ’ 0047 0.56
N.B. 2.30 2.44 2.86 1.88
Que. 27.04  28.26 32.42 31.60
Ont. 34.70 30.24 28.94 25.97
Man. 12.05 11.19 9.57 9.24
Sask. 10.18 12.55 10.39 12.62
Alta. 12.04 13.59 14.01 16.65
Boco Oo59 0064 1.04 1013
Hog
PovE'In 0086 1042 1075 1023
N.S. 0.15 0.28 0.52 0.32
N.B. 0.46 0.88 1.08 0.60
Que. T7.49 14.31 16.81 17.61
Ont. 32.44 39.58 38.95 35. 38
Man. 9.52 . 6.82 6.22 . 6.97
Sask. 16.54 10.11 T.44 10.12
B.C. 0.42 0.63 0.71 0.59

0049

%

0.56
0.43
0.49
4.48
29.69
10.00
19.41
32,03
2.90

18.13
17.84

1.82

1.37
1.11
0.46
20.94
37.20
8.17
T.14
23.09
0.47

Source: Calculated from Livestock Market Review,
Canada Department of Agriculture.
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small increase in recent years it has not recovered to the

previous level. The trend line fitted to Figure 6 has shown

that there was tendency for the share of cash income from

cattle and calves in Manitcba to decreasg.
(VI -3) M, =7.92 - 0.02014t
where ﬁe stands for cash incone from cattle and calves in
| Manitoba as a percentage of that_of canadé. The annual rate
of decrease was 0,02'percent since 1§51.

Changes in the share of cash income from hogs in

three Prairie Provinces hawefollowed the same pattern since
1940 as shown in Flgure 7, although there was a gfeater
fluctuation 1n'Alberta._ The share'of‘Saskatchewan has
declined tovthe level of Manitoba in feoent years. Gontréry
to both Alberta and Saskatchewan, Manitoba has shown a slight
increase 1n the share of cash income from hog production since
1951. The rate of increase per annum was 0.12 percent as
indlcated in the followlng trend equation:

(VI - 4) My, = 5.34 + 0.12132%
where ﬁh stands for cash incOme from hogs in Manitoba as a

percentage of that of Canada as a whole.

Economic situation in the next ten years. The fore-

golng 1s the past trends of beef and pofk produetion in the

Pralrie region in general and in Manitoba in particular.
 Under certain assdmptions, it can also provide a reasonable

basis for projection to the near future. Hence it will be
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of assistance to what is to be done in the next section -
_ projectibn of beef and pérk requirements in 1975. Extra-
polation of regreassion trends was applied both to beef and

pork production in the Prairie reglon and in Manitoba, énd

to the meat processing industry in Manitoba in this study.
A projection of output of the meat processing industry is to.

be employed in analyzing the impaét of expansion 1in meat

consumption on the level of eméloyment in that industry..
The method of extrapolation is briefly described as

follows: least-square regression equations (VI - 1 to VI - 4)
were employed. Since the year>1951 was denoted as.t =0,

t - value for the year 1975 is 24. By simply substltuting |
vthis value into the equations we obtain the projected percent-

ages for 1975.

Thus, projected cash income ffom cattle and beef
productién'in the Pralrie reglon as a percentage of that of
Canada is 57.25 percent (Equation VI - 1). The projected
share of hog production in the Prairie region is 36.28 percent
(Equation VI -l2); For Maniﬁoba, thé projected cash iﬁéome

from cattle and calves as a percentage of that of Canada is
7.44 percent (Equation VI - 3); that from hogs i1s 8.25 percent
(Equation VI - 4). The trend equation fitted to the data om

total production of the meat processing industry in Manitoba
as a percentage of that of Canada as shown in Table XXII is,
_ - .
(VI - 5) M, = 13.77 - 0.23439t

where ﬁm stands for Manitoba's share in meat processing.
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Therefore, the projected share of meat processing in Manitoba
is approximately 8 percent in 1975. |

To compleﬁe the'information necessary for projection
of beef and pork requirements by 1975, one more thing is to
be done. As mentioned in Chapter III, data on the final bill
of gcods#has Lo be obtained either from the projection made by
other stﬁdies; or'by one's own. Fof the purpose of this study,
the component in the final bill of goods to be projected is
consumption of red meat in Canada by 1975. Fortunately, there
-ahgve been some studiegmhade in this respect and the figures
‘contained therein can be adapted.

As shown in Table XIX consumption of red meat in Canada
by 1975'§as been predicted tb inérease more than twice the
veluﬁe consumed in theAperiod 1950-54. Consumption of beef
and veal would increase from 954 million peunds in 1950-54 to
2,198 million pounds in 1975. The increase of pork consump~-
: tion would 5e~frem 762 million pounds to 1,525 million pounds;
and tﬁéﬁ ofylamb and.mutton, from 33 million pounds to 86
. mlllion pounds in the same time interval. Using 1961 as a
baée year, there would be a 57.6 percent increase in cohsump-
tion of beef and veal by 1975. The increase of pork consump-

tion wculd be 67.6 percent. The pércentage changekin
) consumption of lamb and mutton would by 32.30. The percent-

24Department of Agricultural Economies, University of
Manitoba, Development of the Livestock Industry, ete., .July,
1962; M. Menzles, and F. Shefrin. "Demand Outlook for

. Canadian Agrigultureﬂ, in Resources for Tomorrow, July, 1961.
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~ages along with the consumption of each kind of red meat in

1961 méasuredfin value terms were then combined tovobtain a
welghted percentage of inerease in tqtal red meat consumption.
‘"It_turnéd out to be éppreximately 61 percent. The househqid
consumption of red meat in 1961 was valued at $953,207,829.
Aﬁding a 61 percent 1ncrease'£o this #alue, the projected
household demand for red meat in Canada by 1975 appears to be
in the amount46f~%1,534;665,000. The final bill of goods tc.
be employed to projecﬁ output requirements of beef and pork
by 1975 in the next gection contains this value and the sum
of values Which‘represents the consumption of red meat by

exogenous sectors other than household in Table III.

