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The objective of this pro,iect is to design a noclel canable

of specifying the im¡act on area emolo¡'nent anrl incone attributabfe

to an improvement in the o-uality of the highway system. Essential

components of the nod.ef include estimates of agricultural nroduction,

nanufacturers and service cì.ollars trad.e fl-or,¡s. The anal¡rtical framern'ork

viI1 be based on a regiona.l inrrut-output ¡rodeI. Thus the impacts of

ehanges in final dernands associated with hiahvay canacit¡r investrnent

ean be estimated and projected.. A secondarl; objective vill be an

assessment of the adequac¡r of the transportation system to meet

projected f inal dema.nd. requirernents.

The modef developed for this studv nrovides a basis for

integrating engineering transDortation planning concepts vith those of

regional eeonornic devel-o¡ment. The first submodel, dealine r¡ith the

econornic system. estimates area business sales and incomes and alfoca.tes

then to toms within the region. The highway sub-model relatg economic

variabLes to traffic flovs, highway design criteria and capacity

requirements. The ímnact sub-model is formulated. to rneasure the impacts

of highway investrnent expenditures on area economic gror.-th evaluated b¡I

area business sales, regiona.l incorne and foeal eml'ì-oyment, using a

regional input-output table. The tra,ns¡ortation capacit¡' costs that are
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not offest l¡ith increases in levels of variables evaluating a.rea

economic develo¡rnent mea.sure the cost of attaining certain social

goals through the hig.hr¡ay transnortation nrográms. For exarnnle, in

rural lt'lanitoba, it is a goal of the governnent to provide reratively

.eas]r access to cornrnunit¡' centers, viÌlaqes, etc. r'and highvays 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 ehange in incorne and ernployment associatec vith a d.olfar of

higlvay investment. The sinplest case is vhen economic irroacts are

negligibte; then hirlvay construction expenditures should be entirely

allocated to the achieve¡nent of non-economic goa1s.

The _results obtained indicatethat business saLes and.

ineomes only increase by a fraction of highvay construction ex¡enditures,

even after allowing for nultiplier effects
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The ARDA-FRÐ Tnterlake d-evelonment pÌan, srranning the

years 1967-68 to I976-7J, called for exnenditures or $Bl rnill-ion

ttto promote its (Tnterl-ake's) economic d.evelopment, to increase íncome

and employment opportunities and to raise standa.rds of l-ivinqrt. I

l,fore than ten percent of the pì-anned expenditures vere affocated. to the

road program, which r¡as forrnul-ated to facilitate school consolidation

and. to upgrade east-vest access to the aduLt training centre. The

road nrogram l¡as to provid.e a means to increase prod.uctivity in the

area by providing more skifled vorkers, and. to contribute in this vay

to achieving the pl-an objective of greater income.

The Interl-ake devel-opment plan was formufated und.er federat-

provincial agreement as a means to achieving a ttbettertt distribution

of ineome among regions in Canada. Two sets of argurnents have been used

to promote the lessenine of regional d.is¡arities. It has been arsued

that the foss d.ue to regional- re-distribution of income mig:ht be more

than offset by the gains in poorer 
"""u.".2 fn essence, this is the

Chapter 1

INTRODUCTION

I fnterlake of Manitoba Federal-Provincial Rural Devel-o¡ment
Agreernent or ff6Tl-lõltar¡a: Department of Fo.-u=tr-- ""a nuãf
W),p.7.

The opposite arzunent. that regionaf re-distribution of
incomes might retard national gror,rth, has been put forr.¡a.rtì as vell. See T.li.
Brevis , . Resional- Economic jp-LiS_i_uS__f¡_ _qa¡e.da_, ( Toronto : I,lacì4itlan , 1969) 

"pp. 90-92
1
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argument for a more egalitarian personal distribution of income anplied

to regions. The l-essening of regionaì- income disparities has also been

arp¡red. for on poJ-itical- grounds, such as, to preserve national unity.3

This distributive approach has succeed.ed. to a poì-icy of

encouraging high-erowth regions. It has been arsued that greater gains

can be made by promoting high-growth regions than by equalizing the

regionaÌ distribution of incorne. The d.ebate surrounding these two

poLicy alternatives is beyond. the scope of this study. The choice

betveen the two policies has numerous inplications for individual

eountries r+here there are regional disparities. fhe problem even

presents itself, although in nuch more complex for:n, at the world 1evel,

where attention has been foeussed 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 1920rs and the

nid. 1960's. b Apart from equalization grants, no governmental action

was taken to red.uce the problem until the enaetment of the Agricul-tural

and Rural- Development Act (nnln) and the creation of the Fund for Rural

Economic Development (fnm) ¡y ttre federal government.

3 p.n.
MacMillan , l-967),

\ s.r.
(ottava: Economic

Trud.eau, Federalism and the French-Canadians, (Toronto:
pp. 2r--h5.

Chernick, f nterlegi_o_nal-__¡¿çgqfl4"I in Inc_ome ,
Council of Canada, Staff Study no. Il+ , 1966), b. 65.
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subsequently, interest in regional probì-ems developed to the point

where the federal Depart.ment of Regional Economic ExÐansion was

ereated to coord.inate and administer the regionaì- programs of the

federal government. one of the results of this activity vas the

formulation and implementation of the Tnterl-ake develor¡ment plan and

of its eonstituent programs, of vhich the roa.d program is one of

the largest.

PROBLEM STATM{E}IT

A total of some $8.8f mill_ion r¡as alloeated to the road

proérram, of which $z.bf mil-lion was earmarked for highvays, on the

basis of pì-annersf judgements as to the regionrs needs and the

economie impact of these Drograms expenditures. Reeard,less of the

question of soundness of these judgements, it is necessary to have

an objective method to assess these needs. Such a method r.¡oul-d have

several- ad.vantages. First, it would provide quantitative estimates

of needs and of economic impacts, and. thus bring more informa.tion

into the decision-naking process. second, it would bring out

implicit assumptions mad.e about relevant variables and their srowt,h

paths, and so clarify what is being decided.. FinaLly, the

development of an objective rnethod. reads to criticism of that

method, to its improvernent and to better decision-making. The

purpose of this study is to take the initial_ step in constmcting

an objective method. for the eval-uation of highway needs and of the

impact of highway construction expenditures.



The objectives of this study are: to constmct a model

to evaluate the need. for, and impact of, highvay construction

expenditures on a regional econonry; to estimate the coefficients

of the model for Manitobars fnterlake area and to compute the

highvay investment needs and their impacts on the fnterlake

economy; and, finalì-y, to conduct a sensitivity analysis so that the

effect of d.ifferent assumptions may be computed.

The developrnent of the nodef eonstitutes the rnajor con-

tribution of this stud.y. Although the rnodel viII certainly lack

many refinements, it will- represent a step in the development of an

objective planning nethod for assessing hiehvay needs and imoacts

in the context of a regional economy. Moreover, the specifie

application of the mod.el to the fnterlake area wilf all-ov planners

for that region to gain vider insights into the functioning of the

regional economy and to obtain some estimates of the effeet of

the highway program on the development of the region.

OUTLTI'IE OF THE STUDY

OBJECT]VES AND CONTFIBUTIONS

The region is the focus of this study. The literature

reviev in the folloving chapter discusses objectives of

transportation programs in a regional framework. The choice of

planning proeedure is diseussed in the lieht of the objectives

selected. Some elements of the chosen planning proeedure are
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then sefected and problems involved. in their use are raised. The

theoretical- model is el-aborated in Chapter 3. fhe rnodef consists

of three sub-models which are interlinked.. The econornic sub-model

computes business sales and incomes. These are used in the híghvay

sub-mod.eI to estimate traffic flovs, highvay needs and required

investment. The impact sub-modeI is used to quantify the effect

of highway investment on the economic and highvay systems.

Chapter l+ discusses the application of the theoretical- mod.el to

the Interl-ake area. Data sources and utilization of the data are

briefly d.iscussed.. Mod.ifications to the theoretical model are

required because of empirical problems which are explained at

length. The limitations of the nod.eI are presented in Chapter !.

In Chapter 6, the resufts of the empiri.cal rnodel are presented

for the fnterfake area. Chapter 7 concludes vith a summary of

the study.



The objectives of the ARDA-FRED highvay progran r+ere to

facilitate sehool consolidation by improving bussing possibilities

and to upgrade ease of access to the adult training centre by

bettering east-r+est routes. The achievernent of these objectives

contributes to increasing nroductivity and. thus attainine the olan

objeetive of raising ineomes. Highway investrnent programs can have

a wide range of other objectives, wlich the l-iterature 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 problern. Once the choice of planning procedure is settled,

there remains a choice anong alternative rnethods 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.

CHO]CE OF OBJECTIVES

Chapter 2

LITERATURE RSVIM.¡

As indicated. above, highvay investment prograrns can have

numerous objectives. These can be grouned into tvo categories:

economic, and social. The economic objectives can be further

classified und.er the heading of efficiency and of

6
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develorrment.l The efficiency criterion can be stated alternatively

as rninimizing costs for a given level of traffic, or as maxinizing

the benefit-cost ratio, given the level of traffic to be satisfied.2

Two t¡res of development criteria have been proposed. One defines

d.evelopment in terms of additional- traffic volumes using a highva.v

because of reduced. transportation costs.3 This definition in effect

eonsiders only traffic development. 0n the other hand, one can

choose to focus on the economic impacts of highway investment.

Thus the development eriterion is defined as the level of increases

in locaI business sales, employment and income, subject to budgetary

constraints and the achievement of social go"1".h The defínition

of social objeetives of highway investment programs is quite

difficul-t. Broadly speaking, the social objectives are those goals

r,¡hich society deems d.esirable, and vhich might be achieved by the

hig,hva¡¡ program. For example, although the ARDA-FRED plan proposes

the highway program as a means to increasing prod.uetivity by

lH. C. va.n der Tak and A. Ray, Lh__e-_pgo¡smi_c_Le-l.g_{!!s
of Road Transnort Proiects, Report no. EC-160, (llashington:
fnternational- Bank for Reconstruction and Development Association.
1968), !p. 1-\. See also J. A. MacMillan, rrEva.luation of Regional
Development Programs: Application of Planning, Programmine a,nd
Budgeting', Benefit-Cost and Systems Analysis Methodolog,'r' (paper
presented to the Enqineers and Resource Management Conference,
October I9?0, Winnineg, t'{anitoba) , pp. 15-17.

2¡1. G. van der Tak and. A. Ray, Ioc. cit.
3r¡ia.
h.f . R. Macl,lill-an, trEvaluation of Regional Developrnent

Prograrns: . . . tt, pp. l-5-lT .



eneouratin€( ed.ucation, and it thus has ímplications for economic

development; hovever, in terms of the highway investment program

per se, encouraging better education constitutes a social goa1.

Other exampÌes of social goals include improved access to major eentres,

accident reduction, encouragement of tourism, etc. An economic

evaluation of a highway program in terms of these sociaf objectives

is very d.ifficult, because of the difficulty in obtaining econornic

criteria for units of intangible achievement (u.g. the valuation

of the saving due to a personts d.eath being prevented), or even

of measuring the intangibles themselves (e.g. quantifling, in

economic terms, accessibility). Thus a highvay investment prograrn

is effective, to a varying extent, in promoting various eeonomic and

social objectives.

Inevitabl-y, some of the objectives must confl-ict. For

example, the accident-reduction objective must be traded off against

cost-minirnization. So must economic development be traded off

against cost-minimization. Thus a seale of preference among

objectives is required in order to evaluate a highway inrrestrnent

program. Given the primary objective, the evaluation proeedure

considers other goals as l-irnits on the extent to vhich the first

objective is pursued.

Sinee this is an economic study, it considers the economic

goals to be most important. Tn particular, the highvay programts

effect on the economic vell-beins of an areat s residents are of
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greatest concern. This effect is rneasured. in terms of business

sa1es, employment and ineome. The pursuit of the development

criterion is subject to available fund.s for regional d.evelopment

purposes, and to the requirements for highway investment due to

highvay capacity deficiencies. It vilÌ be assumed that the cost-

mininization probJ-em has been sol-ved before investment is committed,

i.e. that the most efficient conbination of resources is known and.

used. to provide increased capacity.

CHOTCE OF PLANN]NG PROCEDURES

implications for the choice of a planning proced.ure. For example,

the efficiency criterion voul-d require a different planning method

from that required by the develooment criterion, as wil,l become

clear in this seetion. Many alternative procedures vere examined, and.

the one that seemed. the best for purposes of this study l¡as selected.

The reviev of Drocedures considers first the planning method currently

in use in the Manítoba Department of Highways. The theoretical

analyses of planning-prograrunine-budgeting, benefit-cost analysis

and. systems analysis are then briefly outlined.

As mentioned earlier, the choice of objectives has

Current practice in l4anitoba is

of the suffieiency of the highvay s¡rstems

5nry.n K. Johnston, t'The Total Highvay Programming Process in
the Province of l{anitobatr, (naner ¡resenteri at the Hiøhvay Prosramming
Workshop, December, L969, Denver, Colorado), pp. 1-5.

to

to

begin by an assessment

meet present need.s .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. Highvay sections are either found to be currently

tteficient or their time of deficiency is computed. All sections

presently deficient or vhich viI1 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.

2.

Cond.ition of roadway

Ratio of current design hours volume to

limiting service vol-umes

Geometrics

Cost to improve relative to vehicl-e miles of

travel.6

3.

h.

These projects, vhieh fo¡rn the ttpriority poolrr, are then sched.uled

after the rrassigned pooltt projects have been deducted from available

funds for a given year. The ftassigned pooltr is made up of projects

such as the construction of a nev highvay, completion of previously

starbed vork, cornmitments undertaken with other ageneies.

The resultant sched.ule may then be modified to take into

account equity in the d.istribution of vork across the province,

6r¡ia.r p. j,



continuity of route developnent, requirements for ¡Sreater lead

time by the Districts, and so on. rn other vords, funds are

alloeated armost exclusive]-y on the basis of engineering need.s.

The procedure does not consider the problen as one of economic

opt imi zat i on .

fn essence, the approaeh used ís that of plannins_

Programming-Budgeting. rt consists of determining the objectíves

vhich a program is to meet, along vith a priority rating among

objectives, determining a program designed to meet these goals,

and estimating the program expenditures for several years in the

future, or until- the rrrogram is terrninated. This approach relates

expenditures to objectives, and assumes that the most efficient means

possible are used. to achieve the objectives. But it d.oes not present

any anaÌysis of the programrs effects on the economy.

The seope of eost-benefit analysis is l-ess than that of

Planning-Programrning-Budgeting in that it is designed nrimarily for
use vith single projects rather than vith pro€¡lrams. fts purpose

is to deterrnine the most effieient -- yielding the greatest benefits

over eosts, all diseounted to the present -- vay of doing something.

rt can deterrnine the best vay of several_ of accornpl-ishing a projeet,

or the best project among severar- possibilities for a Þrogram. As

has been pointed out, it is a wideJ_y used nlanning toolr? but it

11

?4. n. prest and H. Turvey, ttTheories of
Analysisrt, American Economic Association end Foyal(.9.), Surveys of Fconomic Theoqr, Volume III, (Ìtew
196T), pp: t55iB6-

Cost-Benefit
Economic Society
York: MacMillan,
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has serious limitations. For instance, it f&ils to consider changes

in the economic system caused by relatively large pro.iects. It has

been modified to sorne extent to consider changes in demand eond.itions

for highway projects, by develoning a method. to synthesize a market

for highw"y "utoi"u".8 Treating benefits as cost changes all-ovs the

derivation of a suoply curve. The demand function for the highwayts

services is then estimated, and an equilibrium defined. But, in fact,

there is rnore than one demand curve, as there are different demands

at different times of the day. This yields a number of optinal

solutions, varying vith time of day, season, and so on. And. no

eriterion for choosing among the many equitilrium points is supplied.

Thus even a more sophisticated approach using eost-benefit analysis

shows itself to have limitations in the analysis of hiehway projects.

Although it does provide an economically quantifiable estimate of

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

greatllr reduce its utility.

The systems analysis ¡nethodolog¡ consists in constructing

an abstract rnodel of the major features of the systern being studied..

(Toronto:
avid ¡¿. Winch. The Eeonomics

University of Toronto Press,
ej_l|rehiç¿-llell-ug '1962).
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Various events are then assumed, and their effect on the system is

evaluated in terrns of critical variabl-es. For example, a mod.el- of

the Northern Manitoba transportation system l¡as attempted recently.9

Although it did not achieve its goals, because its d.ata requirements

were too great, it has been helpful- to this study in showing some

of the pitfalls to be avoided. While the Northern lvlanitoba rnodef

was based on transport costs, the current modeÌ uses d.istance as an

index of cost, thus inrplicitly assuming that cost per unit of

distance is constant.l0 l¿foreover, the present model includes the

d.eterminants of highway travel, as vell as a congestion function,

highway requirements, investment, and the interaction between these

variables. Atthough the data requirements are larger than for other

planning proced.ures, it is only the systems analysis methodotogy

r¡hich can consider income and employment impacts on the l-ocal

economy. Thus it is the most relevant method.olog¡ for the

investigation of the current problem.

MAJOR ELEX{ENTS OF T}IE }4ODEL

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

nentioned above, two systems and their interactions axe being

9Province of l'{anitoba Roval- Conrnission Report on }lorthern
gry_Ð_o't"t -Þîi"tã-"1îiz9f-Ap;å-ndi" c;- -
pp. 5)16'>7,

lOt¡ttitu this assumption may not
of traffic, it is nrobabl-v sufficient for
it mieht be arzued that it can also apply
distances involved are fairly short.

hold exactly for al-L classes
househof d travel. l'loreover,
to commercial traffic if the
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modeled: the econonic system and the highvay system. The economic

systen may be represented. by a Keynesian-type rnodef such as vas

developed by Dhuvarajan and others.ll Alternatively, a more

disaggregated model can be chosen. Assuming that the same data are

requiïed for both types of models, the disaggregated model vould be

preferred, as it can yielcl nore inforrnation about the economy. Thus

the model chosen l^¡as & disaggregated one' nanlely' an input-output

node1.

Input-Outnut Analysis

The fund.amental id.eas underlying the use of the input-

output technique are quite simple, and have been reviewed in several

textbooks.12 The input-output model to be used could be one of

several types: reqional- (describing only the tradins ¡atterns

vitnin a region) or interreeional (descri¡ing the trading patterns

betveen regions and vithin each of the areas ). The latter ca¡ be

of the ttdog-Iegtt type, in vhich both exports and imports are dis-

a6¡gregated. by purehasing and sefling sectors. A fu1l interregional

model also includes inter-industry sales within all region=.13

11p.S. Dhuvarajan, C. A. Nieolaou and J' I. Vorst, I'A

Multipl-ier Model for liorthern t4anitobarr, in !ro-y-1n-ce pf-Mg¡1fto-þg
n oy-q!_c ory t_l=_lg" _[ep ogt on _lþI! h 

"_L"_frqrr¡ I 
ol!1t¡! "", ( w i nn i n e g :

ffieã-s-rrln-ter, -lgfæl , Tptr"ndîx -d;pp. 3fÇtTil--
l2For example see W. H. Miernyt, -E-þlie¡-Ls--oL-Input-!l4p9gAnalysis, (llev York: Fando¡n House , 1965).

I3Ibid., Ch, l+; See afso !/. Isard, Muthlgl of FesionaL
A¡all¡sis, (Cambridge: the 1"1.I.T. Press, 1960). ch. B.
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These models assume constant technologies and trading

patterns, an¿ are thus quite restrictit"'tL rhe difficulties

relating to fixed production coefficients can be overcome by using

data from ttbettertt tiro".15 Hovever, the definition of ttbettertt firms

makes the procedure arbitrary, particularly for serviee industries

vhere the definition of capacity in empirical terrns is even more

difficult to d.etermine than in manufacturins. The eonstancy of

trading patterns has been hel-d to require constant costs in both

-/regions.fb But, in fact, constant relative costs suffice to maintaín

the stability of trading patterns. Hovever, even this fess

restraining version implies eonstancy in the relationship between

regions. To the extent that the ARDA-FRLD Ïnterlake plan is

successful, the Interlake - trrest of Manitobart relationships vill

ehange, thus raising questions as to the appropriateness of using

this nodel. Nevertheless, the model- represents the best of the

alternatives.

Traffic Pred.iction Models

thu. Isard , loc. cit . I see also C. l'1. Tiebout , "Regional
and fnterregional Input-Output l,lorj.els: an Apr:raisaì-tr, in L.
Needleman (ea. ), nedo""I-4ne]X5jå, (Baltimore: Peng,uin Books , 1968).,
ch. 3, pp. 86-96.

15w. H. Miernyk, op. cit., pp. rr7-r25.
16i,. Moses, ttÏnterregional Input-output Analysistt,

Anerica¡ Econornic Revierv, XLV(1955), pp. B1O, as quoted by
p. 92.

Stud.ies attemnting to predict traffic flovs often use one



of three types of models: the gravity model-, the intervening

opportunities model, or the abstract mode mod.el-. The gravity model

originated as an attenpt to explain social phenomena by the use of

physical models. It has been used quite videJ-y with varying degrees

of ".r""""=.1T 
This type of model has been justifiea at the

intuitive 1evel18, and shor"m to be consistent vith the theory of

eonsumer behaviour.19 However, it is deficient in theoretical terrns,

as it does not explain the causes of travel fornally, but resorbs

to expl-anations in terrns of attractiveness of masses for eaeh other,

vhether such masses be represented by populations, business sa1es, 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 formul-ation, it vas combined

l¡ith a gravity-t¡¡pe model to pred.ict traffic flor,¡s betveen oriein-

destinatior pai"".20

T6

I?For instance, M. Helvig, ghþqåqþëlqlgl Tlrfq!
l!o"e*"lts, (Chicaso: Universit¡¡ of Chicaso Press, 196l+), Also
R. J. !/olfe, ttParameters of Reereational Travel- in Ontariott,
Broceedings of the 1965 Canadian Good. Foa.dg Association Convention.
(September, 1965, Saskatoon, Saskatchewán), ¡! . nSS-26f.

18w. rsard, op. cit., ch. 11.
19"i. H. Niedereorn and. B. V. Bechdolt, ttAn Economic

Derivation of the tGravity Lav' of Snatial Interaction,tt Journal
of Resional- Science, IX (1969), 273-282.

201. w. Duggal, ttA Formula for Pred.icting Inter-Citt¡
Traffie Generation", Proceedings of the 1967 Canadian Good Roa.ds
A s s oc i at i on C onven t i ol,-Çpt emue r, r 9Z 7, v-u.-n Jo-nrré;; B;fTEh - 

-@



I7
But, J-ike the gravity modeI, 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 intervening opportunities mod.els in that it atternpts

to predict travel- demand on the basis of the reasons for which travel

betr+een tvo points is desired and of the characteristics of the mode

being considere¿ (e.g. automobile, train, airpÌane, etc. ) as they

relate to ineonvenience and cost.21 Numerous specífications have

been given to the modeI. But none of these different forms has

emerged. as the best for general use because of insufficient testing

of the ¡nodel.22 Hovever, a recent conparison of gravity and. abstract

mod.e rnodels established that nredictions based on a gravity model

tended to be more accurate than those derived from the abstract

mode model.23 But neither rnodel was clearly superior, and it vas

deeid.ed. to formul-ate a composite model for this stud.y, inspired by

these discussions.

21R. E. Quand.t, and l{. J. Baumol, tfThe Demand. for
Abstract Transport Modes: Theory and lr,leasurementtt, Journal of
Re€çional Science, VI \gee ) , t3-26

22n. E. Quand.t and K. H. Young, ttcross-Sectional
Demand Mode1s: Estimates and Teststt, JournaL of Resional
rx (1969) eor-erh.

23¡. p. Hovrey, "on the
Air Travelrr, Journal of Regional

Choice
9"!"¡rrg,

of Forecasting Models for
Ix (1969), ztl-zZt+.

Travel
Science,



The reviev of objectives outlined some of the possible

criteria in the economie and. social spheres. Thg criterion of

economic d.evelopment vas chosen, as it reflects the highway programts

impacts on the local community. The planning proeedures eonsid.ered

incl-uded pJ-anning-programming-budgeting, benefit-cost and. system

analysis. Because of the scope and. cornplexity of the analysis to

be undertaken, the latter methodolosy vas chosen. The problems

assoeiated with input-output analysis were d.iscussed. as !¡as that of

ehoosing an appropriate traffic forecasting modeI.

SLII\ß,IARY

1B



Highvay construction or renovation proÉ{rams can be used.

to attain eeonomic and social objectives. Economic objectives

are exemplified by economic development. frnproved accessibility

to other pì-aces constitutes one of the many social_ goaIs. The

ARDA-FRED highway program vas designed primarily to facilitate

access to ed.ucational institutions. But, aLong with conventional

highway investments, the program expenditures have inpacts on the

regional economy as vell as on traffic flovs. fhe ¡nodef is desigaed

to evaluate these irnpacts resulting both from the ARDA-FRED projects

and from conventional highvay investments committed. on the basis of

capacity requirements. The impaets have two major aspects, namely,

the nultiplier processes set off by the increased. government

expenditures on highways and the improvement of highvay conditions

in the region. Thus the model represents interaetions betveen

the economic and highway systems as vel-l as the reì-ationships

betl¡een units wittiin each system.

The economic system is composed. of two economies l-inked

throug,h a matrix of inter-industry as vell- as household.

transaetions. These transactions are facilitated b¡¡ the

eommunications netvorks avail-able to residents of the area. The

highway system is a critical el-ement in the process. I"trithout it,

19

THE THEORETICAL }4ODEL

Chapter 3
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goods coul-d not easil-y be transferred from one locarity to another

within the region, nor inçorted or exported. Tmprovements,

involving increased expenditure of government funds, relieve

undesirable highvay conditions. Assuning that highway surfaces and.

geometrics meet design standards, the only reason for additional-

investment in terms of the model- is l-ack of canacity. The

investment causes changes in the economic system through the

nultiptier processes, and thus generate further changes in traffic
conditions. Thus the model incl-udes the following components:

outl-ine of a tor+n-centred. transaction system of an area eeonomy,

a representation of the mechanism by vhich the econornic system

generates traff ic requírements and, potentiart.r¡ at least, highvay

eonstru'ction or renovation expend.itures, and analysis of the

irpact of changes in the highway system on the economic system.

These components and their l-inks are presented graphically in
Figure 3.1 on the foll-oving page.
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By economic sub-rnodel is meant the cLescription of the

economie rel-ationships vithin and betveen toms. But before

considering ind.ividual towns, it is preferable to start from the

region as a who1e.

