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SUPPLY AREA OPTIMIZATION
IN THE
WESTERN CANADIAN HOG MARKET

Peter Charles Jacobs

Growing interest In the teletype marketing system of selling hogs,
following the lmplementation of such a system in Ontario and Manitoba, and
the possibllity of an integrated Western Canadian system, prompted the
inltiation of this study. The object of the study was to determine the
optimum number, size, and location of assembly vard facilities in the
pravie provinces in order to minimize the cost of marketing the reglon's
hoga. It was felt this would provide a good basis for the extension of
the existing systems and the Implementation of any additional systems into
the reglion,

Data for the study was obtained From the Manitoba Hog Marketing
Commission, the Western Tariff Buvesu, the Ontario Hog Producers Co-operative,
as well as the 1961 Census of Agriculture and other Dominion Burveau of
Statistics publications,

The approach in this study Included the obtaining of the functional
cost of transporting hogs from available data by different types of trucks and
the application of these funetions to a matrix of distances between points on
the Prairies. Using the known distribution of production, the volume handled by

the various plants, and the cost of opervating assembly vards from the Ontario
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systen, this mateix, which was based on the transhipssat model was solved
on the computer. Two solutions weve cbtained, one considering the three
provinces as 2 single veglon and a second which restricted the amsenbly
fanetlion to the hoge within each ww@@&ﬁgﬁa These results showed the flow
patterns of hogs from producing veglons to designated assanbly vaprds and
then to final plants as well as the costs velated with the svatem,

The vresults showed:

L. The cholee of 20 ansembly vaprds

a, In the three province wodel: 3 in Hanitoba,

8 in Saskatohewan, and 1% in Albeprta.

be In the sepsvate provinece wmodel: 2 in Manitoba,
10 In Saskatchewan, and 18 in Albevta.

o Back~hauling in esstern Sashatchewan
when the assembly funstion lg rvestricted
to within the provinee hogs.

3o & slight Inoresse lp total cost when agsenbly
iz rentricted te within the provines hogs,

%, Efficiency would be increased by reducing the
number of assembly vaeds %@@&@m@&v @%&@a@imm
In Alberta snd Saskatochawan.
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CHAPTER X

IHTRODUCTION

1

» o «We sre interested not only in understanding

» « ohow the present avsten functions, but alao, more
fundamentally, in how we as students of marketing oan

take ad vaﬁfaé@ of that knowledge to bring about a nore
efficient systen, no watter vhe derives the benefit fpem
such efficlency. In fact it is fmpossible to study
warketing properly by elinging to 2 bilased point of view,
whether 1t be that of the farmer, consumer, or widdlemen, '™

This Is the gonl of this paper. In pelation to Western Canadian hog

what is the wost efficlent gystem of mavketing them? In othaep words, what
is the least cost method--the most efficient--of transfa wrring the hogs
produced in Wegtern Capada from the peints of production to the points

of processing?

The approach to be taken in t

paper to detersing the mest officlent
marketing syaten s the one of the dlalectic supresaed shove., A study will
be nade of past and present warketing systens and verious limitations DS~

sent in eamch. The efficient system will evolve frewm the understending and

extending of former systems. This paper will proceed to develop a velevant

»

iew of relevant history and

model, and thus systen of marketing, after a vev

1 " .o . . . ,
Mo Hrunk and L. 3. Darvah, Marlketing of Agrieultural Products

A W
(NWew Yovk: The Ronald Press, 1955), & Pe 8.

x

B




This centupy ! seen the developuent of many changes in the

institutions which Influence the intevvelationships of social bel

fﬁ

5

social, politieal, and economic Institutions which were prevalent £¢

the Industrial Revolution have besn subdected to examination, eriticis

violewt revolution, and gradual evelution and vedivection. These proges

of changing institutions have been influenced by, and have had inFfluenses

gk

upon, forees internal to each process respootively, Foress of wmutual

effact, a8 well as fovcer of other sspects of the woprld,

The situstion in Nerth Awmerica In the recent past
influences upon and within the apriculitural cection that rmav be considered
snalogous to the influences that led to the deeline of the feudal aveten in

the analysls iInltisted by Harx and Ingels, The Fallupe of the existing

e
Y
a2
a8

soononic Institutions e 1l with the needs, elther yeal or loag

»

of the menbevs of this secter has lad to peo-ovalustion and changes in =

seator of soclety the ms bt to be the

hers of which were previcusly thow

sreatent advocates of the status quo. more cowplete and/op
broader theorles of social change have indicated that one of the main causes

itwtiona has been dlesetivfactien with existing conditions.

»

In support of pe theories of soclal cha note that the trends

leultural movepsnts in Horth lfnewilen dupd

in the

thig century have be

2341

bazed upon the farmer's feellng of wistrestsent at the hands of the other seotors

“K. Mary and P
{Mew York: Appleton-Ce

at

Jo
Farm Confepsnce




3
of the economy. The great co-opevative movement near the turn of the &@mﬁm@yﬁ%
the creatlon of various other farm organizations, such as the @@&ng%ﬁ and the
Farmer’s Unlon, and the phenomena which are deseribed by the concept of
eountervalling p@w@ﬁg have emerged from dissatisfaction with the contemporary
situation.
THE CANADIAN EXPERIBNCE

The basls for social change eupressed sbove may be consldered to have
been opevative within the Canadian livestoek marketing gyaé@m@& There have
been and presently ave, many different types of institutions within Canada
concerned with the marketing of agrleoultural products--and, of move s paaific
concern to this paper, with the mobketing of hogs. The situation that
previously existed in Ontarie may be considered similar, Iin most respects,

3

to the situation throughout Canada, so a reviaw of developments Iin Ontario

£

g

will bave implementions for the entive countoy, Farthermore, the present
system of hog marke “img in Ontario is unique and ean enly be studied within
the contexnt of that provinee.

Prior to the introduction of the present system of hog marketing in

Ontario, the organization of the producers went through several stages, With
@ few large buyers and producers who were still acting as individual agents,

"marketing practices existed which denled the farmer bavgaining power to such

T s : : ;
an extent as to be most unbellevable." This allegation, which was based on a

L Y ] v \ »
K. L, Robingon, "Government and Agriculture in the United States",
{unpublished paper, Cornell University, Ithaca, 1965),

3% J. Buck, The Granger Movement: A Study of Agricultural Ovganization

a1l 1%8 Polltvical, Economic, and Social Hanifestations (Cambridge: Havvaprd
University Press, 1933).

°3. K. Galbralth, Americah Capitalism, the Concept of Countervailing
Power (Boston: Houghton MIfflin Company, 1956) pp, 108-165.

o

4

§@§0 Lattimer of MacDonald College as quoted in: J. R. Kohler, "The
Changing Pattern of Hog Marketing in Ontaric” (paper vead at Winth Agricultural
Havketing Clinie, F@glﬂﬁg Center, Michigan State University, East Lansing,

12 Marech 1863).



study of ewport snd demestlc market conditions in 19%9,

By, Lattiner of Hechonsld Colleps, v economist exemining the siveation,

producer dlssatisfretions were relnforged by the appralsal

profesalonal econonist. The marketing practices in question wers of

woy o om

Diveet Deliveries. VPormers couldd deliver thelyr bhegs divectly to the

packers’ plants and reasive the golng price or the price agesed upon at the

’@‘

time, Sewversl fecturs made this pothod detrivestal ta the Farver's

i

&

bargaining positlon. The fapmer, in sany 1F not nost eases, 4id not

ability to bewgein thet the professionel buying agent 41d; the duyer oould

i

auete low prices beosuse the fermer 41d not have sufficlent Information to

know he could obtaln bigher prices eleevhers; and, es ls shown to be the case

o & grester dugree in Jow | soumtries with a less medern warketd

& . »
aysten, onee the Tarmsr hes browpht ble produst ¢o merket he tends o

a low prise rather then Incur the exponse o

anether warkel op pelurnls peoduet at g later date. ALL

infovomation avelileblis o

®
%

s on market oonditleons god wploes,

Truekers mnd Drovers. Sacondly, conld deal with teuckeres snd

drovers, of whom many nldedged to bave recelved bonusss from ceptn

e Lo grnsiongys Sgrs G e e B s - . W B g
peokers to deliver the hogs to thelr plants. This peliey resulted in
o s ol Gy —— 3 <o oy o 98
flew of hoge through the pleants of the lavge procsasors, eiiminating wuohk

idle time and dncveasing the effleiency of lebtor., Thin wsthed of obiad

‘%f\ i % AP 3 i g
Jo W Mellor, The Beenomies of Apeleultural Davelopment {Ithaca:

Corpsll Sniversity Press, 19880 Chaps. AW 8 16,

B




5
a supply of hogs, although Increasing the returns of processors and truckers,
was alleged by the producers to have resulted in the delivery of producers’
hogs to plants which were at a greater distance from the producer's Farm
than other plants, and which reflected a lower veturn to the producer than
would have been obtaiped at a diffevent plant. The weaknesses of this method
of marketing, which include many of the ills of the method of direct delivevy,
account for the dissatisfaction of the favwmers with their subjectlvely
"unsatisfactory” position.

