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Abstract

FREIGHT RATES AND THE CANADÏAN WHEAT FLOUR ECONOMY

by

George F"

Major Advisor: Dr.

Skinner

E "!V" Tyrchniewicz

Oisruþtion of the transport price mechanism has

the effect of masking underlying economic relationships and.

distorting the effective leve1 and structure of freight
rates. For industries dependent upon the transportation
system, this may induce inefficient supply procurement and

product distribution patterns in the short run and sub-

optimal industriar location decisions in the long run. To

a considerable extent the canadian grain producing and

processing sectors have been and continue to be affected. by

governmentr s use of the transportation system as an

instrument of national policy and, in particular, its
intervention in the freight rate d.etermination process.

This study examines effects which certain distor-
tions in the freight rate structure may have had upon the
canadían flour milling industry and the wheat economy

generally" specifically, the impacts of federal government

policies and programs affecting the grain freight rate
structure upon the regional distribution of flour milling
activity, upon the total cost of wheat and. flour transporta-
tion and upon spati-al price equilibrium in the canadian
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wrreät economy are evaluated. The particular sources of
distortion in the freight rate structure which are examined
include the statutory "crow's Nest pass" and. ,'At and East,,
rates, the subsidization of fl_our mil-lersr in-transit stop-
off fees and the operation of the st. Lawrence seaway with
a toll- structure which, i¡ntil recently, did. not gienerate

sufficient revenues to cover even its operating costs.
The implications of introducing cost oriented

grain freight rates were simulated by means of a specialized.
transhipment varient of the linear programming transportation
model- optimal wheat grain and. flour milling and shipment
patterns within a twelve-region model of canada were d.erived,
first on the basis of the existing (]'g74) freight. rate
structure and then on the basis of cost oríented rates. rn
the short run, regionar milling capacities were restricted
to existing leveIs but, in the long run, these constraints
I^/ere relaxed" The i-mplicatíons of making such changes in
the freight rate structure vrere observed by comparing the
sorutions to the different versions of the model.

The results of this analysis provide some support
for the hypothesis that freíght rates have infruenced. the
locati-onal development of the canad.ian flour milring
industry. However, these results do not fully explain the
current regional distribution of activity in this industry.
Thus, while introducing cost oriented adjustments into the
freight rate structure may enhance the comparative
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advantage of mills situated nearer to their raw wheat supplies,
the results of this analysis suggest that this wourd not be

likely to ind.uce major changes in the industryrs current
pattern of location. A second conclusion of this analysis
is that the introduction of cost oriented grain freight
rates may result in marginally more efficient transportation
patterns but that signi-ficant cost savings are not likely.
Finally, this analysis demonstrates that introd.ucing cost
oriented grain freight rates would red.uce the price of wheat

in the Praírie provinces by from three to five percent.
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CHAPTER Ï

Transportatíon has ahvays played a vital part in
the Canadian grains industry. Canada's unique
geography, the location of its major grain growing
areas, and the sheer size of the country have,
since the earliest days of agriculture on the
prairies, made ít. incumbent upon Canada to have
not only a good grain handling and transportation
system, but the best system it could afford to
mãet its needsl.

TNTRODUCTION TO THE PROBLEM

The production and utilization of grain and grain

products in Canada are distributed over vast geographic

regions. The activities of handlitg, processing and storing

which ensure that the grain reaches the proper place in the

appropriate form at the correct time further serve to

complicate the marketing function. Because of the complex

interregional flows of grain and grain products which result,

the grains industry has become heavily dependent upon the

transportation system.

The prevailíng level and structure of freight rates

for these flows affect not only the pattern of grain shíp-

ments in the short run but also the location and profita-

bility of grain handling and processing facilities in the

long run. Freight rates for grain shipments in Canada are

not based solely upon considerations of economic cost and

1-rhe Grain Handling and Transportation Commission,
Grain and Rail In Ï{estern Canada, Volume I (Ottawa:

anada, 1977) , p" 2"
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efficiency, however. Government has long been involved in

the regulation of transportation, determining and guiding

the role which this factor has ptayed in the countryrs

development "

During the period when settlement of the Prairies

ranked high on the list of national goals, fot example,

emphasis was placed upon the provision of abundant low-

priced (as distinct from low-cost) transportation to and

from the western region. The "Cro\,,¡ts lrlest Pass" rail

freight rates for grairr2 *"t" introduced in 1899 at a level

of approximately one-half cent per ton-mile" Despite

increased railway costs since that time, these rates still

apply at the original level. Simitarly, government programs

such as the "At and East" hold-down subsidy on export wheat

and flour shipments to east coast ports distort the effective

Ievel and structure of existing grain freight rates. The

result is that certain major portions of Canadian grain

traffic are shipped at relatively low tariff levels while

others are shipped at much higher leve1s "

It may be argued that low freight rates enhance

Canadian farmers' ability to compete in the international

grain markets. However, it should also be recognized that

a freight rate structure which does not reflect economic

costs may induce sub-optimal resource allocation patterns

in industries served by the transportation system within

2lrn Lg25 these rates h/ere incorporated into the
Statutes of Canada (Chapter 52) and have since been more
correctly known simply as "statutory grain freight rates."
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canada" For example, components of the graín marketing

system which depend heavily upon transportation adjust their
regional distributions in order to, amongi other things,
minimize their required transportation expend.itures. rf
freight rates are arbítrarily or poritically determined,

the location decisions of those industries wirl not refrect
underlying economic relationships and inherent regional
advantages" Rather, they will reflect the institutional
framework supporting the rate structure. This will not
likely be in the best interests of the industries affected,
the producers of the grain or the people of canada. rt may

result in non-optimal industrial location, inefficient use

of existing grain transportation equipment and increased

overall grain marketing costs. Thus, although artificially
low freight rates for grain appear as a direct benefit to
Prairie grain farmers, they may actually result in a net loss
for the economy as a whore. rncreasing these rates would not
increase total costs but, instead, would. only shift the
burden of existing costs. rn fact , iL may lead to more

efficient transportation flows and, consequently, lower

total real costs 
"

Federal transportation policy, in general, and

giovernment regulation of freight rates, specifically, have

been under review in recent years. As early as rg74, policy
statements indicated'the federal giovernment's desire to have

a national transportation policy based. upon cost oriented
freight rates and the removal of discriminatory aspects
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of the freight rate structure.3 Later, major commissions

of inquíry \^rere estabrished to study trvo important aspects

of the grain handling and transportatíon system of western

canada" The commission on the costs of Transporting Grain

by Rail (the Snavely Commission) provided conclusive

evidence that the revenues received by the railways for
shipping grain do not cover even the variable costs

4_-incurred.' While recognizing this, the Grain Handling and

Transportation commission (the Hal1 commission) nonetheless

recommended that the level of grain freight rates facing
Prairie farmers not be raised. rt proposed, alternatively,
that the government should continue and, in fact, expand

its current subsidization of grain transportation through
5the railways." However, other major studies which have

been prepared for the giovernment have been highly critical
of the statutory grain rates, citing them as a principal
cause of canadars current grain transportation difficulties.6

Throughout discussions of the future of the

statutory "Crov/rs Nest Pass" rates, the giovernment has

3otao Lang, "Notes for an Address to the Canada
Grains Council Semi-Annual Meeting and Seminar on Grain
Handling and Transportation", (Edmonton: october zB, L974) "

4th. Commissíon on the Cost of Transporting Grain
by Rail, Report, Volume I (October, 1976) 

"

5fh" Grain Handling and Transportation Commission,
op" cit., pp" 336-337.

6S"u, for example, Booz-Al1en & Hamilton fnc. and
IBI Group, Grain Transpo4ation and Handling in Western
canada (ottawa: Department of rndustry, Trade and commerce,Jffirs7e).
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emphasized that it will only negotiate a change in these

historic rates when Prairie farmers are prepared to do so.

By 1980, a number of broadly representative western canadian

farm organizations have expressed their support for basic
changes in grain freight rates. T with the Liberal party

forming a majority in the House of commons and the next

federal government election not expected until mid-19g4,

the Minister of Transport has implied that it would now be

politically exped.ient to deal with this matter and that he

has, in fact, already initiated the process of doing just
othat.' Thus, it would seem that a major revision of govern-

ment transport policy and freight rate regulatíon may be

imminent.

If grain freight rates remain unchanged the

implications of their non-economic nature will also remain.

rf they are modified, however, incentives for major adjust-
ments may arise in several components of the grain marketing

system. one component which may be subject to such an effect
is the Canadian flour milling industry (CF¡4I). It is one of
the largest single outlets for the canadian wheat crop, with

7 "F"d."ru.tions mold new freight rate
The Western Producer (Saskatoon), January 31,

E"Pepin consults his Crow timetable,,
(Saskatoon), October 30, 1980, p. 22"

po1icy",
1980, pp. I-2

, The Vüestern
Producer
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about 15 percent of the wheat produced annually being milled
o

in Canada.' However, the major markets for Canadian-milled

flour are located at great distances from the primary source

of the raw wheat supplies. Therefore, the CFMI is heavily

dependent upon the transportation system and would be

especially sensitive to fluctuations in grain freight rates.

Unfortunately, the CFMI has been experiencing

considerable difficulty competing in the world flour markets"

Canadian vlheat flour exports dropped from their peak of

more than 1.5 million tonnes in 1946'47 to less than 370'000

tonnes in 1973-74 and 1974'-75. They have recovered modestly

in more recent years, to more than 550'000 tonnes in 1977-

78,10 but the industry continues to operate at less than 85

percent of its total capacity despite reductions in the

number of mills operating.ll Any change in the level and,/

or structure of grain freight rates may influence the

profitability of existing flour mil}s. In fact, there is

concern that increased transportation costs would "virtually

9c"rr.d" Grains Council, Canadian Grains Induqtf)¡
Statistical Handbook 7B (Winnipeg:-1978) , Tables 3 and 2I.

10^ -r-anadian Wheat Board, Annual Report (Winnipeg:
various years).

1'l"statistics Canada, Grain Trade of Canada (ottawa:
Catalogue Number 22-20I, annual).
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guarantee the Speedy demise of Canadars already eroded export
1,2flour trade. "-

It has been suggested that regulated grain freight

rates may have been a factor in determining the CFMITs

current regional dístribution.l3 The relationship between

the cost of shipping wheat versus flour exerts considerable

influence over the determination of the most profitable

location for flour miI1s. Since the flour milling process

reduces the weight of product to be shipped by some 27 "5
1¿,percentrt* there would Seem to be some advantage in locating

near the principal source of raw wheat supplies, the Prairies"

This is especially true since the current rail freight rates

for both wheat and flour are equal on a simple weight basis

(even though flour may be implicitly more costly for the

railways to carry since it requires greater and more careful

handling). Howeverr âIì increased proportion of the flour

L2ĉanadian National Millers Association, Elimination
of the Subsidy on the Movement. of . FloJrr ald Grail , for__Export_
fhrough EaÈterl Portl: a S,rb*.i"=i""_Ðthe Canadian National
Millers Assoc

l3crtol D. Nachtigall, George F. Skinner and
Edward W. Tyrchniewícz, "Crovlsnest Pass Grain Rates: Time
for a Change?", Proceedíngs L975' Proceedings of the six-
teenthannua1meffidianTransportationResearch
Forum and the Transportation Research Forum (Oxford,
Indianna: Richard B. Cross Company, 1975), pp. 274-275.

14t.e. Johnson, "Transportation Related Distortions
in the Canadian Flour Milling Ind.ustry", in The Grain
Handling and Transportation Commission, Grain and RaiI in
lr7estern Canada, Voiume II (Ottawa: uiniffi
ffia, 1977), p. 389.
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milling activity in Canada has taken place in the more highly

industríalized central region of the country in recent years.

While this shift ilâY, in part, have been due to changing

merchandising practices or changing characteristics of the

demand for Canadian flour, artificially Iow regulated freight

rates for wheat and flour would appear to have at least de-

emphasized the comparative transportation advantage of flour

mi1ls located in V'lestern Canada. For the Prairies, a region

currently and actively seeking industrialization, this has

been viewed as a serious problem.

Scope and Objectives

This study examines the effect which the prevailing

freight structure may have upon the Canadian wheat flour

economy. Given L974 leveIs of supply, demand and freight

rates, normative wheat grain and flour milling and distribu-

tion patterns within a system of seven domestic regions and

five export positions are considered. The impact upon these

patterns of adopting a "cost oriented" freight rate structure

is analyzed both in the short term and in the longer run

period when regional milling capacities might be expanded in

response to transportation cost incentives.

The primary objective or this research is to clarify

the nature of the relationship between the transportation

system and the wheat flour economy" Observations drawn from

the analysis provide evidence concerning the influence which

the freight rate structure may have had on the past develop-
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ment of the cFMr and suggest some of the implications of
future change. specifically, this study attempts to demon-

strate the impact of adopting cost oriented. grain freight
rates upon:

i) the regional distribution of Canadian

flour milling activity;
ii) the real cost of wheat and flour

transportation in Canada, and.

iii) spatial price equilibrium in the

Canadian wheat economy.

Approach

Grain shípment patterns and flour miII l_ocations

in canada are determined by the aggregate effect of a number

of interrelated factors, including characteristics of the
demand for wheat and frour, the historical paLtern of the
industry's development and differences in processing and

transportation costs between arternative locations. The

singular influence of the freight rate structure is obscured

by the existence of other factors. Tn order to isolate the
effect of freight rates, therefore, a method of analysis is
required which treats the transportation factor as a variable
and which, at the same time, accepts the other factors as

specified. while this abstraction of certain factors out of
the analysis precludes achievíng accurate predictive resurts,
it alIows the determination of normative solutions based
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solely upon considerations of freight rates. Thus, the

impacts of several alternative freight rate IeveIs and/or

structures may be evaluated and compared,

Certain l_inear programming techniques offer such

a method of analysis. The general "transportation" model

determines least-cost routi-ngs between a number of spatially
separated centres of productj-on and consumption for a single

15commodity.-" The "transhipment" model incorporates the
possibility of indirect shipments between origins and.

destination".16 That is, routings through intermediate
transhipment or processing locations are feasible. Further
modifications of this technique have resulted in a sophisti-
cated model capable of simulating complex distribution
systems. rn particular, given regional supplies, demands

and processing capacities, it can determine mini-mum cost
transportation flows simultaneousry for a number of primary

commodities and processed products.

The general approach of this study is to develop a

framework within which the linear programming transhipment

model may be applied in order to determine optimal r,,sheat

grain and flour milling and shipment patterns in canada.

within this framework, three distinct modifications of the

15r.r,. Hitchcock, "The Distribution of a product
from several sources to Numerous Localitiês", Journal of
Mathematical Physics, Vo1 . 20, L94I, pp. 224-2T-

16A1"* orden, "The Transhipment probIem,,,
Management Science, \IoI. 2, L956, pp" 276-295"
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model are solved. Itlodel I is based upon current freight

rates and existing regional flour milling capacities " The

solution to this model consists of grain shipment patterns

and regional flour milling activíties whích would minimize

transportation user expenditures given existing conditions.

This solution provides a basis against which the solutions

to subseguent models are compared.

Model II differs from Model I in that the least-
cost shipment patterns whích are determined are based upon

cost oriented freight rates. Differences between the

solutions to Models I and If simulate the short run effects
of adjusting grain freight rates in this \day. That is, they

indicate where incentives may arise for changed wheat grain

and flour milling and shipment patterns, if a cost oriented

freight rate structure vüere introduced. Conversely, the

results of Model II demonstrate the short run economic dis-

tortions inherent in the present rate structure.

Model III is also based upon cost oriented freight
rates but the constraints limiting regional flour milling
activities to existing capacities are relaxed. Regional

flour milling is allowed, in this modeI, to seek out levels

which would minimize total transportation user expenditures.

Comparison of this solution to that of lÍodel I demonstrates

the incentives for long run relocation of the CFMI which

would be associated with a change to cost oriented rates.
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Comparíson of the total direct transportation user

cost of the shipment patterns derived in Models II and III

with those for Model I (now priced at cost orj-ented rate

levels) estimates the actual dollar-cost to the grain

marketing system of maintaining the current freight rate

structure (ie" the dírect transportation cost of maintaining

inefficient grain shipment patterns). In addition, this

analytical approach estimates the impact of changing freight

rates upon spatial price equilibrium in the Canadj-an wheat

economy" Analysis of the "dual" solutions to the above

models provides measures of the changed value of wheat in

the various regions which would result from changing the

level of freiqht rates.

Organization

The presentation of this thesis is arranged so as

to assist the reader to develop, firstr êtn understanding of

some of the problems related to wheat grain and flour

transportation in Canada and, second, âh appreciation for

the procedures applied in the research. Chapter fI discusses

the Canadian flour milling industry and the existíng grain

freight rate structure. Some related spatial analyses are

also reviewed. Chapter III develops the conceptual frame-

work of the study, including descriptions of the general

theoretical- mod.els upon which it is based. The analytical

procedures, data requirements and specific format of the

empirical model developed and applied in this study are
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outlined in Chapter IV. Chapter V presents the empirical

results and observations of this analysis while Chapter VI

summarizes their implications and the conclusions to be

drawn from them. The study's limitations and some suggestions

for further research are also presented in this final chapter"

A description of the linear programming transportation mode1,

i-ncluding several of its extensions, and a comparison of the

optimal shipment patterns derived in this analysis with

actual grain and grain product shipment patterns in L974 are

contaíned in the appendices.



CHAPTER fÏ

BACKGROUND

The problem of a freight rate structure which is

not based solely upon considerations of cost and efficiency

and the effects which it may have had upon wheat grain and

flour shipment patterns and the regional distribution of the

flour milling industry within Canada is vastly complex"

This chapter presents background information which will

help to place the problem in its proper perspective. First,

an overview of the Canadian flour milling industry is

presented. ItS present dimensions and some of the reasons

for its historical pattern of development are discussed.

Next, the determining characteristics of the freight rate

structure for wheat grain and flour are summarized. Finally,

several analyses which have been completed and which are of

particular interest to the presenL study are reviewed.