Business Sal-es

THE ECONOMIC SUB-MODEL

Given the levels of final d.emands for the output of each

ind.ustry in the region--i.e. expenditures on consurnption, investment,

governrìent services and exports--and given the structure of the area

economy as depicted by an input-output table, it is possible to

estimate total business sales in the area for each industr.v,

s]-nee

x.AS+
vhere AS is a column vector of

business sal,es by the

thouss.nds of d.ollars;

22

AS = (r - X)-1 FD

I

Y

is the identity rnatrix of conforrnable order, i.e. N x lJ;

is a matriN of N x N elements, the inout-output

technical coefficients ;

is a eolumn vector of N elements, the value of yearl¡r

final demands for the output of the regionrs lT industries,

in thousands of doll-ars.

FD=AS

FD

N elements, the value of yearly

ltl industries in the region, in

(s.r)
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Equation (:.f ) is the formal ex.oression of the in¡ut-out¡ut rrdirect

and indirect effectrr multiolier. If the household. sector is defíned

as one of the i'l industries, say the l\Ith one, an al-ternative expression

to equation (3.t) is

AS = (r - x)-1 (c + rN + EX) (¡.e)

vhere G, rN and EX are each col-umn vectors of I,l el-ements, the

value of yearly final dema.nds for the output of the

region's lrl industries (incfuding households), by the

iovernment, investment and export sectors resoectively,

in thousa.nd.s of d.o1fars; and the other variables are as

defined previously.

Equation (:.e) is the forrnal- exÞression of the input-out¡utrfdirect,

indirect and induced. effeetrf multiplier. ft assumes that household

expenditures and sal-es are endogenously deterrnined. This form of the

input-output multiplier has been adopted for tvo reasons. First,

the household sector llas assumed not to possess any dvnamism of its

om, but to progress only as a consequence of the impulses vhich

export, government and investment final demands give to the

regional economy. second, considering the househol-d sector as

exogenous r¡oul-d understate the income effects of highway expenditures.

The implications of the l-atter staternent will be discussed within the

framework of the imnact sub-model. But d.efining househol-ds as

the llth industry requires that the internretation of the vector AS

be altered s1ight11'. Henceforth, the first N - l- elements of AS
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represent ttarea business salestt, and the whofe vector AS represenüs

ttarea business and househofd salestt. UnIess othervise slecified,

the expression ttbusiness sal-estl , ttarea business saleslt, tttotm

business salestt, 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 = (nrv) (as) - as* (:.s)

l¡here

ATS is a scalar, the value of total yearly business sales

for the region, in thousand.s of doll-ars;

is a rov vector of N elements, aÌl 1;

is the val-ue of household sales in thousa,nds of doÌlars,

RIV

ASi,¡

the Nth element of the vector AS.

Equation (E.¡) thus defines totaf yearly business sales for the

region.

From the area business sales, estirnated by equations

(S.g) above, the nodel comnutes business sal-es for the ì'{ area tovns.

Two methods are available for estinating tom business sales. Ttre

first is to construct input-output tables for each town, ancì. to use

relationship (3.2) above, to nrovide the reo^uired estimates. The

second method is to all-ocate regional- business safes accordinq to

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

theoretically. Hovever, torm-specific input-output tables embody the

current patterns of industrialization and urbanization. To the

extent that J-ong term growth rnodif ies these patterns, the tol¡n-

specific tables provide incorrect projections. This is afso true

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

of industries than any tom, is Ìess likely to see its vhole

industrial structure deeply altered than is a tom. Iloreover, the

changing urbanization pattern is less likely to affect the regional

estimates than those for a single centre. For these rea.sons, the

second rnethod vas chosen and area sales are aflocated. to tor¿ns.

The criterion for this allocation remains to be chosen.

Shoul-d. ponulation be used, or should some other factor? And if so,

vhich one? The use of population as an all-ocator requires the

assurnption that business sales per capita d.o not vary betveen toms.

This assumption does not appear to be realistic in a case r¿here some

towns are littte more than fringe suburbs to a rnajor city outside of

the region vhereas other toms are centres of attraction in their

om 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 netropolis. Hovever, Iocal emnloyment, i.e.

employment within the tolrn itself . niø,ht be better. Tt requires

the assumption tha.t tou'n business sales and local êmÞlo¡,¡stt vary

together. T\+o reasons support this contention. first, the greater
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the volume of business sales in a town, the more peolle are employed,

assuming (as has been done) linear technologies. Second, business

sales are likely to fluctuate vith local emnJ-oyrnent since peopJ-e, not

travell-ing to other centres for work, have less opportunity to snend.

their incomes in other centres, all other things being equaì-. Thus,

1s = (Rrs) (r/nir) (rrru, ,t.U,

vhere TS is a column vector of Ir{ elenents, the value

of yearly business sal-es in each of the M tovns,

in thousand s of d.ollars ;

ATS is a scalar, the value of yearly area business

sales, in thousands of dollars;

TNU is a col-urnn vector of l.{ elements, the number

of people locaIIy enpl-oyed. in non-agricultural

industries, for each of the M tovns;

AIï is a scalar, the number of peonle employed in the

area in non-agricultural industries.

Equation (:.1+) al-Jocates area business sales to tovns on the basis

of eaeh tor¿n's share of area non-agricufturaf employment. It is

assumed that the volurae of business sales per localIy-employed

person is eonstant in the region. This average is multitlied by

the volu¡ne of local ernployment in each tolrn to obtain that torrn's

yearly value of business sa1es. It should be noted that the

al-l-ocation of sal-es to each tom is done on the basis of local

ernplo¡rment, rather than total emplo¡rment. This implies that

employees who commute regularly to other centres tend. to spend. their
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income in other centres as vell. The out-of-town expenditure has

tvo aspects: errand-running on the vay home from work, and nore

imnortantry, increased out-of-tor.m expenditures beceuse of the

breakdor,m of the time and distance barriers vhich result from

regular cornmuting. rn other words, regular commuting makes the

route seem shorter, and. it is thus l-ess of a bother than otherwise

to shop out of town.

The ratios TN / AN (one

utilized. to allocate the business

town. Thus,

where

TSS = (aS )(rru') (r/¡-lr)

1s = (rss) (crv)

TSS is a matrix of M x (U- f) el-ements, th

value of business sales by sector b¡r t

thousands of dollars;

TNii'ís the transpose of the column vector TNU-,

clv is a cofumn vector of conformabLe ,ord.er, all elements

being unity;

and all- other variabr-es are as previously defined.

However, to use this procedure implies that the business sal_es of an

industry make up the same proportion of the totaÌ business sales

vithin the tovn. rt requires that each industry have a constant

share of each tovnrs business sales and of the vhole areats business

saIes. rn addition to the assumptions implied b¡r eq-uation (¡.1+)

for each tovn might have been

sales of each sector to each

I
eye

owït,

(3.1A)

arly

in



this assumption implies that all

same rate. But, as mentioned in

input-output tables, to d.o so is

industrialization, and thus make

fncomes

It is possible to compute regional income on the basis

of information contained in the input-output table and to al-locate

regional income to torrns, as w&s done for business sales.

Thus,

28

industries in each town grow at the

the discussion of tor¿n-specific

to embody the current pattern of

pro.i ections rìore restrictive.

where AT is a scalar, the yearly value of gross regional

ineome, in thousands of dollars:

AS¡ is the Nth elernent of the vector AS, the yearly

value of household incomes, in thousand.s of

dollars;

EX¡ is the lrlth element of the vector EX, the yearly

value of household incomes frorn outside of the

region, in thousands of d.ollars:

AY = AS¡ - EXn - cr + (sn) (AS)

BR is a ror^¡ vector of N elements, the proportion of

yearly business sales used in business taxes,

depreciation, retained earninqs, business gifts,

and payments to non-resident factor olmers for eaeh

of the sectors, vith the Nth element (for households)

being zeroi

(s.r)
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GT is the yearl¡¡ value of government transfer payments,

in thousand.s of doltars;

Equation (3.5) computes gross regional income from the informa.tion

contained. in the input-output tab1e. The ineome concept usedl

above is d.efined to include all factor payments arisin6l out of

activity in the region, thus excluding non-local earnings of

househol-Cs and. government transfer oayments. A more relevant ineome

concept for the purpose at hand should incl-uCe non-loca1 household.

earnings (eXi'i) and government transfer payments

Thus,

and the other variabfes are as definecl oreviously.

vhere

EY 
= 

AY + EX¡ + GT (:.6)

EY is a scal-ar, the yearly value of ineonne available

for expenditure vithin the region, or ttspendable

incomett, in thousand.s of dol-lars

and the other variabl-es are as defined. previously.

Equation (¡.6) defines the concept of rfspendable inco¡ne", vhich

is regional income added to non-local household earnings and

government transfer payments. These variabl-es are included so that

the income conceot can include all funds availabte to area residents

for making purchases, and thus for travelling. fn a national

accountinq framevork, the inclusion of transfer payments constitutes

double-counting and is avoided. Hor¡ever, by assuming that all

transfer payments originate from outside of the region, and that

1.1 .¡.. l"lacl,lil-1an and C. I'f . Lu, ttRegionaì-

and. Evaluation: An fmpact Analysis of Manitoba's
Development Pl-antt, unpublished. manuscript, p. æ.

DeveÌonment Planning
ïnterl-ake Area
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the region forms a minor part of the taxation jurisdiction from r¿hich

the transfer ¡a¡¡ments originate (i.e. that the reqion pays a

negligible share of its own transfer payments), the incl-usion of

transfer pa¡rments is equivalent to inctud.ing factor pa¡rments from

outsicle the regíon.

Hovever, the incl-usion of non-l-ocally earned income raises

the problem of hov to allocate 'tspendabJ-e incomett to the different

torn'r¡s. clearly the use of l-ocal employment as in relationship

(:.¡+) is not varranted., since income does not depend. on1l¡ on l-ocal

emplolnnent. Hor^¡ever, total employment can be used. as an al-l-ocator

of regional income to toms. Total- empJ-oyment is defined as the

total level of ernplo¡¡rnent within the community, regardless of

vhether workers are employed in the tom or elsel¡here.

Thus,

rY=!:tY(1 / tB) (re¡ (¡.r)
vhere TY is the column vector of M el-ernents, the value of

yearly ilspendabÌe inconett for each town, in

thousands of doJ_lars;

TE is a column vector of M elements, the total_ number

of residents of eaeh town who are ernployed,

regardless of where their place of l¡ork is:

AE is a scalar, the total- number of residents of the

region vho are empÌoyed, whether they be employed

vithin or outside of the region;
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EY is a scalar, the yearty vafue of regional ttspendable

ineomett ( see equat ion ( 3.6 ) above ) .

Equation (¡.2) allocates regional Itsnendabl-e incomet' (rs defined.

by equation (3.6)above) to specific tovns on the basis of the ratio
betveen total emplo¡rment in each tom to total empfoyment in the

region. since regional rrspendabJ-e incometr and. total- employment are

constants in the equation, the equation (S.f) can al_so be

interpreted as stating that the average income per emnloyed person

in the region nnultiplied by the number of peopl-e in each tor.m

estinates the income of people residing in that tom.

Summary of the Economie Sub-l4odel

The econornic sub-model estimates yearr¡r business sales

and rtspendabl-e incomestt for the region and for each town on the

basis of exosenous final cemands. Eouation (3.2) estimates yearly

business sales by sector for the whor-e region. The tota.l yearl¡¡

business sal-es for the region, i.e. the sum over seetors of sectoral-

business sa.l-es ) are then allocated to tor.ms on the basis of exogenous

local- employment in the tor+n and. in the resion, by equa.tion (¡.1+).

The area sa.Ies are also used in eouation (:.¡), in order to comnute

regional income as it is normal_ly defined. Eouation (:.6) tfren

defines the concept of rf s¡endable incomert, r+hieh includes more than

regional inco¡ne. Equation (3.7) tilen allocates tspendable incomert

for the region to each town on the basis of exosenous total
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(local and non-local-) employment. These relationships are il]ustrated

in Figure 3.2 on the following nage.

THE HÏGHI^¡AY SUB-MODEL

Given tom incomes, yearly business sales b¡¡ tor,rn and

tom employment, the hig,hvay sub-modeL cal-culates yearly vehiele

fl-ovs between torrns and over highllay sectors, as ve1I as ¡eak hour

highlray requirements. The sub-model- then evaluates the need for

investment and, if investment is required, estimates the aprrropriate

Ievel of expenditures "

These expenditures benefit three grouns of highvay users,

each vith its om set of motivating factors. The user groups are,

(f) commercial traffic, i.e. the movement of goods betveen

communities by truck transporb¡ (2) ..r..rd.-running traffic, i.e.

househol-d and farm business travel into first-order, as lrell as higher-

order, centres; and (3) resi¿ual- trar'fic, i.e. transportation that

does not fall into either of the other two categories, such as

recreational travel, school bus traffic, etc. The rnotivations of

these different highvay user groups are discussed belov, and.

behaviourat equations hypothesized..

Commercial Traffic

ff the onÌy rnethod of eommercially transforting commodities

between tovns is by truck, the volume of commercial traffic is a
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function of the value of inter-tom transactions. If eroorts from

a tolm represent a constant proportion of that townfs business saIes,

the val-ue of tom business sal-es can be used to determine the volume

of commercial- traffic. Similarly, if imports into a tor.m represent

a constant proportion of the income availab1e to residents of that

tom, town incomes should al-so enter the relationship determininq

the vol-ume of commercial traffic betveen toms. Final-l-y, transport

costs inhibit the shipment of goods between toms. If transport

costs are a function of distance alone, the latter can be used in

the d.eter¡nination of the volume of inter-tor¿n commercial- traffic.

Thus,

l¡here

cri¡ = 
a, (rsi)at {rv¡)bt (oij)". (¡.8)

CTij is the yearly volume of truck traffic fron

tom i to town j, measured in nurnber of trucksl

A1

Dij

at

is an empirical constant:

is the distance in niles from tor"n i to tom j;

is an empirical constant, the elasticity of

truek traff ie vith res'¡rect to oriein-tor.m sales;

is an ernpirical constant, the elasticity of

truek traffic r,¡ith respect to destination-

town incomes;

bt

ct is an empirical constant, the elasticity of truck

traffic vith res!'eet to distance betveen towns;

and. where the other variables are as defined in

Figure 1.2, page 33.
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Equation (3.8) estimates inter-tor,¡n truck traffic as a function of

yearry business sales in the origin tor,rl, yearly incomes in the

d-estination toms. and. distances betveen orisins and. destinations.

AJ-though equation (:.9) is similar to conventional gravity models2,

it d.iffers in tvo ways that make comparisons vith demand equations

seem more appropriate than to gravity models. First, gravity

model-s are usualì-y discussed in ter¡ns of simil_ar tthomogeneous

nassestt that attract each other, such as po¡ulation, or business

sales. Thus the conventionaL model would. have expressed the

volume of truck traffic as a flrnction of incomes in both towns, or

of business sales in both toms, etc., the und.errying idea being

that like masses attract each other. second., gravity model_s do not

compute empirical constants for factors other than distance. This

means that they do not provide estimates of elasticities of travel

vith respeet to determining factors and thus say less about the

effeet of these factors on tri¡ generation than does eo-uation (3.8).

The relationship is based. on the fact that everJ/ tomr's

economy is quite open. Attempts at self-sufficiency would impose

too many restrictions on the quality and range of avail-able

consumer commodities. Every tom imports some of the good.s sold

vithin its limits, and most export at least some of their prod.uction.

2Cr. th" discussion of
previous chapter ) as vell
the ïsard reference: ...n. fB, p.

traffic prediction modeLs in the
as the reviel¡ of gravity modets in
l-5.
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T'he volume of inter-tolrn trade is direetly related. to tol¡n sales and

incomes, and inversel-y related to the distance separating the tor+ns.

commercial traffic is proportional to the vorume of inter-town

trade. The exponents attached to the tor¿n business sar-es, tolrn

incomes and distance factors ind.icate by hol¡ much truck traffic

vil-l change in percentage terns if one of the factors changes by

one pereent. Thus a one percent increase in business sales in the

orig:in tom leads to an at percent increase in truck traffic.

similarty, a one percent increase in town incomes bring about a bt

percent increase in truck traffic. But an increase of one percent

in distance betr+een tor,¡ns l-eads to a d.ecrease of ct percent in

truck traffíe, since the greater distanee betveen tolrns implies

greater transport costs and thus less tra,ffic volume.

Errand.-Runn ing Traff ic

There are two rnajor eomponents of errand-running travel.

The first is the travel of urban households to other urban centres

for the purchase of goods and services not avairable in their own

town. fhe second is the movement of rural leopJ-e, both from fa¡rn

and non-farm households, to urban centres for farm business as

verr as for household purposes. The principles underlying the tvo

sub-sets of errand-running travel are the same, arthough there

are differences in the treatment of rural- origins, vhich are

discussed later.
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In general, errand-running is the result of two effects.

The suppl-y effect alludes to travel generated by the avaitability

of a vider range of good.s and services in higher'orcler3 eentres.

The income effect denotes peoplets capaeit¡r 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 r¿ith commerciat traffic,

distance tends to cancel out at least some of the demand and ineome

effects by inposing add.itional costs and thus raising: the real- cost

of higher-order cornmodities. Thus.

Erl¡ = 
n, (rvi)ab 1r-rni/rl1)bc (rs¡)cc (o1¡)-dc

and ET-':¿J

vhere

=0
ETiJ is the annual volume of errand-running travel

from i to j, measured in number of ears;h

is an empirical constant;

is an empirieal constant, the elasticity of

errand.-running travel vith respect to to'¿n incomes

A2

ac

if rsi < rsj

if -rSi Þ rsj

in the origin;

bc is an empirical constant, the eJ-asticity of

3otd"t of toms is here defined in terrns of yearly
business sales, rather than the conventionaf use of popuJ-ation.
For it is the greater variety of goods and ser.¡ices, usua11¡¡
associated vi.th sreater sales vol-unes, whieh attracts peolle from
lover-order, i.e. sma1ler, centres.

\Cu."" are defined to include lisht trucks, pick-uns, etc.

(¡.q)

(¡.ro)



errand-running travel with respect to the ratio
of non-locaì- empJ_oyment to total empl-oyment,

at the origin;

cc is the empirical- constant, the elasticity of

errand-running travel vith respect to tor,¡n

business sa.les in the destina.tion tor,¡n:

de is an empirical constant, the elasticity of

errand-running travel with respect to the

distanee betveen origin and. destination

and the other variables are as defined. in Figure

3.2, page 33.

Equations (s.g) estimates errand-running traver- to higher-order

centres on the basis of toçn incomes at the origin, the ratio of
non-local employment to total employment at the origin, the val_ue

of business sales at the destination, and. the distance separating

origin from destina.tion. Equation (S.fO) implies the assumption

that there is no errand.-running traver to lover-order centres.5

The volume of errand-running traffic to higher-order centres depends

on the amount of income available in a to,¿n -- the income effect
nentioned previously. The income estimate is not sufficient in
itsetf hovever. The r:roportion of emolo¡red. Iabour force that
vorks in other eentres is rer.evant, because of the assumed

3B

.q /In other vord.s, it is assumed. that any
availabl-e in it all goods avail-able in an¡, eentre
some additional- goods. Errancl-running travel- to
redundant.

centre of order li has
of order li-I , as vell as

lol¡er order centre is thus
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propensity of those vorking outsid.e of their own town of resiclence

to spend more in other centres. This propensity eomes partr-¡¡

from the breakdo'n of the psychological- barriers of time and.

d'istance due to frequent eommuting, and parttv to greater opportu-

nities of spending incorae non-.1-ocally due to the ve4¡ faet of being

employed non-l-oca1ly.6 The volume of errand-running traffic is al-so

influenced by the varLue of business sa.r-es at the destination, i.e.
by the ord-er of the destination tom, -- the d.emand effect
mentioned previously. As noted above, distance tends to reduce

the vol-urne of errand-rr:nning traffic by imoosing greater travel
costs. The exponents of these faetors .iust mentioned indicate

how responsive errand--running traffic is to gi.r,en chanAes in the

factors themselves. Their precise interpretation is anal-ogous to
that of the at, bt and, et exponents of equation (¡.9).

Equation (r.g) can be used in rural settings by creating
rrdemand pointstt, i.e. fictitious towns vithout any Ìocal- empl-oyment

and whose incomes are the total incomes of rural_ househol-ds in a

given area. The geograFhical loeation of these tor¿ns does not

pose a problern. All- that is req.uired is the distance betveen

origin and destination. This distanee can be eornputed as a

6Fo" 
"*.*ple, this is the situation of residents ofStonel¡all- who commute to rr/innipeg.
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veighted average of distances travelled to a particular d.estination

from a particul-ar set of rural households or a particurar rurar_

area' the veights being the number of times each househol-d trave.Ìs

to that centre- using such pairings of rurar- area oriqins to
different destinations resurts in several- ttd.emand. pointsrt beinq

linked. to onty one destination. Thus, equation (3.9) estimates

errand-running traffic for urban and. rur:ar households to hisher-
order centres.

Residual and Total_ Tra.ffic

recreational_ traffic, which coul_d be exolained. largety by measures

of usage of regional recreational facilities. But this inforrnation
is not currently availabr-e. As an alternative, it could be

assumecL that recreational traffic responds mostl.rr to incom.e changes.

despite containing a l_arge arbitrary .l,rolum". 7 Thus,

The greatest part of residual_ traffic is probabl_y

vhere

RTij 
= A3 + (ar) (rv1)

RTij is the annual vofume of residual (nrostIy

recreational_) tratfic fro¡n i to j, measured in

number of cars I

Trn fact,
half of the traffic

ho'n¡ever, ttresidual traffiett made up more than
flows over the area, hishrÁ¡a.vs.

(¡.u)



A3 is an empirical constant, the ba.sic vofurne of

residual traffic volume;

ar is an em¡irical constant, the amount by lrhich

residual traffic increases r¡hen tor"n incornes

increase by $1.;

TY is the value yeart¡¡ incomes in the origin town,

in thousand of doflars.

Equation (¡.ff) estimates the vol-ume of residual traffic as a

function of tom incomes. It is an expedient in viev of the lack

of infornation about reereational- facility usa.ee.

The volurne of total traffic ca.n nol'¡ be comprrted from

the estimates of truck, errand.-running, and resid-ual- traffic

vol-umes derived above. But simple ad.dition of these different types

of traffic is not perrnissible, as they are measured in different

units. The vol-ume of commercial traffic is measured in number of

trucks, vhereas the errand.-running and residual volurnes are

measured in number of cars. Thus a d.efinition of equivalence

betveen trucks and cars is required. Such an equivalence has been

o
computed by engine"rs.'

l+1

BEst imate
Mr. B. K. Johnston,
Department of Publ-ic

obtained during conversa.tion
Plannins Engineer, Highva¡rs
Iriorks and Highways.

vith
Branch, l4anitoba



fn flat terrain, one truck is equivalent

effects on highway capacities, vhich is

differs for wear and tear on the highway

only considers highvay investrnent d.ue to

vhere

rrij =2- srij +Erij+Rrij

fTij is the yearly volume of total traffic betveen

i and j,

and the other variabfes are as d.efined. previously.

Equation (l.tZ) ¿efines the total yearly flow

origins and destinations. This total flov is

destination basis.

lligh.,¡ay Requirennent s

t+z

to two cars in terms of

our onJ-y coneern. The ratio

surface. but this model

lack of capacity. Thus,

The estimate of totat traffic derived above is on an

origin-destination basis., To compute traffic requirements, it is

necessary to convert those traffic estimates to esti¡nates of traffic
volumes over sDecirie nignvay sections. To do so requires that the

routes used by the total traffic on the origin-destination basis be

knom, as velJ- as the proportion of totar traffic on the origin-
destination basis which uses each possibì-e alternative route.

(:. re )

of

on

traffic betl¡een

an origin-

If there are Z origin-destination pairs and W hiqhway

sections, and ir tne routinss rnentioned above are shor+n as the

percentage of the total traffic volume betveen an origin-destination



pair using a given specific section of highway, a matrix of Z bv

factors can be compiled. Each row of the matrix shovs the routíng of the

total traffic volume betveen a given origin-destination ¡air over all-

w highvay sections, most sections having a zero percent share of any

.given origin-destination pair. By multiplying the ¡natrix by the vector

of Z origin-destination nair total traffic vol-umes and summing over the

columns of the product, the annual- vol-ume of traffic over highway sections

is estinated. In formal terms )

Z
yvr = (rr. FAC. )

?¡=t b ba

or in ¡natrix notation

vhere

yy1 = (rr) (¡,ac) (:.r¡)
YVT is a row vector of I.I elements, the annual traffic

volumes over each highway seetion, measured in

number of cars;

TT is a ror+ vector9 of Z 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 percentase

distribution of origin-destination traffic volumes

over highway sections.

l+3

!I

o-./l-t 15 a
is derived from the
where total traffic
by an index number

row vector for notational simplicity. The vector
equations (¡.ff) tor alf oriein-destination nairs
volume is non-zero. These pairs are identified

ranging from I to Z.
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Equation (¡.r:) computes yearly traffic volumes over highwa¡¡ sections

from total traffic voLu¡nes on an origin-destination ba.sis.

The distribution of yearly traffic volumes is not even over

the whol-e year. Highway pJ-anning manuals emphasize that this

distribution is of critical- import"rr"".fo fhus, it is not sufficient

to know the yearly volume of traffic in order to estimate highway

requirements. To do this requires knor¡ledse of the distribution of

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

A graphicaJ- representation of the hourly variation of

traffic fl-or+s for a fictitious highway for one day is 65iven in Figure

3.3 below. similar curves can be dram for each day of the year. rt

is then possibÌe to d.etennine the traffie volume at the first, second,

third, and so on, hours of heaviest traffic during the year. By

plotting the hourly traffic vol-umes against the rank of the hours, a

graph of the d.istribution of peak hours is obtained. An illustrative

exampl-e of such a graph is presented in Figure 3.\ tor two d.ifferent

types of highvays -- one used. primarily for access to recreationar-

facilities, and one used. mostly for commercial purposes. rt has been

observed that curves simil-ar to those depicted in Figure 3.1+ tend to

indicate steep declines in traffic volumes during the top peak hours.

10---For rnstance, B.V. I'lartin, F. I{. Memmott TII, and. A. J. Bone,
Ef¡¡:"r:pt"= "rA rq"þiqri"=q c!_l_tqdlc_tlne._ Iu_t}1e*_Demand for Urban Area
Ifqs-lgf!e!l-9!_, ( Cambridge: Lt.I.T. rress, nãport -"ã. -3, ltdt) -----
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but that ' at some point they tencl to r-evel out. This turnine point
usual-ly comes after ress peak hours for commercial_ highways the.n for
recreational highways, as the latter are rnore subject to very intense,
but short-l-ived rushes to and from recreationar- resources. The

relevance of these turning points is considered. to be hieh by highway
planners' They feef that the added cost needec. to provicle sufficient
capacity to satisfy the traffic volumes at the next-l-or¡est ranking
hours far outveighs the added benefits to road-users, r,¡hereas above

the turning point the opposite is deemed to hoIc1.