TABLE XIX

CONSUMPTION OF RED MEAT IN GANADA
1950-61 AND PROJECTION TO 1975
(Million Pounds)

— e o— ———
De—

Period S
’ . Change from

Items Ave. Ave. 1961 to

1950-54 1955-59 1960 1961 1975 1975 (%)

Beef & Veal 954 1,284 1,368 1,395 2,198  57.56
Pork 762 845 983 910 1,525  67.58

Lamb & Matton 33 45 57 65 86 32,30

- Source: Department of Agricultural Economies, University of
Manitoba., Development of the Livestoek Industry,
eke., July, 1962; DBS 23-203, Livestock and Animal

Products Statisties, 1965.
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- Projected beef and pork requifements in Canada for
1975. Input-output'models have been used for projecting

output in future time periods. The current model is used

for projection of output requirements of beef and pork in

1975, based on derived structures in 1961l. In order to make
the results of the present analysis comparable to those
obtained in the study conducted in the Department of Agri-

culbural Bconomics, University of Manitoba not many years ago,

all comparisons in this section were made on the basis of

1960 conditions.

The results presented in Table XX indicate that cattle
production in Canada by 1975 must increase by 53.4 percent

over the 1960 level to meet projected final demend for .

’produéts.of the meat proéessing industry. This includes 
an absolute increase in the:amount of $328,642,000 at 1961
constant dollars. If this is realized total production of
beef and veal in the Prairie region would increase from

$266,866,000 in 1960 to $540,309,000 in 1975, an absolute

increase of $273,443,000. That is to say, an 83,2 percent

increase over the 1960 level would result. among the three
provinces in the Prairie region, 7.4 percent of $540,309,000,

or $66,064,000 worth of beef and veal would be produced in

Manitoba(see last section). Compared to the 1960 level of
beef production in Manitoba this would be an increase of

61.%5 percent.
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To meet the same projected final demand for meats in

1975, hog production in Canada is required to increase from
$297,767,000 1n 1960 to $516,418,000. Although this increase
>in produétion'is smaller in absolute terms than that in

cattle production ($218,651,000 as compared to %328,642,000),
it is greater in relative tefms (73.43 percent as compared to
53. 4‘percent) The regression trend has indicated that 36.3
percent of the total production in Canada would be located in
the Prairie region, amounting to $206,567 000 in 1961 dollars.
This represents a_59.4 bercent increase over 1960 level of .
,production,van absélutelincrease of $104,354,000. Hog produc-
tion in Manitoba would be more than doubled by then. The
bercentage increase over the produétion in 1960 is projected
to be 126.7 an absolute inerease of $23,087,000. |

GonSidering internal requirements as well as inter-

“,industry demand for meat products, total output requirement

of the meat brocessing lndustry must increase T70.5 percent
over the 1961 level if an expansion of 61 percent in final
demand for thelr products is to be met by 1975. .In the viein-
ity of 10 percent increase 1n total production is required by

Intra and Inter-industry demands.




PROJEGTED BEEF AND PORK REQUIREMENTS IN CANADA
1960 - 1975, Thousands of Dollars

TABLE XX

Prairie

Items - Ceanzda - Manitoba
1960 615,129 | 266,866 40,960
1975 943,771 540,309 66,064
Cattle Abso. )
Inec. 328,642 273,443 25,104
1960 297,767 102,213 18,226
1975 516,418 206,567 41,313
Hogs Abso. ‘
: ;ne. 218,651 104,354 23,087
Tne. 73.4% 59.43 126.67
| 1961 1,127,419
Meat 1975 1,921,745 ‘ ,
Processing Abso. x X
Inc. 794,326
% _
Ing. T70.46

% Not relevant to tne'préblems in hend.

In view of the increase of beef and pork production

projected above, a question as to market outlets arises.

Will the incfease of beef and pork production in the Prairie

region and in Manitoba be entirely absorbed locally, or will

most of the meat products be shipped out of the region and

the province? What would be the'impaet of this expansion 1n

deménd for meat products on the ievel of employment in the
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meat processing industry in Manitoba? Important gquestions

such as these wlill be answered in the next two sections.

Interreglonal trangactions of beef and pork. It was

estimated that 1.3 billion poundé of Eeef and pork, or 45
percent of the total production in Candds, would be moved
from the Prairie Provinces to the deficit areas in British
Golumbia—and>Easteﬁn Ganadaﬂbj 1975{ and'ﬁhat{approiimately
60 percent of the beef and pork produced 1n"Meniteba would
be exported to Eastern Canada and to some degree to the
U.S;A., if Manitoba producers succeed in doubling the produc-
tion over the next 10 years.25 | '

Exemination of Table XXI feveals that there has been
only a small percentage of live animals shipped from the
Prairie Provinces to British Golumbia and Eastern Canada since
1951. Shipments of cattle and ecalves from the Prairie
Provinces to these defieclt areas remained relatively unchanged
in the past decade and half, while that of hogs declined from
5.0 percent of total shipments of Ganada as a whole in 1951 to
2.5 percent in 1965. Gattle and calves shipped from the
Praifie(regien to Britieh Columbia and Eastern Ganada were
only»2.6'pefeent and l.éipercent of total shipments .in Ganada .
in 1965. Compared tovteﬁal shipéents in the Prairie'region

25Department of Agrieultural Economics, University of
Manitoba, op. eit.
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1tse1f, only 4.1‘percent of cattle,v3.6 percent of calves,
and 6.6 percent of hogs were shipped to the two deficit areas.