The Canadian Flour Milling Industry

...no greater possibility of ind.ustrial develop-
ment lies in sight than the creation of an
industry which would convert the whole of the
great Canadian supply of wheat into its final
ãnd highest priceã- fórm before it is sold.1

lW.W. Swanson and P.C. Armstrong, Vüheat (Toronto:
The MacMillan Company of Canada Limited, 1930)' p" 238"
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Written in 1930, these words provide an indication
of the unbounded optimism which once characterized the

Canadian flour mílling industry (CFMI) " At that time, the

industry was in the midst of a perl-od of rapid growth and

transition" The older system of many tiny mills, each

serving only their local community, was being replaced by a
system of much more efficient and economical large modern

mil1s (at least by that day's standard). Export markets for
Canadian-milled flour r{/ere expanding quickly and the

industry's future appeared bright.
Table 2.1 presents an overview of the CFMI as it

existed in 1926. At that time, there were some 442 flour
mills operating in Canada. It is interesting to note the

divergence between average mill capacities in the various

Iable 2 .I z

The Number, Location and Capacity of
Flour Mills in Canada, 1926

Region Number of Mills Average Daily
Capacity per Mi1I

Maritimes
Suebec
Ontario
lVestern Canada

Canada

40
92

l-99
111

442

3 " 6 tonnes
26.4 tonnes
29 "2 tonnes
25"L tonnes

(ì

SOURCE: Derived from W.W" Swanson and
Wheat (Toronto: The MacMillan
ll:nllitea, r93o) , p" 239"

P.C" Armstrong,
Company of Canada
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regions of the country. The greater average mi1l capacity
j-n tr{estern canada is indicative of a tendency for the newer

larger mi1ls to locate there, near the primary source of
wheat supplies. The much lower average capacity of mills
in the Maritime region would seem to suggest that new mil1s
were not locating there"

The great expectations which had deveroped for the
future of the cFMr were never realized, however. Flour
milling in canada reached a peak following world war ïr and

has sÍnce declined considerably (see Figure 2.f). Canada,s

position Ín the world flour markets has declined in both

absolute and relative terms. Exports dropped from their
peak of more than 1.5 million tonnes in L946-47 to less than

370,000 tonnes in L973-74 and Lg74-75 before recovering
mod.estly to about 58o,00o tonnes in 197B-7g .2 Between the

five year periods 1950-51 to 1954-55 and 1970-71 to rg74-7s,

our share of total world trade in flour dropped from 37.3

percent to only 11.4 percent.3 over the same time period

canadian d.omestic consumptíon increased somewhat due to
' continuing population growth, thus acting as a stabirizing

influence" The future outlook for the CFMI "is not

)-Statistics Canada, Grain Trade of Canad.a (Ottawa:
Catalogue Number 22-20L, annua

I
'J.S. Carmichael, "Canad.ian Wheat Flour Situation",

Canadian Farm Economics, Vo1ume L2, Number L, February, L977,
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lt

optimistic"r= however, despite the slight improvements

recorded since L974-75.

A number of factors which have contributed to the

current plight of the CFMI have been enumerated,5

i) the European trend towards flour milling

self-sufficíency and, in some cases, the

creation of excess capacity resulting in

competing flour exports from those

countries;

ii) the establishment of domestic flour

milling industríes in a number of less

developed countries, particularly in

South America, which \^rere formerly

customers of the CFMT;

iii) increased subsidies on flour exports by

Canad.a' s major competitors;

iv) the higher cost of ocean freight for

flour than for wheat;

v) relative prices at Canadian export

positions which favor bulk wheat sales

over flour sa1es, and

4rbid. , p. 19.
5_uavid Tak-Wai Leung, "The Concept of Effective

Subsidy and Its Application to the Flour Milling Tndustry"
(unpublished Master's thesis, Department of Agricultural
Economics, University of Manitoba, l-973), pp. 2L-38.
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vi) changed bakíng technology which all-ows

the use of lower quality flour (as

opposed to Canadian flour which is
generally of a higher quality) 

"

As total sales have declined, flour mills in
Canada have been forced to reduce both their production and

their numbers. Table 2"2 compares the number and location

of flour mills operating in Canada in 1948, 1958, 1968 and

1978. Even witfi the reduction in the number of flour mills
which are active, from I74 in 1948 to only 39 in 1978, the

remaining mil1s stíII operate at less than 85 percent of

their total capacity.6

not distributed evenly throughout the industry but is more

severe in Western Canadian mills.7
milling in Canada vTas divided more or less equally between

the provj-nces east of and west of the Ontario-Manitoba

boundary (see Figure 2.2). Western mills now only account

for about 30 to 35 percent of total Canadian production,

however, whereas eastern mills account for about 65 to 70

percent.

6statistics Canada, Grain Trade of Canada, op.
cit.

70* p. langri and E.W. Tychniewicz, "The Removal
of the Crowrs Nest Pass Rates on Grain and Grain Products
Moving to Eastern Canada for Domestic Consumption: Impli-
cations for Industrial Development and Expansion in the
Prairie Provinces, Especially Manitoba", a Position Paper
prepared for the Manitoba Department of Industry and
Commerce, August, I97L, p. 37 "

Furthermore, the excess capacity is

Prior to 1964-65, flour
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Table 2 "2 z

The Number and Location of Flour Mills in Canada,

1948, 1958' 1968 and l97B

Location 194B*
!

I95B I 19 68+ 1978s

Nova Scotia

Quebec

Ontarío

Manitoba

Saskatche\^tan

Alberta

British Columbia

Canada

I
5

7B

25

29

31

5

L74

4

4T

7

9

10

2

73

5

2B

6

6

9

4

5B

1

4

20

5

4

5

39

Sources: *Dominion Bureau of Statistics, Flour Mills in
Canada, 1948 (Ottawa: Catalogue Number 32-D'23,
annual).

fDominíon Bureau of Statistics, Flour Mills and
Feed Mi1ls in Canada, 1958 (Ottawa:

.

*nominion Bureau of Statistics, Flour

Catalogue

Mills and
Feed Mills in Canada, 1968 (Ottawa: Cataloqrue

SStatistics Canada, Grain Milling Statistics,
Auqust 1978 (Ottawa: Catalogue Number 32'003,
monthly) .
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Vüestern Canadian flour mills have traditionally

relied upon the export market for the bulk of their sales

while Eastern Canadian mills have been oríented more towards

supplying the domestic market.S Thus, the serious losses of

export flour sales experienced in the past have been largely

at the expense of Western Canadian mi11s.9 Eastern Canadian

millsr on the other hand, have benefited from the steady

growth of the domestic market"

Freight Rates and Flow Patterns

Interregional flows of wheat grain and flour

within Canada arise as a result of the need to satisfy

diverse requirements out of available, but remote, supplies.

To a large extent, the pattern which these flows assume

constitutes an attempt on the part of the grain marketing

system to economize required transportation expenditures.

As such, freight rates exert a consideral¡le influence over

the development of these flow patterns. However, the freight

rate structure for grain, in addition to being determined

by purely eeonomic factors, is also affected by a number of

institutional constraínts and regulations " The result of

these non-economic considerations is a system of freight

rates so complex that the factors governing any particular

shipment of grain are often conditions specific only to that

B_. . _
J_þr_d.

9_-Leung, op. cit., pp" 31-35"
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shj-pment" Nonethelessr ân appreciation for at least the

fundamental forces underlying these shipment patterns is a

prerequisite to further study of the system" An attempt is

therefore made to summarize and discuss the main features

of the freight rate structure for wheat grain and flour

within the confines of the followíng few pages.

All shipments of grain and certain grain products

(including wheat flour) from any point on any railway line
west of Thunder Bay to:

i) Thunder Bay and Armstrong, Ontario for

export'or domestic destinations;

ii) Vancouver and Prince Rupert, British

Columbia for export, only, and

iii) Churchill, Manitoba for export, only,

are shipped at the statutory "Crowrs Nest Pass" grain freight

rates. However, these rates, fixed by Act of Parlíament

(Statutes of Canada, Chapter 52, 1925) at a leve1 of

approximately one-half cent per ton-mile, are below the

leve1 of costs incurred by the railways in providing the

associated services. In fact, the Commission on the Costs

of Transporting Grain by Rail (the Snavely Commission)

found that in order for the railways to have recovered the

variable costs, alone, associated with this traffic for

calendar year L974, the statutory rates would have had to

have been increased by a factor of 2.6I.10 By Lg77 this

loth" commission on
Grain by Rai1, Report, Volume

the Costs of Transporting
I (October, 1976) , p. 205.
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ratio of variable costs to user revenues had increased to
'l 

1

some 3.OB-- and by 1980-81 has undoubtedly increased further"

The Commission emphasized that even rates at such levels as

these would not assure "an ongoitg, viable grain transporta-

tion system' but that, in addition' some contribution to-

wards system constant costs would also have had to have

been generated by this traffic.12

Shipments of grain and grain products between

Prairie points and from Prairie points to British Columbia

which are destined for domestic consumption are shipped at

rates substantially higher than the statutory rates " In

l-974 domestic rail rates from various Prairie points to

Vancouver, for example, rang'ed from two and one-half to six

times greater than the statutory rates for similar shipments

which \^iere destined for expott.13 Shipments of Prairie feed

grains (including 1ow grade wheat and millfeeds) to certain

domestic markets outside of the three Prairie provinces,

1ls.rtrr"ly, King and Associates, 1977 Costs and
Revenues rncurred Ëy the Railways in the r@f

le IV-3.
12rh. Commission on the costs of Transporting

Grain by Rail¡ op. cit., p" 64.
l3sa.ai=tics Canada, Grain Trade of Canada, op.

cit.
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however, are subsidized under the federal government's Feed

Freight Assistance program. This program, intended to

"ensure the fair equalization of feed grain prices in various

locations of Eastern Canada and British Co1umbia,

"..establishes freight subsid-ies in such a manner that the

net costs of transport after allowance for the subsidy are

approximately equalized to all locations."14

Eastwards from Thunder Bay, shipments of grain (in

bulk) may travel by rai1, by lake vessel or by a combination

of rail and lake vessel. Flour, on the other hand, is not

so easily loaded onto lake vessels because it requires more care-

ful handling since it is prone to contamination. Flour mil1ed

in the West, therefore, normally follows an all rail route

to destinations east of Thunder Bay.

Freight rates for moving grain by water are

characteristically economical. This is particularly true

for movements on the St. Lawrence Sealay where, prior to

1978, tolls charged for the use of Seaway facilities were

indirectly subsidized by the federal government. In I976-77,

for example, the fees levied by the St. Lawrence Seaway

Authority only generated sufficient revenues to cover

approximately 80 percent of the operation and maintenance

1¿,*'Food Prices Review Board, Feed Grains Policy in
Çanada (Ottawa: December, 1975) , p. 4
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Moreover, this figure is irrespective

of any consideration for the near-billion doIlar capital

committment of the Seaway" Reinforced by this subsidization,

the water route east of Thunder Bay enjoys a strong advantage

over the rail route, especially on shipments for domestic

consumption.

Rail shipments of wheat and flour for export

through east coast ports also enjoy substantial government

assistance in the form of a freight rate hold-down and

subsicly program. The "At and East" ratesl6 for wheat from

any of the railway points along Georgian Bay, along Lake

Huron or along any r^raterways directly or indirectly
connecting with Lake Huron and not being farther east than

Prescott, Ontario to any of the ports of Halifax, Saint

John, West Saint John, Montreal and to those ports on the

St. Lawrence River to the east of Montreal have been f.rozen

at their levels of November 30, 1960. The "At and East"

rates for flour from any poínt in Canada east of the 90th

degree of west longitude (thus including Thunder Bay and

Armstrong, Ontario) to those same eastern ports have been

frozen at their levels of September 30, 7966 " The railways

lScordon c.
Merits of User-Pay and
to the Financial Post
Transportation System"

Shaw, "I,lho Will Pay the Freight? The
Full-Cost Recovery" (paper presented

conference "The Seaway-Great Lakes
, October L7 , 1979) , Exhibit 2 "

16Actua1ly, statutory reference is to the "Eastern
Railway Act, Chapter R-2 (1970), Section 272.ratestt .
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are subsequently reimbursed by subsidies amounting to the

difference between these rates and current compensatory

ratesr âs determined by the Canadian Transport Commission.

These subsídies amounted to some fi25.5 million for ]-.g7B.L7

Originally this program \üas intended to encouragie the

continued use of Canadian east coast ports (in competition

with American Atlantic ports) for the export of Canadian

wheat and flour. More recently, however, it has been alleged

that this traffic (especially the flour) simply cannot bear

the burden of increased freight rates because of inter-

national market conditiorr=.18 Since the subsidies paíd

with respect to this traffic continue to rise aS transporta-

tion costs increase but the rates paid by shippers remain

fixed, the impact of this program on the industries affected

has become significantly greater since its inception. Tf

no change is made, the natural advantage of the all water

route over rail for grain shipped east from Thunder Bay may

eventually be threaten.¿.19

17ĉanadian Transport Commission, The Thirteenth
Annual Report of the Canadian Transport Commission I979

Appendix H, p" 94.
1B^---ri 

-- ir-L.: ^-^1 rr.:'t 1 ^*^ 7\¡aaai -+i^- Et'l'uanadian National iv1illers Association, Elimina-
tion of the Subsidy on the Movement of Flour and Grain for

on to the Minister of TransPort

19-ror an historical review of this subsidy program'
see Howard J. Darling, An Historical Review 9l Direct
fransport Subsidies in Canqdã (Ottawa: Canadian Transport

L975), PP" 26-28"
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A related feature of the freight rate structure

which affects wheat grain and flour shipments for export

is the mill-ing-in-transit privilege granted by the rail-

hrays and the associated government stop-off fee subsidy"

Given this privilege, flour millers are able to ship wheat

from a given point to their miIls, process it there, then

forward the flour to its destination and be charged only the

through rate from the original point to the final destination

plus a stop-off fee. For mills situated east of the 90th

degree of west }ongiitude, this stop-off fee has been frozen

at the level in effect on September 30, 1-966 (namely 3 cents

per cwt.) as part of the "At and East" rates. Again, the

railways are subsequently reimbursed by subsidies amounting

to the difference between this level and a current compensa-

tory Ievel, âs determined by the Canadian Transport

Commission. By February of 1981 this compensatory level

was estimated to be some 32 cents per cwt. Thus, the rail-

ways received 29 cents in subsidies per cwt. of export flour

milled in-transit within this region. In order to avoid

direct discrimination against mills in Western Canada, the

federal government (by authority of specíal Cabinet decision)

subsi-dizes mills rvest of the 9Oth degree of west longtitude

by the same amount for stop-off fees paid on export flour

shipments. It is to be noted, however, that this subsidy is

paid to the western mills, as opposed to to the railways on

behalf of the eastern mi1ls" Also, it applies to export
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flour shipments through all ports, not just those named in

reference to the "At and East" rates.

Related Research

Unfortunately, there has been little quantitative

research conducted to ascertain the regional implications

of Canada's grain freight rate structure. This section does

summarize, however, the approach and findings of one relevant

study: an examination of transportation related distortions

affecting the Canadian flour milling industry, by

T.G. Johnson. A series of American studies which adopted

a more comprehensive analytical approach to a similar type

of problem, and upon which the general approach of this

thesis is based, is also outlined"

Johnson

T.G. Johnsorrr20 in an analysis conducted for the

Grain Handling and Transportation Commission (the HalI

Commission), investígated a number of transportation re-

lated distortions which were thought to impart unequal ad-

vantages to flour mills located in different regions of

Canada. The approach of the study was, basically, that of

an accounting-type cost comparison of the impact of alleged

20r.c. Johnson, "Transportation Related Distortions
in the Canadian Flour Milling Industry", in the Grain
Handling and Transportation Commission, Grain and Rail in
Western Canada, Volume fI (Ottawa: wtini@A
BãFÇ ãTãnaãa , L977 ) , pp. 37 8-434 "
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distortions upon the relative comparative advantage of two

fictitious flour mills: one, representing Western Canadian

mills, located in Saskatoon, Saskatcher¡¡an and the other,

representing Eastern Canadian milIs, located in Montreal,

Quebec "

The possible distortions considered in the analysis

included:

i) Canadian Wheat Board overcharges;

ii) mill diversion charges;

iii) storage and carrying charges;

iv) statutory grain freight rates;

v) Feed Freight Assistan ce,ì2I

vi) the "At and East" subsidy;

vii) St" Lawrence Seaway tolls;
viii) the Canadian import tariff on U.S. corn, and

ix) the stop-off fee subsidy.

The markets for which the two milIs were assumed

to be competing were the Eastern and Vüestern Canadian

domestic markets for flour, the export market for flour,

the Eastern Canadian, Prairie province and British Columbia

domestic markets for millfeeds and finally, the export

market for millfeeds. The findings of the analysis, in

2r__-*While a general discussion of possible effects
of the Feed Freight Assistance program \^/as includedr rro
estimates of the levels of effective subsidies arising out
of this source of distortion were presented"
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terms of effective leveIs of subsidization arisj-ng out of

each source of d.istortion, are presented in Table 2"3" With

respect to each of the markets for flour, Johnson concluded'

that mitls in Eastern canada received significantly higher

1eve1s of effective subsidies than mills in I{estern Canada,

particularly with respect to the domestic flour markets.

Eastern and western milIs were found to receive equal

benefits with respect to the millfeeds export market but

vüestern mills received a somewhat higher rate of effective

subsidy than Eastern milts with respect to the Eastern

canadian domestic millfeeds market. Fina11y, in the Prairie

province and British Columbia domestic millfeeds markets,

where the Eastern mi1ls \.^¡ere assumed not to be competing,

Western mil1s received smaIl effective subsidies from these

transportation related d'istortions'

while the approach of this analysis \¡7as simple '

it was nonetheless successful in several respects. It did

sort out some of the very complex distortions which

characteríze the canadian grain handling and transportation

system and it did provide some evidence of "the sensitivity

of locational advantage in the canadian flour milling
))industry.""" unfortunately, it did not represent a compre-

hensive analYsis of the Problem'

22 rbið.. , p. 422 .
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American Studies

Traditionally, freight rates for wheat and flour in
the united states \irere equal. on account of the weight loss
characteristic of the flour milling activity, that industry
had therefore found it advantageous to rocate near the wheat

supply regions or at points intermediate between the supply

regi-ons and the major markets for the flour. Duríng the

early 1960's, however, the relationship between the rates
for wheat and flour changed siqnificantly. Technological

improvements which favored bulk shipments of grain read to
the rates for wheat being reduced relative to those for
flour. The effecL of this was to change the most profitable
pattern of frour mill location to one of market orientation.
A series of three analyses vTere conducted to ínvestigate
this development.

', '>

wright" developed a linear programming tranship-
ment model to exarnine the effects of the change in the

freight rate structure upon the profitability and subsequent

reorientation of the u.s. wheat flour economy. The model

analyzed the flow r:atterns of wheat and wheat flour between

some seventy-one producing regions, twenty-eight milling
centers, ten export positions and fifty-seven market areas.

a)
"Bruce H. Vüright, Regional and Sectoral Analysis

of the Wheat-Elggt_Eçene4yt
(I^/ashi-ngton, D.C.: U.S. Department of Agriculture,
Economic Research service, Marketing Research Report Number
858, October, L969).
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optimum (least totar cost) shipment patterns were

determined, first under the assumption that transportatj_on

rates for wheat and flour \,,üere equal and, then, under the
assumption that they were twenty percent ress for wheat.

comparison of the two solutions clearly ill_ustrated that
under the new rate structure significant incentives did
exist for flour mills to relocate nearer their major
markets and for the shipment patterns of wheat and frour
to change accordingly. whether such reorientation would

actually occur, however, \¡¡as said to depend upon the
magnitudes of the associated costs of relocation.