The traffic volumes of Figure 3.1+ can also be ex¡ressed as

a percentage of annual avera.se daily traffic volumes. Thus ir tne
annual- average daily traffic volume on the fictitious highway of
Fip¡rre 3.L were ]000 ears, the vertica] axis cour-d. be re-laber_ed
ItPercetttage of annual average daily traff ietr and. rnarke ð, at ro/", 2oo/0,

3o/", )+0i1,, '¡o% víthor-rt ehanging any aspect of the curve. Given this
distribution, and the rank of the hour to serve as a criterion for
planning -- the turning-ooint hour referred to above __ the nroportion
of annual- average dairy traffic for vhich sufficient highr.ray capacity
rnust be planned is determined. Formall_v .

l¡here

cHr = (r/365) (yvr) (i) (cHn¡ (¡.rL)
CIIT is a coÌumn vector of r,I ele¡nents, the volume of

traffic at the nlanning criterion hour, rneasured

in nurnber of ears ;
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CHP is a col-urnn vector of I{ elenents, the nronortion

of averase daily traffic using each highvay section

at the pea.k hour;

f is the id.entit¡r matrix of conformable order, i.e.
I'f x !J;

YVT is as def ined on oage l+3.

Equation (¡.fl*) conputes the volurne of traffic at the planning

criterion hour on the basis of yearly traff.ic vol-umes and. of the

pronortion of averaqe dail¡¡ traffic using the highr+ay during the

críterion hour. The vol-urne of traffic cornnuted to be using the

highvay.at the crite:'ion hour is, by definition, the requirernent for

hig,hwalr canacit¡', i.e.

l¡here HR

HR Ê: CHT (S.r>)

is a column vector of 'l'I elenents, the requirements

for highvay canacity, rneasured in number of

Equation (¡.r.ç) cefines highr.ray requirements as identical- to the

volume of traffic at the criterion hour.

fnvestrnent Decision

cars;

and vhere the other variabl-es is as r:reviously defined.

Before makins any investrnent decision, it is necessar¡¡ to

knov r+hether the hig'hway reouirernents exceed the service vol-um.e

i.e. the capacitv, of the hirhr+a¡¡. The determination of the serviee
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volume of a highway requires qua.ntif¡rine the ability of a roacl. to

aecommodate traffic. The estinate is based on the highr.rayrs

geometrics (e.g. sig.nt lines, sharpness of curves, etc.), the nunber

and r+idth of traffic lanes. the shoulder vidth, the level- of service

to be provided, and many other va.riabres. only the lever of service

variabl-e needs further exnfanation. rt indicates average highway

speeds and ease of manoeuvre vhich are desirable. Fron these

variables, an estimate of a highwayrs service volume is cornputed.

Given the highvay req,uirements estimated above, and the service volumes

of hí¡rhvay sections, the congestion over highway sections can be

computed..

vhere c0

co = HR - sv (¡.re)

is a colurnn vector of W elements, the a¡nount of

congestion on each highway section, measured

in number of cars per hour, at the criterion

hour;

SV is a eoLumn vector of

volume, i.e. capaeity,

neasured. in nurnber of

is d.ef ined on nage )+8,

Equation (¡.le ) derines congestion for each high',ray section as the

number of vehicles per hour (at the criterion hour) by vhich high',rav

requirements exceed the service volume. rf there is no congestion

of ir congestion is negative, which implies excess capacity, there

is no need for investment for reasons of ca.nacity. But this d.oes not

HR

W elements, the servÍee

of a highvay section,

ca.rs per hour:

as the hig-hwa¡i reouirements.
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preclude investment for other purposes, such as the economic

d.evel-onment of the region. rf there is congestion, investrnent is

required to eliminate the bottfe-neck.

The volunne of capacit.rr-based investment then remains to be

decided. Tf the service volume deficienc¡¡ is the only reason for

highvay investment, and if an enoirical l-ink exists betr¡een increases

in service volume and. the value of investment, then

RHr" = COq/ DSV if CO;þ

r¿here

RHïa

RHIa

3 o if coalo

is an eler¡.ent of a column vector of RIIT of Ïi etements,

the val-ue of required hiprhway investment for the

"-th 
hig-hvay section, in thousa.nds of dol-Iars t

is the .-th element in the column vector CO, the

Ìevel of congestion;

DSV is an empirical constant, the increase in service

volume per thousand. do1lars of investment, in ears

per hour.

Equation (¡.ff ) ¿efines required highway investment for a highr.,av

section as a function of congestion (if it exists) ana of the increase

in service volurne per thousand dollars of investment. Eouation (¡.rg)

d.efines recluired highway investrnent as nil if there is no congestion.

co"

(s.rr)

(¡.rB)
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Hovever, highvay investment is not planned solely on the

basis of d.eficiencies in service volumes. Tt misht be undertaken

for a variety of other reasons, such as poor surface conditions,

the d.esire to provide improved access to an area, the encouragement

of the economie devel-oï¡ment of an area, and so on. The terrn

diseretionary hiFhvay invesrtqeÄ! r.¡i11 be used in this text to refer

to these non-capacity based highr+ay investments.

Tf, for a given highr+ay section, both discretionary

highvay investment and required hiehwa¡r investment are implemented,

they are considered as complementary but no ad.ditive. Thus the total
amor:¡t of investment for that section is the larger of the required. or

d.iseretionary investments. Tf the d.iscretionary investment'is

considered the larger, only the difference between it anC the required.

investment is considered. as being truly d.iscretionary. rf the

required investment is the larger, truly diseretionary investment is

deemed. to be nil. Formally,

THra = DHIa

THIs = RHra

vhere THIg is the a-th element of a col_umn vector of

val-ue of total highvay investment for the a-th

in thousand.s of dollars I

if DHra) nur"Zo

ir nut"à DHra>o

(s.rs)

(¡. eo )

W elements, the

hig,hway section,
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DHI* is the a-th el-ement of a column vector of W

efements, the val-ue of discretionary highvay investrnent

for the a-th highvay section, in thousand.s of dollrs;

RHI" is required. investment as defined on page l+9.

Equations (¡.rg) and (¡.zo)aetine total highway investment for a

section as the larger of discretionary or required highÌray investments.

The required investments are those needed to provide sufficient service

volumes for the anticipated peak hour traffic volurnes. The discretionary

investments are those made for any other reason. In the operation of

this model, they vilt be restricted to investment for purposes of

regional development in order to maintain simplicity.

Summary of the Sub-Mode1

To summarize the highway sub-mod,el-, Figure 3.5 on the following

page illustrates the relationships just cliscussed. From the sales and

income estimates computed by the econornie sub-modeI, and using exogenous

distance, conmercial traffic between origin-destination pairs is estimated.

Those variables, as veI1 as exogenous employment variables d.eterrnine

errand-running traffic, also on an origin-destination basis. Resid.ual

traffic vol-umes on an origin-d.estination basis are then estirnated as a

function of incornes in originating centres. Total traffic is then

computed on an origin-destination basis, and this estimate converted

to yearJ-y traffic volumes over hig-hway sections. The criterion hour

traffic volume is then estimated and the highvay requirements thus defined.
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GLOSSARY 0F SYI,ÍBOLS USED Tll

qyqÞql Variable

TE

TN
D

TS

TY
CT

ET
RT
mm
1-L

FAC

YVT
CHP

CHP

Town total (local and. non-local) emplo¡rment
Town local emnl-o)'ment
Distance between origin-destination pairs
Town yearly business sales
Tom yearly incomes
volume of eomnercial traffie on origin-destination basis.
voLume of errand-running traffic on origin-destination basis.
vol-ume of residual- traffic on origin-destination basis.
Volume of total- traffic on origin-destination basis
lvlatrix of routings assigned to origin-destination basis.
Yarl-y volume of total traffic on highva.y section basis.
Proportion of average daiJ-y traffic using highway at
criterion hour, by sectíon.
Volurne of traffic using highway at criterion on hour, by
sect ion.
Requirement for high'.ray capacity, b¡¡ section
Service vol-unne of highway, by section
Level of congestion, b¡r hip'hva¡¡ section
Change in highvay service volume per $IOOO highway
investment.
Required highva.y investment, by hishr¡av section.
Discretionary hiEhway investment, by hiøhr¡av section
Total highvay investment, by highvay section

TABLE 3.1

FÏGURE 3.5 IN ORDER OF APPEARA.}ICF

HR

SV
CO

DSV

RH]
DHI
TH]

53
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If the service volume, or capacity, is not sufficient to meet these

requirements, highvay investment is estimated as a function of the

level of congestion. Discretiona,ry highway investment comnlements

required highway investment. Total highway investrnent for a given

section is defined as the Ìarger of the discretionary (exogenous)

or required (endogenous) hig.lwav investments.

THE TMPACT SUB-}{ODEL

effects on both the highvay and the economic s¡rstems. Thus, highway

service vol-umes, travel tirnes and distances are al-tered b¡r the

investment. And these expenditures have multiplier effects on

business sales, incornes and emnloyment levels. These changes in both

systems are discussed formally in the follolring sections.

This investment of resources in highvays has several

Highvat¡ Servics Jgg"!Ê

Investment in a hip"hway increases the service volurne of that

hiehvay. ff a constant relationship exists betveen the value of

highway exÞend.itures and increases in service volumes, then

vhere

NSV = (lsv) (rur) (:.zr)

NSV is a column vector, the arid.itional- service volume

created. on each highway section measured in cars

per hour,

and the other variables are defined in Table 3.1

pag;e 53.



Equai ion

highvay

similar

hand and

then

3.Zt) conputes t,ha 
"tr".ngu 

Ín the service volunÌe

section on the basis of the value of investnen'L .

rel-ationships exist beil,,¡een hiprhr'ray investneni cn

travef times and lengths of hiehva;r sections cn

llhere

NTT

IfHL

liTT

(nrr) lrHr)

(DriL) (rHr )

is a column .¡ector, ihe nercentege cliange in

travel times over eachhighuay section

is the pglgsnt_qgg change in travel time over a

highway section per thousand doÌlars of investr,rent;

is a column vector th" E=.g-u¡1"ggg change in the

lengbh of each hig-hway seciion;

is the percentaflg change in the length of highva-r

sections per thousand dollars of inves-tnent;

DTT

Etr);

uao

If

the one

the oiher

NHL

DHL

}i elements.

Equations (l.zz) and (Z.ZS) conpute the percentage changes in -bravel-

tines and Ien¡5ihs of highr+ay secticns on the basis of the value of

invest¡nent on those seciions,

THI is '"otaI hí.ghlray investment, a colurnn vector of

(=.zz)

ß"zs)

The chanse in lengths and travel tines of highÌ¡ay seetions

ha.s some in'¡:lications for the 'uraffic genera-'ion funct,j.ons of the

iri.ghway inodel. 'fnose functions use distance as a.n inde;t of resisiance

to the other facto::s l¡hich encouraqe travel. Eut clearl;r the distance
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factor shoul-d 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 rneant

by the term rreffective distancert, oï Itchange in effective distancett.

fn formal terms, this change can be iCentified vith the percentage

reduction of the length of a highlay section. Thus

PRLa = NHL¿

PRLa = NTTa

vhere PRLa is the lglgentqæ. change in the length of the a-th

highway section as measured in distance or time, í.e.

in rreffective d.istancett as def ined above. the a-th

element of the column vector PRL:

and the other variables are as defined- on the

previous page.

if I'iHLa¿ tíTTa

it nrt, ) Nlila

Equations (:.eU) ana (Z.Z>) aerine the percentase reduction in the

treffective distancettof a hig-hway section as the greater of the

Þercentage change in milea.ge or the percentage chan¡ze in travef tine.

And the value of the chanse in iteffective distancett in terrns of niles

is g'iven b¡'

(¡.el+)

ß.¿>)

vhere

s¡¡1, = (HL) (r) (pnl) (s.ze¡

CHL is a col-umn vector, the change of the rreffective

distancetf of each highvay section, in rniles;



HL is a column vector, the 1ength of the tfeffective

distancerr of each highway section, in miles;

and. the other variable is as defined above.

Equation (z.zs) translates the change in treffective distancert into

ter:ns of mil-es fron percentages.

Therteffective distancestt just d.iscussed referr:ed. to highlra¡r

sections. But the change in 'teffective d.istancestt on an origin-
destination basis must also be computed. rt wilr be recalfed that

the distances used in the traffic generation functions vere r^¡eiehted.

averages. They represented the sum of the dist,ances of each

highvay section on a route nultiplied by the vol-ume of traffic usine

that route, for each route betr^¡een a given orisin and destination,

and a1l- divided by the total volur.'.e of traffic betveen the origin

and destination. Forr,ally,

57

w
Db =Ek=1

or, by simplifling,

Db = å 
(rnco n) (ur,n)

and, in matrix notation, D = (fAC¡ (m)

(w¡i<) (Hlo)

wr
k=f

VT
bk

t¡r
k=1

(rro) (rac¡ ¡) (Hl¡)

(z.zt)

(3.28)



vhere b, as a subscript, denotes the origin-destination nair

k, as a subscript, denotes any highlray section;

VT¡¡ is the totaÌ vol-urne of traffic between orisin-

destination pair b using highway section k:

and the other variables are as previousl¡r defined.

Equation (z.zl ) is used inpl-icitly in calculating the distance

betçeen the origin-destination pair b. ft is the surn of the d.istances

of each highvay seetion veishted by the pronortion of traffic beti+een

origin-destination pair b vhich uses that seetion. If the rteffective

distancetr of any given highr,ray section shoul-d change, the veighted

average must necessariJ-y be altered. Thus,

vhere

ND = (FAC) (Hr, - cHr,) (Z.zg)

ND¡ is a column vector, the nel¡ freffective distancerr

betveen origin-destination pa.ir b, in miles;

and the other variables are as previously defined.

5B

ij;

Equation (Z.zg) eomputes the nev tfeffective d.istancest' on an origin-

destination basis from the changes in the lensth of the treffeetive

distaneestt of the highvay sections affected by investment. These

changes in rreffective distancestt cornbined vith the chang.es in the

service vol-umes of highlray sections are the imnacts on the highway

s¡rstem of the required and discretionary highvay investments.

Eeonomic fmna,cts

These investments al-so have effeets on the economic system,
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as has alreacl¡r been noted. The first perceivabl-e econonic imoa.ct

is the increase in fj-nal cLenands ciue to higirwa¡r investment. Given

a highway construction technoi,cgir and the level. of highvay investnent;

the change in final denancls for the output of each ind.ust,4r can be

estimated by Aïr -* (nrv¡ (ffrr) (:.So)

DFD = AHr (ucr,) (s"Er)

vhere DFD is a colur'¡ vector of I{ element,s, the'va,}re of the

cha.nge in final der¡.a.nds due to highvay invest¡:rent

for each sec-r,or of the regional econorry, in

thousands of dollars;

AHf is a scalar, the velue of al-'ì highvay ínvesi'¡nent

in a year, in thousancls of dollarst it is the

surn of high'"'ay investnen-t,s over all highvay sections;

HCT is a colurn .vector of ll elenents the nroportion of

each doll-ar of highlray invesinent vhich is spent'

on each sector of the regional eccnorq¡"

RIV is a ror¡ vector of confornable length, ail elements

. being u-nity;

THf is defined ¡r'eviously as the .¡alue of highva,y

investnent for each hig'hway section.

Equatiòn (¡.Sf) conputes the chanses in final denands resulting from

all highvay invest¡rent ihro.up-;h ihe use of th.e highway coüstrucïicn

technoloplr vector"- Subsiitutins t,he chanqes in final- Cer.anCs for

the original values i.r equation (3.1) pro.r-i.des an esticiate of ihe inc:'ease
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i.n area business sales. This increase incl-ucles the clirect, ind.irect

and induced. requirements of each industry for the output of every

other industry. The direct effect is simpJ-y the increase required in

a sectorrs inputs due to a change in that sectorts final- deman<ìs.

The indirect effect is the added increase in every sector of the

economy because of an increase in the final demand.s of one sectorrs

output. fn other l¡ords, if the finaÌ denands for the output of, sa¡¡

the food and beverage manufacturing sector, increase by a gíven

amount, the food and beverage manufacturing sector wiì-l 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 inciirect effects. The

induced effects, or incorne effects, result fron including h'ousehol-ds

as an endogenous sector in the system. They represent the increase in

consumption expenditures d.ue to the increased incomes generated by the

ad.d.ed investment expenditures. The importance of incfuding the income

effects is quite cl-ear. I.Iithout them, the impacts of any investment

vould be sriously understated. Thus al-l three effects are included.

in the computation of the increase in business sales. Equations (:.1)

and (3.5) can then be used to coropute the inereases in regional

incornes and in ttspendable incornestt. Thus,



DAS = (r - r)-1 llrt)
DAY = DASN - EXn- cr + (¡n) (¡¡s)

DATS = (niv; (r,;,.s)- DAStr

DE.Y '- DAY + Ei + GI

:¿here D, as a prefix, denotes the increase in the value

of the variabfe to vhich it is a-r,tached;

the other variables are as definecl in Figure 1.2, page

These equations es'bj.r:ate t,he inc:'eases 1n area business salesr.

regional- income anC a:"ea Itspendable incomett" By assuming that

the Cj-stri'cution of business sales and of incones is cons',,ant, i1.

is possible to conpute the change in tov¡. business sales and. tor¡n

inco¡.es " fhus,

and

33.

6r

(l"r¡'
(¡.>)'

(:.¡)'

(s.6)'

çhere al"1 variables are defined in Figure J.2,

equations estimate the sales and :Lncorne ímpacts

Ðrs - (oars) (r/nil) (rliu)

DTY = DIIY (I/AE) (tr)

in.r'estment on each torm in the region. Moreover, if there is a

eonstant rel-ationship beiveen to'.¡n business sales and locar

erçlc¡,-rnent, 'the ernplo¡'¡snt inpaet of the investment can also be

eornputed " If

TnÞS = (I.TS) (r.rrr.)-i

(r.l+)'

ß.1)'

page 33. These

'of 
hig.hwa¡,.

t¡.¡e)



vhere
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TIìPS is ma+-rix of l.'l x l,f elenents; the val-ue of tovn sal-es

per Ioca1ly ernoloyed' voi'ker ' or ou'upu+' per employee,

for each tor'm are the d-iagonal elernerÌts-" an't off-

cliagonal elenents are zero'

and the other variables are defined in Figrire 3 ' 2,

pap:e 33

and if the output/enplbyee ratio remains constant in each. torrn

(although not necessarily the same frorn town to 'uo'.,,i),

then

vhere

DTNU

D, B's

the

Eq':ations (¡.:Z) d.efines the output/employee ra"io for each of the

towns in the region. Equation (.¡.33) uses this ratio (assumed.

constant ) to estinate local enpl-oynent inpacts of highra-r in'¡estment '

't: (Drs) (reps)-' (s.¡¡)

prefix, denotes changes in the '¡aIues, and

other variables are as previou-s1¡' defined'

Trhe economic inpacts have thus been esti¡'rated. TIhey

includ.e the increase in area business sales and incomes, as well

as in town business sales, j.ncones and local emlloynents. This

concludes the anai¡rsis of the inpact sub-model ner sq. Bu'u, as will

be seen in t.he- follor+ing sec'uion' this does not represent the end of

all tire narifications of the original hir,h'ray investrnent.

Iru¡iher' Investnen-'

Tbe criginal jnves+urij?n¡u in highva¡¡s lea,d to increases in
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seruice volumes, reductions in iteffective distancesrt, increasæ ín

area and- tom business sal-es, incomes end. loca1 ernpJ-o¡'rnent Levels.

These increases ]ead in their turn to greater volumes of traffie

for the volume of traffic deoends on the new l-evels of the variables

just named. In order to estimate these new traffic ]eveIs, the total

values of the variabl-es must be used. Thus,

SVr = SV

HLf = HL

Dr = ND

+

ASr=AS+DAS

TSr=TS+DTS

AYr=AY+DAY

EYr=EY+DEY

TYr=TY+DTY

ATSi=ATS+DATS

TNU|=TNU+DTNU

NSV

ct{L

l¡here I d.enotes nev va.lues of the variables:

and all other variables B.Te as previously defined..

The set of equations (S.:l+) aefine the new level-s of the econonic

variabl-es to be used in a further round of estimatine traffic

volumes. These new values are then used. as in¡uts into the highvay

sub-model-. Tf congestion is for-lnd to exist again. nel^¡ additional

investment is required and its inoacts estimated. The highvay

(:. su )



sub-model is then used a third time.

congestion no longer exists.1l

Surnmary of the Tnnqct

Given the r-evel of highway investments. as d.eternined by

the highr'ra¡r sub-mode], the impact sub-model esti¡nates the resultant

ehanges in finar dernands by sector. The inerea.ses in area business

sales, regional income and. area ttspendable incomert resul_ting from

the direct, indirect and induced innut-output multir¡lier effects
are then computed. The tom business sares and incomes are then

eomputed b¡r assuming that the distríbution of sal-es and incomes

betr'¡een towns remains constant. The increases are added to the

original values and used as inr¡uts ínto the highwa¡, sub_model-. The

procedure continues until congestion disanpears. The sub_model is
presented graphica,lly in Figure 3.6 on the fol_lor,ring page.

THE TIME DTME}TSTON

Sub-Mode1

6',\+

The procedure continues until

The impact sub-model, as vith the economic and highwav

sub'rnodels discussed before it, is static, i.e. tineless. Tmplicit
in such an approach is the assumotion that invest¡nent in inpJ-emented

in the same tirne period. as when the eapacity increase is reouired.

llÏri= assumes that investment
congestion b¡r irnprovins highr+ays than to
inducing additional traffic.

does more to reduce
increase congestion by
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rt al-so means assuminq that the impacts of the investnent all vork

themselves out instantry, or at best in the same time period., and.

this even if there are several rouncìs of incrementing investrnent.

These assumptions are cJ-early unrealistic.

However, various attempts at devel_opine a dynamic model

fail-ed because of difficul-ties associated. with the dating of the

variabLes and with the d.istribution of the nultiplier effects over

time. Another version of the mod.el, which assumed that investment

vas implemented. in the year before r¡hich it r,¡oul-d be required , also

proved to be too complex. Moreover, the moclel sought vas to be

analytieall¡r, and not necessarily historicalry, oredictive. Given

the acceptability of the concepts of static Keynesian nurtipliers,

the lack of an appropriate dynamic formuration does not apoear

crit ieal-. 12

SUMMARY

The theoretical- model- is a static one, eomDosed of three

sub-model-s. The economic sub-model- estimates the value of business

sares and incomes, both for the region and for individual- towns.

These estimates are then used. in the hiehway sub-model. which

l.2^-t-The empircial
of various assu¡nptions as
of populations, as wiÌI be

rnodel l¡as modified to eompute the effects
to the srowth of fina] der.'ands and
expl-ained in the following chapter.
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GLOSSARY OF SY}4tsOLS

Symbol- Ilean ins

THÏ
AHI
IICT
DFD
DAS
DAY
DEY
DTY
DATS
DTS

TEPS
DTIT

NSV
NTT
NHL
CHL
HL
FAC
ND
I

Val-ue of highvay investment b¡r highr,¡al¡ seetion
Total val-ue of highway investrnent durinq
Highvair construction technolog-.'¡ vector
Cha.nge in final dera.nds of sector
Change in area business sales by sector
Change in area incones
Change in area. ttsnendable incomesft
Change in to'nrn incones
Change in total area business sa.les
Change in tolrn business sales
Output-emplovment ratio bv tom
Change in tor"n l-ocal enolo¡rrnent levels
Chanse in service volume b¡r highlray section
Percentage chanse in travel tine by hip'hrva¡' section
Percentase chanse in length of hir"hva.y section
Change in treffective distancestt b¡r hirhr.ra.¡ section
Leng:th of rteffectir¡e distancestt in mil-es, b...' hiehlra¡r section
Matrix of routinss of origin-c'lestination traffic
Nev rreffective distaneestt in ¡nil-es, on origin-destina.tion ba.sis
Defines ner+ valrres of variabl-es

USED I¡I FIGURE 3.6 TTI ORDER OF

TABLE 3.2

67

APPEARAi'TCE

Other symboJ-s: see Figure 3.2, ¡age 33
Figure 3.5 and TabLe l.1, pages ,2, 53
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computes traffic flo'rqs on an origin-destination basis as r¡e11 as on

a highway section basis. The traffic flovs are inputs in the com-

putation of highway requirenents. The latter' vhen eompared vith

existing facilitiesr are used to decide vhether or not highrvay

investment is required as wel-l- as the amount of an¡¡ required

investment. The impact sub-mod"ef evafuates the effect of highrvay

investment on the service volumes (i.e. capacities) and lteffective

distancesfr of the highvay system. The impact of highway investment

expenditures on area business ales, incones and l-ocal emlloyment

levels is afso assessed. The results are entered as inputs into

the highvay sub-modet and. new irnpacts cornputed., until congestion

disappears from tfre irig¡way system.



The theoretical model described in the previous chaoter r¡as

designed. with a minirnum considera.tion of the avaifabilit¡' and

suitabilityofdata.Inappl-¡'ingthemodeltol'lanitobarsTnterlake

area: some modífications in the rnodel vere reouired 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 ¡nodel because of data problems are then explained. The

third part of the chapter presents the estimates of the model

coefficients.

THE DATA

Chapter l+

THE TMPTRICAL },{ODEL

The modef required consid.erabfe data. These d.ata cane frorn

three najor sources. First, the Department of Agricultural Econornics

of the University of Manitoba conducted tvo surveys in the Interlake

area from vhich considera,bfe economic and demographic inforrnation

vas maile available. Second, the Planning Division, Highways Branch,

l.{anitoba Denartment of Publ-ic \,Iorks and Hishvays, provided information

about the highvay system. These data vill- be referrecl to as the

Highva¡r Planning Data. Third., the office of the District Engineer,

District I'lurnber 11, Highways Branch, Manitoba Department of Public

f.iorks and Highvays, at Arborg, rrovidecl the information about the

highway construction technolo4¡. These data vill- be referred to as

69
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the Arborg Data. In addition, some estimates of ARDA-FRED

eqoenditures on highr"ays were provided by the accounting offices of

the Departrnent of Publ-íc I'lorks and. Highways and the ARDA-FREI)

Provincial Co-ordinator. Moreover, some constractors sunplied

information about their expenditures rel-ated to ARDA-FRED highway

proj ects .

fnforrnation Obtained

The University of Manitobats Deoartment of Agricul-tural

Economics conducted tr¡o fnterlake surveys in 1969. The household,

survey sampled urban, rural non-farrn and rural farm dl¡elIers to colleet

extensive information about the relationships of households and farm

businesses vith other economic units vithin and outside of the region

for the calendar year l-968. This survey also col-fected denographie

information and data about avaiLable resources. The business survey

obtained inforrnation about the purchase and sal-e of goods by Interlake

firms, their operating expenses, investments and incomes for the

calendar year 1968.1 These d.ata were used. to compute the estimates

published recently of the state of the Interfake u"ono*y.2 The

lFor r description of the design of the business and"

household questionnaires, see J.A. ì{acl4il-l-an. "llouseholcl and Business
Quest ionnaire Des ignt' , in .I . A. l'lacl'1i11-an and C . F. Frarningham (ed. ) ,
Seminar on the Evaluation of the ì'laniioba Jnterfekql_f"qg._y_e_Lo¡rcn!
fL"", ; "h:-vrl, 

-pp.-TL=l+.

