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ABSTRACT

This thesis is concerned with the choice of
urban travel mode between urban public transit by
motorbus and the use of private automobiles. As'
urban centres have developed, problems involving
urban mobility and the beneficial utilization of
urban landspace have become increasingly acute.
~ Trends in major Canadian cities indicate fhat,»as
urban eentres continue to grow, continuing and
increased emphasis will be placed on the use. of the
prlvate automobile at the expense of urban publlc
transit to the general detriment of urban centres
in:an urban land use and development sense.

The»thesis examines the hypothesis. that the
observed tendency of the relative use of private
automobiles, compared to urban public transit, to
increase in a developing urban enVironment is a
reversible phenomenon. In order to determine the
degree to which the private automobile trena is
reVersible, the nature and characteristics of the
modes of travel were examined as an intreduction'to
the economic analysis of choice of mode and modal
split. - A number of factors characteristic of urban

public transit have contributed to its relative

decline while certain inherent characteristics of
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the private automobile have led to its increased

utilization.. In light of these considerations it
appears that the characteristics of the modes of
travel have played at least as important a role in
individuals' modal choices as have pecuniary criteria.
| In the analysis of choice of mode by eCoaniq

theory, the classical income—léisure approach waé
found to be deficient inasmuch as it is incépable
of analyzing changes in the qualitative characfer—
istics of’the modes of travel. Therefore, in order-
to-account for the influence of non-price factors
in the choice of mode, the Lancastrian charactér—
istics theory of demand was used to explain modal
choice. Particular attention was given to differences
in social and individual economic modal choice
decision-making criteria and the resulting difference
between the socially optimal and individually |
preferréd mix.éf ﬁrban travel modal choices. -

-In order to make_pfedictions concerning the
mix of modes or the car/transit balance, a shoftcut'
modal split model was used. This model, which is
general enough not to be iﬁfluenced or biased by
.city—specific urban transportation problems; has .
»been used to determine the effectiveness of a numberv

of public policy. interventions .in reversing the.
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private automobile trend.
| ‘Public policy interventions or automobile

trend—reﬁersing strategies tested included manipula-
tions of the cost, speed and modal characteristics
bf urban travel. In this analysis it became apparent
that none of the individual solutions is sufficlent
in isolation: However the moét promising solutions
involve'improvements-in the characteristics of thé
public transit mode as solutions affecting the costs
~and speed of urban travel appear to have serious.
limitations especially in terms of their technical
implementation.

However, apart from any technical diffibulties
éssociated with possible solutions to the urban
transportation problem, there exist a number of
institutional factors which will independéntly posek
  problems in'thé implementation of trend reversal.
such facfors>may‘be not only technological bﬁf also
financial,:political and even idedlogical. The
initiation of public policy interventions in’the
public transit field will meet problems of finanding
and physical implementation and will require more
supportive urban planning and development methods.

After due consideration of pofential solutions,

their limitations, and associated implementation
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problems it is the conclusion of this thesis that the

observed tendendy of the relative use of private
automobiles, compared to urban public transit, to
- increase in a developing urban environment is a

reversible phenomenon.
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CHAPTER I

PROBLEMS, TRENDS, AND PROSPECTS

IN CANADIAN URBAN PUBLIC TRANSPORT

Introduction - The Urban Transportation Problem -

There is little doubt that the problem of
“transporting persons and goods in our urban
" areas is one of the most frustrating our
nation faces. We stand on the verge of
- enormous technological advances which: will
enable us to travel at sSupersonic speeds to
distant planets. Yet, twice each twenty-
four hours, millions of persons battle
traffic congestlon at speeds more remini-
~scent of pioneers in their covered wagons.
Traffic congestion is not a new phenomenon.
Crowds and teeming streets have been the .
trademark of cities for thousands of years.
But new methods of transportation_ have
changed the nature of congestion.

The automobile, the transbort vehicle-bf
the random—route.system, has'fréed the urban traveller
from the réstrictive fixed routes and scheduleé of
ﬁUblic mass transit, thereby making possible the flight
to suburbia by homeowners, as well as business and
industry. Simultaneously, the random-route or automo-
bile—expreséway—parking lot system has failed to |

accommodate prOperly the heavy volumes of suburbia-

L ewis M. Schneider, Marketing Urban Mass
Transit, (Boston: Harvard Business School, 1965), p. 1.




‘ central-city traffic required to sustain high density

central city activity. The growth of automobile

~ ownership which has caused this performance failure
has limited the development of the central city area
and has accelerated the growth éf suburbs. This
growth, in turn, has contributed to the decline in
~urban public transit patronage.

Such results are encouraged by acqﬁieScent'or'
even supportive attitudes towards the accommodafibh
of the private vehicle in urban centres. At sub-'
Stantial eXpenSe, construction'programs and:projeéts
to modify and expand roadway systems are undertaken
continually in order to accommodate peék Tfaffic
loads. However,bit is difficult to point out any
urban expressway, new or old that is free of congestion
in peak hour periods. Statéd quite simply the ﬁumber
of vehicles is growing at a much faster rate fhan
the roadWay network and‘fherefore traffic congéstion
bwill tend to worsen. | |

Similarly, another constraint is the fact
that the urban léndspace within city centres is finite.
As pdpulation incfeases; landspace oncé’available for
parking must be devoted to the construction of

bulldings in a time when parking demands are growing at




a rate corresponding to the growth of private'téhiole

usage.2 Urban expressways are built and expanded to
fulfill the great and ever growing acceSS'deménds
and at the same time are dumping more‘and more
Yehicles into the land space that simply cannot
~properly accommodate all of thém.l '
ﬁurthermoré, a major source of dissatisfaction
with urban transportation systems in general is the
'impactlon city configuration, tnat is, on the patterns
of urban land use and on the aesthetic qualities of the
urban centre. The larger the city, the greater is
the proportion of its land that must be devoted to
transportation (assuming a constant mix of transporn'
tation modes). R.J. Smeed has come to the conclusion
.that the proportion of urban ground space requifed for
- travel increases wilith the number of people_trayeliing

3

by surface transportation in a central area.

, 2Tt is estimated that an automobile parked in
downtown Toronto while its owner is at work is occupy-
ing $30,000 - $40,000 worth of land and 1/3 of downtown
Toronto is devoted to the automobile. (G. Warren
Heenan, "Rapid Transit and Property Value", Community
Planning Review, Spring 1967, p. 5.)

_ 3R.J. Smeed, The Traffic Problem in Towns, :
(Manchester Statistical Society, 1961) and "The Space
Requirements for Traffic in Towns," in T.E.H. Williams,
ed., Urban Survival and Traffic (London, 1962).




Depending on different assumpﬁions about the average

number of persons per vehicle the average Journey

to work by automobile at about 20 miles per hour
~requires six to 45 times as much road spéce‘as does

a transit bus travelling at the same speed. Further—
more, the differentials increase when considerihg
higher‘speeds. Also, as the sizé of the'urban centre
increases, this differentialvbetween space requirements
of the automobile and other transport modes, becomes
even greater.

The random route system whiqh allows people to
travel freely in their private'vehicles does not appear
to be a syétem With a very healthy future. Since |
~vehicle usage is increasing beyond the capacity of
'roadwaysland parking space there is little to risk in
@redicting ma jor system breakdowns in. a number . of urban
areas in the fofm of massive traffic jams.

| Such a trend is aggravated furthér if traffic
engineefing and management are inédequate. The general
'assumptionxthat there is sufficient expertisevwifhin

traffic engineering, traffic management and road

4Lyle ¢. Fitch and Assoclates, Urban Transportation
and Public Policy, (San Fransisco: Chandler Publishing

~ Company, 1964), p. 14,




building agencles to guard against the overall

automobile/roadway system from becoming less functional
;than it already is may not be valid~and expertise in
these fields 1s really not sufficient to solve the
urbah,transpértation problem in an»efficient manner.

The predominant road-building philosophy today
.is one of continually providing better access Whenever
and wherever such access is déemed to be necessary.
In order to discover when and where better access is
required, the existing roadway network is subject
to constant moniforing. Such pulse-taking establishes
not only patterns of congestion build-up but also
overall "desire'lines of traVel“, which means that
the-roadways used by significant traffic loads.
(primarily peak hour movements) can be identified.
Based on current congestion problems on these roadways
:and as well as population (and thence, autombbile)
gfowth'projections, road construction programs are
'designed; |

Quite often such road building programs simply
consist of boosting the sizes of the existing'roédways
by the aadition of extra'lanes. However, for the most
pért patterns will build up in certain areas gradually
‘.without existing street configurations either appropri-

ate or readily adaptable by expansion to the loads.




The most usual result of this set of circumstances

is that the area in question becomes subject to massive
amounts of property expropriation and clearance in
order to make way for an ongrade or elevated expfess—
way. After all, the priority considefationvhere is

~ continuous traffic flow.

The highway-oriented urban planner, however, is
in a dilemma. It is his responsibility to maintain
traffic flows which means that in order to eliminate
. bottlenecks he must continually adjust the total
roadway network. The development of cloverleaf inter-
sections,‘computerfcoordinated signal lighte, and other
innovations have been hailed for years as innovative,
effective; and>efficient traffic flow handlers.
‘However, innovation means very little in this regard
. when the-real problem is the accommodation of a
rapldly grow1ng private automoblle populatlon on
a road network that can simply not grow as fast or
keep pace.

There is a two-Fold problem here. First is
the goal of ppoviding universal accessibility:(which
- of course means'providing a. capaclty for.the“movemeﬁt
of peak loads) for the flow of automobiles is most

likely not achievable as long as the automobile




population sustains its growth rate. This is true

regardless of the amount of urban and sub-urban land
space_thst is committed to roadways. Unfortunately,
some highway planners do not seem fo recogniZe“any
iimit to this commitment. Secondly, the goal of
achieving universal accessibility whether it’is
attainable or not neglects the problem cf handling
parked automobiles at those points made so conven-
iently accessibl'e.5 ‘ |
The amount of urban land space that cities

can .afford to. devote to the routing and parking‘
demands of the automobile-roadway system is iimited.
If the choice is not.made to seek alternative
,solutions-ahd to detefmine proper land use now while
there are still some features of the urban envifon—
ment worth saving, the land use wili be determined |
- for us when the‘urban landspace'becomes satﬁrated
»with structures devcted to the random route system,
inclcding huge automobile parking sfructures»ahd

multiple-level urban expressways. Urban priorities

5Tabor Stone comments: "Watching'our'random_
route system agencies frantically building expressways
"in order to funnel the great and growing numbers of

automobiles into densely packed urban activity centres,
where the parked automobile is the least desirable from

any standpoint of land use, reminds me of the old
Texas adage regarding the dubious prospects of trying
to place twenty pounds of manure into a ten -pound
gunny sack." (Tabor R. Stone, Beyond the Automobile:
Reshaping the Transportation Environment, (Englewood
C1iffs, New Jersey: Prentice-Hall Inc., 1971), p. 36.)




and objectives have been confused. In the process

of attempting to maintain functionality in an ﬁrban
transport system which is supposed:to.serve urban“
areas, its capacity for environmental dest:udtion
ié merely being escalated.

As has been stated éarlier, fhe randomlfoute
car—roéd system planner is posed with the dilemma
of trying fo find solutions to problems that»gre a.
product of the system itself. Certainly, the most
realistic alternative to the random route system is
- the public transit system to which large scale
commitments will have to be made if functional flow
~ problems are to be resolved. This does hot mean that
the urbaﬁ publidltransit planner intrinsically has
a superior approach, but in public transit, options'
with positive land use planning benefits exist that
are‘éimply not available with the private automobile/

freewéy system. The inherent functional limitations
‘of this'systemvtherefore outline the basic arguﬁeht

against'its perpetuation in its present form. -

The need for>comprehensive alternative planning '

policies involving all aspects of both transportation
planning and land use planning to preserve urban

centres is clear. "Transportation determines much




more about'the nature of the physical environment

than we commonly recognize — in fact, transportation
is the foremost single form-determining element
of thebman—made'environment and deserves our'immediate
attention as such " |

The fact that the prlvate automoblle/roadway
System has been allowed to develop at the rate that
-1t has and to the detrlment of the general develop—
ment of urban centres might lead one to belleve that
the continued'rapid growth of private automobile
ﬁtilization ig inevitable. It is‘this urban trahsport
trend that is the central concern.of thisjthesis and
~ the basis for its hypothesis. The hypothesisEproposed
is that THE OBSERVED TENDENCY OF THE RELATIVE USE
OF PRIVATE AUTOMOBILES COMPARED TO URBAN PUBLIC"
STRANQIT TO INCREASE IN A DEVELOPING URBAN ENVIRON—

MENT IS A REVERSIBLE PHENOMENON.

The Evolution of Urban Transportation, Urban

Development and Urban Land Use

It is useful now to place transportation in an

urbanvdévelopment perspective. -While theories and
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_mddels explaining the spétial expressions'of urban'
~growth are not developed in this thesis, the operation
of.certain forces in shaping urban patterns will bé
examined. Regardless of the fact thaf ho two cities
are exactly alike, a géneralized picture of the
sequence of events which help to shape the e&olving_
urban area can be presented. It is submitted that
the evolution of the urban pattern is'closely.rélated
to'the'changing forms of urban passeﬁgeryiranspor—
tation.7 | | |
Before the introduction of mechanizedvtrahs—
port, those areas which could be described as "urban"
- were necessarily small bécause of the slow speed of
+the two transport modes of the day — namely pedestrian
and animal-drawn transportation. Since, in the
-pre—ihdustrial éity, places of work and residénce
were not typically separated by distances of any

consequence,'thebtypical "journey to work" as it is

7The material contained in the following
discussion is based on the section dealing with
transport in: Harold M. Mayer, The Spatial Expression
of Urban Growth, (Washington D. C.: Association of
American Geographers, 1969). Mayer s work 'is in
turn based on material contained in the follow1ng
books: (a) Lyle Fitch and Assoclated, op. cit.
(b) J.R. Meyer, J.F. Cain, and M. Wohl, The Urban
Transportation Problem, (Cambrldge Harvard University
Press, 1965); (c) Robert B. Mitchell and Chester Rapkin,
Urban Traffic, A Function of Land Use, (New York:
Columbia University Press, 1954); and (d) Wilfred Owen,
The Metropolitan Transportation Problem, (Garden City,
New York: Doubleday & Co., 1966).
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known today'was unknown. The form of the city prior
to modern transportation tended to be circular.
However, thls urban form was rapidly superseded by
new forms with each successive improvement in trans-
portation technology.

For nearly a century beginning in the 1820's,
the shape and form of North American'ﬁrban areas
were dominated by the patterns of mass pubiio
transportation routes. With the development of each
~successive form of transport, major changes in the
growth, spread and internal patterns of cities took
place. | |

The earliest form.of urban public transit was
the.horse—drawnkomnibus which operated on fixed |
‘routes in the early part of the nineteenth century.
Before long, the omnibus was placed on rails whioh
greatly increased the speed and efficiency of the
horse power and which resulted in greater and wider
accessibility. BeCause of this, cities could expand
beyond the physical limits imposed by the earlier .
free -wheeling horse drawn vehlcles. While new urban
growth could take- place it was stlll llmlted by the
‘motive power speed of the horse-drawn rallway

street car. Moreover, since rail lines could only
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be placed on a limited number of .streets, some'shifts
in thé internal structure of cities took place.
Streets having rail lines began more ahd more to
develop into axes of higher density and fhe lineal

arrangement of businesses was greatly intensified

along'such‘streets.i The spread of this form of urban

| - public tfansit was great and by the end of the 1860'5’
was the dominant mode of internal public-tranéport 
in most cities. -

In this era, cities began to depart from their
circular form gnd began to assume somewhat of a
staf—shaped outlihe és the horse-drawn railway'
extended routes further and further. Land along:
such routes was in gfeat demand and the resulting
higher land cost led to higher density land
development. This resulted in the establishmént of
high-density,.high—value ridges of land devélobmeﬁt
including strings of commercial outlets along the
streeﬁ railway routes. Such ridges were usualiy_
radial, focusing'upon.the central city thus rein-
forcing its status as the principal location of
business and industry. |

Such effects upon the urban form were_greatly.

accentuated by the introduction of mechanical power
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~to the street railways. The introduction of'the
cable-car and then the electric trolley again
accelerated the movement of the population'and
economic activity tbward the periphery of cities
and‘beydnd.‘ These greatly facilitated the separation
of place of residence from place of work,‘andAallowed
for fréedom of choice of employment. Howevef, aé
early as the11830's; the steam railroads begah the‘
,operation of commuter services in New York,ahd

later in Chicagb and other American cities ahd much
later in Canada in Montreal and Toronto. In cities
offering suburban train service, the railroads
became the vectors of urban expansion,.with indiv-
idual suburban stations servinglas hucleii of
residential and commercial development. Thérefore
beyond the principal'urban concentration, and nor-
mally separated from‘it by open area (farmland,-etc...),
subﬁrbs.develbped along the railway lines emanating
from the centre of the main urban cehtre. As thesé
suburbs became urbanized, they would incorporaté as
muﬁici?alities, and annex surrounding lands and
éventuaily the'physical separations between subnrbs
disappeared as'the-expansion taking place along the

railway line became such that adjacent suburban




municipalities often merged and formed radial corri-

dors along the rall lines.

At the‘same time mass transportation was often
provided beyond the ends of the principal rédiél -
transport lines by suburban street railways which
connected with.thelvectors of the radiai urban
public transit system. Since these. extensions
would tie the inner suburbs. to the cenfral city'
~resulting in the development-of continuous urban
characteristics in both the city and the_inner suburbs,
'fhe two became indistinguishable.

The suburbs of the late nineteenth aﬁd'early
twentiefh centuriés were pfimarily the residential
| - areas of the affluent central city commuters. How-
éver a number of industrial satellite suburbs_sprang~
up near some of the large cities, and such suburbé
contained the residences of the people employéd,in
the nearby plants5 Reverse commuting from central
hcity residenées to industrial suburbaﬁ employment
areds, nor crosstown commuting through.the centrai
city from one suburban end of the‘city to another
had yet developed to any significant degree. 