Avction Bales, A third wmethod of mavketing, once widely used in Ontario,

is & system of country auction sales., This involves sales barns, operated on
a vegular or lrregualy basis, where the local producer brings his hogs to be
auctioned to both loeald and more distance buvers. Although this method
provided a greater degree of competirion than the others, certain abuses were
alleged to be present. These included collusion among the larger buyers to
keep the prices low, ov to bid higher to Force smaller Firms, which obtained
a much larger pervcentage of thelr supply at these sales than did the larger
firms, into an untenable profit position. Although this behavior is 3Impossible
to verify, various people have commented on it, and a Kentueky study mentioned
it as a moot p@ébi@m of that state's mavketing system,§

In the aggregate, none of these methods of mavketing gave the producers
a significant amount of control over the method by whieh the prices they
racelived weve determined. In addition, all the methods seem to indicate that
the farmer's lack of ﬁar&@t information contributes to his “un@atigf&afqry”

position.

g

1

E, C. Johnson, Kentucky Livestock Auction Sales Organizations,
Kentucky Agricultural Experiment Station Bulletin No. 270, (Lexington,
April 1928).
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ONTARIO HOG PRODUCERS' CO-OPERATIVE {Gﬁ?C}lQ

Against this background of producer dissatisfaction were initiated
certain activities designed to Improve the producers' bargaining position.
The Ontaric Hog Producers' Assoclation attempted, with no success, to
negotlate a minimum price with the processors, negothted with the federal
government on bacon contracts with Britan, intveduced condemnation I{nsurance,
and forced the initiation of bankvuptey proceedings against an insolvent
buyer of hogs. These latter actions met with greater success than the
futile negotiations with the processors.

In 1948 the Ontario Hog Producers Marketing Board was set up with the
purpose of selling producers’ hogs under the Ontario Farm Products Marketing
Act, after a favourable vote from hog producers. Initially, the board acted
as 8 negotiating committes to reach agreements with the packers concerning
minimum prices, conditions of sale, forme of contracts and other matters.

It was limited in effect since it d4id not have control over the &&livéry of
hogs and thus had no means by wheh to enforce the price agreements.

In 1952-38 a central selling agency, United Livestock Sales Company,
was organized and operated in Toronto as the selling agent for the Marketing
Board. This enterprise had the authority to divert hogs from a plant when
it recelved an unsatisfactory bid, partly alleviating the alleged ills

caused by payments to truckers by The processors.

lOThis section ls drawn from: Kohler, op. eit.; J. R, Kohler (report
given to OHPC annual meeting, Toronto, 14 September 1961); J. A, Brown,
A, A, Heidt, and R, H. D. Phillips, Hog Marketing in Saskatchewan (a
preliminary report prepared for the Saskatchewan Advisory Swine Council,
Saskatoon, June 1966); and G. F. Perkins, Mavketing Milestones in Ontario,
1985-1980 (Ontario Department of Agricultuve, Toronto, 1962) pp. HU-B5.




To addition,

Bl a 2%

the hog prics for

oy inge throug In theie twansactions. This

. - . 8 g 32 oxcamves sn s & o neyd %
pirovided the fapmers with better Informatld vevalling oriess. The

aentral sgpenay

aller processors of belng able to bid on the same anlmals as

Ky

3

nrocesgors. The agency allewiated In part the large gep in bargaining ability

proviously existing when the farwer deslt divectly with the buylag agent by
performing sems of the bavgaining through its own professiénal’ The

sstablichnent of an increasing nusrber of marketing yerds throughout the
provings resulted in the central agency controlling meve hops ase the
processors had to increasingly vely on the speney for thelr aupplies.

In 1958 the Havketing Board set up the Ontarie Hog FProducers Cooperative
as 1ts mavketling agency veplacing United Livestoek Sales Company. The new
agency was granted the power to control the sale of all hoge in Ontraris
unlike the foemer agency which could only contzol those hogs deliverad to it.
Conpulsory direction through the control agency's vards was then gradually
inltiated as wore sssewbly vards wewrs estebllshed wntil at present all hoge

in the provinee with the exception of these In Haliburton and the pthern

districts ave handlesd by OHPC, the centval agenay.

F\ OB TR R o . o g
PHE TELETYPE SELLING 878YTEM

The methed of selling Iniltlally emploved by the OHPC lavelwved telephone

7%
i

contact and solieiting of bids. This syetes, which lucked mechanical records,

was attacked with accusations of favoritism, allocation of hogs between yards

q

and plents in an ineffleient panney vesulting in higher transportation costs

&

and more travel time, and other wove wniner complaints. The need for o syst

T




&

which would be move acceptable to all parties was recognized by the OHPC as
a vesult of these complaints. A mechanical system of keeping recovds wasg
congidered most desirable., TFurther, a method which assured processors they
ware receiving the hogs they bid for and not ones from a more distant yard,
was considered imperative in 1ight of their complaints alleging the existence
of this practice under the previocus system. These Ffactors led to the intro-
duction of the teletype system presently in operation,

The teletype system offers hogs to the buyers through buying machines
in thelr offices. The buying machine shows the number of hogs in an offering
and the yard at which they ave located. The buyer thus knows what charges he
will have to pay for transportation and when he can have the hogs at his plant.
Using the Duteh auction principle of a declining scale of prices, the electvonie
equipment eunsuves that the first processor to bid, and therefore the one
offering the highest price, receives the hogs. The equipment also ensuves
that the identity of the buyer is shown only on the particular buyer's
machine and the selling machine. The remaining buyers' machines merely show
that a sale was completed and at what price. Thus, the identity of the
buyer can be kept secret. The system may be regarded as having reduced human
involvement and bilas to & minimal level.

Azainst this historical background of a changing marketing system,
the question arises as to what type of marketing system would be desirable.
The digsatisfaction that was evident with the ewisting systems must have had

a basis which reflected certain eviteria of what a mavketing system ghould be.

Iin velation to this question it will be informative to explore various
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These assumed goals ave also described in the Ohlo avticle:

"The buyer wants an adsequate supply of livestock,
with the desived welght, grade, and quality required
by his trade, from & few @ouﬂc@w relatively slose to

his base of opevations., The seller wants a strong
gonveniently located mark@t with enough competition to 2

insure a good market price and reasgonably low market costs.”
Within this framework of the funetionsz which a livestock market
should perform and the needs of the parties involved in that market,

various techniques, or type of mavkets, can be examined and evaluated. I

will attempt to show that a system of assembly vyards throughout the pralvies

together with a central selling agency ecan fulfill the above vequirements.

Q&ﬁhi??

The first need to be dealt with, and the simplest to analyse, is
the one concerning quality. The present system of rail grading of hog
carcasses, besided being considered as given, eliminates the subjective
element previously inveolved in determining the price to pay when the hogs
were graded on a live basis. This system ensures that the buyer will not
make the mistake of bidding too high for hogs merely because he thinks
they are of higher quality than they actuslly are. The differentials for
quality are determined by formulae, so his bidding is based on a standard
and he pays more, ov less, depending on the quallty index established by
inspectlon.,

While this system determines the differential for various grades,
Further research would be necessary to determine 1f it encourages the

production of those grades desired by the consuner or processor.

2
Ibid.,

R
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SUPPLY

The needs of the buyer for an adequate supply s met by his bels

bid on all hogs offered T systen., In the case where all hogs

wunt be sold through the teletype system no other tyops of systen could ensure

oF

!

sueh & lavze nusher of hogs belng avellable to sach buyer, other than the
divaction of all heps throuph ona central market, whish would entall back-hauling
of hogs and greatar proguremnent costs vesulting In a less effleient azysten,
Where use of the teletype systen ls voluntarv, sz in Nanitoba, those hogs not

0

deliverved divestly to packing plents are offersd to all packers vesulting in

the largest wosomnited o

upply possible.
COHPETITIVENESSR

«

. & s A% 1 S s L } Y o ¥ & 5wt g ) Wby g ole el g
In ths list of the nseds of the saller, It way pointed oult that the

axistence of competition was s lmportant consldevetion. Thers bave been two

5t @%ﬁ@ ghowing that the telatype syoten as luplessmted has beén movs

o

Itive as shown by higher on-fs ppices, In addition theve ave

certaln analytical reasons for sssw there would be stronger compativion.

e

It should be polnted out that there is no one definition of stition

that will be sceepted by all partles. One can propose aay 4 %$§ﬁ§ den vanglng

Poom “perfest” or "pure” cowpetition to Yworkebls’ cowpestition., ALl these

dafinitions have thaiy

pars conpatition are

hypothetical abstractions, or even propositie

wareallty can have only sebltvery vals

4

lity. Verkebles conpetition also has a

a gtendard deaws from pure sowpetitdon.

avale of Selling Hogs by T
ba, Wlonipepr, 18688),

8. O, bown, “4 gmwmﬁwﬁﬁ Amalvels of the ¥Yeletyps Hog
nitoba, g@ﬁ&ﬁ““g {unpublished ¥.8q¢. thesis, Unlversity of !

Bat, mﬁ%ﬁﬁ
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With the above considerations in mind, I shall proceed to set down a
perspective and subsequent framework within which to view competition that
will be velevant to this work. As has been pointed out by various people,

2 # 2 I3 me o 5 & g
including A, W. Wood, in an article in The Country Guide, one of the main

concerns of the producer is the ability of the buyers of his livestock to
collude and decide to pay "less than falr value" Ffor livestoock. The
relating of the concept of falr value to the economic aoncept of "wvalue

of marginal product” does not add any clarity to the understanding of the
market as it mevely plays semantic games and begs the question. In addition,
as all definitions of "wvalue"” ave civcular tautologles, there is no vecourse
in that directlon that would grant perspective for a definition.