2C.f . Frarninshan. J.A. t'lacl,iil-1an and D.J. SandeLl , 3=
fnterlake Fac+_-_, and Thu _Þ!S4glt"_IqgL_n_!tgt! (Winnipee: Oueen's Printer,
1970). Reference to page and table numbers are to the Liggs,l only.
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pubtished estirnates vhich r.¡ere used. in this study are for size of the

labour foree by town or municipal-ity3 as vell as the trading pattern

behaviour of urban rrrral- non-farm and rural farm households b¡¡

lrniunicipal-ity.'* The latter incl-udes the identification of orisin-

destination pairs, the nurnber of round trips on an origin-destination

basis and the veighted average of round-trip distances between origin-

destination pairs. Altough a six sector input-output table vas

published vith these other esti¡nates,Sit 
"u." 

not the tabte used in this

study. The tabl-e usecl here vas computed on the basis of 18 sectors

\^ 6(incl-uding househol-d.s) fror,r the results of the business survel/.

The estinates of final demands used in this study vere obtained. in the

same nanner. The method used to compute regional- income, as vel-l as

the estimates of that variable.T the value of town business sales,

and the information used to cornpute town local- employment }evel-s all

resulted from processing of the business survel/ results.8

The Highvay Planning Data described the Interlake Provincial

Trunk Highvay system in terms of service volumes (i.e. capacities),

annual- average daily traffic for 1968, pereentase of trucks in that

vol-ume estimate for 1968, and. length of hig-hva)' sections. The

3C.¡'. Framingham. et al., the qrg,""!, table no. 6; pp. IT-I}, 85-90.
l+--.- -.-Ibid., table no. 16, pp. 173-185.

2r¡ia. , table no. l5 , p. )i3 .

6,f .n. Macl,'iiltan and C.M. Lu, trRegional Devefopment Pl-anning
and Eval-uation: an Impact Analysis of l,{anitoba.'s Interlake Area
Development Pfa.nrr, mirneographed draft report; table 13, pp. 55 et seq.

?r¡ia., table t!, page 63.

QJnbublished information supptied. by J.A. l,{acl"lil-l-an and C.M. Lu.



sections used ï¡ere those normally employed by the Highvays Branch for
administrative purposes. They include al-l Provincial Trunk llighways

north of P.T.H. tot9 in the rnterlake area up to the latitude of

steep Rock.10 Because the 52 highway sections did not correspond to

suitable intervals for purposes of this rnodel-, some modifications r.¡ere

mad.e. These vil-l- be discussed. in the next section.

The Arborg Data rel-ated to the ARDA-FRIÐ highvay program

expenditures for the fiscal- year 1968-1969 and their inpact on the

areats highway system. Inforrnation l.ras col-l-ected on the breakdor.m of

expend.itures on each ARDA-FRED project relating to a provincial Trunk

Highvay in the District by items of vork. These items of vork vere

disaggregated further on the basis of engineerst judgements about the

major cornponents of the item. For exampJ-e, if a project such as shoulder

videning required additional land to the sides of the highr+ay, one of

the items might be replacing of fencing. A specific amount vould be

all-ocated to that item. Judgements then r+oul-d be mad.e about the

proportion of materials, ì-abour and equiprnent costs in the total. rt
should be noted that these data were based on the liork Order forms on

file at the Arborg Office. The llork Orders are authoriz¿.tions for

72

9fhu too"th Perimeter Highwa¡r near llinnipeg

10Thu"" data are presented. in Aooendix A.



expenditures, and not a record of Ða]¡ments ¡'¡ade. These data vere used.

to estimate the coefficients of the highway construction technoì-ogy

vector.ll Because of confidentiality requirements, data. for

specific projects or contracts are not presented. In addition to the

economíc information, engineerst judgements a.s to the effect of a

contract on travel time, capacity and distance were made avaifable.

Hovever, estimates of d.irect employment on A-RDA-FRED lrojects were

unavail-abl-e.

Additional data about ARDA-FRED highvalr Þrosram exlenditures

vere obtained for fiscal vears after f96B-I969. These estimates only

contained the total value of the vork to be done anC the location of

the vork. These values vere used as discretionary highr+ay investmentsl2

in the application of the nodel to the Interl-ake area.

fntervievs with contractors provided- some information about

the sectoral all-ocation of their exoenditures related. to snecific

ARDA-FRED contracts. The data obtained were used in conjunction vith

the Arborg Data to estinate the coefficients of the hishway construction

technolog¡ vector, as discussed in Appenclix B.

T3

11
The estimation procedure

12As a"fined in Chapter 3.

is defined in Apoendix B.



Data Changes

utilization. The first modification that was necessary \,¡as to convert

the Hig.hl¡ay Planning Data frorn the basis of 52 sections to a set of more

rneaningful- sections. It vas found that some of the origin-destination

traffic data had to be omitted for various reasons.

The changes in the data refated to highways and their

The tiighway Planning Data vere not based on sections suitable

to their use in the model-, since town-to-town intervafs are req.uired.

Thus the orisinal data were combined into a nev set of sections. These

sections begin and end either in towns or cities or at major inter-

sections. The deternination of the end-points of nel¡ sections vas thus

quite easy. But convertine the other variabfes of this data set posed

some problems, since ofd and new sections d.id not exactly overlapr as

il-lustrated in Figure )+.1

TIt

Old Seetions: ¡ r lZ t S l)+l : , ' 6 
|

New sections: ' f

Fig.ure l+.1

Three types of situations can occur. First, the

entirely contained in one of the old. sections.

6. In these cases, all the val-ues of variables

be the same for the new section as for the ofd

Overl-apping of 01d and tlew Highvay Sections
( IJ-lustrative Exam¡te )

new section is

suchasCin3orEin

, excent d.istance, vill

section '.¡hich contained it.
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Thus the annuar average daily traffic, service volume and percentage

of trucks in the daily vol-urne is the same for sections 6 and E, in the

examnl-e. The same apTllies of course t-o sections 3 ancl c. As for the

length of the sections, they were d.eterrnined from a. 
"o"d. 

*u.Tr.13

Second, the case of simple overlap arises r+here a neÌ¡ section corresponds

to all- or part of each of two old sections. This is ill_ustrated in

Figure h.f Uy the correspond.ence betl¡een nev Section A and ol-d sections

l and (partialì-y) 2, as wel-l as by new section B and old sections

(partiatl-y) 2 an¿ (partial-1y) 3. As in the previous case, distance is
comnuted frorn a road map. But, in addition to the l-ength of the r+hole

nev section, it vas also necessary to knor+ how much of each old section

vas incÌuded in the nev section. These latter distances uere then useC

to compute a weighted (by distance) average d.aiJ-y traffic vol-ume over the

ner+ section. The sarne weights were used in the computation of the truck

vofumes, after havin¡r mu]-tiplied the (ol_d section) truck percentases

by the (old section) average d.aily traffic to obtain the (otd. section)

average daily truck volume. In formal terms

vhere

vlis = (dl) (vosr) + (¿z) (vos2)

VlrlS is the value of the variabÌe for the new section;

di is the length of the i-th section ¡¿hich is incluced in the

section;

vosi is the value of the variabl-e for the i-ttr ola section.

Publ-ic l¡/orks and Hiqhwa¡rs ,

dltde

l3l,,lan it oba Foad l4a¡ . (llinn ineu :

1970 ) .

( l+.1)

l,lanitoba Depa-rtnent of
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Equation (l¡.1) computes the value of average daily traffic vol-urne and.

of average cì.ailr'truck volume for a nerv secticn on the basis of the

values for the old sections v¡hich are incruded in the ner^¡ one. For

service volumes (i.e. canacities), the l-or,¡er value of the service

volumes of the o1d sections l¡as used, a.s the val-ue for the ne',¡ section.

This was done on the grounds that the ofd section with the small_er

caoaeity acted. as a bottl-eneck. The conbination of data i.nto nev

sections does not contribute to the removal of a.ny bottlenecks, so

the bottlenecks l¡ere not removed.. Third, a nev section mieht over1ap

a1l- or rrart of each of three or more sections, as ill_ust.rated b¡r the

relationship betveen nev section D and. ol-d sections l+, 5, and 6. Tn

this case, the conputations are the same as for the tr,¿o-section ee.se,

vith the excention that more sections are involved. Eouation ()+.1)

thus becomes

where N is the total- nurnber of old sections vhich are beins used

in vhole or in pa.rt to forrn the new section,

and the other variables are .as ¡reviousl-y defined,.

Equation (h.2) conputes nev section traffic vol-urnes on the basís of

those observed on o1d secti-ons. Tt is a generalization of equatíon

N

vsli=r(a1) lvosi)
i=1

i\

f d..
1-,1

(lr.e)
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(l+'1), when rnore than tr¿o old sections a,re inchrcled in a new section.lL
The highl¡ay sections were placed on a tor".n-to-tovn basis so that it
vould be possibl-e to reconcil-e them r'¡ith the origin-destination data

obtained from the rnterl-ake household survey as nub.lished. Holrever,

two probÌems arose r¡ith this origin-destination ba.sed f,rave1 data. First,
some origin-destination pairs had to be omitted for one of tvo reasons.

The first reason for onnission (ttiis anplied to 33 origin-d.estina.tion

pairs) vas that the destinations were such snall- local-ities tha.t some or

al-l- of the economic data required for the traffic generation functions
were not availabl-e for these locatities.15 The second reason for
omissions (ttiis applied to only 5 origin-cì.estination pairs) vas that the

traffic to destinations did not apnea.r to require using the provincial

Trunk llighway systern, since the Provincial- Foad s¡¡stem nrovirled easier

"""t="'16 Thus the data fro¡r these 38 orig-in-destination na.irs were not

used in the model-. The seeond probJ-ern arose because of the form of the

d'ata, l¡hich l¡ere given only by urbanization types for each municinality.
This only posed a nrobl-ern in municipalities r¿here there r+as more than

one urban locality - Rockwood, st. Andres and Bifrost. rn these

municipalities' traffic volumes originating in urban ]ocalities to a

lbR ti"t of r-ocations of the nev sections is in Appendix c,along vith the length of each section a.nd traffic volumes as àstimatedby the model- for the first and tenth J¡ears.
154 1ís+- of these omitted oriÊ,in-destination nairs is includedin Anpendix D. The 13 destina.tions r¡ere Argvre, non"=.'B;i;";;r, camner,

camrr Morton, chatefiel-d, clandebo./e. Gordon, Grosse rsre, G¡¡psumviì_J_e,
Moosehorn and Rosser.

164 tist of these omitted origin-destination pairs is includedi¡ Appendix D. The destination of aLl 5 pairs v¡as fnr¡ood.



given destination were allocated to each tor^m on the ba.sis of population.

The only exception to this rule was when there coul-d be no doubt as to

the tor¿n of origin. For example, travel to Arbors by residents of urban

areas in Bifrost coul-d only originate in Riverton. Except in these

special- cases, the general rule just stated vas applied. The end result

of these manipulations to the origin-destination data vas that 110 Fairs

of origins and destinations remained for utilization vith the model-.

EMPTR] CAL RELATIONSHTPS

fnterla.ke area, the empirical values of some variables and eoefficients

had. to be determined, such as the coefficients of the traffic equations,

the highva¡r construction technolog¡ vector and. the fa.ctors used. to

comoute the effect of investment on the highvay s¡¡stern. The proced.ures

used for deriving these estimats are described in the fol-fowing sections.

In preparation for the application of the mod.el to the

Traffic Equations:

TB

nrnning traffic. As far as can be ascertained., the only way of obtaining

truck movement data on an origin-destination basis for the Tnterlake area

is to conduct a survey of trucking companies operating in the fnterlake

area, vhether based within or outside of the area. To do this r.¡ithin

the constraints of time and money placed on this study l¡as irnpossi¡l-e.

Thus the co¡nmercial traffic equation on an oLlgin-Cestination basis vas

abandoned.. Hor¡ever, a methoC vas found. to circurnvent the difficulties

The origin-d.estination traffic data relate only to errand-

Orisin-Dest ina.t ion Basis
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vhich the lack of such an equation raised as viII be expla.ined in the

next section. Similar problems arose for the estimation of resid.ual

traffic on an origin-destination basis. But in this case, it vas not

even possibl-e to determine preciseÌ¡¡ vho shoul-d. be surveyed. once

again it vas necessary to abandon an equation of the theoretica.l model.

But here too, a solution to the problem l¡as found, as wiì-l be discussed

in the next section.

As for the errand-running traffic equation, the estimation

of its coefficients required some prelininary r,rork. The equation, it

vill- be recalled , lras assunecl to be

ETiJ

To estimate the value of the constant A2 and. of the elasticities.

ac, bc, cc and. do requires that data be available for the vol-ume of

errand-running traffic from i to j (nrt,), incornes in the oriein (Tyi),

tolm business sal-es at the destination (TS¡ ), d.istance between origin-

d.estínation pairs (lij ), tolm local employment at the origin (fni)

and tom total -- local- and non-Local -- employment at the orisin

(tn1). Att but the Ìast tr¡o r¿ere available.l7

= 
A2 (ryi )ac (r - ru1/rni)bc (rs¡ )cc (n1.¡ )dc (l.g)

ir rst 4 rsj

178*""pt fo"
assurned. to be l0 times
sal-es, on the basis of

the value of town saLes for trii¡¡ipss. This vas
as large as the total Tnterl-ake area business
popuJ-ation ratios.



business sa1es. For so¡ne tovns, the area employ¡nent/output ratio Ì{as

multipried by the value of torøn business sar-es.fB But for most tor.ms,

l-oca1 emplolnnent vas estimated by sectoral empJ-oyment-output functions

applied to sectoral- business sares in each tom. The summation of
ihe val-ue of these functions over sectors provided the town locat

emplo¡rment estimates. These val-ues, presented in Tabte l+.] on the

folloving Þa8e, r+ere used in the estimation of the coefficients of
equation (S.g). For rrrral areas, it vas assumed that locaì- employment

had the value of 1. The varue o could have been used. But the forrn

of the equation was changed so locar empJ_oyment courd not be z,e.o.

Since local non-agricul-tural emnloyment l¡as used. as a neasure of negative

incentive to travel, the equation implies that rural people are much more

likely to travel to rnake nurchase than are town-clr¿el-I."".19 Before

exploiting the change in the form of the equation, it shoutd be mentioned

that estimates of tor"m total emnì-oyment r¡ere not availabl-e. IIor vere

estimates of non-local- employment by torrn. The total- emnloyment variable
vas thus replaced by the size of the labour force in each tom or rural
area' since this was the best avail-able substitute.20 Substituting J-abour

force size for total empì-oyment required the imolicit assumotion that the

rate was constant among towns.

The 1ocal ernplo¡rment estirnates vere derived from town

8o

l8rni" ratio, as veI] as the sectoral emnlo¡rrnent - outnut functíons
and' the estirnates of tor¿n business sal-es on a sectoral basis meniioned in thetest vere all obtained from comnutations made b1r J.A. ì,lacl.filfan and C.14. Lu.

19ft,u value of I was used to minimize the negative incentive,
aì-though sone non-agricuJ-tural- .iobs .¿ere l-ocated in rural- a.reas.

20f'hu"" estirnates ,¿ere obta.ine<1 from the Interlake FaÊt Diaest,table 6, pp. BB-90. --_---._--:



Town

ESTIMATE'D TO\^¡N

Selkirk
Giml-i
Stoneval-l-
l,Iinnipeg Beach
Lundar
Arborg
Ashern
Fisher Branch
Teulon
Riverton
Steep Rock
Stonv Mountain
!larren
St. Laurent
Eriksdale
Petersfield
Fraserwood
Poplarfield

T/\BLB l+.1

LOCAL F,MPLOYMENT LIIV]iLS - ]968.

Estimated Local- Emnl_ovment

2,Tr2
583
525
ZIT
191
IT2
v'r
f )+l

138
97
7B
T3
l+ l+

t+3

3l+
2B
27
27

5 .36r

I

B]

TOTAL URBATI INTERLAKE

RURAI AREAS

Ilethod of
Est irnat ion

Average
Average
Averaqe
Average
Average
Funct ions
Funct ions
Funct ion s
Funct ions
Funct ions
Average
Funct ions
Functions
Funct ions
Funct ions
Funct ions
Funct ions
Funct ions

Source: See text, nrevious page

Assumption
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quation (¡.ç) vas modified in order to facilitate the

estimation of the coefficients. Thus the expression (r-rlti/rni)

vas replaced by (rl1/rrui), to simplif¡r calcul-ations and the equation

beeame:

ETij 
= 

Az (ryi )ac (rr,1/rui )b" {rs¡ )"" (oi j )u" ( l+. 3 )

vhere TLi is the size of the labour force in oriein-tov,n i, and the

other variables are as defined on the previous page. The equation

was then converted to logarithmic form, and an attempt rnade to

estimate its coefficients by ordinar¡¡ Least squares. unfortunately,

the natrix of cross-proCucts was founcl to be singular and no estimate

coul-d be obtained in this form. However, by re-writing ectruation

(l+.:) as

hypothesizing that the exponent ec is negative, and. converting the

equation into logarithmic forrn, the resul-ts shom in Table l+.2 vere

obtained. The col-umn titled. Equation f eives the statistical results

for the errand-running traffic equation as it is written in (l+.\).

Hor,¡ever, the eoefficient of to'"m rrspendable incomestt does not differ
significantÌy frorn zero at the 5 percent l-evel-. This result ,*as due

to multi-col-linearity, the simlle correlation betr¡een Tyl and rI,i
being quite high at O.B7B. TYi was therefore dropped from the equation

and nev regression coefficients vere computed. The resul-ts are presented

in the Equation If col-umn of Tabl-e L.2

ETij = A2 (Tyi)ac (u,i)b" (rrui)ec (rsj )cc (oij )u" (l+.1+)



The equation used in the modef for es-Lination

running traffic volunes on the origin-d.es'rina'bion basis

Erij = el.l-597 11¡- ¡1.2199 lrs¡ )0 .16gl

(rui )o'2r'6 (nij )1 'C:,66

TABLE h.2

COEFFIC]EI.iT

RESULTS OF REGRESSIOTIS FOR ERIìAÌID-RUì;Ì'IING TR,AFF'IC
OÌ'I OR]GI]'I-DESTIII/rTIOi'l BASIS

ry1(t )

rri(t )

rNi(t)

rsj (t )

Dij (t )

ar(t )

R¿

F

Number of

B3

of errand-

vas thus,

(l+.:)

EQUATION I

o.2169

1. 0063

-4.2297

0. 35lrl+

-0.991+B

o "7969

0.605

3r.92

(o.z¡)a

(z.rt)b

()+.19)b

15.6r)b

(>.:e)b

10. e: )a

Observaiions 110

a

b

liot significan',, l¡r different frorr zero et

Significa:rt11.' dif-Íerent fron zero at the

EQUÂTIOI'j- II

I.2\99

-o "2116

o'?egt

-1. o36b

1. r.598

0"603

39.95

110

( 8.62 )b

()+"20)b

(6.22)b

(6. 08)b

. .a
( 0.92 )*

Lhe 5/' level.

1l level- "
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Equation (l+.5) is the empirieall;'-deternined traffic generation

function for origin-destination based errand-running travel. ¡'11

coefficients are of the expected sign. Thus the theoretical-

considera.tions develo¡ecl in the Drevious chapter a.pDear to be correct,

at least for the frltutf"tu area. The coefficients nrovide a neasure

of the sensitivit¡¡ of errand-running traffic to changes j-n the

variables. Thus a rise of 7/" in labour force size at the origin

causes a I.25{, increase in errand-runnins traveÌ, all other things

being eoual. Simil-arl-y, an increase of I7' in local ernployment in the

origin tom leads to a decrease of 0.22/" ín errand-running travel-.

A gain of I/" in to-øn sales at the destina,tion increases errancl-mnning

traffic b"v O3T%. FinalJ-y, a reduction irr the rreffective distancerr of

1% between origin and. d.estination lead.s to a 1.O\7, íncrease in

erranil-running traffic volume. Thus errand-running traffic is propor-

tionalty more resDonsive to changes in labour force size a,t the origin

and in distance separatinr origin and destina.tion than to tolm sales

at the destination and locaf emnloyment at the origin.

Traffig Eouationå: Highvay SS_ctious Basis

The data gaps mentioned in the nrevious section

impossibl-e to estimate the coefficients of the commercial

residual traffie equations on an orisin-destination basis.

this, estimates of conmercial- traffic, as wel-l- as of total

cornmercial traffic, vere required on the basis of hishva.¡

rnade it

traffic a.nd

Because of

non-

sect ions .
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The estinate of non-corn:nercial- traffic l'¡as computed for

each his'hwa¡r section b¡r subracting the avera€.e daily truck volume from

the volume of average claily traffic. Multiptying' that estirnate b¡¡ 36!

yíeIded yearly non-eorìnerciat traffic vol-ume b¡r highr+ay section. It

\{as assumed that there is a relationship between the errand-running

traffic volume and the yearly non-corunercial- traffic volume. The

regression of the latter on the for¡ner nrovides a function r+hich

couÌd be used in the model.

The errand-running traffic volumes ha.d to be convertecl

to the highva¡r section basis fron the oriqin-destínation basis.

Figure h.2 on the fol-lowing nage iflustra,tes the difference betr.¡een

traffic flor¡s on the tvo bases. Tn the absence of factual- information,

the routes used by errand.-running travel-Iers were assumed. fn terms

of the theoretical ¡nodeI, it meant tha.t al-l- the elernent.s of tl..e matrix

of the matrix FAC, of order 110 x l)+, were determinecl by judgement.

And the regression thus became a measure of the extent to vhich the

routing judgements vere "soundtt, i.e. in har:nony vith the assumntion

of a relationshif' between errand-running traffic and non-conmercía1

traffic. An initial ettern¡t at assuming the routings was arbitrary,

and the correlation vas eorresnondingly Iou. A second atternnt yielded

an excell-ent result, i.e. high correlatíon, and. that routing rna,trix

vas adonted. Appencix E presents the routings that r¡ere assumed in

the form of the proportion of oric'in-destination traffic vol-urnes

travelling over a given hiøhvay seetion.
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Conciliation of 0::igin-Dcstination 3sscd. a:rC iiiSÌr''.a¡r
Section tseseC T.rtffic Fio'.;s.

A,B,C,D a:e origins an.f ocstinations.
f. - f, ô alrc ira.ffic ffor'¡s on ci:igin-d.cstiiraiiotr basis
r!¿

l::affic fl-o',;s on irigìl',.'lL;,r seciion basi s ar:e d.cfined as
1. - Sccticn -¿- - B: fr+ fr+ fr+ fT * fB * f9
2, -SccL:on3 - C: ln+ fr+f n + f" + f- + f,r+ f-,r.., + f.,.,

f_).r)v)LJ

J, - Scc'cion C - Ð: f- + f, + fO r- fo + f.,l * fl2
))vJ

The Figurc Ccpicts ihc casc :;herc or'.ly onc lcutilg is possiblc
bctl¡ccn origins ¡lrci cìc¡tinaticns. llìcn thei'c is rilcrc than
onc possibì-l-it¡r, ihr cci'ics¡ondcncc bet:;ccn Ìri¡irl;ay secticn
vol-lr-nce and crigin-cìectj-nat'i on .¡olu-¡res bccclllcs corÌ:esponCingly
norc conplcr.

Figure 4.2



The non-commercial traffic volumes l¡ere then regressed.

against the commercial trdffic vol-umes. Both J-oqarithmic and l-inear

forrns of refationships vere testeC. In both cases, the logarithmic forms

provided better fits. The results of these regressions a,re given in

Tabl-e )+.3 otr the fol-lor,ring pase. Both these rel-ationships were found

to be statisticalÌy significant, as were the vaLues of the regression

coefficients. Exnressed. in the usual form,

and.

l¡here

NCr = e-1.6105 (npr)l.2519

RCT = e-2.l-760 llrcr)0.9873

RET = (ET) (FAC)

NCT. is a rov vector of

commercial traffic

B7

per year;

RET is a row vector

running traffic

year;

RCT
a

3l+ el-ements, the

over each hig-hva.y

(1.6)

(h.r)

(L.a)

volume of non-

section, in cars

is a ror+ vector of 3\ elements, the vol-urne of truek

traffic over each highr+ay section, in trucks ter year:

is a rorv vector of Il-0 elementsr,the yearly volume of

errand-running traffic on an origin-destination basis

betr,¡een each ori¡zin-destination nair, in cars per l/eâr.

ET

of 3h elernents, the volume

over each highvay section,

Equations (l+.6), (L.7) and (l+.8), alons r+ith equation (1r.5) combine to

d.etermine the traffic flows over the Interlake Provincial I'runk Highway

system.

of

in

errand-

cars per



RESULTS OF REGRESSIOI'IS FOR TOTAL T]OI\j-COI'1,,1I'FCIAL AND FOR
CO¡4}4ERC]AL TR-AT'FIC OI\ HIGH\^/AY SECTIOII BASIS

Dependent Variabl-e

Independent Variable

Value of Coefficient
(t- value of estinate)

Constant Term
(t- value of estimate

Coefficient of
Deterrninat ion

F Ratio

I'lumber of Observations

TABLE I+.3

Equation T

Total lion-Commercial
Traffic Volume

Errand.-Running
Traffic Vol-ume

r.2519
( 16. B¡ )b

-1.6105
(-r.to)a

0. BgBl+

283.08

3l+

8B

asignificantly different from zero

bsignificantly different from zero

Equat].on l_l_

Commercial
Traffic Vol-u¡re

Tot al llon-Cornmerc ial-
Traffic Vofume

0. 9873
( r¡. gr )b

-2.rT60
(-2.:r6)a

o.8tBo

't o? 
"o¿/ J . J /

3lr

Hlg-þrry Construction Technolosy Vector

In order to use the input-output muttipliers,.the value of

higþlray investment must be converted into terrns of changes in final

demands for the output of each sector of the econorrv. To affect this

conversion, it was assumed that the share of highr+ay investment spent

on each sector was constant. The estirnates of seetoral shares were

derived from the Arborg Data and fron some questionnaires obtained

at ,/'

J- /oat

l-eve1.

leveÌ.
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from a construction firm. The estimation procecure is discussed in

detail in Append.ix B. In brief, it consisted in breaking out items

of expenditure from the Arborg Data into their major components on

the basis of engineersf judgenents. These comoonents vere then further

disaggregated -- to the sectoral l-evel -- on the basis either of the

construction questionnaires just mentioned, or of personal judgernent.

The resulting estimates of the highwa¡r construction technolog-v vector --

i.e. of the vector showing the share of each sectorrs inputs into the

construction of highways -- is presented in Tabl-e l+.)+ beÌow. The large

share of imporrts may appear surprising at first. But it must be

remembered that this incluCes, amonq other things, imports of paving

asphalt from Winnipeg.