Among the three Prairle Provinces, shipments of cattle
from Manitoba and Alberta to British Columbia and Eastern
Canada declined in proportion to tneif totai shipments. This
was more so in the case of Manitoba. In 1951, 14.3 percent of
tetal shipament of cattle in Manitoba}was shippedvto these two
‘deficlt areas, whereaé the pereéntage dropped to 4.7 in 1965.
'Snipment of calves from Manitoba has shown a similarvtrend, 
while that from Alberta increased slightly. Both cattle and
calf shipments from Saskatchewsn to British Columbia and
Eastern Canada had 11ttle_change;in}pr@portien to its total
éhipment during the past 15-years. Manitoba shipped a very
small percentage of its hogs to the two deficit areas in ﬁhe

past. The shipment in 1965 was really negligible, only 0.03
| percent. Tﬁe shipment of hogs from Saskatchewan has been '
similar to that from Manitoba. Most of the shipmehts_of hogs
from the Prairie fegion'tb the two déficit areas, especially.
to British Columbia, waé eriginated in Alberta. Shipments
from Alberts have also deelined relatively. In 1951 it was
25;3 percenﬁ of its total shipment; oniy 10.8 percent was
shipped in 1965. ’ | |

| On the basis of past trendsvjust examined, it is un-
likely that shipments of live animals froﬁ the Prairie’

Provinces to British COlumbia‘and Eastern Canada wlll inecrease
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TABLE XXI
PRAIRIE PERCENTAGE OF LIVESTOCK SHIPMENTS
TO BRITISH COLUMBIA AND EASTERN CANADA [
1951 - 1965%

Prairie Prairie Manitoba Saskatchewan Alberta

as of as of . as of a8 of v as of

Canada  Prairie Manitoba Saskatchewan ~Alberta

Total Total Total Total Total

Shipment Shipment Shipment Shipment Shipment .

% % % -k

CATTLE . : ,
1951 3.82 6.77 14.31 5.78 4.11
1952 4,23 T.49 14.33 5.69 . 5.71
1953 5.02 8.38 15.52 7.04 6.33
1954 4.37 T.30 11.67 Te.32 5.60
1955 4.12 7 o7 14.01 T7.03 4.59 -
1957 - 53.57 5.68 8.86 5.79 4,49
1958 2.44 4.01 2.05 4.86 4,13
1959 2.39 3.87 4.54 4,82 ' ‘3.04
1960 2.50 4,00 3.90 4,65 .3.67
1961 2.18 3.36 4.59 4.67 2.06
1962 1.52 2.55 4,05 5.21 o 0.69 .
1963 1.87 3.13 3.97 6.48 . 1.16
1964 2. 37 3.87 6.84 T.13 1.17
1965 2.56 4,10 4.66 - 6.09 2.83
CALVES ,
1951 1.64 4,87 10.54 4,35 0.89
1952 2.18 6.73 12.76 T.98 0.68
1953 2.81 8.09 14.08 8.38 2.69
1954 2.56 T.23 10.85 Te 49 4.27
1956 2.25 6.50 10.56 . Te 96 2.7T0
1957 0.80 . 2.09 3.82 2.94 0.52
1958 0.33 0.77 0.89 1.47 0.19
1959 1.63 3.90 5.78  6.16 0.84
1961 1.57 3.29 6.47 3.35 1.18
1962 0.88 1.98 ‘3.60 3.00 0.34
1964 2.75 6.50 9.55 9 18 2.32
1965 1.63 1.56

3.60 5.32 4.14

% See next page




TABLE XXI (continued)

Prairie

.as of .
Canada
Total

as of

Total

" Prairie Menitoba
as of .

- Pralrie Manltoba
¢ : Total
Shipment Shipment Shipment ..

Saskatchewan
Coasef Y
Baskatchewan
Total
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hanged prepertienately.rf'hie was especiaiiy so,i Man

J p1ents. The number ef workers empleyed in the indust-i
21,423 for Canada as & whole in 1950. ‘In accordawce
}&tRevised Industriel Glassification and new establishme
eeencept the level of empleyment in the industry‘
:fggi 929 in 1964. For Maniteba, 3, 075 woﬁkere were~em L
: the industry in 1960, only a sligbt increase ever the
”ae,ment in 1950 (abeut 100 Workers) .
| Based on the output prejection fer the meat‘
e\industry in Canada in 1975, $205,244 297 value,ef m
i'wemlﬁ be required, representing a 70 percent incfea e
: that of 1961. In 1ine with thie and the regression~e
“een the share ef tetal productien in Ganada (8 perce:

~ would be an increase of $2,512, 304 in the value of ‘emp

. in Manitoba'plants by 1975. Taking a $4,000 --@5 C

3;ﬁwage range, as a common denominator, the 1nterval*of

" in the number of workers would be 500 - 600 as 1ea1c
’mTablewXXIII. This is the total employment requirement
i  ¥meet processing industry in Manitoba, if the prejeete
;iexpansion by 1975 is to be realized.‘ Direct 1eber re
'ff;(aoi 444Fy, in Chapter III) by that time weuld be in’ h
é”?$e04 123,123 in 1961 constant dollars. for canadaf

7indirect7labor requirement would ameunt‘
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TABLE XXIII

PROJECTED TOTAL AND DIRECT LABOR REQUIREMENTS

IN MEAT PROCESSING INDUSTRY, 1975

89

e e T R O R R R R R R E=E——————

;  >'vItéﬁs Canada Manitoba
| Gross Domestic Product 1961 1,127,419 130,217
1 ($'000) 1975 1,921,745 153,740
| Labor Goefficient (aoé) 0.106801 0.106801
Labor Input o ' 1961 120,409 135,907
(41000) 1975 205,244 16,420
Absolute Increase ($'000) 84,835 2,513
% Incréase 70.46 18.07
“Avefage Wagés éhd
Salaries (§) 1961 4,442 4,680
| ' 1964 4,877 5,000
No. of Additional Average Wages
Employees Required and Balaries
in 1975. = , $4,000 21,209 628
’ , Average Wages '
and Salaries
$5,000 16,967 503

Direct Labor Requirement in 1975 ($7'000) 204,123

e tmtmoteem——rrr

o a————




CHAPTER VII
LIMITATIONS OF THE FINDINGS

It has been often said, "Half knoﬁlédge is mdre_
dangeroug than no kﬁowledge",;or in another expression,
"Theoretically it may ve all right put not practically”.
This is so’because people are apt to forget the limitation
- or limitations of their knoﬁledge and/or theory about»cerﬂain
things. Even the most exaet sclences of today, such as the
physical scliences, caﬁ be mistaken elther because of human
 error or because of the complexity of Nature. Nor can we
make something that holds trﬁe~for dogs also necessarily true
of.cats. An appropriate attitu&e toward 'knowledge' and/qr
'theofy', therefore, seems to be that one knows the 1imita-
tion or limitations of it and makes'the best use accofdingly.
| In general, the mbdels appiied in this study do have
certain limitations. Hence the findings derived therefrom
‘must be interpreted with caution. This chapter is éet_out to
deal with these limitations and to examine how they affect
the reliability of the results.