By examining the "dual', solutions to the modeI,

wríght was also able to observe the changed values of wheat

and flour in each of the regions which would theoretically
arise as a result of the changes made to the freight rate
structure: in surprus regions, producers received more for
their wheat but consumers had to pay more for their flour;
in deficit regions, producers received less for their wheat

but consumers had to pay less for their flour.
Leath and g1ak1ey24 developed a more eraborate

Lranshipment model to further wright's analysi-s. They

24¡lack lu. Leath and Leo v. B1akley, An Interregional
Industry, I9(-6=mAnalysis of the U.S. Grain-Marketin

(Washington of Agriculture, EconomicResearch Service, Technical Bulletin
L97L) .

Number 1444, November,
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formulated four basic models, each incorporating five primary

commodities (hard wheat, soft wheat, durum wheat, feedgrains

and soybeans) and two processed products (hard wheat flour
and soft wheat flour). Their first model determined optimum

(1east total cost) flow patterns between 42 domestic and 13

export regions, assuming: L966/67 supplies, demands and com-

petitive conditions" Regional milling capacities were

restricted to levels in existence at the time. Their second

model, hov/ever, relaxed the milling capacity restraints,
allowing regional milling activities to seek optimum (equili-
brium) Ievels. This analysis províded guiderines by which

the flour milling industry could make locational adjustments

consistent with the existing transportation rate structure.
Their results reaffírmed that significant incentives for
such adjustments did exist, although they conceded that
other factors--orimarily costs rel-ated to abandonment of
existing capacity and uncertainty with respect to future
changes in the transportation rate structure--may well have

outweighed these incentives. Their third model introduced

a minimum inventory 1evel restriction equal to fifteen
percent of each region's annual requirements (five percent

of volume handled in export regions) " Thus, the model was

made to more realistically represent actual conditions.
Finally, the fourth part of Leath and Blakley's analysis

involved time-staging of their model. Solutions \¡rere

determined simultaneously for each of the four guarters of
the marketing year. rt was then possible to examine seasonal
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utilizaLíon of regional storage capacities and to determine

the effect of this upon optimal grain shipment patterns.

In a third sLudy of the U.S. grain marketing

system, schnake and Fran r^^nn25 argued that a transportation
rate structure based upon any concept other than cost of
service could foster an allocation of resources which might

be highly inefficient. Therefore, they conducted a study

to estimate cost of service transportation rates for the

different modes servicing the grain marketing industry. Then,

by duplicating Leath and Blakleyrs first modeI, but substi-
tuting cost of service rates for actual rates, they inrere able

to observe the short run effects on grain shipment patterns

of actually replacing existing freight rates by cost of
service rates. They found that the more efficient flow
patterns which resulted lead to a reduction in total marketing

costs for the system of approximately nineteen percent.

Schnake and Franzmann's second model relaxed the regional

flour milling and storage capacity restraints, allowing these

activities to seek optimum leveIs. The solution to this
model illustrated the longer run impact upon the various

market sectors of introducing cost of service rates,
specifically indicating where future flour míI1ing and

storage capacity should be developed"

25".o. Schnake and John R. Franzmann, Analysis of
the Effects of Cost-of-Service Transportation RaG-ffie

conomic Research Service,
Techni-cal Bulletin Number 1484, October, L973) "
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CONCEPTUAL FRAMEWORK

This chapter presents theoretical mod.els which help to
explain the relationships under investigation in this study.
As outlined earrier, the object of this thesis is to consid.er

the effects of a modified freight rate structure for wheat

grain and flour upon the regional distribution of flour
milling activity, upon the total real cost of wheat grain
and. flour transportation and upon interregional price
relati-onships in the canadian wheat flour economy. The

sections which follow describe the role of transportation
costs in the determination of ind.ustrial locatíon patterns,
interregional trade flows and spatial price equilibríum.

Transportation Costs and Industrial Location

rndustrial locatíon theory attempts to systemati-
calIy specify, interpret and describe the effects of economic

factors which influence the locatj_on decisions of industry.
Factors which are likely to affect the profitability of
firms in various locations include not only the transporta-
tion costs of supply procurement and product distributj_on,
but also: differences in processing costs; economies of
scale; characteristics of the supply of inputs and of the
demand for products; and, inter-ind.ustry relations and other
agglomerating influences. rn addition, environmental,
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technological or institutional considerations and the

historical pattern of an industry's, a region's or a

nation's development may enter into the location decision

process.

Vlhí1e a number of attempts have been made, Do

completely general theory has yet been developed which

satisfactorily incorporates al1 of the relevant factors

into a single model.1 As a resuft, spatial researchers

have relied upon partial equilibrium models as a basis for

analyzing practical location problems. In applications

where one location-determining factor is of overriding

interest, this approach has proven successful.

In this study, where the effects of a particular

group of freíght rates upon the location pattern of a

single industry (the flour milling industry) are of primary

concern, a partial equilibrium approach is adopted which

concentrates exclusively upon Lhe role of transportation

costs. The optimal plant site, therefore, is deemed to be

where the total cost of assembling required raw materials

and distributing finished products is minimized. In this

wây, the implications of the current rate structure may be

lror a review and criticism of some attempts at a
general location theory, see Harry W. Richardson, Regíonal
Economics (London: Weidenfeld. and Nicolson, 196gl, pp.-Tõ-f-
flda¡ffir David M. Smith, rndustrial Location (New York:
John Wiley and Sons, fnc., ffi
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evaluated and compared with those of alternative rate

structures in isolation from the complex of interrelation-

ships which actually determine site selection.

If only a limited number of alternatíve locations

are available for consideration, site selection becomes

a relatively simple task, requiring only the calculation

and comparison of costs whÍch would be incurred at each"

The role played by transportation costs in the determination

of industrial location is given a more general treatmenL in

this section, however. Specifically, the effects of a

number of factors which may lead to variations in total

transportation costs from one location to another are

described. The principles outlined apply equally as well in

complex situations as in simple cases.

Two characteristics of freight rates, themselves,

tend to influence índustrial location decisions. Tariffs

charged for transporting goods normally consist of a fixed

portion and a variable portion which increases (at a

decreasing rate) with the distance to be travelled. Figure

3.1 illustrates a typical rate: distance relationship.
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A Typical Rate: Distance Relationship

Rate

The fixed portion of the tariff t ot "terminal

charge" (OA in Figure 3.1), is meant to cover the costs

incurred in the operation of the fixed facilities (primarily

loading and unloading costs). It is levied equally for all

shipments, regardless of the distance to be travelled. As

such, it represents a relatively greater portion of the

tariff charged. and, conseguently, a relatively greater

burden for shorter hauls than for longer ones. The variable

portion of the tariff t ot "line-haul charge" (the portion

above A in Figure 3.1) , relates to the costs of actually

carrying the shipment from the point of origin to the

destination. In most instances, this line-haul charge

increases less than proportionately with the distance to be

Distance
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travelled(resultinginthenon-linearlinesegmentin
Figure 3.1) . The effect of these characteristics of freight

rates is that tine-haul charges per ton-mile are generally

less for longer shipments than for shorter ones.

Terminal charges which are not related to distance

and line-hau1 charges which increase less than proportion-

ately with distance establish the basis for an important

general principle of industrial location theory. Individual

shippers will, whenever possible, attempt to avoid terminal

charge levies and, at the same time, will attempt to take

ad.vantage of the lower rates per ton-mile asssociated with

longer haul shipments. Thus, the economic advantages

associated with long haul shipments tend to encourage

industries to locate at either the Source of their ravl

materials or at the market for their products, but not at

intermediate Points.
Physical characteristics of the transportation

infrastructure may also influence industrial location

decisions. Particular modes of transport may be better

suited to the carriage of certain commodities in either

finished or raw form. If the choice of mode for some

routes is limited, this may dictate that the manufacturing

process must occur before oT t conversely, Lhat it must

occur after the goods are transported. AS another example,

if a particular journelz is made up of two distinct segments

and the goods being shipped must be transferred from one

carrier to another at the junction, manufacturing firms may
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find it advantageous to locate at the breaking-point. plants

located there would incur only the same transportation
expenses âs r and may therefore be equally as competitive as

plants located at either the sources of their raw material
or the markets for their product.

A practj-cal aspect of the rate structures of many

transportatj-on agencies, the granting of "in-transit"
privileges, results in a similar situation. und.er such an

arrang'ement consignees are a110wed to unl0ad, process and

reload their goods at some intermediate point but are only
charged the applicable through rate. while a fixed "stop-
off" fee may in some cases be 1evied for this service,
in-transit privileges may nonetheress remove some or all
of the competitive advantage with respect to transportation
costs otherwise enjoyed by sources of raw materiar and

market centers vis-a-vis intermediate locations.
Total transportation costs facing a manufacturing

firm depend not only upon distances, however, but also upon

the weight of material to be shipped. and the rate charged

per unit weight per distance (for example, pêr ton-mile).
Either or both of these factors are likely to influence the

level of transport costs at alternative plant locations.
Most production processes involve at least some

change in total product weight. A finished product may

weigh significantry more or less than the basic raw materials
required to produce it. The processing of primary cotg4edå:.' -.,.i:r.i:,.i.i:i;';,.':'>-

. f.:a '- i\.¡',:;.." ¡î Ì:
fi 

r-' *' --" 1 ,, .', a ;l
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tj-es, for example, usually involves the removal of some un-

wanted portion of the raw material and consequently a

considerable decrease in weight. such manufacturj-ng activi-
ties generally minimize their transportation expenditures

by locating at or near the source of their raw materiar, (in

which case they are referred to as "input-, resource- or

supply-oriented" processes). Simply stated, "ít costs less

to ship product than material in weight-Iosing processes

because there is less weight to transport. "2 For equivarent

reasons, weight-gaining processes often find it most eco-

nomicar to locate at or near the markets for their products
(and are therefore referred to as "market-oriented"). Of

course, still other industrial processes find no particular
advantage in locating at either the source of their inputs
or the market for their products (and may be referred to as

"foot-loose").
The freight rates charged for shipping a finished

prod.uct and its raw materj_al may díffer substantially.
vühile a given commodity in its natural state may facilitate
bulk handling, for example, in finished form it may require
more specialized handling, it may be fragile or perishable,

it may be in smaller lots or it may reguire special

contaíners or other equípment. rn any case, a rate differ-
entiar for raw materiar and finished. product wirl affect

)-Raymond G. Bressler Jr. and Richard. A. King,
Markets, PrÍqes, and Interregional Trade (New york: John
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the minimum transportation cost plant location. Thus, both

the weight of material to be shipped and the rate charged

per unit weight per distance for shipping that material

must be taken into consideration when determining a least

transportation cost plant location" fn general, if the

total cost of shipping finished product exceeds that of

shipping raw material, transportation costs will be mini-

mized if the plant site is at the market center. Conversely'

if the cost of shipping raw material exceeds that of ship-

ping finished product, the optimal location will be at the

source of the raw material.

These general principles of industrial location

theory are helpful in explaining the spatial distribution

of economic activities. Whíle they are posed in relatively

simple terms and may ignore practical considerations which

contribute to the variation of transport costs between

alternative locations, as gieneral principles their validity

and relevance remain undiminished. Alone, they cannot

explicitly define optimal location patterns when multiple

inputs, multiple products or multiple point systems are

under consideration, but they do govern the development of

optimal patterns. In multi-dimensional problems, each

segment must be treated relative to the remainder"

Practical solutions witl amount to aggregates of individual

effecLs and influences. At the base of these may be found

the fundamental principles described in this section"
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Transportation Costs, Interregional Trade Flows and

Spatial Price Equilibrium

Transportation costs, by their nature play a key

' role in the determination of price differentials over

space. They are thus an integral determinant of a region's

comparative advantage vis-a-vis its competitors and,

therefore, exert considerable influence over the leve1

and pattern of trade flows between regions. As such,

freight rates have the potential to significantly enhance

or detract from the 1evel of economic activity and general

prosperity of regrions.

This section presents a simple economic model

which attempts to explain the theoretical justification of

price differentials over space" At the same time, this

model illustrates the determination of equilibrium leveIs

of interregional trade flows. It is of particular

relevance to this study because it demonstrates the role

played by transportation costs in each of these respects.3

Consider a situation in which there are two

spatially separated regions (A and B) and suppose that

the existing levels of supply and demand for some homo-

geneous commodity in each are known. Figure 3"2 illus-

trates the initial supply-demand relationships of these

3rhis section follows similar treatments by
Bressler and King, ibid", pp. 86-92, and Richardson, oP.
cit"r pp" 13-18.
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two regions in a "back-to-back" diagram. Region Brs supply

and demand curve= (Sn and D", respectively) have been plotted

in the conventional manner on the right-hand side of the

diagram. The price of the commodity is plotted on the

vertical axis and the quantity of commodity is plotted on

the horizontal axis, increasing to the right" Region A's

supply and demand curves (So and Do, respectively), how-

ever, have been plotted in reverse form on the left-hand

side of the diagram. In this way a common vertical price

axis is employed for the two regions. Quantities of

commodity in Region A are plotted on the horizontal axis,

increasing to the left.

fn the initial autarchic situation portrayed in

Figure 3.2, equilibrium prices and quantíties supplied

and demanded are equal to OPo and OQA, respectively, in

Region A and are equal to OP" and OQ"' respectively, in

Region B. clearly the eguilibrium price in Region A is

much higher than ín Region B. As long as this relationship

persists, there may be some incentive for entrepreneurs to

purchase quantities of the commodity in Region B, ship

them to Region A and seI1 them at the higher price which

prevails there. Indeed, if we assume, for the time being'

that transportation and all other transaction costs are

equal to zero we can be certain that this will occur. The

questions remain, ho1ever, "How much of the commodity will

be exported from Region B to Region A?" and "!{hat will the
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new equilibrium situations in each region be?" fn order to
ans\,ver these questions, we must define "excess" supply

functions for each region as being equal to "the amount

by which the quantity offered, for sale exceeds the quantity
purchased or demanded at various levels of price.,,4

Excess supply functions for Regions A and B have

been plotted in Figure 3.3 as ESo and ES"r respectively.
I/üith completely free interregional trade, the excess of
s" over D" at prices gireater than op" will be exported from

Region B in order to offset the deficit of SO under DO at
prices less than oPo in Region A. The intersectíon of the

excess supply functions at point X represents the determi-

nation of the new equilibrium position. The prevailing
price in each region will be equal to Op" and the quantity
shipped from Region B to Region A will be equal to OeU.

This quantity is equal to the amount by which supply

exceeds demand in Region B at a price of Op" (ie.0å0;')

and, at the same time, is equal to the amount by which

demand exceeds supply in Region A at a price of Op" (ie.

0ÅOÅ'). The effect of the escalated price level in
Region B is a reduction in consumption by locar residents

but an increase in output by local producers. The effect
of the lowered price leve1 in Region A is an increase in
consumption but a decrease in production. These chanqes

4"r"==1er and King, op. cit., p.BB
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reflect the relative comparative advantage of Region B over

Region A in the production of this commodity"

If we now remove the assumption that transaction

costs equal zetor r¡/ê will be able to observe the effects

that transportation costs exert upon interregional trade

flows and spatial price differentials. Assume, instead,

that the cost of shipping a unit of the commodity from

Region B to Region A is some positive amount, CBA, and

that this amount is independent of the volume of commodity
tr

shipped.) In Figure 3.4 the side of the diagram which

represents Region B has been displaced upwards by an amount

equal to this unit cost. With this adjustment, the vertical

price axis of the back-to-back diagram is no longer strictly

cornmon to both regions. Rather, any point on the scale

represents prices in the two regions which differ by an

amount exactlY equal to C"O-

As before, the intersection of the excess supply

functions ESO and ES" determines the equilibrium position,

now at point Y. The new price in Region A is equal to

OPË and the new price in Region B is equal to O*Pfi' The

difference between these is equal to c"o, the unit cost of

transportation. The quantity of commodity shipped from

tr
'This

analysis but is
treatment.

latter assumPtion
made in order to

is not necessary to the
simplify the graPhical
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Region B to Region A is equal to O*Qfr' O-ä.Oå.* ot aËaË*, each

of which is equivalent.

Comparison of Figure 3-4 with Figure 3"3 yields

some important observations as to the effects of trans-

portation costs upon spatial price differentials and inter-

regional trade flows " The price differential between two

regions which will persist in equilibrium becomes exactly

equal to the unit costs of transportation. The greater

this transportation cost, the gireater wilI be the persistent

price differential. consequently, the final equilibrium

price will be higher in the deficit region and will be

lower in the surplus region. The introduction of trans-

portion costs into the model also reduces the volume of

commodity which will be traded in equilibrium. The actual

extenL of this reduction depends upon the prevailing

conditions in each region. However, it may be stated that

as the cost of transportation increases the volume of

commodity traded will gradually decrease until the point

is reached where the initial price differential between

the regions no longer exceeds the unit cost of transporta-

tion. At this point all trade will cease. Any further

shipments would incur a loss for the entrepreneur under-

taking them. The reduced volume of interregional trade

will induce decreased consumption but increased production

in the deficit region and increased consumption but

decreased production in the surplus region. Transportation
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costs thus act as an obstacre to interregional trade flows

and as an insulator of spatial price differentials "

Transportation Costs and the Canadian
Wheat Flour Economy

Chapter II outlined the complex freight rate
structure for wheat grain and flour shipments within canada.

several apparent distortions of essentially poritical or

institutional origin \Àrere discussed, including: the federal
g:overnmentrs stop-off fee subsidy program, the subsid.ization
of st. Lawrence seaway tolls, the "At and East" freight rate
hold-down and subsidy prog'ram and the statutory "crowrs

Nest Pass" rates" Each of these has had the effect of
keeping freight rates at levels which are almost certainly
lower than they would otherwise have been.

The theoretical economic mod.els developed in this
chapter provide useful insights into the role of transportation
costs in the industrial rocation-decision process and in the
determination of equilibria within and between spatially
separated markets. The approach of this analysis is to apply
a linear progirañìming transportation model (developed in the
following chapters) to simulate the effects of making cost
oriented adjustments to the grain freight rate structure.
The focus of this analytical approach is strictly upon the
relative efficiency of wheat grain and. flour milring and

distribution patterns, taking local supply and demand

conditions as pre-determined. parameters. However, the
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principles underlying the economic models discussed above

can be shown to be entj-rely compatible with a¡d, in fact,
implicit in the lin-ear programming modeI.6

In general, reduced levels of freight rates
would be expected to diminish the relative importance of
transportation in the determination of industriar location
patterns. Furthermore,'whereas flour milling is a signi-
ficantly weight-reducing process, red.uced freight rates
would appear to have de-emphasized. the inherent transport
cost advantage of mills located near the source of their
raw wheat supplies. Reduced freight rates would. not
inhibit trade flows as much as otherwise, and interregional
shipments of both wheat grain and. flour may therefore be

surmised to have been greater. Finally, reduced. freight
rates would be expected to rower the leveI of spatial
price differentials which would persist in equilibrium.
Thus, wheat prices would likely have been raised somewhat

in surprus regions and lowered. somewhat in deficit regions,
relative to their natural 1evels.

6pau1 A. Samuelson, "Spatial price Equilibrium
and Linear
L952, pp.

Programming", American Economic Review, June,
283-303.
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ANALYTICAL PROCEDURES

The general approach of this study is to develop

and apply a linear programmíng transportation model to the

problem of determining efficient wheat grain and flour ship-

ment patterns within Canada. This chapter outlines some of

the analytical procedures followed in the implementation of

this approach" In the sections which follow the system of

regions adopted for the study, the specifíc formats of the

empirícal model which were exa¡nined and the study's data

requirements are discussed in some detail.

Region Delineation

The analysis of certain economic problems

necessitates the consideration of smaller spatial units

than the total area of Ínterest. fn some cases, in facL,

the degree of precision which may be achieved by a particular

approach is closely related to the number of regions into

which the overall study area is divided. A regional break-

down which aggregates important variables across too great

an area may well conceal evidence which is critical to the

analysis" At the same time, however, the computaLional

burden associated with examining a large number of

relatively smaller regions often proves to be prohibitive.

A relevant and consistent system of regionalízation is

therefore of considerable importance if the exact nature
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of the study problem is to l:e discovered"

The American Association of Geographers offers

the following functional definition of a region:

...a region is not an object either self-
determined or nature given. It is an
intellectual concept, âD entity for the
purposes of thought created by the
selection of certain features that are
relevant to a real interest or problem,
and by the disregard of alI features that
are considerea tó be irrelevant.l

Thusr êny given area might justifiably be regionalized in

several different ways depending upon the specific nature

of the problem being examined. Consj-derations which are

generally relevant to the delineation of regional boundaries

include: (i) structural factors, including physiographic

conditions; (ii) functional factors which assist in

community development in spite of structural barriers (for

example, transportatíon and communications facilities which

help to overcome problems related to distance); (iii) pro-

duction and marketing factors (in particular, inter-industry

relations and consumption patterns); and., (iv) cultural and

social conditions which might influence loca] autonomy.2

lR"qiorr.l Economic planning (Paris: organization
for Europea 96l-') , P. 379, cited in
T.N. erel^/is, Regional Economic Pol.içieE il-Çer-rada (Toronto:
The MacMil1an ited, 1969), p" 45"

2_see Pierre Camu, E.P. Weeks and Z.W. Sametz'
Economic Geography of canadar.l¡ith al IntrgducÇigtr.to a 6B-
regñn-StsEer@i]fãn of eanada, L964) ,
pp. 266-267.
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Given these considerations, ãL least three

distj-nct types of regions can be differentiated" The

"homogeneous" region encompasses an area within which the

most relevant characteristics are all held in common.

"Nodal" regions, on the other hand' are defined as areas

surrounding dominant central points such as large cities.

These regions, despite some apparent heterogeneity, normally

exhibit strong functional relati onships within their

boundaries. Fína1112, "administrative" regions may be defined

in such a way as to facilitate the implementation of specific

policíes anð./or programs. These regions would therefore

usually coincide with existing boundaries of political juris-

diction.
Perhaps the most important consideration of all

in the delineation of regional boundaries, however, is the

purely pragmatic one of data availability. It is simply

beyond the time and budget limitations of most applied

analyses to attempt to develop original statistics " There-

fore researchers are often forced to accept restrictions

imposed by published data sources. Secondary Sources of

Canadian economic informatíon generally aggregate and report

statistics on the basis of provincial boundaries. In the

case of export statistics, data are reported on the basis of

broad geographic groups of Ports.

In view of these considerations, the particular

regional demarcation outlined in Tabie 4"i was adopted for
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Table 4 "L

Regional Demarcation of the Canadian
I,r]heat Flour Economy

REPRESENTATTVE CENTERREGlON

Domestic Regions

1. British Columbia

2. Alberta

3. Saskatchevran

4. Manitoba

5. Ontario

6. Quebec

7. Maritime

Export Regions

8. Pacific Seaboard

9. Churchill

10. Thunder Bay

11. St" Lawrence

12. Atlantic Seaboard

Vancouver

Calgary

Saskatoon

Winnipeg

Toronto

Montreal

Halifax

Vancouver

Churchill

Thunder Bay

Montreal

Hali fax
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this analysis. Seven domestic regions were defined: the

first six correspondíng to the provinces west of, and

including, Quebec and the seventh consisting of the four

Mraritíme provinces as a single group. Also, five export

regions vrere defined, representing the major port areas of

Canada: the Pacific Seaboard, Churchill, Thunder Bay, the

St. Lawrence ports and the Atlantic Seaboard. fn order to

accommodate the empirical model, all activities considered

were assumed to take place at one particular point within

each region. Therefore, a "representative" center was

designated for each region. These points were selected not

so much on the basis of their central location within the

regions as on their relative position in terms of a number

of important variables. Thus, due consideration was paid

to such factors as the location of existing flour milling

capacity, wheat production patterns, populatíon (and

therefore consumption) patterns, shares of export volumes

and the application of freight rate maps within each region.

This delineation of regions reflects some of the

characteristics of each of the three types of regional

classification discussed above. First, the boundaries are

those of administrative regions " Inasmuch as they are

defined as a set of points representing larger geographic

areas, however, they may also be considered nodal regions.

At the same time, they each represent relatively homogeneous

units. Most importantly, however, the system of regions
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outlined in Table 4 "L and adopted for this study reflects

the essential properties of the Canadian wheat flour economy

and the operating practices of the grain handling and trans-

portation system"

Format of the Empirical Model

The empirical model developed for this analysis

was a modified transhipment varient of the linear programming

transportatíon model. 3 It was f ormulated in such a \,ìlay as

to determine efficient Canadian wheat and wheat flour ship-

ment patterns" The basic problem was to distribute available

but remote stocks of wheat to satisfy predetermined require-

ments for wheat grain, derived requirements for milling

wheat and predetermined requirements for wheat flour. The

objective function of the model was to minimize direct trans-
Á.portation user costs.= Thus, the model was designed to

simulate normative reactions of wheat grain and flour shippers

to the prevailing freight rate structure.

The model considered shipments of wheat to satisfy

requirements in seven domestic and five export regionsr âs

outlined in the preceding section. Wheat transhipped

through the domestic regions was considered to have been

3S"" Appendix A for a more general introduction to
the linear programming transportation model.

 ra should be noted that this differs from total
transportation costs, which would include, for example, the
costs to the government of various transport subsidy
programs "
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converted to flour and, subsequently' was distributed to

meet flour requirements in each of the regions" It was

necessary to segregate wheat shipments for flour to be

exported from wheat shipments for flour to be used

domestically because of the different freight rate

schedules which apply for the two movements" Therefore'

the flour milling activities in each region for export

and for domestic use \^/ere treated as separate activities "

Each had to share in their region's total flour milling

capacity, however.

Figure4.Lillustratesthebasicformatofthe

transhipment model developed for this analysis in the

tabular form which is introduced in Appendix A. The

model consists of twenty-six rows (each representing a

source) and thirty-eight columns (each representing a

destination). The quantities of wheat or flour available

at each source are presented in the right-hand column

(under the heading "si") and the quantities required at

each destination are presented in the bottom row (to the

right of the heading "oj"). cells located at the inter-

sections of rows and columns are reserved for information

concerning the tariffs for and/or the quantities of ship-

ments between the corresponding sources and destinations '

All other row-column intersections (shaded) represent

infeasible source-destination combinations which have been

excluded from the analYsis.
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Rows one through seven in the tableau represent

the domestic regions as sources of wheat while rov/s eight

through twelve represent the export regions as sources of

wheat, Columns one through seven represent the domestic

regions as destinations of wheat while columns eight

through twelve represent the export regions as destinations

of wheat. Thus, the intersections of the first twelve

rows with the first twelve columns comprise a matrix of

direct wheat shipments between regions. The freight rates

for "shipments" from any region to itself are' of course'

equal to zero. Therefore, regional requirements are

satisfied first out of locally available stocks r âs much

as possible, and then out of stocks available in other

regions.

Columns thirteen through twenty-six represent

the domestic regions as intermediate destinations of wheat.

That is, wheat shipments into these destinations are con-

verted to flour and subseguently transhipped to final

destinations. Rows thirteen through twenty-six correspond

to columns thirteen through twenty-six and represent the

domestic regions as sources of fIour" Shipments of wheat

from rov/s one through seven into columns thirteen through

twenty-six are converted to flour and then are transhipped

out of rows thirteen through twenty-six to meet flour

requirements. As mentioned above, wheat shipments for

flour to be exported are considered separately from wheat
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shipments for flour to be used domestically. Therefore,

the milling industry of each region was represented by two

rows and by two columns: the thirteenth and fourteenth

rows and columns represent domestic region number onei

the fifteenth and sixteenth rows and columns represent

domestic region number two; the seventeenth and eighteenth

rows and columns represent domestic region number

three; the nineteenth and twentieth ro\^/s and columns

represent domestic region number four; the twenty-first

and twenty-second rov¡s and columns represent domestic

region number five; the twenty-third and twenty-fourth

rows and columns represent domestic region number six;

and, finally the twenty-fifth and twenty-sixth rows and

columns represent domestic region number seven. The first

row and column of each of these pairs are reserved for

shipments of flour to be used domestically. The second

row and column are reserved for shipments of flour destined

for export.

Columns twenty-seven through thirty-eight

represent the twelve regions of the model as final destina-

tíons for flour: columns twenty-seven through thirty-three

representing the domestic regions and columns thirty-four

through thirty-eight representing the export regions.

Only the appropriate rovrs (i.e. those from thirteen

through twenty-six which are reserved for either domestic

or export fl-our shipments, whichever the case may be)

intersect with these columns"
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As above, the quantities available at each source

are presented in the right-hand column (under the heading

"s, ") and the quantities required at each destination are
a

presented in the bottom row (to the right of the heading

"D."). Since rows and columns thirteen through twenty-six
J

represent the intermediate flour milling activities of the

model, however, the corresponding entries in the Si column

and the D. row are not acLually total quantities available
J

or required but, rather, a16e the total milling capacities

of the respective regions. They specify the maximum

quantities of wheat which may be milIed into flour within

(i.e. which may be transhipped through) these regions,

including shipments for both domestic and export destina-

tions. Thus, the pairs of activities (i.e. rows or

columns) for any given intermediate flour milling region

share common Si and D, values.

The canadian wheat flour economy is characterized.

by excess flour milling capacity. A mechanism \47as there-

fore required to ensure that idle capacity would be

assigned to the regions on the basis of the objective

function of the model. The key to this mechanism lies in

the interaction of rows and columns thirteen through

twenty-six (i"e" row thirteen with column thirteen, rohT

fourteen with column fourteen, etc.). Entries in the ce11s

corresponding to these intersections are determined in

the same manner as all other shipments determined by the
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model" However, they represent shipments both into and

out of the same regions and, since the costs associated

with them are set equal to zero, they merely cancel each

other out of the final solution without affecting it" They

do draw upon their regions' mílling capacities, however,

absorbing the excesses. Thus, entries which appear in these

cells in the final solution are interpreted as idle flour

milling capacity rather than as interregional commodity

shipments.

Generally, as discussed in Appendix A, a valuable

characteristic of transportation models is that they may be

solved more easily than problems in the standard linear
programming format. Nonetheless, attempting to solve a

problem as complex as the one described here without the

aid of a computer would be a preposterous exercj-se.

Unfortunately, ât the time that this analysis was being

conducted, the University of Manitoba did not have

available a pre-programmed computer package capable of

solving problems in this specific format. Therefore, for

the purpose of actually calculating solutions to the

transhipment model implemented in this analysis, the

problem was reformulated into standard linear programming
5-format- and solved using the conventional MPS/360 Linear

5For a discussion of the methodology involved,
see Robert Dorfman, Paul A. Samuelson and Robert M. Solow,
Linear Programming and Economic Analysis (New York:
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and Separable Programming package.6 Because the nature of

the problem may be more clearly demonstrated in the trans-

portation rnodel format, ho\n/ever, all further discussion of

the model and its solutions are presented in that format.

Three distinct versions of the general model

were solved. These models differed with respect to the

nature of several assumptions upon which they \{ere based.

Specifically, the freight rates implemented in the various

models were either those which were found to have existed

in the base year, 1974, or were rates which had been

adjusted to reflect the individual, and then combined,

withdrawal of a number of government policies and programs

which currently, and in the past, have interfered with the

purely economic determination of grain freight rates with-

in Canada. Regional flour milling activities \,ùere eíther

constrained by capacity limits which existed in the base

year, implying a consideration of only the short run

period in which no changes to physical plant could take

placer or were unrestricted, implying a consideration of

the longer run period in which existing flour milling

capacities could be expanded without limit.

Mod.el I was based upon existing L974 freight rates

and regional flour milling capacities. The optimal solu-

65." Neil Longrmuir , "MPS/360 Short User's Guide"
(Winnipeg: University of Manitoba, Department of Agri-
cultural Economics and Farm Irlanagement, September, 1969) .
(Mimeographed)



6B

tion to this model amounted to wheat grain and flour milling

and shipment patterns which would minimize transportation

user expenditures. This solution was derived as a basis

against which to compare the solutions to Models II and III.

Model IT retained the assumption of existing L974

regional flour milling capacities but introduced cost

oriented freight tariffs. Thus, differences between the

solutions to Models I and ff simulated the short run impli-

cations for the Canadian wheat flour economy of actually

implementing corresponding changes in the freight rate

structure. Five versions of Model II were solved:

Model- II (a) simulated the effects of withdrawing the

federal stop-off fee subsidy programi Model II (b) simulated

the effects of terminating government subsidization of the

St. Lawrence Seaway and of the associated changes in the

toll structure which would be required; Mode1 II (c)

simulated the effects of cancelling the federal government

"At and East" freight rate hold-down and subsidy program;

Model II (d) simulated the effects of raising the statutory

"Crowrs Nest Pass" rates by a factor of three; and,

Model II (e) simulated the effects of implementing all of

these changes together.T

1'See Chapter II, above, for descriptions of the
nature of these federal government policies and programs.
See the following section of this chapter for a discussion
of the methods used to estimate the necessary adjustments
to the freight rate structure"
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Model fIf was also based upon cost oriented

freight rates. However, optimal regional flour milling

activities \,vere determined by the model without regard

for existing capacity limits " Thus, the differences

between the solutions to Models ï and III were interpreted

as indicating the long run implications of implementing

the modified freight rate schedule" As with Model II,

five separate versions of Model IIr were solved in order

to identify the individual, and then combined, effects

of the g-overnment policies and programs examined.

Data Requirements

The data requirements of linear programming

transportation-type models include four broad kinds of

information: (i) quantities of commodities available, by

region; (ii) quantities of commodities required, by region;

(iii) levels of any capacity restraints imposed upon the

model; and, (iv) transportation rates or costs for shipping

commodities between regions. The definitions of each of

these classes of information for wheat and for wheat flour'

as used in this analysis, are presented in this section.

The sources of this information are provided in the foot-

notes "

A preliminary step in thisr ëts in every analysis,

r,iras the selection of an appropriate time period for study.

A primary consideration \,vas, of course, that all required
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data be readily available in its final form for the period

in question" At the same time, however, it was also

important that the period selected be as recent as

possible in order that the results of the analysis might

be considered to be current. In addítion, it was necessary

that the period selected be representative of a greater

time span than simply that single period examined. The

most recent statistics available at the time that this
analysis was initiated were for the year Ig7S. However,

one particularly important piece of information was

available only from the report of the Commission on the

Costs of Transporting Grain by Rail (the Snavely

Commission) r which conducted its analysis and based its
results upon 1974 conditions. As 1-974 was considered to

]re equally as representatíve of longer run production and

marketing conditions in the Canadian grains industry as

I975, therefore, the former was selected. Data were

compiled on the basis of the calendar year, âS opposed

to the crop year. Calendar year 1974, then, constituted

the period of stud¡z of this analysis.

The total quantity of wheat available i-n each

region was defined as the sum of the stocks on hand, in
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all positions, as of July 31, Lg74B plrl= actual production
oduring L974"' As export regions were not defined to

include any production capacity, the total quantities

available in Lhese regions amounted to the quantities in
store, on1y, of course. Availabilities of flour by

region \Â/ere not preassígned but, rather, were restricted

by regional flour milling capacities" Unfortunately,

BStrti=ti.= Canada, Grain Trade of Canada, Lgl4-
75 (Ottawa: Cataloglue Number
p. gf. A number of manipulations had to be performed in
order to allocate the various sub-classifications listed
to the regions defined for this analysis: (i) "On farms",
"Primary elevators" and "In transit rail-Western division"
were allocated to the regions according to the distributíon
of primary elevator capacity; (ii) "Process elevators" was
allocated to the regions according to the distribution of
process elevator capacity; (iii) "Interior terminals" was
distributed between Saskatchewan and Alberta according
to terminal elevator capacity; (iv) "fn transít rail-
Eastern division", "Eastern elevators" and "In transit
lake" \,vere allocated to the regions of Ontario, St.
Lawrence and Atlantic Seaboard according to the distribu-
tion of transfer elevator capacity (these distributions
beinq derived from Canada Grains Council, Canadian Grains
rndustry Statistical Handbook 74 (lrlinnipegæ
34) ¡ (v) "Vancouver" and "Victoria-Prince Rupert" were
assigned to the Pacific Seaboard; (vi) "Churchi1l" and
"Thunder Bay" \^rere assigned to their respective regions;
and, (vii) "Eastern and Vüestern mill bins" was allocated
to the regions according to the dístribution of flour
milling capacíty (as determined for this analysis see
the text which follows).

9st.ti"tics Canada, Quarterly Bulletin of
Agricultural Statistics, Janua :
Catalogue Number 21-003, September L976), Table 2, pp. 17-
30.
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specific information on these capacity levels was not
available by region" It was therefore necessary to
estimate them by multiplying the number of flour mills
operating within each region during rg7470 by the average

capacity per milI for canada as a whole.11 while average

mill capacities may in fact vary from region to region,
the extent of this variation is not thought to be as

great as it once was and the resulting estimates were

deemed to be acceptable.

Requirements of wheat grain at export positions
lvere established at levels equal to the amounts of actual

lostati"tics Canada, Flour and Breakfast Cereal
Products Industry, 1974. (Otta

.

llrotal Canadian flour millinq capacity was
computed on the basis of: Actuar produðtion " roo + the
percentage of capacíty in operation (statistics canada,
Grain Trade of Calrqda, Lg74-75, op" cit., Tables 105 and

then dividãd by the total numberof mills operating in Canada during Ig74 (see footnote
number 10) to arrive at the averagre capacity per flour
mi1l for Canada as a whole.
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exports through those ports in i-,gl 4L2 plus the levels of

closing inventories there.13 Closing inventory levels were

included in order to balance the inclusion of opening

inventory levels in the quantities availabl-e" In the case

of domestic regions, wheat reguirements were equal to the

sum of requirements for flour production (which, in turn,
was determined by flour requírements), for seed p.rrrpo""",14

l2"rrtk wheat exports by port of departure r^rere
obtained from Statistics Canada, Grain Trade of Canada,
op. cit. , (1973-74, Table 67, p. ,p. 65). Seed wheat exports were not available by port of
departure. However, after examining the major destinations
of these shipments (Statistics Canada, Exports By
Commodities, December l-974 (Ottawa: CaEãI@-Ïlumber 65-

¡¿l and the most common ports
of departure of bulk wheat exports to those nations
(Canadian Grain Commission, Canadian Grain E rts
(Ottawa: Information Canada, , Table
3), seed wheat exports to the United States were assigned
to the export region of Thunder Bay and all other seed
wheat exports \{ere allocated to the St. Lawrence and
Atlantic Seaboard regions according to the distribution
of bulk wheat exports from them.

13rh. levels of closing inventories were actually
determined as a residual factor. ft was distributed amongst
the twelve regions according to the relative distribution
of "stocks in all positions" as of July 31, 1975 (see
Statistics Canada, Grain Trade of Canada, 7974-75, op. cit.,
Table 84, p. 81). istribute this
quantity amongst the regions i,irere similar to those described
in footnote number 8.

14tota1 Canadian seed wheat requirements for the
J.973-74 crop year (Statistics Canada, Grain Trade of
Canada, 1973-74, op. cit., Table gB, p@cated
to-æ regions on the basis of the distribution of the
total number of acres seeded to wheat (Statistics Canada,
Quarterly Bulletin of Agricultural Statistics, January-QuarÈerly lJulleËr_n ot Agrr_culfural Statl-stl_cs, January-
Itfarch I976, op. cit", Table 2, pp. 17-30).
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for other uses (including "industrial", "loss in hand,ling"

and "feed, waste and dockage'r¡15 plus the level of closing

inventories within the r"giorr".16 Flour requirements

consisted of actual exports through the various export
.17regions-' and consumption in the various domestic regions.

Total flour consumption was estimated for each domestic

region by multiplying its populationl8 by the apparent per

capita domestic disappearance of flour for Canada in Lgl4.L9

15rh. averages (of crop years Ig73-74 and Ig74-
75) of these classifications (Statistics Canada, Grain
Trade of Canada, op. cit., (L973-74, Table 88, p. 76¡
ffiea, p. gl) were allocated to the-regions
according to the distríbution of the numbers of cattle
and hogsr ês of July I, L974 (Canada Grains Council,
Canadian Grains Industry SJatistical Handbook 75 (Winnipeg:

165"" footnote number 13.
17rot.1 Canadian flour exports (Statistics

Canada, Grain Trade of Canada, op. cit", (L973-74,
Table et te 63, p. 65) r,r/ere allocated
to the export regions according to the distribution of
exports of "cereals, milled" by port of departure
(Statistics Canada, Exports: Merchandise Trade 1-973-75
(Ottawa: Catalogue
p" 944) .

lBstuti"tics canada, Canadian SLatistical
Review, January I976 (Ottawa: Catalogue Number 1t-003 E,
monthly), Table I, p. 20.

I9stati=tics Canada, Apparent per Capita
oomestic Disappearance of pood in Canffiarra:
Catalogue Number 32-226, annual), pp" 8-9.
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The primary requirement of this anallrsis, in

terms of freight rate data, was to connect the twelve point

regional system of the model by means of a network of

freight tariffs levied for movements of wheat grain and

flour during 7974. Subsequently, it was necessary to

estimate and remove the effects of a number of non-economic

considerations from this network, thus obtaining a rate

schedule more closely reflecting actual cost patterns.20

This involved the determination and removal of the effects

of the federal government's stop-off fee subsidy program,

its subsidization of St. La\,vrence Seaway toI1s, its "At

and East" freight rate hold-dov¡n and subsidy program and

the statutory "Crowrs Nest Pass" grain freight rates, all

of which have been said to interfere with the natural

economic rate determination pto."==.21

The freight rate structure which applies to

shipments of wheat and wheat flour within Canada is very

complex. Compounding this is the fact that specific freight

rate statistics are not well documented in any readily

available source documents " The collection of consistent

2othrorghout this thesis, this modified freight
rate schedule is referred to as "cost oriented" (as
opposed to "cost of service"), reflecting the recognition
that there are undoubtedly numerous persistent sources of
divergence between the embodied freight tariffs and the
associated actual costs of services.

2r_--See Chapter II, above, i.or a discussion oi
these policies and programs"
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freight rate data therefore proved to be a difficult task"

In certain cases it consisted simply of finding the appro-

priate rate level. For the majority of routes, however, it

required either the combination of various trip segiments

in order to connect a given origin-destination pair, the

parallel consideration of more than one rate level depending

upon whether for wheat or for flour and whether for export

or domestic use, the comparison and selection of the most

economical of several alternative routes and/or modes of

transport or various combinations of these. Moreover'

there simply were no rates quoted for shipping wheat or

flour between certain points represented in the model

(for example, between the ports of the Atlantic Seaboard

and Churchill). While this d.id not present any particular

conceptual diffículty, it d-id. necessítate extensive data

searches in the interests of certainty and completeness "

Eventually, however, a "basic" freight rate schedule'

suitable for application in Model I of this analysis, was

established. This involved the collection of information

from published secondary data "out.""22, from written

requests to (and corresponding replies from) both public

))"statistics Canada, Graín Trade of Ca+ad?' 1973-
'74, op. cit., Tables 98-111; Canadian Grain Commission,
tanadian Grain Exports, Crop Years 1-973-74 and I974-75, op-

Grains Council, Canadian Grains
Industry Statistical Handbook 75, oP. cit", Tables 50-52"
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and private organizations23 u.rrd from personal conversations
with knowledgeable individuuir=.24

The mod.ified rate schedules required for Models

rr and rrr were obtained by adjusting the basic rate
schedule to remove the effects of the federal grovernment

policíes and programs referred to above. The impacts of
each of these sources of economic distortion vüere first
determined individually and then were added together to
arrive at a combined effect. The adjusted rate schedure

was then employed in stages as described in the previous
section of this chapter.

The stop-off fee subsidy offered to frour millers
in both Eastern and vlestern canada amounted to six cents
per hundredweight of flour (i.e" approximately 4.35 cents
per hundredweight of raw wheat milled) in Ig74.25 For the
first applications of t4odels rr and rrr, therefore, this
amount was simply added to the basic rates for those routes
and shipments which were affected by this subsidy program.

Based upon the limited information available, it
\i/as estimated that in r974 st. Lawrence seaway tolrs were

23Nu.*.1y, the Canadian National Millers' Associa-tion, canadian National Railway and. canadian pacific Rail-
\^Iay.

24rn particular, employees of the Canadian
Transport commission Traffíc and Tariffs Branch, the
canadian lfheat Board. and the rairways' rate quotations
departmenùs.

25_--Johnson, op. cit., p" 404.
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approximately 0 "829 cents per hundredweight of grain less

than the level of costs incurred on behalf of that gtuín.26

Therefore, in the second applícations of Models II and IIT,

this amount was added to the rates specified in Mode1 T for

shipments involving lake transport from Thunder Bay to

Montreal and from Thunder Bay to Halifax. This did not

affect the rates for lake shipments from Thunder Bay to the

Georgian Bay ports, however, since the tolIs involved were

for passage through the I¡Telland Canal and the ltÍontreal-

Lake Ontario sections of the Seaway, only. Further, it

did not affect direct exports from Thunder Bay since the

rates for these shipments were beyond the scope of this

analysis.

The extent of the distortions introduced into

the grain freight rate structure by the existence of the

"At and East" hold-down and subsidy program were accepted

26g=ti*rtu" of current costs and cost increases
in the past were obtained from "Ottawa to bail out Seaway
authority", The Globe and Mail (Toronto) , March 3, 1977 ,
p. 81. using these, it was possible to work back in time,
achieving an estimate of the L974 gap between the tolls
levied and the costs incurred. More recently available
information confirms that this estimate is at least
approximately accurate. Increasing the level of tolIs
which were levied in L974 by the ratio of total operating
expenses to total revenues received by the St. Lawrence
Seaway Authority in L974 (as reported in: Gordon C. Shaw,
"Who Will Pay the Freight? The Merits of User-Pay and
Fu1l-Cost Recovery", a paper presented to the Financial
Post conference "The Seaway-Great Lakes Transportation
System", October 17 , L979, Exhibit 2) would lead to tol-ls
amounting to within four percent of those estimated and
applied in this analysis.
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as being equal to the differences between the rates actually

levied by the railways in L974 and "compensatory" rate

levels for that period, âs estimated by the Canadian

Transport Commission for subsidy purposes " The basic rate

schedul-e was modified to reflect these differences in the

third applications of Models If and TII.

The statutory "Crowrs Nest Pass" grain freight

rates were increased by a factor of three in order to raise

them to approximately the level of costs incurred on this

traffic" This factor was based upon the estimate that

these rates fe}I short of variable costs by a factor of
t12.61.'' A contribution to system constant costs of

approximately fifteen percent over variable costs was

assumed. Thus, the rates for those routes and portions

of routes over which the statutory rate levels applied in

the basic rate schedule were increased to three times

their original levels for the fourth applications of

Models II and III. It should be noted that the relation-

ship between the rates for v¡heat grain and flour was not

changed. That is, the rates which applied for flour ship-

ments remained equal to those which applied for grain

shipments, despite the fact that the actual costs associated

with theír movement may well not be equal"

27r,'" commission
Grain by Rail, op. cit", P.

on Lhe Costs of TransPorting
205.
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Final1y, for the fifth applications of Models II

and TII, the cumulative effects of these four separate sets

of modifications were applied to the basic framework of

freight rates developed for Model I "



CHAPTER V

EMPTRTCAL RESULTS

This chapter presents and examines empirical

results obtaíned through the application of the linear

programming transhipment model developed in the previous

chapters. Three distinct modifications of the basic model

r,rrere solved in order to analyze the impact of replacing

observed L97 4 grain freight rates by a set of cost oriented

rates. Comparisons of the solutions to these three versions

of the model reveal implications concerning the regional

distribution of the CanadÍan flour milling industry (CFMI),

concerning the cost of wheat grain and flour transportation

in Canada and concerning interregional price equilibrium

in the Canadian wheat economy.

The solutions to the transhipment model imple-

mented in this analysis amount to wheat grain and flour

shipment patterns which would satisfy Canadian domestic

and export requj-rements out of available supplies and which,

at the same time, would minimize the total direct trans-

portation user expense involved. Of course, the shipment

patterns derived are normative, describing only the

situation which should develop in order to achieve the

stated objective, as opposed to predictive, attempting to

estimate the sítuation which would arise" Furthermore'

the objective is satisfied with respect to the entire
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system rather than to any individual region or shipper"

Therefore, while overall system costs are minimized,

particular sub-system costs may not be.

Regional Analysis

Model I

Mode1 I determined wheat grain and flour milling

and shipment patterns which would minimize required trans-

portation user expenditures gíven 1-974 quantities available

and required, freight rates and regÍonaI flour milling

capacities. The solution to this model forms a basis for

comparison against subsequent versions of the model. In

general, the optimal patterns derived resemble actual

patterns of movement within the Canadian grain transporta-

tion networkrl reflecting the strong regional differences

in production and consumption patterns which are evident.

The predominant interregional flows were from the Prairie

prod.ucing regions to the more highly populated consuming

regions of Central Canada and to the principal export

regions.

Table 5.1 outlines the individual wheat grain

shipments which collectively make up the optimal flow

lwfril" directly comparable data are not available,
Appendix B presents a rough comparison of the optimai wheat
grain and flour shipment patterns derived in this analysis
with actual grain and graín product shipment patterns for
797 4.
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pattern. These shipments are identified by the nature of

their intended end use. That is, individual shipments out

of any origin might be intended to satisfy one of four

possible requirements: (i) for domestic use, as seed or

feed grain and for industrial and other usesr (iÍ) for
export, in the form of grain; (iii) for míIling, and

subsequent domestic use as flour; and, (iv) for millirg,
and subsequent export in the form of f1our. Shipments

from a region to itself represent transfers from one sector

to another within the same region (e.g. from the producing

sector to the consuming or milling sector) and include

total closing inventories. Wheat grain transhipped

through the domestic regions \,vas, by definition, converted

to flour" Shipments of flour to satisfy regional require-

ments are presented in Table 5.2 and are discussed below.

As may be observed in Table 5.1, local wheat

grain requirements are satisfied out of local supplies

wherever possible ín the solution. Interregional flows

also foIlow a clear pattern" Shipments out of Alberta are

di-rected westwards for domestic use in British Columbia

and especially for export through the Pacific Seaboard

ports. Shipments out of Manitoba, on the other hand, are

directed eastwards to Ontario and the Maritimes to be

miI1ed for domestic use, and to Thunder Bay for export"

Shipments out of Saskatchewan, the Prairie region which

produces the greatest quantity of wheat and which is
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geographically centered between the others, travel in three

directions: west--Lo British columbia to be milled and

subsequently exported as flour through the Pacific Seaboard

ports; north--for export through churchill; and east--for

domestic use and to be miIled for domestic use in Ouebec

and the Maritimes, and for export in the form of grain

through Thunder Bay and the St. Lawrence and Atlantic Sea-

board ports. shipments of wheat grain for export which

originate in the export regions themselves merely represent

transfers out of inventory supplies.

Table 5.2 presents the individual wheat flour

shipments which together comprise the opti-mal flow pattern

derived by Model I. These shipments, either for domestic

use or for export, are linl<ed to the wheat grain shipments

outlined in Table 5.1. That is, for example, export flour

shipments from Britísh Columbia through the Pacific Seaboard

ports of L, 409 r100 hundredweight-wheat-equivalents

(Table 5 "2) are matched by wheat grain shipments into

British Columbia (from Saskatchewan) which are destined for

milling and subsequent export as flour (Table 5.1).

In all cases but one (viz. British Columbia),

local domestic flour requirements are satisfied as much as

possible out of Iocal mi11in9s. In fact, in ontario,

Quebec and the Maritimes the entire local grindings of

flour are consumed within those regions. In the case of

British Columbia the total quantity of flour milled within
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the region is exported through the Pacific seaboard ports

while local domestic requirements are satisfied from the

neighbouring region of Alberta. This like1y is due to

the fact that the statutory "crow's Nest Pass" rates apply

on shipments of grain to British cotumbia if they are

destined for mitling and subsequent export but not if

they are destined for subsequent domestic consumption"

Again, the dominant inter-regional flows are those exiting

the Prairie regions. In the case of flour shipments,

however, while both Manitoba and saskatchewan ship

exclusively eastwards, Alberta ships both east and west.

Table 5.3 summarizes the regional flour mi11in9

activities implied by the optimal wheat grain and flour

shipment patterns derived in Model I. The levels of these

activities are compared to existing (L97 4) regional milling

capacities. It is worth noting that all of the regions

except British columbia and ontario are milling to capacity

in the solution to Mod.el I. Alsor âs noted above, all of

the flour produced in ontario, Quebec and the Maritimes is

destined to satisfy local domestic requirements. The

prairie regions, oñ the other hand, mill flour for both

the domestic and export markets while all of British

Columbia's flour production is for export'

The domestic/export market orientation noted

here with respect to the eastern and western flour mills

coincides with actual patterns in the CFMI (as discussed



1.
 

B
rit

ie
h 

C
ol

un
bi

a

2.
 

A
lb

er
ta

3.
 

S
ae

ka
tc

he
w

an

4.
 

M
an

ito
ba

5.
 

O
nt

ar
io

6.
 

Q
ue

be
c

7.
 

t¡
la

rit
im

es

T
ab

le
 5

.3
: 

O
pt

im
al

 R
eg

io
na

l M
ill

in
g 

A
ct

iv
iti

es
-M

od
e1

 
f

E
xi

st
in

g 
üi

11
in

g
C

ap
ac

itY

1,
41

4.
8

9,
90

3.
5

4 
,2

44
 .

4

9,
90

3.
5

32
,5

40
.L

9,
90

3.
5

1,
4r

4.
8

or
 d

om
es

tÍc
 u

se

-w
he

at
-e

qu
av

a

0.
0

'l 
,5

o7
 .

3

4 
,1

35
. 
I

3r
13

3.
6

L4
 ,

71
 2

 .2

9 
,9

03
.5

1,
41

4.
8

of
 F

lo
ur

 M
il

1,
40

9.
1

2,
39

6.
2

10
9.

 3

6,
76

9.
9

0.
0

0.
0

0.
0

I,4
09

.1

9,
90

3.
5

4 
,2

44
 .

4

9,
90

3.
5

14
,7

'1
2.

2

9,
90

3.
5

1,
41

4.
8

E
xc

es
a 

M
ill

in
g

C
aP

ac
itY 5.

7

0.
0

0.
0

0.
0

L7
 ,1

61
 .

9

0.
0

0.
0

I co @ I



B9

in Chapter fI, above) . This would support the hypothesis

that the existing (I974) grain freight rate schedule (upon

which this normative solution was based) may have fostered,

encouraged or at least reinforced the CFMI I s historical
development in terms of market orientation" On the other

hand, the distríbution of overall milling activity, and

of excess capacity, differs markedly from the recently
observed situation in the industry" Specifically, this
solution indicates that, on the basis of transportation
expenses alone, mi11s east and west of the Ontario-Manitoba

boundary should account for roughly equal shares of the

total Canadian flour production. fn reality, however,

approximately 65 to 70 percent of the total has been milled
in eastern mil1s during recent years, while only about 30

to 35 percent of the total has been milled in western mills.
Furthermore, most of the excess milling capacity observed

in recent years has been suffered by western mil-Is, whereas

in this solution almost all of the excess \Ä¡as assigned to
Ontario. Therefore, it would appear that factors outside

the scope of this analysis (that is, other than the expense

of transportation) must also have influenced the development

of the CFMI in favour of eastern milIs, particularly those

in Ontario, where the majority of the flour milling activity
actually takes place. This concurs with the discussion of

Chapter III, where it was noted that transportation is
merely one of the variables which might influence industrial
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location decisions, others including such factors as

differences in processing costs, economies of scale'

characteristics of the suppty of inpuLs and of the demand

for products and, possibly, inter-industry relations and

other agglomerating forces.

Model If

Model II was similar to Model I in that it

determined wheat grain and flour milling and shipment

patterns which would minimize transportation user expendi-

turesgiven:-g74regionalsupplies,demandsandflour

millingcapacities.However,inModelllcostoriented

freight rates (as discussed in chapter IV, above) \,fere

substituted for the observed freight rates of Model I "

The modified freíght rate structures which vlere introduced

had been adjusted to remove the direct effects of the stop-

off fee subsidy program (Model IIa), the subsidized

st. La\,,irence seaway tolls (Model IIb), the "At and East"

freight rate hold-down and subsidy program (Model IIc)

and the statutory "Cro$Irs Nest Pass" rates (¡lodet IId)

individually, and finally thej-r cumulative effects

(Model tre) .

Differences between the solutions to Models I

and II simulate the normative short run impacts of modí-

fyingtheactuaigrainireightratestructureinsuch

fashion. conversely, they demonstrate the nature and
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extent of Short run economic distortion inherent in the

existing rate structure. Table 5"4 presents the optimal

patterns of wheat grain shipments derived by Model II

while Table 5 " 5 presents the optimal flour shipment

patterns. Table 5"6 summarizes the regional milling

activities implied by these patterns " Tn each of these

tables, it is indicated where net changes from the

solution to Model I arose. I^ihi1e in most cases these

differences do not represent major reformulations of the

optimal patterns, they do involve some signifícant

switching of activities within and between regions"

In Model IIa, removing the effects of the stop-

off fee subsidy program made the transportation of wheat

to flour milts relatively more expensive and lead to

several changes in the flour milling sector's supply pro-

curement patterns. Not surprisingly, these changes

amounted to the regional milling industries tapping nearer

sources of supply. This, in turn, necessitated a number

of adjustments in the patterns of shipments to meet both

domestic and export wheat grain requirements" The most

significant of these changes is evidenced by the shift to

local grain supplies by the ontario milling industry'

whereas in the solution to }.[odel I this supply was shipped

in from Manitoba. fn a corresponding adjustment, the

domestic requirement for wheat graín ín Ontario, no longer

being met out of loca1 supplies, h¡as satisfied by an
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increasedshipmentfromsaskatchev/an.fntermsofthe

optimal distribution pattern f.ot flour, Manitoba's ship-

ments to the Maritimes for domestic use increased by almost

2.5 million hundredweight-wheat-equivalents while its

exportshipmentstoThunderBayandtheSt"Lawrenceports
decreased by an identical amount. saskatchewan exhibited

offsetting changes in its flour shipments" overall' the

only net changes in regional milling activities reflected

this relatively greater d.omestic orientation of the Manitoba

flourmillingindustryandthecorrespondinglygreater

export orientation of Saskatchewan's'

Removingtheeffectsofthesubsidizationof

St.Lawrenceseawaytolls(ModelIIb)d'idnothavea

noticeableimpactonthemillingandshipmentpatterns

derivedbyModelÍ,apparentlybecauseoftherelative

insignificanceoftheseeffectsaScomparedtothetotal

transportation expense" Adjusting the freight rate

structuretoremovetheeffectsofthe''AtandEast''

subsidyprogram(ModelIIc)producedresultssomewhat

similar to those observed in Model IIa. That is, the same

effect with respect to flour mí1I supply procurement was

evident, though less pronounced but more general' In

addition, exports of wheat grain from saskatche\^Ian through

the Atlantic Seaboard were reduced' being replaced by

increased shipments from Manitoba and also the small local

Maritime supplies (which, in turn' were replaced by ship-
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ments from Saskatchewan for domestic use) " Also, export

shipments of flour from Manitoba tvere switched from the

St" Lawrence ports to the Atlantic Seaboard while an off-

setting shift occurred with respect to flour exports from

AIberta.

Model fI d simulated the impact of adjusting the

freight rate structure to remove the effects of the

statutory "Crow's Nest Pass" rates. Of course, this had

the effect of making grain and flour shipments out of

the Prairie regions more expensive" The most interesting

difference in the optimal shipment patterns derived by

this model (as opposed to those of Model I) r,rlas the

elimínation of exports of flour milled in British Columbia

due to increased grain procurement costs. In fact, this

amounted to the complete demise of the British Columbia

flour milling industry. Export flour shipments through

the Pacific Seaboard was replaced by increased shipments

from Alberta. However, the milling industry in Alberta was

already operating at capacity in the solution to Model I "

Therefore, its export flour shipments through the Atlantic

Seaboard \^rere, of necessity, decreased" Flour shipments

from Ontario, the only region other than Brítish Columbia

which was not already milling to capacity in the solution

to Model T, increased by about 1.4 million hundredweight-

wheat-equivalents in order to meet the export requirement

through the Atlantic Seaboard. Other changes exhibited in
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the solution to Model IId included a greater domestic

orientation of the milling industry in Manitoba, matched

by an offsetting greater export orientation of the

Saskatchewan milling industry, and a switch to local grain

supplies by the Quebec milling industry, necessítating

increased grain shipments from Saskatchewan to satisfy
domestic reguirements there.

The solution to Irfodel IIe, for which the freight
rate structure had been adjusted to remove the cumulative

effects of the stop-off fee subsidy program, subsidized

St. Lawrence Seaway tolIs, the "At and East" freight rate

subsidy program and the statutory "Cro\,rrrs Nest Pass" rates,

reflected various aspects of the solutions to each of the

previous models. The flour milling industríes of Ontario

and Quebec switched to local grain supplies while non-

milling domestic requirements in those regions were

satisfied from more distant sources. Saskatchewan wheat

grain exports through Thunder Bay and the Atlantic Seaboard

decreased while Manitoba shipments through those export

positions increased. Flour milling in British Columbia was

eliminated and, through a series of adjustments, the milling
industry in Ontario increased its shipments to meet domestic

requirements. Saskatchewan's flour milling industry became

more export market oriented and Manitoba's became more

domestic market oriented"
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In general, these short run reactions to the cost

oriented adjustments in the freight rate structure amounted

to shifts of activitlz between regions within the same major

geographical areas of Canada" For examPle, adjustments in

flour milling activity were observed between the Prairie

regions and from British Columbia to Alberta" Such shifts

of activity between Eastern and vüestern Canada appeared to

occur only because of regional milling capacity limitations"

Model III

As with the previous models, Model III derived

wheat grain and fl-our milling and shipment patterns which

would minimize direct transportation user expenses while

satisfying given regional requirements out of available

supplies. Like Model II , cost oriented f reight rates \^7ere

substituted for the observed freight rates of Model I. In

Model III, however, the regional millíng activities were not

constrained to existing l-974 capacity leve1s. Rather, in

deriving the optimal shipping patterns, the transhipment

model was allowed to assign milling activity as though

regional capacities could be readily expanded in the most

transport-expense-efficient manner. The differences between

the solutions to Model III and Model Í, therefore, simulate

the longer run normative impact of modifying the freight

rate struciure.
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Theoptimalpatternsofwheatgrainshipments

derived by Model IIT are presented in Table 5 " 7 while the

opLimal flour shipment patterns are presented in Table 5 " B.

The optimal regional milling actívities implied by these

shipment patterns are summarized in Table 5 '9 '

The solutions to Models IIIa and IIIb, where the

freight rate structures had been adjusted to remove the

effects of the stop-off fee subsidy program and of subsi-

dized st. Lawrence seaway tolls, respectively' vlere

identical. They exhibited a number of differences from

the solution to Model f I particularly with respecL to

regional milling activities and flour shipment patterns.

However, it would appear that these changes were generated

rather more by the relaxation of the regional milling

capacity constraints than by the adjustments made to the

freight rates. The most significant changes amounted to a

:-.2O percent increase in saskatchewan's milling activity, a

43 percent increase in Suebec's and a l-75 percent increase

in the Maritimes'. of course, these increases were at the

expense of other regions' milling industries- specifically,

the British columbia milling industry was completely

eliminated while Manitobats suffered a decrease of more

than B0 percent and Alberta's decreased by almost 25 percent'

The level of actívity of the Ontario flour milling industry

remained unchanged from its status in the solution to

Model I, operating only to satisfy that region's own
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domestic requirements " The net effect of these changes was

that almost 64 percent of the total flour produced was

mil]ed in Eastern Canada whereas only 36 percent was milled

in Western Canada.

Many of the same impacts were evident in the

solution to t4odel IIIc, where the freight rate structure

had been adjusted to remove the effects of the "At and

East" subsidy program. However, in this instance fl-our

exported through the Atlantic Seaboard (a requirement which

had been met by flour mil]ed in lr{anitoba and Alberta in

the solution to Model I) was milled in the l{aritimes (as

opposed. to Saskatchewanr âs in the solutíon to Models IIIa

and ITIb). Thus, Western Canada's share of total Canadian

milling activity rvas reduced to only 27 percent. Also, the

supply procurement patterns of the milling industries in

ontarioandQuebecexhibitedsomewhatofashifttowards

nearer sources of suPPlY-

AgainrinthesolutiontoModelllld,wherethe

freight rate structure had been adjusted to remove the

effects of the statutory "Cror;r/rs NeSt Pass" rates, many Of

the same impacts as in Models IIIa and IIIb may be observed"

With this change in the rate structure, however, the model

assigned all of canada's milling activity for export

purposes to the Saskatchewan mitling industry. In this form-

uiation, !Íestern canada accounted for some 42 percent of

the total flour milting activity in Canada. The Ontario
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milling industry obtained all of its grain requirements from

Iocal supplies while the non-milling domestic requirements

of that region were met by grain shipments from Manitoba"

In the solution to lt4odel IIIe, where the cumula-

tive effects of the stop-off fee subsidy program, of sub-

sidized St" Lawrence Seaway tolls, of the "At and East"

subsidy program and of the statutory "Crovlrs Nest Pass"

rates had been removed from the freight rate structure, a

combination of the individual impacts of these freight rate

changes may be observed. Again, the British Columbia

milling industry was inactive while Alberta only shipped

flour to meet its ovrn and British Columbia's domestic

requirements. Also, Manitoba filled only its own domestic

flour needs. Similar1y, Ontario milled enough flour for

its own rather large domestic requirement. Saskatchewan'

Quebec and the Maritimes, on the other hand, milled flour

to meet export requirements, âs well as to meet their own

domestic requirements. Finally, the mí1ling industries in

both Ontario and the Maritimes obtained as much as possible

of their grain requirements out of local supplies. The

strong resemblance of this solution to that of Mode1 IIIg,

where the effects of the "At and East" rates alone had been

removed from the rate structure, would seem to imply that

these rates have a greater effect on wheat grain and flour

shipment patterns than the other rate distortions examined.
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Summary

Model T derived optimal wheat grain and flour
milling and shipment patterns which implied the approximate

domestic /exporL market orientation which Eastern and. Western

Canadian flour mí1ls actually exhibit. This suggests that
the existing freight rate structure has at least reinforced
the regional pattern of development of the CFIvII. In

contrast to the current situation, however, overall flour
production in the solution was divided more or less equally

between eastern and western mills. This clearly indicates

that factors other than transportation cost effíciency have

also influenced the regional distribution of flour milling
activity in Canada. Specifícally, such factors must account

for the relatively greater flour production in Eastern Canada

in spite of transportation costs which suggest otherwise.

In general, the solution to Model II seemed to
indicate a lack of flexibility to respond completely to
given freight rate changes in the short run because, as

in Model I I most regions' milling activities \^/ere con-

strained by their existing capacity levels. As expected,

this problem was not so evident in the solutions to

Model III, where regional milling activities vrere allowed

to expand beyond existing capacity leve1s, âS would be

possible in the longer run.
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In the short ru.n, removing the effects of the

stop-off fee subsidy program and of the "At and East"

program from the freight rate structure had similar results "

In each case, it lead to significant changes in the graín

procurement patterns of the milling índustries located

outsj-de of the Prairie provinces" A1so, a shift in

domestic/export flour market orientation by the milling

industries of }Íanitoba and Saskatchewan was evident" In

both instances, Saskatchewan became more dedicated to the

export market while Manitoba shipped more to the domestic

market. Adjusting the rate structure to remove the effects
of subsidized St. Lawrence Seaway tolls did not appear to

affect the optimal wheat grain and flour milling and ship-

ment patterns. Adjusting the rate structure to offset the

effect of the statutory "Crowrs Nest Pass" rates lead to

the demise of the flour milling industry in British Columbia,

with its former share of the overall market being met by

increased milling actívity in Ontario" Again, the milling

industries of Manitoba and Saskatche\Áran shifted flour

market orientation between each other" With the cumulative

effects of all of these programs removed. from the freight

rate structure, the grain supply procurement patterns of

the Ontario and Quebec milling industries were affected,

the milling industry in British Columbia disappeared while

the output of Ontario's milling industry grew. Final11z,
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the milling industries of saskatchewan and }[anitoba shifted

domestic / expotl- market orientations "

Ïn the longer run' a number of changes in the

optimal milling and shipment patterns appeared due to the

relaxation of the regionar rnilring capacity constraínts,

irrespectiveofadjustmentsinthefreightratestructure"

For examPle, the levels of milling activity in British

columbia, Alberta, lttanitoba and ontario were identical in

thesolutionstoeachofthefiveversionsofModellll'

thoughineachcasetheselevelsvTerelowerthantheyhad

been in the solution to Model I. The milling industry in

Saskatchewan, oD the other hand., experienced a net increase

in its lever of activity due to the relaxation of regional

capacitylevels.Whileit'sshipmentstothedomestic

market decreased, its shipments for export increased by

morethanenoughtooffsetthed.ecreases.Theseexport

shipmentsincreasedsomewhatlessinModelslllcandllle'

wheretheeffectsofthe''AtandEast''programhadbeen

removed from the rate structure, but increased relatively

more in Model IIId, where the effects of the statutory

"Crow's Nest Pass" rates had been removed' The milling

industry in Quebec experienced. both increased domestic and

exportflourshipmentsonaccountoftherelaxationof

regional milling capacities' In ModeI IIId' where the

effects of the statutory "crowrs Nest Pass" rates had been

removedfromtheratestructure,however,Quebecdidnot
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mi1l any flour for the export market. Finally, the Marj-times

experienced increased milling activity for shipments to the

domestic market because of the relaxation of regional

milling capacities but also showed increased shipments for

export in the solution to Model IIIc, where the effects

of the "At and East" prog'ram hacl been removed from the

rate structure.

Comparative Cost Analysis

It has been suggested that the existing freight

rate structure in Canada induces grain shipment patterns

which are less efficient than those which would develop

g:iven a system of cost oriented freight rates. This

implies that there is a net cost to society of maintaining

the status quo with respect to grain freight rates. As a

test of this hlrpothesis, it. is possible to compare and draw

observations as to the relative efficiencies of the ship-

ment patterns derived as solutions to the various models

formulated for this stud.Y"

Table 5.10 compares the total direct transporta-

tion user expenses associated with the shipment patterns

derived as solutions to Models II and III (which were based

upon cost oriented freight rates) with similar costs which

have been calculated for the shipment pattern derived in

Model I (which was based upon the existing (L974) freight

rate structure). The total "rea]" costs of each of these
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shipment patterns, âs reflected in the cost oriented freight

rate Structure introduced in Models fle and IIIe' are also

compared "

As expected, the direct user cost implied by the

shipment pattern derived in Model I increases \¡/hen re-

calculated on the basis of freight rate structures which

have been adjusted to introduce cost oriented rates.

Similarly, the "real" cost of each of the solutions is

higher than its direct user cost (except where the cumula-

tive effects of the cost oriented adjustments have already

been implemented and the two costs are therefore identical

by definitíon) simply because the same shipment patterns

are evaluated at higher cost oriented rate levels. The

ímportant comparison is between the total "real" costs of

each of the shipment patterns derived"

In general, the variation in total "real" costs

between the different solutions is small. In fact' the

shipment patterns derived in Models IIa, IIb and IIc (where

the effects of the stop-off fee subsi-dy program, of sub-

sidized St. Lawrence Seaway tolls and of the "At and East"

program, respectively, had been removed from the freight

rate structure) appear to be no more efficient than the

solution to Model I. While the shipment pattern derived

by Model IId (for which the statutory "Cro\n/'s Nest Pass"

rates had been increased) was marginally less costiy in

terms of direct user expense than the Model I shipment



1t1

pattern, it was actually less efficient in terms of total

"real" cost" only the solution to Model IIe (where the

cumulative effects of the cost oriented adjustments were

introduced into the freight rate structure) was really

more efficient that the shipment pattern derived as a

solution to Model I, and that by less than 0"03 percent"

The shipment patterns derived by Model IIÏ

(where the regional milling capacity constraints were

relaxed, in addition to the freíght rates being adjusted)

were somewhat more efficient, with total "real" costs of

from 1.3 to 1"6 percent less than the solution to Mode1 I.

These cost savings imply Some incentíve for relocation of

the flour milling industry in the long run.

These observaLions offer little support for the

hypothesis that a cost oriented grain freight rate structure

would induce more efficient transportation flows in Canad'a.

The fact that changes in the freight structure alone did

not lead to significant cost savings, in Model II, but that

relaxing regional milling capacity constraints at the same

time did lead to "real" cost savings in Model IfI' suggests

only that Canadian flour milling capacity is not now distri-

buted efficiently in terms of transportation costs. That is

to sây, factors other than transportation cost must be

largely responsible for the existing regional distribution

of flour milling capacity in Canada"
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Spatíal Price Eguilibrium Analysis

Transportation costs act as an impedíment to trade

between regions and perpetuate equilibrium price differ-

entials over space" As noted in Appendix A, the dual values

of linear programming transportatíon models provide a means

by which the relative advantage of trading regions may be

estimated. In fact, this method amounts to measuring the

transportation cost differentials of various locations with

respect to an exogenously pre-determined base price. This

section presents the system of implicít spatial price

differentials of the model implemented in this study and

discusses the impact upon these price leve1s of introducing

cost oriented freight rates.

Table 5.11 presents the equilibrium prices of

wheat in the various domestic and export regions of the

model given the existing (I974) freight rate structure and,

also, given freight rate structures adjusted to remove the

non-economic effects of the stop-off fee subsidy progiram,

of subsidized St. Lawrence Seaway tolls, of the "At and

East" program and of the statutory "Cro\,v's Nest Pass" rates.

The unweighted L974 annual average of Canadian Wheat Board

monthly average selling quotations for 1 CW(13.5 percent

protein) wheat, basis in store Thunder Bay, of ç9 "262 per

hundredweight was accepted as a base price for this
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2anal-ysl-s. This price is assumed to reflect competitive

world wheat prices upon which equilibrium prices within

Canada would be established"

The spatial price equilibria outlined in Table 5"11

reflect traditional Canadian wheat production and consump-

tion patterns. Given the existing (L974) freight rate

structure, the primary surplus regions of Saskatcher^ran,

Alberta and Manitoba exhibit price levels of ç9.042, $9.082

and $9.I22 per hundredweight of wheat, respectively. These

príces represent competitive export prices l-ess the cost of
placing wheat from those regions in export position.

Equilibrium prices in the deficit regions of Ontario,

Quebec, the Marj-times and British Columbia are relatively

higher, ât $9.540, $9.560, fig.722 and $10 " 162 respectively,

reflecting the cost of transportation from the surplus

regions. Differences in prices between export regions

reflect differences in the cost of positioning wheat stocks

in those locations. Churchill, with an equilibrium price

of fi9"252 per hundredweight, has a slight assembly cost

advantage over Thunder Bay (#9.262) which, in turn, has a

slight. advantage over the Pacific Seaboard ports (#9.282) 
"

By comparison, positioning wheat at the St. Lawrence and

2canadian Wheat
I97 4-75 ) (Vüinnipeg: L975

Board, Annual Report (1973-74 and
and 19 7 6l-, statlffiat Table xxrv "
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Atlantic Seaboard ports is relatively more costly, with

equilibrium prices of $9.560 and $9.722 per hundredweight

being exhibited in those regions.

Adjusting the freight rate structure to remove

the effects of the stop-off fee subsidy program and of the

"At and East" program had no measurable impact upon the

spatial price equilibrium implied by existing (L974) rates.

Removing the effects of subsidized St. Lawrence Seaway tolls

lead to equilibrium price increases of less than 0.1 percent

in the domestic regions of Quebec and the Maritimes and the

St. Lawrence and Atlantic Seaboard export positions.

Increasing the statutory "Crowrs Nest Pass" rates by a

factor of three had significant effects, however, especially

in Western Canada. Equilibrium wheat prices fell by $0.440

per hundredweight ín Saskatchewan (4.9 percent) , by $0.360

in Alberta (4.0 percent) and British Columbia (3.5 percent)

and by $0.280 in Manitoba (3.1 percent). Tn addition, the

price at Churchill dropped by $0.020 per hundredweight

(0.2 percent) while the price at the Pacific Seaboard ports

increased by $0.040 (0.43 percent) " Considering l-.974

production levels, Prairie wheat producers would have

suffered a loss in gross income amounting to about $112.6

million whi-le consumers in British Columbia and the Prairies

would have benefited from decreased wheat prices" The

cumulative impact upon the spatial price equilibríum of

adjusting the freight rate structure to remove the effects

of all of these progirams simultaneously was simply additive"
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To a certain extent' these observations were

induced by construct. That is, in accepting an exogenously

pre-determinedexportpriceaSthebasisofthesespatial

priceequilibriaestimates,itwasimplicitlyassumedthat

the cumulative foreign demand for Canadian wheat was

perfectly elastic with respect to price (in particular'

thetransportcomponentofprice)whiletheCanad.ianwheat

supply was perfectly inelastic' at least in the short run'

Asaresult,theentireincreaseintransportationcosts

were absorbed by Canadian wheat producers while none was

passedontoforeignbuyers.Morerealistically,while

it is recognized that canadian wheat supply is likely to

be relatively inelastic and that foreign demand for

Canadian wheat is 1ikel1r to be relatively elastic, they

arenotlikelytobeperfectlyso.Therefore,theexpected

ímpact of adjusting the freight rate structure as above

wouldbesomewhatmollified,withatleastsomeofthe

increased transportation cost being absorbed by foreign

buyers.
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SUMMARY

The general problem of non-economic freight rates

adversely affecting resource allocation in industries which

are served by the transportation system is of widespread

concern. Distur]¡ance of the transport price mechanism by

government has the effect of masking, underlying economic

relationships and distorting the effective 1evel and

structure of freight rates. This may result in inefficient
transportation patterns in the short run, and sub-optimal

industrial location decisions in the long run which are

based not so much upon ínherent regional advantages as

upon institutional considerations.

In Canada, government intervention in the freight
rate determination process has been linked to the unj-fica-

tion and growth of the Dominion. Nowhere has this been more

apparent than in the development of Vüestern Canada and the

Prairie grains industry" The legacy which remains after
many years of heated political debate over the freight rate
structure for grain includes the statutory "Crowrs Nest

Pass" and "At and East" rates, âs well as the subsidization

of flour millers' in-transit stop-off fees and the operation

of the St. Lawrence Seaway with a toll structure which,

until recently, did not generate sufficient revenues to
cover even its cost of operation. Recent federal government
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initiatives with respect to transportation would appear to

be in the direction of promoting economic efficiency'

however.

The Canadian flour milling industry (CFMI) is

particularly vulnerable to changes in the freight rate

structure. This industry, whích depends heavily upon the

transportation system, has unfortunately suffered a pro-

longed period of decline in international markets. At the

same time, there has been a notable shift in flour milling

activity to mills located in Eastern Canada, to some extent

at the expense of mílls in l^Iestern Canada. This regional

transfer of activity has taken place in spite of the fact

that flour millinq is a significantly weight reducing

process and, as such, might be expected to find advantage

locating near its principal sources of wheat grain supplies,

on the Prairies.

The purpose of this research has been to investi-

gate the influence which the prevailing grain freight rate

structure may have had upon the development of the CFMI'

and the canadian wheat economy generally, and to suggest

possible implications of changes in these freight rates in

the future. An empirical framework was developed within

which three distinct versions of a specialized linear

progranìming transhipment model were applied in such a vlay

as to simulate normative short and long run reactions of

the CFMI and other wheat grain and flour shippers to the

introduction of cost oriented freight rates.
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Modell,whichwasbaseduponexisting(L974)

freightratesandregionalmillingcapacities'derived

wheat grain and flour milling and shipment patterns to

satisfy all regional requirements out of available supplies

white minimi zíng total direct transportation user expendi-

tures. Model II differed from l{odel I in that it was based

upon a system of cost oriented freight rates ' Thus '

differences between the optimal solutions to }4odels I and

II simulated the normative reactions of the GFMI to the

introduction of such rates. since regional flour milling

capacities were restricted to their estimated L974 levels,

these reactions were deemed to be short run in nature. In

Model III, also, cost Oriented freight rates were intro-

d.uced. In addition, however, the regional flour milling

capacity constraints were relaxed, allowing the model to

seek an optimal solution under the assumption that extra

capacity could be constructed wherever necessary. Thus'

differences between the solutions to Models I and IIÏ were

deemed to represent the normative long run reactions of

the CFMï to the adoption of cost oriented freight rates'

Conclusions

Theprincipalobjectiveofthisanalysishasbeen

to measure the impact of freight rates upon the regional

distribution of flour milling activity within Canada'

Normative empirical results obtained through the application
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-of the linear prog'ramming transhipment models described.

above offer some support for the hypothesis that freíght
rates have influenced the locational development of the
cFMr. However, these results do not fu1ly exprain the
current regional distributíon of canadian flour milling
activity.

The optimal milling and shipment patterns derived
by Model r closely resemble the actual pattern of domestic
and export market orientati-on currently exhibited by miIIs
in Eastern and. western canada. Thus, the exísting (1g74)

freight rate structure would appear to have enhanced the
relative regional advantage of Eastern canada in respect
of domestic flour shípments and of lrlestern canada in respect
of export shipments. rn contrast to reality, however, the
solution to Model r assigned almost perfectly equal shares
of the overall milling activity to Eastern and lriestern
canadian mills. rn fact, in this solution, all three
Prai-rie regions v/ere milling to the full extent of their
capacities while milling activity in British Columbia amoi:nted

to some 99.6 percent of its capacity. Factors outside the
scope of this model (that is, factors other than the cost
of transportation) must therefore explain the current
dominance of eastern mills in the overarl production of
canadian flour and the persistent problem of excess capacity
suffered particularly by western milIs.
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The short run implications of introd.ucing cost

oriented freight rates r¡rere examined in t4odel II.
Generally, the regional milling capacity constraints

appeared to limit the ability of the solution to fully
respond. to the modified freight rates. The introduction
of cost oriented St" Lawrence Seaway tol1s did not affect
the solution at all" Removal of the effects of the stop-

off fee subsidy program and of the "At and East" rates

from the rate structure did not affect the overall Ievel

of milling activity in any region. However, each of these

two adjustments to the rate structure did lead to a shift
in market orientation between Manitoba and Saskatchewan.

That is, domestic flour shipments from Manitoba increased

but were offset by decreased shipments for export. At

the same time, perfectly opposing changes in the pattern

of flour shipments from Saskatchewan offset those in
Manitoba. In addition to similar market reorientation
adjustments, removing the effects of the statutory "Cro\nz's

Nest Pass" rates from the rate structure also had the

effect of reducing flour milling activity in British
Columbia to zero. Ontarío, the only region other than

British Columbia with available capacity, benefited from

increased milling activity as a result. Consequently,

overall milling activity in Western Canada $ras reduced

while that in Eastern Canada íncreased. Fina1ly, with

the cumulative effects of all four of these modificatíons



122

introduced into the freight rate structure, all of these

effects v¡ere evídent.

The longer run implications of introducing cost

oriented freight rates were examined in Model fII" Relaxa-

tion of the regional milling capacity constraints had a

number of impacts, apparently irrespective of changes in

the freight rate structure. The solutions to Models IIIa

and IIIb, wherein the effects of the stop-off fee subsidy

program and of subsidized St. Lav¡rence Seaway tolls had

been removed from the freight rate structure, were identical

to each other. This would suggest that neither of these

cost oriented adjustments to the freight rate structure

would have significant effects on the optimal pattern of

wheat grain and flour míIling and distribution ín Canada.

However, the pattern of regional milling activities in

these solutions differed considerably from the solution to

Model I. Specifically, milling activity in Saskatchewan,

Quebec and the Maritímes was significanLly higher.

conversely, it was lower in British columbia, Alberta and

Manitoba. The net effect of these changes was that almost

64 percent of the total flour produced was milled in

Eastern Canada whereas only 36 percent was milled in

I,rlestern Canada. This pattern closely resembles the actual

situation. Again, however, these effects appeared to be

induced by relaxing the regional milling capacity con-

straints, not by adjusting the freight rate structure"
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Removaloftheeffectsofthe''AtandEast''ratesfromthe

rate structure did result in changes to the optimal pattern

of regional mitting activity" Flour destined for export

through the Atlantic Seaboard ports was milIed in the

Maritimes rather than in Saskatchevlan' thus further

reducingWesternCanada'sshareoftotalCanadianmilling

activity to only 27 percent' Removal of the effects of

the statutory "Crow's Nest Pass" rates from the rate

structure had the opposíte effect, shifting milling activity

to satisfy export requirements through the St' Lawrence

portsfromQuebecmillstothoseinSaskatchewan.Inthis

formulation,WesternCanadaaccountedforSome42percent

of the totar_ mirring activity in canada. Finalry, with the

cumulativeeffectsoftheseadjustmentsremovedfromthe

freightrateStructure,theoptimalsolutionresembledthat

of Model IIIc, where the effects of the"At and East" rates

alone had been removed from the rate structure' This would

implythattheserateshaveagreatereffectontheregional

distributionofCanadianflourmiltingactivitythanthe

other rate distortions which were examined, including the

statutory "Crowrs Nest Pass" rates"

A second objective of this analysis has been to

examinethenormativeimpactofintroducingcostoriented

adjustmentstothegraínfreightratestructureuponthe

relative efficiency of existing transportation patterns'

Thatis,theeffectsofthesefreightratechangesonthe
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total ,'real" CoSt of grain transportation \^7ere measUred"

Vlhile in some cases these changes induced marginal cost

savings, the overall results of this analysis suggest that

introducing cost oriented freight rates will not signi-

ficantly improve the relative efficiency of present shipment

patterns. To a large extent, factors outside the scope of

this analysis dictate the transportation patterns ' allowing

little room for improvement. such considerations as

transport infrastructure limitations, for example, will

remain and continue to influence the actual milling and

shipmentpatternswhetherornotcostorientedfreight

rates are adoPted-

Finally,athirdobjectiveofthisanalysishas

been to measure the impact of introducing cost oriented

adjustmentstothefreíghtratestructureuponspatial

wheat price equilibrium in the canadian economy. Removing

the effects of the stop-off fee subsidy program and of the

,'At and East" rates from the freight rate structure did not

have a measurable impact on the equilibrium levels of wheat

prícesacrossCanada.RaisingthelevelofSt.Lawrence

Seawaytollstocostorientedlevelsonlymarginally

increased wheat prices in Eastern Canada. Increasing the

statutory"Crowrs Nest Pass" rates by a factor of three had

significant effects, however, particularly in Western

canada. The equilibrium prices of wheat dropped by 44 cents

per hundredweight in saskatchewan (4"9 percent), by 36 cents
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per hundredweight in Alberta (4.0 percent) and British

Columbia (3"5 percent) and by 28 cents per hundredweight

in Manitoba (3"1 percent). Thus, wheat producers in these

provinces would bear the brunt of additional transportation

expenses associated with raising these rates. Tn fact,

these are not new costs but costs whích are presently borne

by the railways (directly), and to some extent by the

federal giovernment (indirectly, through subsidization of

the railways), which would be transferred to the producers

if these rates hrere raised. Considering L974 production

levels, this would amount to an annual loss of gross income

in the order of $112.6 million for lrlestern Canadian wheat

producers. On the other hand, purchasers of wheat in these

provinces would enjoy the benefits of lower prices. Not

only would this contribute to lower food costs in Vüestern

Canada, but it would also encourage increased livestock

feeding and other industrial processes which use wheat as

a ra\^r material. Furthermore, similar effects could be

expected with respect to other grains which would also be

affected by raising these rates. In addition, the price

of wheat in export position at Churchill dropped by two

cents per hund.redweight while the price of wheat in export

position on the Pacific Seaboard rose by four cents per

hundredweight. These changes demonstrate the distortion

inherent in the present rate structure in terms of the

comparative advantage of the various export channels in
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canada. wheat prices in Eastern canada \^/ere not af fected by

removing the effects of the "cro\n/'s Nest pass" rates from

the freight rate structure. Finarly, all of these effects
upon spatial wheat price equilibrium were simpry additive
when the cumulative effects of these cost oriented adjust-
ments v/ere introduced into the rate structure simultaneously.

Thus, it would appear that the implications within
the Canadian wheat flour economy of introducing cost oriented
ad.justments to the freight rate structure may be primariry
distributionar rather than substantive. That is, while the
changes simulated in this analysis implied only relativery
minor shifts in the optimal wheat and wheat flour milling
and shipment patterns derived, significant shifts in the
burden of transportation costs were observed. specifically,
the transportatj-on expenses facing prairie grain producers
\^rere higher as a result of the increased freight rates but
the railways received greater commercial revenues and the
federal government's subsidy expenditures decreased.

rn addition to the limited regional implications
noted above, rationalization of the grain freight rate
structure would impact upon resource allocation within the
Prairie agriculture industry. vühereas the profit.ability of
grain producti-on, especially for export, has been enhanced

relative to other agriculturar prod.uction by artifically
low freight rates, total output of such grain may be
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expected to have been somewhat greater than otherwise
principally at the expense of other forms of output.
Furthermore' livestock production on the prairies, f.or
example' suffers not onry by this direct competitive
disadvantage to prairie grain production but also
indirectly, because competing li-vestock prod.ucers in
other regions have been able to obtain prairie feed
grains at lower delivered prices than they wour_d other-
wise be able to. The introducÈion of cost oriented
adjustments to the grain freight rate structure would
thus be expected to remove some such distorti_ons and

may therefore induce more economic allocation of
available productive resources.

Limitations

By its very naturer âr! economic analysis which

develops a comprex empirical model to simulate actions and

reactions in the real world will be subject to certain
limitations. Many of these will relate to simplifying
assumptions required by the model. Nonetheless, such a
limited analysis may yet provide usefur new insights into
difficult policy matters provided its findíngs are inter-
preted carefully and are understood within the strict con-
fines of those limitations.

Perhaps the most restrictive rimitation of the
present analysis is that its results are normative,
describing only the situation which should have existed,
rather than attempting to predict that which will happen.
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while it serves to crarify the nature of-the impact of
transportation costs on the canadian wheat flour economy,

it does not attempt to demonstrate the importance of
transportation relative to other factors.

The objective function of the empirical model was

to minimize total direct transportation user expenditures
required to satisfy all regionar requirements out of
available supplies. This approach did not consider total
transportati-on costs, including those assumed, by government

and those absorbed by the carriers, but only those facing
wheat grain and frour shippers. rn addition, Lhe objective
was satisfied with respect to the entire system¡ âs though
decisions hrere made by a single body. Thus, while overarr-
shipper costs were minimized across the entire system, those
of particurar regions or sub-systems may not have been.
Furthermore' the model assumed. that all activities take
place at a single representative center within each region.

wheat was the onry grain considered and flour was

assumed to be the only product of the milling process. ïn
fact, a significant by-product of flour milling is mill-
feeds" By ignoring this by-product it was impricitly
assumed that there exists a universal demand for millfeeds
at all flour mill locations so that no further transportation
implications would derive from its marketing. Furthermore,
all wheat grain and flour was considered to be perfectry
homogeneous' thereby simplifying the transportation require-
ments of the system.
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All freight rates were assumed. to be independ.enL

of the volumes shipped. rt was further assumed that
sufficient transportation capacity exísted at all stages of
the marketing process. No consideration was made of the
seasonality of the grain transportation problem. fn
addition, for lack of accurate information, it was assumed

that the cost of handling and transporting wheat grain and

flour T^/ere equal on a simple weight basis, as are existing
freight rates for these two commodities. Another para-
meter of the model which is of uncertain reliability is
the estimation of regional milring eapacities. Finalry, as

noted in chapter v, the analysis of spatiar price equili-
brium implicitly assumed that aggregate export demand for
canadian wheat is perfectly elastic with respect to price
while the supply is perfectry inelastic, at reast in the
short run. As this is not absorutely true, more realistic
conclusions with respect to the incid.ence of increased
transportation expenses would be somewhat mollified.

Suggestions for Further Research

This study has identified a number of problem

areas to which further research effort might well be

directed" The present analysis represents only a first
step in the examination of factors influencing the regional
distribution of frour milling activity in canada, concentra-
ting on the effects of transportation cost. subsequent

study to identify other important factors and to explore
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the nature of inter-relationships between these factors
would be a usefur supplement to this analysis. For example,
identification of possible differences i_n processing costs
between alternative locations and/or the presence of
economies of scale in flour processing may help to explain
the regional distribution of the cFMr. rn addition,
investigations of the effects of introducing cost oriented
grain frei-ght rates upon other grains and grain processing
industries would provide equally varuabre information.
Finally, further study of the incidence of increased trans-
portation costs is required before a finar evar_uation of
the existing freight rate structure can be comprete.
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THELINEARPROGRA}4MINGTRANSPoRTATION}foDEL

Linear programming is a mathematical technique in

which a given linear function is optimized subject to a

number of limiting sid.e constraints, also in the form of

linear equations. Under sterile mathematical conditions '
the technique is incapable of generating any economic in-

formatíon. As a tool of economists, however, it has become

a highly valued computational procedure. Its ability to

scan complex systems of interrelationships and to illustrate

succinctly the implications of given economic conditions

thereupon has proven particularly useful in applied re-

search. At the same time, it is also an important tool of

theoretical analysis since ít is a decision model based

upon optimat (ie. "rational") patterns of individual
.1behavaour.

The transportation model is a specialized compu-

tational technique which can be applied to a particular

subset of linear prograrnming problems" Its primary

advantage is that a much simpler solution procedure may be

employed. In addition, however, it provides a convenient

format wíthin which many problems may be more easily

conceptualized. As the name suggests, it is especially

lgot a more complete discussion of the role played
by linear programming in ãconomic analysis, see William J'
gäumot, ecõnoáic rheóry and Operetionq AnÊ1)'9is_(3rd ed.)
{Èngfe*o Inc' ' L972) '
especiallY PP " 70-102-
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suited to problems whi-ch deal with transportation" In fact,

the technique \das originally formulated so as to assign

flows of a commodity between a number of spatially separated

srrrplus and deficit regions in such a way that total trans-

portation costs for the system would be minimízeð'-2 The

model is currently applied to a much wíder range of problems

than this, but transportation and location economics remain

its primary fields of employment.

For every linear programming model, there exists

a complementary formulation which is referred to as its

"dual". It is, in fact, merely the original problem re-

specified in a format which facilitates the observation of

values which vüere implicitly imposed upon the various

resources by the original model" Generally, these values

represent the marginal value productivity of the resources

concerned. Tn transportation models, where the difference

between the value of a good at its origin and at its desti-

nation is precisely equal to the cost of transporting it

from one point to the other, these values indicate the

comparative locational advantage of the various regions.

These dual values may thus be used to determine the relative

')'F.L. Hitchock, "The Distribution of a Product
from Several Sources to Numerous LocalitiêS", Journal of
Mathematical Physics, VoI" 20, I94L, pp" 224'230"



spatial equilibrium for the model under consideration.3

In order to define the basic transportation modeI,

one must first assume the existence of a single homogeneous

commodity and a number of geographically distinct regions

which are connected by a transportation network. Then one

must define Si (the quantity of commodity available at the
.rhi-" source), Oj (tfre quantity of commodity required at the

ith aestination), *ij (the number of units of commodity

transported from the ith source to the jth destination),
C, (the cost of transporting one unit of commodity fromr-l
the ith source to the ith aestination) and TTC (the total
transportation cost for the system) " This done, the

transportation model may be expressed mathematically as:

133

mn
Minimize: TTC = X X C. .X. .

rlral-ll-l
f_= -L I =I

Subject to: x..lJ r-

(i=1,2,...,m)
(1)

(j=lr2,".",n)

(2)

(3)

(4)

(s)

n
1

j:1
m
X X.. : D.

i=l lJ J

mn
X S_. : X D,

i=l I j:r J

*ti, si, oj > o

â
'For a more complete explanation of the "dual"

t.o transportation models, see Robert Dorfman, PauI A"
Samuelson and Robert M" Solow, Linear Programming and
Economic Analysis (New York: m ,ffit.
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Equation (1) states the objective of the problem,

which is to minimize total transportation costs for the

system (these costs being equal to the sum of the unit

cost of transportation from each source to each destination

multiplied by the actual number of units of commodity

transported over those routes). Equation (2) ensures that

the total of all shipments out of each source does not

exceed the total quantity of commodity initially available

there" Equation (3) requires that the total quantity of

commodity shipped to each destination exactly equals the

quantity required there. Equation (4) states that the

total of the quantities of commodity available at all

sources must equal the total of the quantities required

at all destinatíons (an operational requirement of the

basic model). Finally, equation (5) requires that all

quantities of commodity be greater than or equal to zero"

That is, negative quanti-ties are infeasible.

Representation of the transportation problem in

tabular formr âs ín Fígure A,.1, more clearly illustrates

the fundamental properties of the model. Each row of the

tableau represents a source in the original problem while

each column represents a destination. The quantity of

commodity available at each source is given in the right-

hand column and the quantity required at each destination

is given in the bottom ro\^¡, The totals of each of these

(r^rhieh are equal) are given in the lower right-hand corner
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wherethebottomrowandtheright-handcolumnintersect"

within each cell 0f the tableau the relevant transport cost

and quantity information is given' In the cell located at

theintersectíonofthesecondrowandthefirstcolumn'
for example, Czl represents the cost of transporting one

unitofthecommodityfromthesecondsourcetothefirst

destinationandXrrrepresentsthenumberofunitsshipped

over that route"

The transportation model is a powerful tool of

spatialeconomicanalysis.Intherelativelysimpleform
presented above, however, its effective range of applica-

tion is severely límited by its abstract nature '

Fortunately, a number of extensions and modifications to

the basic framework have been deveroped which enabre it to

more realistically model complex situations '

Perhaps the most restrictive aspect of the trans-

portation model is that it requires the total of all quanti-

ties available and Lhe total 0f all quantities required at

the various locations to be exactly equal to each other'

Infactritwouldbemorerealistictoexpecteitherthat

totalquantitiesavailablewitlexceedtotalquantities
mn

required (ie-
i=I r j=I J

available

ments (ie.

will be insufficient to fulfilt total require-
mn
x S. < r Dr). In either situation' however'

i=l l- j=r J

only a minor adjustment of the basic framework is required
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in order for the model to accept the more realistic prob-

lem. The adjustment involves the definition of a ficti-

tious loeation to absorb the difference between the quanti-

tiesavailableandrequired.rnthecaseofexcesssupply

capacities, for example, âD additional destination (j=n+1)

would be defined with commoditl' requirements exactly equal

totheexcessofquantitiesavailableoverquantities
mn

required (ie. D_," = I s* - t D+) " The transportation-n+I i=I a j= I J

cost of shipping commodity to this destination would be set

equal to zero (ie- ci(n+1)= o; i=l,2,''''m) since' in the

final solution, âny shipments to it (ie'x11n+1) > 0; i=

L,2,...,m) would really only represent the absorption of

excess capacity by the originating source and not an actual

shipmentofcommodity.Bymeansofthissimplemanipulation'

the strict format requirements of the transportation model

techniquecanbemaintainedwhileinvestigatingamore

realistic problem situation than would otherwise be possible '

Another limitation of the basic transportation

model is that it assumes each source to be direct'ly linked

with each destination via the existing transport infra-

structure. In reality, however, the transportation net-

work may be such that connections between particular pairs

of points are simply not feasible" It may become necessary'

therefore,toprohibitpositive*ijvaluesfromentering
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certain cells of the tableau which represent such inad-

missable routes" The procedure used to overcome this

difficulty is, in effect, to price shipments between such

pairs of points out of the optj-mal solution. That is,

the C=. values corresponding to the infeasible routes are
r-l

set at an arbitrarily high leve1 (usually designated as

rrMr' ) which is great enough to ensure that such shipments

do not take place. This símple but effective manipulation

of the transportation model enables it to simulate this

complexity of existing transportation networks.

The basic transportation model permits only

direct shipments of commodity from sources to destinations.

One of the most valuable extensions to this model is the

transhipment varient which incorporates the possibility of

linked paths through intermediate locations.4 In this re-

formulation of the original modelr âtrY point in addition

to being a source or a destinationr ilâY also act as a

distribution center" Although the resulting problem is

considerably more complex, it may be specified in such a

way that it. can be solved in precisely the same manner as

the simple transportation problem. This is accomplished by

defining the transhipment activities as standard transpor-

tation activities and including certain features to compen-

sate for the differences.

4o1"* orden, "The
ment Science, Vo]-. 2, 1956,

Transhipment Problem", Manage-
pp" 276-28s.
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In the transhipment model some or all of the

original sources may act as intermediate distribution

centers which both receive and dispatch commodity ship-

ment--s. Simílarly, some or all of the original destinations

may both accept and issue shipments " The original sources

must therefore be redefined simply as points I,2,. - - ,m and

the original destinations as points (m+1), (m+2), " "., (m+n) 
"

The first subscript on a variable now refers to any point

from which a shipment is delivered and the second subscript

now refers to any point which receives a shipment. With

appropriate adjustments made to accommodate these changes'

the variables Si, Oj, *ij, 
"ij 

and TTC remain as defined

for the general transportation model.

In order to accommodate transhipments out of the

original destinations and into the original sources, arti-

ficial stockpiles of commodity must be established at those

points from which, and into which, transhipments may be

made. Fictitious availabilities I Sr; i= (m+1) , (m+2) r... I

(m+n) I and requirements (Dj r j =1r 2, . " . ,m) are therefore

specified as temporary buffer inventories at these points.

Additions to, and compensating withdrawals from, these

stockpiles are interpreted as intermediate transhipments of

commodity through the locations involved. The cost of

transportation from any location to itself is, of course'

equal to zero ie"tCt, = 0; i=j=l ,2r---rm, (m+1), (m+2),...,

(m+n) J . Excess inventories therefore cancel themselves out

and never appear in the final solution"



140

The transhiPment model

defined as:

can be mathematicallY

Minimize: rrc = il Ïl tt, xi¡
i:l j:l

Subject to:
m+n
E X. .

j:l lJ

m+n
T X..

Í:1 r- J

m*n
xS-.=Il:I

m+n- x x..<s_.
j:l Jr r

m+n
- t X.. = þ

i=l Jl j

m+n
x D,

:-1 JJ-r

(m+1¡ , (¡¡+2 )

(m+l) , (m+2 )

(7\

(8)

(e)

[':1:1:?;;î'

[':i,1: r;;;i'

,l

,l 'u'

xt j, si, Dj ào (10)

The objective function (6) remains¡ âs before, to

minimize total transportation costs for the system"

Equations (7) and (8) are simply modified versions of

equations (2) and (3), respectively, which in additíon'

maintain a commodity balance at all locations " Specifi-

cally, equation (7) states that the net arnount of commodity

shipped out of each point (ie" total outflows minus total

inflows) must not exceed the total quantity available

there to begin with. Equation (8) requires that the net

amount of commodity received at each point (ie. totaf in-

flows minus total outflows) equals the quantiÈy required



14l-

there. In addition, equations (7\ and (B) ensure that no

uncompensated shipments into or out of transhipment centers

persist in the final solution. Equation (9) is equivalent

to equation (4) in stating that the total of all quantities

availablemustexactlyequalthetotalofallquantities

required. Finally, equation (10) states the non-negativity

assumptions of the model"

Ageneraltranshipmentmodelintableauformatis

illustrated. in Figure A.2. comparison of this with Figure

A.1 reveals the nature of the modifications which are re-

quired in order to pose the more complex transhipment

problem within the framework of the simple transportation

model. Further, it is interesting to note that the tran-

shipment problem may be separated into four distinct sub-

sections. The upper left-hand sub-section is an (m x m)

matrixrepresentingcommodityshipmentsfromoriginal

sources to other sources for transhipment purposes. The

upper right-hand matrix of size (m x n) is interpreted as

shipments of commodity directly from original sources to

destinations. The 10wer left-hand sub-section is an

(n x m) matrix representing commodity shipments from desti-

nations acting as intermediate points to sources acting as

intermediate points. Finally, the lower right-hand sub-

section is an (n x n) matrix of shipments from intermediate

destination points to final destinations'
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Thus, the transhipment varient enables the general

transportation model to consider problems involving indirect

routes between locations. Through similar modifications,

it may be further extended to consider problems concerned

with multiple decision variables. That is, problems in

which more than one commodity,5 more than one mode of
6 . --r- ^-7 -transportr- more than one time period or more than one

stage of the production-distribution processB are to be

considered simultaneously may be formulated within the

general format of the transportation problem" This is

accomplished by defining each of the multiple variables

Snichard a. King and William R. Henry, "Trans-
portation Models in Stud.ies of Interregional Competition",
iournal of Farm Economics, Vol. 4L, No. 5, December, L959,

6r. Brian Haley, Mathematical Pfggramming for
nd Industrv (Toronto: fhe MacMillan CompanyBusiness and IndustrY (Toronto: @anyof

canããã- LÏrnlted , L967 ) , pp. 58-62 "

TMack u. Leath and James E. MarLin, "Formulation
of a Transhipment Problem fnvolving Time", Agricultural
Economics Reèearch, Vol. ]9, No. L, JanuaryJ967, pp. 7-L4.

oöGordon A. King and Samuel H- Logan, "Optimum
Location, Number and size of Processing Plants with Raw
product and Final Product shipments", Journal of Farln
Economics, Vol. 46, No. I, February, L964, pp- 94-108"
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in the probrem as distinct transportation activities and

solving as before.9' 10

Suppose, for example, that a particular problem

consists of minimízing total transportation costs for the
si-murtaneous allocation of severar commodities from a

number of sources to destinations " By treating the quanti-
ties available and required of each commodity at each

location as separate points in a network, the problem may

be solved as a standard transportation problem. The only
other modification required is a system of notation by

which the identities of all sources, destinations and

commodities may be easily recognized. To that end., a third
subscript is added to each of the variables previously
defined. shipments from source i to destination j of
commodity k would then be represented by *ijn; the unit
cost of that shipment would O. 

"rrO, 
the quantity of

commodity k available at source i would be sit and the

9v"r.r"r G. Hurt and Thomas E. Trame1, ,,Alternative
Formulations of the Transhipment problem", Journal of Farm
Economics, Vo1 " 47, No. 3, August, Lg65t ppW

10rt should be noted here that one author, êt least,has conceptualized a methodology which considers n-dimen-sional transportation problems explicitly (see I(.8. Haley,
"The solid Transportation problemt', operãtions Research,Vol. 10, L962, pp. 448-463 and "The Mm;',
Operations Research, Vol. 11 , 1963, pp. 369-379) . However,
ffiion procedure for- Áuch problems has yet
been developed (see Giuseppe M. Ferrero d.i Roccaferreïa,
OpgraÇions.Re:g+rch {ode}s for Business and Industry(CincÍnnati, Ohio: South:W , 1964)p. 486).
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guantity required at destination j would be ojo" As before'

total transportation costs for the system are given by TTC"

The mathematical definition of the model becomes:

Ivlinimize: TTC: i Ï P (i:1'2"'o'm)

i:l ::r r.1r 
t' jt' *t ju [¿=l'',3i,'.'.:;;] 

ttt'

n
Subject to: .8, Xiik SSit

J:I

m
r Xiik: DÌk

J¿
I_I

(12)

(13)

x S.. = x D,,- (14)
.-'-ik!1lKl:I J:I

*rju' sik' D5¡ z o (1s)

Figure 4.3 illustrates, in tableau format, the

case of an example with two Sources, three destinations and

two commodities. The essence of the modification to the

general transportation problem required in order to incor-

porate more than one commodity lies in the two-tiered

definition of origins and destinations" That is, the

quantities of each commodity available and required at

each location are treated separately. In this case, the

problem would be solved as though it were a standard trans-

portation problem with four origins and six destinations.

Shipments of one commodity to satisfy reguiremenÈs for

the other appear in the tableau as blank cells, having

been "priced out" of the model beforehand (see above).
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This section has presented the general transpor-

tation model and a number of useful extensions to it.

Given these modifications, individually and in combination,

it is possible to fashion complex versions of the model

which simulate existing economic systems. This study

employs such a model to determine optimal wheat grain and

flour shipment patterns under alternative freight rate

structures. The specific format of this model is outlined

in Chapter ïV.
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A COMPARTSON OF OPTIMAL VüHEAT GRÄ'ÏN

AND FLOUR SHIPMENT PATTERNS WTTH

ACTUAL GR.A,TN AND GRAIN PRODUCT

SHIPMENT PATTERNS

In order tO assess the "reasonableness" of the

normative shipment patterns deríved in this analysis, it

was considered to be important to compare them to actual

shipment patterns for Ig74. Unfortunatelyr âs noted in

Chapter V, complete statistics concerning interregional

shipments of wheat grain and flour within canada are not

available on a basis v¡hich is directly comparable"

statistics canada reports commodity movements by the
'l

various modes of transport.' However, with respect to

water and truck traffic, this data is not compiled on the

basis of a sufficiently detailed commodity classification

to identify wheat grain and flour separately. With respect

to rail traf f ic, it is not possible to link t'he origins

and destinations of commodities loaded and unloaded in the

different regions. The Canadian Transport Commission

publishes two series of statistics concerning interregional

rail shipments of commodities. one of these only differ-

entiates between three regions in canada: the MariLimes'

lst-tistics canada publishes a number of data
sets with r.=på.| to each modã: those relating to the rail
mode are inctLded in the catalogue number serìes 52-2Xx¡
;h;;" relating to the truck mod.e are included in the
ðãtrfogn" ,r,r*Ë"r series 53-2XX; and, those relating to the
marine mode .i" included in the catalogue number series
54-2XX.
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Eastern and Western Regions.2 ,h" other is not compiled

on the basis of a sufficiently detailed commodity classifi-

cation to identify wheat grain and flour shipments separ-

ately from other grain and grain product shipments.3

In spite of these problems, it was felt that even

a very approximate comparíson would be worthwhile. There-

forer âr origín/ð.estination matrix was compiled from the

optimal shipment patterns derived in this analysis, with

some regional aggregation. specifically, the domestic

regions of Ontario, Quebec and the Maritimes and the export

regions of Thunder Bay, st. Lawrence and the Atlantic

Seaboard were all combined together inLo one group referred

to as "Eastern Canada". Also, the export region of

Churchill was íncluded with the domestic region of Manitoba

and the export region of the Pacific Seaboard was included

with the domestic region of British Columbia. The domestic

regions of Saskatchewan and Alberta were not affected by

re-grouping. on the basis of this regional breakdown, it

rdas assumed that all interregional shipments would move by

rail. I¡ül:eat grain and f lour shipments were combined to-

gether.

)'Canadian Transport Commission, Research Branch'
Wavbilt Analvsis Carload All-Rail Traffic (Ottawa: annual-
ãîscontinued after 1977) "

Ircanadian Transport Commission, Traffic and
Tariffs Branch, Commodity Flow Analysis, Canadian Carload
Traf f ic (Ott.awa: annual) "
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The most nearly comparabte origin/destination

matrix of actual lg74 shipments possible' was compiled from

unpublished detail included in the Commodity FIow Analysis
Á.statistics.'+ A1t grain and grain product shipments \Âlere

combined on a similar regional basis. Since this compari--

son of optimal and actual shipment patterns is based on

wheat grain and flour shipments on the one hand, and all

grain and grain products shipments on the other, only

relative proportions of the total volume of shipments can

be compared.

ThecomparisonoutlinedinTableB.lprovides

the relative shares of all interregional traffic in wheat

grain and flour as derived in this thesis (in parentheses)

and of all interregional traffic in all grain and grain

products which vrere actually carried between the pairs of

orígin/ð,estination regions considered. Shipments within

regiions are not included in the total since, in the deriva-

tion of the normative shipment patterns for wheat grain and

fIour, inventory transfers vüere considered as intra-

regional shiPments "

Even based upon this crude comparison, it is

clear that the derived shipment patterns roughly approxi-

mate the actual patterns of movement within the Canadian

grain transportation network" while the opLimal patterns

4r¡ia.
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which vlere derived did not capture some of the minor inter-

regional shipments, the major traffic flows (for example,

from the Prairie provinces to Eastern Canada and British

columbia) appear to have been very closely simulated.
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