TABLE l+. I

HIGH\,IAY COIIISTRUCTIOI'I TECIIIIOLOGY VECTOR

Sector

1. - Agriculture - Livestock
2. - Agriculture - Crops (including Agrie.

Serwices )

3. - Mining and Quarrvins
6. - Constructio!
7. - Transportation
B. - Petroleum i',hoLesale
9. - Far:n Equipment

10. - Food STores
12. - Autornotive Sal-es and Service
15. - fnsurance
1?. - Other Serwices (Non-Personal- )

18. - Households

TOTAL IIITERI,AKE

TOTAL TI'{PORTS

TOTAL EXPEIIDTTUFES

Share of Tota} Ex¡enditures

a Figures ma-rr not
Source: Appendix

.019

.o22

.093

.010

.009
noo

.020

.002

.01?

.018

.zlt3

.l.69

.720a

.280
-..-_--:

1.000

add due
B

to.o"nei"e.



The sectors omitted

from the highlray investments.

from the indirect and induced.

through the s¡rstem.

Ìlinhwa;r Effects of Investment

Apart from the economic effects, the ínvestrnent. ín highr+ays

also had direct ímpacts on the road. system itself. The three major

potential effects, as discussed in the previous chanter, l¡ere changes

in the length of highway sectíons,changes in service vorumes and

changes in travel time" Estinates of the values of these eoefficients

l¡ere d.erived from the Arborg Data, r,¡hich containeC engineers' "iudgernents

as to the magnitudes of the effects for specific projects. The first

effect, changes in the length of highr+ay sections, r^'as found to be

non-existent for alJ- projects. Thus,

DHL = o (L.g)

The second effect, that on service vofumes, wa,s oositive for six of

eight projects. The estimated average change in service vorume per

$rooo of investrnent r¿as computed and. used to quantiry tne affect of

investment on service vol-umes. The method used2l yieJ-ded the estimate
DSV = .2h)+ (l+.rO)

Thus additional- canacity of l carfhour r+as createcl by an investment

of , on the average, a l-ittle more than S1+ooo. The third effect, the

9O

from Tabl-e l+.1+ did not benefit directl¡¡

Hovever, they obtained sorne benefits

effects as these worked themselves

Ò1"Cf . Apnendix ts.
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change in traveL ti¡nes, occltrred as a result of only f ive nro,j ects.

And., even t.hen, they only related to truck traffic. I'Ievertheless,

ii I'as possibJ-e to use the Arborpi Data to conlpute an average overaii

effect by veighing the trave.I tine changes b;; truck vol-umes. The

resultant average effect vas

that is to sa;r, investment of $100,000 resulted, on the

travel time sa.¡ing of one perce nt.22

Given the estimates., of the coefficients, the model could

then be ap¡rl:l,ed to the Interfake area. But a f:-rst attenTpt feI1 shor+.

because some chanfles were required to make the ¡node1 corn¡leteIy

operationai, Alterations vere rnade to each of the,economic, hi-ghi+ay

and inpact sub-models. fhese changes, and their significa.nce ' are

d.iscussed i:r -r,he foflor¡ins sections

',

Econornic Sub-l"locìe1

DIll = .00012

MODEL ALTERATIOTTS

Three changes

the ttspencl.able incomett

trspendable incornett was

(l+.It)

avera¡¡e in a

vere brought to the econonic sub-mode1. First,

concept was dropped, This vas Cone because

not a sienificant va:'iabJe in the traffic

?Zct. Appendix B.
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generation funciions. Ì,ioreover, the conventional- resional incorne

concept vas rrreferable for measuring inccne inracts of investnent.

Thus equation (:.6)23 ru.r <ieleted. Second, the cor,rputat,icn of tovm

incones..ras changed, nartly because of the acopt,ion of the conventional

regional incorne conce¡t" ancl partl.rr because of the unavailabil-ity of

the total- ernployrnent esti::rates. Thus,.it becane,

fi = AY (l/AL) (rl) (l+.rz)

¡¡here TL is a col-un:n vector of I'l elernents, the size of the labour

force in

each of the I'l torms (origins); AL is a scafar', the size

of the area labour force; and the otler variables are

d.efined in Figure 3.2, page 32.

IJqua"ion ()i.12) nor'¡ allocates regional incorne to torms on the basis

of the size of labour force instead of *uotal local- and non-local

emplo;,nnent. since estir:-ates of the latter r.¡ere not availabl-e. FinalJ-¡',

the model ,¡as latered to connute the;rearl;r.,,a1rre of i:'-lsiness sales

in llinnipeg, since this l¡as the cì.es-,,ination ¡n.ost often travellerl to

aì-though it'¡as outside of the resion. Tt vas assurxed the-t the value

of business sales in r,iinnineg r,¡ere 10 tines the value of tot.al area

busi.ness sales in the Interl-ake resion. The fa.ctor 10 l¡as used

on the basis of aplroxinate ponulation ra.tios. Thus

mCì/ - 'ì^ ¡ ÂñO1U^ - At, å1r)

23cr. ris.3.z, a)))"

( 1.13 )



93

lrhere TXS is a scafa.r, the value of the -vearly ioi,'n business safes in

Winnipeg.

ÂTS is definecl, in Figure 3.2.

Equa.tion (l+.13) cornputes estimates of town business sal.es in lrlinni¡eg,

the most often travel-led to city in tire system.

Hishr.¡av Sub-l'{oCel

Changes required in the highr+a.y sub-modeJ- vere much nore

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

generation equaiions. First, as mentioneC above, equations (3.8) and

(3.11) -- conrnercial traffic and resjd,ral'craffic -- were not used

because there were no da'ua available to estinate their coefficients.

Tnus equaticn (3.12) aÌso had to be cast asicle since total- traffic

eould not be conputed'¿hen tvo of its conocnen-is rrere not availe.ble.

As previorisllr rnentioneC, equation (3.10) was afso onitted so that

all valid da'ba coul-d be used. .Thus, the system becane

and.

vhere YVT

as noted

REr = (Er) (FAc)

NCT = Al+ Pglnct

RCT = A- I'iCTct

WT=2 CT+liCT

is the total t:'affic volunie in a year ovez'hichvay section,

on pãse L2 anci the other va:'ia.bles az'e defi:red. on lage BT.

( L.lt¡ )

(l+.r>)

( b.16 )

( l+.17 )
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Equation (l+.ft+) comnutes errand-running ^uraffic volures on a highvay

section basis frorn origin-destination errand-ru¡nine volurnes and the

assu¡red. routings. (fcluation (l+.15 ) estimates non-cotnmercial traffic

vol-umes on a highr,ra¡r section basis from the highlray section errand-running

traffic vol-umes. Equation (}+.16) computes commercial traffic over highway

sections as a function of non-connerciaL traff ic volumes. lìquation (l+.17)

computes the total- traffic volume over a hiehway section on the basis

of the estina.ted vol-umes of commercial and non-corrfnerciaf traffic volumes.

The use of equations (l+.fl+) to (l+.17) efiminated the need for equation

(:.f¡) r+hich computed hiehway section traffic volumes from origin-

destination total traffie volumes.

The impJ-ications of these changes caused b¡¡ the data are quite

important. For, as the system is currentl¡¡ represented, all traffic

vol-umes are a function of the assumed. routinss that r¡ere mentioned

previousty. Thus al-I the resul-ts of this study are contingent upon the

routings being correct. Whil-e the resression resul-ts ind.icate that thís

vas true for the base year data, there are no guarantees that such routinp's

vil-I remain constant. lieverthel-ess, the problern may not be as critical

as it aplears at first, since there are rather tinited olrportunities for

chaneing routes betr,¡een origins and destinations. Hor¡eier, the system

also denends on constant relationships betlreen the different t¡rnes of

traffic over hishlray sections. This constitutes a major weakness of the

model as apolied to the fnterfake

Two further changes vrere made to the highway sub-modeI. The
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first chanse vas made after a first trial of the n:cdel-. Equation (3.fT)

ças altered so th¿rt sufficient investnent -"'ou1d be proviCed to eiininate

conr¡esiion and provjde a small a:roun-t of excess service .¡olurne. This

excess often disalpeared aft.er con,iluting the effects of the invest¡.'ient

on traffic vofui;les. It -*ras. Drcvicled for in orCer to speed cornputatiotr

and to diminish the number of smafl-er investrnent increnents by anticipating

their trar-f ic-genei'atj.on effects. Thus eo-uation (¡.ll) vas changed to

RH{a = (COa + 5) /DSV

t¡here all variables are d.efined on page l+8.

fhe seconâ change 'n¡as also nade after a trial rttn of the r'.odel. ft vas

found that the nodel could beco¡ne exr¡losive, i.e, that the increases in

investnent caused greater increases in traf'fic volumes than in service

volunes. This occurred only vhen high exo6'encus gror+-bh rates in popuJ-ation

end. final denand.s vere assu¡red. To counter the probJ-ern, a limit of $35,000

211per: rníIe o! hiehra¡r section was nlaced on the increnen"s in investment.--

The number of increnental. rouncls in one year vas also res'tricbed to 5.

fhese tr+o.rneasures vere effective in eliminatin6r endJ-ess iierations.

Thus, a nev equa'tion vas added to 
"he 

sub-modef.

THro = 35 . ril,a if (h.19)
i 

THra = 3' ' IiLa if lHla > 35 HLa

Equation (l+.fç) res't,ricts the value of inves'unent on one highway section

t0 $35,ooO per nile.

aton

appeared. to be

( h.18)

the basis of discussions
a reasonable upper iinit

.'rith highlra¡r eneineers " this
for this î-ree.



frnpact Sul.-l"iodel=

'Ihe explosiveness of the nodel also caused the inposing of

some restrictions on the values of variables ccnputed b.u- the impact

sub-modef" Thus the change in travel tine over a highr-:ay section l¡as

restricted. to a maxinun of 1 percent. This restriction onl¡r applied

to investmen'b :Lncrenents of irrore '"han $83,000" Forrnall;r,

Similarly, the absolurte value of the chan.ee in the leng-r,h of highr¡a:l¡

sections vas constraine<i to a naxi¡num of .1 mi1e. The application of

this restriction vas superimposed on the travef tine change cons-tra.int,

and. ças not effective save on very long highva¡r sections. ft vas, in

formal terms,

cHL¿ = 0.1 if CHLà > 0.1 (h.21)

The other set of changes to 'r,he inpac-' sub-model vas the omissíon of

equations (l.z¡), (:.2r,) a¡d (Z.z>). These vere onit'bed because 'uhe

factor DHL ças found to be zero. Thus the facior PRL coufd be omitted

and it vas possible to replace (2.26) 'oy

cHL; (HL)"(I) (urr) (\.zz)

Finaliy, the calculaticn of eccnonic irncacts vas altered. because

of the changes in',¡ol-ved in equati-ons ( l+. l-2 ) and ( l+. f ¡ ) above. Thus

NTT .- O.O] if IiTTa- a
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( l+.20 )

and

vere adoecl to the

Dry a DAy (r/m) (rL)

DTSX = ].C DATS

IFXI:TSX+DTSJ{

i;rnact sub-nodel

( I+.12 ) '

(l+.r:)'

( h.23 )



Yearlv

In applying the model io the Interl¿.ke area, it was assurned.

that exogenclr.s growth vas occurr'ing in the econontic and oer,ro¡lraohic

areas. The gro',+-bh rnechanism used by this nodel- r+as the sinplest

avaiiab.Le - assuned. gro';th at ¿r constant ra.+,e. l,îore conpìex models

could probably have been used. But since the model vas anal;li;ical-1y

rather than historica.lly predic-bive, ihe addition r¡ould not have been

significani" l,foreover, it rvould have undui¡r cor.plica.ted the analysis.

The effect of assuming yearl¡¡ exoqenous grouth was to add on several

equations:

In c rernent at i on

Pt+t = TPt

Tit,+f = TLt

Gt+t = ct

INt+f = INt

9T

g,(t+r =EXt (l+Orc)

For the basic applica**ion of the model to the

assu¡ned. tha"t

(r + ¡po)

(i + DPo)

+ DEC)

and

HoHel'er,

computed

(r

( l+. zl+ )

(t+.2>)

()+.26)

( h.2T )

(t+.e8)

fnt""f"f," area, it vas

(r 1 orc)

these assunpt,ions vere chanqed

as will be discussed. shorti-y.

DPO = 0.02

DEC = 0.05

(\.29)

(h.¡c)

anC the effect of the chanses



The major Cata sources r+ere the University of l,,lanitoba

Department of Agricul-tura} Ilconomics surveys of the Interl-ake area

for 1968 and the l'lanitoba Department of Public \^/orks and ilishr+avs.

From these sources infor¡nation vas obtained about demogranhic and

econornic variabl-es in the InterLake area, as well as trip-mak-ing

behaviour of area resid.ents and characteristics of the highvay system.

The data were screened for non-useable information. useabl-e data

were inputs into the estimation of coefficients for the resion.

Secause data r+ere not always availa-ble, some changes l¡ere made to al-l-

thiee sub-model-s. rn addition, yearly erolrbh rates r^rere aoplied to

exogenous variabl-es. The resultant rnodel, as apolied to the fnterlake

economy is sumrnarized in Appendix F.

SUM4ARY

9B



The model developed and modified in the previous three

chapters has a number of deficiencies r+hich r¡.ust be discussed before

the resul-ts of the application to the Interl-ake are mentioned-. These

limitations affect al] three sub-mod.el-s. There are al-so some fimits

imposed. by the treatment of tirne in the modeÌ.

THE ECONOI4IC SUB-},IODEL

LII"{TTATÏO}JS OF THE MODEL

Chapter 5

The limitations of the economic sub-model stern both frorn the

theoretical framework adopted and from data gaÞs. The model computes

the val-ues of regional- variables such as business sales a,nd incomes and

al-locates these to toms on the basis of dernographic variabl-es. Although

this procedure is the onJ-y one avail-able, it is quite restrictive.

particula,rly when it is considered that each tomrs share is assurned. to

remain constant. Hovever, the alternative l¡oul-d reouire tremendous arnounts

of data. It vould compute tom sales from exogenous fina-ì- dernands for

each tom. A growth nodel- could then be used for each town. T?rus the

area totars r¡oul-c be built up from town estimates rather than being

al-located to toms. I'ievertheLess, this procedure vould still be severely

limitee by the assumed constancy or inputloutput coefficients. The latter
problem is al-so present in the rnod,el- formul-ated in the orevious chanters.

It thus limits the valid,it¡r of conclusions dram, exoecially for the later

time periods.
99
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The application of the moder to the rnterr-ake area was

constrained b¡r the absence of emnloyment data suitabLe for use in the

rnodel-. Although it vas possible to cal-cul-ate estinrates of tor,rn local-

employrnent, it vould have been ¡refera.ble to have sound.er estinates.

The fact that the average methodl yieJ-ded higher results for al1 toms

than the functional- rnethoc makes one susnicious of the varidity of

both. The l-ack of inforrnation about total tom emnl_o¡¡nent l-eveIs

prevented ruhat vas felt to be the best all-oeator of regionaf incornes

from being used

THE HIclir{AY SUB-ìVÏODEL

In its theoretical for:nulation, the highvay sub-moclel- has

tvo gaps of some significance. First, there is no mechanism provided.

for diversion of traffic to al-ternate routes when conqestion occurs.

This is not as serious a.s it coufd otherl¡ise be, since the model

assumes investnent as soon as conqestion occurs. This vi1I be elaborated

later. Moreover, in the Interl-ake region, diversions over the Provincial

Trunk }lighway system are probably quite rare because of the location of

highvays and of trading ¡attersn. Second, the sub-model- assumes

homogeneous sections, whereas this is obviously not the case, Thus

estimated. congestion coufd be caused b¡¡ one point, although it would be

assumed to occur over the r'¡ho1e section. However, if a ¡nap of the

used.

lcr. chapter h, BO , for an exnle.nation of the two methods
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highvay system, along r.¡ith inclications of bottlenecks and ¡otential

bottl-enecks r¿ere integrated into the model. it would provide the

model- r+ith greater flexibility in determining investnent need.s. One

could. visualiz,e conputing deterioration of highway surfaces on the

basis of traffic vo.lurnes, and. incl-udine deterioration-based. investrnent

in the model-.

Several empirica.l problems are also associated r.rith the

highriay sub-¡nodef . These rel-ate to limitations imposed b¡¡ the routings

that vere assurned for errand.-running traffic and the excl-usion of

Provincial Roads. To reiterate r,¡hat has alreadv been said., all the

results derived from the mod.el- depend. on the ror-t'arrln= that were assumed..

A different set of routings could. -- and. proba.bl¡¡ would -- have resulted

in an entirely different set of resul-ts.

The exclusion of Provincial Roa.ds was based. on several factors.

Most ir,rportant was the added conplexity that vould have been introduced

into the nodel- and the near-impossibility of d-ealing with a network rnany

times more involved than the Provincial- Trunk High',ray system. Nevertheless,

the absence of the Provinciaf Road system influenced the routines assumed,

and. ít rnust be taken into account.

THE ]MPACT SUB-MODEL

One of the gaps in the impact sub-model- is rel-ated to the

eeonomie sub-model. Because it vas not real-istic to formulate the

eeonornic 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 speeific towns but only

to the area as a whol-e.

Empirically, it vas not possible to obtain estimates of the

ernplo-rnnent impacts of highvay construction projects. The empl-oyment

irnpacts specif ied, rvhich ineLude changes in ernnlo¡rment levels d.ue to the

indirect and induced, as vell as direct nultitl-ier effects, vere computed

from estimated emolo¡rment-output ratios.

TIIE TII\'IE DIMEIISION

The nodelrs deficienc¡r i¡ this respect has alread¡¡ been

discussed at the concl-usion of Chapter 3. It vil-l- be recalled that the

static forrnulation of the ¡nod.e1 imposes serious limitations on the

valid.ity of the resufts derived from it. The assumptions of instantaneous ín

investment r,'ithout administrative or perceptive lags and of instantaneous

multiplier effects, are eertainly very restrictive. Horvever, attemots to

overcome these problems did not succeed because of the compfexity involved.

SUlt/rARY

There &re severe limitations to the application of the model.

The economic sub-moCet allocates incomes and. business ales to tovns rather

than estimating thern for each tovn. It is also constrainecl by lack of

emoÌoyment data. The highvay sub-mod.el- uses homogenous sections rather

than maÞs of sections vith their bottl-enecks. It also l-acks provisions

for investment on the basis of roadr,¡a¡¡ deteriortation. fn addition, it is



based. on assumed routings vhich excl-ude provincial- Roads.

sub-modeI snecifies regional impacts rather than effects

tor.ms. Finatly, the model is essentiall¡r static.

103

The impact

on given



Chapter 6

RESULTS

The model "o*put"j esti¡nates of business sales, incomes, popula-

ion, l-abour force and local employment for ten years under the assunption

that highnay investrnent vould not occur. It also I,islded predictions of
hig.hway investment for the ten one-year periods under the assum¡tions

that multiplier effects l¡ere instanta.neous and that highr+ay investment is
of the pump-priming tyne, i.e. one-shot expenditures. The irnpacts of these

investments on the econonnic and hig;hway systems r¡ere then estinated.

ASSUT{ED GFO\./TH

Before discussins the investment resul-ts of the model-, it lrould

be useful to knor+ the growth conditions assurned. and the maenitude of their
effects' Table 6.1 ¡ru"unts the exogenous l-evel-s of sorne econonnic and

demographic variables for the first and. tenth Jrears. The assumed grolrth

rates vere 2/' per year for the human resource variables (excent l-ocal-

emplo¡rment ) , and 5/" pet year for the economic variables. Loca1 employment

vas computed as a function of tor¡n sales and r+as not assumed. to grow, but

expanded as a consequence of the increase in tor¿n sal-es. The growth rates
used imnly very rapid growth of the econornic system and of ponulation an¿

labour force sizes.

TNVESTME}¡T

The very high

level-s of investrnent

computed to be about

growth rates assumed r¡rere associated with quite high

for canacity reasons. Capacity-based investment vas

$7 ¡niftion over the ten years, vhereas the AFDA-FRED

l-01+
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¡'"iOGjriICUSLT C;\USID CRCIiTII ilj SIi,L.C?ID VAIìiÀnLitS,
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iirea Business
Sal-csa

Ârea fncone
't^
UArea .yoplt retl-on

irrea Labour

A.rea l,occ.l-.c
,.jrîpJ-olrncilt

I5-rst Tcar

15t,558

75,O54

50,468

2I,345

5,36L

ttrrLocal- EnrploSmcnt as
a Percentage of
L¿rbou.r l¡orce
( excl-ucling Agriculture)

Tenth Tcer
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a?Ê f ìr¡L))rlLI

rL6,4.13

60,3r4

2Ã Ãôo¿/ , )v J

7,962

71 a

eThou.sancl.s of d.o'lfarsr c::cept fo:: last col-u-¡ur

b_.-iiu:nber of pcople, ezcept fo:: last colu,,rn

Percentage Change

"JTl*b"" of inan-ycalls, eirccpt fo:: last col-'"r-nn

Sour.'ce: Col,rputeC frcm ì;he nodcl .

developnent elqrendiiures anounted to alnost 92.5 ni]l.i on, or jr.rst ovcr onc

c1u-artcr of the total tcn ycar outlays, These investnents iiere concentrated.

on a fel¡ of the highnay scctions. Developncnt j-nvestl;leni r;as ]initc.l to 6

higÌt":ay sections, all i-n tìrc ìIorthern part of ih.e region. capacii5r-based

invest¡reut r¡as reqr-riz'ed. on only 4 higÌrva;ø sections, all- in ihe iouihcrn pa:'i

of ihc rcgj-on, ?ho t';;o t¡pes of inr.,estncni also diffcrcrl ln the everegc c:i-

¡cl':cliture per ìrlghr;a.-¡ section, es Tabl-c 6.2 siroi;s. Capacit;,r-basecl investnent

averagccl irorc tÌran 4 tines as m-rcli c;<pcnd.itultes Ðet higi*lay scc'¿ion as diC

55.r

51,8

T9,5

19,5

48,5

24,3



der.cJ-oprncnt i n.¡cstnent.

Ce"tegory

Capacity

Developneni

Total
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alhouse.nCs of Coll-a.r.s

Sou::cc: Conpr"rtecl frcn the noCel.

6,goi

¿¡4()

9,376

L\cn r'¡ithi-n this snall- nunber of affectecl scetions, the concentraticn

of investments',;as vcry liigh, for cach t;pe of invesincnt. Close 1s {Ç6 of

thc Ccvcl-opncnt c;:pcnditures was spent on one of thc sir: effecieC highl.ray

sections. i.s can be sccn fron Table 6,i, 'ühc t'rio scctions -,¡hich hed the

greatest d.evcLopnent investncnts iogciher a.ccorr-ntcC for nearl¡ |Ctí of total

dcvelopi;tent or-rtlays on high.,;a¡'s.

The conccntration of canacit=,--bascd in.¡cstr,lont i;as also .".er1¡ higÌr.

fnvestnent l¡as onl-¡r reouircd. on four- irigir',.;ay scctlons fol canacity l'eesons.

0f these foLrtr tiro scciion r¡itl, the largcst invcstllcnt .o.ccoì-mteC for nearly

46î'3 of total calacii;--basccL investneni,, while the least-invested in section

only used up B/, of those funds as cen be seen from Tabl-e 6.\ below.

Tiresc irrvcsticnts',¡cre srrcnC. cLit o.¡cr a nnnbcr of ycars, ii'he tine

path of higìr',:'ay invcsti;rent is plcticcr in lYgure 6,i. Thc capacity-bascd

i-nvestrieni; i-ncicasccL steeclii)¡ fron )C,25 rÉl1ion in the fi-r'st ¡rcar'uo -41 .6

l{r"unber of
Iiightra¡'

Scctions
itr ffccted
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6

Ar,,crage
E:qnenditurc
¡rcr Scction

l-0

1726

ft I /

918
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million in the tenth year. At the sa,me time, the development investment in

highva.ys declined rrom $f.l- miltion in the first year to $O.l+ million in the

fourth and to nothing in the fifth and foflor.ring years. The combination of

both types of investment resulted. in a more or l-ess steâdy decline from the

first year hieh of $1.3 million to a lov of $O.lr million in the fifth year.

Then investment increased steadily to a.ttain a nelr nealç in the tenth yea.r,

at $r.6 mil-lion.

These investments had some irnpacts on the Tnterlake economic and hieh-

Iray systems. The direct, ind.irect and induced effects of hig'h'¿ay investment

on area business safes vere in the range of 0.86. The incorne and employment

multipliers vere substantially smaller. They averaged out to approximatel¡¡

O.50 for incomes and 0.OOOO3 for ernployment.l These im¡acts are summarized

in Table 6.5 vnicn presents estirnates of the changes in area business sa1es,

area incomes and l-ocal non-agricultural ernployment resulting fron the highway

investments.

The smalf values for the income impacts are manifested again in Tab1e

6.6 vhich gil'es per canita incomes r¡ith and without the highvay investment.

The effect of investment is to increase per capita incomes by 0.2 to O.9 of

I/'. Thus for atttypicaltt farnily of four, incomes r¡oufd ha.ve increased by

$52 to 56,ooo in the first year, or b¡r $56 to $?,720 in the tenth year. Tt

seems safe to concl-ud.e that income effects of the hirhlra¡r investment are not

part icularly s ignif icant .

The investments also had sor,re effects on the hig:hvay system. Tabl-e

6.? sunmarizes these effects on tteffective distancestt and service volumes

of highlray sections where investrnent occurred. There vere also inpacts

109

ÏMPACTS

lThr" an investment of
business sales or tB6o thousand,
creation of new employrnent of 30

$t mitlion voul-d Ìead. to an increase rn area
a rise of S5O0 thousand in incomes and to the
man-years.
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on ireffic floi;s o..'cr all high',ray sccti-ons.
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Tal:lc 6.8 prcscirts the cìrar-:ges in ioteL traffic volu-nes fo:'tÌre 10 ìti-ghlray

sectíons on i¡hicir in.¡cstr:ent occurred. Tho effects of inr,'e stmetrts on traffic

vol-rurcs cver e slecj-fic scctj-on depend on a nu-iber of factors sr,.ch as, uhcther

the invcstncnt occ,.ri'i'cd on that seciion o¡ the increescd tr:affic vohrncs ere

just tlrc rcsul.t of tho gcncral r:sc in econc:ic conditions.J.uc to thc in-¡cst-

nent, ihc nagaiii;-Cs of thc nr.rl-tiplicr effects, 'uhe essur.-icc-i rcntin3s, and so

oIL ¡

C
,rOf'.'-ì-CC Y C I LlÌìCS
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The rcsultç just d-i scusscd assu.ncC grcitiir ratcs of 4/" per year for'

hr.¡r:,an rcsoirfce variablcs and 5;'j l-lcr ycelr for ci:ogcrlclls iil.crcascs in final

Cenani.s, Thcse ratcs ¿i'c certainl;,r quitc high. 3y assuning 1ci;cr ratcs of
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Sro-;ith, thc results changecl .consi.d.crabl-y. Tabl-c 6.Ç prosents the tctal- .¡ol-u;ne

of invcstnent anC nr.libcr cf higÌr;ay sccticns invcstcd in l::rCer al tcr.nat:-rrc

gZ'outh assr-:lpt:lcns. T'c enphasi-zcs again th¡¿t tirc originai gz'o-;;th ¿rssu:r¡iicns

Hore quitc high. lTot only ttcrc there more hig'h''iay sections investcd in, but

the voflurc of j-nvestincnt ¡cr scction d-j-ffercd trcncndol,.sll/ accorcì.ing io thc

assl':rpti-cns uscd-,

These rc¡rr'l ts arc b¿:scd on capacity berng clcflncC es l-3. l;,i of anmral

avcragc dalJ-y traffic, e:':cc'';t fcr Provincial ll'c-nlr iligirria¡i I for r¡irich thc

ratj.o i;ts 2O,Ç", Thcsc';¡cre the ratios at tìrc JCth and 50th pcak hor-rrs fct:

thcsc higÌr''ia¡'5 in l-968. Thesc la'cics i¡crc ::aisccÌ io 20,?-,', ¿.nð.22,tliii rcspcc-

tivcl;'. Table 6.lO prescnts e sìrï!:ia-rir oÍ'thc rcsults obtaincd,,.'hen grcatcr

highiii"y canaci-ty rccuilcr,ients r;crc assu¡lecl. Conll::i-ng iirc rcsr-r.lis of 1'ables

6,.ì-0 ¿ind 6.9r i.t cat-L be sccn iltat changing tirc rcal.l c::j-tcrion hor.rr proportj-cn
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Rate cf Gror,rth
/'ssr"u"pti-ons
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Source: Cornputcd froiil the nodel.

of ann"tel averegc da:-]y traffrc has vcr1,' sizeable iltpacts on capaci-t;r-basecî

in¿esi¡icnt, rcga::Cl-ess of the grcliih assurnptions nìad.e. l\n incrcase cf

approzinaiel-y -LOií in that prcrorticn brought aborii ccrresponCing incr.cascs

in capacit)'-basei- i:rvcstraent in thc rajlgc of 6U!' - 1.25í'", Tiius 'uhc sJ'stcn

aÐrleerõ tc bc vcry sct-1;-i i:.¡c to cÌiangcs in tire pcil: criierion hour proporticn

of an¡r-ra] a\¡elragc cia"il--r traffic, at least over the rango tcstcC.

SIJìf.'fiRY
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lhe assi.;-ncC. g:'ci;th 'ì cvcls in the basic conpntaticn of thc ¡:lotlcl- ',rcre

c.uitc higir, This lcci 'cr: collsj-Ccl:ablo c:i,.acity--basc.: ìtigì'r-,;a;r in.,.cstir.ent to

ecccil¡eni¡ thc ¡::c-Ccttlrj-tlci lcvcl"s cf d,c."'c1cp;ncnt-bascC in.¡est¡íìcnt.
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Regaldlcss of the basis for:-nvcstrncnt, it rias conccntratcC on only a feir

sections, althoug'ìr cìistribtrtcC i,;icleJ-y ovcr timc. Tire ccononj-c innacts of thc

i-tn.cstncn't -,¡erc fai-ri-¡' si:lal-l-. Tire nu.ltipl-ier eífects of j-nvcst;icnt averagccl

ont to roughly 0.86 fcr bu-siness sales, 0.50 for inconcs and. O,O3 for ernploy-

ment. Ïn tcrns of pcr capita. inccnies, the in¡estncni;icant an incr:cesc of a

fraciion of Ií. ?herc irerc also consiciernbl-e cffccts on "cffcctir¡e distanccsrl

anC serr'icc l'ol-'r-uncs of hi¡-Ìri;a;i ccctions, Traffic ,¡ofu:cs alco inc::c:sed bc-

cellse of tbc iitvcst;icnt. ?hc sy:;tcr:r i.-3s ciuiic scnsj-ti..,e to Ciffcrcnt assr-lnp-

ticns about cl{og.jnôuc groi;tìt irr sonc kc¡,' 1:¿¡i ¿b-Lcs, It l;as íor-rncì to be vcr*u'

scnsiii'¡tl to c]-',.angcs Ín iho pcak crite¡ion llci;¡ irropcrticn of anmli:.] :lvci:agc

rlaily traffic o.¡c:: tilc tenüc tcstcd.,
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thc siuC¡' Ccvclcpcd a ncihod to eveluatc tirc effcct cf -- and nccd

for -- in.¡cstircnt 1n ìrigh',;ays r,r,ithin tirc frener¡oi'li of a ::egional ccollòi;ly.

Thc cffcct of investncut \;'&s F,ce,sr-r-r:ed in tenils of tÌrc cli tcricn of cconoi:ric

clevelopncnt. /r sirulatj-on nodel r¡as choscn ¿rs thc bcst 'ia¡r to cstina-tc tirat

effect and to cortpuic the nced for investrnent, in prefcrence to bcncfit-cost

and. p 1- aimi ng-irr o g:'ar :ur,ing-bu,clgc -b 
i. ng a l-.¡:: o a ch e s .

:\ thcorciicaÌ nodcJ-, consisting of ihrec snb-noc'Lers, i.rr.s thcn fornn-

lateC. The ccor-ionic sub-:rociel_ utilizcd in¡ut-output tccìmicßrcs tc cstinate

area busincss sa'les and incones on the basis of c;iogoncu-s f:na] dci:tand.s.

Salcs ancL inco¡tes -¡icïc tlicn allocaied to toi'ns in tnc arer in propoi:tion to

tÌrc val-ucs of hunan resou::ce variablcs. ?Ìre high',;a¿,' sub-¡iocicl_ usecL toun in-

co::lcs, bu.sincss salcs and li'¡ian rescu.ï'cc ver:iab-]cs to csti::aic tjic volrulcs

of tite diffc::clit t¡.1¡;cs of tr¡.ffic flc'..¡s bei',¡cen ori,çins alLC. icstinations.

lircsc ffovs i;cl'c conyclteC io traffic vcl-'unos o.¡er hish;¡ar. scctrl-ons, encì. tìlcn

io esiinatcs of Ìrigirllay reqr-r,irctrcttts. Tjre lettor, al-ong i;ith scrr'icc .¡ol-luries

of ihe hi6Ìru¡y sectious, scrøcd to estj-:late r;¡heihe:: invc:tncnt vc-s leir-drccl

auC, if sc, tirc val-uc cf i'cqr"LireC cxocnC.i'turcs. Tjre inpact su-b-rrcdel conprrtcd

thc cffects of hi-5ìrila;r i:l¡cstnent on arca lnd tol¡n brisinc¡s tafcs, inco::rcs

alrci Ìocal enplc;r:lenf, I ç:¡¡l s, It al so asse ssc..l thc cìren¡;cs to thc ìríghi;ay

s)¡stcn, in tcrr:ls of ad,.Liiional- scrrriçs r¡6'l ¡¡;r.cs crc¡.teci, rcCuccd. tra."'el- iincs

anC reCrr-cccì- 1rcffcc'cì.vc cLi.stanccs" .

Chapter 7

Tir.: cl'r¡ri.rical i:icclcl- -;;l-iich l.;a; risc.f, to ¿:n3.1-r:tc titc Tn';c::1al:e ere¿i

I'::ovinci¿} lruril: Iiigìl;Ly s1'ctcn u-¡cci Cata fron scvci¿Ll scrricc;, ì.1a;or Cata

lt5



sltpÐlj-ers ircrc thc Univcrsit;r of i.ianiicba Dcpartncnt of Ä3ricr-rl-tllral :icononics

aud the i'lanj-tobr l)cl..e:'tncni of iì:.blic',ior'ks anC. iiighvavs. Thc data incluclccl

c>:tensivc ccononiic ancL dencg::anhic infcrnation abou-t tirc Intcrlakc arcr, as

r'¡el-l as cicscripti-o:rs of the Ì-rigir::ly s;'stc::i ancL cstinatcs of ccnsirrlction er-

penditrircc. Thesc C:.te ',¡erc uscd to estinatc thc l,roc'Lel coefficicnts, pariicu,-

lally thc traffic cctntions i.nd ihe ìnghuay ccnstrr-rcij-on tccirnologT vcctor.

iior'lcvcr, not all of 'uhe no.l.cfts data rccuirci;elrts coulC ì:e mct. Bccau.sc of

thesc tr.lsr altc::atiorls iicre rnaô.c io al-l-'cir¡ee sub-nodcls. Iitc nos'c si-gnifi-

caut chc.ngcs i¡cïe io ijr: ìrighi;a¡r snb-::ocLcl . îi:e lattc::'..'as lefornul.atcd so

thai all traffic flc',;s '.'ICre â. frurcticn of errand-running traffic on &n origin-

d.esti-naticn basi-s.

Tiris refornul-ai1on r'ías onc cf tirc scvsrrl- inajor l-ilri-tations of thc

nod.ol-. Tirc rc','i-seC- ncd.cf IIes so fcr';li'.1-atccl that all-::csrr-lts clcpcncled on iiro

ror'-'cings assu-r.,rcC for the c::igin-.Jestinaticn pair:s, Iío::eovel', inpacts cou1C

not be esii:,ratcd fcr ôiffcrent to,'ns, bnt i'¡erc corlpuicd fo-r the area a.nd. al--

'locateC to tolms, th¡-s neccssi-t¡,' to alfoc¿ie reg:ional variabl-ec tc tol,n:s

rathe:: than to ¿6vir,r;r-i¡ to',;n cstimatcs constiiuicd an e.cldi'ùional linitation,

Fiuall¡', tirc usc of long higìr',,;a¡,' seciions rathcr ihan e rnr¡rring of tÌie ìrigir';a5'

systcr:i i-rlaccC íurthcr l-linits on thc ,'rodcl .

Dcsiritc tiresc l-iritaticr'rs ihc ncclcl rias ap¡J-i-cd to the fnicrlake a::ca.

ii ';;as fomcl iirai the ;:u.1tip1i-cr cffocis of irigìri;ay investnent on busi ncss

salcs i'res a.ppz'o:iinaicly 0,86, !l-rc affcci on incones ',.;a.s about 0,50. The

lccal cnnloy;:cnt niiJ-ti-pl-rer i;as in ihc nei-ghbori-iood of 0.0OOOI. Thr.rs, for

{)l- nil-l-ron of Ìri¿;ir-.;a;r i-nvcst;,rcnt, area business sales incrcased b¡' 1860 thousand ,

regicnai- -l ircoilc b7..J5CO';hou¡¿ncl ¡.nC local- cr:1¡l¡;-.1-¡i b¡ jO r:an-j¡cai's. The

tcn-¡,-car ioiaL fol: ca'rircit;r-basccì ìrigir:ray in'.¡csinent v¡.r'j-ed bet',recn $0.25 end

0l-1.06 rril--'l-icn cc;-.cnCiug on tÌrc assiuipt:'.c,ns rie¿e abcui criogcncr-ls groi:th and

iile dcfinitlon cf hi-gil;cy ca¡aci'cy ::cq'Lr.irci'len'Ls.
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on the basis of these resurts, it ís not possible to assess

the AFDA-FRED híghwal¡ program exoenditures in terms of the l-ong term

inpact on area productivity through imoroved educational- facil-ities to

area residents. l'{oreover, the re}ative r,ragnitude of the develoTrrnent and

the capacity-based investments depends soì.ely on t.he growbh rates

assumed. The resul-ts indicate that highr,ray investrnent for capacity

reasons will only be required in farse volume if tremendously rapid

growth rates are maintained in the area. The atta.inrnent of such rates

appears ver-l,r ¡tr1ikely. Thus it appears that over capacit¡r in the

re6¡ionrs hig-hvay systern l+ill be maintained for some tirne.

These concfusions must be ternilered b¡r knolrl-edge of the

l-imitations discussed in Chapter !. One of the major galls rnentioneC

there vas the use of quite tone hiehwa¡r sections. Research is required

to determine the effect on the, rnodel of using different sets of sections

and of using route nnanpings rather than highï¡a¡r s..ai.r=. Further

research could a.lso exnfore the sensitivity of the mocLel to chanses in

the magnitude of the l-imits on investrnent and on travel tirne changes due

to investment.
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îire prr¡pssc cf this apltendi:r is to d,iscr.iss 'Lhe t::cceCurc used- tc cstl-

na-tc thc higì-r-,;:ir ccnstrlrct-ion tcchnclcgy vectcr, encL iìro a\rol'ase chango iu

hign,;ay scction cìraracter"istics (icn¿:bh, scr"vicc vol-u;:le and- t::e...'cl tj-loc) cr.r-re

'uo investncnt.

iilcii,',rY CC)liSlF.itCTI Ci{ T!C}]];OLCGÏ

UTli,jläTiCri.l 0T lATli SUIPLIfD lT Tii-j iì]¡IICï 0I Tiil
DIS?IìiCT liiGiÌÌ-ì'JÌ, iilCl:Ii;\TS .ililJiCiI,

J'ì3CRG, ii!ÌiIî081t

ÀPPIÏTDTX 3

Thcr.c l,;c::e t-,:o scut:cos of clat¡. uscc for 'ulte cstination cf thc ÌÙ-51:i..L;'

ccnstr"-,.ction tcchnolog;r vcctor. fi-rsi, a l:lniicd ¿norurt of d-¡rta t¡as obtaineC

fron an intervre''¡ ',.ith cnc coniractcr' :¡ho cxecuted thrce scÐ5'ï:ìtc ccntracis

on najcr: higiuay projccì;s Cr,:-r:!ngthc;.ca:r 1968. SeconC, a consiocr¿ble enclult

of C:ta'vrâs ilicldc1cd by tirc i'ianitoba Dcpartncnt of liiglr;a;¡s llis';rici inginccrf s

Office at Âr'bor¡;, ìianitoba. .oz' bcth thcse gt:ol1ps of da-ta, ihc contraci or

piece of rr'ork rlone cons';iiute'i. iìrc si'"::r¡,'!-ing u:i*ì-t.

The Ðcrarti:icnt cf }Ilgh:;a]¡s clata l¡cre taken froin liorl< OrCer reccrdrs

for thc fisca-!- ;icar l-!68-l-9L<9 r,hj cii rolaterl to AF.lÅ-FiIlD ¡:r'c jcc'us on Provincial

T:r-':!r ïîigii',;l;s ln ihc siud;r arce. It sircul-d be notc.f tl-Lat thcse are authcl;-

z:.tions for e:::rcnd.ib.rrcs, i:rtC s,rc tìii-'-s 1i-keJ-y tc ovclstatc by a ¡raal-l elrtotryìt

thc sr-:rs actut:l1y c::pcncieci. IIo,;cvcr, ihc ciaia i"-¿¡¡r bccn lcpo:cted.'co bc e'-,:i:

accülatc. Iccause oí conficicn'ciality rcquj-r'enrnts, cn1-¿r i;he co;npuil'ticns

bised 'Li¡on tÌrr,. cìiil alc |icc¿lrtcå here,

llirc l;c::li ûz'ûcrs r,;clre getlcral-l-y i.i¡¡idccl- j-nio t;ic Soc'cj-ols: "contr¿..ct

j-tc::=" ancl I'cthc:: itc:rs", ihc l-¡.ttcr bcing '-';:pcnCiturcc i::o;tl'¡,' fcr r;ork clcn':

1.22



by thc ÐcÞartncnt itsctf, I'hc d,iscussion cf thc hancìling

itci;rs uill bc Cclg;'sd until aftcr the prescntaticn of ihe

ncnt itoms,

iTon-Conir¿ci ficns

An estinatc of Ðcpc.rtncnt of Ìiigh',¡eJ/s crÐcncì.i tu.res on AIJ -IRIìD pro-

STams '','as rcquired on a sectora-ì- besis. Ilcricver', thc iicr'l:0::c1.cr: only p::ovicÌc

data on ihe basj-s of trcrk itcns ¡ e,S, "ia¡'in* colrei' coai aggrcgate", ancì- arr;'

sectcrei breakCo;;n on thc basis of the ::ocorcls ilcpt ',rculci- not h¡.r¡e been pos-

siblc Ejvcn the tinc linits iniiosed cn this phase of the project. Tnc e:rpcudi-

turcs cn cach itcn:;¡crc discussed. r.rith cnginecri-ng steff f::on tirc Departnent,

ancl an all-ocaiion nladc es to iÌrc proprtion of r,later:iaI costs, labou.r ccsts

ancì. e,r¡enditr;-rcs for eqrr.J-nmcnt on tire basj-s of vo::lting e;inor'1eucc. The

cngineers i¡Ìtosc assistance i.Ias p::ovi.JeC hacl the arJ.vantage of h::.ving ',vo::lred

pcrsonall¡/ on nost if nct a-l-l- of the projects in cr-restion, ancl ihns their

estj-natrs az'e bound'¿c bc quito accnrate. iíoreover, an estinete of the prc-

poriion of cxpeirditurcs on ce.cir iton i¡hi-ch '..icrc äiaCc or¡tsj-dc of the fntcr'l-akc

reg'ion l,'as requcstcd, ',¡hcrc the al-l-occ-tion.¡as nct ob."'iorr-s. 'IÌru,s an estinate

of Dcne.rtncntaL cxpendit'.lres on matcriafs (thcsc coul ci bc class:-fieci by pro-

Cucing sccior"), labour costs and eqrripncnt costs ';i¡,s derived. The l-obolil:

costs'¡,'cro â.ssr,LrÌ1cd io incluCc an e.llocaticn for officc sr:lplics, and thus 5

percent of Dcpartltcnta'ì labour costs ,,,'crê assiEncd. tc pui'chasc officc suppJ.ies.

Ìl1uj-pncnt cosis -rlc:'e ellcce.ted by assrr.nìng that onc-ìial-f of ihe cost of r"rming

cqrril:ncnt '';as ntdc t.tp of the purchase of gas, oil- ¿nd nlnor'::cpairs, These

',¿ci:e alfccatccl cqr-r.al-J-y to tìr¿ "autcnctivc sa-ì-ca anri scr-',icc" ûnC to ihc t'faïîi

ce'.liþncnt" scctc-¡.rs. Thc othcr iral.f cf couinnent ccsts'.;c.s:iJJLr:eC tc be thc

iìl,ll1r'ro';icr ::eq'.ii:ccÌ for ncrna-l ¡r.ai.nten¿ncc ¡.s ;¡cl-f as for opcr;iin¡; thc ccu.ip-

ncnt. -hll- 1;hcsc c:tncndi-tu.r'cs !.'olre ecsruncd to bc ni,.rÌc in the fnter:l-¿11:c e;<cent

l'23
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for natcrials ob.¡iousì-;r purchased in l,linnlpeg (c.C. nevi.ng asph:ll'c, ctc.)

end fcr' 2 nc-r:ccnt of ',;r;gcs l;ilich '.,'crc cstj-ne.tcd to havc bccn pa.icì. to resi-

Ccnts outs1clc thc rcg:-cn. ihc rcsrrlti-ng scctoral- al-l-oc:tion for Ðcparinental

non-contract itcns is sl-ioi,m. belo-'1.

T:\BLìI B. 1

Pl,aJ'li;irtD IiICi{ ihTS Df i)/iP,Ti{:lf i T ILXPiii DI TU?riS
I'ROJijcTS -- l_968-1969 t¡Otui Op.Dlit ÐtTA,

Secior

/'gri cu1 tr-r:' c-Li.¡ e st c clc

;'igricu.ltu-rc-Cro¡s (inc1. À5. Scrviccs)

I.T;l:n3' aud Qu.arr¡-ing

Petlol- cu:n ii-Lc -'ì- esal e

Farn i.1-rinrilsirt

Ar;tonctive Sc-l es and Service

Othcr Setw'i ccs

i{cusehol-ds

TOTli L iìiT,lP.i,,U'li

TOT:\L jj'iPOR?S

TOTTiL ìiOii-CClÌTR\CT ï{Pä; DiilUR:S

Value
(:lrocn)

nìJ

t'1,1

¡ D¡ ¡ T]ÐAñ¡L.-/-!-l'r!-r!
c:-,^¡1^DUL\/ l- \/r\

¿l

I

10

,7

Ê

t9ã

lnoû

t.68

a_.-'iligUres n:¡r ¡o1 edC dr-le to Rounciing.

Sourcc: ConputeC frcn oi:ig:-nal Cata.

'l)^."^..*-t- 
^fI (;auúli.u vr

rjr^*o'l

JLV VVI J.

shou-l-icr:

the cron

',.;c::c f c:t

^.t-1.. ^ñ.-i ., ^

6.0

I,U

^)
oÕ
art¿-¿ I

1.8

!.2
tnÀ.- I .a

" 
tt"

44.7

I'b uili bc nciccl tÌr:-t largc piL;n,ients have bccn nadc to tltc irgricr-rl-tural-

Thcsc repi'csclli, tc a ]argc c;rtcnt, na¡rmcnt for lan..l rcouii:ecl fol

i,''i Ccnir-rg proJccts. TÌrat partícul-ar suil r'¡as al-locateC c.¡cnl.¡ bct',;cen

anó. livcsiock scctors. 1'hc adciti.rnrl- lz1000 ¡e.lc to t?re cro¡ secto¿'

tl:c c:,rl¡].,' ci scr:,L incl fcrti-iíl,ct: îcr tlre sidc cf hi¿;'ìr'iays t;hich

i;or-rl-C. Ì-ieyc becn lcfi bero aficr constructicr-r ',;orlç.
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'Iirus tl're iargcst per:t of Dcpar.bncn',,r1 nai-ccntlect itci¡.s r;cre spcnt

on:-nports ft'on oiti;sicÌc tìlc rc3i-on anC tirese i¡orc r,rcstly ncn-co;r'¡rctiti.vc

inporLs ¡;u.ch as Ìraving r.sphal-t - e1.,1 on pe_i1ncn'u3 to fntci:]allc::csidcnts in

tÌ-ie forn cf ',;r"gcs. TÌlis c.llccc-tion diffc::s con¡j-cÌcrebly fron tirab of the

contrect itens, i. c. c'f coi-Ltractorr s c;,rcclrd-it,.r.r'cs on i.IiìjìD nro jccts, ',:ìrich

üiÌI no',.' bc c'liscusscd.

Co:rti'act f'r;cl;rs

The 'i,Iorli O-rdcrs ai thc itrbc::; officc of tho Deirs.r.incli of lliglri:a-rs

pi"otri.i-ccì. sone basic cLrta a'bcub thc cxpcncr.i-'b'.r::cs of contractor.s orr --¡-;l.;ìl) projccts

1tr tirc Intcrj-¿lllc fo:: thc frscr.l-.¡car'1.963'-\969, ?hc cngilccr-ìug s'ugff pi:ovicccì

cstinites of thc bicekdo,,m'bcbl.rccn natc:crrf costsr 'l¡.bot.r anrl ccir-i?ncnt c:lpcl-rseo.

I.icl¡evcr, thev fcl-i nuch -l-css cc::tain of thcir esti:iiates ijr¿n ;hen tlicy dcai'u

irj-th non-cotrtrect i'¿ons. They secnod io th-|nl: tii¿¿t tllcir bcst cctinates con-

cc::necl ltc.tc::'ia1 pr-ltcltascs, ',Jith tirc othc;: fi.;o catcgoi.cs bcin¡; "Sresstinlrtcs'r,

Thu,s, alert frcn natcri-al- cr:ircncr,-ì 'r;1i""u, these C¿rt¿ -,¡:re J-e.c1:i-ng.

Â str-n'ci' of ccrttr::,c'bc::s ;,'i-clCccl o:r,l-.-,' th:::c 'rtsc:.bl.c circs'tioltnti:i:cs anC

al-l- fron tho stirc contl¡.ctc:r. ìic-¿crthclcs¡, tho;c ciurcsii-c¡ur¡.ir.cs :.'crc j'.rdgcd

to bc rcl-i.r.bic and ii i;¡.s cì.ccid.ccl to liso t,hcn tc al,r.ocete ti-re ',lork Oz'cicr cl¿ta

¡c-l-c-¡an'c to contr:lct'i t:ri:.

Thc first ste¡',ia.s to ccmpr,r.ie'cot¿L e:ri'¡cnr.l.iir-rlcs fr.on tiic 0¡csr;:-cru-L.r-ircs,

bcj-n3 ca::cful- to orrt expcnclitr-..ïcs cn constn.r-cticn ;l:-tcr:iâfs. Then, thc pro-

po::tion of c::pcncÌit',urcs gcing to ee,ch scctcr i.¡¿s ccn¡i.r.tcri. Tjresc laiics are

ni'csclrtod in lla-:.1-c 3.2, bcl-c:;, It is onl-¡r pcssiblc tc plc¡cni thc ri-,cir-cs,

e.nd lloi thc valltc of cr:pcnCi-'cr.:.rcs, bcc,:.Lr:c of ccnfiic¡tii¿llit.¡ rc,ru:-.r."cn,;nts,

as thc;l',lC'ta oril-;' t:cla'uc to',,hrcc ccnii'acts ¿ni. c.l-f ';iclîo crccutlit b; flt,:

c¡,¡¡ fi --r.

Il'olt ihc ./';ri: (; r+crl , thc to1;a. cotrtrect c:incniLit'-r:'cs l;il:cc conÌ,.r-¡.tctl ,



Scctor

SECTOIU'.L Ä L],OCATI Ci\Ì OF C CI,ITNÂCTCR T}'J:1IÐTTI,,T.ES

Constnrcticn

Transportation

l)etro l- eum r,,rhol esal- e

Farm Equipincnt

FooC Stores

Autonotive Sal-es and Servicc

Finance, fnsurance

Other Services

Houseirold s

ÎOTAL ]I{TER.L,iK!]

TOTAL II.IPCRTS

TÂBLJI 8.2

Pcrccnl;a$e of lotal
Xxpenditurcs, lxc:l-urling
Ìhrchases of ìiateri¿Lfs

TCTAT D\P]iI,iDTlYiìlS 9;{CLUDTìiG ¡AT:RI,A,LS

I,7
1.5

1' r\

'to

0.4
'to

3,o

40.2

r-4. I

76.44

¿t,t)

rtc

726

"Figr',.""" nay not adiÌ Cuc to rcunCing.

Sou.rce: Cornputecl fron original data,

es r{ere the contract ite¡n cr:penditures on rnatcrials. Then the iraterial-s ex-

penCitures ilere deducted froil the totaÌ to provide an cstimate of ì{on-itlaterj-a1

Contraci ftcn nxpenditurcs. The ]atter lrerc then nr-rltiplied thro'.rgh by thc

per:centages pre$cntcd in T¿:ble 8.2, anC thus al-l-ocatcil to sectors. Then the

rnaterial- expenditures i{ere rclclcd. in, and an estinaia of contractor exrrend.itu.res

on liRlÐ highvay projects r;as obtained, a.s prescnted in Table B,J bclow.

Tlic Tcchnol..c.;tv Yector'

Thc final stcp in

vector is the obvious ons

constmciing the highl*a¡r ccnstmcticn tcchnoloçv

cf adding togcther, on a scctoral blsil, thc



Scctor'

ESTTI'Í\T]ID C CÌlTiì¡rCTOìì $:?:tl{}ITUPiiS 0ìi t9 6e-1969
ARDA-FP,j:]Ð PROJICîS, BY g¡tCTCR

I'lining and Quarrying

Constrt.ction

Transport

Petrol cu.n'rrholesale

Farn liquipncnt

Iood Sto::os

IUBLr'r B. j

-A.ritornoti-¡e Sal.es and Service

¡]-nÐ.nce, lnsurancc

Other Serviccs

Househol-ds

TOTA], TI:IT]]RLC.IG

TOTAL T]{PCRTS

IOIlrL CCÌ;TIL'ICTOR ii-PlfiDITL'?iS

\¡al-ue (Srooo)

L27

a-.--Fi¡¡rres üay not aCd due to rorr.nding,

Source: Conputed fron criginal data.

l-l-2

t2

11

B6

11

7)
'1 <

2L

to^

ro2
..-a
bb_)

1'71

"*

estinates of contract aud of non-coniract e;rpenCitu:'es, and to conpute the

resnlting cocfficients, as presented in T¿'b1e ¡.4. The tcchno'logy vector

is sirc.ply the fast cohunn of ?abl-e 8.4 divided by 10rJ. ln other ''ro::ds, it

rcp::esents hc''¡ rnuch of each dollar spent on high';;a¡r constrrrction is spent on

e.,¡er+r sector of the econcny. Anothcr ',iay of lcohn3 at it is tc say thai the

vector inclicates tÌre Ccnirnds trhich r;ill be placed '.ipon eacìr scctor if an addi-

tional clollar is spcnt on Ìrigh',;ay constr-ection.
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IlTGiLii\T C CI{STRUCTI Lrìi ilnP¡iíDITL?JS /il'lD fICiitiCLOGT VICTCR

Secicr'

-lt grì- cr,lJ- tur c-Liv e s t o c k

Agric,rltrlr:e-Crops (incl. Äg. Serrri-ces)

I{inin¿ and Q',rsrr¡.ir,g

Cons'¿r¿ction

Transpor:tation

Pet rc-l- eurn i,lno l- es¿l e

larm -:Ìqui pnÉtnt

Foocl Sto::es

Autonoti-¡e Sal-es anC Service
jlf_níÌÌlce, lnsurancc

Otltcr Ser.¡i-ccs

Housellol-ds

TCTÄL TIIT3R],1TKJ

TOTÄL ]Ì,ï}'CPJS

TCflil IXPTNDI?UIì]S

lIo'lla

(urooo)

L.)

¿l

tl3

I2

1l
I20

)A

3

20

2I
,oq

2Õq

872-

230

l 2rre*t'--*

Pe::ccntage of
'llotal.

128

a_.- tr*igures ma;r nct aCci due to rcunding,

Source: Conpr,rted fron original data.

lo

))
o?

1.0

0.9
oo

lru
ñ)
r, I

lçt

'rÁ o

72,O4

¿o.v

1OO:Oa

The data obtaincC at Lrborg included engineersr juCgenents as to th:

effcct of highi;af in','estncnt on lengih cf high:ray scctions, changes in ser¡:ce

vo.r-une and chang'cs in traveÌ tine.

I{IGILIÄï SICTI Cìì CiL,^ii?i\C?:RIST.LCS

Thcrc ir,¡îc no

B plojects for- -,;hich

in Lcn.:til

chirngcs i¡r thc lengtÌr of any ÌrigÌr',,;ay sccti on d,rc to thc

Caie r.¡ere oÌ-.tai.nr:C.



Challtos in Sclvicc Yo-l',r::e

The ori-5inal C:rta included the location of thc prcjcct ancl the cnginûcïsf

jucìgencnts abcut the perce:rtagc inci'casc in ser..'j-cc voluÌiie (i.". capactity) ¿..t"

to'chc project, iì,s'r,'ell- as the r¡a'luc cf thc projcct" Frolr these cì.ata, Tabf:

B. 5 l,'as constr-.lcteC.

Às catr be seen fron Tablc 8.5, the ncrccntage change in higi"ri;ay sar.,'icc

volunes t'ias tr'.rlt'ipliec bi'tire origrnal scr-rico.¡olu-nc for: the gir,'en secticr-r.

Ïn cases rihcre norc than onc sccticr -rJp^s inrrol-rredr a -,.icigÌrtcC ar¡erasc of thc

set'r'ice voltncs iiâs t.sed, ihc'r;eights being thc Ìength of the project or.er:

each section. .ù r'leighted a¡,'eragc ',i'âs Llsecl hcrc rather ihan the snalLcst of

the ti'or &s the inpro.,'enent ìa¡as.assuJ'iicd to br:ing benefits to both sections,

The change in ser.,rícc vol-,-'¡l'¿ d,.re to a pr:cjcct ',¡as dir,'iCccì by the c;lpenc'li'uur.es

on that project it-t tho'.tsands of dol-la::s. The changes ir-r seril'ce volr-:.ne pei

Í)ÌOOO cr:penditr-::c rJcrc thc su:n-:icC o.¡er ai-1 projects and dir¡id"ec by thc n-urber

of uro.iects. Tire a.¡erage change in ser.¡ice.¡cl-ulne per iìi-OOO e:rpenCituïe cn

highi;ay projccts i¡es thu.s conl-,.uted. lor,uiåing off tire last digit, the rcsll-t

"*as, 
in terns of ihe fo::l.al model

129

Diiv = 0,21,4

lrhcrc ÐSV is neasurcC in ca::s ner' $1C00 e:.:penditurc.

Ch¡in¡=es

lngineersr jr-rCgenents ',,'erc obtaineC about thc effcct on tra-.'el- tine of

high"ia¡r invcsincnt. The;r-rCgcnents i.,cro statcC in tcrns of increases in avereg€

speecÌs. But ihase'r-ncreasos',;cre said. to apply only to imclc'r;r.zffic. Irol

thcse cì.ata, the pcrccntagc charye in travc-I.';ine for trucks'r,ies cofiloutco b¡..

in ft-ave]- T'i inc

sir:cc pCTitT = TTT - TT.:tr- = plE__],ß.-rrr -nF¡*

tcîTT-1- (t:;/":s'

(¡.r)

(¡. z)
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rircrc FCT?T ís the porccntagc cì-Lange in truc]: travcl tir:re;

TS is the ai'c:-ege tr".;.c}: spoed;

lTT is thc '¿¡u.cll tr¿r,'st tin:c;

Tl is the distancc to be tr:avcl-led;

t 
cì.cno1;cs nc'¡; \¡tlu-es of the r¡ariab]es.

l'1u,1tip1r.'ing thc pcrcentagc t:'avc'l tine rcdnctÍon for. ttru.cks by tire

prcportion of trr-tcl:s using thc l-rigÌl;e¡r gives an cstinate cf thc or¡cr-a-1-1 itercent-

agc chatrge -in t::avel tine for the highriay. DivlCing iÌris::esntt by the expen-

Citttrc on thc higl-r',;a¡¡ project in tÌlousands of d-cl-la.rs pr:o'"-idecl thc percentage

change in trar¡cl tiile pcr;ii1000 e:rpenôiturc for each nro.'tcct. Sunndng thcse

results over projccts anC d.irriCins bi'thc nl,:iber of ¡rr.s¡r.ts proC.rrced the â\,¡cl:agc

perccniagc cirange in travel tirne por' 3100C cxpendi-tu.ue on higiriiays. Rorinding

off thc last dJ-gi-t, ihc rosrr.l-t ','.as

Dtr = o,ooo12 (9.¡)

t,'hcre DÎ! is the averago Derccntage cl':ange in travci timc per: . IOOC c-':pendii'-rrc.

Thesc calculatiotls at'c prcseirtcC in Tabl-e ts,6.

13r_

avcl:asc per.'centagc change in t:¡-rci: tra.,'cL tinc, and aplly it cnly io ccnmercial-

trafflc, But tc Co this is to o.¡crfcok ih¡t trucks anC cat's el'e interriringle.f,

in tÌrc ilaffic fl-o:,'. Thus the changc in a.,'ereg,': truck speeCs has so¡re cffect

on a] l- high-;;a¡r L,.scrs' travol- ti-ncs, altÌ-rough ti-ie effcct on cars rrright be quite

snall, fn orcr.cr to inclr:.de sr-tch cffect t)re change in tra,¡e1 tine r¡as connutcd

for al-l- t:affic o.¡el the highi.;ay.

It r¡onlcL har¡e becn possrbl-e to usc in the nodel an estinate of thc
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(cinri)

P.R. 2jl to
1) T,i 7.)y' l¡. . ,-. 2'--f v v

P.T.H. 68 to

2T

o ,r. o^

tt

¿)

Ð r¡ rl 1-l
t.L.\!. ¿l

rì p )7..1¿.!t. çt-

Ð T) 7)Ár.rL. /LÎ'
r-) rn lT Áa
!.i.1r.UL¡

Rivcrton

oqÊ
1)A

L22
70
19

16L

56q

I,454
745
256
267
tRo

1.96

, 7cl0
-, | )J

1 A27
)Á7
1A1

210

1,L89

r,E77

o,4A

36r

^o'7

f'crirrrctcr to P.T,-;i. 2'l
rr m fr aq L- ô Tn]. o ,,!'.L.:!. ¿l LU J. L,/uu, l3

oÀ
e r^! .) r. r-,,,, +^ SCikirll!rr. ovv J e );- uJ

I -, , \
I ('!Þñ l_lìñî1re ì, ,l r-:, I
\¡Jv^c. -- v. /

Sclk:-ri.: (.i. .rct. i'-¿rnitcba.\,i.¡.:. ) io ;,. Jct, 9 ,i f.i
ô Tn* ô t- a..\ +,- '- 

-inl
v. vUU,

9 eE )QL (¡Y-f'as-)
133



Tabl-e C,l- ccntinucd

Socti-on P.T.H.
rlO ¡

),4

25

)Ê,

at-/Ll

¿c)

o2.ol l{. Jct , 9 A, !A tc
I)e'cersficld

Pctersfiel.a ic iiiruripcg
Scach

ilinnipeg tscach to Gj-r¡il-i

P.T.iI.7 to P.T.il. 68
P. T .Ii. 68 to lishcr
llrancÌr

P.T.ï{. 7 to Sbcnei:a-Ll
Stonc'i;al l- tc i';arrcn

i.T.ä. B to I'].T.iI.7
(,n,rlorg)

P.T.TI.7 to P.1l.iI. l-6
P.T.ii. 16 tc Pople:frcld
Poplarficl-ci tc :l::iksiale

Location

20

io
71
)L

)¿
27

aÂ

r.6

67

68

ì'iilcagc

a^iìonndcd to rrcercst tirousand cars,

Sourc.¡: CcnputcC fron tirc r.rodel-,

Tctp-l- Traffic. Vol.ru:rc*-
Fir'si Yca:: lcnth Year

10,l-

1-l 7t). )
ro,5

2A)

17 2
L), )

4.0
o)

OT
17,T
u./

131+

760

986
trt

cìtì

17nL) I

An /1

27,1

lq
r82
'l ncì

75

L, +75

2,O51
I rì,4

158

tt7

-/'7 1
¡ ¡r

175

2tL-_t

296
71 1,_

'l a/1



FTnSI NÌD T:iilTII Ttì'rlì I'llII:,lCî1.1,i:l DISlY'l'iCiS'r iiìlD
îP¡iIl¡IC VOL-ü';XS CÌ; 0iÌl-GIii-DiSTIi:l.jiTIr-riì

Desti naticns
'1en(i urfc'l-lls*

T0: iliIIiP¡G
I'iìCií: Bifloct FJr

Biflos'c ì;i¡
Llrborg
Ri r¡criorr^
Col-d:;cfl- lìF
Col-Ci;c1l- iiF
Lundar'
Eriksclalc RF
llriksrlalo ÌrTi'

Eriksdel-e UR

i'ishcr ,ÌF
F:-shcr l{F
Fisher Sranch
Girnli Rï¡
Ginli Ì'1I
Ginli LIR

Rocls;ooC RF
Rockr,;oc.J. l{F
Stcncr;al1
Stony ì.iountain
Teul-on
Þ^c¡a¡ Þîì

Iìosser liF
St. ,A-n.lrc';;s llF
St. 'l.nrirel'¡s ìil
Selkirk
Ilinnipcg Bcach
St. irar,rrcnt iìi¡
3t. i.ar;-r'rn-t ìi!'
Jt. t.arr:":nt L-lì
rr-; -l ,,- .,- n:
v!- j-r,t-!i, -Lr

si 1l 'rnô.i '.Ì1,ì

:"-sltcrn
:,r^.1.ì'l --'ì.. Þ?,¡ V'Ju-Lú!.'-ru l:-

llocdlancls i'il

¡JiÐ DIST/úiC;iS CiÌ

Î;|RLU D.]

hPijiliDlli D

"liffect'i.¡c Di.stalccs" b

F.ì,:rs1; Ycai:

70.50
75,00
64.C0
71.00
85.00
60.c0
77.50

100,50
-e4,50
89. 5o
96,00

l-02, 50
oo r.ô
61.00
68'50
41.50
26,50
20.00
14.00

B,OO
28.00
1Ã Ãaì

12,50
2_r,50
28.OO
14.O0
7Õ 1,^

57.50
,6,5a

).26,(n
tlo qô

t17,5a
t7 q^
ZÔ N/ì

'lcntÌr ï¡:ar

:iìiliì11ÞRUl1líilÌG
Bi"SIS

67,82
'7) .<2

64.00
'io,9.)
84.98
59.98
n¡-7 À oI I t*r)

100. JB
94.38
ao rA
95. 84

IO2,41
oo qaì

56.63
64,r1
18,74
26.3+
rg. 84
14.00
8.00

28.00
l-5,50
12"50
18.4r
,ã 'r'r

11.78
36,8t
E'-7 

't 
O

56,4e
ç.7 AA

'l ?rì oç

TI9,1,5
17n ÀOt) I ..i()

47. À1
a-).Lt!

29,9L

135

:jrrr,nil -Ìtt'min¡: I'r.r.îf i c 
c

Flrs'c ïcar"

6

3
¿

17
L,)

5

3
o

I
2

4B
B

2
'lî

o

L¿
B6
a/)
¿.L
7À)'i

o

54
r6

¿v)
rL2
t1 7

6
,4't
7

r
3
I

62
20

'i'en'ch Year

9
,4

7)
lo

q
I

4
a7L)

2
7)

7T
l1

z

2I
I¿,
J.t

I28
7V

46
Á7
'1-)
12
NC\t)

¿)

r85
2RO

c)

6

11
7

B
É)
2

ot
29



Tablc D.l continucd

Desiinations
aand Ullit'r ns

rFt^ .

rROì'i:
.firnstrcng ITF

tsifrost RF
Bifrost irii¡
;1 r--tr nl c

ilivc::ton
Cinli iìF
Gimfr llF

T0: S1'Ciill';,r,{LL
IllCì'!: loclc,¡ooC PJ

Roclc'¡ccd llF
Stony Ì'íountain
lteu_] 6n
ìlosscr Rlr
Rosscr lTi.
'i'looCl-anCs FJ
',looâlands lil

Gr.illT (Irïì)
-ltrnstrong iìÎ

" Jffcctir' : Ðirlgrc!¿t-
First Tcar Tcntlt ]ícar:

17.00
20.00
2+,ao
1.8.00
,ô r\a\

?iì rìrr

9,50
7.00

14.00
6.00
8.00

20.00
8.00

13,50
11.00
12,50

15.00
21.00
10.00

Õ, ?u
14 .00
21.00
27.oo
29.50

10,50
27.50
27.50
2? qô

3L,50
12,00
2!,50

B.O0
7.00

-LO. UL)

t-l,00
\3,ro
r8,00
13.5o
17. 50

TO:
FÌÌOii:

,.TiLD U'-I1L'

iìrnstrong iLî
Arnsirong Ìil
Sifrosi ltl
tsifrost lll¡
ILiver"ton
Iï-sirer FJ
Fishor IIF
iT-shcr Branch

u.00
20.00
24.oo
1A r^ì,,l

?o rìô
ao ^^._(). uv
7,86
7.OO

I /. (i4

qo?

8.00
20.0c

I . -)

!-/.+)
11.00
12,50

15.00
21. C0
oca
B.48

14.00
20.73
,É, o1

29,50

?ô lo
27.49
2'7 Å C,

a2 aa:-). ¿a
71 ))
'tI o?
21 /)

8.00
1.UU

16.00
11. ,00
17.50
18.0C
lt.ro
t7,1rJ

l::,"and-f i:niling il.llf f i. c 
c

Iï-rst ïear Tcn'r;h Tcar

T0: ÂSHIFÌI
iRCiì: ll:'i-l<silale RF

:lrik¡ialc Ì¡F
Irl::ikscìele UR

GrahanCe.lo iìF
Cr¿iit¿nclale ii?
Sigl''-rncs iìI
Sj-glr-rncs iii¡

ß6

)a
t0

9
7
'ì

l

11
11

l¡.lla;.;.

40
tq
r1

Aì-
I
I

lo
L7

L'ullD1,.L
fì¡'l ..1- -¡,'1 I Dr¡

CofCiiell lil¡
liril<sd.afc ÌI
fri):sCa1c iiF
lirlircri:.1r tlì
q+ I ¡r'¡¡¡* ìlÌir

'.: l-rìr1-,F+

St. l,a'"r--r'cnt LR

¿\)

9
4
l-

17
L)

2
16

6

30
1L

5
?.

'l c)

7

21

9

2T
6

l5
4
t-

tq
2
I

1r
9

22
6
I

?.8

4
]

2

1

tl
4
tr

2

1V

4
tr

t_

1

I
1
I

4

't

ú
7
7
2

'ìo

6

I

I
2
?_

4

I



Teblc 0.1 ccntinucd

Dcstinations
a8.lld (.rlrtû- ns

T0: XRTIíIìDAL: (Ur',)

i,ROlri: Col-Circll- Llr
Ccli.i¡el-f lll
l,un(lal'
l,l::iisilal-c IìF
iLriksdalc lTl¡
Sighrncs lìF
Ashcrn

T0: ì'.TiiÌ:IP:G !:LCli
I¡ROl'l: Gi¡rli ìÌir

Ginl-i IIR
St. :\nCrcr;s Rir
Si. tiirclro'r;s liF

îC: ST. lJLIIRf,lll (Ulr.)

i'RCii: Col.d:;cl--l- F.I
Col-d';¡cl-i lll
St. iaurcnt RI
St. Lanrcnt iÍF

10: SIìI,;Í¡J{
FIìCÌI: St, lLncirc':;s RI

St. ;\ndrc-r;s llF
i'linri-pcg Bcach

T0: T:Ul,Cli
lB.Ol.i: iìcclc';ooC F.ï'

iìocl:¡oorL llf
Stony lïou-ntain

T0: FISiIJlr. 3i-,¡!ìICä
FP,Oi'!: Iì-sÌren PJ

risher' ìiF

" iìf f ceti ..'e Di ;1;lr ccs"b
Filst Ycer

2.4.50
20.00
2ô ôrl

I .)t)
2.00

27,OO
18.50

6.50
5.00
6,50
B.5o

7.50
8.00
7.00
3.50

26,50
24,50
26.00

10.50
o atô

)) ñ^

14. CO

r-2.00

7.50
6.50

2,5O

1.00

5 .00
+.50

15 .00

24,50
20.0c
20.00

1. BJ
,Á oct

18,4 g

6,50
5,00
A .7¡
T'. I T

7,O4

7.50
8.00
7.00
3.50

26.00
24,oo
âf: ôoL) . Jt)

tô Ã^
O aìrl

t2^

t1,98
L2.00

"7 AA
I.'f J

6.49

2))

3,OO

4.75
4" 50

15.00

Er:i:rnC-1' rnni. l-y" Tr'::l+i c 
c

Itrst ïclri Tentir YcrLr

137

7
-)
I
I
9
4
2
1

TC: F.Ilitl?.TCiì
FiìCii: Sifrost

Blfrost

5
2

t
I4

1
1
1

r¡^. rn ¡-,ì¡ D^ñ;:
lv. ¿i-.-: lrJvr!

]¡Ðl,\Ì.i. ô¡c lrr',,.l r l e,

11
B

56
1L

T0: ¡1r',S:ln,iC0D
ï?al.-. i1 r"--.*1--.n- ¿t

TC: 13.:)i,l.Rfl "ii-Ð
lROi'i: Il¡licr" ìI

]lT.-"Ì.¡- ìIll

i;llshc:r Blanch

R.F

lr-'

12t)
j
3

1t

7-Õ
)o

30
2

22

5
L

16
Il-

t'ì/4

55

20
5
4

r6

57
+)

24
6

22
6

7
2

+2
9

a)

59

o

45
9
I

1L7

C)t

by
T2

1



T¡Lbl,e D.l- continucd

Dsstin¿ti-ons
e

c.t1d ur].gt-ns

TC: Pi,T-ilSIIIli,D
FRCr.i: St. r\nCr:er,'s

Si. i\nClc',.;s

r¡^. r,I¡DDi;F.ri U . .¡/.iLtlrl,¡

ÎìCi.í: St. L:.'-rrcni i!
Si. J ¡"uz'cnt Ì;rî
iicodl-ancls RI
iiocdl-ands lil

j! ì'

!ilr'

"iff:cti vc Ðist¿:nccs"b
I,5-r'st Tcar Tcn'i;l-i Tclr

*Fcr l-i-st of e.bbrc¡,':-¿:ticns '.rscd, sec lable D.4

b_.-jicssu.r"cd- in rú1cs. The conccni is e;:pl_aincd. cn p.

c^., /'r.'rlcusel-ì.di o1 ceIcll.rc3r.

5.50
4,00

26.00
34,Oo
5,50
1.OO

Sou-rces:
C.F. Ïba:ri-nghan,
Qriecnrs Pri ntcrr

¿1,5?_

7^)

2E,00
7 r', î\a\

5,50
3,OO

::il-l othcr col.luns: Coläputcci frcn the noCcl .

--r'l'ln :l-.\r u'Ln i n r 1're f f i c 
u

Firsi ïi:ar ii'cnth Tcsr

Origin-Ðcstitrct'ion ¡airs and first :!'ear rreffeciir¡e d,istanccs":
J.:i. ilaci,il--Lrn anC D.J, Sancisl-1, Thc Tntcr"l:i:e !'c.ci D-;:"c!i., (llimiipcg:
- ^..^\197,1J, 'uabic l-5, F?. l7i-185,

I3B

)(

-;
1L

1t

66
I¿

l
I

¿.L

I6



LIST C]¡ CiliGïÌl-f,llSil.llr^.TTOìMIRS Oiï.lîÎ:iD BfC,rrlISi 0F
TÌISUll I'i C i ;il ;'.il ìiC Ci l U,':I C il$Ciü- 1l"T I CII

cl-
ll^ôtì hql-a 

^h.¡

-1Lrg¡rle

.hrncs

Balnlora'l

Canpcr

Canp I'io:rton

Chatfield

Cland.eboye

Co::Con

Grcssc fslc

G;rp sr-un.,'i l- l- c

Iiod.gson

liooschcrn

lì.osser

,IÀ3LI D.2

Rocl¡.rood llF, iiocclla.nds RI, lIoocll.a.nCs llP

Bifrcst F.I, Gìrrli PJ'l, C.,'-i.:Ii ill

iìoci¡;ooC Rli', RoclcrooC lll'

I'she::n, GreJrancla.l-e Ii!, Or:hancalc ìfI,
SigJ-unes RÌi, Siglir-ncs llir

Gin1i F'F, Ginl-i iil

r1,rr'rstrcn6 Ilì¡, jirnstrc:r5 1l!

St. ÄnCroi;s RF, St. Änd::ci;s i;I

Rosscr RF

Rosscr RF

:jrilrsclel.e Ì).F, G::aha¡:da'l e ìI, GrairanCal-c l,TI

i¡lshcr Branch, r1sÌlel PJ, F:shor' ìtir

.i\shern, G::ah"nCal-c iDJ, Cl:rah:nriaLe I'lF,
Siglunes Ììf', Siglr":-nes ìiI+

Rosser Ri'

.3.
Ur].gr-l-lrl

139

tF"" r h.si cf abbrcr,-iaiions used, scc îabl-o Ð.zl-,

TASL: D.i

IIST 0I ClUGIil-D-iST.liL¡rTICil I':'rilìS Cl.liTl':tÐ SllnUs:,-
¡lr:Ci,IJSICll Ci¡ lT.CVIiOIt'ii, IÌC;iÐ :YST-l'i

(i
l)-3:t:r n:it-LÕnri

Tn'..'oocl

3_-For- a list of abìrrc.¡i¿tiolis u;eiL, scc ?irbl-c D.¿i .

/ir-'.r;trcng RI, Ä:rnstrong lilr, Ccfi:;:l-l-
S'r. l."nlcnt ill¡, :ii . i,:'li':nt ',iP..

I lìrr fir ìl ì

^1

tl¡



Tr\3Lli

}.8]]RL\JI,iTIOII,S US-iD TI{ ],TSTTÌ{G

/i,bb::c-,'iatron

a)- Gclcral

iiF

Rr

tn

b)- ,l'lrcc ilancs

^ 
rr-.-r,^- -tal_ I lú Ur. V1 rü

Si,frost

CoLd"¡el--l-

!rilisdalc
Fishcr

Gir,rii

Gr:ahande.le

Roclc¡ood.

Ð^^..^-
rIUÞJgA

St. Ånd::e;;s

St. Laurcnt

SigÌules
Iioocll-¡.ncls

D,4

OnÏGiìis ;'rìiD DUSTIIIÂlicils

Ru.r:al- líon-ferll hcr,r.seho.l-d s

Rural fam hcu-scholCs

UL:bnn hor.iscl-iol.ds

lieaning

Loc3f Govorruncnt Districi of .lirrnst::ong

Rur"a]- iirtni cipa1it5. 6¡ Bifrcst
Rnral l'linicipali'c;r o'î Ccfclv:l-f

Ru::a] i'h-r-rúcipelity of lilril<sdale

l,ocal- Go.¿ernnent Di s';nct cf lishcr
?.ural l.'"rrncj l..sliiy oí Gjnl-1

Locaf Go¡,'crnrirent District cf Gr:a1-r:ndal-e

Rr-,.ral- iiu-nicipc.lit;r of iloclcr'ood.

P.nral- I.lun:rcip:lity oil ilo;ior
Ìì.'.rra.l- Ì.i'-rni-ci-pali.ty of S.i;. Jindre-';s

Ru,ral Ìiun:-cì-pal-ity cf St. i,ar"rrent

R.ir¿rL ìLuniciir:,lit¿ cf Siglunec

Rr-r.ral Ì,lr,rnicipe.l-rty cf .ilccCl-ands

f 140

All othcr pl-ace nancs refcr to vill-a5es, tc',.rr-:.s or citics.



I{ighr;a;'r P.T.ii.
Section Ì'io.

,A.PPNIDIX T

ÀSSUJ'ï3D ]ì.CUTIIIGS

TAtsLit ]t.l

ASSIlillD RCiTTIllc CrF IRRA.liIr-F.tll'ìì,:Ii'iG TRÂIi'iC
OVTR }{ÏGINir\T ÍJ:'CTICI'IS

Locaticn

I'er:ineter-
l.rarrcn

Origins and-
Destin¡"ticns*

Col-dr¡eÌ1. Rl-';linnrpeg
Col.Ci¡ell- lìF-',;rmircg
Lund.e.r-ii¡-':- nrri p c g
'dri-ks d.a l- c ¡'-ç- ; i:-nnri og
Eri-ks clal- e i'iI¡-l,r:l nnip eg
lJrij:säal-c IR-:;innipcg
Rosser RJi-ili-nnipcg
Ro s s cr lil'-',lrinni Þcg
St. Laurcnt P.l'-i'íjnni,pcg
St. Lau.rent I'iF-;1n:ripcg
St, Lar.:-rent i;'?--ìliilni¡c3
Siglunes Rl-';'rinnipeg
Sigl-nncs l{F-llinnipeg

Colcli¡ell- RF-.ilinniccg
C o I C.r¡e1l li-;'-lrrnnipe g
LrrlCar-,iinnip,g
ilriksdal.c Rl-ilinni.pcg
I:Þ'ik¡ d¿l c ll l-,,':nm¡c¡,'
iriksd: 1c Uiì-,iinn:pcg
St. Lar-rrcni FJ--li:-n-nileg
St, Lau.ront Ìif-,linnlpeg
St. J,¡.urcnt t;i-',;inlrpcg
Si.gltrnes R^--l ilnnlpeg
Si gl'urncs lÍI-.Iir:rlpcg
Âsh crn-'..Ij.r.,rrin c g
'iioodl-r.nCs P.ii'-St onc',¡a1 l-
llo o Cl- a.nCe I ; it-.i'u :licl.r al -'l-

St. ì,ai-r::un1; al¡-.1t. I-:rrrr':ni;
St, Ler-rrcnt ill-iii. i-¡-u::cnt
'tL I.,.."^,.! rltì _.'^---..^
t)V. :-,L-:.1 .-:lU iL, -,.-:.. j'Jlr

a,-¡- I ^.,-,^*l- 
:rr r.i-,

'¿1, c Lji:-:l'4n1, j,-'-.;l::131i
:'iood.f ends iìÌ' -,'i¡.r:rcir
llcod l-ands ì; ¡'--.;r ::rcn

1l+1

Ì{ar:ren-
St, i,aurent

Percentagc of
Vofurne Usr\ng

Secti on"

oo
qo

ort
cÕ

90
60
qô
an
ar')

oô

50
Ê^

100
100
100
100
100
100
100
r_00

100
r00
]00
100

40
40
¿.\)

¿v
I r-,ô
1^^
l-\;L'

5o
trat

'R
LT



Tallfc i:',1- continueC

Hi elrr'¡-.r¡

Scction
P,T.I1.

Locaticn

St. Laurcnt-
Lu-ncLai

Oririi ns arrcl
lcst-ì.tÌett-on3

0o-l-t],:;cif iìT¡-- ilnnipcg
Colct: ;el I Ìr i'-1,'-rru-:ipc g
T.r rrr r-ì ¡ r'-l i i nn i -¡.r a,¡¿rLr:i.vlr

Erlks dal- e R,r¡-','iinnircg
IL:il;s j:l-e lii--,Iinnipcg
Tliìrs C:l- e'.,riì-1,':rr:r*¡ c g
St. -¿.rr-r":nL Rl-.,=n:ii1cg
l:ì+ T.¡'r-¡¡n* ÌIT.r__1 ri nrri n¡,c,r4¿_r_+./v5

Si3lL'-:::; î.F-1,'ir':nl1:c;
3i.g1rr:c; I;I-i'llnli¡e¿
.l,. sh e y-'i-r- l l i nni p c E
Col-di;elf R-ir-Lrini¿r
Colci:rcl-i irtr'-Lilndar'
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AIII - e scs.l-cr:, 'bÌ-tc ya'lr.ìe of an:ru.a.l- ìrighr'ra;r'i n."'cst;r'icnt for al-.1. scctions, i-n
tJrcu.sands of Cclfr-rs.

AL - o. ss¿'lal:¡ tìrc si:r of ihe }abolt:: forcc for tolrns, r:Lrral- fEri;'i arcas anci
:r'ì.ll¿l non-farül ¿rr:ces.

r\1i - a scil-:r, 'üìlc l-c-"'cl- o:î loc¿l cnÐlo-rr"cni j-n ncn-agricnl.t,.ir"¿i- scciors
for el-1 toi;rtsr 'i n l:r¡-n-...¡c¿ïs.

iiS - a col-ll'rn rrcc-bclr cf 18 cl-c;r,cnis, 'uhc Íea.!f.."!.¡a.fuc of a.rea birsiness
salcs for cach scctol', i.u 'cltorr-salrci.s of clol--Le.rs.

ÄSr', - r sca,ì.ar, thc last cl-cilcnt of tÌlc vcctor.{S, tite yea::l;r valnc of sales
^' by hcusohclds, i 

" 
e. hor.ischol-d. inconcs.

ATS - a sceiar, 'uìtc l,'earì-;r r¡ll.Lrc of :.rca busincss sal-es for: all sectors, 'ip
thor-rsan,is of clclla::s.

ÀY - a scril.ai', tìre; yea.rl;r -,¡i:f'"r,c of regicLal ii¡.co;:ic, in thousat-i'f,s cf Ccl-1-i"rs,

BR - & Tci¡ vcctor of 1B cl-ciren'cs, thc propii,:tion of cech sccic;'rs bir.siness
sale; all-cc',tccl tc cleprcciatici',, i:1;llr:ccì cc.:.'r-Li:rgs, businc:rt tl:;cs,
gifts enci. contri.buticnc, anrÌ j):-J¡rcnrüs to ncn-¡csidcn'u o-,;nülrs cf riaci;orc
of rrocir-r-ction.

C.'iL - ¿ cch',:¡i r¡cc'bor ai i4 clcncnts, thc chin.gc lir thc "ef-iectíve ciistanccrr
of cach higl;;a-y' scction cLue to t-n.¡cc'ui:cnt¡ -j:n :rl-cs.

Ciii,- - thc \'¿lu.c cf the a-tÌr clencni of thc vcctc:: CIîL, thc change in "cffectivce -.- dj.stalcc" cf thc a-tir ?righ:;:y scctic::.

CIP - a col-luin vcc''co:: cf j4 e-r ei:icnts, thc r;i:opcrtion cf annr-ral avcrage cl-ai 1¡,'
traffic i,:sin5 e::.cìL Ìr-i gltlli:r,r s.ction lt tli-: cr':'ter.ion hcirr.

CilT - a ccl-,-nl .¡cctcr cf 7!, cl-cncnt¡, 'r;ìlc -¡olLr-:lc oí traific r'.siltg: cach ìr.i;ìtia¡¡
sccticn ¡.t the criicr-ìcn ì.,cr..tr¡ .:l n-',:^5:: ,¿î c¿ys.

CC - ¿ cc'i ,.r:n ¡.rcctor of ')4 c]:ncnil , thc -iclr-ìr1c cf ccngcr',;rcn(i.c. thc c:rccs:;
^ ¡ r-j 

-1---^-- 
-- - - --j -. - 

\ 
^v.j- ri.]-Jr.r.,i-;.' f":,i'.ti.r'C;iCtlts; ù-.,aI au'a'C ¡;f,'j.C:..'C:rt:.1) fOr'¿,:.Cìi ill¡Ìr:;ay

:ccticlt, in n'-mber of clrc.

Ca- - tlri:i.-th':rcncnt of tl-rc..'ccto:: C{;, tìl: -.'ci'-r-r:l.i of c;rns,:stìc:'L r:n-Li-rc
¿' . !r. ì^i ^.r., -^-- - - ^! 

j .. --L:-Lil lt*1i::'(--j ù(.(.: U:VjÌ.

I5r

Thc s;;mbcLs u-scd in thc nodcl ccruetiors arc ijre fol-Lo',.¡iug,



D - e col.rr.r:lp. r,'cctoir of 110 clcncntc, thc I'cffcc';:-r¡c cìist.:ncc" bcti-ccn
c¡.ch origrn-Ccstinal;icn r3'i i, in nilis,

ÐhS - ¿ cof'-';ilt vector oi 18 cl-enerrtc, the cha;rge Írr ;,'car,l-y a::ea b'.lsj-ncss
s¡ll-cs dr,lo tc iti.gìr..;ay j-nvcstilcnt for c¿rch sccloi, ìn thcts:rncj_s of
dc1lars.

,r\So, - thc'last cìcncni of the i¡.:ctol rliiS, the cÌrange ln thc r¡al-irc of ycarly
" ho.,schol-cÌ incor¡.cs, in tÌror,islnir.s of cloll-e::s.

D;\TS - a scal-t.:, 'l;ìrc cìt::r':c in'r,cte-l- ¿:,rc¡. blisi.ncss ff. J-cs fo:: e l¡c¿r Cr,rc to
higìrr;ay invcstlacn'ú, in thons¡.niìs of C.ol-ie::s.

DirY - a scaier, thc chen¡ï-'in bhc valu-c of rcgi¡¡al- inconc cliie tc irigh:;ay
invcstr:tcnt, in thousel-lds of d-oflars.

D:jC - a scelar', th.c nsslurcd cl:ogenou.s::aic of gro-.;atit of alea final- dcrnancls,

lx'Ð - e cofLrirn vcc'üor of 18 c,r-c;lcnts, 'r,hc changc in thc.¡a1nc of fi.n¡-l i.c;lard-s
b7 scctor d"''te 'co higÌr-,iay :invcs-tl'icrit, in tlr,c':'s:.nd.s of d.r:i-Lar¡,

ÐIli - a co]iui:l .,'ector of j4 clcinenis, thc.¡o.lu.: of cl:r_sc::cti-cni-i:;r'n13.Ìlla¡,'
jnvcsh:rcni fo.r: each hi-gÌr:i;i socticr, in tÌ.ousands of Cor1a.ts,

DIII^ - tÌrc a-th clcncui of tl-lc vcctor DiÌT, discret'icnc.r'l¡ ÌrigÌr..i:i;i jnr¡cstire;nt
for thc a-th itlEir',,'a-v scction.

DIC - a scal-ar:, the essllncd z"atc of c,{cgenous grc:;iir of nopu.J-¡tj-on anC of
labcrr:'forcc.

ISV - a scala:--, thc avcrego'ìnci:easc in highr;a;,'scr-øicc vofr'':ics po:: thor-r-sand
dollars of higÌr;e.;,' j-nvcst:ieni.

m';U - t co-rr-u:ìn r¡cctcr cf l-B elcircnis, tìrc cÌrengc in toca.l- ci'rpJ-o;-¡3ni in non-
ag:'i-ci;-l-tu.r:l- scctcrs in eacÌr cf the::cgicnrs,.rrbe.n c.îcûs cl-rc';o Ìligh';;rìJ.'
j-nvcs'cnsrli, in ns.n-l.cars

DTS - a col-u¡tr -,'cctci'of l-8 c-Lcncni;¡, 1;he cltan¿'c irr yce..,:l-j¡ to-,:ri brisìrics¡;
selcs fcr c.::ch toi¡r chrc to ìr:gÌr:;c.y *n-;c:trlcni:-n t?ro'-r¡.:'lt,lis cí Col-L¿:r:s.

ÐTg;i - ¿r sc¿l-al:, 'üi-lc chl.n5c in ihc ï'te:'J-:r bllsi-:::ss siìlc¡ of 'rl:n:rlpcS (ttit
rcí:*c-rt s ;tctloloì :s) ll': to Ì:.i3ìr,;l.i-.'' :.nvc;t:-;itt, :.n l;licuslniì¡ oi cìc-,--l-:.1:;.

DIl - a scal¿'.:', tirc arr,¡cïe5c;-.c::ccntagc cirangc i-n t:-avel tinc ¡c:'thousani
cl.¡ l-l-a::s of hi¿Ìr;;a;r i-itvr:s t -icirì; .

}:T - a cc,l-u:.ui vcc'uc:: ji 1,!, clcir:nts, 'lhe chi.:..,gc in incoi:.:s cf cech tc:t-1,
::utrl.l f¡.:ln are;.'-r. l:ir]. ;ür¡.-]- nctr-Í¡:¡:l:l ;r:c¿.. :.1: iÌrc :ce5icn c.l-t.Lc to higÌl;;e;'
i nvcgt::r'u, !'r. ;h:ril;:n,-t: oil r'lol-l-¿'l:-'¡.

c - thc il:rj.t ci (i- -t l,/.':)tt,r"..'úcÌrrls tc rnii-rrity.

:rT. i - thr ¡'c:"r'l--i'..c:l-L'.j1',j of ,:r.rencl,-i-.rnn_r..ng tr':fflc Íl:cl c;rigin j- to dcsij_n.:,'uion
-: -: -- ---- r- :, 'Ìl n,ì;ì:)-u oI e¡.IJ.

Lr2
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,ii - ¿ì ¡.cii \.cctol: of 110 cl¡rnr:nts, tht: lìoll-zc1'û '.r¿lucs cf ,ìT-.,

l.'¡' - A colir;''lr,,;ccto-,.'of 18 clc:ci:tl, tìic valil¡ cf ;r.rl:j-;r c-.rrc::'L fir-ral cicl,lancis
for. olch sectoi, j-lt tnoi-rslincìs cf Col-l-ar¡.

:;1,, - thc ll:st cl-c:i':nt cí tÌr: i.cc'Lcr i:ì-í, tìic -¡r-fri: of hcr.rscir,;ld c¡.r'nitr3s
l'-̂ Í'r'o:u or-rt:!c'lc of thc l':3icn, in tl'.c',rsrnci¡ of d-cf l.:r's.

illC - ¿l l:ratii;q cf c::Ccr' l-.1-0 :: -')1,, tìlc pi:onortion of cach crt'¿',nd-nr,rning
flor.' on in origin-dcst:-netlcn b:Ìs:i.s r"rsi-iig cicìr hì-gì i',;ay soctic;r.

G - a cc-]ulän r,'cctor of lE el-cn.-nts, tÌ:c vc.]-uc of ¡icerl .','go\¡ûinj:iont final
dcnenrl.s fcr clch scc"olr, -i.n tì-rorrsancis of cloil:irs.

GT - e- scr.l-s"::, thc -r'3:L1tc of go-.'cl'i-Lncrrt'ble.nsfcr nl¡':rents fo:: l-;.ear, in
thous¡.ncls of Coll.¡"r's.

IIC:I - e colniiir -¡cctcl cf 1¿3 elcncnts, tÌr: plo¡orticn of hi-gh-,.iì-'r ilr'sstnont
s¡cnt on cecjr J.ctLrl, i. c. ihc hi3'ìr:;c-;r cu:rs1;:r:ct:c:: b:ci'ri.,cl o3l'.

iil - a. cc]-'-r.nn lccto:r o'î 14 c}cncir'cs, 'LÌrc "cffcct': ,¡c di-s'uaircc" of cach high:,i;'
sccticn, in núlcs

IiL. - tÌlc. e-th ol.cncnt of 'cjrc vector TiL, the "effcct'i .¡c rLis-banccil of thc
e-th higìri;c.¡,' seciion.

i{P. - e collrlin r.ectoi oî jl, c}crnents, thc req'.:,i:c:ncrrt fo:: high';le;/ ça1-.1si 'LJr

for cech secti cn., in cars pc:' Ìrcu:1.

j - ihe unit netti;ir'..iror¡ the all clcn:cnts cf ihe nain diagonrl aLro uni.ty
and al-l o'¿hcr c-l-cncnts zcra,

IÌi - a colr-;:tn vcctoll of 18 c'ì c;icntc, ì;he va] :tc of "rc::''ir'i:r..'t:stntcttt finr.l.
cì,cna.nd.s fcr cacìi scctc::, iir th.cllsancÌs of' dc-ì-'la:'s"

j;Cl - c. ro';r .¡ectol oî -jl, c'l tnents, tire ycarJ-¡r tr¡ol-Liì,ic of ncl-l-coi,ti3¡sì a1 ''c::affj_c
for cach higìr-.;a¡¡ :eci:cn, in ca-rs.

1.1Ð - e. ccl-lr"'rn 1'cctcr: cf ll-0 cl-cient¡, tì:c "cfiecti.¡c C.isterrcc" io:: cach
c:'-l;in-cl-c¡ij-n,lticn plir aftcr ir:-gh-,;ay in'¡os'r,li3ni, ì-n nìl.cs.

liSV - ¿l cohrm'¡ector af )!i cl-cl.',¿nì;s¡ ti^,c cha:;c i.n ¡¿r,¡j-c;c .¡cl-une for: e¡cll
la-: "'i---'' ¡cci:::r ùl': ic ii-jr-.,r.'. j.r...'cstr:r:,1t, '.1 ctr'3 l)3r' hoiir.r--U.Àr.Grj uvUv+v-: u;L- vv it:(i l.:r' ' J-:.tuJ il.l-;.!v, .:: \¿c:aJ ./.ri rivLl

ll?T - a co]-''¡,n '¡octci of it; crc;l:nts, tÌrc¡lclrccrt:3: cli:13',: il'cr.:vcl-'uiii:
ovcr cach hlgh;:ay scctloir íìui 

"c 
ili-¡.Ì-rì,;i.J ir-¡cstncnl .

ì;iT - 
,;i'ta .:.-ilf C_l_¿::,,:n; Ci l];.3 -,rnn*^n 'i,Jìl l-1:.^ 1rnr"¡r.--l:¡ -",r nlrtn¡.,1 i.if t:'e,.'¿.j.'^^íl 
,'." 

" "' t-Lt

iirJ c.r..-Llr tl:: :.-i;ìr i:";ìt,;,:,.. ;.:.'t.:-oi:.

nri? - :i :'.'o',; .i¡:ciol cf il, :}r::irrri;, tìtr ;rcerl;,. -,'cfi.inl cf cc:ilcr:ciel- tr¿lffic
ov:r' c:cli ir:-3,:',.1.-,- írccii..on, ir:. ';l-tck¡.

rìirm ---ctcr cf it, cf cilicrrts, tirc ;¡c,:.:'l-;i -.'ol-rlnc r¡f cl'r'¡rlrci-nrm-i-ng ti:iífic1!:,I - 1-: -!. Lj ,¡ \,r U

c.,-cr c:,ch llj 1Ìr-,;_:.;r l::c.Lj.cn, in cr,:,1



t5h

lIii - 3 ccl,.r,r;ìlt vcctor af 'i4 c-Lcraci-r,cs, tirc v¡:.l.uc of irlghriay in,'cstncnt i:c-
qri-i-'cd fo:.' ell-o-.':'',iti-olr of ccn¡'c:;t:-cu, fcr clcir ìti-gÌu,-:.¡,' scr:tion, iir
thoi¿;¿:::.ill cf ciol-f ¿::¡,

RilI- - tl',c l-th cfcr;i¿nt oÍ the vccto:: Ìiir, r:quircC Ìri;Ìt-r;l;i in.¡cst:ncn.t fc;r
J-1. ^ ^ J-r^
Li rU ¡;- rr i s;CCt-i Cn.

RIU - â lrcî¡ ycctJl: of irhi.cÌr thc cl cncnts ar:c all uniiy.

SV - e coli,ll:¡ yactor of i4 c-'l-cncrrts, iitc sci-¡icc vol,uncs for c¿,clr hi.dr-,.,¡rw
scctioti, rn cu:s ¡or hcr-rr.

tri+-l - s',ib:cripts cì-cnoting discrcte t'jr:e periods of cnc J¡cirt'.

?:ii']S - a Ci-agonaL netri;: cf ordci l-8,';13, thc c1.o:lents cf ';lie niin clia,qon¡.l
l.-.;-- +ì- | / 

--¿-: ^^ al- ^^^'r- *..,-.^ -*^1 ^11 ^ruurrló u,rc Outp'.itrienpfo]'Ce raiics fOr eaCh t6l;tt, and all O';her cfcrrcnts
beì rr r.aro,

T]II - a colu:l: vcc tor of 34 c-l-clicnts, -;hc tots-'l- im'cstncitt ,ln c¿ch ìrigl*;i;.
sccticn i-n a i¡c¿ì1', in thous¿tnds of cLc.,ll¿rrs.

TiiI- - thc a-'th cl-c::icnt cf thc r¡cctol TI]I , tot¿1l yc:.r]-¡r inve¡tilent for: thcÉ- c.-th hj.5ì;;¿¡;r scctr-on,

TJ, - e col-Luin \.cc'úci,¡f ,lu1 o-l-cincnt:, tÌrc si¡c of tl-ic'l:bor.r:: fcr:cc fo:: c¡.cli
'úo11",, lll-r-ia'l faln arC¡, anC t¡-1.1t¡'-.l tton..fc-t:n e.rc3. in thc lcgiOn.

tili - a col,.ü:üt vccio:: cf 1,4 c'l encn'us, iÌrc -Ì-c-¡e I of loc¡.-r non-:ìg:r'icu-]-'u'-rlal
c;'ìpl 9.-.^'-t in cr.ch to,:n, rr.rlgl- I'r:'l arca ane n:-:rtl- ncrL-fr::.':: t:rci:itr
-Llra ¡.¡+'ivi,U -L'uj:-OÌlr

nru - a col,rir.in vcctcr of 18 c.l-c¡ncnts , thc I c¡¡cl. cf -Lcc::1 ncn-:.gr'-i c'"ll tural-
einpl-c¡n:ienl' in cach tc',rrl in ihc z'e¿'rcn, a subsct of thc vcc'uor Til.

?P - a col-li¡:1l r/ccto:r cî !¡1, c-l-cr:icnts, tÌre populati-on cf cach tci,m, ï'r,-fi.l
f¿r'in aiea anC n:-r.al non-faltrl ¿¿r.ca in iìrc lcgj-cn,

TS - e. cohì.nn'¡cctci oí ]E c-]ci'icnts, thc 1r;.1¡.s o-î ¡,'carl;i bus'inc¡s i¿lcs
fc:: cach. iol.'n in tìtc :rcgion, i'-n tl'ror,is¡.nC-s cf Cclfars.

I,S.: -:: cc:-l.ri, tìre;,'c:11y.¡[-]Lrc c;f businc;s si:1.trs iir ]lln:rincJ, in tho'-rse::C:
of C-ol-fe.rs.

TY - a cclu:::-r.,.cctor af l1:, cl-encnis, 'ühc;;:i-::lir.;'al-tì_o oÍ'l-l:c.j.:ri,:¡ for cach
to;;n, r--l::¿f fi,r';i ¡irc¿;::i,rl r-rl:r:1. rìc,t-farl'n e.rc¡- i.n tìrcusarrcl.s cf c,1oLl-rrs.

i: - a n:'.t¡-i:: cf orCcr'l-8:: ì-8, ';h: 'npr"it-cu.t¡r.it i.:cl.:iic¿l c.ccfficicnts.

f¡I - l- j'3;.- -*cct:1" cf 31, r,l-c:cnts, thc ],rcî;t'lJ¡ ..ol-'¿nc of 'uct:rr traífic c'¡cr
r.l n-l: ì I I r]^ _ -^ i: _ nni..i ¡n -i n-*-.. -.-..J1-,.."Ji ¡'j(; UiUj:, ¿jl CûT¡,

I - c'Lcf:-ncs a nc',.i.¡¿ìlr-rc of iitc r.i:i'ilbfc to l;hi.cit it i.s ett:.cltoC.

tt -'.,1s:ci to i-ndic¿tc iltc t:.'l'nsno¡c of a -¡cctcr olr illati'iL.



Thc c:'-irt:icns of i;ìrc

arcs erc thl fcf f ci;r r-:3.

, ._l
¿s = (r - ji)-- (c + nl + :;{)

ATS = (nrv) (,is) - -+.sy

15 = A.ls (t/,i:l) (,r:ru)

¡¡c..'_ 1ôolrirQ

-^--'^ì].:L) Li. U.L ',ised
L^ <Ìcri.ve the lcs'"rl 'rs

AT=

l.j- =

o.,r-Irfr-cr+(sn)

¡v (r/lt,) (rr)

;1.1597 /nr l!.2499\¿ri,/

I>'
fcr tÌre fnierle:rc

?î
!1. . 

-1J

(ni. ¡o'2rio (Di¡)7'oi66

n:r = (rl) (r.rrc)

-l Á1 ôq
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(=,21

3,1)
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- ?c ^îr
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¿ I-¡-'Tr
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FiiI - ca

îiif = D:Ifaa

Tlii = ?Jiféé

s[u. - 35 " lj.._-a if TEia ] l5

if ñ^ ¿ ô
3

I'is1/ = (lsv¡ (uir)

1:i'r1 = (nrr; (rur)

DI? =, ,00012

ï{1T. = 0"91

if D:iT > ätT ) í.re e--

if lltiia å I'ii

iiL
I

:r(
(r, ls¡

(¡. rg)

3"zo¡

(+" ig)
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3.zz¡

(+. ii¡
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ciil = (Hr,)" (i) (inr)

cTta - 0.1

rn = (irc) (m - cm)

Ærr = (nrv) (rni)

DFD = alu (äcr)

, .-.1
DAS = (r - :t)-' (trl)

if iïÎT > 0.01
a

if Cläe ) 0.1

Dq.TS = (:.rr)

DTi = -r:'rrs (r/¡¡;) (n.lu)

DlSil=l-0'DìTS

(r:s) - Drs-.



DTY: D/rT (I/AL) (rI)

TEPS = (I TS) (r Tlru)-l

DT'ltru : (rr:ps)-1 (lrs)

SV | = SV .$ IJSV

HL'=HL-CHL

DÎ = l{D

¡,s'

TS'

AYI

EYI

TY'
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=TS*
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$'(
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(s.s¡)

DAS

DTS

DAY

=EY+

=TYt

DFJ
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+ DATS

+ DTNU

+ DTSX

ATS? = ATS

TIJIJI = TilU

TSX| = TSX

TPt+f = TPt

trr+, = TLt (r +

(r +

Gt+r = Gt (r + ¡¡c)

DPo )

DPo )

ïlít+r = rlit (i + lrc)

(:. :t+ )

( l+.23 )

(h.el+)

(t+.2r)

(1.a6)

(\.zT)



EXt+r = EXt (r f ¡rc)

' DPO = 0.02

DEC = O. 05

1tB

(l+.28)

(t+.29)

(l+.¡o)
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