, Assumption of liheérity. This'assumption was made
both in tﬁéAfegfession model and in the ;eontief input-output
‘model used in this.study. In thebry, there is no need for one
to make sueh én assumption. While the 1ineari£y assumption

in input-output analysis is solely a practical necessity,
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linear trends cast for livestock production in the Prairie
reglon and in Manitoba for the last 15 years are based on
‘empirical data. As changes in produetion processes are
reiatively slow in both the livestock industry end the meat
processing industry, it is believed that the results made
from extrapolation of these trehds to 1975 are quite
-reliable.

Some comments on use of this assumption in Leontief
input-output model have already been made in Chapter II.
Assumptions of linearity of production are not new to re-
seerch in agricultural production. They have been classical
toois in farm management and other research. Constant
returns to scale have been assumed in the commonly ueed tech~
nique of imputing returns to factors of produetien. Budget -
ing, employed by many agrieultural economists in determining
aneoptimum combination of farm resources, is based on the
assumption of linear production relationships.

However, one of the most serious limitations of
linear assumptions in input-output enalysis is this: when
change in the level of net output in a sector is assumed, it
must also be aesumed that resources to produce the net output
- are avallable and can Be drawn inte the sector. This is
_generall& unrealistic in primery agriculture (and partly so
in secondary agriculture) where the quantity of land is fixed
and caplital 1s not always avallable to the individual
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producer. Limitatlions in this respect can have only a slight
:effect on the findings, since (1) projected output require-
ments for beef and ﬁork by 1975 are not too large, (2) inter-
est rates have been reasonably low in recent years, and (3)
problem of land supply is relatlively manageable within the

- range of projected output requirements.

Ihe aggregation problem. Two types of aggregation

are feasible for agriculturai gectors: (1) classification
by commodities and (2) classification by enterprises. The
commodity basis is ﬁsed in this study because of the form
of avallable data. Independent of data llmitatlons, both
elassiflcation schemes have disadvantages.

The main objectlion to an enterprise classification is
that dutput_composition varies to an extent that coefficlents
are not uniquely defined. For example, beef farmers produce
both cash‘and’feed crops. Also, cash crop farmers raise a
eertain amount of livestock in addition to crops. The propor-
tions within each farm vary over time depending on relevant
price relationships and individual preferences.

Commodity groupings alse have disadvanteges: large
numbers of agricultural commodlitles are Joint products. The
distribution of inputs among commodity groups is difficult
and sometimes arbitrary. There is no established basis for
allocating inputs such as machinery, bullding depreclation,

petroleum products, etc., among individual commodities.




93

Structure of model. The flow model and the classifi-

cation 6f'inpdté used in'this study represent only one alter-
native which might be used. Additional study may be needed
which use other models. Limitations may exist for the
classification procedures used in this study.

| For example, it can be questioned whether 'unallocated
output' should be included as one of exogehous sectors. A
more détailed model could be adopted which treats other inputs
as Separate intermediate sectors instead of relegating them to
the residual 'unallocated' sector. Additional cost items of
livestock production which can be treated as separaﬁe ‘inter-
mediate’ or ‘'primary' sector are chemicals, construction,
finance, insurance, and real estate, etc. Bub it is legitimate
to include all other\indﬁstries which are not relevant to the

. present study in the 'unallocated' sector.

Lack of Data. Data and time limitations must always be

recognized but are not peculiar to input-output analysis.
Although limitatlions exiét, if results presented herein are
interpreted with caution they provide additional quantitative
information on the struetural interdependence of the livestock
industry in Canads as well as basis for the output projection
for 1975.

| Accuracy of individual entries and dependence on
indirect estimatingvprocedures are serious with respect to

this limitation. Since no'true‘figares are gvallable for
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some entries, only by examlning the estimating techniques
and underlying assumptions, both implicit and explicit, can
one attempt to judge the reliability of the estimated data.
This applies éspecially to the allocation of inputs among
agriculiufal sectors. | |

Lack of data also prevents detalled classification
of a model. Many input items could be treated as separated
sectors were data required avallable. Imports had'to be
-allbcated to the sectérs which produce similar products in
 this study because of lack of data on imports by sectors
which use them; The disadvantage of doing this is that
domestic production is not separated from foreign production
as required by application of regults to guide policles
affecting domestic production. Data'on feeder animals were
.confined to thogse marketed through public stockyards.
Accérding to the flow table compiled by Timothy Josling of
the Uhiversity of Guelph, 193 million dollars worth of
feeder cattle and 54.6 million dollars worth of feeder hogs

were intemally transacted in 1958.

Ceteris paribus assumption. Probably, this would be
the most serious limitation in making projection for the
future. Model I of 1961 was used to project output require-

ments for cattle and hogs, and meat processing industries in

Canada. These projections may have strict limitations because

| of'the income elasticities of demand which attach to
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agricultural products ané begause of changing technical
coefficlents and factor substitution. In addition, final
demand for sectors other than the mealt processing industry
aré assumed fixed at the 1961 level. Consequently, estimated
increases for each sector reflect only changes required to
meet projected demand in the '‘meat processing' sector.

Other components of final demand for meal products
other than household consumpﬁion are those of 'exporté',
'inventory' and 'unallocated' sectors. Exporté of beef and
pork are nét expécted to be large in the near future as
mentioned in chaptef I. The maghitudes of inventory and the
unallocated are quite small. Therefore, it can be safely
assumed ﬁhat these factors would not sigﬁificantly affect
the reliability of the results. Final demand for other
sectors in the near future may be so large that they would
have significent effects on the réliability of the projéc—
tions. The most impdrtant-of the final dgmand for these
seétors are exports of feed and food’grains. As the éﬁpply
of these agricultural products appear to be ample it seenms
that they too would not bring a serious bias in ouf findings.

Effects of chahges in income elasticity, technical
coefficlients and factor substitution on our- results may or
may not be sefious. It all depends on ﬁhe gize of changes;

If it is not too radical, the effects would be tolerable.