Meanwhile another new form of publié tréns—

pOrtation - rapid transit - was introduced in some of
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the largest cities. This innovation was, in part,'a
solution to the increasing congestion on major streets
‘whefe, particularly in the higher density areas which
had developed'along street railway lines, traffic had
‘become very dense thus increasingly delaying the street
cérs. | |

The combination of‘eledtric street railways and -
‘rapid transit within the main urban concentration of
cities togethef with increased elecfric réilway'
~service in the radial chains of suburbs allowed for
the even more raﬁid areal spféad of urban areas. |
Even greater separation of residence and place of
employment tbok place and in spilte bf greatef trip
lengths, there was no substantial increase in travgl
time. | |

The evolution and improvement of urban pUblic
transportation systems had several effects. The major
suburban citiés were given improved access to the
larger central city populations thus extending the
threshold in central cities for such Central Business
District8 functions as retailing, service ahd enter-

tainment. Simultaneously'the convergence of trans-

8The Central Business District will subseqguently
~be referred to as the CBD. ' '
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portation routes in the downtown area increasingly
~attracted manufacturing and wholesale esfablishments
which were dependsnt upon metropolitan markets from
where also these eould draw their labour force. -Soon, .
however, many such establishments found that they
eould successfully locate outside the central area,
on transit lines, and;s%ill be perfectly‘accessible
by both the market and the labour force. Such loca-
tions‘beeame.even more popular when the commercial
motor truck came into geﬁeral use in the 1920's and
provided greater flexibility for the receiving and
shipping of goods than did the railways. On the"other
‘hand the electric street railways and the rapid transit
A lines encouraged the development of ma jor outlying -
’centres for retail and service outlets. 'Finaily,
.the availabiiity of good public transportation
throughout the cities and into the suburban areas
’facilitated out—migratien from the central core'areas~
of many cities fhus helping to alleviate the extreme
overcrowding of.inner cities.

The early twentieth century however witnesSed
the iﬁtreduction of anventirely new and different
type of transportation in the form of the prifate

'automobile and during the last several decades, the
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| automobile has made steady inroads into urban mass
transport and in every city with the exception of
.the central areas of the largest cities, the private
automobile has become easily the dominant carrier of
ufban travellers. With the growing popularity of the
'automobile, the decline of mass transbortation has
.been precipitous, although declines in rapid tfansit
patronage have not been quite so severe and have
_ recently shown signs-of "bottoming out" with‘prbsﬁects
in some cities for the retersal of the trend.
Certainly the automobile has encouraged decen—-'
tralization within urban.areas thus faciiitatihg_the
'fapid spread of urbaniiation as had the.introduction'of
" new transportation modes earlier. However, the |
increased utilization of the automobile has pfoduced
somewhat different specific urban patterns. What
the private automobile has really produced isAa.far
greater range and flexibility of choice in residential
and industrial or commerciai location and in‘travél
patterné, accompanied by a greatly increased area of
accessibility. Whereas formerly the availability of
earlier méss transportation routes, while helping to
expand urban areas nevertheless, placed certain

constraints upon locational choices in urban areas,
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today most economic units (i.e;, households or
_businesses) can locate away from such routes as they
desire for evenvindustrial establishments (othér than
the "heavy"’induétries) are no longer dependant upon
railroads and waﬁerways‘and have become highly
oriented towards truck transport. Therefore, due

to the convenience of the automobile, not only has
residential deVelopment decentralized with this new
freeddm of choice but so also has industry which
employs people and generates by far the largest
portion of urban travel. Conseqﬁently, a grdwing
segment of the journey to work no longer originates
nor terminétes inAthe older core’sectiqns-of cénfral
cities. Figure 1.1 summarizes the evolution of urban
transportation modes and its impact on the-dévelopment
of the urban form. Today radial axes or suburb-CBD
corridors, which characteristically developed in the
days when urban public trénsit'was the dominant moede
of urban travel,'aré still important but as a declining
"portion of tétal trips originate from or are destined
to_the central city, the relative importance of such
corridors is changing. "Desire lihes of travel"
ﬁresent a much more diffuse pattern of trips and

routes than before. In many cities the CBD-is still




Figure 1.1: The Sequence of Urban Development

1. Central businéss digtrict

2. Circular city, before
' mechanized transportation

(BN
O

/

’

3. Radial mass transportation routes:
~streetcars, major arterial
highways, rapid transit

~

5. Suburbs, absorved into the
spreading urban area

Iy, Suburban nucleii, at railroad stations
and other major transportation nodes

in of areas between wedges of earlier growth,
1ly at lower densities, with access by automobile only.

%*

™
T

Source: darold Mayer, The Spatial Expression of Urban Growth.

\
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the greatest trip generator but~bécause industrial

and residential developments oﬁ the periphery of

the urban area are made easily aqcessible by freeways,
'expresswaYS etc., peripheral-trips are of incfeasing
significance and fewer trips‘have:anything to do

with the CBD. | |
| Usually these freeways are built in a radial—.
éircumferentiai design so that both CBD and non-CBD
trips are facilitated. The interchanges between the
circumferential and the radial expressways (and the
intersections of major arterials and corridérs)vhave
‘become the centres of new elements of économiC'édtivity
unknown in‘pre—automobile days. These include major
shopping centres, clusters of office towers, eﬁtértain—
ment centres, and in the background'planned housing
developments consisting of high-rise apartment build-
ings, row housing as well as detached housing, and
interiof open éreas. In forming a multi-nodal urban
complex at lower densities than those previously char-
acferistic of urban areas, the develbpment of major
outlying nucleil has increasingly modified the relative
_dominance of the older central cities.
| In addition to fheir cqntribution to the

decline of the CBD, such low density multi-nodal




turban complexes which were created by the freedom of

movement afforded by the automoblle/roadway random

route system have condltloned changes in urban land'

use 1n.another sense. Flgure i.1 1llustrates the
evolution of urban transport.technology and its- -
intimate_relationship_t0~the development of the form

and structure of the city. As more and better public;

transportation hecame davailable; Urbanaactivity
spread.Cut further and further alcng the radial-akes
" of public_tfanSportatioh routes. HcWevef, wifh the -
introduction of the private atitomobile and its |
7extens1ve use; the urban land space devoted to
transportatlon necessarlly had to inhcrease. | .
Con81der again %he-prOposltlon that the propor;
tion of urban ground space reduired for travel inereases
iWithvthe nuniber of peopie tfavelling by surface
franSpoft in a centfal’area;9.hThis holds sericds

implications for land use in terms of the amcun%;'

of land space that nitist be diverted from cultural,
commercial, and resideritizl use to urban travel use.

' In the early days of the r1s1ng utlllzatlon of the

prlvate automoblle, whlle existing trans1t rlght of-ay

see note #3.
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likely had the éapacity to‘handle all of the travei
demand; as an ihcreasing number of urban travellers
were diverted from public to private transport,

more and more'roadway had to be constructed té
accommodafé this vehicular traffic. Furtﬁer,_as
urban areas expanded along the periphery in low
densities, and away from public transportation foutes,
yet more landspace -had to be devoted to roadway'
donstruction. Finally as cities cbntinue tb increase
ih;population and area, the result is necessarily
."the further development of the low—density'multi—
nodal-COmplex fefefred to earlier. |

| Unfortunately, this lower-density multi-nodal
complex has made mass urban transit, which is‘best
'adapted to carrying large masses of travellers on.
high-density routes, impractical fbf many'people.
Since ﬁrban public trdnsit is primarily designéd to
move peak-period tréffic to and from the CBD, its
' future is.inevitably dependant upon the CBD's future
‘prospects.  Unfortunately CBD's are‘not growiﬁg éé
fast in bopulation or economic activity as are the
rest of their respeétive metropolitan afeas ahd where
these used to be'pointsvof maximum accessibility,

they are now stifled by their inability to handle
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.increasing volumes of automobile and even motofbus
‘traffic.' To the detriment of CBD's, "this condition
exists_in spite of the fact that in most cities,
the central area, including the fringe surrouﬁding
the CBD, has half or more of its land devoted to
movement and parking of motor vehicles." 0

| Given the propositibn regarding the relationship
between'requirements for increased fransport faéility
space and increased travél demaﬁd it is certéinly 
plausible to think that cities, as the demand for
travel-continués to grow, would orilent solutions for
the‘supply of facilities to meet this travel demand
_.toWard thoée whiqh_ehcourage a minimum consumbtion
iof urban "people use" land. This is not to say that
there is no place for the automobile in our urban
centres, for certainly‘there is, but to occupy large
parcels of land fo meet increased travel demand is
not in the best interest of urban centres.because
soiutions exist which would be far less coétly £o
society-in terms of iand utilization. Given ﬁhat the
automobile uses 6-to 45 times as much roadspace_for

the jourhéy to work than does the bus travellihg at

O4aro1a M. Mayer, op. cit., p.4k4.
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- the same spee.d,l1 it would be expected that cities

-would encourage the use of a~transport mode that does
not unduly consume urban land which could be put to
better use for the people living in cities. Unfor-

tunately, however, this has not been the case.

-Trends in Canadian Urban Transportation

| Trends in Canadian cities show results Quite
.different from those which wbuld be expected 1f there
'wére an efficient'allocation of urban transporfation
and urban land use resources. First consider Tabie 1.1
which shows how the urban proportion of the Canadian
.population has.been changing over the last seventy
-yeérs. 'In the years from 1901 to 1971, Canadé's urban’
population has doubled in proportional importance‘and
the absolute number of urban dwellers.foday has

increased nearly tenfold. The change in the number of

~urban dwellers from 1.9 million in 1901 to 16;4‘millionv

in 1971 (76.1 per cent of the total population) is
a good indication of the degrée of urban transport
problems'facing Canada's urban centfes in lighﬁ'of.
the earlier discussion on the relationship between"

urban transportation and urban development.

11

See Note #4.
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Tablel.l: THE CANADIAN URBAN POPULATION - 1901 to 1971
- CANADIAN

YEAR POPULATION % URBAN NUMBER URBAN |
1901 5,371,315 34.8 | 1,867,260
1011 7,206,643 41,7 3,007,576
1921 8,787,949 45.3 3,977,064
1931 10,376,786 49.7 \5,160;901
1941 | 11,506,655 50.9 5,853,603

- 1951 14,009,429 53.6 7,511,539
1961 18,238;247 71.1 12,971,927
1966 20,104 ;880 73.6 14,726,759
1971 21,568,315 76.1 16,410,785

* Source: (a) 1901 to 1961 - Census of Canada 1961, Vol. 7, pt. 1.
- General Review - Population and Labour Force,
Dominion Bureau of Statistics, Ottawa, Canada, 1961.

*% Urban population as defined in source (a) above.

" (b) 1966 and 1971 - Census of Canada 1971, Vol. 1, Sec. 7. 1-2
Pqpulation, Statistics Canada, Ottawa Canada, 1971.
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Table 1.2 and accompanying Figure 1.2 depict
trends in the growth of Canadian urban population,
urban public transit ridership and passenger automobile
‘registrations from 1931 té 1971. Urban pbpulation has
grown éteadily and, as might be expected, has beeh
accompanied by even more substantlal growth ih_fhe
~ownership of private automobiles at the expense oflv»
which public>transit ridership has been fariné rather
poorly. -Perhapsithe most interesting feature. of
Figﬁre 1.2 is the peak in transit ridership as shbwn

in 1951. Actually transit ridership was at its highest

‘in Canada during the years of the Second World War when -

',resourcgs for the production of such items as automo-
biles were diverted to the production of defense-related
transport véhioles (planes, ships,...) and prbducts.lz
It is interesting to see that.at a time when resources
_are'séarce, people-(or‘cities) make use of the ﬁore
economically efficient mode of transport but in:mOre
prosperoué times, consumers shift to the soclally less

efficient but individually more desirable mode. What

‘urban travellers are not recognizing fully today.is

12While the phenomenon is not visible in Figure

1.2 not only did transit ridership increase, but
automobile reglstratlons decreased 81gn1flcantly
durlng the war.
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Table 1.2 Canadian Urban Population, Public Transit Ridership, And Passenger
Automobile Registrations — 1931 to 1971% (and Indices - 1961= 100)

} PASSENGER
_YEAR URBAN POPULATION | = PUBLIC TRANSIT AUTOMOBILE
(INDEX) RIDERSHIP REGISTRATIONS

, (INDEX) (INDEX)

1931 5,160,901 . 579,096,250 1,028,100
(39.8) (59.4) (23.8)

1941 5,853,603 - 856,721,149 1,281,190
(45.1) (87.9) (29.6)

1951 7,511,539 1,428,121,328 2,105,869
(57.9) (146.5) (48.68)

1961 12,971,927 974,786,702 4,325,682
(100.0) (100.0) (100.0)

1966 14,726,759 1,011,031,701 . 5,480,724
(113.6) (103.7) (126.7)

1971 16,410,785 1,000,010,476 6,967,247
(126.5) (102.6) (161.1)

* Sources:

'(c) Paséenger Automobile Registration: The Motor Vehiclé: Part IL

(a) Population: See Table 1.1

(b) Public Transit Ridership: Urban Transit,Statiétics

Canada 53 - 003, Ottawa Canada, 1971.

Registrations, Statistics Canada 53 - 219, Ottawa, Canada,

1970 and 1971.
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Figure 1.2: Trends in Canadlan Urban Population,
Urban Transit Ridership, and
Passenger Vehicle Regilstrations s
(Indexed 1931 to 1971 - 1961 = 100)

200 ——
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- | | /  AUTOMOBILE
150 o /' REGISTRATIONS
| o A /!
./ \. /
d 7 \ ,./ ~URBAN POPULATION
- “_.—._. ~URBAN TRANSIT
100 —, ' RIDERSHIP
N
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_ Ll
° ' 1 ]
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wSource: See Table 1.2
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that resources inblﬁding_fUél and 1ahdépaée (and
others including those resources reqﬁired fo produce
motofbuses'and automobiiés) are becoming less
‘vplentiful and it is dertainly time to place more
emphasis-on.the mode of trahsport Which‘cah‘put.thése
”resourceé to their besf.use.- ﬁﬂrthérmore, thetre are
' ¢ircumstahces under which (Withoﬁ% the neCéssity of
Canadian’invdl?ément’in.anOther'majOr war) the trend
_ tOwérd'thé ihéréased utiliza%ion of the private |
«autbmbbile in ufban.éréaslmiéhtAbe reversed.

iFurther to illustréte trends in Caﬁédiéh Urban 
‘vtransportation}jthéAbehaviouf of popUlafidn; transit
ridership, and autbmobiié registrations in SeVeﬁteen
ma jor Canédian cities iS éXaminéd. The severiteen
01t1es in questlon have been lelded into three

'.dlfferent groups based upon the 1975 metropolltan

";area populatlon of these cities. As shown in Table

1.3, Category'l_ci%iés are-those of l975~populatlon ‘
of over l'million,_Categofy'II‘éities_are those of
population between 300;000 and 1 million and Caﬁegbry

III cities are those less than 300}000;13 Arbitrary

Lpor all intents arid purposes CategOry IIT cities =

considered here are between 100,000 and 300,000 popula-
tion and a fourth Category could be introduced to .
consider those cities of less than 100,000 1975 popula—
" tion. However the developmerit of publlc transit in
these small cities greatly lacks in uniformity so as to
make predictions or analyses of questionable meaning.
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as these divisions may seem, there 1s some reason
for grouping these cities in the manner they haVe_
~been. Chiefly if one reconsiders Figure 1.1 it
becomes appérent that oities of population over 1
million are different from cities between 300,000
- and 1 million, are different than cities df‘less
than 300,000 population,'and_especially so in an: 
'urban transportation sense. '

Detailed populations, urban transit riderships
and vehicle registrafionsufor each individual eity in
~ each Category are given in Appendix I for the years
1940 to'l975‘(every five years).‘ Table 1.4 ahd 
accompanying Figure 1.3 summarize the data for cities
‘in each Category and show Category trends in- per capita
transit ridership and.passehger automobile registra— |
tions péf thousand'populatioﬁ._ As shown in Figure 1.3

~the gap in 1975 between the per capita transit and

© automobiles per thousand curves is narrowest for

Category I citiés._ This gap increases as population
of cities (as represented in thé Categories) becomes
smaller. |

Such résults are somewhat consistent wifh_the
earlier discussion on urban development and urban

transport. Smaller cities rely heavily on the use of
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Table 1.3 CATEGORIZATION OF CITIES ACCORDING TO

1975 POPULATION

1. CATEGORY I - Cities of 1975 Population Over 1 Million
CITY : : 1975 POPULATION
' : (Thousands)
1. Montreal S 3,164.8
2. Toronto . ' : 2,791.2
3. Vancouver : 1,289.7 -
' Category I Total . 7,245.7
Category I Average 2,415.2
2. CATEGORY II - Cities of 1975 Pqpﬁlation From 300,000 To 1 Million
4. Ottawa S 592.5
5. Winnipeg ’ 583.7
6. Edmonton - © 536.4
7. Quebec 516.9
8. Calagary , ‘ 477.6
9. Hamilton 369.9
Category II Total . 3,072.0
‘Category II Average 512.0
3. CATEGORY III - Cities of 1975 Population Less Than 300,000
10. London ' : 247.3
11. Windsor 240.2
12, Halifax/Dartmouth : 235.6
13. Victoria 210.8
1l4. Kitchener/Waterloo _ 164.8
15. Regina o 153.9.
16. Saskatoon _ ' 141.4 -
17. Thunder Bay o ' 122.8
Category III Total 1,516.8
Category III Average ‘ 189.6

Source: Appendix I
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~automobiles relative to puﬁlic transit. In the
middle~sized Category ¥I,cities, the forces of
competing land uses beb&me visible and such cities
attempt to achieve a béetter balance bétWeeﬁ the public
‘franSit and private automobile modes. Finally in |
the largest cities (Category I), the competition

for space betweeh cars énd peoplé has visibly
'resulted in é lower proportional difference between

~ transit ridership and vehicle ownership. Wﬁile |
.Figure 1.3 does not illgstrate the‘extreme éase

of urban blight (it is not intended to) it does show
Categgry IIT cities asvhaving the highest growth of
passehgef automobile‘régisfrétions and thévlowest
level of transit ridership. This might ihdicaté

that the smallest:cities are least‘cognizant of the
urban land "people use" versus "vehicle use"’problem
but perhaps this is so because in’'this early stage of -
urban,development, the¢prpblem_has‘not yet reéched -
~crisis prbportions. ‘Also, it wéuld appear at first
glance that the trend of decline in transit ridership
ig "bottoming out". However, when compared With the
rapid growth of private automobile registratioﬁs |
(except in the tWo largest cities where this growth

éppears to leve;ling)>the'"bottoming out" of the




Table 1.4: City Category Populatlons (in thousands), Transit Rldershlps (in mllllons) and Per Caplta
: Transit Riderships, Passenger Automobile Registrations (in thousands) and Passenger Automobile
Registrations Per Thousand Population --1940 to 1975.

1940 1945 1950 1955 | 1960 1965 | 1970 1975
CATEGORY T : T ' _ . , _
Population . 2,356.5 | 2,699.5 2,958.0. 3,440.1 4,598.5 5,237.0 6,184.4 7,245.7 -
Transit Ridership 470.3 840.0 794.1 731.0 643.5 610.5 | . 651.9 711.2
Per Capita Ridership 199.6 311.2° 268.5 212.5 139.9- . 116.6 105.4 98.2
Auto Registrations . 299.2 278.7 477.2 760.2 1,056.4 1,406.9 1,727.6 2,155.7
‘Auto Regs. Per 1,000 127.0 103.2 161.3 221.0 229.7 268.6 279.3 297.5
Pop. . :
‘. W
R W
* |CATEGORY II , x '
Population. - 1,061.8 1,218.2 1,390.4 1,750.8 2,066.2 2.365.4 2,701.9 3,072.0
Transit Ridership 134.9 294.6 299.3 246.7 205.3 ©196.0 198.6 265.6
Per Capita Ridership 127.0 241.8 215.2 140.9 99.4 82.9 73.5 86.5
Auto Registrations 161.2 152.4 248.3 386.2 538.4 704.3 941.1 1,194.6
Auto Regs. Per 1,000 151.8 125.1 178.6 - 220.6 260.6 297.8 348.3 388.9
Pop. ’ ‘
CATEGORY III . ,
Population 1 - s71.0 653.0 730.0 883.9 1,059.7 1,214.1 '1,362.0 1,516.8
Transit Ridership 1.3 | - 147.5 145.3 110.8 84.4 74.1 70.9 75.0
Per Capita Ridership 107.4 225.9 199.0 125.4 - 79.6 61.0 52.1 '49.4'
Auto Registrations - 87.5 83.8 144.0 210.0 280.8 403.5 489.0 631.2
Auto Regs. Per 1,000 153.2 128.3 197.3 237.6 1265.0 332.3 359.0 416.1
Pop. '
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transit ridership decline offers little enéquragement
for the prospects bf reversing.fhe private automobile
~trend.

If the private automobile trend 1s to be
vféversed, action is required that will éhange long
ingrained patterns of consumer behaviour. Before
- those factors that are relevant fo the modal choice
decision—making-pfocess are éxamined the forecasted
future of urban transportation probléms in Cahada's

majOr‘cities will be discussed. .

The Future Urban Canada - TheADemand and Supply of

- Transport Facilities

Ih a study préparéd in 1971 for the Hoﬁoufable
R. K. Andras; Minister responsible for housing,
D. J. Reynolds states: "The most basic variable in
 the future demand for transport in Canada is .

nlLl’

population. On the basis of population forecasts

made for the Economic Council of Canada15 Reynolds

1&D. J..Reynolds, The Ufban Transport Problem

in Canada, 1970-2000, (Ottawa: Central Housing and
Mortgage Corporation, 1971). :

. ou. T. Illing, Y. Kasahara, F. T. Denton and
M. V. George, Population, Family, Household and Labour

Force Growth to 1980, (Ottawa: Economic Council of
Canada, 1967). o
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‘predicts that the population of Canada in the year
2000 is likely‘to range between 30 and 40 million

so that under the assumption of medium fertility.and
immigration the Canadian population in the year

. 2000 seems most iikely to be around 35,000,000 +
5,000,000 or # 15%. |

In termé of populatioh and the severity‘of

transpoft problems, pressures are expected to be

most concentratéd in the nine major cities of

Québec, Mohtreal, Ottawa, Toronto, Hamilton, Winnipeg,
Edmoﬁton, Caigary and Vancouver. These cifies will
almost double their combined populations by the end
of the century, thus comprising haif’of the future
Canadian population. N. D. Lea & Assbciates.state
‘that there are other factors which will cause urban
transport problems to be more severe in thesé nine
éities-asideAfr6m Simple population growth, namely:

(1) due to higher average population densitieé in
these larger_cifies'per capita road mileégeAtends to
be low; (2) internal trips tend to be lengthy because
‘.of the cities' size; -and,'(j) because of thesei '
factors, traffic will likely exhaust and exceea'the
capacity of highways (especially fhose'main arteries

carrying the bulk of vehicle mileage)--the probiem
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is compounded by the fact that the network and its
capacity cannot be easily expanded due to severe
physical difficulties and high capltal costs.16

Reynolds further states that while some 46
smailer urban.centres‘afe iikelyvto have a population,
of at least 50,000 by the year 2000 and encounter
similar po?ulation and urban  transport pressuree,.in
_nationai terms their problem will not be as Seriouse
‘and important as those in tne nine major cities.
Alse the cities expected to exceed 50,000 population
by the year 2000 are principally located in Ontarie
and Quebec and some 21 of these cities are located
within a 700 mile corridor between Qnebec City and
Windsor. These 21 eities will account for 43% . of
Canada's pepulation in the year 2000. The population
‘dgrewth of cities less than 50,000 will be nearly
static with those cities' combined populatiene fising
from about 8, OOO 000 in 1970 to approx1mately
10, OOO ,000 in the year 2000.

Regarding car ownership and use in Canada in the

future Reynolds expects Canadians to own 0.33 cars

16

N. D. Lea and Associates, Urban Transportation

- Developments in 11 Canadian Metropolitan Areas, (Ottawa:

Canadian Good Roads Association,‘l96?).
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per capita of total 1970 population rising to a
saturation level (all other things including'roadways
remaining constant) of 0.45 cars per capita in most of
Canada excepting Quebec (including the Qities.of
Montreal and Quebec) and the Atlantic provinces
'-which'will probably achieve this level by 1990} - This
so—called'saturation level in Ottéwa, Tofonto,_Hamilton;
Winnipeg, Calgary and Vancouver will probably be
reached by 1980. -

Since automobile traffic accounts for the
increasingly larger portion of road traffio these
‘populétioh‘and car ownership:increases will be closely
: reflecfed in a corresponding increase iﬁ road traffic.
From a growthArate of approximateiy 100% in the decade
1960 to 1970, road traffic will likely incfease by |
'about 50 to 60% from 1970 to 1980 and by about 20%
from 1980 to'l990_and agéin in the last 10 years to
2000. Furthermore, because of the nature~of'rdad
- traffic, highways, and the distribution of traffic.
over them, it is estimated that neariy half of'totél-_
Vehiéle mileage will take place in urban afeasA(defined
- as places of 1000 population-and'bver and rﬁrél town-
ships of bver 10,000 people). Both rurai and urban

traffic can be expécted to increase at the rates
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mentioned above and similar rétes bf increase can be
éxpected'ih-the nine major cities.
In énalyzing the demand and the market trends -

fbr fhe various_intercity rural and urban passenger

_ transport modes, Reyholds suggésts that the mosf
-significant changes (other thén the iﬁcréasé in car
- oWnership)'afe fhat'fhefé will beé a decline iﬂArail'
paéSenger.traﬁspbrf, and an increase in the iﬁtéréity _'
.bus transpbft, and urban trahéiﬁ‘willycoﬁﬁihue févhéve

a difficult ahd doubtful future:'’

B. The_ Supply_ of TransEdft Facilitieé.

L 'Having aiSCussed:the'déﬁaﬁd”for the various

transport modes at curréﬁt price énd-cost leVelé and

existing tééhhdldgy-Réynolds,tﬁrns td_a diScuSSion

of how costs, pricéé; technology and the whole éupply

side of the problem might change in the futire.
"Similar»to.other ééonomiéiactivitieé} the

VChénge in price and cbsf levéls of,urbah_fransborfbr

will‘frihciﬁally 5e fhe outcome of two Seté of forces

v(l) priée increases in the factors of production

- employed in transporf; and, (2)  productivity improvee

‘ments possibly feSultihg from steady and expected

:17D; J Reynolds;igp; cit.;, p. 22—24.
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changes in technology, higher ioad factors, or other
‘improvements in organization. |

| Réspecting future changes in costs and prices,
‘the major change eXpeCted by Reynolds is a possible
relative increase in real wages (in terms of'$l970)
of up to 2% per year. 'it is expected that most |
transport modes;shbuld be able to increase their
productivityvper unit of labour in érder'to offset
this, a signifiéant exceﬁtion being urban motorbus
transit for which current problems will be further
aggravated by this trend. -4

'Regarding new technology, Reynolds states that

most of the new dinnovative téchnologies in transport
have  problems and defects that cause their future |
development to be uncertain. For example, smali.
cars and/or electric cars for urban use appear to
offer no ob?ious overall advantages over presént
fqars‘While'on the other hand the technical.development
of new transit'syStems is inhibited by ‘the problem-
bf frequent stdps within relatively short jJourney
lengths. 'Disregarding probleﬁs and risks perhaps
the most promising-development in major citieé would
be the possibility of developing mass rapid transit

on inexpensive existing rights-of-way (as is currently
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being done in Edmonton and being studied in Winnipegi8),
that is, theAdevelopment of systems which attempt to
combine the advantages of cars and transit and the
study of the urban'passenger market and behaviour in
an attempt to £ill gaps, to taiior transit systems
to make them more demand-responsive and to devise
and'develop optimum trénsit systems.

With respect to the supply of highways to meet
the demand Réynolds concludes that present levels of .
‘road expénditure in Canada (of a small increase) would
adequately.meétlfufure Canadian demand. Howevér,.due
to the present distribution of expendituresfthere'would
be a deficit in meeting urban transport investment
needs ahd»a Sur?lus over rural needs. Therefére’a
diversion of’future road expenditure from rural to
urban seems to be required. Moreover, such a diversion
of funds would likely not be suitable in a province
such as Manitobé where there is a firm commitment to
Aa‘rural_stay_option and the improvement or at least
preservation of the equélity of the human condifion

and the generai gquality of life. Given low population

18This.study is being undertaken by De Lieuw
Cather and Co. on behalf of the governments of ,
Winnipeg, Manitoba and Canada and is still in process.
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densities aﬁd greater distances between éommunities
of interest in rural areas, highway transport infra-
structure investment funds should not be diverted
from rural areas which are captive to the highway -
system. Rather, new priorities should be given to
the allocation of‘urban transport infrastruéture
dollars diverting funds away from thelrandom'rﬁﬁte
autoﬁobile—freeway Systém to the development ofv
'more demand—responsive>and viable public‘transit"

systems.

v o ——— ot P i A avn S P e oty o

As can be seen from Table 1.5 on the féliowing
page the major urban.transport infrastructure
inVestment that has been planned on the major cities
is devoted to freeways. During the'periods from
1970 up to 197641991'(an avérage planning period of
about 12 years), estiﬁated(freeway mileage'expansion
. is expected to be from about 440 miles to about 990
miles (an increase of over 100%). Table 1.5 also
shows only an approximaté 10% increase.in arféfial
stréet mileage (fhose main‘highways:usually carrying
less than 10,000 vehicles per day). The'estimated
_ capital oosts of these plans w1ll be in theff%%ghb\rzgx
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'TABLE 1.5: URBAN TRANSPORT PLANS FOR THE MAJOR CITIES # §
| CURRENT (1970) . '  PROPOSED
POPULATION: . URBAN TRANSPORT SYSTEMS . |-~ URBAN TRANSPORT SYSTEMS
o y g = | cosT oF
1970 - | 2000 a b £ PLANS | - & 8 -
(1,000's) (1,000"8) .| - E‘/ & = » a 5| BB S TO. . b < & o IMPROVEMENT
o o = =g MEZ @ CEE | YEAR SEHZER (223 s170 |
: SR 52 | 23dlgze - BEEdEE S | & & e ((MILLIONS) |
CITY o 2 < = HOE| fv b BEREEES (B39 RS
Montreal . 2,780 5,170 143 785 15.5 | 110 1983 | 52| o 21 | . 420 %
 Toronto -] 2,530 5,250° | © 100 | 800 | 21} 130 | 1980 |100 | 38 - | 9 | 1,000
 Vancouver | 1,000 | 1,800 60 |. 384 | 0] 75 1976 | 24 | 38 0 200 ~
Ottawa o 560 | 1,050 - | 22 260- 0| 80 || 1986 67 94 | 2 250 :
Winnipeg . . 540 730 || 48 | 280 0] 120 - 1991 | 74 | 313 | 2 - 770
' Hamilton . . 500- 900 | 35 | ‘290 | o} 60 1985 | 23 | 0 0 | 135
Edmonton o 470 | 1,000 - 7l 20 0| 100 | 1980 | 30 | 8 | 14 148
" Quebec. - 470 | T 880 20| 157 0| 95 | 1987 | s0 | 20 0 525
Calgary - 3900 | 820 | 7| 2 . o 2 J100 | o 2 | 530
*- Sourrer The Wfban“'l‘_r’ansnort Problem.
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highways and only 15% to transit development.
While Montreal and Toronto were planning to

expand theilr existing rapid transit systems by

21 miles and 9 miles respectively the only other city
to engage in rapid transit appears to be Edmonton.
‘The rapid transit approach is under planning consider-

ation in Ottawa, Winnipeg and Calgary. .

Althqugh some rough calculations would.show
that the freeway and arterial capacities of the
ma jor cities would increase by 30—40% if.these'plans
were carried out, it is ﬁot posSibie to determine
whether these plans will satisfactorily meet the

projected traffic increases or whether there will

be sufficient finahcial resources to carry them oﬁt.,
Given fhe millions of dbllars‘required to.

ubgrade_the highway/automobile system and the fact -

>.that proposed construction will simply perpetuate-

problems associated with urban automobile traffic

congestion as relatively small amounts of capital
investment are anticipated for public transit in the

future, Reynolds poses the question: "...with such

- wide car ownership and low transit use, and having
gone so far in accommodating the car in Canadian

cities and in their layout and density, is it worth-
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while or possible to reverse the process?"19

_As has been stated earlier, the inherént
functional limitations of the automobile/highwayv
system outline the basic argument againSt its
- perpetuation invits presént form. The discussion
of the urban tranéportatioh and urban land ﬁse
interface demonstrates that the reversal of the
'vprivate.automobile trend is worthwhile.

Analysis of the reversibility of the trehd
towards private automobile use in urban centres
reqﬁires the study of modal choice on both an
individual and social basis. Firét, however,:it 
Awill be helpful.to examine the nature of the urban
travel modes‘under study. Some of the deficienciés
of urban publié transit which have led to its decline
and some éf the psychological factors favouring the
continued increased use of private automobiles in

metropolitan areas will be discussed.

195, 5. Reynolds, op. cit., p.73.




CHAPTER IT

TWO URBAN TRAVEL MODES IN CONFLICT

1. Transit Industry Deficiencies

For several years the public has expreséed
concern over the problem of urban public transitul
It is common opinion that urban public trahsif'is
a sick industry as evidencedlbyvits,need to rely
heavily on lafge doses of subsidy aid. Table 1.1
below summarizes the financial performance of
Canada's transit industry -over the past forty years}
Since 1970 Canadian urban transit systems have been
suffering increasingly large operating losses annually
‘as public trénsit continues to lose riders and fare
.box revenues fail to coVer systém costs.

A phenomenon that has contributed to the decline
in profitability.in the transit industry is that‘
the population of urban areas has been and continuesb
to be less densely concentrated at the centre and
» mofe.diffused over the surrounding area. This trend
Qf course has been coupled with an increasing reliance

‘on private vehicles. This redistribution'of.population

: 1Barton—Aschman Associates Inc., Guidelines for
New Systems of Urban Transportation, Volume 2, prepared
for the United States Department of Housing and Urban
Development, April 1968. o ’

L6




47

Table 2.1: CANADIAN TRANSIT FINANCIAL OPERATING

RESULTS ($,000'S) - 1935 to 1975%

a0
YEAR § % OPERATTNG | OPERATING |  NET ALL
2 S| REVENUE | EXPENSES INCOME TAXES
& (LOSS)
1935 | 30 |$§ 37,774 | $ 2,09 35,680
1940 | 33 40,676 28,782 11,895
1945 | 35 | . 72,119 | 50,964 21,156
1950 | 33 85,528 75,247 | 10,281
1955 | 32 109;247_ 98,784 10,463
1960 | 34 132,975 | 116,421 16,553
1961 | 35 131,671 | 118,549 13,022
1962 | 36 132,646 | 121,764 10,882
1963 | 36 133,825 | 125,821 8,004
1964 | 37 |- 139,143 | 127,556 11,587 $ 8,692
1965 |. 39 154,780 |- 139,994 14,786 9,417
1966 .| 39 | 167,680 >v158,926 8,754 | 10,403
1967 | 46 206,848 | 188,619 18,229 11,357
1968° 48 209,015 | 203,675 5,340 ,11,494
1969 - | 48 231,207 | 214,675 16,532 11,437
1970 | 49 239,525 | 231,066 8,459 11,730
1971 | 47 242,410 | 249,193 (6,783) | 10,576
1972 | 54 263,205 | 284,414 (21,209) | 12,044
'1973 | 57 274,847 | 326,954 (52,107) | 12,834
1974 | 57 285,268 | 396,443 | (111,175) | 13,503
1975 | 61 326,790 | 495,620 (168,830) 15,321
* Source: Canadian Urban Transit Association,

~Transit Fact Book 1975 - 76.
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has been a fundamental cause of "many of the sociai
. and eConomio difficulties of our large, mature,
central éities: loss of middle and upper income
to the suburbs, declinihg retail sales in downtown
areas, erosion of the tax base, shift‘of manufacturing
and service establishmenfs,to suburban areas, decline
of mass transit service and patronage, and inCreased
traffic congestioh."zv It is difficult to offer mass
transit service to a thinly spread population. For
instance, there are important economies of scale to
be realized with the use of larger buses (for example
in terms of per seat driver and fuel cost). However,
the larger the vehicle the harder it is to obtain
enough passengers in order to offer a frequehtly
operatingAserviQe with a reasonable level of occupancy.
The "size of vehicle" economies have been pushing’in
one direction and the diffusion of urban populatlons_
in the other to the dlstress of the transit industry
trapped between the two.

Perhaps the most troublesome problem faced by

the transit industry is meeting the demand peaks of

2], M. Moses, and H. F. Williamson, Jr., "Value
of Time, Choice of Mode, and the Subsidy Issue in
Urban Transportation", Journal of Political Economy,
(Volume 1. June 1968, pp. 247-264), p. 247.
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the journey to and from work in the huge metropolitan
area. "Typically, over a rapid transit system, one
peak hour out of 24 accounts for 15% or more of the
daily traffic while almost half of the day;s total
traffic moVés in four peak hours. Peak hours require
 aboqf four times as much equipment as can be used at
other times.v'Hence; avérage cost per ride tends to
be much higher than if demand were evenly distributed
over 'time.‘"3 Unfortunately, tﬁe demand peak problem
has been becomihg more acute and the most apparent
reason for this trend is the shift toward‘pfivate
automobile transportation in the off—peak peribds

- when ﬁhe ﬁhoroughfares are nof congésted. Figure 2.1
‘éhows a typical hourly traffic flow comparison for
public transit and automobile in.a saﬁpled,composite
of North‘American 6ities.

Some of the primary manifestations of the
deficiencies of'ﬁass transit_syétems in and around
our largé metropolitan centres are discomfort,
incpnvenienCe,,low average speed, and obsolescence

of equipment. The most'immediate cause of discomfort

. 3J. B. Lansing, Transportation and Economic .
Policy (New York: The Free Press, 1966). p. 269.
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Figure 2.1: Composite Hourly Variation of Urban
Person Trips by Mode¥
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is -the overcfowding of buses, particularly during
journey-to-work peak hours. Furthermore, heat,
noise, unattractive or unprotected way stations
and terminals, together with lengthy standing and
walting periods are common disadvantages of bus or
ltransit travel_aﬁd the transit industry has make
little_technological progress in the way of*béftering
comfort standards. The user is told: .If you
don't have an automobile or want to use our service.
you'll do so on our terms. Make your choice. Would
you rather endure traffic jams on expressways, or
suffér overcrowding in dirty, unsafe, uncomfortable
: statiohs or Vehidles? Or, perhaps, yoﬁ'd rather not
maké the trip_?"4 |
In many urban méés transportation systems a
high proportioﬁ éf depreoiéted and obsolete equipment
is being QSed. ‘Poor 1ocation’and shortage of stations
or stops, the necessity of transfers, and the frequency.
of service, all contribute to the incbnveniénce of most
urban publié fransit systems.

Another problem, particularly within and.near_

4Lewis M. Schneider, "Marketing Urban Tranéit,f
Highway Research Record, No. 318, (Mass Transportation),
Washington: Highway Research Board, 1970). p. 16.
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central cities and their central business districts
is low average speed. The only mode Compefitive in
speed with the automobile is rapid rail transit .and
the greatest sbeed”differentials are between bﬁses-
and automobiies moving on urban thoroughfares5

causing further difficulty in attempting to divert
'_urban'travellers from private automobilesbt5 mass

i transit. | |

| -Also importént is the often observed facﬁ that
”increases in fares have accelerated loss of patronage.
The most predominaht general statistic available in
,this regard is due to a study by Simpson-and Curtiné
| which ekamines 77 urban bus fare changes over'a,period
of420 years. They found what may be called a ..
"shrinkage ratio" (an approximation to elasticity) of
'0.36.7 "Indeed the results have been so consistént_
that the transit ihdustry'has almost adopted the

- so-called "Simpson-Curtin formula" which states that

for each 1% increase in fares .you will get é 1/3%

5Lyle C. Fitch and Associates, op. cit., p. 13.

6John F. Curtin, "Effect of Fares on Transit
Riding, "Highway Research Record, No. 213, (Passenger
"~ Transportation), (Washington: Highway Research Board,
1968)’ bp. 8-20.

7

with a standard deviation of only 0.09}
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decrease in ridership.”8 However, it is clear that

non-peak hour travel is much more sensitive to fare

changes than is rush hour travel where the journey to

and from work predominates.9 |
Aside from the simple physical and aesthetic

difficﬁlties in urbah public transit, one must

consider the problems besétting tfansit managemént

which arise primarily from the economics of the

industry,. especially under recent conditions. The

-short-run deﬁand for transit service 1s such that_

fare inéreases will usually produce more short-run

total revenues, despite decreases in patronage.io

Therefore, transit operators have no short-run economic

incentives to keep fares down in order to maintain

- or increase‘passenger'Volume. Rather; they are

under continuous pressure to increase fares. This

is especially true in the United_States where public

8Gerald Kraft, "The Potential of Free Transit in
Transportation Planning", in Unorthodox Approaches To
Urban Transportation, Andrew Hamer, ed., Proceedings of
a conference held at Georgia State University November
16 and 17, 1972, p. 9. '

9Lyle Fitch and Associates, op. cit., p.37.

107pig. p. 2.
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oWnership_of public transit properties was not the
ﬁrevailihg'organization of the indﬁstry. In Canada
however, where public ownership of public transit

has been dominant, fares have been kept'felatiVéiy-
low over the yeafs aé is shown in Table 2.2. |

This same pressure is reflected in thé~

deterioration of service for in the short run;'foute-
abandonment and less frequent service may result in

monetary savings for transit management. Moreover,

‘operatbrs_cannot usually afford to take the temporary

losses involved in building up new routes through
‘deVeloping_subufban neighborhoods for by the time
the‘neighborhood has reached the density sufficienf
to support a transit route its travel pattefns; most
often including the use of automobiles, will be well
established and it is too late for a transit company
to'gain the new market. | |

Aside from the points raised in the first

chapter of this thesis in connection with the histdr—-

ical aspects of urban development leading to the

decline éf urban public transit, the factors mentioned

" above have been important problems in impeding the
attraction of an ever increasing amount of urban

public transit riders.. Undoubtedly the single most
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Table 2.2: HISTORICAL RECORD OF TRANSIT FARES IN

CANADA - 1935 TO 1975%

: CASH TICKET
YEAR | PROPERTIES | RANGE FARES (¢) FARES (¢)
1935 30 High 10 8.33
1 Low 05 4.16
Average 06 . 6.24
1940 33 High 10 8.25
' Low - 05 4.16
Average 07.5 6.07
1945 35 High 10 8.25
Low 05 4.25
Average 08.6 6.18
1950 33 High 13 10.00
' Low 05 6.25
v Average 09.2 8.05
1955 32 High 15 15.-00
Low 10 9.00
Average 11 10.50
1960 34 High 20 18.00
Low 10 8.33
o Average 15 13.00
1965 39 | High 25 20.00
Low 15 11.11
Average 20 18.00
1970 49 High 35 30.00
Low 15 12.50°
1971 | 47 High 35 30.00
' Low 15 14.28
Average - 25 22.50
1972 | 54 High 35 30.00"
: Low 10 16.66
Average 25 23.33
1973 57 High 35 30.00
- Low 15 16.66
. Average 25 23.33
1974 57 High. 40 35.00
Low 15 16.66
Average 25 24.00
1975 61 - High 50 38.60
Low 15 20.00
Average - 29 28.90
* Source: Canadian Urban Transit Associatioﬁ,

Transit Fact Book 1975 - 76.
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important reason for the decline in public transit

ridership has been the private automobile.

2. Aspects of Individuals' Preferences for Automobiles

As discuséed earlier, since its introduction
at the beginning of the century the_highway/automobile
system has played a dominan% role in_shaping thé urban
environment as we khow it. Some of the things made
possible through the mass ownership of automobiles
and the vast and growing network of rdadways‘wére:
(1) 'the'physical separation by long distances of an
Andividual's pléces of work, fesidence, shopping,
entertainment, etc.; (2) <the chance to reside in
spread—out'lowldensity housing developﬁents; and,
(3) the horizontal growth 6f land space devoted fo
urban activitieé to the extenf that what was once
,known-asAthe city must now be called a metropolitan
area due to its engulfing of many smaller formerly.
outlying qémmunities. |

The turn df the century pre—automobile'cityv
was characterigzed by high density living and working
- facilities and therefore most'typical personal
transportation requirements were satisfied byifhe
' pedéstrian mode. The city was basically designed

and cbnstructed for pedestrians. The only range
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extenders available then were the horse andlbuggy and
the public trensit system of the.day~—the trolley bus
and.in certain cities, the subwa&. of eourse; there
was a suburb which was primarily occupied by those
wealthy enough to afford the necessary mobility.
Perhaps 1% was these suburbs which inspired cramped .
“and crowded city dwellers with images of lifeSfyles
that the automobile later allowed them to seek.s
Basically however, the pre-automobile city was a
relatively motionless environment. Transit patrons"
were usually moving from high density livingvareasv

- to high density working areas, residing at aﬂdistanee
not usually because of choice but rather because, |
in those.pre—high rise days, the high density housing
areas withih pedestrian rangebof work places.wouldb
have been quite fully occupied. Another cheracfer;
istic of the area waslthe fully developed neighbour—‘
"hood typified by bottom floor shops with residences
above. Every neighborheod had a distinct identityv
since most of'the people in the neighborhood not only
lived there but worked there, were entertained“there,
shopped there, were’schooled there; and usuallyvnever
had any reason for leaving there. What is left bf

these neighborhood areas still exists in our older -
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cities mostly housing the impoverished, the illiterate,
and the racially oppressed.11 There is.however,
little about the turn of the century pre-automobile
city that calls for nostalgia. Since the limitations
of travel range prohibited horizontal expansion,
these cities were forced to absorb population growth
simply by increasing their physical'deﬁsities;b“
Then the automobile appeared on the scene at a time
wheﬁ the‘érowding of the city in conjunction>with
the alleged wholesomehess of rural_life; made'it
valuable as an escape device. Suburban living which
for so long had been an optién‘only available;fo‘:
fhe wealthy became an thion'for-the masses;-or at
least the middle class and the flexibility of the
random route system dramatically ektended thevfange
of life patterns of urban dwellers.

Indeed the automobile has satisfied mofe than
the simple desire to travel between residenéés‘and
work places. Earlier it was stated that on strictly:

social and economic grounds, the choice of many urban

travellers to use the private automobile for the journey

to work is certainly not the best one. Quite apart

from social and economic considerations, however,

11T. R. Stone, op. cit., p. 41.
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if Would'seem thét(a.very impbrtant reason for‘fhe
automobile being the most often preferred mode of
trévelliS'the'fact that "men move thfough; build
 afound thém and carry about with theﬁ certain _
Structufalyvolumes of psychoiOgicallyvdifferentiated
. sPace."lg While there is doubt as to how these spafial
- volumes are best understood and:whilé eCohdmist o
.nbrmally,ignofe théir existence or at least their'
impértance, there should be ho"doubt.that-thé‘con%
traction or expansion of theée_diétiﬁctvspaCes}-or ‘
conflicts between them, .or evén ambigﬁi%ieslas to,
their boundaries, can cause uneaéinéég and sfréss.
"This idea of méﬁ_iiving within a rangeIOf_
simultaneous spatial domains'gradéd'ffom the intimately :
~ personal to the plaiﬁiy-pubiic; éhOuid.eXplaih fore -
satisfactdrily than ahy'of fhe familiéf’psyChiatric or
sdcioiogicaixclichéS;.fhe attraction of the auté;: |
mobile."'? Stated simply; the private 'auto'ﬁmob'ile -
.permits one to traVel-préétidaliy at will anywhefé-
in the public démaiﬂ_ﬁhile remaining'inva completely -

private world unequivocally defined by.physical

127pid., p. 95.

1big.
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boundaries. To maintain the existence of this
intensely personal space no longer_requires explan-

ation‘by psychological adaptation or cultural under-

standing or_ritual for it is marked off struéturally
clearly and solidly. Perhaps this concern with the
definition of personal space is primarily a North

American phenoménon and it may well be that the vast

continual changes in the North American spcialAand
cultural setting over”the last 50 or 60 years have
produced great uncertainty,iunease and.stress upon
‘individuals thereby making the protection and clear
.definition of the private personal realm more valuable
and important. 'While traaitional Utopian dreams

have been centered around a communal structufe,
modern'Canadians and Ameficans_continually aftempt
“to build very personal of_at ieast familial Ufopias
'strucﬁured aroundvsingle detached homes, teleVisidn,'

‘and cars. At any rate there is-a basic distinction

that must be understood—éthat‘is, the distinction
between public and private transportation not in the

sense of titular ownership or financing or even trip

SCheduling, but in the sense of the personal perception
of space patterns.
It has been stated that the ability to move

through public space without‘suffering read justment
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of, or impingements upon, one's own personal'space
could explain a good deal mofe than the urban'travellers
attachment to.his private automobile. It could even
partly explain the success of the automobile.fental
companies since a rented car allows one to travel in
a.strange,-foreign, aﬁd often confusing public'wbrld
in a kind of instant privacy and encapsulated
‘ security.14
The emotional importande of the automobile must
not be confemptuously discussed as some psychological
aberration fbr the automobile is muéh more to mény
individuals than a more or less efficient competitor
‘with public transit. It was statéd earlier that ih
certain parts of our major cities the external effects
caused by the private automobile such as the over—>
consumption of space and time and the production of
environmental huisances necessitate restricfionS'on
“the automobile's‘use. Perhaps though;<the oﬁly_way'
_of increasing'the acceptability of publié tréhspor—
~tation is to incorpofatejas much spétial quality of
the automobile as is possible into its_desigh;

However transportation problems of our major

Ibid.
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cities cannot be solved until the very special spatial
features of tﬁé private automobile are understood for
in all likeliﬂood the consumer appeal of the auto-
:mdbile is just not a trivial habit which can easily
be removed bﬁt rather, a means of fulfilling deeply
rooted concepts-bf human territorialitywl5
More functibnal'analysis reveals that the
}automobile/fréeway system has distinct quality o
édvantages in four important areas:. | |
(1) privacy, (2) comfort, (3) Qrientation,»and
(4) convenience.1 |
cohtact‘with people'travelling in other auto-
mobiies, the great mix of‘economic and ethnic
backgrounds represented in a city's trével
patterns is made tolerable for many peoplé'by.
the physical isoléﬁions provided to them by their
autoﬁobile. An important option that exisfé-in
the random route system which cannot be under-

rafed is the ability to select one's fellow

passengers.

, ‘ 15J; B. Jackson, Landscape, Volume 17 (Spring
1968) page 2, as quoted in T. R. Stone op. cit., p. 96.

16'1‘. R. Stone, op. citQ, p.98.
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(2) Comfort - Automobiles offer a number of pérsonal

()

comfort»amenities such as adjustable seats,
individual temperature controls, radio etc.,
restricted only by one's ability to pay for_'-
them. The motorist can actually seal himself
off from contact with the outside world and
be ehtertained besides. Also important is
the facf'that eaéh automobile rider has a '
séat'and none is forced to stand.
must'navigate his Vehicle he rarely has
disorientation prbblems since he 1s supposed
to be continually aware of his routing and the
disﬁancé to his destination.

Qgéggg}gggg§ - Since the suburban resident
always has his vehicle parked close at hahd
and cénbdrive anywhere dn the roadway system“
withbut having to transfer. vehicles, the |

random route system is actually a door-to-door

transit system. Of course when the urban

traveller is employed in a high density‘cenfre
such as the central business district his '
chances of parking close to his job are -
becomihg increasingly small. However,'fpr“those

who both live and work in low density areas, the
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automobile/roadway systeh is the optimum one.
Given the advantages'of the random route system

in the four areas discussed above, the publicvtransit
system needs consideration in the same categories.
With regard to privacy, two types are relevant to
a discﬁssion of the design and improvement df.public
transit systems. The first is physical privacy by
- which we refer‘to the need of human beings to be
| ééparated.spatially from each other. The actﬁal
phySical.distance by which a person wiéhes to be
'femoved from another varies in relation to the
Situatibn in which both are involved and the sociél
characteristios of each. The standards for public
transit are interesting‘because'it.is felt that
the relationship between passengeré is such that
each should be far removed frém each other_wheh in
fact they are.often foroed‘into unnecessary physical
~ contact by the exigencies of peak—period-pubiié.
transit. This is particularly true on lengthier
more crowded journeys when the stress induced by
unavoidably close proximity often exceeds the capaqityi
of a passenger to cope with it resulting in a feeling
~of discomfort which contributes to the general
aversion for public trahsportation.

Secondly; culturai-privacy:refers to the desire
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and need of people to be among other individuals who
share the same values, norms, and beliefs and standards
of behaviour and to exclude from their midst individuals
with different norms and standards. This need and
desire is physically expressed in all the rules
established for membership in groups, that is, in
the manner in which people attempt to limit the entry.
of strangers or newcomers to social functions,
professions, neighborhoods, decision—making groﬁps,
etc. It is obviously difficult for passengers to
establish any sort of cultural privacy in a public
transport environment for the Simplé reason thaf
public tfansit systems are accessgible to all and
‘any who have the small amount of money required fof
the fare. Tﬁere is no simple method of aligning.
physical environments in a public transit sénse'_
with these complex sociological needs and therefore
individual_privacy requirements are found to be‘at
odds with potential carrying capacities. o

The comfort amenities demanded or regquired of
public fransportafion are closely related to the
length of trips involved. For example, a five
_minute’dial—a;bus ride to a nearby transit terminal
would not requireithe'same extent of comfort

facilifies for passengers as would say, a 40 minute
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-ride on a medium speed transit vehicle. Similarly
this medium speed trip would not call for the'séme
degree'of amenities as would the two hour high-speed
train trip. On high-speed trains (or commuter
aircraft) bars, lounges, reading lights; enroute
‘meals, rest rooms, and other comforts are expected.
On low to medium-speed transit systems however, due

to the short travel times involved, usersvdemand

little more than shelter from the weather, temperature

control, smooth and silent Qperation; and reasonable
seating accommodations.

The problem of orientétion-is not severe.for
ufban motorbus operations but when rélatéd to high-
speed rail transit systems can cause pfdblems és'
seen in'both vehicle and terminal design;Aas wéll.as
all related graphics. Since the high—speéd rail -
3passengér is not actually navigating the vehicle
Aand manoeuvering thrdugh the landscape by following‘k
signs and landmarks, butvréther, is riding,'he'éan
experience'a signifiéant amount of anxiety if he
ever has reason to suspect that he has boarded‘the
wrong train or has missed his station. Such probléms
can easlily be appreclated in dark subway systems for

example where the onus is on passengers to know

exactly where their train is- going and when to get off.




-Perhaps the best tool for measuring the public
transport system's convenience‘is a —BOOC'Wihdy
winter day when any gaps in what should be a
comprehensive service become brutally apparent.
Waiting in line at an unsheltered bus stop in this

type of weather is certainly a cause for desiring

a truly door-to-door transport system. The autombbile/'

roadway system of course can offer this easily
provided that the doors involved_ére each located

in low to medium density areas. However, as'city
size and travel demand increase, fewer areas are able
T to prbvide leserroximityvparKing.' In the céée of
taxi service the automobile can serve high density
areas on a door-to-door basis as there is no pérking
involved, but,the limitations of this type 6f serVicé
for handling commuter movement on any scale are
obvious when one attempts to hire a taxicab during
“the peak period.dn any bad weather day. Convenience,
howeyer,,really ﬁeans.more than the fact.that thé‘

- private vehicle is handy at both the departuré and
Zdestination points but also that the trip is accom-
plished without having to switch vehiéles enrouté.
Unfortunateiy, bus-stopsvare not very convenient, at
least in most low density afeas, and the greater

portion of trips»Cannot be made without switohing.
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vehicles and, inCreasing the nUmber_ofvstops'invariably
eomplicates overall'routing'then creates a greater
number of neoessary transfers.

Stated s1mply, the prlmary oonvenlence require—
‘ment is to be plcked up hear the orlgln and to be let
off.close to the destlnatlon wlth a mln;mum of |
'rincenvenience——that‘is; the'least pdssible exposure
to inclement Weather and the'least_pdsSibie confusion
and diseemfort cansed by'necessary transfers.j*

To provide a convenhient urban transport service
means to prov1de a comprehensive one. Of course,"
.contemporary,public transit Systems_do not provide
this'Standard ofpserVice as they'are not able‘te.
However, unfavdurable'COmparisQns between public
_transit and private'VehiCle cenvenience factors 00u1d
be eliminated or at least mlnlmlzed should the overall
commltment t0o publlc tran81t systems be expanded as
proposed,dprovlded that. (1) oollestlon p01nts are
'allbtted-in greater numbers.soathat 7o pbint in any :
residential area would be more than two or.three |
blocks from a plckup p01nt (2) collection p01nts are
sheltered even with only a rain and shlne roof, but

preferably w1th some w1nd breaklng panels w1th a bench

for the elderly,-the dlsabled and those who do not know
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when the bus is coming; and , (3) transfers occur in
shelteréd'areasvso that vehicle to vehicle exchénges,
are not necessarily pnéumpnia—inducing experiences;;7
A cOmprehensivelyblaid'oQ% urban publié transit
system”COmbined»with'appropriate enrbuté‘amenities
could be. ooncelvably more attractlve than the auto—
moblle in terms of convenlence in any medlum to hlgh
rden81ty areas where door—to—door automoblle transport
" can be more adcurately called door to parklng—lot To-
- door transport | _ v |
Upgradlng publlc %ran81t system standards so that
‘they.are,at,leastvequlvalent to those of the prlvate'
autdmobile'system at ieast in the four areas juéf
diséussed are a nééess&ry stéﬁ,ihrimproﬁing,urban
_transpOrtatioanys%ems ria the public transiﬁ solutidha
| Urban.transpdrtatidn Planners must never lose SightrOf
the faCf’thaf:transpértafidn}systemé aré constricteéd -
A,to serve people and to respect the dlgnlty of people-r
'-current vehlcle orientations Wthh characterlze most
of our urban tran3port systems are not acceptable;
‘Having said that duality of service‘is an
imppriant area'iﬁ which to seek solutions to the

urban transportation problem in our major cities

Ypia. p.o107.
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the urban transport problem will be examined in-terms
of some economic theory which takes qualitative

aspects of urban travel into consideration.




CHAPTER ITI

'MODAL CHOICE ECONOMICS

AND MODAL SPLIT ANALYSIS

1. Modal Choice and Valuevof'Time

Integration of the economics of modal'choigef
in urban tfahsport with modél split'analysis méy
be approached in several ways. It is now appro-
priate to present some of the more pertinent
épproaches and techniques. Such studies involve
"sophisticated'tools of énalysis required to pérceive
individual and community preferences and formulate
goals and poiicy objectiVes‘in the light of evolving
technology and changing habits and values..."l'

The method of analysis.chosen by Dohald'M, Hill
énd Hans G. von Cube develops "diversibn curveS".2
The aufhors brought tdgether data from Surveys in
three metropolitan areas, studying the destiﬁafion

of trips (based on home interviews). For purposes

of analysis, the data werevgrouped into zones with

1The Urban Transportation Planning Process, in
Search of Improved -Strategy, Report of a Panel of
Experts, Organization for Economic Cooperation and
Development, December 1969. '

?D. M. Hill and H. G." von Cube, "Development of
a Model for Forecasting Travel Mode Cholce in Urban
Areas", Highway Research Record No. 38 (Travel
Forecasting), Highway Research Board, 1963. '
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the unit of analysis being the traffic between a
pair of zones. The transit share of work trips was
measured for each line of travel, and Variatiéns_in
this share were the object of explanation. Hill and
von Cube's technique is based on.aggregated data as
opposed to an analysis of individual's choices.
However, as Guy Orcutt3 explains} from a statistiCal
'point'of view, the-use-of aggregated Observétioné is
a risky expedient due to the probability of introducing
aggregation bias. | , |
| In a second method of analysis, Stanley Warner4
relied upon multivariate statisfical analysis of
choices by individual travellers for particular trips.-
Warner-discovéred that rélative time and relative cost'
were consistently important, and he also found‘i%
helpful to distihguish trips according to their pufpose.
Ruﬁen Gronau has considered another aspect of
‘modal alternative analysis in transportation. In his
book he considers "consumer preferences as they are

influenced by the relationship of speed (or time). and

' 3Guy Orcutt et al., Microanalysis of Socioeconomic
Systems: A Simulation Study, (New York: Harpers, 1961).
&Stanley L. Warner, Stochastic Choice of Mode in
~Urban Travel: A Study in Binary Choice, (Evanston,
I1linois: . Northwestern University Press and
Transportation Center, 1962)."
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price."5 By developing and applying Gary Becker's
modelé, and byvutilizing data which the Port of New
York Authority had made available to the National
"Bureau of Economic Research, he obtained some very
iﬁteresting empirical results. Gronau's first major-
finding,concerned the way the price of time affects

the choice between certain modes ofbtravel. With his

thebretiéal model, he predicted the logical passenger
choice amohg air, bus and rail transportation for
intercity travel, given the .price of time and the
diétance travelled. A secdnd more tentative discovery
indicated that business travellers consider»the price; ", |
of their fime as being approximately equal to their
hourly.earnihgs, whereas personal travellers appear
to assign a lower price to the value of their time.
In order to reach this conclusion, Gronau estimated

income ‘and price elasticities of demand for air

‘travel and provided some new information on the .
relation between family income and hourly earnings.
A fourth approach is that taken by Leon Moses

and Harold Williamson who claim that "the diversion

5Ruben Gronau, The Value of Time in Passenger
Transportation: .= The Demand for Air Travel, (New York:
- National Bureau of Economic Research, 1970), p. 1.

_ _ 6Gary S. Becker, "A Theory of the Allocation of
_Time,"™ Economic Journal, (September 1965).
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issue 1s cenfral to much of the argument that 1s taking
place on the need to subsidize public transpoftatibn
as a way of reducing automobile congestion in central
 cities.ﬁ7 On this basis the authoré have estimated a
price structure that would divert automobile commuters
to other modes. . The analysis and empirical Work are
presehted first under‘the assumption that workers have
theAffeedom to:Choose the combination of inobmé and
leisure which appéars optimal to them, and secondly
under the assumptioh that commuters musf conform‘to
a standard number of hours of work. Unfortunatély,
;when a restriction on hours'is‘imposed,.it is
'impoéSible to measure diversion prices in -the.choice
of mode bécause of a'lack of knowledge ébout thé‘
preference systems of the individuéls involved;
Moreovér,'if ‘the lelsure-preferring individual Who.
is free to choose an'optimum combination of income
and leisure is discussed, something can be said about
" the diversion prices involved in.the choice 6f.mode;
Before diversion prices7are discussed 1t will be
helpful to examine individuals' behaviour or preferences
foward‘money and time (income and leisure) in the |
context of a single mode of travel. .

Consider Figure 3.18 whereby leisure time is

"Moses and Williamson, op. cit., p. 248.

8Ipid., p. 250.
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measufed on the horizontal axis and income on the
vertical axis. This diagram is a description of.the
preferences of a number of individuals éach viewing
work and travel time as equally necessary evilé. Thé
- wage rate facing eaéh individual is equal to. the
negative slope of the line AB and the stock of fime

- for each individual is OA.. Combinations of income
and leisure aVailable-to each individual wheﬁ‘zero
time and money outlay are associated with commuting
are thus shown by income liné AB. .

By’shifting AB, various money, time and cost

combinations can be introduced. If The parfibﬁlar mode

in question involves merely transit time, but no

"monetafy outlay then AB can be shifted downward parallel

to, say, CD. Then the wage rate remains the same
‘(ie;, -slope AB = -slope CD) and}travel time equals AC.
Therefore CD represénts thé‘particular mode's
" net income line. If the individual who chooses this
.mode has thé freedom to choose hours of work, then
any combination of leisure and- income along CD, .or
zero income -as represented by point.A, may be chosen.
Mqrepver, CD could also fepresent‘the net income line
“for a‘mode entailing zero travel time but involVingv'
~an expenditure equal to BD. Then oncé again_the

individual leisure and incomé choices for individuals




INCOME

TIME

Figure 3.1l: Income-Leisure Approach to Modal Choice

choosing this mode of travel are représented by CD.
Figure 3 1 can be further viewed as a represen-

tatlon of the net 1ncome llnes of two dlstlnct modes

of travel. The income line AB would be representative

of both modes of travel for some individual making

_thé choice between them. The net income line for

each mode would then be CD which represents the

parallel downward shifting of AB taking into account

- the time and money costs for that mode. Therefore AB
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could be sald to represent comblnatlons of income
- and leisure avallable to the individual ch0031ng the
first mode while CD would represent available income
and leisure combinations available to the individual
choosing the second mode.

Now.suppose AB is the net income line for ohe
“mode--say private automobile—éand CD represents the
net income line for the second mode——say mass transit.
Then if variations in disutility of travel over time
and by mode are ignored, and if individuals have
the freedom to select an optimal combination of
‘leisure and income, then ell'individuals facing the
above budget lines would'travel by car (AB). (This
statement is made on the basis of modal choices.
_belng all or- nothlng ch01ces for clarlty s sake )
This is due to the simple fact that no matter what
preference system between income and leisure thev
1nd1v1dual may have, AB is above CD and is tangent to -
a higher 1nd1fference curve. However, it is 1mportant
to point out that this result is dependent upon the
.slope of the budget llnes-—that is, upon the wage
rate and modal time and money characteristics. If a
different group of‘individuals with a very diffefent

“dered then CD might lie above AB and
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. mass transit would be the Superior choice of mode
for that group.

This logic becomes more evident with the'simple

algebra Which leads to the development of diversion
f‘pfices; Assume for convenience, that;the'coﬁsumer
hésftWO.alterﬁéﬁiVé modes of tréveljto 5hodse from.
The equation‘for:the ihdividual?stne%-indpme for mode'_:

(1) gives income Yl’ as a function of some given

lével'of leisure T, aS'béith-

Yy =wle -1 - ti)‘f ¢

~where

w = individual's wage rate per unit of time
_s-=-individua1's stock of time

tl = travel time by mode (1)

¢y money cost by,mode‘(l)

" Similarly, féf mode'(z)[the net iﬁCQme ig

described by the equation:

‘w(s‘ - L - t,) -

Y o

1

2

‘The difference in net ‘income betweer the

alternative modes, Z, is then:
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7 =Y, - Y. = wit

5 - tl) + (¢, - ¢

2 2 1)

If workers are free to pick any

. combination of income and leisure

The
to reveal
necessary

+to public

necessary.

striking conclusion: "It is evident...that negative

and if the effect of disutility is
ignoered, Z indicates which mode

they will take and what the diversion
price will be. Thus, a worker will -
take the first mode if Z is positive,
the second mode if it is negative,
and be indifferent between them if
it is zero. In addition, Z is the
amount by which a commuter must
either be compensated for taking

the "wrong" mode or the minimum _
charge that must be imposed in order

+to make him switch from the "right"

one. That is, if the worker were
charged an additional amount equal to
Z when he used the alternative mode,

“the two net income lines would

coincide and he would be 1nd1fferent
between them.9

basic aim of Moses and Willwamson's paper is

the'kinds'of price changes that would be

to induce shifts from automobile commuting

transportation, if such a policy is deémed

In this end the authors come to a most

v'prices would be necessary on all modes of public

transportation to divert at'least-ﬁo per cent of those

currently

nlo

making the trip by car. Furthermore,

7Ibid., p.257

10

Ibid., p.. 262.
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results of their study suggest that if the reduction
of public transit fares to zero were carried out; less
than one fifth of the automobile commuters would be
diverted. |

In Moses and Williamson's paper, neither the
belief that many of the ?roblems of cities are due to.
the autOmobile, nor the'pOlicy conclusions Basedﬂon
that.belief has been at issue. Rather, they have
developed a measure which-they feel sheds iight on
the nature of price changes involved in diverting |
people from the automobile mode in the work_trip.
| This measure (Z) is a’fuﬁction_of the time and money
costs of a commuter's modal alternatives and.hié
'"wage rate. Having made estimates for the city of
Chicago, the authors believe that the results they
obtained warraﬁt'the collection of similar data for
other urban areas.f Furthermore, other analyses, they
claim, could profitably examine and determine fhe
. level of invesfment that would be required'to reduce
travel time by public tranqurtation systems. 'VThe
cost of a diversion program based on pricé chénges
might thén be compared with one based on improvements
“in this very significant aspect of quality of

. A1
service.'

YM1pid., p. 264.
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2. Characteristics Approach to Modal Choice

While the studies discussed above attempt to

explain the modal-choice decision-making process,

they fail to achieve this result, not because of
their,lack of recognition bﬁt, because of their
lack of incorporation into their models, of very

relevant factors other than price (or cost)-and

~ time. Modal choice models must be reconciled with

the fact (as stated in Chapter II) that a necessary

step in improving urban transportation systems via
fhe public transit solution requires the upgrading

of urban public transit standards so;that they are

at least equivalent to those of the,private_éﬁtomo—
bbile system at‘least in the areas of privacy, comfort
and convenience. This statement leads us to the
conclusion that if urban travel is to be diverted
-away from the automobile then a'tfansit—improvemént

‘approach must;be taken and that therefore deels

~ which analyze the modal choice deéision-making
process must go beyond price and time factors.

In the work of Moses and Williamson aé in most

of thefliterature on modal choice, the analytical
framework is based upon utility-maximizing indiv-

:‘iduals who choose.between~modes in light of their
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particular preferences regarding income and leisure.

Individuals go about their normal business of choosing |

an optimal combination of leisure and income, in

consideration of the fact that they have to spend

time, which they value, and money on fares or

operating costs so that they may travel about to and

from work. The point is not that ircome and leisure -

choices are iffeiévant to individuals bﬁt rather that

there aré other factors that are impOrtéhf in the

. determination of modal choice and should therefore

"be considered.

In fesponée-to the question: "What is it that

'~ causes individuals to prefer one mode of urban .
~ transport ovér another?"--the income-leisure approach

" (as discussed by MOSéé_énd_WilliamSOn) réplieéf%hat’ ‘

utility--maximizing individuals prefer the mode which

leads them to an optimal income and leisure combination

in respect of the Cdéts‘aSSociated'wifh urban travel

and individuals';valuatiOns of‘%ime. It is éubmitted

that while there can be no doubt as to the impérfance of'
_costs in indiViduals' modal_bhoice deciéion making
"Criteria;'the aésumed.cbﬂsumer objéotiVe'Of choosing
_ahvoptimél.inCOme4leiSUre combination is inade@uate and
': pefhaps even ihsufficiént in'attempting‘to'éxpléiﬁ the

-choice of mode.
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Now if the selection of a mode of travel is
not primarily based on the selection of an optimal

income-leisure combination then a new answer must

}beufound to the questioné what is it that causes one
‘mode of travel,to be preferred over another? It is
 submitted following Lancaster,lz:that-it“is~the
characterlstlcs of the goods, or in %his case the

modes of travel ‘that give rlse to utlllty and hence

the preference of‘onevmode»over another. That.ls,

- "we assume that consumptlon is an act1v1ty in Wthh

. goods, 31ngly or in comblnatlon are 1nputs and in

which the output is a collectlon of characterlstlcs
Utlllty or preference orderlngs are assumed to rank
collectlons of goods 1nd1rectly through the character—

13-

,1st1cs they possess. 4 It is by.no means 1mp11ed
that urban travel and time costs are to be 1gnored
-for these cost crlterla are v1tal to the analys1s of

modal ch01ce ~ The 1ntroduct10n of modal charac—

_terlstlcs ‘in the. analy31s is s1mply 1ntended to prov1de

a ‘more comprehens1ve and reallstlc approach

12Kelv1n J. Lancaster, "A New Approach to
Consumer Theory Journal of Political Economy,

(Aprll 1966), p 132 157

3Ib1d , . 133.
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The essence of this approach then is that
" travel on either mode of'transport,'per se, does

‘not give utility to the individual. Rather, each

mode possesses certain characteristics which give
rise to utility. Lancaster states that many of the
intrinsic qualities of individual goods can be

~ incorporated only by moving to multiple”chafactef—

istics.j Héwever, it iS'aSSumed thét the anélysis
- of modal choiéé-can be fairly»éécuréfely represehted
in a»two—chafacferistics; tWo;goodSFWOrld; and_fhat
- other Seemingly'impor%ént charaéteriStics such é$A‘
time in traﬁéit‘can be quan%ifiéd; priced and
‘considered a8 direct costs attributable'fo each

mode:of travel;

Furthermore, two distinct groups of decision-
makers can be identified: (a) %he'urbaﬁ:transe
portation plahners (acting i the interes%s of the

- community) who view mass bus transit as the solution

tb urban congéétibn, energy;,and pollufion problems;’
and, (b) all the other individuals who make the

actual decision to use a mode of travel. Let it be

‘Said’fOr now, that each decision—mékihg‘group_views
costs and-éharacteristicsiin a different manner thus
giving rise to different Lancastrian predictiong

1abbut modal choice due to different inféfprétations
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of.fhé hafure of the goods (or modes).

| Following Liancaster, it is firstly assuméd
that the:utility of ufban travel depends upon fhe
'2chafacteriétics péssesséd_by each mode; that ié,
' g U = U(Cl; CZ)
~ where Cl'ahd Cé arevfhe quantities of each characfer—
iSfié consumed. Each characteristic-mﬁsf be méééuraﬁle
on aLcéfdiﬁal scéle. Aésume thaf the tWo_moét
vimpdrtant charéctérisfics which give risé tb'u%ility
_ahd‘hehce the séiécfibn.of a mode of travel are N
VtransporfatiohneSS“_and “éomfort-cOnVehieﬂce_
'quality."lé What might be called ﬁfaﬁSpQrtationheés
is pefhéps the most important charaéteristic as it
is‘not‘oﬁly highly priCe,and inc0mefine1é9tic'but
s also thé prihCiple identifier df:gOOds relevéht
~ to our travéi‘actiVitieS: -For example; even fhough'
a}sofa has SOme cbmforf—éonVéniehcé quality; it does

~not (normally) possess dny transportatidnness.

: “14The selection of these two particular.
.characteristics does not preclude the possibility -

of defining other characteristics which might more
accurately explain the nature of the two goods (modes)
" in question. However, the purpose of this exercise
does not call for such accuracy as much as it calls.
for the. introduction of characteristics into the
modal choice decision-making process itself.
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Hence individuals will'not'consider a sofa as a
‘relevant good in the selection of a mode of travel.
The second characteristic, comfort—conVenieﬁqé
quality, is measured in~térms of the numbef of dollars
spent on initial vehicle outlay per seat in excess
of the'price of the least expensive vehicle dapable
.of carrying'thefnumber of passengers usually carfied'
on the typioal vehicle and is actually a measure of
the degree.té which eXtré expenditure on a Vehicle
pfovidés a more luxurious pleasing atmosphere to
ihdividﬁal travellers. |
| To summarize briefly in terms of a resﬁbnse
to the quéstion pertaining to the causality of modal
choices then; fhe factors which are important to
a consumer of urban travel are: |
(1) transportationness - the capability of carrying
én.individual'from one point to another; and,
(2) comfort—convenienée quélity - travelling
conveniently in a pleasant or comfortable atmosphere.
Goods or, in this case, modes of travel as
agents for the production of characteristics, each
- ‘mode providihg certain characteristics in fixed‘_

proportions and in proportion to its consumption.
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Thus:

1 T 8118 T 21,8, and

+ or

2 = 818 T 2558
c = Ag in matrix notaticn.
Here, csy is the'amount_of the i-th characteristic, aij
is the amount of the i-th characteristic produced by
one Unit of the-j—th good and g3 is the quantity of
the j-th good. If all possible goods in the economy
(including sofas) were ccnsideréd, many zero elements
in the A matrix would be found. .
_Regarding the form of the utility funection 1t
is assumed that the éet Qf poinfs in characteristics
space with utility greater than or equal to some level
is strictly convex. The possibility that ufility may
be reduced with the increment of some charactéristics
beyond a point is éxplicitly.allowed for. It is
highly-possible that some chafacteristics confer
disutility with any amount consumed, while others
have to be conéumed beyond a "satiation point" before
 they coﬁfer disufility. Characteristics afe'"satiable"
when they have a‘satiationApoint and are "satiatéd"

when consumed at or beyond this point. The possibility
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of negative marginal utility is vital to the analysis
for when goodslproduce characteristics these may have

negative imputed prices even though all goods have

positive prieesf

Now, in-additidn to the law of the "diminishing
‘marginal rate of s@bstitution" along an indifference
curve, cohvekity meens that we can dlso speak of

"increasing marginal rate of compensation".

Indifference curves have an increasing positive slope
when oneAcharacteristie is satiated and the other is
not.15 That is, moving along an indifference curve,
successively large ihcrements of a desired characfer—

- istic must be given to the household to make up er
»cbmpensafe for the increasing disutility conferred

- by increments-of the satiated characteristic.
Furthermore, as an important_additionel
'_restriction on the utility function it is assumed that a

non-satiated characteristic cannot be inferior, or,

cannot have a negative income demand elasticity.
From this assumption follows the "non-Giffenness" of

- non-satiated characteristics. The purpose of this

15Richard Lipsey and Gideon Rosenbluth, .
"A Contribution to the New Theory of Demand:
A Rehabilitation. of the Giffen .Good", Canadian
Journal of Economics, IV (May, 1971), p. 135.




assumption is to assist in showing how thertechnical
relationship between characteristics and goods can
produce inferior~aﬁd Giffen goods although the
utility function is set.up to rule out inferior and
Giffen characteristics. Except in the special
_case of additive utility fﬁnctions which are of no
concern here,16 the above assumption does not
restrict the nature of the demand for satiatéd
characteristics.

Regarding the shape of'indifference curveé in
" two-characteristics space the assumption about the
non—inferiority of non-satiated characteristics
implies that where;neither_characteristiC'is satiated,
indifference'curVes are downward sloping and means
that proceeding out along any horizontal'line,'
successive indifferencé curves‘cannot get steepcr,
whereas procecding upwards aiong-any vertical_line,~the
indifference curves cannot get flatter. | |

In the case where the characteristic on the
horizonfal axis is satiated with the vertically.

plotted characteristic not being satiated, indifference

1‘6A1Jclflough this particular problem is of no
concern here, Lipsey and Rosenbluth discuss the
matter of additive utility functions briefly.




- curves are upward slopihg,andﬁthé non—inferiofity
_,assumptibn'means that proceeding out along a
horizontal linej_sucéessive indifference curves.
Vcannpt'getyfléftér} In this case no'reStfiction-'
is implied aboﬁt the slope of indifferéncé‘curves
: along,a'§erfical iine-(except in the case'6f '
| .additiVe ﬁ%ility)."Lipéey'ahd Rosenbluth call this
{assumpfion that of;"non—incféééing»ﬁérginal fafé of
'substitutioh-;ceteris paribus"‘of NiMRS——CP.17: i%}
';can be asserted that diminishing marginal utility is
’é sufficient condition for NIMRS—-CP as long as the't
'chafécteriStiCé‘éré not "exqeséively substitufable”,
f_méaning thét-an incfeaéé in one will decrease the
.marginél:utiiity of the cher'prdporfioﬁately4mofe
  than ifé'bwna  This resﬁit_hblds for ndn—éatiaféd
1V¢haréctéristiés. That is, when one chafaétéristic is
Satiated, diﬁinishing ﬁarginal utiiity bf fhevonetWill'
énsure the hoh—ihferiofity“of ﬁhe.bthef aﬁdvthus.
NIMRSAACP;.UhleSS fhe characferiSficé'are "eXcéésiVely
complementary"; meaning, an ificredss ih the satiated
characteristic will incresase the marginal'Utilify of

the other proportionately more than it -raises its own’

. *7Lipsey and Rosenbluth, op. cit., p. 136.
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‘marginal utility.
In order to set the stage for discussing
the predictivé abilities of the characteristics model
some numerical Vaiués can be assigned to the concepts
and variables involved in the modal—choice_decisioh—
- making ﬁrocess as envisaged by the urban transportation
planners who would like to for.various reasons
-vreVerse the;private automobile trend.
The various costs and valués of characteristics
have been fully derived and explained in Appehdik.II,
- therefore in order to not detract from the present
analysis assume that the urban transport plannérs_
Hperceive the following cost eiements’as being
important in the choiée of mode: | |
(1) vehicle operation, maintenance and parking;
'(2) depreciation of vehicle and right of Way;
(3) maintenance of right of way and\system; and,
(4)"¢ongestion costs imposed by cach vehicie on
others. |
Ail of these costs apply to both private automobile'
and bus. -
| Secondly, regafding characteristics, society
views each mode as producing "transportationneSS" in

~terms of 1its average. occupancy and "comfort-convenience
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quality" as the difference between the price of the
'vehicle in use and that of the least expensive

alternative capable of carrying theknumber_of'

passengers usually carried on .the vehicle in‘use,'
divided by the number of people shafing the vehicle
(or, its average occupancy).

From a social point of view then the relevant

decision-making costs and characteristics' values

are as described in Table 3.1 below.

The costs and characteristics pertinent'tb>
the allocation of transportation infrastructure -
investment dollars ideally should lead to thé
appropriate modal splif}when viewed from a-social
perspecﬁivé; That is, while day-to-day travél
experience may dictate an oufcome at Varianqe'frOm
such a fesult, the relative costs oflthe provision
and operation of public transit versus private urban

" travel infrastructure (freeways, bridges, signals,

etc...) should control modal split.
Consider now how society views the choice

between bus (good 1) and private automobile (good 2).

Quantitiés Ccq of characteristic 1 (transportationneSS)
are measured horizontally and quantities of c5 of |
characteristic 2 (comfort-convenience qualiﬁy)_"

vertically. The quantity of a mode yielding bpth
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Table 3.1: - Costs and Characteristics as Viewed by Society

I Cost Categories (costs in cents) Private Bus
' Automobile
1. Vehicle operation, . 12.0 . 75,0
maintenance and parking
‘2. Depreciation of vehicle 8.5 20.0
’ and way ‘ o ‘
3. Maintenance cost of way - 0.5 20.0
system ' ' '
L, Congestion cost imposed 26.7 - 160.0
- on other vehicle _ :
5. Total cost in cents per | L7  275.0

vehicle mile

II Characteristics (in units)

1. Transportationness | 1.6 30.0
2. Comfort-convenience _ 1,563.0 333.0

quality

characteristics is now represented as the length of

a ray through the origin whereby the ray's slope -

measures the ratio of quantities Co to-cl produced
by each mode. Mode 1 is said to have a comparative
advantage over mode 2 in the production of the first

characteristic when the gquantities of the two modes

producing equal quantities of the second characteristic
yield unequal quantities  of the first characteristic

‘with the higher quantity of the first characteristic
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being produced by the first mode.
Figure 3.2 shows motorbus transit as having aCom-

paratlve advantage in the productLon of ”transportatlon—

ness" whlle the prlvate automoblle has a comparatlve
advantage in the productlon of "comfort«convenlence
| quallty". As explalned in Appendlx II an.expendlture
“of 47.7 cents on good 2 - dar - ylelds 1.6 unlts of

“:cl and 1563 unlts of 02 whlle an expendlture of 275

cents on ‘good 1l = bus = ylelds 30'un1ts of"cl and

- 333 unlts of 02 Using an arbiltrary budget constralnt

dof 82 75, an expendlture of this amount on bus glves

.30 unlts of Cq and 333 unlts of 02 while an expen— L o %
-diture'of the sameé amount on car. gives 9.2 unitsvof
¢y and 9,0llﬂunits oFf 02{ Thus, gi&en“a set-ef"'
mohey prices aﬁd‘.an‘iﬁceme or budget eoneffaint;
3001ety s percelved market opportunlty llne (MOL)

can . be drawn. If SOClety s hypothetlcal consumers f

.spend all of thelr money on bus rldes then they can

move out along the gl Vector to a dand if only car
r1des~are-consumed, then consumers can move out

along the g, vector to b. . a and b are called the

"maximum attalnable p01nts" ‘along gl and 8o | The
~line qoxnlng'ab 1s ‘the MOL 1nncharacterlstlcs_spaCe1

- Indifference curves can be drawn in this space in
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order to locate the equilibrium position of sOcietY's

consumers on the MOL. Note that since the MOL is

confined to the interval between goods vectors, the‘

‘position of eqﬁilibrium'may easily be (as will be

'seen‘later) a ‘corner solution rather than a point

of tangency. v
Society's MOL depicted in‘Figure 3.2 shows a

'given ekpenditure on good 1 producing more transpor-

-s-tatlonness and less comfort-convenience quallty than

the same expendlture on pr¢vate automobile. It

now can be determined whether the urban transport
plannérs' 1nterest in promotlng bus travel is an-
“uneconomic goal, or more simply, whether or- not bus
travel is an inferior good. To do this an imaginary
"ﬁncohstrsined income-consumption line"v(UICL) is
constructed and line ab is projected to the two
axes. Letting income dhange and shifting this extended
.budget 1ine to all possible positioﬁs, points sf
Atangéhcy with indifference cﬁrves trace out an

" income-consumption line (Engel curve) which is-
unconstrained by the possible non-existence of goods
that mighf permit the consumption ofvthestwo |
characteristics in the required proportions} Due

to the assumption regarding the non-inferiority of
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non-satiated characteristics; such a UICL is upwafd
sloping. It is assumed that it passes through ab
in Figure 3.2 cutting it at x. |

Before proceeding fufther the quantities
consumed of the two modes must be shown by means
of a construction. This canvbe done_by draWing a
line pérallel to g, cﬁtting g, at m. Thué sodiefy‘s
'hypdthetical decision-makers can be thoﬁght of as
arriving at x by first buying enough "bus" to get
from o ﬁovm~and then enough "car"»tb get from m -
to x. The quantities consumed of bus and car are
‘thus om and mx.respectively.18

Beginning at z, a rise in income_—‘éeteris,
parebis - shifts the MOL away parallel-to itself
to, éay, cd. ‘Now -a horizontal line is dfawnvfrom x
to cut cd af e‘as-Well~as a vertical line to cut |
the new MOL at f£. The assumption of non—inferibrity
'of non-satiated characteristics means that society's
éonsumers' newiequilibrium consumption'positibnb
must be on segment ef. | |
:Now project'a line throﬂgh x parallel %o

gz'cutting'cd at j. If the new consumption point‘

lBLipsey and Rosenbluth op. cit., p. 136.
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Figufe 3.2: Characteristics iiodel of nodal Ch01ce
' as Viewed by gOClety
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is at j, when society's consumers move from x to

j, the increase in the consumption of characteristics
ig in the ratio of characteristics as produced by -
private automobile, and therefore, all of the
‘additional coﬁsumption is of private automobile.

This implies the zero income elasticity of demand

for bﬁs. Project a liné‘through X parallel to

=5 cutting cd.at i. FIf the new éonsuﬁption_equili—

. brium turns out to be i then all of the extra - |
consumptioﬁ must necessarily be of bus, so that'the
income elasticity of demand for private'automobilé
must be zeré.v From this it follows that if the

final equilibrium is on ei below 1 or on jf ébdvé

J fhen either privafe automobile or bus respectively
vwill-have a negatiye income demand'elasticify¥athat'is,
‘it will be an inferi@r good. .For variations in inéome
the shaded area in Figure 3.2 is the area of negative
ihcome demand élasticity. If the UICL at x exceeds
the slope .of g, or if the income elasticity of demand
for transportationness is low enough (or converéely
if the”income elasticity of demand for comfort- |
conveniénée quaiity is high enough), then bus is the

inferior mode of travel for society's consumers.
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A Question of interest here would pertain to
the likelihood of the above result. The answer lies

-in an examination of the technical similarities of

»fhe mpdes._ Suppose the modes were to be made
technically alikeAby reducing the angle between
Vectors gl and 8o assuming that to keep the siope
of the MOL constant,Aprices of the modés change

appropriétely. Then the angle formed by the ihter—

section of xj and x1 1s accordingly reduced resulting
in the shorteniﬂg of segment ji. Now considerihg

the set of all utility functions having UICLs péSSing
through X, the subset with UICLs cufting fj or‘éi_

is now greater which means'thé subsét contéining
UICLs cutting ji is now smaller. Thus in making

the modes more technically_sim;lar‘the likelihood

‘of the inferiority of either of the modes has beeﬁ
increased. That‘is; "the more siﬁilar are thé

technical characteristics of the'two commodities the

more likely it is that one of them (the one that
has a comparative advantage in the. production of the

characteristic. with the lower income elasticity“of

demand) will be an inferior'good."19

19It is obvious that the line through x could
have been drawn parallel to g, cutting g, at a
corresponding n (not shown). ~The quanti%ies on of ,
mode 2 and nx of mode 1 would have ‘been consumed. The
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In terms of questioning society's judgemental

bases, considering the set ofvall utility functions
with UICLs passing through x, the subset with UICLs
4cutting segmenfs fj or ie 1s substantially smaller
’than the subset having UICLs passing through ji.
In conélusion, therefore, the two goods, or mddés,
ére not so technically alike as to present a high
likelihoqd-of inferiority of either of themf—that
is, bus and private automobile are quite probably“
both normal goods in relation to one another3

The implication that this result holds for
the urban transport planneré'is'that in actual
 situations of modal selection by individuals there is
no reason to believe that private automobile éhould
| drastically Or‘even marginally be_preferred to bus.
However 1t is!. Itvnow remains to examine the‘
perception of costs and characteristics by the
_éecdnd decision-making group--the individuals Who 
actUally make the modal selections. |

Again, the various costs and values of‘

characteristics from an individual's point of view

geometric laws of parallelograms ensure that the
same results would come from either procedure.
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have been derived and explained in Appendix IT.
It is most important to note herev(because of the
results which will emerge) that the individual
decision-making costs and characferistics applyv
only to those.indiﬁidualé who have the private
automobile as an alternative. Table 3.2 below as
compared to Table.B.lehowsvfhat individual decision¥
makers_view these costs and charécteristics quite‘
differently than does soclety's hypothetical décisionf
makers. For example individuals do not take into
account such cost items as the opefation, depreciation
and maintenance of urbanvtransport systems_(public'
.or private) and the right of way, or even thé
depreciation of their own vehicles. As-concerns.ﬁhe
. conceptualization of charaéferistics, whiie indin
iduals are assumed to view comforf—conveniencevqgaiity
1in the same way as does society, individuals 6nly‘
assign a value.bf‘one for the transportafionness |
characteristic of both car and bus. | |
Table 3.2 beloﬁ, shows the costs of travel and
values of characteristics as viewed by individﬁal'
decision—makers, As explained in Appendix II, from
ban individual's point of view, an expenditure'bf 78.6
cents on bus,produces 333 units of comfort—convenience

quality and 1 unit of transportationness while an
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'expenditure'of 38.8>cents on car produces again 1
unit of transportationness but 1,563 units of

comfort-convenience quality.

Again an arbitrary‘budget cénstraintvof 78.6
cents 1f spent on bus gives 1 unit of_transporta-
tionness and 333vunits of comfort—conveniehéé. |
quality, or, if‘spenf solely onvcar, gives 2 uhits

of transportationness and 3166 units of comfort-

convenience quality.

Table 3.2: Costs and Characteristics as Viewed by

i
{
i
i
:
i
J
i
|
i
|
|
i
i
i
|

Individuals
I Costs. v v Private. . Bus
‘ o Automobile
1. Vehicle operation, , _

maintenance and parking 12.0 ‘ 0.0

(in cents per mile) SR
2. Fare (flat rate in. A 0.0 - 25.0

© cents) : . :

3. Value of travel time :
at 6.7 cents per minute 26.8 " 53.6
with car trip = 4 min. _ B
and bus trip = 8 min.

4. Total cost for a
journey of one mile

|
|

length as viewed by 38.8 8.6
individuals
IT ' Characteristics
1. Transportationness 1.0 1.0
.Comfort-convenience 1,563.0 ~ 333.0

quality
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Figure 3.3 shows private automobile as having
the absolute advantage in the production of both

characteristics for a given expenditure (here'78.6

cents). This results in an upward sloping MOL and.
points of tangency with indifference curves would

require these to be oddly-shaped indeed. Since 1t

was assumed that the characteristics are not inferior,

the indifference curves are expected to behave - L

®

normally and if this is the case, then the point of -
consumption equilibrium will not be one of tangency
‘but rather, a corner solutioh. That is, with the
exception of a few ifrational, but pérsistent,‘bus
riders, the private automobile will be the mOdé of

" travel always selected.

The implications are obvious for the urban
transportétion planners who must now realize that
" because of the way individuals perdeive costs and

characteristics, the privafe automobile is the over-

whelmingly preferred mode of travel. Looking at
:Figure 3.3 in a practical sense one could hardly accept

the implications contained therein for the caf/

:tranSit balance. However, the important condition
that this model is only applicable to individuals
for which the private automobile is an alternative should

be recalled. Since ridership studies in various. cities
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show that by far the greatest portion of public;tfansit
traffic consists of people for whom the automobile is‘
not a realistic (or possible) alternative, the
 indiViduals' modal choice model is likely not an
inaccurate conceptuélization of the.modal choice
decision-making procesé for the market with which
_itlattempts tp'deal;

Figure 3.3 also shows. various Market Opportunity
Lines resulting from changes 1in individualé' bus costs.
An examination of the various MOL's shows that
potenfial transit fiders‘must be compensated by at
leastllh.Bioents before there wiil be a tangéngy»*
between the MOL and probable.indifférenceucuses at
points other than corners. In fact, it Would’appear
fhat to make bus more or less'compefitive with private
'éutomoﬁile; individuals, rather than paying 25¢ upon -
boarding a bus, would have to be paid this.amount by
the bus drivef insféad;

Such resulfs.do not warrant much»optimism on
‘the part of urban}transit planners as regardsién
improvement (frdm avsocial perspeotive)'in the
car/transit modal split, or indeed the-very‘future'of
public- transit. The results presented>here lead us

: tolthe same conclusion as that of Moses and Williamson
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mentioned earlier--that is, diversion programs baéed
on pricevreductions ére most often unrewarding..
There is no need to discuss thé implications that.
the model has in terms of much heeded faré increasgs
ori the part of transit management in order to meet
dperating.expenses out of farebox revenues.

Returning to the attembt to plan urban;%ranspdrf
systems with the aim of reachlng a socially optimal
allocation of urban transportation 1nfrastructure
investment dollars (as would be evidenced by a modal
éplit-fhat wouid be based upon society's modal choice
decision-making criteria), it is obvious thaf because
- of "the way in which individuals view the modél.choice
decision-making process, such an optimal pOsitiOn will
not be reached, allfother things equal. The’dégfee
to whiéh'there.is a misaliocatioﬁ of urban tiaﬁspéft
dollars; and an eqtimation of fhe amount; is-nof
discussed in this the81s. Moreover, the difféfences.
in conceptualization of costs and characteristics
by soclety and individuals, or the variance in the
modal choice decision-making criteria_betwéenvthe
. individuals who actuallyvchoose modes and the plénnersi

(whose estimates are assumed per force to be truly
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reflective of the actual situation)'who are supPOSed
to ensure the provision of the modes in the pfoper
proportions, is of such a magnitﬁde that it can be
asserted that any change in individuals' decision;
making criteria which causes them to choose bus as
a normal good, in a manner 31mllar to that in Wthh
they would if they perceived’ costs and charaoter—
‘lsthS fpom a 8001etal point of view, would certainly
be worthwhile for society's urban'trahsportvdollar
spending as a whole. |

Having made a case for the reversal‘of the
private automobile trend, the predictive-abilifies
of the modal choice model are discussed before |

the analysis of reversal strategies is undertaken.

3. Predictive Ability of the_Characteristics Model

In the second chapter of this thesié, it was
argued that if the objective is to shift fhe cér/
transit modal spllt in the tran81t direction, |
' attentlon must ‘be given to ensurlng that the quallty
of the urban travel experlences are equally good for
passengers using either mode. Presently the fandom‘
- route or’automobile/roadway system has distinct

~advantages in four important areas:

|
|
i
!
i
|
!
i




108

(1) privacy; (2) comfort; (3) orientation; -and,
(4) convenience. Since there is no simple method

of aligning physical environments in a public transit

" sense with individuals' complex sociological needs
resulting in individual privacy requirements being
" at odds with potential carrying capacities and since:

the orientation problem is not qﬁite sb_grave (or at

least much more easily resolvéble) in the case of
urban public motorbus transit, there remain only two
.principal areas 1in which improvements to public |
transit caﬁ.bé made—énamely-comfort and convenience.
For,thé above reasons the aeéthetic or psycholdgical
Charaéteristio_has beén labelled as comfort-convenience
qﬁalify.
' | Since empirical_investigationé have demonstrated -
that diversion programs based onvprice.reduotiOns»are
not very rewafding, upgrading public transit system |

standards so that they approach equivalency with

private automobile standards in the areas of comfort

and convenience is 'a necessary step in improving
urban passenger transportation systems via the public

transit solﬁtion.

.Returning to the individual's characteristics

model it can readily be seen that an increase in -
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comfort-convenience quality by means of an appro-

priate increase in initial dollar outlay on bus (the

increased expenditure of course td_be reflective of
some comfort or convenience improvement such as air
conditioning,étc...) would not do much to favouf’
public transit beéause of fhe relative costs (and
speeds) of automobilé and bus and the'assumptions
regarding transportationness. For example, suppose
that the comfort-convenience quality of bus was
doubled, all other things equal, and that the
doubling of this characteristic was compared td a

" reduction in bus fares of some amount.

Figure 3.4 shows the initial Market Opportunity

Line, with costs. and characteristics as perceived by

individuals as in the previous section, as being
represented by line ab. The amount of transporta—
tionness is T; and comfort-convenience quality,‘q.
Suppose bus fares were to be reduced by an améunt

© resulting in the MOL's shifting to ad. Because of

the reduced price of bus, individuals would now be

able to consume tranSportationness in the amount Tz'

- and comfort-convenience quality in the amount qz.i
On the other hand, if an appropriate expenditure
on buses were made so as to increase comfort-

convenlence quality to Py transportationness
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Comfort-convenience Quality

T2
Transportationness

Figure 3.4: Comparison of a Reduction ianus Fare with
' an Increase in Comfort-Convenlence Quality.

‘remaihs cbnstant at T, and the MOLvshifts t0 a§;
one would be reluctant to say that individuals
with MOL ac are better off than individuals facing
MOL ab.i If this is the case then, the increasé‘in
comfort—cohvenience quality, which cosﬁ money to
SOCiety because of an increased expénditure on

bus was probably all for naught.
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Two possibilities arise from the above:
(a) either the whole characteristics approach to
the modal cﬁoiCe problem is inappropriate; or,
(b) there is more to a change in comfort-convenience
qﬁality than was shown. Resultis obtainedvthus far
help to show that there is a strong case to bé made
}for'thevintroduction of characteristics into the
explanafion of modal choice. ' Assuming then that this
_approachfié pléusible'an important assumpfion is
required--an aésumption which will allow for some
positive pfédictions about changés in comfort- |
convenience quality. |

A fundamental issue in the present discussioh‘of
"the urban transportation problem has been that price
bfactors alone do not influence the choice of mdde.
In the second chapter it was arguéd that people are
willing to pay dearly (from a social economicAinnt
of view)'for urban travel in order to enjoy aesthetic
cdmforts,’convénienCe, privacy etc. and tend to keep
away from buses because these lack terribly in whaf'
 has been represéﬁted here as comfort-convenience
quality. It does not seem inappropriate to_assuﬁe
then that individuals would respond favourably to
| improvements in the bus mode in the areas of comfort

and convenience.
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On this basis then it is assumed that for a given
increase in comfort-convenience gquality, there is a

20 mnis

-proportional_increase in transportationness.
means that a given increase in comfort—éonvehience
quality will have exactly the same effect on the
Mafket Opportunity Line as would a fare reduétion

" which would result in individuals being able to ébtain
the‘level of éomfort—convenience qﬁélity (via an.incoﬁe
effect) as was made'évailable by increasihg.initial
expenditures on buses. XIn terms of Figure 3.4, this
really means that an increase invcomfort—convenience
quality in the amount og, - ogq results in trans-

portationness's not remaining constant but increasing

20 A certain amount of arbitrariness in assuming a
one-to-one proportlonal increase in transportatlonness
for an increase in comfort-convenience quality 1is
admitted. However, a strong case exists for some
assumpbtion- to be made in this area and perhaps some
sensitivity analysis on the assumption of such a one-
to-one correspondence could be made. For example, one
could attempt to determine how the final analysis-of
public policy intervention strategies might be affected
if the assumed relationship varied by twenty per cent
either way. The estimation of the exact nature of this
relationship has not been included in this exercise,
“however, it is likely that detailed empirical studies
of travel demand could yield an appropriate numerical
relationship_regarding the effect on transportationness
of an increase in comfort-convenience quality. For the
- purposes of this thesis then, the unitary relationship

described above is assumed to be reflective of the
actual 81tuatlon. :




by the amount ot2 - otl'all of which is exactly the‘
same as a bus fare reduction resulting in the

vproduction of'characteristics in the amounts_t2
and q,. Stated even more simply, both strategies

would result in the new Market Opportunity Liné.ad.

Given this assumption it would be possible to
investigate a number of types of public”policy

interventions in the areas of speed, price and.

characteristics relationships and to draw some
‘conclusions on the merits of possible strategies for
improving the urban transport problemland the urban
public transit situation. Before any offthis can be
~ done however, if is necessary to introduce yet another
cconcept which will allow us to evaluate changes in the
above menfioned_relationships.

While it is claimed that the characteristics

approach is superior to the classical income-leisure .

- approach to modal choice, because statements about

diversioh'programs involving'factors other than price
or cost can be madé, both methods are deficient

”inasmuoh as little can be said about the exact nature

and value of the relevant utility functions involved.
. Therefore noApredictions can be made about changes in
 preferences of automobile versus bus (or any other set
of goods for that matter) other than that as a.fesult

of a specific public policy intervention, consumers
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will either prefer, not prefer or be indifferent -

.~ between modes of travel (or consumer goods).
Therefore in order to make any predictions abent
changes in the car/transit balance, we must turn

to "modal split anaiysis". This technique will

allow for the translation of cost and characteristios
modificatidn strategies into quantifiable changes in
modal split given an initial situation or starting

point.

‘4. Modal Split Analysis and Application to the

‘ Characteristics Model

Qnite simply stated, a.modal split model‘
determines the change in mass transit ridership given
changes in the relative costs, travel time and’comfort
of automobiles versus mass transit. The diversion
of passengers to or away frbmﬁpublic transit can
+then be transformed info estimates of total trips“
”between specified zones (such as tne CentralvBusiness
VDlStrlCt and res1dent1al areas) It is impertant to
relterate that the type of passenger of concern .
in this analy81s is the passenger for whom both
~automobile and bus are poss1ble alternatives.

In the relatlvely short hlstory of urban

transport planning, a rather large number of modal
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split models have been developed for different cities-=
such models of course embodying the special character-

istics of the urban settings for which they were

developed.’ As concerns the more general type of-
modal split model, most seem to work equally well.

Therefore this analysis will make use of a-

‘shortcut modal split formula which has been devised

to measure the number of motorists. in large .and middle-
sized cities who would switch to public transit if |
fares were reduced and/or if transit tfavel time
(including waiting)'was reduced by given amoﬁnts.

This modal splitbformula applies only to car
owners working in the CBD as this group usﬁally
constitutes the onistignificant concentration off
urban traﬁellers~who can exercise a practical‘bhdice

betWeen'private automobile and public trénsit. This
shortcut modal split formula can bé applied‘when two

specific pieces of information -are known: (a) the

number of CBD workers owning their own cars; and,

(b) the percentage of car-owning CBD workers using

21

- public transit in the journey to work. This model

2la, Houston Wynn, "Shortcut Modal Split formula",
Highway Research Record, No. 283, (Travel Factors and
Travel Modes), (Washington: Highway Research Board,:
1969), p. 48. o
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is.general enough to allow for the evaluation of
data for an entire city or for specific zones.and
zone clusters.

The shortcut modal split formule‘was developed
by Wllbur Smith and A53001ates,22 under the authority
‘of the United States Department of Transportatlon,-
Bureau of Public Roads. One aspect of the terms of

reference called for the development of a "shortcut"

" ~method for quickly estimating general magnitudes of

change in modal split resulting from changes ihgcost

or travel time. The fermula Was derived from data
representative of trip-making behaviour in large cities
but is intended to be able to estimate the impact of
cost and travel time changes on any communityfs'

' car/transit'model spllt.

‘The formula relates only to the journey to and
from work in the CBD as was developed from data on
.thlS type of urban travel in the oltles of Phlladelphla,
-Boston, Baltimore, Seattle, Mllwaukee,-Sprlngfleld
Massachussetts, and Columbia South Caroliha, and while

it was developed for a someWhat small and specialized

22Wilbur Smith and Associates, A Method for

Estimating the Impact of Travel Time or Cost Changes
on Diversion of Car Drivers to Transit: Work Travel
to Central Business District, Prepared for U. S. Dept.
of Transportation, Bureau of Public Roads, eb l968

'
i
i
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segment of urban travel, there appears to bé no basid
reason (other than déta constraints) why the shortcut
formula canhot be. applied to the work journey to any
'éoncentration of urban employmenﬁ. This modal split
technique however is not intended to fofecast‘induqed
~or wholly new urban‘travel'possibly resulting from
an improvement in an urban environment's generél
‘level of mobilityizB' Rather'it is designed_to measure
‘onlylthe expected change ih modal split resulting
from modifications in the relative cost or quality
of urban»travel by public transit versus private
- automobile. Furthermore since fhis formulaAonly‘
applies to the reapportionﬁent of given amounts of
tfavel; it deals only with individual decision—makers
 having the choice-between'publié transit and private
 automobile. |

The shortcut modal split forﬁula is illustrated
in Figure 3.5 where the use of public transit in the
work journey to and from the CBD is expressed as a
percentage of ahy particular trip movement in
accordande with calculated differences in costs

between public transit and private automobile. When

23eg. as in the case of the construction of a
new network of freeways, or the introduction of a
subway . '
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the cost difference is equal to zero (i.e., costs on
either mode are equal) individuals are expected to

' be indifferent between the modes and therefore half

of the automobile-owning CBD workers would use their
cars while the other half would be expected to use
tfansit., In the case where transit costs are higher

than those by car, transit would carry less than

half of the joufhey to work travel to and from'the
Centrai BusineSS'District; |

The shortcut fbrmula consists of a logarithmic
growth curve calibrated to show the percentage‘of
"car-owning CBD workers who might choose public"
transit under a.Wide range of transit/automobile
cost diffefentials.  The Wilbur Smith and Associates

23

shortcut modal split formula is

P'= (1/1 + e-16x/c) 100

s

where

P = percent of car-owning CBD workers using
public transif;
e = base of natural logs = 2.71828;

¢ = value of time in cents per minute; and

X = nét'trip-cost differential = (transit

trip cost) - (automobile trip cost)

23, Houston Wynn, op. cit., p.'51.'




120

Figure 3.5 shows three curves which have been
calculated applying-different.values for time in

‘the formula. The value of 6.7 cents is that Which

- was assumed 1n the prev1ous characterlstlcs analy81s
Rates of" 5 4 cents and 8 cents for value of time
vlwere calculated and drawn in F]gure 3. 5 to 1llustrate

coa range wlthln‘whlch an estlmate of-the change in

mcdal‘sﬁlit would be affectedvby‘diffefenf assumptlcns'
about the value of time. vThis range‘can be'thought' |
of ag a twenty per cent error margln Based on the
vabove rates for Value of tlme the three equatlons

mapped out in Figure 3:5 arei

(a) for'value-cf time = 8 cents per mihute,

P = (i/1>_=.e 0.02x) 1oo |

" (b) for value'ofltiﬁe 6.7 cents per mlnute, R _ | | %;
L B= (1/i + 0-0239%) 100; and;. |
'(c)v:for-Value of %imed=_5.4-cents'per_minute;

The three curves cons1dered together show the
effect of dlfferent assumptlons about the Value of

travel tlme on estimates of changes in modal spllt

ranglng from low (8 cent curve) to hlgh (5 3 cent
curve) trans1t use pouenulals.

Flgure 3. 6 shows how the shortcut modal spllt
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curve can be used to estimate, for example; the effect
of a reduction in transit trip costs relativé to

private automobile tfip costs. Of course it is

-necessary to know the proportion of car-owning

VCBD workers who‘usé transit in fhe journéy to work.

VHowevér since this value is not khpwn.(at this point
“in time), itiis assumed that this proportion can be

derived from- the known cost differential between

transit and car. Earlier, we.established that from
‘an individual's point of view, the costs of a one
mile jbﬁrney by transit and.by car were 78.6 cents
and 38l8 cents réspectiveiy, or, a differential‘of
39.8 cents. This means that the proportion éf.car
owners using.tfansit (agcording to individuals'
decision-making Qriteria) should be:

P=1/1 + ¢0.0239x

where
- x = 39.8 cents, therefére,
P=1/1 + 60.0239(39.8)
= 27.86%

Given the workings of the modal'split model

.as:demonstrated above and the characteristics model
of modal choice and the assumptions relating»thérefo,

it appears that the'fechniques for analyzing and
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evaluating public policy intérvenfion strategies,
aimed at reversing the private automobile trend,
are in place.. That is to say, 1if modgl choice
decision—making criteria are known and can be
translated intn'accurate reflections of the actual
car/transit balance, then it is relatively simple
to determine tne usefulness of public policy
interventions favouring urban public transit.

The next chapter will analyze alternative inter-

ventions.




CHAPTER IV

REVERSAL Orf THE PRIVATE AUTOMOBILE TREND:

AN _ANALYSIS Of SOLUTIONS

In the previous chapter the differences in.
the modal choice decision-making criteria of
‘individuals and communities (or society) were.

noted and the way in which these criteria led to

a substantial variance between society's predicted

or desired choices of mode and individuals' actual
choices was discussed. At the end of Chapter iII 
it was suggestea that the sum of individuals' .
choices>accordihg to théir reépective decision- .
'making criteria might lead to a car/transit modal
"split of 27.9% of car-owning CBD workers using .
transit. | | |

In the context of atfempting to arrive

at solutions to the urban public transit problem

by reversing the private automobile trend it would
be helpful to determine society's perception of

- the caréowning CBD worker modal split. Table 3.1

showed that society’views'ah expenditure of 47.7
cents on private automobile as producing 1.6 units
of transportationness and'l,563 units of comfoft—_

convenience quality'while an expenditure of 275

124
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cents on bus is considered to produce 30 units of
transportationness and 333 units of comfort-convenience
quality. Thése costs and characteristics as viewed
by society,‘however, must be reduced to values which
reflect the production of one unit of.transporté~
tionness.by éach mode because the individual
decision-maker views either mode as produciﬁg'only
a single unit'of transportationness and sodiety's
déciéion—makers who wish to influence the modal
choices of individuals in favour of pubiic transit
will neceésarily have to basé their diversion
strategies ﬁpon the values of costs and charadteristics
as viewed by:individuals, | | |
Reduced to terms of a single unit of’
transportationness then, an:expehditure of.29.8 ‘
cents on private automobile or 9.2 cents on public
trénsit will, according_to society's cost calculations,
produce -one unit of this characteristic. The |
"Effective Coét—Difference"»between fhe two médes
for the purposes of the shortcut modai split fofmula‘
('Trénsit'Trip Cost' minus 'brivér Trip Cost') is
;20.6 cents. 'In’terms of Figure 3.6 this “Excesé
Driver Cost" of 20.6 cents would indicate that 62.1%

of carfowning'CBD workers should use transit.} This
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result indicates a much higher soclally desirable
modal split than that arising from individuals'
decision- -making criteria and which may be conSidered
as the "observed" or "actual" modal split.

In some sense the 62.1 per cent transit/
automobile'balance may be considered as a "soclally '

optimal™ modal split because it is determined on the

basis of all (as defined in Chapter III) costs rather

‘than only out of pocket costs. If this 62.1 pér cent
modal split can be considered as some sort of
optimum, then clearly-it is quite distant from the
"observed" modal split. An appropriate goal is
therefore tovdevelop_strategies or public policy
interventions which will favour urban public transit
(thereby reversing the private automobile trénd)‘and
allow for the attainment of such an optimum in a
developmental (and possibly sequehtial)_manner.

| 'As is evident from the workings of the
characteristics modél of modal'choice develcped
'in-ChapteriIII, there are essentially three areas
in which public policy intervehtions can be made in
Aorderbfo reverse the private automobile trehd. |
These are of course the aréas of: |

(1) price of urban travel;
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(2) speed of urban travel; and;
(3) imprdvements in the characteristics of the
public transit mode.

Sevéral publid policy interventions whiqh fall
under these three areas will now be discussed in~an
attempt to determine their effectiveness in meeting
the objective of modal split improvement. Such |
interventions will be discussed in terms_of their
rationale for implementation, their effect upoh the
choice of mode, and finally their effect upon'the_.
_:modalvsplit for car-owning CED_workers. impediments
to,thelimpleméntation of’these solutions or inter-
Qentions will be the subject of the next chaptéf.
The examination of solutions_begins'with-perhaps two
of the most controversial issues in urban public.

transportatioh——road pricing and free transit.

Interventions Affecting fhe Price of Urban Travél

It was shown in Chapter I that the nine major
Canadian.cities‘weré plénning to spend éver $3 billion‘
in freeway and arteriai highway construction and
dbubt was expressed as to whether or not funds would be

available for such construction. The question arises

|
i
{
1
; .
i
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then--who is to pay for all these highways which
supposedly must be bulilt? qu one’ school of thought
in this area, the answer'obviously appears to be that
the users should pay for these facilities; Currently
_such users are paying nothingvfor the use of such
roadway facilities other than the small amounts baid
in the form of gasoline taxes (which we shall'diécuss
later). LT any market economy price is set at a
level below that which reflecté Supply and~démand

| conditions there ié likely to be excess demand.

"The signs of excess demand are well khowﬁeélong
queues, shortages of goods»and,arbitrary rationing
(and even first,doﬁe first served is a form of:_

. rationing)."l

Such maniféstations of excess'demand are
experienced every day by private automobile usefs in
the form of peak period congestion. "In the absence'
~of pricing arrangements which equate demand for road
- space with its supply, oongeStiQn is the only means

of‘alloéating épace, but it is an inefficient means."z

lR.'J.‘Burns, P, D. Love, and Ralph Hedlin,
"Economic and financial Aspects of Urban Transporta-
- tation", Canadian Urban Transportation Conference
February 9-12, 1969 Toronto, in First Canadian Urban
- Transportation Conference Study Papers, (Ottawa:
- Canadian Federation of Mayors and Municipalities, 1969),
p.. 289. o S :

2

Ibid.
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In addition to the fect that congestion.seriously
reduces the capaclty of the road system, other
difficulties are caused by the lack of a pricing
system. For example, there 1is no accurete way of
-determining how much.road space should be built -
- and as long as the demand for road space exceeds
the supply there is no way of truly rellev1ng
congestlon. As a form of space allocation congestion
operates indiscriminately and does not even allow
bthose who could and would pay te save time to doe
so. Moreover, by impeding and slowing down public
transportation (also competing for road space)
congestion is an important factor caueing the-declihe
of transitvpatronage.. N

In strict economic terms the solutien fo the
problem of coﬁgestion is to replace congestioh"as
a space allocafor by a pricing system whereby |
arivers would be levied chérges‘for driving dufing
the rush hour, thefeby excluding those people to
whom driving'in peak periods 1s least important.
Ih fesponSe to objections that road pricihg would -
discriminate against the less well to do it.coﬁld.bev
vargued'that that it would-do S0 islinesoapablevbut.

that is the way the price system works. After all;
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income rather than need.determines the'alloéation
of mény of our goods and serViCes; "Is public.
transportation'a social good that is incapable of
being left to.the'operation of mafket forces for
an optimum solution?">

In discussing the use of tolls invcontrolliﬁg
_urﬁan traffic congestioh William Vickrey offers:
‘some interesting observations.4 The author states
that on the bésis of aAmillion dollars capital
investment for the construction of one lane—mile,
an 8% annual rate for interest amortization, |
'maintenance; étc.'means that this one lane—mile §f

5 Vickrey'

road is going to cost $80,000 a year.
assumes that the peak hour conditions occur in the
‘neighborhood of_lé_houfs a week allowing 3 hours

every day for the rush hour. Now if the $80,000

31pia., p. 290.

: QWilliam Vickrey, "The Use of Tolls in Controlling
Urban Traffic Congestion," in Unorthodox Approaches To
Urban Transportation: The Emerging Challenge To -
Conventional Planning, Proceedings of a Conference Held
. at Georgia State University, November 16 and 17, 1972,

- Andrew Hamer editor, (Atlanta: Georgia State University
‘Publishing Services, 1972), p. 22.

5In‘l972 dollars.
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.a year lane-mile cost is divided by 16 hours per week
(50 weeks per year) the weekly cost is $1600 and the
“hourly cost $100. Since the usual maximum design
capacity per‘lanefmile is 1700 cars this results .

in a cost of 6¢ per car per lane-mile for what was
originally a $1 million facility. In some cases the
facilities cost between $5 and $10 million pef lane-"
mile or 30¢ to 50¢ per car mile. If,on this basié,

a 10 mile commuting trip (fof example) weré to be
priced, the cost would easily be from $2 to $3 for

The roadWay exClusively——that is, parking space, -
depreciation charges or anything else are not included.
While this analysis 1s somewhat simplistic it shows.
thatvthe peak hour users must be subsidized to a
considerable extent because, at best, such users are
probably paying about one cent pér mile in gasoline
taxes and registration charges. The extent to which
peak hour motorists are'subsidized.is not generally a |
matter of common public knowledge. "We sweep. the |
whole business into an overall average and assume
that the highwéy funds that are coming out of the
.federal gasoline tax and the state hlghway funds

are enough to cover the costs. "6’7 Motorists and

6"\fickrey, op. cit., p. 23.

7Whlle highway financing is somewhat dlfferent
in Canada, motorlst psychology is much the same
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urban transport planners alike seem to forget the
fact that ity streets are maintained,-policed

and traffic-controlled from funds that have absolutely

nothing to do with motorists.
One possible solution would be to offer free
transit in the hope of both relieving congestion

and in terms of making things even between the

highly subsidized motorist and the transit rider.
waever, this is not quite equitable for even if
transit riders are subsidized 30¢ to 50¢ or e?en
$1.00 this is still not really close to giving.the
user a subsidy equalito that being given to thé
automobile driver. If the objective was to give a
person a real choice between a transit ride and |
.driving a private automobilile in a waj that would
truly reflect the real social cost of his choice, -

thernly way to do it would be to give the user a

dollar bill every time hévboarded the bus. Since for
a number of reasons (including mﬁnibipal finanCes)
this'is not really possible, the more plausible

'alternafive might be to make motorists aware of the

direct costs of peak hour driving. There 1s no merit
in proposing higher gasoline taxes because these are
‘also paid by people who drive during non-rush hour

periods as well as in rural areas which is something
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whicéh is not necessarily to.be discouraged (at least
for the present). "We therefore need a method of
chafging which.ié gspecific as fo time and placé.
Then we tell the pérson, 'If you want to drive into
" town at 9:00 ih the morning you've got to pay $2.00

for that.. You can come in at 11:00 a.m. for a nominal

20¢.

To look at the congestion problem in a-more.
analytical manner a diagram relating speed to the

density of traffic is useful.

| FLOW

Speed (miles per hour)

Density (cars per lane mile)

Figure 4.1: Relationship Between Speed
and Traffic Density '

8Vickrey, op. cit., p. 23.
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At higher speeds traffic density on roadways
is low.‘bHowever, as traffic density increases
-corresponding'speeds dropAUntil We arrive at‘the
‘trafflc jam den81ty at J where everybody is stopped.
The. flow of cars per hour. per lane- mlle is the product

of the number of cars per lane mile and the prevailing

-_'speeds. At a p01nt where both dens1ty and speed are

moderate (as at M) trafflc flow is max1mlzed

In order to determlne the relatlonshlp betweern
ndollar ‘Gosts and traffic flow, speed—volume curves
(as in Flgure L. l) are transformed into 4 time-
. volume relatlonshlp whlch 1ndlcates the requlred
amount of time to travel one mile on a roadway at
a given Volume. To obtain a dollar'cost the amount
of time spent travelling is ﬁultiplied by'an.estimate
of the value of time.to the commuter:. This is added_
to the other ‘operating vehicle costs to determine-
theitotal cost of travel by priﬁate automooile on
. the roadway.k With an increased voinme:of vehicles
congesting tne,road this cost will'increase;‘ This
time—volnme relationship can ‘be transformed into a
uprice—volnme reiationship'where price is eXpressed'
in'cents per tehicle.mile of travel and‘volume,in

terms of vehicle per lane per hour as in Figure 4.2.
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"There exists in fact, two relevant price-

volume curves, one representing the price perceived

by the individual driver and another reflective of
‘the costs pald by society as a w_hole."9 The price-
_VOlume relationship is the average per vehicle mile
cost of travel relevant for each given foadway
Volume._'The social price-volume relationship:is-

the additional total cost of travel resulting from
'a‘unit increase in vehicle miles travelled. .The-change
in total cost that occurs when a new car enters the
roadway system is reflected in the social cost or
pfice which takes into account the effect of added
congestion on'alllcars;—that is, each individual‘car
is considered to be the marginal car. The actual
~level of use of a foadway'depends on the intersection
of such price-volume curves with a roadWay demand
curve,b Of course, the demand for roadway use declines
with increasing_roadway,travel price given a‘Constant
price of urban pﬁblic transit. |

The unusual nature of the backward bending

average cost curve can be explained quite easily.

9Richard 0. Zerbe and Kevin Croke, Urban
Transportation For The Environment, (Cambridge
‘Massachussetts: Ballinger Publishing Company,

- 1975), p. 77.




137

As average roadway volume per lane increases,
average speed decreases until capacity is reached.
These relationships show travel time increasing
with volume‘until "hypercongestion" conditions.
6ccur. "Hypercongestion is reached at capacity
when the relationship betWeen flow and Speed _
reverse and both traffic flow aﬁd speed decrease."lo
_Thefefore as congestion worsens, not only do fewer -
vehicles flow oﬁ the roadway, but the per mile
travelvcosts actually increase due to lower speeds..
The reversal of the flow and speed relationship
thus gives rise tb the backward bending averagé
cost curve as shown in Figure 4.2. o

In the absehce of roadway pricing the flow of
traffic is restrained by minimum operating costs and
time costs as would exist without congestion ih
addition to the costs created by thé'congestion
itseif.- In order to make‘optimal use of the.foadway
ﬁnder such conditions, the individual motorist should
pay a toll that causes him to realize the costs he
imposes. on others by using the roadway during the
peak period; The toll is simply the diffefence

between the average cost of operating the vehicle

Ibid. -
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and the marginal cost imposed by that vehlcle on all
otherea Marginal costs are equel to the "price" thet
, oohsﬁmer—drivere.should'pay for their vehicle's beihg
-allowed to use the fa01llty Durlng congested perlods
'.1nstead of the usage pattern with traffic flow
"decrea81ng drastlcally under condltlons of exce881§e
v_congestlon, as at F the level of traffic is controlled
as at T. More cars, therefore, can flow through a
given.portlon of roadway than.before. “Slnoe the total
number of vehiolee_uSing the facility ahd the
Fcongeerion-rela%ed.oosts‘are'eﬁt by the imposition
~of the toll; QSere aofