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. POTENTIAL FCONOMIC INMPACTS OF AN
AREA TRANSPORTATION PROGRAM

ABSTRACT

The objective of this project is to design a model cavnable
of specifying the impaét on area emvloyment and income attributable
to an improvement in the quality of the highway system. Essential
components of the model include estimates of agricultural production,
manufacturers and service dollars trade flows. The analyvtical framework
will be based on a regional input-output model. Thus the impacts of
changes in final demands associated with highway capacity investment
can be estimated and projected. A secondary objective will be an
assessment of the adequacy of the tranSportation system to meet

projected final demand requirements.

The model developed for this study provides a basis for
integrating engineering transportation planning concepts with those of
regional economic develovment. The first submodel, dealine with the
economic system, estimates area business sales and incomes and allocates
them to towns within the region. The highway sub-model relate economic
variables to traffic flows, highway design criteria and capacity
requirements. The impact sub-model is formulated to measure the impacts
of highway investment expenditures on area economic growth evaluated by
area business sales, regional income and local employment, using a
regional input-output table. The transportation capacity costs that are
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not offest with increases in levels of variables evaluating ares
economic development measure the cost of attaining certain social
goals through the highway transportation programs. For example, in
rural Manitoba, it is a goal of the government to provide relatively
easy access to community centers, villages, etc., and highways are
the major instrument used to achieve this goal. The economic issue
concerns the ratio of economic impacts derived from the model, i.e.
the change in income and empioyment associated with a dollar of
highway investment. The simplest case is when economic impacts are
negligidble; then highway construction expenditures should be entirely

allocated to the achievement of non-economic goals.

The results obtained indicatethat business sales and
incomes only increase by a fraction of highway construction exvenditures,

even after allowing for rultiplier effects. :
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Chapter 1
INTRODUCTION

The ARDA-FRED Interlake development plan, spanning the
years 1967-68 to 1976-7T, called for expenditures of $85 million
. "o promote its (Interlake's) economic development, to increase income
and employment opportunities and to raise standards of living". 1
More than ten percent of the planned expenditures were allocated to the
road program, which was formulated to facilitate school consolidation
and to upgrade east-west access to the adult training centre. The
road program was to provide a means to increase productivity in the

area by providing more skilled workers, and to contribute in this way

to achieving the plan objective of greater income.

The Interlake development plan was formulated under féderal—
provincial agreement as a means to achieving a "better" distribution
of income among regions in Canada. Two sets of arguments have been used
to promote the lessening of regional disparities. It has been argued
that the loss due to regional re-distribution of income might be more

than offset by the gains in poorer areas.2 In essence, this is the

1 Interlake of Manitoba Federal-Provincial Rural Develovment
Agreement of 1967, (Ottawa: Department of Forestry and Rural
Development, 1967), p. 7.

_ 2 The opposite argument , that regional re-distribution of

incomes might retard national growth, has been put forward as well. See T.N.
Brewis,. Regional Fconomic Policies in Canada, (Toronto: MacMillan, 1969),
pp. 90-92. ’

1



2
argument for a more egalitarian personal distribution of income applied
to regions. The lessening of regional income disparities has also been

‘argued for on political grounds, such as, to preserve national unity.3

This distributive approach has succeeded to a policy of
encouraging high-growth regions. It has been argued that greater gains
can be made by promoting high-growth regions than by equalizing the
regional distribution of income. The debate surrounding these two
policy alternatives is beyond the scope of this study. The choice
between the two policies has numerous implications for individual
countries where there are regional disparities. The problem even
presehts itself, although in much more complex form, at the world level,
where attention has been focussed on the gap between richer and poorer

countries.

In Canada, a recent study found that the regional distribution

of income did not change significantly between the mid 1920's and the

mid 1960's. b Apart from equalization grants, no governmental action
was taken to reduce the problem until the enactment of the Agricultural
and Rural Development Act (ARDA) and the creation of the Fund for Rural

Economic Development (FRED) by the federal government.

3 p.E. Trudeau, Federalism and the French-Canadians, (Toronto:
MacMillan, 1967), pp. 21-L5,

L S.E. Chernick, Interregional Disparities in Income,
(Ottawa: Economic Council of Canada, Staff Study no. 1L, 1966), p. 65.
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Subsequently, interest in regional problems developed to the point
where the federal Department of Regional Economic Expansion was
created to coordinate and administer the regional programs of the
federal government. One of the results of this activity was the
formulation and implementation of the Interlske development plan and
of its constituent programs, of which the rosd program is one of

the largest.
PROBLEM STATEMENT

A total of some $8.85 million was allocated to the road
program, of which $2.47 million was earmarked for highways, on the
basis of planners' judgements as to the region's needs and the
economic impact of these programs expenditures. Regardless of the
question of soundness of these judgéments, it is necessary to have
an objective method to assess these needs. Such a method would have
several advantages. First, it would provide quantitative estimates
of needs and of economic impacts, and thus bring more information
into the decision~making process. Second, it would bring out
implicit assumptions made about relevant variables and their growth
paths, and so clarify what is being decided. Finally, the
development of an objective method leads to criticism of that
method, to its improvement and to better decision~making. The
purpose of this study is to take the initial step in constructing
an objective method for the evaluation of highway needs and of the

impact of highwey construction expenditures.



OBJECTIVES AND CONTRIBUTIONS

The objectives of this study are: to construct a. model
to evaluate the need for, and impact of, highway construction
expenditures on a regional economy; to estimate the coefficients
- of the model for Manitoba's Interlake area and to compute the
highway investment needs and their impacts on the Interlake
economy; and, finally, to conduct a sensitivity analysis so that the

effect of different assumptions may be computed.

The development of the model constitutes the major con-
tribution of this study. Although the model will certainly lack
many refinements, it will represent a step in the development of an
objective planning method for assessing highway needs and impacts
in thé context of a regional economy. Moreover, the specific
application of the model to the Interlake area will allow planners
for that region to gain wider insights into the functioning of the
regional economy and to obtain some estimates of the effect of

the highway program on the development of the region.
OUTLINE OF THE STUDY

The region is the focus of this study. The literature
review in the following chapter discusses objectives of
‘transportation programs in a regional framework. The choice of
planning procedure is discussed in the light of the objectives

selected. Some elements of the chosen planning procedure are
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then selected and problems involved in~their use are raised. The
theoretical model is elaborated in Chapter 3. The model consists
of three sub-models which are interlinked. The economic sub-model
computes business sales and incomes. These are used in the highway
sub-model to estimate traffic flows, highway needs and required
investment. The impact sub-model is used to quantify the effect
of highway investment on the economic and highway systems.
Chapter 4 discusses the application of the ﬁheoretical model to
the Interlake area. Data sources and utilization of the data are
briefly discussed. Modifications to the theoretical model are
required because of empirical problems whiéh are explained at
length. The limitations of the model are presented in Chapter 5.
In Chapter 6, the results of the empirical model are presented
for the Interlake area. Chapter 7 concludes with a summary of

the study.



Chapter 2
LITERATURE REVIEW

The objectives of the ARDA-FRED highway program were to
facilitate school consolidation by improving bussing possibilities
and to upgrade ease of access to the adult training centre by
bettering east-west routes. The achievement of these objectives
contributes to increasing productivity and thus attaining the plan
objective of raising incomes. Highway investment programs can have
a wide range of other objectives, which the literature has
distinguished. The choice among objectives can influence the
planning procedure best suited to the problem at hand. Alternative
planning procedures thus need to be evaluated for their relevance
to the problem. Once the choice of planning procedure is settled,
there remains a choice among alternative methods of effecting the
chosen procedure. These matters of methods can best be resolved by
seeking through the literature for options, and then choosing the

best possibility.
CHOICE OF OBJECTIVES

As indicated above, highway investment programs can have

numerous objectives. These can be grouped into two categories:

‘economic, and social. The economic objectives can be further

classified under the heading of efficiency and of

6
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'development.l The efficiency criterion can be stated alternatively
as minimizing costs for a given level of traffic, or as maximizing
the benefit-cost ratio, given the level of traffic to be satisfied.2
Two types of development criteria have been proposed. One defines
development in terms of additional traffic volumes using a highway
because of reduced transportation costs.3 This definition in effect

considers only traffic development. On the other hand, one can

choose to focus on the economic impacts of highway investment.

Thus the development criterion is defined as the level of increases
in local business sales, employment and income, subject to budgetary
constraints and the achievement of social goals.h The definition

of social objectives of highway investment programs is quite
difficult. Broadly speaking, the social objectives are those goals
which society deems desirable, and which might be achieved by the
highway program. For example, altﬁough the ARDA-FRED plan proposes

the highway program as a means to increasing productivity by

1H. G. ven der Tak and A. Ray, The Economic Benefits
of Road Transvort Projects, Report no. EC-160, (Washington:
International Bank for Reconstruction and Development Association,
1968), op. 1-4. See also J. A. MacMillan, "Evaluation of Regional
Development Programs: Application of Planning, Programming and
Budgeting, Benefit-Cost and Systems Analysis Methodology" (paper
presented to the Engineers and Resource Management Conference,
October 1970, Winnipeg, Manitoba), pp. 15-17.

2H. G. van der Tak and A. Ray, loc. cit.

31bid.

Ly, A. MacMillan, "Evaluation of Regional Development
Programs: ...", pp. 15-17.
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encourating education, and it thus has implications for economic
development; however, in terms of the highway investment program
per se, encouraging better education constitutes a social goal.
Other examples of social goals include improved access to major centres,
accident reduction, encouragement of tourism, ete. An economic
evaluation of a highway program in terms of these social objectives
is very difficult, because of the difficulty in obtaining economic
criteria for units of intangible achievement (e.g. the valuation

of the saving due to a person's death being prevented), or even

of measuring the intangibles themselves (e.g. quantifying, in
economic terms, accessibility). Thus a highway investment program
is effective, to a varying extent, in promoting various economic and

social objectives,

Inevitably, some of the objectives must conflict. For
example, the accident-reductioﬁ objective must be traded off agsinst
cost-minimization. So must economic development be traded off

FFFFF against cost-minimization. Thus a scale of preference among
objectives is required in order to evaluate a highway investment
program. Given the primary objective, the evaluation procedure

considers other goals as limits on the extent to which the first

objective is pursued.

Since this is an economic study, it considers the economic
goals to be most important. In particular, the highway program's

effect on the economic well-being of an area's residents are of




greatest concern. This effect is measured in terms of business
sales, employment and income. The pursuit of the development
criterion is subject to available funds for regional development
purposes, and to the requirements for highway investment due to

~ highway capacity deficiencies. It will be assumed that the cost-
minimization problem has been solved before investment is committed,
i.e. that the most efficient combination of resources is known and

used to provide increased capacity.
CHOICE OF PLANNING PROCEDURES

As mentioned earlier, the choice of objectives has
implications for the choice of a planning procedure. For example,
the efficiency criterion would require a different planning method
from that required by the develovment criterion, as will become
clear in this section. Many alternative procedures were examined, and
the one that seemed the best for purposes of this study was selected.
The review of procedures considers first the planning method currently
in use in the Manitoba Department of Highways. The theoretical
analyses of planning-programming-budgeting, benefit-cost analysis

and systems analysis are then briefly outlined.

Current practice in Manitoba is to begin by an assessment

5

of the sufficiency of the highway systems to meet present needs.

>Bryan K. Johnston, "The Total Highway Programming Process in
the Province of Manitoba', (naver vpresented at the Highway Programming
Workshop, December, 1969, Denver, Colorado), pp. 1-5.
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Determination of need is based on twelve factors, including the
condition of the road, shoulder and sightlines, the accident rate and
traffic service. Highway sections are eitﬁer found to be currently
deficient or their time of deficiency is computed. All sections
presently deficient or which will become so in the next five years
are noted. For these sections, detailed estimates of required
investments are computed. They are then noted for priority on the
basis of
1. Condition of roadway
2. Ratio of current design hours volume to
limiting service volumes
3. Geometrics
L, Cost to improve relative to vehicle miles of
travel.6
These projects, which form thé "oriority pool", are then scheduled
after the "assigned pool" projects have been deducted from available
funds for a given year. The "assigned pool" is made up of projects
such as the construction of a new highway, completion of previously

started work, commitments undertaken with other agencies.

The resultant schedule may then be modified to take into

account equity in the distribution of work across the province,

61bid., p. 5.
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continuity of route development, requirements for greater lead
time by the Districts, and so on. In other words, funds are
allocated almost exclusively on the basis of engineering needs.
The procedure does not consider the problem as one of economic

optimization.

In essence, the approach used is that of Planning-
Programming-Budgeting. It consists of determining the objectives
which a program is to meet, along with g priority rating among
objectives, determining a program designed to meet these goals,
and estimating the program expenditures for several yvears in the
future, or until the program is terminated. This approach relates
expenditures to objectives, and assumes that the most efficient means
possible are used to achieve the objectives. But it does not present

any analysis of the program's effects on the economy.

The scope of cost-benefit analysis is less than that of
Planning-Programming-Budgeting in that it is designed primarily for
use with single projects rather than with programs. Its purpose
is to determine the most efficient —- vielding the greatest benefits
over costs, all discounted to the present -- way of doing something.
It can determine the best way of several of accomplishing a project,
or the best project among several possibilities for a program. As

has been pointed out, it is a widely used planning tool,7 but it

TA. R. Prest and H. Turvey, "Theories of Cost-Benefit
Analysis", American Economic Association and Royal Economic Society
(ed.), Surveys of Fconomic Theory, Volume III, (Mew York: MacMillan,

1967), pp. 155-156.
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has serious limitations. For instance, it fails to consider changes
in fhe economic system caused by relatively large projects. It has
been modified to some extent to consider changes in demand conditions
for highway projects, by developing a method to synthesize a market
for highway services.8 Treating benefits as cost changes allows the
derivation of a supply curve. The demand function for the highway's
services is then estimated, and an equilibrium defined. But, in fact,
there is more than one demand curve, as there are different demands
at different times of the day. This yields a number of optimal
solutions, varying with time of day, season, and so on. And no
criterion for choosing among the many equilibrium points is supplied.
Thus even a more sophisticated approach using cost-benefit analysis
shows itself to have limitations in the analysis of highway projects.
Although it does provide an economically gquantifiable estimate of

the effect of the project, the limitations of cost-benefit analysis

greatly reduce its utility.

The systems analysis methodology consists in constructing

an abstract model of the major features of the system being studied.

8David M. Winch, The Economics of Highway Planning,
(Toronto: University of Toronto Press, 1962).
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.Various events are then assumed, and their effect on the system is
evaluated in terms of critical variables. For example, a model of
the Northern Manitoba transportation system was attempted recently.9
Although it did not achieve its goals, because its data requirements
were too great, it has been helpful to this study in showing some
of the pitfalls to be avoided. While the Northern Manitoba model
was based on transport costs, the current model uses distance as an
index of cost, thus implicitly assuming that cost per unit of
distance is constant.10 Moreover, the present model includes the
determinants of highway travel, as well as a congestion function,
highway requirements, investment, and the interaction between these
variables. Although the data requirements are larger than for other
planning procedures, it is only the systems analysis methodology
which can consider income and employment impacts on the local
economy. Thus it is the most relevant methodology for the

investigation of the current problem.
MAJOR ELEMENTS OF THE MODEL

The task remains to choose the elements of the model. As

mentioned above, two systems and their interactions are being

9Province of Manitoba Roval Commission Report on Northern
Transportation, (Winnipeg: Queen's Printer, 19€9), Appendix G,

pp. 546-575S.

10ynile this assumption may not hold exactly for all classes
of traffic, it 1is probably sufficient for househcld travel. Moreover,
it might be argued that it can also apply to commercial traffic if the
distances involved are fairly short.
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modeled: the economic system and the highway system. The economic
system may be represented by a Keynesian-type model such as was
developed by Dhuvarajan and others.1l Alternatively, a more
disaggregated model can be chosen. Assuming that the same data are
required for both types of models, the disaggregated model would be
preferred as it can yield more information about the economy. Thus
the model chosen was a disaggregated one, namely, an input-output

model.

Input-Output Analysis

The fundamental ideas underlying the use of the input-
output technique are quite simple, and have been reviewed in several
textbook5.12 The input-output model to be used could be one of
several types: regional (describing only the trading patterns
within a region) or interregional (describing the trading patterns
between regions and within each 6f the areas). The latter can be
of the "dog-leg" type, in which both exports and imports are dis-
aggregated by purchasing and selling sectors. A full interregional

model also includes inter-industry sales within all regions.13

1lp 5. Dhuvarajan, C. A. Nicolaou and J. I. Vorst, "A
Multiplier Model for Northern Manitoba", in Province of Manitoba

Royal Commission Report on Northern Transportation, (Winnipeg:
Queen's Printer, 1969), Apvendix G, pp. 5L6-575.

12pop example see W.H. Miernyk, Elements of Input-Output
Analysis, (New York: Random House, 1965).

131bid., Ch. L; See also V. Isard, Methods of Regional
Analyvsis, (Cambridge: the M.I.T. Press, 1960), ch. 8.
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These models assume constant technologies and trading
patterns, and are thus quite restrictive.lh The difficulties

relating to fixed production coefficients can be overcome by using

data from "better" firms.l’ However, the definition of "better" firms
~ makes the procedure arbitrary, particularly for service industries
where the definition of capacity in‘empirical terms is even more
difficult to determine than in manufacturing. The constancy of
trading patterns has been held to require constant costs in both
regions.l6 But, in fact, constant relative costs suffice to maintaiﬁ
the stability of trading patterns. However, even this less
restraining version implies constancy in the relationship between
regions. To the extent that the ARDA-FRED Interlake plén is
successful, the Interlake - "rest of Manitoba' relationships will
change, thus raising questions as to the appropriateness of using
this model. Nevertheless, the model represents the best of the

alternatives.

Traffic Prediction Models

Studies attempting to predict traffic flows often use one

by, Isard, loc. cit.; see also C. M. Tiebout, "Regional
and Interregional Input-Output Models: an Appraisal’, in L.
Needleman (ed.), Regional Analysis, (Baltimore: Penguin Books, 1968),
ch. 3, op. 86-96.

15w. H. Miernyk, op. cit., ppo. 117-125.

161, Moses, "Interregional Input-Output Analysis",
American Economic Review, XLV(1955), pp. 810, as quoted by
C. M. Tiebout, op. cit., p. 92.
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. of three types of models: the gravity model, the intervening
opportunities model, or the abstract mode model. The gravity model
originated as an attempt to explain social phenomena by the use of
physical models. It has been used quite widely with varying degrees
of‘success.l7 This type of model has been Justified at the

intuitive 1eve118, and shown to be consistent with the theory of
consumer behaviour.l? However, it is deficient in theoretical terms,
as it does not explain the causes of travel formally, but resorts

to explanations in terms of attractiveness of masses for each other,
whethér such masses be represented by populations, business sales, or
vhatever. The intervening opportunities model is used primarily to
allocate a given number of trips departing from an origin to

several destinations. In a later formulation, it was combined

with a gravity-type model to predict traffic flows between origin-

destination pairs.go

1Tror instance, M. Helvig, Chicago's External Truck
Movements, (Chicago: University of Chicago Press, 196L4). Also
R. J. Wolfe, "Parameters of Recreational Travel in Ontario",
Proceedings of the 1965 Canadian Good Roads Association Convention,
(September, 1965, Saskatoon, Saskatchewan), pp. 235-261.

18y, Isard, op. cit., ch. 11.

195, H. Niedercorn and B. V. Bechdolt, "An Economic
Derivation of the 'Gravity Law' of Spatial Interaction," Journal
of Regiocnal Science, IX (1969), 273-282.

205, NW. Duggal, "A Formula for Predicting Inter-City
Traffic Generation", Proceedings of the 1967 Canadian Good Roads
Association Convention, (September, 1967, Vancouver, British
Columbia), pp. 4LO-LL9,
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But, like the gravity model, it fails to explain motivations for

travelling beyond the usual appeal to masses attracting each other.

The abstract mode model represents an improvement over the
gravity and interveningbopportunities models in that it attempts
to predict travel demand on the basis of the reasons for which travel
between two points is desired and of the characteristics of the mode
being considered (e.g. automobile, train, airplane, etc.) as they
relate to inconvenience and cost.2l Numerous specifications have
been given to the model. But none of these different forms has
emerged as the best for general use because of insufficient testing
of the.model.22 However, a recent comparison of gravity and abstract
mode models established that predictions based on a gravity model
tended to be more accurate than those derived from the abstract
mode model.23 But neither model was clearly superior, and it was
decided to formulate a composite model for this study, inspired by

these discussions.

2lR, E. Quandt, and W. J. Baumol, "The Demand for
Abstract Transport Modes: Theory and Measurement", Journal of
Regional Science, VI (1966), 13-26. '

22R. E. Quandt and K. H. Young, "Cross-Sectional Travel
Demand Models: Estimates and Tests", Journal of Resgional Science,
IX (1969) 201-21k,

23g, p. Howrey, "On the Choice of Forecasting Models for
Air Travel", Journal of Regional Science, IX (1969), 215-22k.
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SUMMARY

The review of objectives outlined some of the possible
criteria in the economic and social spheres. The criterion of
economic development was chosen, as it reflects the highway program's
impacts on the local community.‘ The planning procedures considered
included planning-programming-budgeting, benefit~cost and system
analysis. Because of the scope and complexity of the analysis to
be undertaken, the latter methodology was chosen. The problems
associated with input-output analysis were discussed as was that‘of

choosing an appropriate traffic forecasting model.




Chapter 3
THE THEORETICAL MODEL

Highway construction or renovation programs can be used
to attain economic and social objectives. Economic objectives
are exemplified by economic development. Improved accessibility
to other places constitutes one of the many social goals. The
ARDA-FRED highway program was designed primarily to facilitate
access to educational institutions. But, along with conventional
highwéy investments, the program expenditures have impacts on the
regional economy as well as on traffic flows. The model is designed
to evaluate these impacts resulting both from the ARDA-FRED projects
and from conventional highway investments committed on the basis of
capacity requirements. The impacts have two major aspects, namely,
the multiplier processes set off by the increased government
expenditures on highways and the improvement of highway conditions
in the region. Thus the model represents interactions between
the economic and highway systems as well as the relationships

between units within each system.

The economic system is composed of two economies linked
through a matrix of inter-industrv as well as household
transactions. These transactions are fécilitated by the
communications networks available to residents of the area. The

highway system is a critical element in the process. Without it,

19
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goods could not easily be transferred from one locality to another
within the region, nor imported or exported. Improvements,
involving increased expenditure of government funds, relieve
undesirable highway conditions. Assuming that highway surfaces and
geometrics meet design standards, the only reason for additional
investment in terms of the model is 1éck of capacity. The
investment causes changes in the economic system through the
multiplier processes, and thus generate further changes in traffic
conditions. Thus the model includes the following components:
outline of a town-centred transaction system of an area economy,

a représentation of the mechanism by whichbthe economic system
generates traffic requirements and, potentially at least, highway
construction or renovation expenditures, and analysis of the
impact of changes in the highway system on the economic system.
These components and their links are presented graphically in

Figure 3.1 on the following page.
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THE ECONOMIC SUB-MODLEL

By economic sub-model is meant the description of the
economic relationships within and between towns. But before
considering individual towns, it is preferable to start from the

region as a whole.

Business Sales

Given the levels of final demands for the output of each
industry in the region--i.e. expenditures on consumption, investment,
government services and exports-—-and given the structure of the ares
economy as depictéd by an input-output table, it is possible to
estimate total business sales in the area for each industry,

AS = (T - X)L ¥D (3.1)
since
X - AS } FD = AS
vhere AS is a column vector of N elements, the value of yearly
business sales by the ¥ industries in the region, in
thousands of dollars;
I is the identity matrix of conformable order, i.e. N x N;
X 1is g matrix of N x N elements, the input—outﬁut

technical coefficients;

FD 1is a column vector of N elemeﬁts, the value of yearly
final demands for the output of the region's N industries,

in thousands of dollars.
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Equation (3.1) is the formal expression of the input-output "direct
and indirect effect" multivlier. If the household sector is defined
as one of the N industries, say the lNth one, an alternative expression
to equation (3.1) is
AS = (I~ x)71 (¢ + IV ¢ EX) (3.2)

where G, IN and ?X are each column vectors of N elements, the

value of yearly final demands for the output of the

region's N industries (including households), by the

government, investment and export sectors respectively,

in thousands of dollars; and the other variables are as

defined previously.

Equation (3.2) is the formal expression of the input-output"direct,
indirect and induced effect" multiplier. It assumes that household
expenditures and sales are endogenously determined. This form of the
input-output multiplier has been adopted for two reasons. First,

the household sector was assumed not to possess any dynamism of its
ovn, but to progress only as a consequence of the impulses which
export, government and investment final demands give to the

regional economy. Second, considering the household sector as
exogenous would understate the income effects of highway expenditures.
The implications of the latter statement will be discussed within the
framework of the impact sub-model. But defining households as

the Nth industry requires that the interpretation of the vector AS

be altered slightly. Henceforth, the first N = 1 elements of AS
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represent "area business sales", and the whole vector AS represents
"area business and household sales". Unless otherwise specified,
the expression "business sales", "area business sales", "town

business sales", or variants thereof, exclude sales by the household

~sector.

Given the area business sales by sector, the total area
business sales can be computed by

ATS = (RIV) (AS) ~ ASy (3.3)

where
ATS is a scalar, the value of total yearly business sales
for the region, in thousands of dollars;
RIV is a row vector of N elements, all 1;
ASy is the value of household sales in thousands of dollars,
the Nth element of the vector AS.
Equation (3.3) thus defines total yearly business sales for the

region.

From the area business sales, estimated by equations
(3.3) above, the model computes business sales for the M area towns.
Two methods are available for estimating town business sales. The
first is to construct input-output tables for each town, and to use
relationship (3.2) above, to provide the required estimates. The
second method is to allocate regional business sales according to

some criterion such as population. The first method, the
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_construction of town-specific input-output tables, appears preferable

theoretically. However, town-specific input-output tables embody the
current patterns of industrialization and urbanization. To the
extent that long term growth modifies these patterns, the town-
specific tables provide incorrect projections. This is also true

of the area-wide table. But the area, having a greater variety

of industries than any town, is less likely to see its whole
industrial structure deeply altered than is a town. Moreover, the
changing urbanization pattern is less likely‘to affect the regional
estimétes than those for a single centre. For these reasons, the

second method was chosen and area sales are allocated to towns.

The criterion for this allocation remains to be chosen.
Should population be used, or should some other factor? And if so,
which one? The use of population as an allocator requires the
assumption that business sales per capita do not vary between_tdwns.
This assumption does not appear to be realistic in a case where some
towns are little more than fringe suburbs to a major city outside of
the region whereas other towns are centres of attraction in their
own right. Although population might be satisfactory for areas not
dominated by a large centre it is not so for a region‘strongly
influenced by a metropolis. However, local employment, i.e.
employment within the town itself, mighf be better. It requires
the assumption that town business sales and local employment vary

together. Two reasons support this contention. First, the greater
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the volume of business sales in a town, the more people are employed,
assuming (as has been done) linear technologies. Second, business

sales are likely to fluctuate with local emnlovment since people, not
travelling to other centres for work, have less opportunity to spend

their incomes in other centres, all other things being equal. Thus,

TS = (ATS) (1/AN) (TNU) (3.4)
where TS 1s a column vector of M elements, the value

of yearly business sales in each of the M towns,
in thousands of dollars;
ATS is a scalar, the value of yearly area business
sales, in thousands of dollafs;
TNU 1is a column vector of M elements, the number
of people locally employed in non-agricultural
industries, for each of the M towns;
AN 1is a scalar, the number of people employed in the
area in non-agricultural industries.
Equation (3.4) allocates area business sales to towns on the basis
of each town's share of area non-agricultural employment. It is
assumed that the volume of business sales per locally-employed
person is constant in the region. This average is multiplied by
. the volume of local employment in each town to obtain that towm's
yearly value of business sales. It should be noted that the
allocation of sales to each town is done on the.basis of local
employment, rather than total employment. This implies that

employees who commute regularly to other centres tend to spend their
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income in other centres as well. The out-of—town expenditure has
two aspects: errand-running on the way home from work, and more
importantly, increased out-of-town expenditures because of the
breakdown of the time and distance barriers which result from
regular commuting. In other words, regular commuting makes the
route seem shorter, and it is thus less of a bother than otherwise

to shop out of town.

The ratios TN / AN (one for each town might have been
utilized to allocate the business sales of each sector to each

town. Thus,

TSS = (AS)(TNU') (1/AN) (3.1A)
TS = (T8S) (CIV)
where TSS is a matrix of M x (N™ 1) elements, the yearly

value of business sales by sector by town, in
thousands of dollars;
TNUiis the transpose of the column vector TNU=,
CIV is a column vector of conformable oxder, all elements
being unity;
and all other variables are as previously defined.
However, to use this procedure implies that the business sales of an
industry make up the same proportion of the total business sales
within the town. It requires that each industry have a constant
share of each town's business sales and of the whole area's business

sales. In addition to the assumptions implied by equation (3.k)
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‘this assumption implies that all industries in each town grow at the
same rate. But, as mentioned in the discussion of town-specific
input-output tables, to do so is to embody the current pattern of

industrialization, and thus make projections more restrictive.

Incomes

It is possible to compute regional income on the basis
of information contained in the input-output table and to allocate
regional income to towns, as was done for business sales.

Thus,‘

AY = ASy - EXy - GT + (BR) (AS) (3.5)

where AY ‘is a scalar, the yearly value of gréssAregional
income, in thoussnds of dollars:

ASy is the Nth element of the vector AS, the yearly
value of household incomes, in thousands of
dollars;

EXy 1is the INth élement of the vector EX, the yearly
value of household incomes from outside of the
region, in thousands of dollars:

! BR 1is a row vector of N elements, the proportion of
yearly business sales used in business taxes,
depreciation, retained earnings, business gifts,
and payments to non-resident factor owners for each
of the sectors, with the Nth element (for households)

being zero;
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GT is the yearly value of government transfer payments,
in thousands of dollars;

and the other variables are as defined previously.
Equation (3.5) computes gross regional income from the information
contained in the input-output table. The income concept usedl
above is defined to include all factor payments arising out of
activity in the region, thus excluding non-local earnings of
households and government transfer payments. A more relevant income
concept for the purpose at hand should include non-local household
earnihgs (EXy) and government transfer payments.
Thus,

EY = AY + EXy + GT | (3.6)

where EY is a scalar, the yearly value of income available

for expenditure within the region, or "spendable

income", in thousands of dollars

and the other variables are as defined previously.

Equation (3.6) defines the concept of "spendable income", which
is regional income added to non-local household earnings and
government transfer payments. These variables are included so that
the income concept can include all funds available to area residents
for making purchases, and thus for travelling. In a national
accounting framework, the inclusion of transfer payments constitutes
double~-counting and is avoided. However, by assuming that all

transfer payments originate from outside of the region, and that
17.A. MacMillan and C. M. Lu, "Regional Develovment Planning

and Evaluation: An Impact Analysis of Manitoba's Interlake Area
Development Plan", unpublished manuscript, p. 63.



30
“the region forms a minor part of the taxation jurisdiction from which
the transfer payments originate (i.e. that the region pays a
negligible share of its own transfer payments), the inclusion of
transfer payments is equivalent to including factor payments from

outside the region.

However, the inclusion of non-locally earned income raises
the problem of how to allocate "spendable income' to the different
towns. Clearly the use of local employment as in relationship
(3.4) is not warranted, since income does not depend only on local
employment. However, total employment can be used as an allocator
of regional income to towns. Total employment is defined as the
total level of employment within the coﬁmunity, regardless of
vhether workers are employed in the town or elsewhere.'

Thus,
TY = BY (1 / AE) (TE) (3.7)
where TY 1is the column vector of M elements, the value of
yearly "spendable income" for each town, in
thousands of dollars;

TE is a column vector of M elements, the total number
of residents of each town who are employéd,
regardless of where their place of work is:

AE is g scalar, the total numﬁer of residents of the
region who are employed, whether they be employed

within or outside of the region;
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EY 1is a scalar, the yearly value of regional "spendable
income" (see equation (3.6) above).
Equation (3.7) allocates regional "spendable income" (as defined
by equation (3.6)above) to specific towns on the basis of the ratio
between total employment in each town to total employment in the
region. Since regional "spendable income" and total employment are
constants in the equation, the equation (3.7) can also be
interpreted as stating that the average income per employed persén
in the region multiplied by the number of people in each town

estimates the income of people residing in that town.

Summary of the Economic Sub-Model

The economic sub-model estimates yearly business sales
and "spendable incomes" for the region and for each town on the
basis of exogenous final demands. Equation (3.2) estimates vearly
business sales by sector for the whole region. The total yearly
business sales for the reéion, i.e. the sum over sectors of sectoral
business sales, are then allocated to towns on the basis of exogenous
local employment in the town and in the region, by equation (3.4).
The area sales are also used in eauation (3.5), in order to compute
regional income as it is normally defined. Eguation (3.6) then
defines the concept of "spendable income", which includes more than
regional income. Equation (3.7) then allocates "spendable income"

for the region to each town on the basis of exorenous total
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(local and non-local) employment. These relationships are illustrated

in Figure 3.2 on the following page.
THE HIGHWAY SUB-MODEL

Given town incomes, yearly business sales by town and
town employment, the highway sub-model calculates yearly vehicle
flows between towns and over highway sectors, as well as peak hour
highway requirements. The sub-model then evaluates the need for
investment and, if investment is required, estimates the appropriate

level of expenditures.

These expenditures benefit three groups of highway users,
each with its own set of motivating factors. The user groups are,
(1) commercial traffic, i.e. the movement of goods between
communities by truck transporf; (2) errand-running traffic, i.e.
household and farm business travel into first-order, as well as ﬁighér—
order, centres; and (3) residual trafrfic, i.e. transportation that
does not fall into either of the other two categories, such as
recreational travel, school bus traffic, etc. The motivations of
these different highway user groups are discussed below, and

behavioural equations hypothesized.

Commercial Traffic

If the only method of commercially transporting commodities

between towns is by truck, the volume of commercial traffic is a
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* denotes exogenous variable.
Numbers refer to equations discussed in text above.
Lower halves of boxes contain symbols of the variables.




34
-function of the value of inter-town transactions. If exports from
a town represent a constant proportion of that town's business sales,
the value of town business sales can be used to determine the volume
of commercial traffic. Similarly, if imports into a town represent
a constant proportion of the income available to residents of that
town, town incomes should also enter the relationship determining
the volume of commercial traffic between towns. Finally, transport
costs inhibit the shipment of goods between towns. If transport
costs are a function of distance alone, the latter can be used in
the determination of the volume of inter~town commercial traffic.
Thus ,

CTs3 = Ay (18;)8t (7Y,

J)bt (Dij)Ct (3.8)

ij
where CTij is the yearly volume of truck traffic from
town 1 to town j, measured in number of trucks:
Ay 1is an empirical constant:
Dij is the digtance in miles from town 1 to town j;
at 1s an empirical constant, the elasticity of
truck traffic with respect to origin-town sales;
bt is an empirical constant, the elasticity of
truck traffic with respect to destination-
town incomes;
ct is an empirical constant, the elasticity of truck
traffic with'respect to distance between towns;

and vhere the other variables are as defined in

Figure 3.2, page 33.
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Equation (3.8) estimates inter-town truck traffic as a function of
vearly business sales in the origin town, vearly incomes in the
destination towns, and distances between origins and destinations.

Although equation (3.8) is similar to conventional eravity modelsQ,

it differs in two ways that make comparisons with demand equations
seem more appropriate than to gravity models. First, gravity
models are usually discussed in terms of similar "homogeneous
masses" that attract each other, such as population, or business
sales. Thus the conventional model would have expressed the
volume of truck traffic as a function of incomes in both towns, or
of business sales in both towns, etc., the'underlying idea being
that like masses attract each other. Second, gravity models do not
compute empirical constants for factors other than distance. This
means that they do not provide estimates of elasticities of travel
with respect to determining factors and thus say less about the

effect of these factors on trip generation than does equation (3.8).

The relationship is based on the fact that every town's
economy is quite open. Attempts at self-sufficiency would impose
too many restrictions on the quality and range of available
consumer commodities. Every town imports some of the goods sold

within its limits, and most export at least some of their production.

20f. the discussion of traffic prediction models in the
previous chapter, as well as the review of gravity models in
the Isard reference, ,..n. 18, p. 16.
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The volume of inter-town trade is directly related to town sales and
incomes, and inversely related to the distance separating the towns.
Commercial traffic is proportional to the volume of inter-town
trade. The exponents attached to the town business sales, town
incomes and distance factors indicate by how much truck traffic
will change in percentage terms if one of the factors changes by
one percent. Thus a one percent increase in business sales in the
origin town leads to an at percent increase in truck traffic.
Similarly, a one percent increase in town incomes bring about a bt
percent increase in truck traffic. But an increase of one percent
in disfance between towns leads to a decrease of ct percent in
truck traffic, since the greater distance between towmns implies

greater transport costs and thus less traffic volume.

Errand-Running Traffic

There are two major components of errand-running travel.
The first is the travel of urban households to other urban centres
for the purchase of goods and services not available in their own
town. The second is the movement of rural people, both from farm
and non-farm households, to urban centres for farm business as
well as for household purposes. The principles underlying the two
sub-sets of errand-running travel are the same, although fhere
are differences in the treatment of rural origins, which are

discussed later.
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In general, errand-running is the result of two effects.
The supply effect alludes to travel generated by the availability
of a wider range of goods and services in higher—order3 centres.
The income effect denotes people's capacity to afford travel as well
as to purchase higher-order goods and services, i.e. goods and services
available only in higher-order centres. As with commercial traffic,
distancé tends to cancel out at least some of the demand and income
effects by imposing additional costs and thus raising the real cost

of higher-order commodities. Thus.

ET;5 = Ap (TY;)8C (1-TN;/TE;)PC (T8;)¢C¢ (D;;)-dc (3.9)
: <
if TSi = TSj
and ETij =0 ’ if -TSi p 2 TSJ' (3.10)

where ETij is the annual volume of errand-running travel
‘ !

from i to j, measured in number of cars;
As is an empirical constant;
ac is an empirical constant, the elasticity of
errand-running travel with respect to town incomes
in the origin;

be 'is an empirical constant, the elasticity of

3Order of towns is here defined in terms of yearly
business sales, rather than the conventional use of population.
For it is the greater variety of goods and services, usually
associated with greater sales volumes, which attracts people from
lower-order, i.e. smaller, centres.

hCars are defined to include light trucks, pick-ups, etc.
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errand-running travel with respect to the ratio
of non-local employment to total employment ,
at the origin;

cc is the empirical constant, the elasticiﬁy of
errand-running travel with respect to town
business sales in the destination town:

de is an empirical constant, the elasticity of
errand-running travel with respect to the
distance between origin and destination

and the other variables are as defined in Figure

3.2, page 33.

Equations (3.9) estimates errand-running travel to higher-order
centres on the basis of town incomes at the origin, the ratio of
ﬁon-local employment to total émployment at the origin, the wvalue

of business sales at the destination, and the distance separating
origin from destinstion. 'Equation (3.10) implies the assumption
that there is no errand-running travel to lower-order centres.>

The volume of errand-running traffic to higher-order centres depends
on the amount of income available in a town —- the income effect
mentioned previously. The income estimate is not suffiéient in
itself however. The proportion of employed labour force that

works in other centres is relevant, because of the assumed

SIn other wvords, it is assumed that any centre of order N has
available in it all goods available in any centre of order N-1, as well as
some additional goods. Errand- -running travel to lower order centre is thus
redundant.
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propensity of those working outside of their own towm of residence
fo spend more in other centres. This propensity comes partly
from the breakdown of the psychological barriers of time and
distance due to frequent commuting, and partly to gfeater opportu-~
nities of spending income non~locally due to the very fact of being
employed non—locally.6 The volume of errand-running traffic is also
influenced by the varlue of business sales at the destination, i.e.
by the order of the destination town, -- the demand effect
mentioned previously. As noted above, distance tends to reduce
the volume of errand-running traffic by imposing greater travel
costs. The exponents of these factors just mentioned indicate
how responsive errand-running traffic is to given changes in the
factors themselves. Their precise interpretation is analogous to

that of the at, bt and ct exponents of equation (3.8).

Equation (3.9) can be used in rural settings by creating
"demand points", i.e. fictitious towns without any local employment
and whose incomes are the total incomes of rural households in a
given area. The geographical location of these towns does not
pose a problem. All that is required is the distance between

origin and destination. This distance can be computed as a

6For example, this is the situation of residents of
Stonewall who commute to Winnipeg.
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weighted average of distances travelled to a particular destination
from a particular set of rural households or s particular rural
area, the weights being the number of times each household travels
to that centre. Using such pairings of rural area origins to
different destinations results in several "demand points" being
linked to only one destination. Thus, equation (3.9) estimates
errand-running traffic for urban and rural households to higher-

order centres,

Residual and Total Traffic

The greatest part of residual traffic is probably
recreational traffic, which could be explained largely by measures
of usage of regional recreational facilities. But this information
is not currently available. As an alternative, it could be
assumed that recreational traffic responds mostly to income changes,
despite containing a large arbitrary volume. 7 Thus,

RTjs = A3+ (ar) (TY;) (3.11)
where RTij is the annual volume of residual (mostly

recreational) traffic from i to Js measured in

number of cars;

B ——

T1n fact, however, "residual traffic" made up more than
half of the traffic flows over the area highways.
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Aq is an empirical constant, the basic volume of
residual traffic volume;
ar 1is an empirical constant, the amount by which
residual traffic increases when town incomes
increase by $1.;
TY is the value yearly incomes in the origin town,

in thousand of dollars.

Equation (3.11) estimates the volume of residual traffic as a
function of town incomes. It is an expedient in view of the lack

of information about recreational facility usage.

The volume of total traffic csn now be computed from
the estimates of truck, errand-running, and residual traffic
volumes derived above. But simple addition of these different types
of traffic is not permissible; as they are measured in different
units. The volume of commercial traffic is measured in number of
trucks, whereas the errand-running and residual volumes are
measured in number of cars. Thus a definition of equivalence
between trucks and cars is required. Such an equivalence has been

computed by engineers.

8Estimate obtained during conversation with
Mr. B. K. Johnston, Planning Fngineer, Highways Branch, Manitoba
Department of Public Vorks and Highways. .
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In flat terrain, one truck is equivalent to two cars in terms of
éffects on highway capacities, which is our only concern. The ratio
differs for wear and tear on the highway surface, but this model

only considers highway investment due to lack of capacity. Thus,

TTij =2+ CTij + ETij + RTij " (3.12)
where TTi; is the yearly volume of total traffic between
iand j,

and the other variables are as defined previously.

v

Equation (3.12) defines the total yearly flow of traffic between
origins and destinations. This total flow is on an origin-

destination basis.

Highway Requirements

The estimate of total traffic derived above is on an
origin-destination basis.. To compute traffic requirements, it is
necessary to convert those traffic estimates to estimates of traffic
volumes over specific highway sections. To do so requires that the
routes used by the total traffic on the origin-destination basis be
known, as well as the proportion of total traffic on the origin-

destination basis which uses each possible alternative route.

If there are Z origin-destination pairs and W highway
sections, and if the routings mentioned above are shown as the

percentage of the total traffic volume between an origin-destination
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pair using a given specific section of highway, a matrix of Z by W
factors can be compiled. Each row of the matrix shows the routing of the
total traffic volume between a given origin-destination vair over all
W highway sections, most sections having a zero percent share of any
.given origin-destination pair. By multiplying the matrix by the vector
of % origin-destination pair total traffic volumes and summing over the
columns of the product, the annual volume of traffic over highway sections

is estimated. In formal terms,

A
YVT;bzl (TT, - FAC, )
or in matrix notation
YVT = (TT) (FAC) 0 (3.13)
where YVT is a row vector of W elements, the annual traffic

volumes over each highway section, measured in
number of cars:

TT is a row vgctor9 of 7 elements, the total traffic
volumes on an origin-destination basis, measured

in number of cars;

FAC is a matrix of Z x W elements, the percentage
distribution of origin-destination traffic volumes

over highwasy sections.

9Tt is a row vector for notational simplicity. The vector
is derived from the equations (3.11) for all origin-destination pairs
where total traffic volume is non-zero. These pairs are identified
by an index number ranging from 1 to Z.
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Equation (3.13) computes yearly traffic volumes over highway sections

from total traffic volumes on an origin-destination basis.

The distribution of yearly traffic volumes is not even over
the whole year. Highway planning manuals emphasize that this
-distribution is of ecritical importance.lo Thus, it is not sufficient
to know the yearly volume of traffic in order to estimate highway
requirements. To do this requires knowledge of the distribution of

peak traffic demands, and of the intensity of the peaks.

A graphical representation of the hourly variation of
traffic flows for a fictitious highway for one day is given in Figure
3.3 below. Similar curves can be drawn for each day of the year. It
is then possible to determine the traffic volume at the first, second,
third, and so on, hours of heaviest traffic during the year. By
plotting the hourly traffic volumes against the rank of the hours, a
graph of the distribution of peak hours is obtained. An illustrative
example of such a graph is presented in Figure 3.4 for two different
types of highways -- one used primarily for access to recreational
facilities, and one used mostly for commercial purposes. It has been
observed that curves similar to those depicted in Figure 3.4 tend to

indicate steep declines in traffic volumes during the top veak hours,

1OFor instance, B.V. Martin, F. W. Memmott IIT, and A. J. Bone,

Principles and Techniques of Predicting Future Demand for Urban Area
Transportation, (Cambridge: M.I.T. Press, Report no. 3, 1965)
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but that, at some point they tend to level out. This turning point
usually comes after less peak hours for commercial hiphways than for
recreational highways, as the latter are more subject to very intense,
but short-lived rushes to and from recreational resources. The
relevance of these turning points is considered to be high by highway
planners. They feel that the added cost needed to provide sufficient
capacity to satisfy the traffic volumes at the next-lowest ranking
hours far outweighs the added benefits to roagd-users, whereas above

the turning point the opposite is deemed to hold.

The traffic volumes of Figure 3.k can also be exvressed as

a percentage of annual average daily traffic volumes. Thus if the
annual.average daily traffic volume on the fictitious highway of
Figure 3.4 were 1000 cars, the vertical axis could be re-labeled
"Percentage of annual average daily traffic" and marked at 10%, 20%,
30%, 40%, 50% without changing ény.aspect of the curve. Given this
distribution, and the rank of the hour to serve as a criterion for
planning -~ the turning-point hour referred to above —— the proportion
of annual average daily traffic for which sufficient highway capacity
must be planned is determined. Formally,

CHT = (1/365) (YVT) (I) (cHp) (3.1k4)
where CHT is a column vector of W elements, the volume of

traffic at the planning criterion hour, measured

in number of cars;
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CHP 1is a column vector of W elements, the proportion
of average dailly traffic using each highway section
at the peak hour;
I 1is the identity matrix of conformable order, i.e.
Wox Wy |
YVT 1is as definea on vage L3,
Equation (3.1L) computes the volume of traffic at the planning
eriterion hour on the basis ofvyearly traffic volumes and of the
provortion of average daily traffic using the highway during the
criterion hour. The volume of traffic computed to be using the
highway at the criterion hour is, by definition, the requirement for
highway capacity, i.e.
HR = CHT (3.15)
where HR is a column vector of W elements, the requirements
for highway capacity, measured in number of
cars;

R and where the other variables is as previously defined.

Equation (3.15) defines highway requirements as identical to the

volume of traffic at the criterion hour.

Investment Decision

Before making any investment decision, it is necessaryv %o
know whether the highway requirements exceed the service volume,

i.e. the capacitv, of the highway. The détermination of the service.
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volume of a highway requires quantifying the ability of a road to
accommodate traffic. The estimate is based on the highway's
geometrics (e.g. sight lines, sharpness of curves, etc.), the number
and width of traffic lanes, the shoulder width, the level of service
to be provided, and many other vsriables. Only the level of service
variable needs further explanation. It indicates average highway
speeds and ease of manceuvre which are desirable. From these
variables, an estimate of a highway's service volume is computed.
Given the highway requirements estimated above, and the service volumes
of higﬁway sections, the congestion over highway sections can be
computed.

CO = HR - SV (3.16)
where Co is a column vector éf W elements, the.amount of

congestion on each highway section, measured

in number of cars per hour, at the criterion

hour;

SV is a column vector of W elements, the service
volume, i.e. capacity, of a highway section,
measured in number of cars per hour:

HR  is defined on page 48, as the highway requirements.

Equation (3.16) defines congestion for each highway section as the
number of vehicles per hour (at the critefion hour) by which highway
requirements exceed the service volume. If ﬁhere is no congestion
of ir congestion is negative, which implies excess capacity, there

is no need for investment for reasons of capacity. But this does not
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preclude investment for other purposes, such as the economic
development of the region. If there is congestion, investment is

required to eliminate the bottle-neck.

The volume of capacity-based investment then remains to be
decided. If the service volume deficiency is the only reason for
highway investment, and if an empirical link exists between increases

in service volume and the value of investment, then

RHI, = COg/ DSV if CO.%0 (3.17)
RHI, = © if €040 - (3.18)
where RHI4 is an element of a column vector of RHI of W elements,

the value of required higﬁway investment for the
g~th highway section, in thousands of dollars:

COy is the 4-th element in the column vector CO, the
level of congestion;

DSV is an empirical constant, the increase in service
volume per thousand dollars of investment, in cars

per hour.

Equation (3.17) defines required highway investment for a highway
section as a function of congestion (if it exists) and of the increase
in service volume per thousand dollars of investment. Equation (3.18)

defines required highway investment as nil if there is no congestion.
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However, highway investment is not planned solely on the
basis of deficiencies in service volumes. It might be undertaken
for a variety of other reasons, such as poor surface conditions,
the desire to provide improved access to an area, the encouragement
of the economic development of an area, and so on. The term

discretionary highvay investment will be used in this text to refer

to these non-capacity based highway investments.

If, for a given highway section, both discretionary
highway investment and required highway investment are implemented,
they are considered as complementary but no additive. Thus the total
amount of investment for that section is the larger of the required or
discretionary investments. If the discrétionary investment®is
considered the larger, only the difference between it and the required
investment is consideredkas being truly discretipnary. If the
required investment is the larger, truly discretionary investment is

deemed to be nil. Formally,

THI5 = DHIg if DHIg 2 RHIZ20 (3.19)
THIg = RHIg if RHIz> DHIZ>O (3.20)
where THIg is the a-th element of a column vector of W elements, the

value of total highway investment for the a-th highway section,

in thousands of dollars:
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DHI, is the a-th element of a column vector of W
elements, the value of discretionary highway investment
for the a-th highway section, in thousands of dollrs;

RHI, is required investment as defined on page LO.

Equations (3.19) and (3.20)define total highway investment for a

section as the larger of discretionary or required highway investments.
The required investments are those needed to provide sufficient service
volumes for the anticipated peak hour traffic volumes. The discretionary
investments are those made for any other reason. In the operation of
this model, they will be restricted to investment for purposes of

regional development in order to maintain simplicity.

Summary of the Sub-Model

To summarize the highway sub-model, Figure 3.5 on the following
page illustrates the relationships just discussed. From the sales and
income estimates computed by the economic sub-model, and using exogenous
distance, commercial traffic between origin-destination pairs is estimated.
Those variables, as well as exogenous employment variables determine
errand-running traffic, also on an origin-destination basis. Residual
traffic volumes on an origin-destination basis are then‘estimated as a
function of incomes in originating centres. Total traffic is then
computed on an origin-destination basis, and this estimate converted
to yearly traffic volumes over highway secti§ns. The criterion hour

traffic volume is then estimated and the highway requirements thus defined.
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TABLE 3.1

GLOSSARY OF SYMBOLS USED IN FIGURE 3.5 IN ORDER OF APPEARANCE

Symbol Variable

TE Town total (local and non-local) emplovment

TN Town local emvlovment

D Distance between origin-destination pairs

TS Town yearly business sales

TY Town yearly incomes

CcT Volume of commercial traffic on origin-destination basis.

ET Volume of errand-running traffic on origin-destination basis.

RT Volume of residual traffic on origin-destination basis.

TT Volume of total traffic on origin-destination basis

FAC Matrix of routings assigned to origin-destination basis.

YvT Yarly volume of total traffic on highway section basis.

CHP Proportion of average daily traffic using highway at
criterion hour, by section.

CHP Volume of traffic using highway at criterion on hour, by
section.

HR Requirement for highway capacity, by section

sV Service volume of highway, by section

Co Level of congestion, by highway section

DSV Change in highway service volume per $1000 highway
investment.

RHI Required highway investment, by highwayv section.

DHI Discretionary highway investment, by hishway section

THI Total highway investment, by highway section
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If the service volume, or capacity, is not sufficient to meet these
requirements, highway investment is estimated as a function of the
level of congestion. Discretionary highway investment complements
required highway investment. Total highway investment for a given
section is defined as the lérger of the discretionary (exogenous)

or required (endogenous) highway investments.
THE IMPACT SUB-MODEL

This investment of resources in highways has several
effects on both the highway and the economic systems. Thus, highway
service volumes, travel times and distances are altered by the
investment. And these expenditures have multiplier effects on
business sales, incomes and employment levels. These changes in both

systems are discussed formally in the following sections.

Highway Service Impacts’

Investment in a highway increases the service volume of that
highway. If a constant relationship exists between the value of
highway expenditures and increases in service volumes, then

NSV = (DSV) (THI) (3.21)
where NSV  is a column vector, the additiongl service volume

created on each highway section measured in cars
per hour,

and the other variables are defined in Table 3.1

page 53.



Equation (3.21) computes the change in the service volume of a
highway section on the basis of the value of investment. If
similar relationships exist between highway investment on the one

hand and travel times and lengths of highway sections on the other,

then
NTT = (DTT) (THI) - | (3.22)
NHL = (DHL) (THI) | ' (3.23).
where NTT is a column vector, the percentage phange"in

travel times over eachhighway section;

DTT 1is the percentage change in travel time over a
highway section per thoﬁéand dollars of investmeﬁt;

NHL -is a column vector the percentage change in the
length of each highway sectibn;

DHL 1is the percentage change in the length of highway
sections per thousand dollars df investment

THI is total highway investment, a column vector of.

W elements.

.

Equations (3.22) and (3.23) compute the percentage changes in travel
times and lengths of highway sections on the basis of the value of

investment on those sections.

The change in lengths and travel times of highway sections
has some implications for the traffic generation functions of the
highway model. Those functions use distance as an index of resistance

to the other factors which encourage travel. But clearly the distance
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factor should be modified for changes in travel time. For it can
be assumed that the effect of a ten percent reduction in distance,
namely that it is ten percent easier to travel. This is what is meant
by the term "effective distance", or "change in effective distance'.
In formal terms, this change can be identified with the percentage

reduction of the length of s highway section. Thus

PRLy = NHLg if NHLp2 NTT, (3.24)
PRLy = NTTy if NTT, > NHLg (3.25)
where ~  PRLg is the percentage change in the length of the a-th

highway section as measured in distance or time, i.e.
in "effective distance" as defined above. the a-th
element of the column vector PRL:

and the other variables are as defined on the

previous page.

Equations (3.24) and (3.25) define the percentage reduction in the
"effective distance" of a highway section as the greater of the
percentage change in mileage or the percentage change in travel time.
And the value of the change in "effective distance" in terms of miles
is given by

CHL = (HL) (I) (PRL) (3.26)
vhere CHL 1is a column vector, the change of the "effective

distance" of each highway section, in miles;
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HL 1is a column vector, the length of the "effective
distance" of each highway section, in miles;

and the other variable is as defined above.

Equation (3.26) translates the change in "effective distance” into

terms of miles from percentages.

The"effective distances" just discussed referred to highway
sections. But the change in "effective distances" on an origin-
destination basis must also be computed. It will be recalled that
the distances used in the traffic generation functions were weighted
averages. They represented the sum of the distances of each
highway section on a route multiplied by the volume of traffic using
that route, for each route between a given origin and destination,
and all divided by the total volume of traffic between the origin

and destination. Formally,

W W :
Dy = 2. (Vry,) (HL,) 2_  (TTy) (FAC, ) (HL,)
k=1 k=1

VT TT

M

= bk b
(3.27)
or, by simplifying,
W
Dp = = (FACy y) (HLy) (3.28)
k=1

and, in matrix notation, D = (FAC) (HL)
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where b, as a subscript, denotes the origin-destination pair ij;
k, as a subscript, denotes any highway section;

VTpi is the total volume of traffic between origin-
destination pair b using highway section k:

and the other variables are as previouslv defined.

Equation (3.27) is used implicitly in calculating the distance
between the origin-destination pair b. It is the sum of the distances
of each highway section weighted by the proportion of traffic between
origin-destination pair b which uses that section. If the "effective
distance" of any given highway section should change, the weighted
average must necessarily be altered. Thus,
ND - (FAC) (HL - CHL) (3.29)
where NDy, is a column vector, the new "effective distance"
between origin—déstination pair b, in miles;

and the other variables are as previously defined.

Equation (3.29) computes the new "effective distances" on an origin-
destination basis from the changes in the length of the "effective
distances” of the highway sections affected by investment. These
changes in "effective distances” combined with the changes in the
service volumes of highway sections are the impacts on the highway

system of the required and discretionary highway investments.

Economic Impacts

These investments also have effects on the economic system,
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as has already been noted. The first‘peréeivéblé economié‘impact
is the increase in final demands due to highway investment. Given
a highway construction technolegy and the level of highway investment,

the change in final demands for the output of each industry can be

estimated by AHI = (RIV) (THI) - - (3.30)
DFD = 'AHT (HCT) , . - (3.31)
where DFD 1is a column vector of N elements, the;value of the

change in final deménds due to highway investment
for each sector of the regional economy,.in
thousands of dollars;
AHI is a scalar, the value of all highﬁay iﬁvesfment

in & year, in thousands of dollars: it is the

0

sumvof highway investments over all highway sections;
HCT is a_column~vector of N elements the proporﬁion of
each doilar of highway investment whichvis svent
on each sector of the regional economy.
RiV is a row vector of conformable length, all elements
being unity;
THI is defined previously as the valué of highway

investment for each highway section.

Equation (3.31) computes the changes in final demands resulting from
211 highway investment through the use of the highway construction
technology vector.” Substituting the changes in final demands for-

the originsl values in equation (3.1) provides an estimate of the increase
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in area business sales. This increase includes the direct, indirect
and induced requirements of each industry for the output of every
other industry. The direct effect is simply the increase required in
a sector's inputs due to a change in that sector's final demands.
The indirect effect 1s the added increase in every sector of the
economy because of an increase in the final demands of one sector's
output. In other words, if the final demands for the output of, say
the food and beverage manufacturing sector, increase by a given
amount, the food and beverage manufacturing sector will require more
inputs from various sectors, such as agriculture. In order to
increase its output, the agricultural sector requires more inputs from
other sectors, and so on. These are the indirect effects. The
induced effects, or income effects, result from including households
as an endogenous sector in the system. They represent the increase in
consumption expenditures due to the increassed incomes generated by the
added investment expenditures. The importance of including the income
effects is quite clear. Without them, the impacts of any investment
would be sriously understated. Thus all three effects are included
in the computation of the increase in business sales. Fquations (3.4)
and (3.5) can then be used to compute the increases in regional

incomes and in "spendable incomes". Thus,
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DAS = (I - X)°1 (pFD) ) | (2.1)"
DAY = DASY - EXi- GT + (BR) (DAS) (3,5)'
) DATS = (RIV) (DAS)- DASy (3.3)"
DEY = DAY 4 EX ¢ GT (3.6)"
where D, as a prefix, denotes the increase in the value

of the variable to which it is attached;
and the other variables are as defined in Figure 3.2, page

33.

These equations estimate the increases in area business sales,
3

regional income and area "spendable income". By assuming that

_the distrivution of ‘business sales and of incomes is constant, it

is possible to compute the change in town business sales and town

incomes. Thus,

(DATS) {1/AN) (TNU) - - (3.4)

o
3
w
]

DTY

DEY (1/AE) (TE) : (3.7)"
vhere all variables are defined in Figure 3.2, page 33. These
equations estimate the sales and income impacts of highway
investment on each town in the region. Moreover, if there is a
constant relatidﬁship betﬁéen.town business saies~and local
emplcyment, the employment impact of the investment can also be

computed. ITf

~ TEPS = (I-TS)‘(I°TN}“1 o | (3.52)
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vhere TEPS is matrix of M x M elements; the value of town sales
per locally employed worker, or output per employee,
for each towm are the.diagonal elemetlts, and off~
cliagonal elements are zero,

and the other variables are defined in Figure 3.2,

-page 33.

and if the output/emoloyee ratio remains constant in each town
(although not necessarily the same from town to uown)
then | v

DRy = (DTS) (TEPS) ™ | (3.33)
where ‘ 'D, as a prefix, dénotes éhangeé iﬁ'fﬁe‘vaiués,aand |

the other variables are as previously defined.

Equations (3 32) deflnes the output/employee ratio for each of the
towns in the reglon. Equatloq (3.33) uses tbls ratio (assumed

constant) to estimate local emp Woyment impacts of highway investiment.

The economic i mpacts have thus been estimated. They
inciude thé increase in area business sales and incomes, as well
as in town business sales| jncomes and local employments. vThis
concludes the analysis of the impact sub-model ver gg,- But, aé will

be seen 1n the following section, this does not represent the end of

all the marifications of the original highway investment.

Purther Investment

The original investment in highways lead to increases in
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service volumes, reductions in "effective distances", increases in
area and town business sales, incomes and local employment levels.
These increases lead in their turn to greater volumes of traffic,
for the volume of traffic devends on the new levels of the variables
Just named. In order to estimate these new traffic levels, the total

values of the variables must be used. Thus,

gvV'!' = 8V { NSV
HL' = HL - CHL
D' = ND
AS' = AS { DAS
TS' = TS 4 DTS
AY' = AY } DAY
EY' = EY 4 DEY
TY' = TY § DTY
ATS' = ATS |} DATS
TNU' = TNU 4 DTNU (3.34)
where ' denotes new values of the variables;

and all other variables are as previously defined.

The set of equations (3.34) define the new levels of the economic
variables to be used in a further round of estimating traffic
volumes. These new values are then used as inputs into the highway
sub-model. If congestion is found to exist again, new additional

investment is required and its impacts estimated. The highway
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sub-model is then used a third time. The procedure continues until

congestion no longer exists.11

Summary of the Imnact Sub-Model

Given the level of highway investments, as determined by
the highway sub-model, the impact sub-model estimates the resultant
changes in final demands by sector. The increases in area business
sales, regional income and area "spendable income" resulting from
the direct, indirect’and induced input-output multiplier effects
are then computed. The town business sales and incomes are then
computed‘by assuming that the distribution of sales and incomes
between towns remains constant. The increases are added to the
original values and used as inputs into the highway sub-model. The
procedure continues until congestion disappears. The sub-model is

presented graphically in Figure 3.6 on the following page.
THE TIME DIMENSION

The impact sub-model, as with the economic and highway
sub-models discussed before it, is static, i.e. timeless. Implicit
in such an approach is the assumption that investment in implemented

in the same time period as when the capacity increase is required.

Urhis assumes that investment does more to reduce
congestion by improving highways than to increase congestion by
inducing additional traffic.
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It also means assuming that the impacts of the investment all work
themselves out instantly, or at best in the same time period, and
this even if there are several rounds of incrementing investment.

These assumptions are clearly unrealistic.

However, various attempts at developing a dynamic model
failed because of difficulties associated with the dating of the
variables and with the distribution of the multiplier effects over
time. Another version of the model, which assumed that investment
was implemented in the year before which it would be required, also
proved to be too complex. Moreover, the model sought was to be
analytically, and not necessarily historically, predictive. Given
the acceptability of the concepﬁs of static Keynesian multipliers,
the lack of an appropriate dynamic formulation does not appear

critical.12

SUMMARY

The theoretical model is a static one, composed of three
sub-models. The economic sub-model estimates the value of business
sales and incomes, both for the region and for individual towns.

These estimates are then used in the highway sub—model,'which

lgThe empircial model was modified to compute the effects
of various assumptions as to the growth of final derands and
of populations, as will be explained in the following chapter.
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Figure 3.6
THE IMPACT SUB-MODEL

Variables are as defined on the following vage.

Humbers refer to relationships discussed in the text.
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TABLE 3.2

GLOSSARY OF SYMBOLS USED IN FIGURE 3.6 IN ORDER OF APPEARANCE

Symbol Meaning

THI Value of highway investment by highway section

AHI Total value of highway investment during

HCT Highway construction technology vector

DFD Change in final demands of sector

DAS Change in area business sales by sector

DAY Change in area incomes

DEY Change in area "spendable incomes"

DTY Change in town incomes

DATS Change in total area business sales

DTS . Change in town business sales

TEPS Output-employment ratio by town

DTN Change in town local employment levels

NSV Change in service volume by hirshway section

NTT Percentage change in travel time by highwav section

NHL Percentage change in length of highway section

CHL Change in "effective distances" by hishway section

HL Length of "effective distances" in miles, by highway section
FAC Matrix of routings of origin-destination traffic

ND New "effective distances" in miles, on origin-destination basis

' Defines new values of variables

Other symbols: see Figure 3.2, page 33
Figure 3.5 and Table 3.1, pages 52, 53




68
computes traffic flows on an origin-destination basis as well as on
a highway section basis. The traffic flows are inputs in the com-
putation of highway requirements. The latter, when compared with
existing facilities, are used to decide whether or not highway
.investment is required as well as the amount of any required
investment. The impact sub-model evaluates the effect of highway
investment on the service volumes (i.e. capacities) and "effective
distances" of the highway system. The impact of highway investment
expenditures on area business ales, incomes and local employment
levels is also assessed. The results are entered as inputs into
the highway sub-model and new impacts computed, until congestion

disappears from the highway system.



Chapter b

THE EMPIRICAL MODEL

The theoretical model described in the previous chavter was
designed with a minimum consideration of the availability and
suitability of data. In applying the model to Manitoba's Interlake
area, some modifications in the model were required because of gaps
in data. The sources of the data and the changes that they required
are discussed in the first part of this chapter. The modifications
made to the model because of data problems are then explained. The
third part of the chapter presents the estimates of the model

coefficients.
THE DATA

The model required considerable data. These data came from
three major sources. First, the Department of Agricultural Economics
of the University of Manitoba conducted two surveys in the Interlake
area from which considerable economic and demographic information
was made available. Second, the Planning Division, Highways Branch,
Manitoba Devartment of Public Works and Highways, provided information
about the highway system. These data will be referred to as the
Highway Planning Data. Third, the office of the District Engineer,
District Number 11, Highways Branch, Manitoba Department of Public
Works and Highways, at Arborg, provided the information about the

highway construction technology. These data will be referred to as

69
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the Arborg Data. 1In addition, some estimates of ARDA-FRED
expenditures on highways were provided by the accounting offices of
the Department of Public Works and Highways and the ARDA-FRED
Provincial Co-ordinator. Moreover, some constractors supplied
information about their expenditures related to ARDA-FRED highway

projects.

Information Obtained

The University of Manitoba's Department of Agricultural
Economics conducted two Interlake surveys in 1969. The household
survey éampled urban, rural non-farm and rural farm dwellers to collect
extensive information about the relationships of households and farm
businesses with other economic units within and outside of the region
for the calendar year 1968. This survey also collected demographic
information and data about available resources. The business survey
obtained information about the purchase and sale of goods by Interlake
firms, their operating expenses, investments and incomes for the
calendar year 1968.l These data were used to compute the estimates

published recently of the state of the Interlake economy.2 The

lFor a description of the design of the business and
household questionnaires, see J.A. MacMillan., "Household and Business
Questionnaire Design", in J.A. MacMillan and C.F. Framingham (ed.),
Seminar on the Evaluation of the Manitoba Interlake Area Development
Plan, (Winnipeg: June 26-27, 1969), ch. VII, pp. 4s-5k.

2C.F. Framingham, J.A. MacMillan and D.J. Sandell, The
Interlake Fact, and The Interlake Fact Digest (Winnipeg: Queen's Printer,
1970). Reference to page and table numbers are to the Digest only.
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published estimates which were used in this study are for size of the
labour force by town or municipality3 as well as the trading pattern
behaviour of urban rural non-farm and rural farm households by
municipality.h The latter includes the identification of origin-
destination pairs, the number of round trips on an origin-destination
basis and the weighted average of round-trip distances between origin-
destination pairs. Altough a six sector input-output table was

5

published with these other estimates,”’it was not the table used in this
study. The table used here was computed on the basis of 18 sectors
(including households) from the results of the business survey.

The estimates of final demands used in this study were obtained in the
same nanner. The method used to compute regional income, as well as
the estimates of that variable,! the value of town business sales,

and the information used to compute town local employment levels all

8

resulted from processing of the business survey results.

The Highway Planning Data described the Interlake Provincial
Trunk Highway system in terms of service volumes (i.e. capacities),
annual average daily traffic for 1968, percentage of trucks in that

volume estimate for 1968, and length of highway sections. The

3¢.F. Framingham, et al., the Digest, table no. 6; pp. 17-19, 85-90.

thid., table no. 16, pp. 173-185.

2Tbid., table no. 15, p. L3.

6J.A. MacMillan and C.M. Lu, "Regional Development Planning
and Evaluation: an Impact Analysis of Manitoba's Interlake Area
Development Plan", mimeographed draft report; table 13, pp. 55 et seq.

T1bid., table 15, page 63.

8Unbublished information supplied by J.A. MacMillan and C.M. Lu.
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sections ﬁsed were those normally employed by the Highways Branch for
administrative purposes. They include all Provincial Trunk Highways
north of P.T.H. 101% in the Interlake area up to the latitude of
Steep Rock.10 Because the 52 highway sections did not correspond to
suitable intervals for purposes of this model, some modifications were

made. These will be discussed in the next section.

The Arborg Data related to the ARDA-FRED highway program
expenditures for the fiscal year 1968-1969 and their impact on the
area's highway system. Information was collected on the breakdown of
expenditures on each ARDA-FRED project relating to a Provincial Trunk
Highway in the District by items of work. These items of work were
disaggregated further on the basis of engineers' Jjudgements about the
major components of the item. For example, if a project such as shoulder
widening required additional land to the sides of the highway, one of
the items might be replacing of fencing. A specific amount would be
allocated to that item. Judgements then would be made about the
proportion of materials, labour and equipment costs in the total. It
should be noted that these data were based on the Work Order forms on

file at the Arborg Office. The Work Orders are authorizations for

9The North Perimeter Highway near Winnipeg

10‘I‘hese data are presented in Avpendix A.
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expenditures, and not a record of payments made. These data were used
to estimate the coefficients of the highway construction technology
vector.11 Because of confidentiality requirements, data for

specific projects or contracts are not presented. Tn addition to the
economic information, engineers' Judgements as to the effect of a
contract on travel time, capacity and distance were made available.
Hdwever, estimates of direct employment on ARDA-FRFD projects were

unavailable.

Additional data about ARDA-FRED highway program expenditures
were obtained for fiscal years after 1968-1969. These estimates only
contained the total value of the work to be done and the location of
12

the work. These values were used as discretionary highway investments

in the application of the model to the Interlake area.

Interviews with contractors provided some information about
the sectoral allocation of their expenditures related to specific
ARDA-FRED contracts. The data obtained were used in conjunction with
the Arborg Data to estimate the coefficients of the highway construction

technology vector, as discussed in Appendix B.

1 . . . . . .
The estimation procedure is defined in Appendix B.

1275 defined in Chapter 3.
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AData Changes

The changes in the data related to highways and their
utilization. The first modification that was necessary was to convert
the Highway Planning Data from the basis of 52 sections to a set of more
meaningful sections. It was found that some of the origin-destination

traffic data had to be omitted for various reasons.

The Highway Planning Data were not based on sections suitable
to their use in the model, since town-to-town intervals are required.
Thus the original data were combined into a new set of sections. These
sections begin and end either in towns or cities or at major inter-
sections. The determination of the end-points of new sections was thus
quite easy. But converting the other variables aof this data set posed
some problems, since old and.new sections did not exactly overlap, as

illustrated in Figure k4.1

0l1d Sections: ' 1 i i
{ l | ] |

New Sections: A

Figure L.1

Overlapping of 0ld and New Highway Sections
( I1lustrative Example )

Three types of situations can occur. First, the new section is
entirely contained in one of the old sections, such as C in 3 or E in
6. 1In these cases, all the values of variables, except distance, will

be the same for the new section as for the old section which contained it.




5

Thus the annual average daily traffic, service volume and percentage
of trucks in the daily volume is the same for sections 6 and E, in the
example. The same applies of course to sections 3 and C. As for the

length of the sections, they were determined from a road map.l3

Second, the case of simple overlap arises where a new section corresponds
to all or part of each of two old sections. This is illustrated in
Figure 4.1 by the correspondence between new Section A and old sections

1 and (partially) 2, as well as by new section B and old sections
(partially) 2 and (partially) 3. As in the previous case, distance is
comouted from a road map. But, in addition to the length of the whole
nev section, it was also necessary to know how much of each old section
was included in the new section. These latter distances were then used
to compute a weighted (by distance) average daily traffic volume over the
new section. The same weights were used in the computation of thé truck
volumes, after having multiplied the (old section) truck percentages

by the (old section) average daily traffic to obtain the (old section)

average daily truck volume. In formal terms

VIS = (d1) (Vosy) + (dp) (vosp) (h.1)
dp + dp
where VNS is the value of the variable for the new section;
d; 1is the length of the i-th section which is included in the

section;

VOS: 1is the value of the variable for the i-th old section.

13Manitoba Road Map, (Winnivez: Manitoba Department of
Public Works and Highwavs, 1970).
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Equation (4.1) computes the value of average daily traffic volume and
of average daily truck volume for a new section on the basis of the
values for the old sections which are included in the new one. For
service volumes (i.e. capacities), the lower value of the service

volumes of the old sections was used as the value for the new section.

This was done on the grounds that the old section with the smaller

capacity acted as a bottleneck. The combination of data into new
sections does not contribute to the removal of any bottlenecks, so
the bottlenecks were not removed. Third, a new section might overlap
all or part of each of three or more sections, as illustrated by the
relationship between new section D and old sections 4, 5, and 6. 1In
this case, the computations are the same as for the two-section case,
with the exception that more sections are involved. Equation (L4.1)

thus becomes

VSE = X_ (d4;) (vos;) (k.2)
i=1
N
4
1=1
where N is the total number of 0ld sections which are being used

in whole or in part to form the new section,
and the other variables are .as previously defined.
Equation (Lk.2) computes new section traffic volumes on the basis of

those observed on old sections. It is a generalization of equation
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(L.1), when more than two old sections are included in a new section.ll
The highway sections were placed on a town-to-town basis so that it
would be possible to reconcile them with the origin-destination data
obtained from the Interlake household survey as nublished. However,
two problems arose with this origin-destination based travel data. First,
some origin-destination pairs had to be omitted for one of two reasons.
The first reason for omission (this applied to 33 origin-destination
pairs) was that the destinations were such small localities that some or
all of the economic data required for the traffic generation functions
were not available for these localities.l® The second reason for
omissions (this applied to only 5 origin-destination pairs) was that the
traffic to destinations did not appear to require using the Provincial

Trunk Highway system, since the Provincial Road system provided easier

access. 16 Thus the data from these 38 origin-destination pairs were not

used in the model. The second problem arose because of the form of the
data, which were given only by urbanization types for each municipality.
This only posed a problem in municipalities where there was more than
one urban locality - Rockwood, St. Andres and Bifrost. In these

municipalities, traffic volumes originating in urban localities to a

by list of locations of the new sections is in Appendix C,
along with the length of each section and traffic volumes as estimated
by the model for the first and tenth years,

154 1ist of these omitted origin-destination pairs is included
in Avpendix D. The 13 destinations were Argyle, Arnes, Balmoral, Camper,
Camp Morton, Chatefield, Clandebove. Gordon, Grosse Isle, Gypsumville,
Moosehorn and Rosser.

16A 1ist of these omitted origin-destination pairs is included
in Appendix D. The destination of all & pairs was Inwood.
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given destination were allocated to each town on the basis of population.
The only exception to this rule was when there could be no doubt as to
the town of origin. For example, travel to Arborg by residents of urban
areas in Bifrost could only originate in Riverton. Eicept in these
special cases, the general rule just stated was applied. The end result
of these manipulations to the origin-destination data was that 110 pairs

of origins and destinations remained for utilization with the model.

EMPIRICAL RELATIONSHIPS
In preparation for the application of the model to the
Interlake area, the empirical values of some variables and coefficients
had to be determined, such as the coefficients of the traffic equations,
the highway construction technology vector and the factors used to
compute the effect of investment on the highway system. The procedures

used for deriving these estimats are described in the following sections.

Traffic Equations: Origin-Destination Basis

The origin-destination traffic data relate only to errand-
running traffic. As far as can be ascertained, the only way of obtaining
truck movement data on an origin-destination basis for the Interlake area
is to conduct a survey of trucking companies operating iﬁ the Interlake
area, whether based within or outside of the area. To do this within
the constraints of time and money placed on this study was impossible.

Thus the commercial traffic equation on an origin-destination basis was

abandoned. However, a method was found to circumvent the difficulties
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which the lack of such an equation raised as will be explained in the
next section. Similar problems arose for the estimation of residual
traffic on an origin-destination basis. But in this case, it was not
even possible to determine precisely who should be surveyed. Once
again it was necessary to abandon an equation of the theoretical model.
But here too, a solution to the problem was found, as will be discussed

in the next section.

As for the errand-running traffic equation, the estimation
of its coefficients required some preliminary work. The equation, it

will be recalled, was assumed to be

ETi5 = Ap (TY;)®¢ (1 - my/TE4)PC (78;)°¢ (py;)9C  (3.9)

if TSy £ TS
To estimate the value of the constant A, and of the elasticities,

ac, bc, cc and do requires that data bé available for the volume of
errand-running traffic from i to j (ETij), incomes in the origin (TY;),
town business sales at the destination (TSj), distance between origin-~
destination pairs (Dij), town local employment at the origin (TNi)

and town total -- local and non-local -~ employment at the origin

(TEi). A1l but the last two were available.lT

1 N .

TExcept for the value of town sales for Winnipeg. This was
assumed to be 10 times as large as the total Interlake area business
sales, on the basis of population ratios.
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The local employment estimates were derived from town

business sales. For some towns, the area employment/output ratio was
multiplied by the value of town business sales. 10 But for most towns,
local employment was estimated by sectoral employment-output functions
applied to sectoral business sales in each town. The summation of
the value of these functions over sectors provided the town local
employment estimates. These values, presented in Table 4.1 on the
following page, were used in the estimation of the coefficients of
equation (3.9). For rural areas, 1t was assumed that local employment
had the value of 1. The value O could have been used. But the form
of the equation was changed so local employment could not be zero.
Since local non-agricultural employment was used as a measure of negative
incentive to travel, the equation implies that rural people are much more
likely to travel to make purchase than are town—dwellers.19 Before
exploiting the change in the form of the equation, it should be mentioned
that estimates of town total employment were not available. Nor were
estimates of non-local employment by town. The total employment variable
was thus replaced by the size of the labour force in each town or rural
area, since this was the best available substitute.<C Substituting labour
force size for total employment required the implicit assumption that the

rate was constant among towns.

18This ratio, as well as the sectoral emnloyment - ocutput functions
and the estimates of town business sales on a sectoral basis mentioned in the
test were all obtained from computatioéns made by J.A. MacMillan and C.M. Lu.

19The value of 1 was used to minimize the nepative incentive,
although some non-agricultural Jobs were located in rural asreas.

20These estimates were obtained from the Interlake Fagt Dicest,
table 6, pp. 88-90.
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TABLE L.,1

81

Town Estimated Local Employment Method of
Estimation

Selkirk 2,752 Average
Gimli 583 Average
Stonewall 525 Average
Winnipeg Beach o7 Average
Lundar 191 Average
Arborg 172 Functions
Ashern 157 Functions
Fisher Branch 1ks5 Functions
Teulon 138 Functions
Riverton o7 Functions
Steep Rock 78 Average
Stony Mountain 73 Functions
Warren Lh Functions
St. Laurent 43 Functions
Eriksdale 3k Functions
Petersfield 28 Functions
Fraserwood 27 Functions
Poplarfield 27 Functions
TOTAL URBAN INTERLAKE 5,361
RURAL AREAS 1 Assumption

Source: See text, previous page
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Equation (3.9) was modified in order to facilitate the
estimation of the coefficients. Thus the expression (1-TNj/TE;)
was replaced by (TL;/TN;), to simplify calculations and the equation
became:

CETg5 = Ap (T¥9)®C (Tng/mng)®C (185)°¢ (D)% (L.3)
where TLj is the size of the labour force in origin-town i, and the
other variables are as defined on the previous vage. The equation
was then converted to logarithmic form, and an attempt made to
estimate its coefficients by Ordinary Least Squares. Unfortunately,
the matrix of cross-products was found to be singular and no estimate
could be obtained in this form. However, by re-writing equation

(L.3) as

158 (4.1)

BTi; = Ap (TY3)2C (TLy)PC (THj)e¢ (7185)°¢ (D
hypothesizing that the exponenf ec 1s negative, and converting the
equation into logarithmic form, the results shown in Table 4.2 wére
obtained. The column titled Equation I gives the statistical resulﬁs
for the errand-running traffic equation as it is written in (L.L),
However, the coefficient of town "spendable incomes" does not differ
significantly from zero at the 5 percent level. This result was due
to multi-collinearity, the simple correlation between T?i and TL;
being quite high at 0.878. TY; was thereforé dropped from the equation

and new regression coefficients were computed. The results are presented

in the Equation II column of Table 4.2
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The equation used in the model for estimation of errand-

rurming traffic volumes on the origin-destination basis was thus,

ETy5 = e1.1597 (TLi)l-2h99 (TSj)O'3697 (4.5)

TABLE 4.2

RESULTS OF REGRESSIONS FOR ERRAND-RULNING TRAFFIC
O ORICIN-DESTINATION BASIS

| COEFFICIENT EQUATION I FQUATION 11
Tyi(ﬁ) 0.2569 (0.73)%
TL; () : 1.0063 (2.77)° 1.2499 (8.62)°
g (t) ~0.2297 (4.19)P -0.2156 (k.20)°
TS5 (1) 0.35kh (5.61)° 0.13697‘(6.22)b
D35 (t) | -0.9948 (5.52)° -1.0366 (6.08)?
Ax(t) . 0.7969 (0.23)% 1.1598 (0.92)%
52 _ 0.605 0.603
Foo | 31.92 139.95
Number of Observations 110 | 110

a Not significantly different from zero at the 5% level.
b Significantly different from zero at the 1% level.

®
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Equation (4.5) is the empirically-determined traffic generation
function for origin-destination based errand-running travel. All
coefficients are of the expected sign. Thus the theoretical

considerations developed in the previous chapter appear to be correct,

at least for the Interlake area. The coefficients provide a measure

of the sensitivity of errand-running traffic to changes in the
variables. Thus a rise of 1% in labour force size at the origin
causes a 1.25% increase in errand-running travel, all other things
being equal. Similarly, an increase of 1% in local employment in the
origin town leads to a decrease of 0.22% in errand-running travel.

A gain of 1% in town sales at the destinastion increases errand-running
traffic by 0.37%. Finally, a reduction in the "effective distance" of
1% between origin and destination leads to a 1.04% increase in
errand-running traffic volume. Thus errand-running traffic is propor-
tionally more responsive to changes in labour force size at the origin
and in distance separating origin and destination than to town sales

at the destination and local employment at the origin.

Traffic Fouations: Highwav Sections Basis

The data gaps mentioned in the previous section made it
impossible to estimate the coefficients of the commercial traffic and
residual traffic equations on an origin-destination basis. Recause of
this, estimates of commercial traffic, as well as of total non-

commercial traffic, were required on the basis of highway sections.
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The estimate of non-commercial traffic was computed for
each highway section by subracting the average daily truck volume from
the volume of average daily traffic. Multiplying that estimate by 365
yielded yearly non-commercial traffic volume by highway section. Tt
was assumed that there is a relationship between the errand-running
fraffic volume and the yearly non-commercial traffic volume. The
regression of the latter on the former provides a function which

could be used in the model.

The errand-running traffic volumes had to be converted
to the highway section basis from the origin-destination basis.
Figure L.2 on the following page illustrates the difference between
traffic flows on the two bases. In the absence of factual information,
the routes used by errand-running travellers were assumed. In terms
of the theoretical model, it meant that all the elements of the matrix
of the matrix FAC, of order 110 x 3k, were determined by judgement.
And the regression thus became a measure of the extent to which the
routing judgements were "sound", i.e. in harmony with the assumpntion
of a relationship between errand-running traffic and non-commercial
traffic. An initial attempt at assuming the routings was arbitrary,
and the correlation was correspondingly low. A second attemnt yielded
an excellent result, i.e. high correlation, ana that routing matrix
was adopted. Appendix E presents the routings that were assumed in
the form of the provortion of oririn-destination traffic volumes

travelling over a given highway section.
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The non-commercial traffic volumes were then regressed
against the commercial traffic volumes. Both logarithmic and linear
forms of relationships were tested. In both cases, the logarithmic forms
provided better fits. The results of these regressions are given in
Table 4.3 on the following page. Both these relationships were found
to be statistically significant, a$ were the values of the regression

coefficients. Expressed in the usual form,

NCT = e=1.6105 (gpp)1.2519 (4.6)
_and ROT = e=2-1760 (ycp)0.9873 (4.7)
where RET = (ET) (FAC) (L4.8)

NCT_ is a row vector of 34 elements, the volume of non-
commercial traffic over each highway section, in cars
per year;

RET is a row vector ofv3h elements, the volume of errand-
running traffic over each highway section, in cars per
year;

RCTa is a row vector of 34 elements, the volume of truck
traffic over each highway section, in trucks per year:

ET is a row vector of 110 elements, the yearly volume of
errand-running traffic on an origin-destination basis

between each origin-destination pair, in cars per year.

Equations (4.6), (h.7) and (L.8), along with equation (I.5) combine to

determine the traffic flows over the Interlake Provincial Trunk Highway

system.
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TABLE k4.3

RESULTS OF REGRESSIONS FOR TOTAL NON-COMMERCIAL AND FOR
COMMERCIAL TRAFFIC ON HIGHWAY SECTION BASIS

Equation I Equation II
Dependent Variable Total Non-Commercial Commercial
Traffic Volume Traffic Volunme
Independent Variable Errand-Running Total Non-Commercial
Traffic Volume Traffic Volume
Value of Coefficient 1.2519 0.9873
(t- value of estimate) (16.83)P (13.921)P
Constant Term -1.6105 -2.1760
(t~ value of estimate (-1.70)2 (-2.16)%
Coefficient of
Determination 0.8984 0.8580
F Ratio 283.08 193.39
Number of Observations T34 3k

85ignificantly different from zero at 5% level.

bSignificantly different from zero at 1% level.

. Highway Construction Technology Vector

In order to use the input-output multipliers, the value of
highway investment must be converted into terms of changes in final
demands for the output of each sector of the economv. To affect this
conversion, it was assumed that the share of highway investment spent
on each sector was constant. The estimetes of sectoral shares were

derived from the Arborg Data and from some questionnaires obtained
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from a construction firm. The estimation procedure is discussed in
detail in Appendix B. In brief, it consisted in breaking out items
of expenditure from the Arborg Data into their major components on
the basis of engineers' judgements. These components were then further
disaggregated -- to the sectoral level -~ on the basis either of the
construction questionnaires just mentioned, or of personal judgement.
The resulting estimates of the highway construction technology vector --
i.e. of the vector showing the share of each sector's inputs into the
construction of highways -- is presented in Table L.l4 below. The large
share of imports may appear surprising at first. But it must be
remembered that this includes, among other things, imports of paving
asphalt from Winnipeg.

TABLE L. L

HIGHWAY CONSTRUCTION TECHNOLOGY VECTOR

Sector | Share of Total Expenditures
1. - Agriculture - Livestock .019
2. - Agriculture - Crops (including Agric.
Services) .022
3. - Mining and Quarrying .093
6. - Construction .010
T. - Transportation .009
8. - Petroleum Wholesale .099
9. - Farm Equipment .020
10. - Food STores .002
12, - Automotive Sales and Service : L0117
15. - Insurance .018
17. - Other Services (Non-Personal) .23
18. - Households .169
TOTAL INTERLAKE 7208
TOTAL IMPORTS .280
TOTAL EXPENDITURES 1.006

a Figures may not add due to rounding.
Source: Appendix B
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The sectors omitted from Table L.l did not benefit directly
from the highvay investments. However, they obtained some benefits
from the indirect and induced effects as these worked thgmselves

through the system.

Highway Effects of Investment

Apart from the economic effects, the investment in highways
also had direct impacts on the road system itself. The three major
potential effects, as discussed in the previous chapter, were changes
in the length of highway sections,changes in service volumes and
changes in travel time. Estimates of the values of these coefficients
were derived from the Arborg Data, which contained engineers' judgements
as to the magnitudes of the effects for specific projects. The first
effect, changes in the length of highway sections, was found to be
non-existent for all projects. Thus,

DHL = O A (4.9)
The second effect, that on service volumes, was vositive for six of
eight projects. The estimated average change in service volume per
$1000 of investment was computed and used to quantify the affect of

investment on service volumes. The method used®l vielded the estimate

DSV = ,2hh (4.10)

Thus additional capacity of 1 car/hour was created by an investment

of , on the average, a little more than 3L000. The third effect, the

2le. Appendix B,
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change'in travel times, occurréd as’a result of only five projects.
And, even then, they only related to truck traffic. FNevertheless,
it was possible to use the Arborg Data to compute an average overail
effect by weighing the travel time changes by truck volumes. The
resultant average effect wag

DDT = ,00012 ' (h,11)

“that is to say, investment of $100,000 resulted, on the average in a

travel time saving of. one percent.22
MODEL ALTERATIONS

Given the estimates, ofvthe coefficients, the model could
fhen be applied £o the Interlake area. But‘a first atteﬁpt fell.short
because some changes were required to make the model completely
operational. Alterations were made to each of the economic, highway
and impéct sub-models. These changes, and their signifiéance, are

discussed in the following sectilons.

Economic Sub-Model

‘Three changes were brought to the economic sub-model. First,
the "spendable income" concept was dropped. This was done because

"spendable income" was not a significant variable in the traffic

22¢f. Appendix B.
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generation functions. Moreover, the conventional regional income
concept was preferable for measuring income impacts of investment.
Thus equation (3.6)°3 was deleted. Second, the computaticn of town
incomes was changed, partly because of the adoption of the conventional
regional income concevt, and partly because of the unavailability of
the total employrment estimates. Thus, it becamne, |
TY = AY (1/AL) (TL) ‘ (k.12)
where TL is & column vector of M elements, the size of the labour
force in
each of the M towns (origins); AL is a scalar, the size
"of the area labour force; and the other variables are’
‘defined in Figure 3.2, page 32. )
Equation (L4.12) now allocates regional income to towns on the basis
of the size of ;abour force instead of total local and non-local
employment, since estirates of tﬁe latter were nof avallable. Finally,
the model was latered to compute the vearly value of_business sales
in Winnipeg, since this was the destinatién‘host ofteﬁ travelled to
although it was outside of the region. It was assumed that the value
of business sales in Winnineg vere 10 times the value of total area
business sales in the Irterlake region. The factor 10 was used
on the basis of approximate vopulation ratios. Thus

TSX = 10 + ATS (L.13)

N
(M)
]
H
-
=i
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e ]
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where TXS is a scalar, the value of the vearly town business sales in
Winnipeg.

ATS is defined in Figure 3.2,
Equation (4.13) computes estimates of town business sales in Winnipeg,

the most often travelled to city in the system.

Highway Sub-Model

Changes required in the highway sub-model were much more.

extensive. They related primarily, but not exclusively, to the traffic

generation equations. First, as mentioned above, equations (3.8) and

{3.11) -- commercial traffic and residudal traffic -- were not used

because there were no data available to estimate their coefficients.

~Thus equation (3.12) alsc had to be cast aside since total traffic

could not be computed when two of its componenis were not availadle.

As previously mentioned, equation (3.10) was also omitted so that

all valid deta could bte used. .Thus, the system became

RET = (ET) (FAC) , S (k.1k)
NCT = A),  RETDCE a (4.15)
RCT = Ag neret - (L.16)
and YWT = 2 . CT 4 e (h.17)

where YVT is the total traffic volume in a year over highway section,

as noted on page 42 and the other variables are defined on page 87.
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Equation (4.14) computes errand-running traffic volumes on a highway
section basis from origin-destination errand-running volumes and the
assumed routings. (Fquation (4.15) estimates non-commercial traffic
volumes on a highway section basis from the highway section errand-running
traffic volumes. Fquation (4.16) computes commercial traffic over highway
sections as a function of non-commercial traffic volumes. Equation (k.17)
computes the total traffic volume over a highway section on the basis
of the estimated volumes of commercial and non-commercial traffic volumes.
The use of equations (k4.1h) to (4.17) eliminated the need for equation
(3.13) which computed highway section traffic volumes from origin-

destination total traffic volumes.

The implications of these changes caused by the data are quite
important. For, as the system is currently represented, all traffic
volumes are a function of the assumed routings that were mentioned
previously. Thus all the results of this study are contingent upon the
routings being correct. While the regression results indicate that this
was true for the base year data, there are no guarantees that such routings
will remain constant. DNevertheless, the problem may not be as critical
as it appears at fifst, since there are rather limited opportunities for
changing routes between origins and destinations. However, the system
also depends on constant relationships between the different tvpes of
traffic over highway sections. This constitutes a major weakness of the

model as applied to the Interlake.

Two further changes were made to the highway sub-model. The
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first change was made after a first trial of the model. Equation (3.17)
was altered so that sufficient investment would be provided to eliminate
congéstion and provide a small amount of excess service volume. This
excess often disappeared after computing the effects of the investment
on traffic volumes. It was.provided for in order to speed computation
and to diminish the number of smaller investment inerements by anticipating
their traffic-generation effects. Thus eguation (34]7) was changed to
RHIz = (COz 4 5) /DSV (4.18)

‘vhere all variables are defined on page L8.
 The second change was also made after a trial run of the model. It was
found that the nodel could become explosive, i.e, that'the'increases in
investment caused greater incréases in traffic volumes than in service
volumes. This occurred only when high exogenous growth rates in population
end final demands were assumed. To counter the problem, a limit of $35,000
pér mile éf highway section was placed on the.incfements in investment.2
The numbef of incremental rounds in one vear was also ?estricted to 5.
These two measures were effective .in elimihatiﬁg endless iterations.
Thus, a néw equation was added to the sub-model.

‘ THIg = 35 * HLg if THIo > 35 HLg (L.19)
Equation {h.lQ) restricts fhe value of investment on one highway section
to $35,000 per mile.

)

o} . . . ey s . .
_ On the basis of discussions with highway engineers, this
appeared to be a reasonable upper 1limit for this area.
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impact Sub-lModel

The explosiveness of the model alsc caused the imposing of
some restrictions on the values of variables computed by the impact
sub-model. Thus the change in travel time over a highway section was
restricted to a maximum of 1 percent. This restriction only applied
to investment increments of more than $83,000. _Formaliy,

NTT_ - 0.01 if NTT_ > 0.01 - {(4.20)

Similarly, the absolute value of the change in the lengéh of highwaf
sections was constrained to a maximum of .1 mile. The application of
this restriction was superimposed on the travel time change constraint,
and was not effective save on very long highwey sections. It‘was, in
formal terms,

CHLg = 0.1 if CHLz > 0.1 (L.21)
The other set of changes to the impact sub-model was the omission of
equations (3.23), (3.2L) and (3.25). These were omitted because the
factor DHL was found %o be zero. Thus_the facéor PRL could be omitted
and it was possible to replace (3.26) by “ |

CHL = (HL)''(I) (NTT) | (k.22)

"Finally, the calculation of economic impacts was altered because

of the changes involved in equations (L4.12) and (4.13) above. Thus

DTY = DAY (1/AL) (TL) {(k.12)
DTSX = 10 - DATS (4.13)°
and TEX* = TSX } DTSX o (h.23)

were added to the impact sub-model.
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Yearly Incrementation

In applying the model to the Interlake'area, it was assumed
that exogenous growth was occurring in the econcmic and demogravhic
areas. The growth mechanism used by this model was the simplest
available - assumed growth at a constant rate. More compiex models
could probably have been used. But since the model was analytically
rather than histerically predictive, the addition would not have been
significant. Moreovér, it would have uﬁduly complicated éhe aﬁalysié.

The effect of assuming yearly exogenous growth was to add on several

equations:
TP,,, = TP, (14 DPO) ; (y.eh)"
TLty1 = TLy (1 4 DPO) | (4.25)
Gedl = G (14 DEC) | (L.26)
INtyy = INg (1 4 DEC) ( (h.27)
EXt+i = EXt (i»+‘DEc) o . o {(k4.28)

For the basic application of the model to theIInterlake area, it was
assumed that |

DPO = 0.02 (4.29)
and DEC = 0.05 , (h;3o)
However, these assumptions were changed and the effect of the changes

computed as will be discussed shortly.
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SUMMARY

The major data sources were the University of Manitoba
Department of Agricultural Fconomics surveys of the Interlake area
for 1968 and the Manitoba Department of Public Works and Highways.
From these sources information was obtained about demographic and
economic variables in the Interlake area, as well as trip-making
behaviour of area residents and characteristics of the highway svstem.
The data were screened for non-useable information. Useable data
were inputs into the estimation of coefficients for the region.
Because data were not always available, some changes were made to all
three sub-models. In addition, yearly growth rates were avplied to
exogenous variables. The resultant model, as applied to the Interlake

economy is summarized in Appendix F.



Chapter 5
LIMITATIONS OF THE MODEL

The model developed and modified in the previous three
chapters has a number of deficiencies which must be discussed before
the results of the application to the Interlake are mentioned. These
limitations affect all three sub-models. There are also some limits

imposed by the treatment of time in the model.
THE ECONOMIC SUR-MODEL

The limitations of the economic sub-model stem both from the
theoretical framework adopted and from data gaps. The model computes
the values of regional variables such as business sales and incomes and
allocates these to towns on the basis of demographic variables. Although
this procedure is the only one available, it is quite restrictive?
particularly when it is considered that each town's share is assumed to
remain constant. However, the alternative would reguire tremendous smounts
of data. It would compute town sales from exogenous final demands for
each town. A growth model could then be used for each town. Thus the
area totals would be built up from town estimates rather than being
allécated to towns. Nevertheless, this procedure would still be severely
limited by the assumed constancy or input-output coefficients. The latter
problem is also present in the model formulated in the previous chapters.
It thus limits the validity of conclusions drawn, exvecially for the later

time periods.

99
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The application of the model to the Interlake ares was
constrained by the absence §f employment data suitable for use in the
model. Although it was possible to calculate estimates of town local

employment, it would have been preferable to have sounder estimates.

The fact that the average methodl vielded higher results for all towns

than the functional method makes one suspicious of the validity of
both. The lack of information about total town employment levels
prevented what was felt to be the best allocator of regional incomes

from being used. -
THE HIGHWAY SUB-MODEL

In its theoretical formulation, the highway sub-model has
two gaps of some significance. First, there is no mechanism provided
for diversion of traffic to alternate routes when congestion occurs.
This is not as serious as it could otherwise be, since the model
assumes investment as soon as congestion occurs. This will be elaborated
later. Moreover, in the Interlake region, diversions over the Provincial
Trunk Highway system are probably quite rare because of the location of
highways and of trading vattersn. Second, the sub-model assumes
homogeneous sections, whereas this is obvicusly not the case. Thus
estimated congestion could be caused by one point, although it would be

assumed to occur over the whole section. However, if a map of the

le. Chavter 4, p. 80 , for an expleanation of the two methods

used.
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highway system, along with indications of bottlenecks and vpotential
bottlenecks were integrated into the model, it would provide the
model with greater flexibility in determining investment needs. One
could visualize computing deterioration of highway surfaces on the
basis of traffic volumes, and including deterioration-based investment

in the model.

Several empirical problems are also associlated with the
highway sub-model. These relate to limitations imposed by the routings
that were assumed for errand-running traffic and the exclusion of
Provincial Roads. To reiterate what has already been said, all the
results derived from the model depend on the routings that were assumed.
A different set of routings could -- and probably would -- have resulted

in an entirely different set of results.

The exclusion of Provincial Roads was based on several factors.
Most important was the added complexity that would have been introduced
into the model and the near-impossibility of dealing with a network many
times more involved than the Provincial Trunk Highway system. Nevertheless,
the absence of the Provincial Road system influenced the routings assumed,

and it must be taken into account.
THE IMPACT SUB-MODEL

One of the gaps in the impact sub-model is related to the
economic sub-model. Because it was not realistic to formulate the

economic sub-model in terms of a series of town economies, it was not
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possible to relate changes in final demands to specific towns but only

to the area as a whole.

Empirically, it was not possible to obtain estimates of the
employment impacts of highway construction projects. The employment
impacts specified, which include changes in employment levels due to the
indirect and induced as well as direct multiplier effects, were computed

from estimated employment-output ratios.
THE TIME DIMENSION

The model's deficiency in this respect has already been
discussed at the conclusion of Chapter 3. It will be recalled that the
static formulation of the model imposes serious limitations on the
validity of the results derived from it. The assumptions of instantaneous in
investment without administrative or perceptive lags and of instantaneous
multiplier effects, are certainly very restrictive. However, attempts to

overcome these problems did not succeed because of the complexity involved.
SUMMARY

There are severe limitations to the application of the model.
The economic sub-model allocates incomes and business ales to towns rather
than estimating them fof each town. It is also constrained by lack of
employment data. The highway sub-model uses homogenous sections rather
than maps of sections with their bottlenecks. It also lacks provisions

for investment on the basis of roadway deteriortation. In addition, it is
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based on assumed routings which exclude Provincial Roads. The impact
sub-model svecifies regional impacts rather than effects on given

towns. Finally, the model is essentially static.




Chapter 6

RESULTS »

The model computed estimates of business sales, incomes, popula-
ioh,’labour force and local employment for ten years under the assumption
that highway investment would not occur. It also vielded predictions of
highway investment for the ten one-year periods under the assumptions
that multiplier effects were instantaneous and that highway investment is

of the pump-priming tyve, i.e. one-shot expenditures. The impacts of these

investments on the economic and highway systems were then estimated.
ASSUMED GROWTH

Before discussing the investment results of the model, it would
be useful to know the growth conditions assumed and the magnitude of their
effects. Table 6.1 presents the exogenous levels of some economic and
demographic variables for the first and tenth vears. The assumed growth
rates were 2% per year for the human resource variables (except local
employment), and 5% ver year for the economic variables. Local employment
was computed as a function of town sales and was not assumed to grow, but
expanded as a consequence of the increase in town sales. The growth rates
used imply very rapid growth of the economic system and of ponulation and

labour force sizes.
INVESTMENT
The very high growth rates assumed were associated with quite high

levels of investment for capacity reasons. Capacity-based investment was

computed to be about $7 million over the ten years, whereas the ARDA-FRED

104
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ZXOGENOUSLY CAUSED GROWTH IN SZLECTED VARTABLES,
TEN YEAR SUMMARY

Variable rst Year Tenth Year Percentage Change
Area BU ness 151,558 235,117 55.1
Dulo
Area Income 75,054 116,433 53.8
Area Populetion? 50,469 60,714 19,5
Area Labour 21,345 25,509 19.5
Force
Area LocalC 5,361 7,062 48,5
Employment
Local Bmployment as 25.1 31,2 24,3

a Percentege of
Labour Force

(-Xcluding.Agriculture)

“Thousands of dollars, cxcept for last column

b -~
Humber of people, except for last column

c
Number of man-ycars, except for last column

Source: Conputed from the model,

development expenditures amounted to almost $2.5 million,

quarter of the total ten year outlays., Thes

on a few of the highway scctions. Development investment

highway sections, all in the Horthern part of the region.

investment wvas

or just over one
were concentrated
was limited to 6

Capacity-based

required on only 4 highway sections, all in the Southerm mart
i (3 J H i

of the region, The two types of investment also differcd in the average Cx-—
penditure per highwey section, a2s Teble 6.2 shows, Capacity-based investment

averaged more than 4 times as much expenditures per hig

g,

ay section as did
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development investment,

TABLE 6
HIGITVAY ITITVESTIENT BY CATEGORY
TEl-YZ4R SUMHARY
Hwrber of
Highwvay Average
a Sections . Expenditure
Category Txpenditure Affected ver Section”
Capacity 6,903 4 1726
Development 2,475 6 412
Total 9,376 10 938

a,
Thougseands of dollsars

Source: Computed from the model.

o

Bven within this small number of affected scctions, the concentration
of investments was very high, for each type of investment. Close to 407 of
the development oxponditufes was opent on one of the six affected highway
sections., As can be scen from Table 6,3, the two sections which had the
greatest development invesiments together accounted for nearly T0% of total
developnent outlays on highvays.

The concentration of capacity-bascd invesiment wes also very high.
Investment waz only required on four highvwey scctions for capacity reasons,
0f these four, the scction with the largest 1nvcstmcnt accounted for nea?ly
4655 of total copacity-based investment, while the least-invested in section
only used up 8% of those funds as can be seen from Table 6.l below.

These investnents were spread cut over a number of years., The time
The capacity-based

path of highwey investment is plotiec in Figure 6.1

C

3 4. Lo 3 - : a7 n s Kt o S, 4 o
investments increcsed steadily from 20,25 million in the first yvear to %1.6
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TABLE 6.3

TTT ATRIII A 7
DEVELCOTIENT INVESTIRN

a Percentage
Section Location ' Eipenditure of Tota
34 P,7.1.68: Eriksdale to Q28 Z7.5
Poplarfield
6 P,7H, 6 JSWO‘n to Junction T8% 31.7
of P, R, 279
5 »,7,il, 6: Sriksdele to Ashern 756 14.4
%2 P,7.1,68: P, TH.T to P,T.H, 16 203 8.2
%1 P,7.1.63: P,T,I.8 %o P71, 7 197 8,0
35 P,7..68: P,7.1. 16 to 6 .2
Poplarfield
TCTAL 2,47% 100.,0
ihou ands of dollars
Source: Computed from the model,
TABLE 6.4
CAPACITY-RASED INVIITIIONT BY HIGIG/AY SECTION,
TEH-YHAR SUFHARY
- Percentage
Secticn Tocation Expenditure™ of Total
14 P.,7.H, 8: Perineter to %,143 45,5
P.TH, 27
25 P.T.H., 9: Petersfield to 1,867 . 27,0
Yinnipeg Beach
15 P.T.H., 8 P.T.1. 27 to 1,356 19,6
P.R. 271 (Gimli)
i3S} P.T. 7y Jet. Stony Vountain 5358 7.8
Rd te P.T.H. 67
TOTAL 6,904 100,0
a‘ Kal

Thousends of dollar

Source: Computed from the model,
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Highway Investment
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Source: Computed from the model,
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million in the tenth year. At the same time, the development investment in
highweys declined from $1.1 million in the first vear to $0.l4 million in the
fourth and to nothing in the fifth and following years. The combination of
both types of investment resulted in a more or less steady decline from the
first year high of $1.3 million to a low of $0.L million in the fifth year.
Then investment increased steadily to attain a new peak in the tenth year,
at $1.6 million.

IMPACTS

These investments had some impacts on the Interlake economic and high-
way systems. The direct, indirect and induced effects of highway investment

on area business sales were in the range of 0.86. The income and employment
multipliers were substantially smaller. They averaged out to approximately
0.50 for incomes and 0.00003 for employment.1 These impacts are summarized
in Table 6.5 which presents estimates of the changes in area business sales,
area incomes and local non-agricultural employment resulting from the highway
investments. |

The small values for the income impacts are manifested again in Table
6.6 which gives per capita incomes with and without the highway investment.
The effect of investment is to increase per capita incomes by 0.2 to 0.9 of
1%. Thus for a "typical" family of four, incomes would have increased by
$52 to $6,000 in the first year, or by $56 to &7,720 in the tenth year. It
seems safe to conclude that income effects of the highway investment are not
particularly significant. '

The investments also had some effects on the highway system. Table
6.7 summarizes these effects on "effective distances” and service volumes

of highway sections where investment occurred. There were also impacts

Ithus an investment of $1 million would lead to an increase in area
business sales of %860 thousand, a rise of $500 thousand in incomes and to the
creation of new employment of 30 man-~years.
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TABLE 6.5

ECONCHIC THPACTS OF HIGHIVAY INVEOSTHENT, BY YoAR

Tnnact on:

Year Investment Arca Business Area a Local

Sales” Incomes Industrial

. Employmentb
1 1,338 1,152 664 41
2 712 613 354 22
3 667 574 331 21
4 695 599 345 21
5 402 346 200 13
6 495 425 245 15
7 931 801 462 29
8 1,172 1,010 582 56
9 1,374 1,185 682 41
10 1,590 1,370 790 48

a o
Thousands of dollars

by Teias .
Number of man—years, excluding Agriculture

Source: Computed from the model,

TABLZ 6.6

PR CAPTITA IKCOMIS VITH AND WITHCUT
HIGHWAY TRVESUITINT, BY Y@RAR

Per Capnitc Yer Capitea Percentage

Incomes Vithout incomes With Change e to

o Year Investment® Investment® Investment
1 1,487 1,500 0.97%
2 1,531 1,538 0.5%
3 1,567 1,582 0.45%
4 1,622 1,629 0.4%
5 1,670 1,674 0,25
6 1,719 1,724 0.3%
7 1,770 1,778 0.5%
8 1,822 1,832 0.5%
9 1,875 1,887 0.6
10 1,920 1.944 0.7%

. .
Rounded

Source:  Computed
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on traffic {lows over all highway scctions.

TABLE 6,7

TIVESTITI IMPACTS CF HIGINIAY SECTICHS
1o : NS ot ,Jv1 S VAl f\r«C
a Zffeetive Distances Service Voluncg
Section Before Afte Bcfore After
1 5.10 4,02 481 1,577
2 13.30 11.35 - 573 1,029
1 41.50 27,40 753 1,084
3 23,60 22,80 200 426

18,60 18,05 200 391

4,00 3.82 ' 605 736
26.00 25,48 200 237
17.10 16,92 792 842
9,30 9.19 810 €58
0.70 0,70 729 T3

by

WO T 0 o T U

W AN

o
“By order of decrecasing volume of investment per section

b, . . . . . ,
Measured in miles; for o discussion of the concept

s, cf. Po
c .
HMeasured in cars/hour,

Source: Computed from the model,

Table 6,8 presents the changes in total traffic volumes for the 10 highvwey

sections on vhich invesiment occurred. The effects of investments on traffic

-

volumes over & specific scction depend on & number of factors such as, whether

the investnent occurred on that section or

N

Just the result of the general rise in economic conditi dug to the invest-

y
63

nent, the megnitude of the multiplicr effects, the assumed routings, and so

ALTERITATIVE
) 0 /
The results just discussed assumed growth rates of Z. per year for

N

human resouvrce variables and 5% por year for exogencus increases in final

demands, These By assuming lower rates of

H
ot
9]
jou]
[p]
Q
o}
=
+
]
.

;
bt
4
2
o
]
ot
[0
=y
{1
&
by




112
TABLE 6.8

TOTAL TRAFFIC VCLUMSS TCR SHLECTED HICGIWAY SECTIONS
DURIHG IIR3T AT T‘-'I‘H YlL"J‘S, BIFCRE
AND AFIER THVI i

Mirst Year Tenth Yeor
Before After | Before | After
[ PR a ° PRI b T ~er e Re Tyiroerdim a4 0 T e b
vection Investiment investment Investmen Investment

14 1,529 1,537 2,685 2,799
25 : 082 086 1,906 2,053
15 1,008 1,015 1,8%2 1,923
34 73 7> 124 124
6 196 205 Z60 361
8 888 891 1,446 1,454
5 11 12 19 19
2 180 182 29 296
31 15 15 24 24
53 185 189 313 514

aBy order of decreasing volume of investment per scechion,
bm 7+ s L
Total traffic volumes rounded to nearest thousand cars.

Source: Computed from the model.

growth, the results changed .considerably, Table 6.9 presents the total volume
of investment and nurmber of highwey scetions invested in under eltcrnative
growth assumpticns. It emphasizes again that the origin

were quite high, llot only were there more highuzy sections invested in, but

the volume of investment per scction differed tremendously according to the

average daily traffic, except for Provincial Trunk MTighway 8 for which the
(& 1 I8} v

ratio wes 20,60, These were the ratios at the %Cth and 50th peak hours Tor
. . . . . ~ ot

these highways in 1968, Thesc ratios wore reised to 20,27 and 22,475 respec—

tively., Table 6,10 presents a summary of the resulis obtained when groater

nighuay capacity reouircements were assuned, Cormparing the rosul

6,10 and 6.9, it can be seen that chenging the peak criterion hour proportion
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TABLE 6.9

SUIHARY OF ALTERIATIVE RISULTS UNDEIR 3SZLECTED

DA AT T AT NTTOS ALITTT
J.‘..A.J‘.,x.m) Oi‘ ;‘J/\UG;_‘H'\O s GRU‘..’TIL

. fumber Average

Highway Investnent” of Txpenditure
Rate of Growth Capacity~  Develowaent Sections per _
Assumptions based Affected Section™

SR
[

]

o
lation 252 2,473 7 389

ko)
Q
o]
[

p—
57> per year for
final dcmandss
o o~
05 per ycar for
population 687 2,473 7 451

55 ner year for

final demands:

25 per yvear for

population 6,903 2,473 10

O
(o
o

a
Thousands of dellars

Source: Computed from the model,

of anmual average daily traffic has vory sizeable impacts on capacity-based
investment, regardless of the growth asswaptions mede. An increase of
in that proportion Dbrought about corresponding incrcases

- k4 ~f
n the range of 600 ~ 1255, Thus the systen

.

appears to be very sensitive to changes in the peak criterion hour proportion

of ennual avercge daily traffic, at least over the range tested.
SUMIIARY

The assumed growth levels in the basic computation of the model were

. ~e ) . U i AU AR
onsiderable capacity-based

<t
&}
e}

accompany the pre-deternined levels of development-based invesiment.
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TABLE 6.10

EXCGIICUS

T

ALTZREATIVE RESULTS UNDIR SOLEC
ROVTH WITH GRIATIR

11k

T

LAt

PEAY CRITERICH HCUR RATIOS
- Number Average
G ~ - s
Tighvay Invectment of Zxpenditure
Rate of Growth Cepacity- Nevelopment Sections per
Assumptions Based Affected Section

05 per year for

final demends

end for

population 576 2,473 7 436

et
35 per year for
final demands;

pepulation 1,357 2,473 8 479
%% per year for

final demends

2 per vear Tor

population 11,061 2,473 11 1,270

a
Thousands of dollars

Source: Computed from the model.

for investmont, it was concentrated on only a few

sections, although distridbuted widely over time., The cconomic impacts of the
investment were fairly small., The multiplier effects of investment averaged

out to roughly 0.86 for business sales, 0.50 for incomes and 0,03 for employ—

ment., In terms of per capita incomes, the investnment mecant an increasec of a
. -~ . o= ~ . .
fraction of 1%, There were also considerable effocts on "effeetive diztances"

Traffic volumes also incr

and service volumes of highiray sections, cased be-
cause of the investment, The syston was quite sensitive to different assump-
tions about exogenous grovth in some koy variables, It was found to be very

e
ive to change

&
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Chapter 7
SUIARY AND CONCLUSICHS

The study develeoped a method to evaluate the effect of ~- and need
for —- investnent in highways within the framework of a regional ccorlomy,
The effect of investment was measured in terms of the criterion of cconomie
development, A simulation model was chosen as the best way to estimate that

Eal

effect and to compute the need for investment, in prefcrence to benefit-cost

nd plamning-programming-budgeting approaches.,

]

a2

A theoretical modcl, consisting of ¢

-

hree sub-models, was then formu-

lated., The econcmic sub-nodel utilized input-output techniques to cstime

te
arca business sales and incomes on the basis of crogenous final demands,
&
Sales and incomes were then allocated to towns in the area in nrovportion to

the values of human resource variables, The highwey sub-model used town ine
cones, business sales and human resource variables o estimate the volwnies

of the diffeorent types of traffic flows betwecen origins and destinations,

v oL

These flows were converted to traffic voluries over highway scctions, and then

to estimztes of highuay requirements, The latter, along with service volumes

of the highwoy sections cd to estimate vhether investment was regquired

6]
o]
3

and, if so, the valuc of required ewpenditures., The impact sub-nodel computad
the effects of highway investment on area and town business sales, incones
o t b

and locel ermployment leovele, It also ascessed the changes to the highway

. 4 > 4 - RIS 3 - - P ~ 44
system, in terms of additional service volumes created, reduced travel times
A Fa¥al ERL 4. ~
and reduccd "eoffcctive distonces”.
The empiricel model vwhich was used to anclyze the Interlake area

Provinciel Trunk Highuay systom used data from several sources. Major data

115
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suppliers were the University of Maniteba Department of Agriculitural IZconomics
and the Manitoba Department of Public Yorks hwavs., The data included
extensive cconomic and demographic information about the Interlake arca, as
well as descriptions of the highuwoy system and cstimates of construction ex—
penditures, These date were used to estimate the model coefficients, particu-

A

larly the traffic cquations end the highway construction technology vector,

~

However, not all of the model's data rcquircements could be met, Because of

reformulated zo
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that all traffic flows were a function of ¢ rana—*unnlhb traffic on an origin-
destination besis
This reformulation was onc c¢f the several mojor limitations of the

model, The revised model was so formulated that all results depended on the

routings assumed for the crigin-destination pairs, Toreover, impacts could
not be estimcted £ different towns, but werce computed for the area and al-~

located to towms, This necessity to 2llocate regional variables to towms

rather then to compute ftown cstimates constituted an edditional limitation,

Tinally, the use of long highway sections rather than e mopping of the highwey

system nlacced further limits on the model.

Despite these limitations the model was epplicd to the Intorlake area,
It was found that the muliiplier coffects of highwey investment on business
sales was approximately 0,86, The effect on incomes was asbout 0.50. The
local cmployment multiplier was in the neighborhood of 0,00003, Thus, for
L million of highway invesinent, area business sales incroaosed by 9860 thousand,
regional inconc by 5500 thoucand and locel employment by 70 man-ycars, The
ten—ycar total for copacity-basced highway investment varied between 50.25 and
311,06 million depending on the assumptions made about excgencus growth and
N
L

the definition of highwey capacity recuirenments,

LLg
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On the basis of these results, it is not possible to assess
the ARDA-FRED highway program expenditures in terms of the long term
impact on area productivity through improved educational facilities to
area residents. Moreover, the relative magnitude of the development and
the capacity-based investments depends solely on the growth rates
vassumed. The results indicate that highway investment for capacity
reasons will only be required in large volume if tremendously rapid
growth rates are maintained in the area. The attainment of such rates
appears very unlikely. Thus it appears that over capacitv in the

region's highway system will be maintained for some time.

These conclusions must be tempered by knowledge of the
limitations discussed in Chapter 5. One of the major gaps mentioned
there was the use of quite long highway sections. Research is required
to determine the effect on the model of using different sets of sections
and of using route mappings rather than highway sections. Further
research could alsc explore the sensitivity of the model to changes in
the magnitude of the limits on investment and on travel time changes due

to investment.
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APPINDLY

HIGHUAY PLAI

TABLZE

TIHG DATA

-x.._

NP OF PUBLIC

PLAMIVILG DIVISICH, HIGHVA

T AT 7 TILA SPCY
C,L WS AND HIGHVAYS

P.T.H. Capacity A,D.1.° Percent
To. Location Mileage (C“ru/tour) 1968 Trucks
6 P.T.H. 101 to 13,9 810 1338 8

~P.T.H. 67

P.7H, 67 to 20.% €58 1034 11

Northern Boundary

of R.il. of

Yoodlands

. Bdry. R.I{, of 40,3 756 658 13

Yoodlands to

;.T.fla 68

P,7.H, 68 to 5.4 12.0 765 526 11

miles North of

P.R. 2%5

5.4 miles Yorth of 12,5 * 500 8

P.R, 235 to South

Junction with P.R, 325

S. Jet. P.R. %325 9.0 * 478 10

'tO P!RO 2)7

FP.R., 237 to P.R. 239 11.1 * 421 13

P.R. 239 to P.R. 513 2%.3 * 312 13
T P.7,H., 101 to South

Junction with P.R. %21 5.0 605 3580 13

5. Jet. P.R. 321 to

P, T.H, 67 5.8 €05 %226 12

P.T.H., 67 to P.R. 228 17.4 . 481 1899 13

P.R, 228 to P.R, 229 8.8 517 802 10

P.R, 229 to P.T.H. 16 11.1 518 659 10

rP.7.H0., 16 to 8.5 8.5 621 638 11

mniles ﬂorvn
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Table A.1 continued

P.TH. Capacity A.p.1.° Peroont
Yo. Location Hileage (Cars/Hour) 1968 Trucks
7 8.5 miles ¥, of 4,6 639 739 10

P.T.I. 16 to 3.2
miles S, of P.T.H, 68
%.2 niles 8, of 3.2 6173 879 10
P.T.H., 68 tc
P.TVHE, 68
8 P, T, ., 101 to P.T.H, 27 5.1 810 2533
P.7.H., 27 to 0.8 0.8 791 2004 6
miles North
0.8 miles I, of P.T.H. 12.4 794 1715 6
27 to P.R. 515
P.R. 515 to P.R. 225 14,3 803 1489
P.R. 225 to P.R. 229 4.8 © 36 1159
P.R, 229 to P.R, 231 9,2 753 1015
P.R. 231 to P.R. 324 5.1 634 961 10
P.R. 324 to P.R, 611 6.2 712 848 9
(Arnes)
P.R. 611 (Arnes) to _ 7.0 734 716 9
P.T,H, 63
P.T.H, 68 to P.R, 234 6.5 765 602
P.R. 234 to E.E. 0.7 * 361
18=-23-47%
9 P, T H., 101 to P.T.H, 27 5.3 2286 4962
P.TH, 27 to P.T.H., 44 4.8 2714 7000
P.T.H, 44 tc 3, Jet, 28 z572 7000
with P.T.H, oA
S. Jet, PUTVHL 9L to 4,4 895 900 4
0.4 miles 3. of ., Jct.
with P.T.H., QA .
0.4 nmiles S, of i, Jct. 0.4 326 Q00 4
P.T.E, OA to 1, Jct.
P.TVH, GA
H, Jet, P.T.H, 94 to 6.0 828 1644 5
P.R. 515
PR, 515 tc Tetley 8.1 82C 1270 6

Iletlecy to P.R. 225 6.2 573 890 6
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T
Mileag

]

Cunucity
(Ce u,nour)

a
A.D,T.
1668

Percent
Trucks

67

68

Locatio
P.R, 225 to P.R. 601
P,R., 601 1o U, Bdry.
of ¥inninpeg Beach

H. Bdxry Vpg. Beach to
PR, 2731
S. Jet, with P,T.H, S

Tide

tO o} bl':'t}
(QGTVWIK)

maver Ave,

trathnaver Ave, to I,

J t, HMenitoba Ave,

5, Jet., Henitoba

o to
. Jet, Manitoba Ave,

A~
AVE,

HManitoba Ave to

w4 P omoTT
with P,7.H. 9

1. Jet,
v, Jet,

PTVH. T to PLTLH. 68
P.TVH, 68 to PR, 611
(B:oad Valley)

to P.R. 233

P.T.H, to I, Jct. with
P.R, 236

M., Jet, with P.R. 236 %o

P.R, 236

1 LIS 5 )
., gct., with

3.1
2.5

8.0

1.1

9.2

9.3
7.1
0.7

23.6

573
480

463

810
792
729

786

8586

2876

WO

O

O

annual average dailly traffic

(%)

cs/hour on

vailasble, F

For purnoges

cuch higimioy

0T DUYDOSCT
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APPHNDIX B

UTILIZATIGN OF DATA SUPPLIZD BY THE OFF¢CE 0 THZ
DL)'”‘“TC“ r*f*m::R, TTTAYS B ANCH,
[‘Lm)\;-kq, VT IT'V\'Q ’L

this appendix is to discuss the procedurc used tc coti-

nate the highway construction technology vector, and the average change in
highuway section characteristics (longth, service volume and travel timc) due

1. .

to investneont,
OGS

There were two sources of data used ¢ cstimation of The highey
construction tochnology vector. First, a limited amount of date was obtaine

from an interview with onc contractor who executed threoe scparate contracts

on majer highway projects during the yoz 8. Second, o considerable amcunt

of data was provided by the I T Highwayvs District Ingincsr's

Office at Arberg, Hanitoba, TFor both fthese gro of data, the contract or

(/2

1

The Department of Highuvays data were taken from Work Order records

for the fiscal year 1968-1960 vhich related to ARDA-FRED projects on Provincial

b} TS s ey L3 ~t - gt Y L ~aqdla ey
Trunk Highweys in the siudy area, It chould be noted that these are authori-

zotions for ernonditures, and are thus likely to overstate by a small amount

-
O
s

~ P ~ 4 L
a have beon ¥ ~ted to be quizte

accurate, DRecausc of confidentiality requirenents, only the computations
based upon the laté are preosentoed here,

The Verlk Crders were gencrally divided into twe sections: 'contract
iterms" and "otheor items", the latter being sxvenditures mostly for work dons
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by the Department itself, The discussion of the handling of the contract
~items will be delayed until after the presentation of the use made of Depari-

ment itenme,

Hon~-Contract Ttems

An estimate of Department of Highways oxpenditures on ARDA-FRED pro-

5

grams wag required on a sectoral basig, Jderk Orders only provide

- wey A= o 11 o o
aggregate’, and any

1

cral breakdown on the basis of the records kept would not have been pos-

sible given the time limits imposed on this phase of the project., The expendi-

Syt ¥

L

tures on each item were discussed with engineering staff from the Departnment,

and an allocation made as to the propriion o

£

material costs, labour costs
end expenditures for equipment on the basis of working ewperience. The
enginecrs whose assistance was provided had the advantage of having worked

personally cn most if not 2ll of the pr

O
[N
@
]

s in guestion, and thus their

estimates are bound to be quite accurate. Iorecover, an estimate of the pro-

portion of ecxpenditures on cach em vhich verc made outside of the Interlakce

-
e

region vwas requested, where the allocation was neot obvious, Thus an estimate

of Departmental cxpenditures on materials (these could be classified by Pro—

ducing soctor), labour costs and equipment costs was derived. The labour

costs were assumed to include an ellocaticn for office supplies, and thus 5
it H

percent of Departmental labour costs were essigned to purchesce office supplies.

Bauipment costs were allocated by assuming that one-helf of the cost of running

cquinment was made up of the purchase of gas, ¢il andé minor repairs, These

. . - 43
¢ costs was assunmed to be the

et g .
or operating the egquip—~

=3

~ ’ - 83 o~ ~ s - - 3 _Ten .
monpover required for normal meintenance as well s

ment, ALl these crpenditures were assumed to be made in the Interlake except
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for materials obviously purchased in Winnipeg (c.g. paving asphalt, ete.)

and for 2 pcrcent of wages which were estimated to have beon paid to resi-

18]

dents outside the region., The resulting sectoral allocation for Dopartmental

4

-non-cecatract items is showm below,

TABLE B.1

PLATEED FIGHYAYS DEPARTHMINT ZXPINDITUREZS ON ARDA-FRE
PROJECTS - 1068-1C6G WORK ORDZR DATA, BY SECTCR

Value Percent of
Sector (51000) Total

Agriculture~Livestock 23 6.0
Agriculture-Crops (incl. Ag. Services) 27 7.0
Hinin ng & and Quarrying } , 1 0.2
Petrolcocum Wholesale %4 9.0
Ferr Zguipment 10 2.7
Avtomotive Seles and Service 7 1.8
Other Services 5 1.2
Houscholds 103 27.4
TOTAL THTERTALE | 209" 55,3

TOTAL TIPORTS 168

-
N
-

]

TOTAL BQU-CCHTRACT ZXPEYDIT 377a 100,0%

a_. o
“Tigures may not 2dd due to Rounding.

Source: Computed from original data,

It will be noted that large payments have been made to the agriculiursl

ors., These represent, toc a2 large coxtent, vayment for land required fo

-3

shovlder widening nrojects., That particular sum wes allocated evenly between
the crop and livestock sectors., The additional 34000 »aid to the crop sector

ap i . [ T FR I J. a3
he side of highvays which
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Thus the largest part of Departmental non~contract items were spent
con Imports from oubside the rogion and these were mostly nen—-competitive
imports cuch as paving asphalt - and on payments to Interloke residents in
the form of weges. This ellocation differs conciderably from that of the

contract items, i.c. of contractor's cxpenditurcs on FRUD projicets, which

P . T -
Contract Itoms

< Crders at the Arbors o
provided some basic data about the cxpenditurcs of contractors on FRUD proiects
in the Interleke for the fiscal year 1968-1969. The ongincering staff provided
However, they felt much less certain of their estimates than when they deall
with non-contract items., They seemed to think that their best cstimates cone

cerned matverial purchases, with the other two categores boing "suesstimates",

D 4 ymast o ry S Aoy | L1 P 1rann A
Thus, aport from material cxpeaditures, these data were lacking.

1.9

A survey of contractors yiclded only thrce usesble questionnoires and
all from the same contractor. Ievertheless, these questicrmaires vere judged

to be relichic and it vas decided to use them o allocate the Work Ordor do
relevant to contract items,
totel ewponditures from the Quectionnaires,

The first step wes to compute

being careful fo onit erpenditurcs on construction meierials, Then, the pro-

total contract erpenditurces were computbe



126
TABLE B.2

SECTORAL ALLOCATICN OF CONTRACTCR EXPIEDITURES

Percentage of Total
Bxpenditures, ZIxcluding

Sector Purchases of Materials
Construction 1.7
Transportation 1.5
Petroleum Wholesale 12.0
Farm Equipment 1.9
Food Stores 0.4
Automotive Szles and 3Service 1.9
Finance, Insurance 3.0
Other Services ) 40,2
Households ' 14,1
TOTAL INTERLAKE 76,42
TOTAL IMPCRTS 2%,6
TCTAL EXPENDITURES EXCLUDING MATERIALS 100,0%

a..
FPigures may not add due to rocunding.

Source: Computed from original data,

as were the contract item cxpenditures on materials, Then the materials ex-

o

penditures were deducted from the total to provide an ecstimate of Non-Material
A& IS

Contract Item Expenditures. The latter were then multiplied through by the
percentages presented in Teble B.2, and thus allocated to sectors. Then the

materiel expenditures were added in, and an estimete of contractor expenditures

on IRZD highway projects was obtained, as presented in Teble B.3 below.

The Technelegzvy Vector

The firal step in constructing the highway constructicn technology

vector is the obvious one cf adding together, on 2 sectoral basisz, the
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TABLE B,3

ESTIMATED CONTRACTOR EXPINDITURES ON 1968-196
ARDA~TRED PROJECTS, BY SECTOR

Sector Value (31000)
Mining and Quarrying 112
Construction 12
Transport 11
Petroleun %Wholesale 86
Farm Zquipment 13
Food Stores ‘ 3
Automotive Sales and Service 13
Finance, Insurance ) 21
Other Services 290
Households 102
TOTAL TNTERLAKE 663"
TOTAL IMPCRTS 171
TOTAL COKTRACTOR IXPENDITURES 834"

a_,. .
Figures may not add due to rounding.

Source: Computed from original deta,

estimates of contract and of non-contract expenditures, and to compute the

resulting coefficients, as presented in Teble B.4. The technology vector
is simply the last column of Table B.4 divided by 100, In other words, it
rcpresents how much of each dollar spent on highway construction is spent on
every sector of the csconomy. Another wey of looking =2t it is to say that the

vector indicates the demands which will be placed upon each sector if an addi-

tional dollar is spent on highway construction.




12R
TABLE 3.4

HIGITIAY CCORSTRUCTICKR EXPEZNDITURES AND TECINOLOGY VACTCR

Value Percent
tor (51000) Tota

Agriculturce~-Livestock 23 1.9
Agriculture-Crops (incl. Ag. Services) 27 2.2
Mining and Quarrying 113 9.3
Construction 12 1.0
Transportation 11 0.9
Petroleum YWholesale 120 9.9
Farm Zguipment 24 2.0
Food Stores 3 0.2
Auvtomotive Sales and Service ' 20 1.7
Finance, Insufance 21 1.8
Other Services 295 24.3
Households 205 16.9
a

TOTAL INTERLAKD 872 72,0%

TOTAL IMPORTS 229 28,0

I N & a
TOTAL EXPENDITURES 1,211° 100,0
a_. . .
Figures may not add due to rounding.
Source: Computed from original dats,
HIGHVAY SZCTICH CHARACTZRISTICS

The data obtained at Arborg included engineers' judgements as to the
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effect of highway investment on leng

volume and changes in travel time,
<o
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Chanzes in Service Volume

fl;

The original data included the location of the project and the engineers

R )

Judgements about the percentage increase in service volure (i.e. capactity

T il

As can be seen from Table B,5, the percentage change in highway service

v the original service volume for the given section,

£y d

=t
[ N
[¢9]

o]
o’

volumes was multip
In cases where morc than onc section was involved, a weighted average of the
service volumes wes used, the weights being the length of the project over

hen the smallest of

o,
jny
o]
-3
e}
3
o
jay
=
[

each scction., 4 weighted average was us
the two, as the improvement was assumed to bring benefits to both sections,
The change in service volume due to a project was divided by the cxpenditure
on that project in thousands of dollars., The changes in serivce volume per
81000 expenditure were the summed over all projects and divided by the number
of projects, The average chenge in service volume per 51000 expenditure on
highway projects was thus computed. Rounding off the last digit, the result
vas, in terms of the formal model

DSV = 0.244 (B.1)

where DSV is measured in cars per 51000 expenditure.

Changes in Travel Time

ts werc obtained about the effect on travel time of

Engineers' judgemen

highvey investment,
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vhere PCTTIT is the percentage change in truck travel time;

TTT is the truck travel time;
TD is the distance to be travelled

denotes new values of the veriables.

ot

Iultiplying the percentage travel time reduction for trucks by the

proportion of trucks using the highway gives an estimate of the over-all percent-
age change in travel time for the highway, Dividing this result by the expen—
diturc on the highway project in thousands of dollars provided the percentage
change in travel time per 51000 expenditure for each project, Summing these
results over projects and dividing by the mumber of projects produced the average
percentage change in travel time por 31000 expenditurc on highways. Rounding
off the last digit, the result was

DIT = 0,00012 (8.3)
where DIT is the average percentoge change in travel time per 31000 cxpenditure

These calculations are presented in Table B.6.

ete of the

It would have been possidble to usc in the model an esti
average percentage change in truck travel time, and apply it only to commercial

traffic, But to do this is to overlook that trucks and cars are intermingled

in the traffic flow. Thus the change in averags truck speeds has some offect
g g P

@]
o
[4¥]
o
1
bt

1ighway users' travel times, although the ef

"

hange in travel time was comnu

O &

small, In order to include such effect the ¢

for all traffic over the highway.
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APPIUDIY C

TRAFFIC VCLUMZS ON HICHWAY SECTICH BASIS

YZARLY TRAFFIC VI T AND TENTH YEARS
T HIGIN/AY SICTICN BASIS

Section P.7., Total Traffic

o, Tlo. Locaticn Mileage Tirst Year "ﬂntb Year

1 6 Perimeter tc Yarren 1%.9 621 298
2 Varren to 3t., Laurcnt 26.73 77 124
% St. Laurcnt to Lunds 20,6 76 122
4 Tundar to Sriksdale 13.7 43 70
5 Eriksdale to Ashern 26.0 12 10
6 Ashern to P.R. 239
(Steep Rock) 18,6 205 361
7 7 Perimeter to Jet.
Stony lountain 6.2 348 569
8 Jet. Stony Fountain to
P,7.H, 67 4.0 301 1,454
g P,.T.H. 67 to Tevlon 17.4 455 745
10 Teulon to Frascrwood 17.8 156 256
11 Fraserwood to P.T.H, 16 2.1 160 2673
12 >, TLH, 16 to PLR. 324 3.5 115 189
13 P,R, %24 to P.T.H. 68
(Arbors) 7.8 119 196
14 8 Perincter to P.T.H. 27 5.1 1,537 2,799
15 P.VH. 27 to PLR, 271
(Gim1i) 41.5 1,015 1,923
16 P.R. 231 toc P.R. %24 5.1 13 247
17 PR, 324 to P,T.H, €8 13,2 140 241
18 P.T.H. 68 to Riverton 7.2 128 210
19 a & 9A Perimeter to P.T.H., 27 5.3 1,926 3,189
20 r,7?,H. 27 to S, Jet., 9 &
A 7.6 1,001 1,877
21 S..Jdet 9 & GA to Selldrk
(Strathnaver Ave, ) 1.8 512 Q48
22 Selkirk (4. Jet. Fanitobe ‘
Ave,) to ¥, Jet, 9 & OA 1,4 204 %61
23 3, Jet., @ & GA to i, Jdet
9 & o (By-pass) 4,8 %70 697

133
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Table C.1 continued

Section  P.T.H. Totel Traffic Volmma
o, o, Location Mileage Mrst Year  Tenth Yeor
24 Q & QA M. Jet, 9 & 94 to

Peteraficld 10,1 760 1,475
25 Petersfield to Vimmipeg

Beach 1%,3 936 2,05%
26 Winnipeg Beach to Gimli 10.5 63 104
27 16 P.TH. 7 to P.TH. 68 20,2 98 158
28 P.T.H. 68 to Fisher

Branch 13,3 137 223
29 67 P.T.H. 7 to Stonewall 4,0 474 771
Z0 Stonevall to Warren 9.2 231 %75
51 68 P.T.H. 8 to P.T.H. 7

(Arborg) 9.3 15 24
52 P.T.H, 7 to P.TVHL 16 17.1 182 206
%3 P.T.H. 16 to Poplerficld 0.7 189 314
34 Poplerficld to “riksdale 2%.6 5 124

a 2
Roundcd to ncarest thousand cars,

Source: Computed from the nmodel,



APPENDIX D

TRAFFIC VOLUMZS AND DISTANCES CI CRIGIN~-DESTINATICH BASIS

PIRST AND TENTH YHAR "D DISTANCES" AID STRRAND-RUEING
N OBASIS

TRAFFIC VOLUMES (N CRIGIN-DESTINATIO

b -
3 A3 [ ape s .y S 1t A ; ™ - m-. Easal
Destinations "Iffective Distancaos Srrand-tunminge Troli
a "
h) . &3 TAL e de e M FIRIE S S Y it T an m FRY r
and Origins Mirst Year Tonth Year First Year Tenth ¥

TO: UIINTIPLG

[\)

70,50 67.82
75.00 72,52
Arborg 64,00 64,00
Riverton T1.00 70.95
Coldwell IF 85.00 84,98
Coldwell IIF 60.00 59.98
Lundar 77.50 77.48
Eriksdale RF 100,50 100,38

(-]
-

DWW N FWLITIW DWW v\

- 1
WHFWNODWSEJWOWSOO

Eriksdale NI 84.50 94.,38

Eriksdale UR 89.50 80.48

Fisher RF 6,00 95,84 4 7

Fisher NF 102,50 102,43 1

Fisher Breanch 99.50 99,50

Gimli RF 61.00 56,63 13 21
Gimli NT 68,50 64,13 g 14

ot
no
L
-3

Gimli UR 41,50 %8.74
Roclkyiood RF 26.50 26,34
Roclascod NF 20,00 19,84
Stonewall 14,00 14,00
Stony tountain 8.00 8.00
Teulon 28.00 .

Rosser RY 15.50 15,50 79
Rosser KK 12,50 12,50 23
St. Andrews RF 21.50 18.41 205 352

128
33
46
43
12

N

o2}

Q

(S
= Wut @
N0 NN Oy

5t. Andreows NF 28,00 25.11 112 185
Selkirk 14,00 13.78 2173 284
Winnipeg Beach %3,00 26,81 6 3
St. Laurent RP 57.50 57.48 4 6
3%, Leurent NF 56.50 56.48 7 11
3%t. Lauront UR 57.50 57.42 3 )
Siglunes BF 126,00 125,95 5 8
Siglunes NT 119,5 119,45 3 5
Ashern 1%37.50 177.48 1 2
Woodlands RT 22,50 22,41 62 9l
Yoodlands WEF Z20.00 29,91 20 29
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Table D.1 continued

5

Destinations "Lffective Distances"” orrand-Running Troffic’
and Originsa First Year Tenth Year Mrst Year Tenth Year

TC: GINMLI (UR)

FROM: Armstrong RF 17.00 17.00 28 40
Armstreng 1IF 20.00 20,00 10 15
Bifrost RF 24,00 24,00 9 13
Bifrost HF 18.00 18,00 3 4
Arborg 28,00 29,00 1 1
Riverton 28,00 28.00 1 1
Gimli RF 9.50 7.86 11 19
Gimli H¥T 7.00 7.00 11 17

TO: STCNEVALL

CM:  Rockwood RE 14,00 13.6% 20 50
Rockuood NF 6.00 5.9% 9 14
Stony lMountain 8.00 8.00 4 5
Teulon 20,00 20,00 1 2
Rosser RF 8.00 7.93 13 19
Rosser NF 1%.50 13,43 2 3
Yoodlands RF 11.00 11.00 16 24
Voodlands NF 12,50 12,50 6 9

TO: ARBCRG

FROM: Armstrong RY 15.00 15.00 21 %1
Armstrong KT 21,00 21,00 9
Bifrost RF 10.00 9.98 15 22
Bifrost NF 8.50 8.48 4 6
Riverton 14,00 14,00 1 1
Fisher RF 21.00 20,73 19 28
Fisher NP 27.00 26.91 2 4
Figher Branch 29,50 29,50 1 1

TO: ASHERY

¥ROI: Triksdale RF 30,50 %0.49 2 4
Friksdale NF 27.50 27.49 - -
Briksdale UR 27.50 27.49 1 1
Grahamdale RE 23,50 23,22 11 17
CGrahendale §F 31,50 %1.,22 : 4 7
Siglunes RT 12,00 11,92 5 7
Siglunes IF 21,50 21,42 2 2

TC: LUNDAR

FROM: Coldwell RF 8.00 8,00 13 19
Coldwell IR 7.00 7.00 4 6
Lrilsdele RF 16.00 16.00 5 7

Sriksdale NF 11,00 11,00 1 1
Sriksdale UR 13,50 13,50 1 2
3t, Laurent BRI 18,00 18,00 1 2
3t. Leurent IIF 1%.50 13,50 3 4
3t. Laurent UR 17.50 17.50 1 1
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Destinations
and Origins

"effeetive D

b

4 et [
15T Ces

. a: C
Errand-Funning Traffic

First Year

Tenth Year

Mrst Tear

Tenth Year

T0: ZRIXSDALE (UR)
FROM: Coldirel

Sigluncs R
Ashern

TO: WINKIPEG BEACH
FROM:  Gimli RF
Gimli UR

\
S5t. Andrews RE
<
[}

™7

t. Andrevs NF

T0:  ST. LAURZNT (UR)
FROK: Coldwell RF
Coldyell KW

St. Laurent RF
S5t. Leurent NT

TC: SELIIRK

Fiye

RrupTa LR o

FROM:  St, Androws RYP
5%, Andreous NF

Vinrnipceg Beach

TC: TZULCH
FRCM:  Rocksiood RE

. hl - - T
Roclmicod IF

Stony Hountain

MO MDD ROCT
-\ -~ ERv v

. L i

FRCI:  CGrohamdale RE

.

M DO
'S

ny
O~ 10 O
IO OO OUl
QOO OO OO

n

»

-t

26,50
24.50
26,00

10.50
9.00
22,00

14,00
12.00

24,50
20.00
20.00

zZ
L

1.83
26,99
18,49

26,00
24,00
25.98

10.50
9.0
22,00

P NNV I SN

28
30

22

ON 4> Ul

A

[0X V)

92

1

AU =3 > PO UL

11
114
55

42

\O

N
NORW\

87

69
12
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.
. . o) . . C
Destinations "Effeetive Distances” Lrrand-Rumings Traffic
end Crigins™ First Yeor Tenth Year First Year Tenth Ycor
T0: POTZRIFIDLD
FRCH: St. Andrews RF 5.50 4.52 =7 66
St. Andrews T 4,00 5,02 27 72
T0:  UARREM
FiCH:  St. Laurent RE 28,00 28,00 —_ 1
St. Laurent P 34,00 34,00 1 1
Vicodlands RF 5.50 5.50 14 21
Woodlands NT 3.00 3.00 11 16
a

For list of atbreviations used, sec Table D.4

neent is explained on p.

o]

Measured in nmiles, The c
Theusands of ca"s/yoar.
Sources:

C.¥. Framinghen,
Queen's Printer,

-
De

A1l other colunms:
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TABLE D.2

o}
r“.J

LIST OF CRIGIN-DZSTINATION PAIRS OMITTID BRCAUSI OF
-

03
STCTTIITC (T TR T W
THOUFIICT O BCONCHIC

Dostinations™ Origins”

Argyle Rockwood RIY, Voodlands RF, Woodlands UF

Arnes Bifrest RF, Gimli R¥, CGimli ¥F

Balmoral Rocksiood RF, Rockrood NF

Camper Ashern, Grahamdale RFP, Grahemdale WT,
Siglunes R¥P, Siglunes IF

Camp lMorton Gimli RF, Gimli HF

Chatfiecld Armstrong R¥F, Armstrong LF

‘Clandeboye St. Andrevs RT St. Androvs HE

Gordon Rosser RF

Gresse Isle Rossor RF

Gypsumville Briksdele RY, CGrahardale R, Grehaemdale NF

Hodgson Fisher Branch, Fisher RF, #Figher HF

Hoosehorn Aghern, Grohamdale RV, Granomdale TF,

"Tﬂ

Siglunes RV, Jiglunes ¥}

Rosser Rosser RT

Ialonh
Lo

CF PRCVINCIAL ROAD CYSTIM

IST OF CRIGIT-D!

I ~D: TION PATRS CHITTED BICAUSE OF

By O DU D

t——!

'

L
-+
i

WXCLUSICE

- a o
Destinations Origing
Inwood ﬁ?ﬁ”ﬁr‘ﬁﬁ R, Armstrong IF, Coldwell RF,
+ . e oL LoTTE
St. Leuroent R, 5, I 1t UR.
Sy 1 o Ma
i

or & list of abbreviations used, sce
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ABBRUVIATIONS USED IN LISTING CRIGINS AND DESTIFATIONS
Abbreviation HMeaning
a)- General
IRE Rural Fon-farm households
R Rural ferm houccholds
U= Urban houscholds
b)~ Ploce Hanmes
Armstrong Local Government District of Armstrong
Bifrost Rural MMunicipality of Bifrcst
Coldwell Rural Mimicipality of Coldwzll
Brilksdale Rural Municipelity of Friksdale
Fisher Local Government District of Fisher
Gimli Rural Municipality of Gimli
Grahamdale Local Government District of Grahamdale
Rockwood Rural Municipality of Rockwood
Rosser Rural Hunicipality of Roszer
St. Andrevs Rural Funicipality of Zt. Andrews
St, Laurent Rural HMunicipality of 3t, Laurent
Siglunes Rural Iunicipality of Siglunes
Yoodlands Rural Municipality of Woodlands
A1l other place names refer to villeges, tovns or cities.




ASSUKED ROUmI G OF ZRRAND-RUNFING TRAFFIC

o=
g
v
£

-3
)
i
-
£

ASSUMED ROUTINGS

TABLE Z,1

HIGHVAY SECTICNS

Origins and

Percentage of
Volume Using

Section Location stinations® Section
1 Perimeter— Coldwell RP-Vinnipeg Q0
Warren Coldwell NF-Vinnipeg 90
Lundar-iinnipeg %0
ﬁmﬁmhL,Mﬂum1ﬁ 90

Erikasdale Ni-if 90

Hriksdale Ul- Q0

Rosser Ri-Yimmipog 60

Rosser U= ”¢nﬂ+0“* a0

St., Laurent 90

St. Laurent . 90

St, Laurent UR-Jinnipeg ao

Siglunes RF-Yinnipeg 50

Sigluncs NF-"inniveg 50

2 Verren— Coldwell RF ireg 100
St. Laurant Coldwell NEL”innipeg 100
Lunder-iinn 100

Triksdalc nnincg 100

Uriksdale IF nipeg 100

Briksdsle UR=Vinnipeg 100

St Laurenb nineg 100

St., Laurent 1 reg 100

S5t. Laurent neg 100

Siglunes 100

Sigluncs 100

Auhbrn—Tnnnl‘ 100

Yoodlends 40

Vioodlandes 40

St. Laurent 20

St, Leurent 1T 20

St. Laurent RP-lorran 100

ot 1C0

Yoo 50

Yoo 50




D.1 continued

1ho

Percentage of

Highway ?.7.H, Origins and Volune Using
Secti 0. Location Destinations® Sectionb

3 6 St. Laurent- Coldwell R¥-innipeg 100
Luncdexr Coldwrell TF-Winnipeg 100
Lundaz—ﬁinnﬁvog 100
Sriksdale P“ 100
Driksdale N¥-iy 100
Brikedale 100

f

6 Tundar—
Triksdalec

2
ot ot H

[N L

Siglunczs RF-innines
Siglunes NE-Uinnipeg
Ashern-innineg
Coldwell HF-Lundor
Coldwell IF-Lunder

St. Leurent RF-Lundar
St. Levrent NF-Lundar
St. Laurent UR-Lundar
Coldxwell RP-0t. Leuront UR
Coldwell NF=-3%t, Laurent UR

v
(o7
o

&)

5oy
v
IS

Ol
%

Ashern-iiin

Lunder—Irilksdale UR
Brikedalce RF-Frikcdale UR
Eriksdale HF-Sriksdale UR
or le RF-Tinnireg

or le Fi=linnipes

Si 5 R¥-Uinnipes

Si ¢ NIP-innipeg

10
10
100
100
100
20
20
20
.90
100
80
80
20
20
10
10

10
10
100
100
100
100
100
100
10
10
%0
20
100
90
%0
100
20
20

20
20
100
100
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Tablce E,1 continued
Highwey P,T.H. Originc and Percentage of
Section Yo, Location estinations® Volume Using
Section
5 6 Frilsdslo- Ashern~tinnipeg 100

Achern

6 Ashern-
Juncticn
P.R. 239

7 Perinotor—
Jet., Stony
Hountain RD.

Iriksdale Ri-Ashern
Triksdale HF-fshorn
Iriksdale UR-Ashern

Siglunes R¥F-Aghern

{
.
T

o . TR )
Siglunes NE-Asheorm

3 - RN o n

mdale R sdale UR

= LT, T m

Eriksdale ITF=ur 1ol t

Siglunes RF-Xriksdaie UR
Ashern-iriksdale UR

rost RF-innineg
T

ode 7T AR 4 o~
ot Wi-Winnipeg

borg-tlinnipeg
oldwell RI%-Vinnipeg
cldwell F-iinnipes
Tundar-innipeg
Brilksdele REF-Uinnipeg
Yriksdale NF-Winnineg
g

dalec UR~innipeg

—

le)
ent
L 4. T -~
st. Lourent Lr=-Uinnipos
i T 2= 1 T - -~
ote. Lavrent UR-Vinnines

Siglunes Li=Uinnipes

L
Ashern~\Uinnipes
soodlands RIF-Winmineg
Voodlands Ui-
Roclzrced RE-S
Rockyrood 1F-Cio

TY ot —
Rosaer RIW-Stoncwal

Rosger NI-Ston

100
100
100
10
10
20
20
100
100

100
100
100
100
100
100
100
100
20
20
10
10
10
10
10
10
50
50
10
10
20
20



Table .1 continued

1hk

Percentage of
Highiay P,TLH, Origins and_ Volune Using
Scetion e, Location Destinations” Section®

8 7 Jet., Stony Bifrost RE-innipeg 50
Hountain Rd,—- Bifrost Ui-Yinnipog 50
Jet., P.TLL Arborg-~linniveg 100
no., 67 Coldwell RF-Vinnipes 10
Coldwell NF-innipeg 10
Tmnc’ ar-Jimmipecg 10

IYM T
PR,

9 7 Jet.

E7~Teulon

LT 3
Ri-inniveg

n

?1snor

Rockarood

Roclarood

Stonevall-

Teulon-inni

St. Lauren

Ste Louvrent

3t. Leurent

Siglu ]

Siglu

Asher

Woodlands RF=-Uinnipeg

Voodlands dinnines

Rockzood WF-Ctoncwall

Roclorood Tr=Ctonowall

Stony Mountain~-3tor 11

Rogseor RF=-Ztoncwall

Rosser Iif=3toncwall

Bifrost R¥F-Uinnipez

Bifrost HF-lVinnipeg

Arborg-linnincg

fisher RF-Vinnineg

Tish i

Fishesr Branch~iinnines

Rockicod Ri-Winnipeg

Rockwood hir-tinnineg
Teulon-1ld

Roclorood
Rocimiocd
eulon-Ste
ROC‘-‘-- 00d

10
10
10
100
100
100
90
g0
100
100
10
10
10
10
10
10
50
50
40
40
100
40
40

50
50
100
100
100
100
€0
60
100
50
50
100
30
30
100
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Table 3.1 continued

Percentage o
Highwioy P.T.H. Crigins and_ Voluna Using
. . . . [ . h
Cectieon o, Location Degtinations SectionP
10 7 Toulon- Bi. 50
Frascrwood Bi 50
.

-
o
H

Tis!
Figher KF-Yirmin 100
Fisher B 100

Roclzrood
Roclarcod
Rockiood
Rockwood o}
Armstrong Ri-Fraservood 20

11 7 Frascrircod- Bifrost RF-Viny 50
P,T,H, 16 Bifrost Hi-inni 50

Arberg~-iinnincg 100

Figher RF=-YVinn 100

Fisher WF-Winn 100

HMsher Branch-—: 100

Arns
Armstrong WF-/ 20

rong RF-Ifraserwood L0

PL.TLH, 16—
'p

},_J
n
-3

il e
[N®)

o il < 4’
100
Fisher Ri=Hn 100
or U i3 : 100
Fisher Branch-. iy olok 100
25

o)

20

A e .
Armstrong

Asmmat g ag o
Armstrong

A - L
AXEETroNnS

13 7 Difrcst 50

P.T, 683 Bifrest IP-linnipes 50

(Arvors Arvoro-Hrmivey 100

Mgher RP-Yinnipe 100

Figher NF 100

Figher RBr 100

Bifrost TF 50

Bifrost It 50

Arbors=Gi 100

. Lrmstrong 50

Lrmotrong 50

14 38 Torimctor- 50
™ m 7Y

50
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Q.

Teble .1 continue

Percentege of
I chway P.TLI Origins and Velune Using

Section o, Location Destinations Soctionb

Perimcter— Riverton-lUinnineg _ 100

4

(cont.) P.T.. 100,27 Cimli DR 75
Gimli WR-Uinnipeg 75

Gimli UR=-Uinninecs 25

60
60

Winnipog 20
7 Becach~dirmipeg 20
St. Andrevs 10
10

03]

50
50
100
75
75
o5

e~

50
RS noo 50
nii TR 40

D
P.R. no.
( .

. 2
Gimli UR)

4l
Z ¥i

St. Androvs

}_I
N
(03]

P.R. 231
(Gimli UR)-
P.R. 324

50
50
100
50
50
10
100
100
Riverton-Gimli TR 100
Arborg-Ginli UR 100
Gimli RF-Ginli UR 50

Gimli NE-Gimli UR 50

50
50
100

TT3 gmn A
Hi=innines 40
? ' 40

Armztrons 5
Bifroct BF-Girli UR 50

Bifrost WF-Gimli UR 50
TR 100

UR 40




1h7

ercentoge
P.T.H, Origing and VOTu“\ Tasing
o, Iocation cstinations? Secti 01b

* .
Riverton plfTOCS
Riverton
Bifroot

Gimli UR-A
St. Andreic

3t, Androus

Bifrogt TIF-Ginli 50

Riverton-Ginli UR 100

Bifrost RF-Arborg 10

Bifrost E¥-Arborg 10

Mverton--Arborg 100

Bifrect RF-Riverson 50

Bifrost FF-Riverton 50

19 S Perincter— Gimli R 25
P. T, 27 Gimli -V 25

T ;

1)
40
40

Sellrie=ilin a0
Hinnipeg 8

St. Androw 20
St. Androw 20

20 a P.TVH, 27- 25
South Jet. 25

with 2,71, 75

Ok 50

50

uu“klrh Winnipcg 100

Winnipeg Beach-ild 100

Ste Andrevs Ri-3Jelldirk 50

St. Androvs T-Selldrk 20

21 oA South Jet, St. Andrews Ri-Vinniveg 25
vith P.7.H. St And*cws E?—”ﬁﬁnltcg B}

no, 9= Selkdrk  Sell 100

(south oy 40

3 40

22 ol ~l 10
(nortn)~ 50
Torth Jet. 50

.3 A1 m 77
vith PLT.IL

100

\D
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TP

el el

lio, Tecation

Percentase o
and Volume U >ing

3

Section®

Fal
L

29

A
A

16 P.TH,

T

P,T.IL, no, 68

16 P, T, I, 68~
Fizgher Branch

P, 7T.H, 7~
Stoncwrall

67

e7

Arnstrong RE-irdorg 10
Aragtrong Ni-Arborg 10
Arnmstrong RF-Fraservood 15
Moher R 25
Tigher T 20
Fishor Br 100
Fisher Riw 20
Fisher HW 10
TMsher B 75
TMoher R 2

isher 17 20
Figher R 71 20
Meher I ield 50
Fisher Brench-leplerficld 100

Coldwel
Coldwell

Lundar-inniy
hal

Triksdale

rT

10
10
10
10

nriksdalc 10
Iriksdéale 10
Rockwood 20
Rockirood 50
Stonewall 100
St. laurce nipeg 10
St. Leurs nineg 10
St. Laurent UR-Winnipeg 10
Siglunes RF-Uinnipeg 10
vl

iglunes U5
Ashorn—dinn

~{innipeg
nes
Voodlands Ri-iinnineg

10
10
50

Hoodlands IIP-innipes 50
Roclmiood Ri-Dtoncwall Q0
Rockwood ¥i-Shonewall 00
Stony Fountain~Stonewall 1C0
Teulon-Stonoicll 100
Rosser RF-3tonewall 40
Rosger Ii=-Stongiiall 40

Coldwell RF-

“\

Cold "L)—’ 1
undar-
1k:de1e

~rinnineg

Ll AN

Jinnipes 10

10
10
10
10
10
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Percentage of
Highwey T, Origins and Volume Using

i\)
Section o, Location Destinations™ SectionD

20 67 Stonevall- Rockwocd UR-Uinniveg 10
(cont.) Harren Rockarood Hi-Vinnines 10

St. Leurent RF-i

ALl

St. Lourent 10
St. Leurent 10
Siglunes IE-Vinnireg 10
Siglunes NI-innipeg 10
\

Ty b} A
woodlands

T B] AT
woodlands !

T aman o
Hee GIEIDE
z

ko) L 3OOT o e D

Roclniood RFE-Stoncwsll 10
™ Y- 3 T T

Roclkaicod Wr-Jtonzwall 10

o

Voodlands RF-Stoncuall 100
Woodlands Wh-Stonewall 100

-

t

».7H. no. 7 Bifrost HF=irborg 20

(irvorg) Riverton-irborg 100
Bifrost RIF-RA

31 68 P.7H, 8- Bifrost RF-Arborg - 20
J

iverson 10
Bifrost IIF-Riverton 10

22 68 Fisher 50
Fisher 40

Fisher 100

her 50

=]

o
»

-

50
100
10
20

b
S }I?
0 n n

> b b
[y
17
]

b b kg
}.l. P.

v n

el

o 0

RS

33 68 P.T.H. 16~ Fisher RE-Vinnipeg 20

: Poplarfield Ticher Winnincg 20
Figher RE-Arborg 40

Fighor - 40

Hisher 70

Fisher I 100

Figher Bronch-Ponlarfield 100

&

%4 68 Poplerficld- Reg 10
“riksdale i 25

AT D B
FISLaLLE

3~ AT o rendorn <y e
PCLO O Crront-—-running
o

Qo

‘s oa b -
nighway cection liste
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TAIATINTA T  CGTTLTTA DV T oMt T T
FORFAL SUFHARY CF THE MODEL

The symbols used in the model equations are

r, the value of anmual highway investment for all sections, in
thousends of dollers,

a scalar, the size of the labour force for towns, rurael farm arces and
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a scalar, the lo
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a scalar, the yearly value of regicnal income, in thousands of dellars,
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& column vector of 34 c¢lements, the change e "effective distance

of cach highway section due to invostnment, in miles.

the value of the a-th me the vector CHL, the change in "ceffective
distance”" of the a-tt

a colum vector of 24 elements, the nroportion of annual average daily
traffic using cech highway section at the criterion hour,

ffic using cach highway
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oy - a columm vector export final denands
for each sector,
EXT - the lagt element of the vector BX, the valuo of houschsld ecarnings
] ~ - -
from outside of the region, in thousands of dollars.

FAC - a matrix of order 110 x 34, the proportion of cach errond-running

flow on an origin-destination basis using coch highvway section,

G -~ a column vector of 18 eleoments, Tt final
4.
[

yearly governmen
demands for cach seetor, in &

Al

the valuce opvernnent trensfor ovinents for a vesy, 3
G0 SA0C 01 government vrensill nayments 1oy o eer, 1n

m
GT - a gealar,

thousands of dollargs,

HCT -
HIL - of cach highvay
HL_ - the a-th element of the vector HI, the "effcetive distance” of the
” a~th hipghvoy section,
HR - a column vectvor of 74 elements, the requirement for highwey capacity
for each section, in cars nper hour,
I ~ the wnit matrix, vhore the a1l clements of the moin diegoncl are unity

ments, the value of yoariy investment finol

-

in thousands of dollars

LCT - a row vector of 34 c¢lements, the yearly volume of non-commercial traffic
T seetvicn, in cars.

D ~ & columm vector of 110 elements, the "coffective distance" for cach
crigin~destination pair afte ichs nyvestment, in miles,

TRy - service volune for each
1 ~
h&‘w~ :ar5 per hour,
ITmm POV e EARR A v L7 - L - 2 s, 3 devmn de oy
A - a column vecteor of %4 elemento, the percertoss change in travel tim
P 7 . 4-3 A= 3 4. e revTr 9 oyyTray e =
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Wi - v travel
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r PR A K 1P S, PR $on 1-
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subscripts denoting discrete time periods of cne year,
a diagonal m&trix of order 18 = 18, the clements of the mein diagonal
being the output/ C“vLoy“o ratios for each town, and all other clements
beinz zero.
& column vector of 34 elements, the totel investment in cach hishway
[ J

secticn in a year, in thousands of dollars,

total yearly investment for the
a column vector of 44 olemonts, the siszo of the lebour force for each
towm, rural ferm arca and rurel ferm area in the regicn,
a colwm vector of 44 elements, the level of loer! non—-agricultural
cmaployment in cach town, rural form ares and rural non~f arca in
the region,
& cclumm vector of 18 elements, the level ¢f local non-cgricultural

employment in cach town in the regicn, a subset of the vector TH.

o colum vector of 44 elements, the populetion of cach towm, rural
ferm erez and rural non~-farm arsea in thoe reogion,
a column vector of 18 elements, the velue of yearly business saleos
for ecazch town in the region, in thousands of dellars,
& scalar, the yearly volue of business sales in Vinnipeg, in thousands
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4

cquaticons of the model used to derive the results for the Interlale

AS = (T - %)™ (¢ + Tv + =%) (3.2)

(3.3)

ATS = (RIV) (4S) - S,

7S = ATS.(1/80) (o) (3.4)

TIX = 10°ATS | ’ (4,13)

»r
i

AY = AS, - T, - GT + (8r) (aS) (3.5)

TY = AY (1/aL) (T1) (4.12)

.1,150 1.2499 ;. 0.3697 - . o
o4} P2 (g1, )12490 (3) 7 (4.5)

ij ' : i ;

0.2156
) (

i3’

Ra? = (27) (FAC ) (4.8)

car = (1/365) (wvr) (1) (com) (3.14)
HR = CiT (3.15)

I = (Co_ + 5)/D3V : o (£.18)

f
f



D

AHT

DA

2]

=
+3
2

D73

Jaziere

DAY

0 ifco, € 0

DT if DII, > TWT, 2
RHT_ if THI 2 DI 2
35 «'HL, ~if THI, > 35 . H
(psv) (THI)

(pTT) (THI)

~,00012

0.01 if WP, > 0.01
(E)" (1) (wrr)

0.1 if CHL, > 0.1
(Fac) (mm - cmn)

(RTv) (7HI)
.AHI (HCT)-

(1 - K)—l (prp)

(?;V} (pa3s) - DAS,

AT (1/a) (o)

10 » DATS

DAS,, - ZL. = 6T + (3R) (AS)

O

(4.11)
(4.20)
(4.22)
(4.21)
(3.29)
(3.70) -
(3.31)

(3.1)"

(3.4)"
(4.13)?

(3.5)
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DTY = DAY (1/AL) (TL) (k.12)"
TEPS = (I - TS) (I - TnU)-1 : ' (3.32)
DTN = (TEPS)-1 (DTS) ' (3.33)

SV' = SV { NSV
HL' = ﬁL - CHL
D' = ND

AS' = AS { DAS

AY' = AY § DAY

-

EY' = EY } DEY
TY' = TY 4 DTY
ATS' = ATS ¢+ DATS

TNU' = THU { DTNU e (3.34)
TSX' = Tsx + DTSX | (4.23)
Tét41 = TPy (1 4 DPO) | (k.2b)
TLt%l = TL, (1 + DpPO) (k.25)
Ggyp = Gy (1 4 DEC) | - | (1.26)
IN 4y = IN, (1 4 DEC) (b.27)
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EXpyq = EX, (1 + pEC) (L4.28)
"DPO = 0.02 | (4.29)
DEC = 0.05 (%.30)




BIBLTIOGRAPHY



BIBLIOGRAPHY

Alcaly, R.E., "Aggregation and Gravity Models: Some Fmpirical
Evidence", Journal of Regional Science, VII (1967), 61-73.

Brewis, T.N., Regional Economic Policies in Canada, (Toronto:
‘ MacMillan, 1969), pp. xiii, 303.

Chernick, S.E., Interregional Disparities in Income, (Ottawa:

Economic Council of Canada, Staff Study no. 1k, 1966),
pp. V, 91,

Dhuvarajan, P.S., C.A. Nicolaou and J.I. Vorst, "A Multiplier
Model for Northern Manitoba", Appendix G in Province
of Manitoba Roval Commission Report on Northern
Transportation, (Winnipeg: Gueen's Printer, 1969),

pp. 546-575.

Duggal, A.N., "A Formula for Predicting Inter-City Traffic
Generation", in Proceedings of the 1967 Canadian Good
Roads Association Convention (Vancouver: September 25-28,

1967), pp. LLO-LL9,

Ellis, Jack B. and C.S. Van Doren, "A Comparative Fvaluation of
Gravity and System Theory Models for Statewide Recreation
Traffic Flows", Journal of Regional Science, VI (1966), 57-70.

Framingham, C.F., J.A. MacMillan and D.J. Sandell, The Interlake
Fact Digest, (VWinnipeg: Queen's Printer, 1970), op. xxii, 185.

Gauthier, H.L., "Transportation and the Growth of the Sao Paulo
Economy", Journal of Regional Science, VIII (1968), T77-9k.

Helvig, M., Chicago's Ixternal Truck Movements, (Chicaro: University
of Chicago Press, Devartment of Geography Research Paper no.
90, 196kL), pp. X, 132.

160



161

Howrey, E.P., "On the Choice of Forecasting Models for Air Travel"
Journal of Regional Science, IX (1969), 215-22L.

Interlake Area of Manitoba Federal Provincial Rural Pevelopment
Agreement 1967, (Ottawa: DEpartment of Forestry and Rural
Development, 1967) »

Isard, W., Methods of Repional Analysis, (Cambridge: The M.I.T.
Press, 1960), pp. T6b. :

Johnston, Bryan K., The Total Highway Programming Process in the
Province of Manitoba, (paper presented to the Highway
Programming Workshop, sponsored by the Automotive Safety
Foundation, Denver, December 9-10, 1969), pp. 19.

Leontieff, W.W. and A. Strout, "Multi-Regional Input-Output Analysis",
¢h.7, in T. Barna (ed.) Structural Inter-dependence and
Economic Develovment, (New York: Machllan, 1063) pp. 119-150.

Macmillan, J.A., Evaluation of Resource Develonment Programs:
Application of Planning, Programming and Budgeting, Benefit-
Cost and Systems Analysis Methodology, (paper presented to
the Engineers and Resource Management Conference, Winnipeg,
October 17, 1970), pp. 32.

Macmillan, J.A., The Interlake Model, mimeographed, pp. 27.

Macmillan, J.A., "Household Business Questionnaire Design', ch.VII
in J.A. MacMillan and C.F. Framingham (ed.), Seminar on the
Evaluation of the Manitoba Interlake Area Development Plan,
(sponsored by the Department of Agricultural Fconomics, the
University of Manitoba, with the ARDA-FRED Administration
of the Manitoba Department of Aegriculture, and the Canada
Department of Regional Economic Exmansion, Winnipeg,

June 26-29, 1969) pp. Lb-sSh

Manitoba Highways: Planning for Tomorrow, (Winnipeg: Manitoba
Department of Public Works, 1960), nv. 50.

Manitoba Road Map,-(winnipeg: Manitoba Department of Highways, 1970).




162

Miernyk, W.H., The Elements of Input-Output Analyvsis, (New York:
Random House, 1965), pp. xi, 156.

Needleman, L. (ed.), Regional Analysis, (Baltimore: Penguin
Books, 1968), pp. 398.

Niedercorn, J.H. and B.V. Bechdolt, "An Economic Derivation of the
'"Gravity Law' of Spatial Interaction", Journal of Regional
Science, IX (1969), 273-282.

Prest, A.R. and R. Turvey, "Theories of Cost-Benefit Analysis',
L ch. XIII, in American Economic Association and Roval
Economic Society (eds.), Surveys of Economic Theory,

Quandt, R.E. and W.J. Baumol, "The Demand for Abstract Transport
Modes: Theory and Measurement", Journal of Pegional Science,

VI (1966), 13-26.

Quandt, R.E. and K.H. Young, "Cross-Sectional Travel Demand Models:
Estimates and Tests", Journal of Regional Science, IX
(1969), 201-21k.

Tiebout, C.M., "Regional and Interregional Input-Output Models:
an Appraisal", ch. 3, in L. Needleman (ed.), Regional Analysis,
(Baltimore: Penguin Books, 1968), pp. 86-96.

Trudeau, P.-E., Federalism and the French-Canadians, (Toronto:
MacMillan, 1967), pp. 21-45.

Vander Tak, H.G. and A, Ray, The Economic Benefits of Road Transport
Projects, (Washington: International Bank for Reconstruction
and Development.,and International Development Agency, Report
no. EC-160, March 1968), vp. x, 166.

Wolfe, R.I., "Parameters of Recreational Travel in Ontario", in
Proceedings of the Canadian Good Roads Association Convention
of 1965 (Saskatoon: September 27-3C, 1965), pp. 235-261.