S R




CHAPTER VIII
SUMMARY AND GONCLUSIONS

A structural model of the livestock economy in
Canada in 1961 was first formulated using the input-output
technique. Modifications and ~extensidon: of this basie model
were then developed as needed to satisfj the objectives of
thisvstudy - to quantify and analyze the interaction of rele-
Avant economicisectors and to project eutput_requirements for
the beef, pork and meat pfocessing industry by 1975. in
analysis of structural changes over time for the years 1961,
1951 and 1941 was also conducted. In making projections for
the Prairie region and Menitoba, a simple regression modei
was incorporated. |

Aé evidenced in Chapter V aggregate technical changes
did occur in livestock production during the past two decades.
It was found that greater technological changes occurred be-
- tween the period 1941 - 1951 than between the period 1951 -
1961L. With respect to primary agriculture (erop productionj,
it was observed that whlle technical changes occurred in the
periodll94l - 1951, very little change occurred in the period
1951 - 1961.

About 95 percent of beef and pork has,béen produced
in the Central ahd Prairie regions since 1940. ILivestock

production in these two regions was of & competiti#e néture,
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while one expanded the other contracted. From 1950 there
has been a trend for production in the Central region to
decline in sigglf;cance as compared to production in the

Prairie region. In contrast tc the Central region, cattle

~and' calf production in bhe Prairie region increased, but hog
production in the region decreased since 1940. The annual
rate of growth of cattle and calf’production in the Pralrie

" region was 0.71 percent in terms of Canada's total. - There

was a slight increase in hog production in the Prairie

region in the last 15 years. A trend line fitted from 1951

shows a rate of increase of 0.03 percent per annum as
 compared to Canada's total production.

| Within the Prairie»region, Manitobe has produced the

smallest share of beef and-pork. The share of cash income

‘from cattle and calves in Manitoba has declined since 1940,
Although there was a small increase in recent years it has | ' f-'
not recovered to the previous level. The trend line drawn

from 1951 indicates that the annual rate of decrease was |

0.02 percent. On the other hand, the share of cash income

from hog production has shown a slight increase since 1951.
The rate of increase per annum was 0.12 percent of Ganada's

total.

Tt 1s estimated that total beef production in Canada
by 1975 will increase by approximately 53 percent over that
produced in 1960. Of the beef cattle»increéée in Canada
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over the next 10 years, it ls expected that abeut 83 percenﬁ
of this inerease will originate in the Pralrie Provinces.
There will be a 61 percent increaee in beefl production in
Manitoba over that of 1960.

If the anticipated demand fof pork by 1975 is to be
satisfied it 1s estimated that hog production in Canada will
~have to increase by apprdximatelyA73 percent betweeh the
years 1960 and 1975. Of the increase, it is esﬁimated that
approximetely 59 peréenﬁlwill be produced in the Prairie;@
Provinces. Manltoba hog'producers will probably more ﬁhan
double theif productioﬁ between 1960 and 1975.

Only an examination of.shipments‘Of live animals from
the Prairie Provinces to British Columbia and Eastern Canada
has been made in this study. On the basie.of pest trends,
itlﬁee'eﬁeerved thaﬂ the shipments of 1ive‘eﬁimals from the
Prairie‘Provincee to these’deficit areas are ﬁnlikely to
inerease in proportion by 1975. But it is coneeivable that
there would be a large increase in outpuﬁ from the meat
prqcessing-industry'in these prbviﬁces, and that é;great-
portion‘ef the output of this induetry'would flow to British
Golumbla, Eastern Cenada snd the United States. |

| InglineiWiﬁh,§hegaut§atiprqjeahibn; theimeat process-
ing industry in danada.woqld feqﬁire'$205,244,297 value of
employment by 1975; This repfesente a 70 percent increase

over that of 1961. For Manitoba plants it is estimated that
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an increase of $2,512,304 worth of employment'would be
realized by 1975. If the level'bf salaries and wages in
recent yeérs is.used as a common deﬁominator, the corres-
ponding increase'would require in the vieinity also of 500
to 600 workers. These employment estimates were also made
under the agssumption that constant teébnoiogy prevaills in
thé industry‘during.the next 10 years. |

Findings with respect to the situation of the live-
stock industry and other related industries are not summar-
izéd here. They are readily followed in Chapter V. Although
~agssumptions and problems mentioned in the immediate preceed;
ing chapter have limited the accuracy of the.results of this
‘theéis, the input-ocutput technique does enable us to learn
many facts about our economy and make them quantitatively
clear. Inter-industry analysis is needed in a range of em-
pirical problems for which the techniéues of national income
analysis and of.paftial eQuilibrium analysis'are inadequate.

In so far as we are able to éolve the segregation pro-
blem and sufficlent data are avallable for the sectors con-
cefned, there is no reason whj input-output analysis cannot
be applied tb a particular industry Oor economy such as live-
stock at the national level. i£~is quite certain that the
results of this study can be improved if: (1) more adequate
and precise data were available, and (2) some significant
changes 1in the future were foreseen and incorporated into

the model e.g., technological changes.
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APFENDIX A

DEVELOPMENT OF SOME INPUT-OUTPUT MODELS

in this appendix few things concerning the develop-
ment of input-output models are discussed. Invaddiﬁioh to
what has been mentioned about~the concept of Toubtput multi-
plier!' in Chapter III, a compariSOn of’this concept with that
of 'investment multiplier! was first made. Secondly; the
rderivation of Model II from Model I in inpub-output analysisbwas
briefly explained. It maybgppropriate that the regional and
éédtorial model built in the very beginning of this study'be
appended here. We can then comparé this model with the one

actually used in the thesis.

Output Maltiplier 20

The concept of 'putput miltiplier! iéxto be distin-
guishe%rom that of 'investment multiplier' of Keynesian the-
| ory. The investment multiplier implies the ad justment of the

economy to a general equilibrium solution of consumption,
‘ savings; and investment.

Input-output analysis does not present general equi-
librium solutions as mentlioned above. Each output multi-
plier for each sector of the economy expresses the aggregate

effect oﬁ the production(excluding production of sectors not

26Wi11iam E. Mertin and Harold O, Carter, op. cit.,
p. 13.
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considered endogenous to the system) caused by a specified
change in a particular final demand, given the technical
production requirements of each industry. Because output

of certain sectors iéACOnsidered exogenously determined,
solutions are 'partiait father than 'complete'!, For exam=-
ple, further consumption by households(and its multiplying
effects on output) in response to increased income generated
by increased production generated by an originallincreaSe in

household demand is not reflected in input-output model,

Model II in Input-OQubput Analysis

| Construction qf Model I'in .input-output ahaiysis has
been discussed ih detall in Chaptér ITTI. Model Ii Wés de-
rived from Model I by further aggregating the intermediate
sectors ihto fourﬁ

1. 'Primary agriculbture' sector is the aggregation
of 'Feed grains', 'Food grains', and 'Forage crops' sectors
in Model I.

2. 1'S8econdary agriculture' or 'Livestock production’
sector is the aggregation of 'Cattle' aﬁd 'Hogs! sectors in
Model I.

3. 'Meat processing' and 'Prepared feeds' sectors
were added up into one sector in Model TII.

4, 'Machinery and related servicés' sector remains
the same in Model IT as in Model I.

The purpose of doing this is twofold. Model II enables
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INPUT-OUTPUT COEFFICIENTS. LIVESTOCK INDUSTRY CANADA
71941 1951 & 1961. MODEL II IN 1951 DOLLARS . .

. SECTOR - L 111 1r v
" YEAR. SEC AGRI PRIM AGRI MEAT&FEED MACH & REL.SV

—-—

. 1941 . 0.026819 0.0 ... ..0.495368
I . 1951. 0.047831 0.0... ..0.501002 .
o 0.0 ..
0.0

. & &
ococo’

1961. 0.051178. 0.458391

e . 1941 . 0.373302 0.068504 .0.069345,
e e e AT 00 01951, - 04433931 0.067643 . 0.055307
e e 1961 --.04425169 . 0.068523° 0.047496 .

P >
coo ocoo

.7 1941 0.052246 0.0 .  ..0.057655
R e & 1951 0.084351 0.0 ... ...0.081086 ..
... . 1961. 0.093103 .0.0. . .0.135795

.coo-cgc oLoO

K}

S  1941. 0.023740. 0.110302 0.002786 . 0.017549 .
IV 1951. 0.025607..0.131687 .0.007335.  0.022321
... 1961 .0.028044. 0.211068 ~0.007110 . 0.011584. .

.. .. .. TABLE Xxv

. INTERDEPENDENCE COEFFICIENTS  LIVESTOCK INDUSTRY CANADA
- ....1941 .1951 & 1961 . MODEL I1.IN 1951 DOLLARS .. . .

~ SECTOR N 1. 11 o1
" YEAR . SEC. AGRI PRIM AGRI MEATGFEED MACH & REL SV .

e - .2 1941.. 1.057398  0.0. . .0.555849 .
I . . 1951..1.103532 .0.0. . ..0.601659.

e 1961 -1.111803. 0.0 ... ..0.589723 .
1941.. 0.428123  1.073542 ..0.304053. ..

e BL e 1951 . 04519603 - 1.072538 ..0.347846.
DB L L1961 - 04513586, 1.073564...0.331418

o 1941 0.058625. 0.0 .. . 1.091999
U III. ... 1951..0.101298..0.0.. .. . 1.143470..
L. . .1961..0.119778..0.0. ... .1.220665

COO:. ©Obo ©OOO

* .
ocoo

S 1941. .0.073783 0.120529 0.050665 1.017861.
.~ IV . 1951. 0.099650..0.144464 . 0.071190..1.022829.. .. .. ...
.. 1961 0.142078..0.229251 .0.096284 1.011720 ... ...

v ————
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us to analyze the interrelationships between more aggregate
sectors, such as primary(crop production) and secondary{live-
stock production) agriculture. It also facilitates the test
of technological changes 1In livestock production over tilme

in aggregate terms.

Regional and Sectorial Input-Output Model

This model différs from the one used only in that in

addition.to classificatigﬁ of sectors by commodeity further
seggregation are made oﬂwregional basis. Both sectors

on regional basls and sectors on national basis are consi-
dered. Cenada is divided iﬁto four regions, viz., the
Meritime region, the Central region, the Praifie region,
and‘B. C. région. For each region there are six sectors
including, 'Cattle’, 'Hogs'!, 'Feed grains!, 'Food grainst?,
‘Forage crops', and 'Meat processing'!'. !'Prepared feeds'
and 'Machinery and related services' sectors:along with all
exogenous sectors are‘aggregated on national basis.

The mathematical formulation of the model is as

followss (Please see next page)
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where j,k = 1, 2, «es, 6 (which denote commodities on regional basis);
hyr =7,8, and 9 (which denote commodities on national basis);
i,s = 1,2,3, and 4 (which stand for regions).
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X = the total output of sector j in region i; o
xz'i = the total amount of output of sector j in region i purchased

by sector k in region s3
X, = the total amount of output of sector j in region i purchased

by sectors on national basis;

SO0 sSIROIGEESEONIOBOIOETSLS etc.

Yi; = the autonomous or final demand for goods of sector j in region i;
~Yh = the autonomous or final demand.for goods' of sector h.

Technical input—-output.equations. Assuming constant prdduc’cion co=
efficients glves, '

i
(III) x 'kak 8ip r ﬁ:k ah.kxkl’ Fhr = ah:rX
Substituting (III) into (II) yields in a concise form:

-TT g is R P IR
Xj -SFen R -3 Zp X = T

»%*2&%&-%%%“

Interdependence equatlons. Sclv:Lng (IV) for the requlred outputs of
each sector in terms of YJ and Y, gives ()

h
is .8
(v) ' Xf]. '72:’;1' Agk Yk + Agr Y:|:'

Sy e e et F A T,

where A's are elements in the 1nverse of the 1nput coefficient matrix (IV).

(1v)

On the basis of this reglonal and sectorlal model output requirements
‘for beef and pork in the Pralrle region can be dlrectly obtained. In addn.-
tion, mter—relatlonsh:.ps among regions and sectors can be observed, such
as the evaluation of the feed freight assistance policy on the Prairie agri~
culture and non~agricultural sectors of the national economy.




AFPPENDIX B

SOURCES OF DATA

In compiling the input-output tables for livestock
industry in Canada at national.ievel, production data for
agriculture as well as other sectors were in the most
conplete and usable form. Most of the difficulties were
experienced in collecting input data for each agricultural
gsector. As mentioned in Chaptér.VII_this is due to the
 fact that large numberé of agriculturai commodities are
Joint products. The distribution of inputs among commodity
groups is difficult. It was here that only estimated
’figures could be used.

| Sources of daté are discussed for each sector along
‘with the'composition of the'sector in the following. It is
not interided as a step-by-step account of all the estimating
procedures, problems and data sources for eaéh gector. In
fact, in some sectors, different approaches ﬁere attempted
and discarded for various reasons. vOnly SOurceé‘of data for
1961 were discussed here. They are 1ndicated as numbers in
the parenthesis which refer to those listed in the Biblio-
graphy. Sources of data for 1941 and 1951 were almost the

same as those for 1961 unless otherwlise indicated.

MLl Cattle and Calves. The total output of this

gsection is the sum of the cash income from the sale of
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cattle and calves, the value of farm consumptlon and the
value of inventory changes. In 1961 these values were
$628,839,000, (17) $20,229,000 (11) and $31,902,000 (12) re-
spectively. The value~¢f inter-farm transactions is assumed
to have been included in the cash income.

The numbers of feeder cattle and feeder calves
marketed through public stockyards were obtalned from (4).
According to (36) 650 1lbs. was approximately the average
weight for feeder cattle. The average price for féeder cattle
was also obtainéd from (4) and used to calculate the value of
total transactions. The total number of cattle and calves
slaughtered by 'Meat Proéessing Industry' sector were calcu-
lated from (18). The average farm prices obtained from DBS,
Agricultural Division, and the‘avefage‘weights (36) were then
‘applied to obtain total values. The value of cattle imported
was derived from (30). Nine percent of the same total was

ML2 Hogs. To derive'the total output of this sector,
the same procedure used in ‘cattle' sector was émployed. One
hundred and ten pounds was adopted as the average welght of
feeder hogs (CDA,-Prod. & Mktg. Branch). The average price
and number of feeder hogs marketed through public stockyards
were alliobtained from (4). The distribution of butputs of

'hogs' sector to other sectors was obtained in the same way
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as that used in ‘'cattle' sector.

MLS & 4 Feed grains and food grains. The output

data for these sectors were availablg in (4). The intra-
sector traﬁsaction was estimated by using:acreages and aver-
age seeding rates. Since there were no data on grains con-
sumed by cattle and hogs, Jenning's report (4) was adapted.
The proce&ure‘WaS to first calculate the percentages of each
kind of grain consumed by cattle and hogs as of the total
livestock consumption. Adjuéting these percentages to the
actual production of cattle and hogs in Canada, we obtained
the percentages of grains fed to cattle and hogs in Canada.
These percentages were applied to total gralns consumed by
livestock (mOSﬁiy’estimated bj A. G. Wilson of U. of M.) to
derive the amounts fed to cattle and hogs. The grains used
as materials in feed industry were obtained from (19) and
valued at farm prices (14). The export of food grains was
greater than the amount produced,in 1961. It was supposed
to come entirely from year-to-year carryover. The amounts
of inventory Changés in each kind of grains were obtained'
directly from the Agricecultural Division, Dominion Bdreau'of

Statistics.

AY

ML5 Forage crops. To derive the amount of forage

crops fed to cattle and hogs, the segregation between

cattle and hogs needs to be done only in the case of pas-




S

117
ture. Fodder corn and hay are feeds for cattle exclusively.
The same technlque of segregation employed for grains was
also applied here. The total production of pasture in
Canada in 1941, 1951 and 1961 was estimated by A. G. Wilson

of the Univeesity of Manitoba. The data contained in . ..
Jemning's report (41) were the basis for segregation of the

anmount fed‘to cattle and the amount fed to hogs.

ML6 Meat Processing. The data on total production

of this sector was available in (18). The amount of intra-
sector transactions and the domestic disappearance of meats
in Canada were évailable directly from DBS, Industry Divi-
}sion. The purchases of feeds industry from meat proéessing
industry, and inventory changes were recorded in (19). It
is assumed that the figures provided by DBS include farm
consumption of meagts. Therefore, deduction of this part was
made.to avoid double counting. Imports and exports of meat
products wére avaiiable in (30).

MLT Prepared Feeds. Farm use of millfeeds was added

to total pfoduction of feed manufacturers (19) to derive
the gross domestic output of the sector. Because of lack of

data, prepared feeds used in the meat processing industry

were estimated by using Carter's study in Iowa (6). 'The in-
put coefficient, 0.000226, was adopted. The same estimation

procedure was employed to obtain the value of intra-sector
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transaction. The coefficient adopted was 0.002931.
| Prepared feedS'coneumed by cattle and hogs were esti-
mated from datza directly obtained from DBS, Agricultural
Division, by using JOsiing's flow table (43). Adjustments

with respect to changes in volumes of production through
time were made. The flow of prepared feeds to 'Household
Consumption' sector includes canned food, biscuit, and others

for dogs and cats (19).

ML8 Machinery and Related Services. This is a rather
mixed sector which coneists of seven manufacturing industries,
viz., Machine shop'SIGQEOg? Miecellaneoue'metalefabricating
industries SIC 309; Agricultural implements,industry SIC
311, Miscellaneous machinery and equipmenf manufacturers SIC ?__
315, Motor vehicle menufacturers SIC 323, Motor vehicle parts |

- and accessories manufacturers SIC 325, and Petroleum refiners
SIC 365; The gross domestic product of this sector was |
obteined by summing up the factory shipment and inventory

change of each.component industry.

The method of‘procedure’in estimating distribution

from this sector to-all sectors included in the model can be
stated in three parts. First, for distribution to all agri-

cultural sectors, toﬁal farﬁ'expenditures on the following

7SIC stands for Standard Industrial Clasgification.

Please see (9).
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items werevenumerated from.thezdetaaconbained in (17) with
some minor adjﬁstmente: tractor operating expenses,
combines, gasolihexengiﬁes; trueke, automobiles, machinery
repair parfs,,ana depreciation on machinery. From these
figufes‘the share for'lifestock production was eeparated
alohg WithAthose for 'feed graine‘; 'food grains' and.’fOrage
crops' sectors by epplyihg.data in-(6). The results are
presehted'in-Table XXVII. o

TABLE XXVI

'RELATIVE HOURS OF TRACTOR, TRUGK AND AUTOMOBILE
REQUIRED FOR EACH COMMODITY SECTOR
CANADA, 1941, 1951 AND 1961

(Percentages)
Items Year Livestock  Feed Feod‘ Forage
- Grains - @Gralns = Crops
- 1941 5.36 25.92 17.83 18.97
Tractor and 1951 - 4037 26.07. 18.44 17.38 -
‘Machinery = 1961 5.55 - 20.95 19.50 21.69
. 1941 19.74 20.19 21.70 11.40
Petroleum 1951 1610 20.30 = 22.44 - 10.44
: 1961 20.44 16. 32 23.74 13.03
1941  23.97  14.61 = 40.31 3.09
Trucks 1951 19.55 14.69 41.68 T2 83
- 1941 65.42 15.30  11.82 -
Automobile 1951 53.36 15.38 12.22 -

ot oot r—— e
— e —eata—a i ——— —

Source: Adapted from (6).
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TABLE XXVII
EXPENDITURES OF AGRICULTURAL SECTORS ON MACHINERY
AND RELATED SERVICES, CANADA, 1941, 1951 & 1961
(Thousands of Dollars)

Year: Eivézﬁock Feed Food Forage  Agri-
: Grains Grains Crops culture
1941 6,209 30,027 20,655 21,976 115,844
Tractor and 1951 16,187 96,569 « 68,306 64,380 370,423
Machinery 1961 - 27,118 102,365 95,280 105,981 488,616
1941 905 926 995 523 4,587
Petroleum 1951 1,824 2,300 2,543 1,183 11,331
' 1961 2,768 2,210 5,215 1,764 13,542
1941 3,405 2,075 5,726 439 14,204
Trucks 1951 13,878 10,428 29,588 2,009 70,988
1961 28,847 13,726 51,255 4,114 116,225
Automobile 1951 27,815 8,017 6,370 - 52,127
' 1961 43,374 7,914 8,279 - 64,030
Total 1951 59,704 117,314 106,807 67,572 504,869
1961 102,107 126,215 158,029 111,859 614,121

—p———.

Source: Adapted from (6).

Note:

Figures in the Flow tables established were adjusted to
producer's prices.
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Figures for 'cattle' and 'hogs' sectors wére further
derived from the amount of distribution to livestoeck produc-
tion. In this respect, Josling's flow table (43) was used
to calculate the percentage shares of machinery and related
services expenditure for ‘'cattle' and 'hogs' sectors as that
of total livestock production. The percentages thus
obtained were adjusted to relative change in productions of
'cattle! and ‘hogs' sectors between 1958 and 1961.

o Secondiy, for 'meat processing' sector 'prepared
feeds' sector and 'ma¢hinery' sector itself, only repair ex-
penditure on machinery and equipment, and fuel used were
téken into account. The data on repalr expenditure and fuel
consumed are available in (18), (19), and DBS publications
on each machinery industry concerned.

Distributions of products of 'machinery' sector to
,'écvernment' and 'household' sectors were obtained from (31)
and (32). Items included in household consumption were

fuel, gas, automobiles, and automctive'operating expenses.

MLO 'Unallocated' Sector. The unallocated output of

each intermedlate sector was calculated as residual. This
was done by subtracting all figures in a row (except nega-
tive inventory change) from the sum of gross domestic output
and ilmport. The unallocated input of each column was deter-
mined by deducting all figures in the column from gross

domestic inputs of the same sector.
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ML1O Exports and Imports. The export figures in
Trade of Canada are valued f.b.b. point of shipment. For
interindustry study, it was assumed that this was equivalent
to the value f.o0.b. the producing establishment and no
ad justment was made to arrive at producers' value. However,
adjustments were made to the values of exports of the agri-
‘eultural industry and of the meat processing industry to
bring them to an estimated walue f.o.b. the farm or f.o.b.
the manufactufer. Exports of farm products were valued at
farm prices; and 13 percent of_thevvalue of exports was added
to exports of mealt products.

For 1lmport figures 9 percent of total imports was
added to raise the levei of valuation to ¢.i.f. Canadian

border.

ML1l Inventory changes. In this study, figures on
inventory changes are of three kinds. For agricultural
sectors, only inventory changes on the farm were considered.
'The inventory changes in agricultural processing and‘furnish-
ing industries were compiléd'by subtracting the amount of the
factory éhipments from the total produétion. The déta on
inventory changes in agricultural sectors were obtained
directly from DBS, Agricultural Division. Those for indus-
trial sectors were available in (18); (19) and other related
DBS publications. The inventory changes in 'gross domestic

‘inputs' row were found in (31) and (32).
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ML13 gpusehold consumption. Household consumption of

products of Tcattle' and ‘'hogs' sectors were those of farm
income in kind. It was assumed that the ma jority of these
broducts were processed in the meat processing industry before
being consumed. '

For agricultural sectors entries in 'labor' row were
adapted from data available in (6). In the first place,
figures on labor income from agriculture were found in (32)
for the years concerned. Carter's estimates (6) were then
used to calculate the share in livestoek production along
with other egricultural sectors. Derivation of figures for
'cattle' and 'hogs' sectors were based on percentages of farm
cash income from cattle and. hogs as of total livestock
productlion.

TABLE XXVIII
VALUES OF LABOR INPUTS IN AGRICULTURAL SECTORS

1941, 1951 AND 1961
(millions of dollars)

e — 1041 ioe1 . .1081
Agriculture | 86 157 195
Livestock ‘ 42,7 - 78.0 96.9
Feed grains 8.6 15.7 19.5
Food grains 2.6 4.7 5.8
Forage crops 5.0 9.1 11.3
Cattle 9.6 26.4 34.1
Hogs 12.3 17.6 16.9

Sources: Calculated from data contalned in (31) and (32).