With the above limitations in mind, all of which involve civeularity
an altevnative view can be proposed. For purposes of this presentation,
competitiveness will be identified with the absence of collusion and the
presence of enough buyers such that there is actual conflicting Iintevest, vizn.,
they would bid against each other for supplies. With this definition the
test for competition will have to be Ffound in examirng the structure of the
mavket and industry. Although there may be difficulties with this approach,
the discussion above should justify its use,

Previously there were lavge differences between the buying and selling
sides of the hog market in Ontario., A few large buyers, with a frings of

smaller buyers, faced atomistic producer-sellers, Organization thedny

5&» W. Wood, "Bargaining Power In the Livestock Market", The Country
Guide, May 1962.
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hypothesiges that this type of structure is conducive to eollusion. YSuch
concurrence may be obtained whether by agreement or by buying price leadership,
2 bl 2 . 6
whereby one of the buyers sets a low buying price which others Ffollow." AL
the same time the atomistic sellers are price takers. As Bain points out:
"Where the (oligopsonist) buys from a competitive
industry or groups of sellers...it is almost certain
that the short-run supply curve will show increasing cost,
and it is very probable that the long~run supply curve
will also slope upward to the right. This is generally
true of agriecuwltural industries, from which concentrated
buying is wost common.,
Thus, the probable tendency in {(oligopsonistic) buying
from competitive suppliers is for restricted output,
inereased price to consumers, lowered price to the basic
suppliers, and excess buying profits to the (oligopsonist).
The above statement by Bain is strong in inecluding so wany practices as
probabl® tendencles., Many combinations of these tendencles may be possible
in the market place. The teletype system should eliminate all but the most
concerted collusion., With the identity of the buyer known only to himself
and the central agency, only direct control could ensure such knowledge,
This type of action iz precluded by its very nature which is non-secretive
and thus easily detected. In additlon this type of collusion would appear
to be an impossibility because of the presence in the market of a fringe of
smaller buyers which precludes any large buyer from knowing whether or not a

hypothetical paviner In collusion was the buyer who had bid higher than the

price agreed upon. Thus, collusion usder this system is all but impossible.

gﬁ & k-
J. 8, Bain, Priecing, Distribution, and Employment Economics of an

Enterprise System, (New York: Henpry Holt and Company, 1958), p. 493,

‘?g,;?_é:gﬁﬁ ?PQ 33?“’“3@8«
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The fringe of smaller buyers in this merket ensures that the only possible
form of collusion That has a “chance” of succeeding Is the wost bletant and
easily detected type. In addition, this type of collusion can only succeed if
the fringe of smaller buyers do not buy as larpe amounts as would reduce supplles
to the level where the lavge buysrs could not obtain their ragquirements at

their low agreed upon price. This would also mean that any expansion by the
smaller buyers or the entranee into the market of additional buyers would render
the collusion unstable. Cowmpetitiveness is thus ensured by the frings of

smaller buyers participating in the market at the same time as the large buyers.
All buvers must bid against all other buyers In the market unitl they obtain
thelr required supplies,

Another problem which previcously impaired the competitiveness of the
market was differing bargaining abilities of various sellers permitting price
discrimination. The teletype system eliminates this problem. There Is no
personal contact and bargaining between buyer and seller and the system dictates
that the buyers compete in buylng practices against each other. Thus, the
relevant bargaining abilities are only those of the buyers.

Th@‘aompl@te hiding of identity of buyer and seller under the taeletype
system prevents any selective bidding-up eliminating the possibility of
hurting any particular buyer without foreing the price of all lots of hogs
in the mavket to a higher laével.

It should 5@ noted that this system, while ensuring the maximum amount
of competitiveness within the market, does not give the producers monopolistic
control over what is marketed. The central selling agency performs only the
Functions of an agent and does not vestrict warketings. There is the possibility
of manipulation through timing of the use of the buylng machine in the selling

office, however, with public and industry scrutiny there Is little possibility

of pestrictive marketings from the selling side of the market belng created by

this pavticular system.



EFFICIENCY

The question of efficlency ls the most important criterion to be
evaluated, and is the immediate question to be considered by this study.
At the same time the “convenient” location of the "mavket” will be seen to
be closely velated to the efficlency celterion.

The structure of the model to be used (see Page 37) guavantees that the
Final solution is at least as efficient as direct deliveries from the pﬁédﬁﬂiﬁg
reglons to the plants. There will be no assembly yard designated in the
solution unless it entails lower costs than ave incurped by shipping divectly
from producing veglons to the final point of demand for live hogs. The total
cost of the system wust be, analytieally, at least as low as is now possible
without the system.

The individual producer could, in some cases, #ind that the solutlon,
if strictly adhersd to, would be legs beneflclal than an alternative. This
would be the case if the wodel did not seleet a yard at the locatlons of the
plant cemtres, precluding any possibility of direet delivery, It also could be
a pesult in those cases wheve a region's hogs are shipped to a plant centre
fupther away from the reglon than the nearest plant centre. In this case, a
producer may Iincur & net Increase in his marketing costs as opposed To his
shipping direct to the nearest pianta Many of these limitations are caused by
the modal dealing with producing vegions which are apeas and not the single
points which the wodel appears to use, Those producers near the outer
boundaries could have alternatives significantly different than those facing
producers near the centey of the vegion. The smaller the producing region, the
less likely is this limitation to occur. The 1imit would be where the producing
regions become identical with each individual producer of hogs, but this is a

practical impossibility due to data limitations.
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The concept of a "convenient market” Is related to the efficlency of

the system, The producer wants to deliver his hogs Into the marketing systen

2

in such a manner as to ninimize his Inconvenience, especlally related to time,
and to minimize his net marketing ams{g, His eriteria velating to his tims
input can be satisfied by having a location near by to which to deliver his
hogs thus requiring only a little time, or by ﬁavimg tyuck service veadily
available to deliver the hogs for him., The latter alternative is presently
available in almost all reglons in the prairies and can be assumed o be the
choice of most producers as the former alternative would increase n@t:&ark@%img
costs in the aggregate and thus for most pfodammawg

In ovrder to show that the system ®f$mawkéting being cmmsid&r@ﬂ.ﬁiki
vesult in a system of "most convenlent mavkets, the Ffollowing proof will
be considered:

Given two farms, A and B, & is locatad in the

supply area, designated by the model, of plant

X, while B iz located in the supply area of

plant ¥. This means that the prlce at X less

the cost of transfer to X from A is greater Powt D>P - %
than the price at ¥ less the cost of transfer ' '
from A to ¥, Similavly, the price at Y less the
cost of transfer Ffrom B to ¥ is greater than the P_ ~ t, DP -t
price at ¥ less the cost of transfer from B to ¥, - *
To determine I1f there can be any. change in the
supply arveas which incurs no additional costs,
reassign one unit of production at A to plant ¥,

STh& "most convenient mavket” concept as 1t relates to the individual
producer may vary under similar systems., In Alberta Ffor example the assembly
funetion is independent of the teletype selling svstem and the producer pays
directly for the cost of assembling his hogs. In Ontaric the assembly yards
are operated as part of the teletype system and the costs pooled or shared by
all producers. The Ontaric producer could find his net warketing cost decreasing
if a yard were located near by despite an increase in aggregate costs, This is
because the added cost resulting from that vard is paid for predominantly by
those producers not using it. The individual producer or reglonal groups of
producers can improve thelr relative position as they do not pay the full cost
added by their new vard. Alberta producers, however, because they pay divectly
for any inerease in the cost of the facility they use, wlll tend to select
asgembly facilities which reflect lower individual as well as aggregate costs.
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and, in order to maintain mavket equilibrium,

one unit from B to ¥X. The change in transfer

cost will be as follows:

For A: transfer cost from A to ¥ less the

transfer cost from A to X must be greater than

the price at ¥ less the price at ¥X. Thus the ay

change in transfer cost is greater than the e .
e ; : ; ) at, pP - P

amount by which the price at ¥ exceeds the a’ 'y 4

price at X. If this were not true A would have

besn in Y's area initially vather than Iin X's.

Similarly, the change in transfer cost from

reassigning one unit of production at B from Y

to ¥ is the transfer cost from B te ¥ less the

tranafer cost from B to ¥ which is greater

than the priee at X less the price at Y. Thus,

the combined change In transfer cost ls the

transfer cost from A to ¥ less the transfepr cost

%

- 2 e ]
'té’:i?; > ! 5 PZF‘

- Pow D
t.’bx t?@y> P T F

d ?:b>§7x - ?y

¥

from A to X plus the transfer cost Ffrom B to ettt -t >0
X less the transfer cost from B to Y. This ay  ax  bhx by

change iﬁg‘ﬁﬁﬁ tautologically muet be, gveater
Than zero,”

At the limit, the system of wmarket aveas minimizes the total cost
and results in the best sconomic position Ffor the producers salig&tiv&lyg‘
ag well as for the processovrs. Thus, the model vasulis in the most efficlent
allocation of hogs, subject to the limitations mentioned above,

This chapter has dealt with those factors which muét be considered
in a marketing system. Several of these Factors ave subject to normative
judgment and diffieult to evaluate., Others must be examined analytically
due to data limitations while some can be examined move objectively, The
following chapter will consider the models developed to analyse the spatial

aspects of economic activity and the model to be used in this study.

gﬁvmwa from class lectuves by Om P. Tangrl, (Winnipeg, University
of Manitoba, Fall 19866).
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CHAPTER III

THE THEORETICAL MODELS

The mainstrean of neo-classical economizs has neglected the space
dimension of economic processes, assuming for convenience, a single point
of production and consumption. The development of location theory and
spatial equilibrium analysis has wet this void to velate neo-classical
theory to the real world in a manner which is move vealistie than that
provided by conventional theory.

Although the development of the spatial aspectas of economic processes
took plaece in other Ffilelds, great Interest in this filsld has been shown
by those economists dealing with agricultural problems. This interest
in the locational aspects of economics has been necessitated by The
dispersion of agricultural production and its sepavation from the processing
and distributing functions.

This project is concerned with a spatial model velating production,
which is dispersed throughout an avea, to assembly, located at points to
be determined, and to processing, which is located at given points in space.
In this section several theorles and wodelz which preceded the spatial
equilibriun model, or ave wodifications of that model, will be veviewed.

The model to be used in this study will then ba developed.
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commodity will, when combined with the density, determine the area which
will be used to secure the necessary inputs to maximize the filvm'z profits.
The development of the wodel linvolves the factors mentloned above
and may be presented as follows:
v = the distance from the plant which encompasses
the supply area and is related to the volume of
the plant and the density of production in the
surpounding avea.
V {(Volume) = D (E@nﬁiﬁy}77w2
r = JV/O7T
Assuning equal cost functions to all points in the area and the full
utilization of the supply area v must be modified since the area will
be divided into hexagonal supply aveas at equilibrium. The » involved
will be the distance to the apex of the hexagon which has the relatienship
" = h/eos, 30, where h is the shortest distance from the center to the side
of the hexagen. This v’ must be larger than the previocus » since the area of
a hexagon with a given radius is less than the avea of a circle with the same
radius. The upper limit of »' is where the original » is equal to h. Since this
is too lavge, a good estimate would be the apex which is halfway between r and
r'y viz, " = »/.983018, This is the estimate used by Olson and may be
considerad as a good approximation. In Figuve I, » Is the radius of the cirele
that would glve the necessary volume. Howaver, the hexagon of radius » is
giroumseribed by the civele and hasg a smaller area. The relationship »' =
hicos, 30, h = v generates a second hexagon which cirveumseribes the civele
and has a lavger area. As in Olson's a@ti@l@a the best estimate is assumed
to be the hewapgon with the distance to the apexr which is halfway between

&

v and 'y In this case »",

“Ibid., p. 1551

.
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Figure |

Determination of Radius of Supply Area Under
Perfect Homogeneity.

(From: Olson, F. L., "Location Theory as Applied to

Milk Processing Plants", Journal of Farm Economics,
Dec. 1959, p.1552.)
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FIGURE II

SYSTEM OF MODIFIED HEXAGONAL SUPPLY AREAS

Source; Class notes under Om P. Tangri, University of Manitoba, Winnipeg, 1967.



FIGUFE III

POSSIBLE SUPPLY AREA
WITH
NON-HOMOGENEQOUS TRANSPORTATION FACILITIES
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involved in transferring homogeneous commodities from various origins to

vavious destinations. Although this type of problem can be seolved by the

simplex technique, the transportation model is a more efficient method for

solving problems which fulfill its move vestrictive assumptions.
These assumptions ave:

1. Homogeneity of the commodity tvansferved,
i.e., the supply at any point can be used
to satisfy the demand at any point.

2. Supplies of the commodity available at the
various origins and demsnds at the various
destinations are known and are equal in
the agpregate.

3. The cost of transferring a unlt of commodity
from each origin to sach destination is
constant and independent of the number of
units transferred,

h. There is an obisctive function to be optimized.

5. Transfer between points ls non-negative.

The Jast three assumptions ave quite similar to the assumptions of geneyal

linear programming. The first two assumptions, however, ave what make the

transportation model more restrictive than the simplex technigus.
Nathematleally the wmodel can be expressed as follews:

m n
Minimize: Z = > S ¢

®
=1 §m
n
subject to: > g bi {supply at origin 1)
j=1 '
m
2y, =y, {amount required by destination §)
P 3
i= .
n i
> yﬁ ® bg (total supply equals total demand)
dm] i=1 -



Y # 0 {(non-nepgative tvansfers)

where:

Qiﬁ = the transfer cost per unit from origin I to destination i
hiﬁ =z the amount transferred from origin i to destination j

%i = gupply at origin i

yﬁ z demand at destination 9

Solution of the Model

As with other lineay programming methods, the solutlion of the
transportation model involves beginning with a Ffeasible plan, epplying some
criterion to determine if the original plan can be improved, and modifying
the plan, In determining a first feasible solution, the north-west corner
$ule iz used. This merely means that, glven a set of origine and destinations
in a matrix, the vequirements of the destinations in the first column Is met
with supplies in the flvet vow, the upper left, or north-west corner. Then
the pricedure is to the vright or lower cell, east or south, depending on
whathey theve i a net surplus or defieit in the supply row. This is shown
in the matriz depicted in Tigure IV,

There are two major means of changing the plan. The first, the stepping
stone method, gives a path which compensates the entive matrix for a unit
incresse in an inactive cell. At the same time it provides a eriterion for
Judging the possibility of Improving the program. IFf, in Figure IV, we
wished to supply Point 9 from Point A with one unit, there would have to be some
adjustment in the entire matrin gince Polint A would otherwise be supplying more

than it has, and Point 9 would be vecelving more than it needs.



Stepping Stone Method

In order to balance Row A we now allocate one less unlt to Cell AB,
Now Column 8 is Imbalanced so one unit is added to Cell B6. Simllavrly:

Call B7 -1, C7 +1, €9 -1, until all the vows and columns are balanced.

There are costs associated with the transfer of units of the commedity
from each origin to each destination, These are shown in Figure V. In the
change of plan presented above each of the increases In the amount shipped
to a destination from an ovigin incurs an empense, while a saving is realized

where less is shipped. This is outlined below:

Increase by 1 - cost Decprease by 1 - saving
Call A% 1 AB 3
BB & B7 §
c7 2 ] 2
Total 9 10
9
Het Saving T

This vepresents the saving thet would result if one unit were to be
shipped from A to 9. Fach possible change has a cost or saving assoclated
with it, so each stariing Inactive state will have a value as is
deploted in Figure VI,

The selesetion of the inactive cell with the largest saviog for
increasing the flow on the next iteratlon leads to a plan which entalls less’
cogt than the Ffirst feasible solution. The cell selected on this basis
should receive an inovease equal to the smallsr of either the supply avallable
at the relevant origin or the demand at the velevant destination. By
successively applying this technlque, an optimum plan is reached where none

of the cells represents a saving. If a starting plan has a value of zero, the

uge of that cell obtains a plan as good as, but no better than, the former plan.



FPIGURE

Iv

STEPPING STONE MATRIX

i
; : total |
origins | destina:ions volume
i
| ] |
1 02 b 3 1 4 5 | 6 7 8 9
i ; Z i
| ] |
A 200 | 75 75 200 | 175 ?25(“5) (+5) 750
L75
B (+5)25(-5) 500
C | 75(+5)] 125 50(-5)] 250
total 200 | 75 75+ 200 17¢ 500 1 100 ' 125 50 1500 j
Source: E. O. Heady, and W. Candler, Linear Programming Methods (Ames:

The Iowa State University Press, 1966), ch. 10.

8¢



FIGURE V

TRANSPORTATIOM COST MATRIX

total

origins destinations volume
1 2 3 4 5 6 7 8 9

. 5 14k 2 1 3 7 4 1 750
B 2 3 2 6 L | 6 5 4 3 500
C 1 2 1 1 5 7 2 2 2 250
total 200 75 i 75 200 17¢ 500 100 | 125 50 1500
Source: E. 0. Heady, and W. Candler. Linear Programming Methods (Ames:
The Iowa

State University Press, 196€), ch. 10.




FIGURE VI

NET CHANCE MATRIX

total

origins destinations volume
1 2 3 4 5 8 7 8 9
A 5 7 1 750
B -6 -1 -5 1 0 -1 -2 500
C -4 1 -3 -1 ik L4 250
total 200 75 | 75 200 175 {500 100 | 125 ; 50 1500
Source: E. 0. Heady, and W. Candler, Linear Programming MEthods (Ames:

The Iowa State University Press, 19€6), ch. 10.

0¢
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The MODI Method

The second method of solving the transportation model, the MODI
method, begins with an initial Feasible solution and proceeds to select cell
values associated with the active cells. After the values fop the active
cells are in a matrix, an @rhi?yayy number Iz selected for the value of a
row or column. At this point, since cell value = vow value * column value,
the values of the remaining cells, rows, and columns are automatically
deternined,

This matrix of values is then compared with the matrix of the original
transfer costs., The cells with a cost less than thelp MODI value are the ones
to be activated in the nexwt itevation. By. choosing the cell with the largest

a

difference between actual and MODI values, and successively applying this

2

3

techuigque until no values are less than their MODT value, an optimum is vreachsd,

The gimilarity of the two methods of solution is evidenced by the values
obtained in the comparison of the MODI and transportation matvices. The
difference between the cell values 18 the value of the path, and thus the
cell value of the matrix in the stepping stone method.

Due to the inadequacies of the computer facilities at the University of
Manltoba, the transportation model as such could not be used to solve the
problem in this project. Instead, a linear programuing revised simplex
Format was used under the Mathematical Programaing Syetem (MPS) of the
IBM 360~85 computer system.

In order to understand the relationship between the two formats,

it will be necessary o show the matpix analogous to that shown in Figuve V

ag it would appear in the simplex Format. This is done in Figure VII with



a2

the most notable feature being that esch cell wvalue in FPigure V now requires
an entire column of activity. The transpovtation costs become a separate row
heading each column, The matrix enties are all unity, the supplies and
demands become activity levels--right hand sides (RHS)., There are diazonals
of unity to transfer the RHS of the columns of the matrix in Figure V to

ls increased substantially, vixz., vows

o

the rows. The size of the matvin

fut

nerease by the number of columns while the columns increase by a facton
of the number of vows becoming the product of the two. Consequently, the
density of The matrixu decreases,

The solution of the problem 1s not changed as the simplex mathod
changes activity levels to veach an optimum. Ih the simplex method theze

activity levels ave veflected as column vestors, whereas they wers gell

values under the transportation model Format,



FIGURE VII

LP MATRIX FORMAT

ALl|a2|A3 |au|A5|A6 A7 [a8 A0l B1 (B2 /B3 |BU|BE 1B6|B7 B8 [BY| c1lc2|ca e ics ice 7 |csl oo Cost—
level

slafuj2ialsl7)ufsl2lsl2|ejulels|ula 1|2jr{1|{s5|7]l2 212

A 1laf1j1j1{afa]|aj e

B 1l1jxj1frjrj1l1fa e

¢ 111l aj1y1)a] 1) 250=

: s - 1 200=

2 - - 1 75=

2 - ! 1 75=

: ! . 1 200=

¥ § 1 1 175=

° . * 1 500=

! = - 1 100=

: . L 1 125=




THE RELATIONSHIP BETHEEN THE LOSCHIAN APPROACH
AND THE TRAMEPORTATION MODELS

The Loschian spproach to the study of navket aveas may be compared
to the transportation models, although the yestrictions of the two approaches
are different. 7The Loschisn approach deals with the completely hemogeneous
case whers the Flwms have ldentical cost funetions smd thue identiecal volumes.
On the other hand, the transportation models use weal weorldd values which give

differing volumes indiecating that cost funotions ave not fdentical and/op

other assumptions of complete homogeneity do not held. Density of production
is assumed te be homogenecus in the Loschisn snalvsis, while the other approash
doals with explicit volumes For glven points ov reglons,

The velationship mey be showm by consldering the following exawple.
In & plane, as in Filgure VIIY, the trauvsportation model can be viewed as
dividing = supply aves between plante in such & manner as to approximate
the ideal shape of a Loschlan aysten, Produetion in this case is depleted
as oeeurring at one podnt, viz., the centre of a census subdiviaion, which
approximates the aggrepate distance luvolved in transporting a commodity
within the subdivigion,

I# In Plgare VIII, squaves 1 to 35 pepresent the centres of the sube
division, each produeing 100 units, eg., hogs; and A to D vepresent Plants
A, B, and C vequiring 700 hoga and D reguiving 1,400 hegs, then the winimisation
precedure may allocate subdiviaslen production as shown by the howdaries, The
supply aveas for each plant will be as cutlined by the heavy lines.

Although the supply avess sre not k@wa@@mw¢ the logieal ewtension of
this approach, if theve were homogenelty of production denslty and vequivements
and a large number of swmall producling vegions, would be a distribution of avess

in 8 hemagonal pattern. Another way of expressing this fs: at the Jinmit, as



POSSIBLE SUPPLY AREAS

FIGURE VIII

1 2 3 4 5 6 7
PLAN PLANT
A B
8 9 10 11 12 138 14
15 16 17 18 19 20 21
LANT
D
22 23 24 25 26 27 28
FLANT
C
29 30 31 32 33 34 35

Se
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the number of producing yeglens approsches $nfinity and their sizme approaches
zore, the transportation medel solution gsppreaches the solution of the Loschian
amalysis, viz., & system of hexaponal mavket sveas. This can eanily be seen
by comparlng the coneepts of the integral snd the sumsation, which alse

approach each other at the same limit. 9ince the Loschian analysiec uses a

double integral function snd the transpertation model uses a double sunmation,

the slmilarity iz appavent

Using a lineer wodel, a2 single point must be ueed ae the source @ﬁl
production, and the resulting shape of the warket area nust be a Flgure
made up of the original fovms lnvolved. Thus, In seuthern baskateohewen, the
shapes depiceted in FPlgure VIIT wnight wesult, while in Manitoba or Albepta
less rvegular shapes veflecting the boundaries of wivers, lakes, etc., way
PegRlt,

In dealing with real world date, where productlen levels, trangportation
fasilitiss, plant covt funetion, ete. are not honogensous, a wethod fop
approxinating the actuwal incurred cost must be utilized. Meve refined snd
omplex theories, Including allowances for varying densities of production,
binses in the transportation system, ete. sould be employed. With the
introduction of these more complen technigques, the additional acouracy of
voprasantation of the real situstion may not justify the extra time and effept
voquived, An exception may be the vesults cbtalned through the nse of simula-
%ﬁ&mg tochniques where the various parameters, e.g., transfer cost, plent
operating cost, supplies, demands, ete., con be varled easily within the progran
o indiecate the effects of sueh changes. In lavrge distribution probleps thele

use may be justified,

& — e : .
H, Lg Goraon, and F.B. Maffel, "Technlcal Characteristios of Disteibution
Slmulatory”, Hanagement %ﬂi@%mﬁg Detobey 1883, pp. 82-88.
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to and Frow Intersediste peoints. The transhipms
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and Logan® end modified by Hupt and

5,
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Tranel is veadily apmenable, with certain

satrictions and changes dictated by the pavticular clroumstances, to the

problen presented in this thesis. The vpodel o net one dealls

transhipment, but allows for the polints wheve tranchipsent could

conaidering these polnts ap

The nodel way be presented as follows:

Bon
B
EY T4 2 byl . y - “ rod
Uinlnige: & = E § Cop ¥y 1oWF phy, B yef
: . s Py h
-&,-wi J.‘q.“

5w a&&a& ﬁ@%t of transfer of hogs Tron produsing veglons to

assenbly verds and Prom the yards to plapt cenltres Inoludi

the opswvating eonts of the yavds,

subiect tor ¢ €0

o, w 0 Fop = 7 whepre 1 % pbl, ...m and §

]
St
4
L
~
&
“\ﬁ

s 2 “ 5 4
z g For I-p F  where I = pel, o..m oand

Sk
#
i

=5

P
-

g for L = 3, (o.p and ¥ = yel, .00

® %ij + %i Fop I = 3, «o.pand § % 1, ...y
L. Orden, he Teanshipeent Problen” . Yenagewant Selence,
‘gﬂ

1 *ﬁ¥@?&i "Herohonsing Transhiprent Under Seasongl

{
£ Raplonal ieﬁgm@&a Summer

Plants w
um, Fab.

S’}i‘{‘"lﬁ\% ES

Tramal,
of FParw

e

"Elveynative Poesulations of the
wig. 1965, pp. TE3-TI3.




total deliverdes To plapts =

o i

Xl

wiled by

nrketed,

o

S

in the Trannisy ©

fon 4

& L3
% opbd

1

i tha
o ol e

E&E&o‘ %;

K
w3 e ¥

is the nushoy of
ragion 4 to yapd

e B
e Rind X
Tomowel, L..8

s number of Trane "*?ﬁi&w Ty
3 %o plant eentre Ly 1= L, ...p
.

I S

iz the tvansfer cost
o plant sentre 1 4

ig = }uy‘ orv(oﬁg“

opavating cost per hop of vawd 4o

Jeha
7
&

P ’; e
s

R ¥

st
v
S
o
i

gopaunbly vaprds

ig the nueber of 3




et

B

e e Foaad

2

R R

[ S, 5
the pr Tedes

. ki @ &

Bon &
in e allow

g Wy

1 the

o o the o

il i 2 Fis T
wlon.,  Sut

& %

Fady

@

%% 5 24 £ %
Ly werds in

5 e = - 5ty O J Y g
Lo the oost nateliz

e v .§'| E) ..
Ter will be

snd dfva

R NRde SRR

srmaelatsd

B

ity can W vy 3 g % 1 a
svarall cost lavels L

A TR



FIGURE IX - A

MATRIX TORMAT
SOLUTION

W
w4
[V A
=
w o
Y O
g = Hog Shipments from No Relevance to Problem
o o :
I, Yards to Plant Centres
C
)
E Excess Yard Hog Shipments from Producing
g Capacity on Diagonal Regions to Yards
’%—l
O
o
&
T
>-q

Yard Capacities

Supplies of Producing Regions

0n



FIGJRE IX - B

MATXIX FORMAT
CO3T ENTRIES

PR t,, + H, transfer A
C ij i
g g costs from Yards to Plant
g O Centres plus assembly costs o No Relevance to Problem
g P
OR =
Q ©

3

o

~.
o™ C
‘Diagonal
0

0 has

Q

-

hat 0

0

©

01 ZEero

O Remainder of C..

o matrix o to ‘ *

5 reclude entries 0 Transfer costs from

> P costs Producing Regions

to Assembly Yards
0

Yard Capacities

Supplies of Producing Regions

TH



£
]

CHAPTER I¥

Fgl & Sy

T 3 {s{}“\ é:%)

Location theory prediets that trensfer functions will have certalin
properties. Glven certain fixed sosts of a transfer systen and terninal

coste, the transfer cost function shonld begin at a positive valne st sere

distance and increase with the distance twavelled. The gost doen not incrasse

proportionally with distance. rd axplaing, “In industrialized aveas
modern transport media requive lapgs overhead expenditures and ineur o many
costs and offer many services (especlaliy terminal) which ave unvelsted to
the distance covered in a given shipment. Typleally, tarlff per distance

wnlt or zone ls steep for the Flret zone end Falle abruptly from the first

to the second zone and sonsiderably less sbruptly between each ﬁﬁ@@@gﬁiﬁg BONG
{or set of mones) and the one aftey, Taplff structures are graduated, rates
baing less @&&m sroportional to @i@@&ﬁaﬁﬁﬁg This is veflected in Flgure ¥
where the cost funetion 1z lneressing at a decveasing vate. The step-like
norizontal lines peflect the wonal characteristic of modern vate gtroctures,
Iserd also points out that realistie vete struectures may refleet differing
conditions in various directions through higher or lower cost, e.z., mountains

o
in one direction from a point and level prairie In anothev.

In addition to the polnts wmentiened abeve, 1t will be worthy to note
that the terminal costs way become move gomplicsted than a simple single

value. Figure XI deplete a hypothetloal case of a trucker's cost

s =

Ao, . . . . w »
We Isard, Location amd Space-Leonomy, (New Yewk: John Wiley and

Sens, Ina., 3%%§§ Pa 10N,

o
o
Ibid,

AR R
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transporting hogs. If each point, & to D, vepresents various farms at which
the trucker stops to collect hogs, there should be a terminal cost associated
with each point. Thus, the total cost of transport from A to the market, M,
is shown as TIC. If at the same time we show the cost of transporting the
same number of hogs divectly from A to M without other stops, it is appavent
that this would be a lower cost, viz., Tﬁl@ Th@rﬁﬁgreﬁ it is possible to

see the gavings that could result from veducing the number of stops made in

2

transporting hogs Ffrom producing units to markets.

Consideration of the type of trucks used should further 1llustrate
the cost functioms involved. It could be expected that large trucks, as
compared to small trucks, should include a greater amount of fixed cost in
their cost functions due to larger capital expenditures. In addition, as it
requires more energy to move a larger truck, its wvariable cost should also
be greater per unit distance. This is reflected in the comparison of operating
costs of half ton and one and one~half ton trucks shown in Table Emg

Due to possible sconowies of scale, it would be ewpascted that the
larger trucks would have a lower per unit weight/distance cost. This is
shown to be the case in the third line of Table I where the cost per half ton
mile is shown for the one and one-half ton trucks. In each case the per

unit cost ls less than that for the half ton trucks.

3Cﬂ F. Capstick, Cost of Owning and Operating Farm Trucks in

tastern Arkansas, Agricultural Experimental Staticn Pulletin,
(Fayetteville, 1980), Tables I end II.




Cost

FIGURE X

TRANSFER COST FUNCTION

Total Transfer Cost

Distance

Source: E. M. loover, The Location of Toonomic Activity (New York:

McGraw-Hill Book Company, 155., 1967, p. 21,

ity



FIGURE XI
COST OF TRAMNSFER FROM A TO M
WITH THREE NTERMEDIATE STOPS
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TABLE I

AVERAGE CO8T PER MILE FOR HALF TOW
AND ONE AND ONE-HALF TON TRUCKS IN ARKANSAS
BY ACGE AT 10,000 MILES PER ANNUM

vears of use

(cents per mile)

¥ ton: 1i.4 10.8 9.8 £ 9.1 8.8 8,8
s ton: 16,7 15.6 1.7 14,8 14,2 18,0 13.5
par

% ton: 5.6 5.2 4,9 4,9 4.7 W, b,8

Source: C. F. Capstick, Cost of Owning and Operating Farm
Trucks in Bastern Avkansas, Arkensas Agricultural Experimental
Station Bulletin, Fayetteville, 1960, Tables T and IT.




GPRR COBT FUNCTIONS

The above charactevrdstivs of transgfer cost Funotlons wvere borne-oul

by dats used in this study. Regre senions were performed on twe mets of
epuck rates to determine the transfer costs Lo ba amad.  Trucks were
used as the mode of transportation in th study az a comparison of rall
W cvuek vates for common points fndicated that teuck rates were luag
. S b .
in nopt oNBeH. Alehoush 1t would be nove accurate in order to aryive at

o

the minioue cost to determine the setual vates for all points in the mod

compare the modal rates and selest the lowest vate for wae ifn the wodel,

the method wsed im this otudy was to apply a funchional relationshlp of

Jatance and rate to n weterdx of dstances to develop the teansfar cost

e

%

matelin,

2

This technique was uwtlilized as It vepresented a substantisal saving of

researeh time. IUs accuracy iz depandent upon the : henogenaity of the

. .
highway w gomts. Although there can be

twerk and the resultling dwal

vy X 4 PR TR S
no wpealist oel beling

o
&
el
%

rption of such howogenelty, the sast-west ¥

W

wore developed than the WQWW&MQ@Q§% network, additional povermment

tures on highways should produce a prestey howogenslty thon that which

sregeatly exlsts.

In this project simple regressions wer surformed on two different’

w«f;

.2«‘

gote of vate data. The flprst involved a questionnalivs to rpuckers to the &%,
Bonlface stock vards snd wes obtalned through the Hanitobe Hog Marketlng

cosmdasion. As the data weve net stratified by truek slze, they inelude all

&

1

In a comparizon between YWestern Tarlff Burean, Tariff Wo. 501, and
S @@&%&@@ communlcation from Capadisn Hational Rallways: of 8k copwmon
wints, 72 opr about 886%, bhad a lower truck pate.
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cemmerelal vehleles haullng inte the yards. With the 168 ebservations,

there ware two distinet trends In the data. The dats were split at 105 niles
and two stralight line vagresslions wers performed. The firet vegvession
performed on distances less than 1085 miles included elghty-nine observations.

The vegresslon yields the funetions ¥ = 68,0 + .80% wheps ¥ s the cost in

of transporting one hop, ifscluding on fapn plek-up and ¥ ls the distanca
travelled In wiles., The regvession had o coeffielent of determination, »°,
of 27 and was significant at the 1% level uning the ¥ test., The regression

eoefficlent was alee aiznificant at the 1% leval as indlested by the udent ¢

For distances grester tham 105 mliles, the simple vegression on
seventy-flve cbservations yields the function ¥ = §8.0 + ,USX, The coeffielent
of detersination, @ﬁy had a valuwe of 4% and was sipnificant at the 1% Lavsl
aw wag the vegression coefflolent.

In the second set of dats, two hundrad seventy observetions of tyal

loads of not less than 20,000 pounds Feom polwts in Saskatchewan to the
8%, Boniface yards, taken from Western Taplfs Buveau, Teriff WHo. 501, Section 3
thers was no definite break ln the ocbaervations. The straight Line ragression

ol these data ylelds 2 sest Funotien of ¥ o® 0.0 ¢ .39% whieh inciunded

ene plak-up. The cosffiolent of detersination, »°, had a value of .00 and

&

was slpgnificent at the 19 level as was the regrassion coeffleient.

5
T

1t may be chserved from these vegression values that the lavger trvucks

which do net stop at a levs

number of Tares Ineur a Jower transfer cost at
distaness greater then 18,3 miles. Although this seems an unrealistically low

distance for this econemy to oeour, which may be parvially explained by the
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small number of ohseprvations at short distances, 1t does indicate that there
should be some point at which it would be less expensive to aggrepate farmer's
hogs and then transport them in lavger lote using larger trucks. It is
worthy of note that the high per mile cost of the survey involving smallev
trueks includes a few larger units with large loads similar to those in the
second set of &ataﬁg These lavger units would normally be included in the
mixture of trucks which opevate at distances greater than 105 miles. Their
presence is reflected in the lower cost funotion For that range of distance,
These cost Ffunctions ave shown in Figure XII, The functions which

ineluded on farm plck-up, apply to transfer from producing region to assembly
yard, In Figure IX-B, these are vepresented by the @ij?ﬁyiﬂ submatrizr U and

can be stated as:

- “ Z
Sea B 4 @ 5 < & had 9 5
Ci} BB ﬁﬁﬂi§) g Eiﬁ 108

€,, = 68 ¢ 458D, ,: 105> D

19 1 13

DAY

fals

wheve: cij is the cost of transferring one hog from i to § including

on farm plek up and

Diﬁ is the distance from i to 4
The function obtained from the data using 20,000 pound loads applies to
the transfer from assewbly vard to plant centre. This is represented by the

ﬁ%fgg of submatrix A in Figure IX-B and can be stated as:

t,, = 70 + .52 B,,
i3 i3

whepe tiﬁ is the cost of tvansferving one hog frem i to §, and

D j is the distance from i to 4

bete

&
Qéyawn from conversation with My, L. Ced
Hog Marketing Commission, May 1967,

gwick and others at the Manitoba
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ABSEMBLY COST FUNCTIONS

In thé derivation of assembly cost we could expect that the averags
aoat per hog would decrease with the incvease in the numbey of hogs handled
through any facility, due to the poseibility of economies of scale, Altheough
classical theory predicts that the average cost curve will be U shaped,
empirical studies have indicatad that, at least for the vange under considers-
tion, the average cost doss not vise at lavgey velumesoﬁs7°

The derivation of the actual cost functlioms wvsed in this project was
wade from cost data drawn from the system opevating in Omtaviagg Depicted in
FPigure XIII is the actual average cost per hog-volume handled at varicus
points. The line comnecting the minimum peints may be considered as the
envalope of the data and, thus, the economies of the seales cu@V%@Q Although
it may be consideved unrealistic that an envelope curve exlats in the veal
world, the use of one is veasonable because in addition to the limitations
created by a lack of sufficlent, suiltable data, a functional velationship
derived from a limited nuwber of cbservations is both available and manageable
whereas an Infinite series of points is net. In this project, the funetion obe-
tained from the data, the straight line segments in Figuve XIV is as follows:
Where X is the volume of the yard in terms of the number of hogs handled per

year and Hi is the operating cost per hog expressed in terms of 1/100 cents:

8 . - . P . 5 :
H. B, Howell, "Economies of Sciale in Livestook Production™, Journal of

Farm Economics, Dee. 1961, pp. 1229-1236, o
?Sq D, Fardls, "Sconomies of Scals in Crop Production", Journal of Farm
Leonomics, Dee. 1961, pp. 1219-1228

%3 ) a ¥ 3 o L3 B2
Information provided by OHPMB to Select Committee of the Legislative
Agsembly of Manitoba to Enquire into all Phases of the Livestock Marketing
System in Manitoba, Winnipeg, 1963,
%Q g4 5 & v d 2 H
R. G, Bressler, "Reseavch Determination of Eeonomies of Scale” gggggﬁﬁ‘
of Farm Economics, Aug. 1945, pp. 5326-539,
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CHAPTER V
APPLICATION OF THE MNODEL

With the determination of the cost Funetion completed, the model was
then applied to the hog marketing setting in Western Canada.

The matrix was set wp as in Figure IX with submatriz A being 9 (plant
nentres) by 140 (possible assembly yards, one being void); submatriz C
being 140 (assembly yards) by 140 (assembly yards); and submatrix D being
140 (assembly vards) by 149 (production rveglens). Total matrix size was
18 vows by 289 columns (one row and one colunn were vold.)

The nine plant centres wers cbtained by digcovering where hogs weve
slaughteved, excluding small, local abattolrs.

The 139 possible assembly yards were selected by limiting the asize
of population centres that would be considered to those centres with over
1,000 inhabitants. This arbitrary figure reflects a viable sized praivie
vown empecially when considering the desirablility of having many services
close together in wural commumities as indicated in other ﬁ%u&iﬁﬁalﬁzﬁg
In addition, the pattern of possible assembly yards was such that the maximum
digtance that any producer would be frem a vard was approximately ginty miles.

Although this was the upper limit, most producers were considerably closer.

l?ﬂ Worcby, "Service Centres”, (unpublished M.Sc. Thesis, University
of Maniteba, Winnipep, 1957).

2%» B, Riordan, "Spatial Competition and Divieion of Grain Recelipts
Between Country Elevators", (unpublished M.Sc. Thesis, University of Manitoba,
Winnipeg, 196u4).

3Mamitoba to 1980, report of Committee on Targete for EBconomle
Dewvelopment, Winnipeg, 1869,
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The model was: then Solved in several stagés, Originally, it was solved
using a matrix containing the distances bétw&@m the points as determined by
main highway routes. Next, the transfer cost functions were applied to
those distances and a new mateix was generated with the costs of transfeb
as entries. This matriz was subsequently solved. Using this solution, volumes
for the various assembly yards were obtained and the cost Functions for
operating costs of the as&&mbly yards were applied to the volumes and a‘
cost per hog, Hig to be added to the cosit of transfer for each cell in
submatrix A was cbtained. Several it&ratiéns were performed after each of
which the operating costs of the assembly yards w&resaiﬁ&rad. Fin&liyg an
iteration was performed which had no changes from the preceding cne. This
was the optimum, thus lowest cost solution, and an analysis of this vesult
could be performed. |

This procedure was rap@aﬁeﬂ~fsp each of the provinces separately as
well as the three provinces together. These results will be presented in

the next sectlion and a comparison made .of the sepavate and aggregate solutions.

THE SOLUTIONS
.The solutions of the model in selection ofipossibla’aESmely yards were
similar both when the mod@i wag solved for the three provinces together and
when each of the preyiﬁeag was solved a@p&rateiy, Twenty-six vards W@?e .
selected in %hé thréé province medel, three in Manitoba, nine in Saskatchewans
and fourteen iﬁ Alberta, |
When the provinces were solvaé sepavately, twenty-six vards were again

selected, although not all were the same as in the three province medel. Manitoba
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The vosts derived Frowm the solutions of the moedel indicate lower cost
for an integrated unit than fer the separate province model. Total cost fop
the thres province solution was $3,810,093.20 or J1.50 per hog. The three
provinses ssparately vield s combined ovst of £3,89%,008,80 or 51,53 per
hog. Thess costs veflesct transfar costs From producing reglons to assembly
yands to final plants plus the cost of opavating the assenbly ysrds.

Aseembly yapd cpereting costs vepresent only a small proportion of
rotal sosts while transfer costs ave vesponsible For the bulk of the costs.
Assembly vard costs weve only $143,373.4% or $.05 per hog for the three
province selution. The eolution by sepsrate proviness ylelded sombined
asaembly yard coste of $154,186.88 or $.06 per hog..

These costs hlzhlight the sevings which eceurs to the overall marketing

systen from the assembly functlon as well as the impossibility of considering

oo, Thess Inolude
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the various marketing components separately. The total cost of the marketing
system when the provinces are separated Iincreases by only 2.1% while assembly
vard operating costs increase by 7.6%. The much larger transfer cost component
had increased by only 1.9%.

The most note worthy aspect of this increase 1s that it results
almost exclusively from the changes in eastern Saskatchewan. This faet
must be borne in mind when considering any similar system for Saskatchewan.

The results, both flow patterns and costs, are shown in more detail
in the appendix. These results are reflective of the limitations created by
the data used and the assumptions within the model. These limitations have

been indicated previously, but they will be reviewed in the next chapter.
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CHAPTER VI

SUMMARY

This study was initiated in 1966 at a time when significant changes
were occurring in the Canadian hog marketing system. The evolution in
Ontario of a compulsory teletype selling system with a network of assembly yards
had led to interest in similar systems in the prairie provinces. Manitoba
had enly recently initiated a voluntary feletype system with only two assembly
yvards, aveiding the strongly confentious issue of compulsory direction.
Saskatchewan and Alberta were studying both the Ontario and Manitoba systems
as well as others, including an intevprovincially integrated system. In
addition several research projects were being initiated to study the effects
of these systems.

This study was undertaken in order to determine the optimal location
and size of assembly yards throughout the prairie provinces under a marketing
system with a central selling and buying mechanism. This was considered
important in order to reduce the possibility of the establishment of assembly
yards at locations which would be inefficient. The urgency of this need
for an economic determination of these locations was highlighted by the
recent study of the Ontario system by Wigganl which had demonstrated that
other considerations had led to inefficiencies. The most notable aspect of
that study was the importance of local producer preésure in determining the

location of many of the smaller and less efficient yards. It was felt that in

lﬁicha&& J. Wiggan, "A Spatial Equilibrium Model of Swine Marketed
Under the Ontario Hog Producers Mavrketing Scheme™ {(unpublished M.Sc. thesis,
University of Guelph, Guelph 1863).. :
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light of the serious consideration being given to the establishment of similar
marketing systems in the praf®ie provinces, the prior determination of
optimal locations for assembly yards would partially alleviate the possibility
of an inefficlent network of assembly yards being developed if similar
systems were initiated.

The approach taken in this project‘was to study the evolution»of theb
marketing system in Ontario--identifying the forces involved and éomparing |
this process with the literature relating to marketing and marketing systems.
The review of the literature on marketing revealed a wide variety of definifions
of marketing, a market, and markéting systems, as well as more diverse views
of what each shbuld be. The approach in this study was to identify those
aspects of conventional literature which were amenable to the mabketing of
hogs in the prairie provinces.

From this review a framework évalved which assumed "The most imﬁortant
function of a livestock market is to briﬁg the seller and buyer of livestock‘
together and satisfy the needs of each more efficiently than either can do
separately."2 The framework further ideﬁtified as important factors, the
qualiﬁy and supply of livestock and the competitiveness and efficiency of
the marketing system. .

The framework was then used to evaluate how a teletype marketing
system would perform in relation to the identified important factors. This
exercise demonstrated that the teletype system could best meet the criteria ‘
relating to supply, competitiveness and efficiency. Quality was conéidered
independent of the marketing system used as the rallgrading of hog carcasses

was considered as given. The question of the competitiveness of the teletype

2Miller and Henning, loec. cit.
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The model was solved using the MPS system on an IBY 380 computer.
The model was originally solved using a mateiz of dletances between points.
The transpovtation cost functions were then applied to this solution and
subseguently solved. The assembly yard operating cost Funetions were then
applied to the selected yards, Successive vuns wers solved until there
were no changes from the previcus solution. This last solution represented
the optimal or least cost sclutlon of the modsl. This model was solved both
as a model vepresenting one large vregion and as a set of models representing
the provinces sepavately. The separate province solution entalls the
assenbly of a provinces's hogs at an assembly point within the province.

The two models yielded diffevent solutions which weve then compared.
The most notable similavities were the selection of the same number, 26, of
assenbly varde Iin both medels; with, in most cases, the same gmppiﬁ APRLE .
The outstanding diffevences involved the ehaic% of asgembly yards and their .
supply areas Iin Manitoba and easkrn ggﬁk&tmh@w&ma These changes Included
the selection of one additional assembly vard in Saskatchewan in the
separate provines solution which entalled the back~hauling of hogs from the
eastern portions of the provinse for assembly and then shipment to Winnipeg.
This entailed a rveassignment of supply aveas for those yards in eagtern
Saskatchewan, as Yorkton and Wadena veplaced Canora which was selected in
the larger model., In Manitoba, Dauphin was not selected in the separate
province model and the region which shipped to the Dauphin yard in the
larger model shipped divectly to the yard at Winnipeg.

The difference in costs between the two solutions was slight. The
overall cost as determined by the model increased by ondy 2.1% when the

assembly function is sepavated by proviness. This Is true desplte the 7.5%



inepease in the operating costs of the assembly yards because the much larger
transpovtation cost component had ineveased by only 1.9%. This discrepancy
highlights the interdependence of the various functions within the warketing

systan.

COMPARISON WITH PRESENT SYSTEMS

The purpose of the study had been completed at this time, viz., the
determination of the optimum number, size, and location of aagembiyvyard@
and their vespective supply areas. A further comparison was then made between
the model results, which show the supply areas for the plants and yards and
thus, the flow pattern for the ragion’s hogs, and the euisting systems.

At present there is a vduntacy teletype marketing system in
operation in Manitoba, a compulsory teletype system in Alberta, and no
formal system in Saskatchewan. The Manitoba system includes two assembly
yards located at Winnipeg and Brandon which ave opevated by the Manitoba
Hog Marketing Commission, Further deseriptions of the Manitoba operation can
be found in other th@a@gg??g

The Alberta system was implemented in November 1969, and involves only
the teletype system for buylng and selling as the existing handlers, agents,
eta., were allowed to become recognized assemblers., The buying stations
that did euist prior to implementatlon of the Alberta system could operate
under the system only as assemblers. In Alberta there are 224 assemblers
presently op@ratingug

Tn Saskatchewan there ave a large number of handlers or assemblers and

R s 10 e s \ . . .
various means of marketing. The Saskatchewan situation is similar to that

7 . 8 .
Tu, loc, cit. Lowe, loc. cit.

gﬁwval Anderson, Ceneral Manager, Alberta Hog Producers Marketing Boavd ,
persoual correspondence, August 1870,
10 . . .
Brown, Heidt, Phillips, loc. cit.



70

deseribed earlier in Ontario prior to the Introduction of the teletype
marketing system. There ave direct delivery by farmers, comnercial truck
delivery, on-farm sales to livestock buyers, assemblers shipping carload or
trucklead lots, commission zales agents, and publie auction sales. There
ave an estimated thirty-three points that presently operate assembly yards,
This number includes public and local markets as well as Saskatchewan Wheat
Pool facllities. With these figures in mind, the solution may be compared with
the present situstion,

In Manitoba the present system closely resembles that of the gsolution.
The two existing assembly yards, Winnipeg and Brandon, are common 1o the two.
solutions. Dauphin was selected in the three province solution, but not in
the separate province solution. The Manitoba Hog Marketing Commission suggests
that iFf another yard were consideved it would most likely be at Dauphim,l“
The location of existing assembly points can be seen in Flgure XIX,

In Saskatchewan the present number of assembly points is much greater
than that in the solution. There are, however, eight major assembly points
in Saskatchewan most of which entered Iinto the model solution. Those that
were not in common with the model include yards at cemtres which have small
plants which were not considered in the model. In addition there avre fewer
existing yards in the eastern portion of the provinee., There is presently
one yard at Yorkton, but none elther in the northern portion, as represented
by Tisdale in the model, or iIn the southern portion, as represented by Weyburn
in the model. The small yards selected by the model at Rosetewn and Rosthern
do not exist and probably would not have been selected with Letter data as is

pointed out in a later section.

llw, B. Munro, Manager Director, Manitoba Hog Marketing Commission,

personal interview, May 1970.
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The present number and density of assemblers in Alberta results, there-
fove, In a less efficient marketing system than would be the case if Fewer
assenblers were s@r&%@gic&lly located as determined by the model. The Alberta
Hog Producers Marvketing Board has expressed the view that thers will be a
reduction in the number of assemwbly yards and &ss&mbl@rs,la ‘The experience in
Ontarlo hasbﬁhOWﬂ that producer p?@ﬁsura‘fmr more localized assembly vards tends
to increase “he‘ﬁumb@v of yvards to a gf@aﬁ@w tham optimum numbar,lg In
Alberta, howévewg the adjustment should come cleser to the optimum because,
unlike the Ontario gitué%ibn where an increase In costs from a particular
assembly yard is spread ovaﬁ all producers, Alberta producsrs dirvectly pay for
the assembly function. Thus, the users of a particular assembly facility will
pay for any increase in costs related to it.

The existing situation other than in Manitoba is characterized by an
excess of assembly yards probably of small size. In Saskatchewan, because these
yards also determine price, they capnot be judged on only their distributive
efficiency. In Alberta with the n@wiy imﬁredueed’taiatype Se;ling aystem,
the excess is clearly inefficlent as shown in the compaplsons with *he medel
émlutiomse
LIMITATIONS OF THE RESULT AND THE NEED FOR FURTHER RESEARCH

Throughout the thesis it has been pointed out that there were limitations
to be considered. The first'poinﬁ to be considered as a limitation was the
&5$umpﬁi0n of hom@gen@ity‘iﬁ the transportation svsten. There are vast
differences in the highway network, and most likely differing bpamating costs
for trucks throughout the régicn; The highway differences could not be

aliminated in the data, although voutes used were predominately major highways

lgOrvai Anderson, General Managevr, Alberta Hog Producers Marketing
Board, personal correspondence, July 1870

NE . . :
Wiggan, loc. cit.
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praivie provinces, The implementatlion of new marketing systems or changes
in the present onss should be made in light of the vesults of this study along

with other fagtors. The determination of the location and sive of assenbly

vards and thely supply avess reflewt

PEEION .

"

The resulis of this stud

most relevant to

hog producers and policy

o

Foy

ormulation in Western Canada. The model can be vsed to identify differences
between alternative proposed systems or between proposed aystews and the
exdsting system. It san also be used to determine the effacts of changes in
these systems. To make the model nove useful 1t should be ve-run with the

moat recent data. Improved data are vequirved particularly on assembly vaped

operating coste and losation and volume of all siguificent slaughter poinge.

Partioular attention should be paid to developing a distance op angpovtation

matrix for the »eglon utilizing the smellest practlesl units, probably census

subdivisions or townships. This would provide ater accurscy For not enly

this model but for ali Lonal pressareh in the vivien. The wodel sould

il

Further refined to teke account of the differences In price lavels betuween
plant centres. This could entail the use of the spatilal equilibrium model
whieh allows for move variables op activities,

In any case the wodel provides a tool for the evalustion of the

o

Wegtern Canadlan hog warket and the effects of varisus polleles. It provides

the mgansy . . ing about a more effliclent aystem, no natter whe derives

k!

the benefit from suey efflelenty.”

18
Brunk apd Daprab, loc. ¢f
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TABLE A-IV, con’t.

SEPARATE PROVINCE
TOLUME 1

THREEZ PROVINCE

PRODUCING REGION SUPPLY YOLUME 1%

Hamitobsa

£8 7

BESTIHATION(S)-YARD(8)

¥innipeg

27,678

# Cartier RH 12,093 Winnipeg 12,093 12,993
. Srey RY 5,507 ¥innipeg 2. 687 5,647
N Portage ls Praivie BH 13,688 ¥irnipeg 13,648 13,688
53 Haedonald RM 6,628 Hinnipeg 5,626 5,626
: Brokenhead RN 5,837 Hinnipeg 5,487 5,487
” £t. Andvews BH 5,581 Yimniper 8,881 8,551
B 8¢, Clements B 8,727 Bimnipeg 8,927 g 727

Sppingfield g.281 Yinnipes 5,.38L g 381
¥ B & 17,248 Hirmipeg e 17,388

Brandon 17.2u8 e

s Argyle BY 4,717 Yinnipeg 4,717 8,717
& Lorne ¥ 5,72% Winnipeg 5,728 5,728
o Louise RN 10,620 Fimnipes 16,020 10,020
“ Pewhina B 13,508 ¥imnipez 13,3086 13,508

Rlverside RY

Foblin BH

Lale
.
871
&7

Yimniper

Braudon

Hinmipeg
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TABLE A~IV, con't,

SEPARATE PROVIHCE THREE PROVIHCE

PRODUCING REGION SUPPLY DESTINATION(S) - YARD(S) VOLUME T VOLUME 1T
Saskatchewan CD & 15,6480 Regina 15,640 15,640
N ot I 21,884 Tegina 21,804 21,894
Woep 2 22,893 Yeyburn 22,993 22,992
“ o 1 2k 1u3 Brandon o 2u, 1Rh3

Heyburn 7 1IR3 e

TOTAL SASKATCHEWAN 838,213
Alberta Improvement District (ID)
o ID 1ah 2,568 Edmonton 2,588 2,568
¥ Ib 125,129 7,827 Edmonton 7,527 7,627
¥ 1D 126,110,111 ,57% 5,643 Edmonton 5,543 5 ,Gu3
#oID 130 13,588 Edmonton 13,588 13,588
i ip 131 5,163 Edmonton 5,183 5,163
# Ip 132 65,741 Sdmonton 6,713 6,781

TS
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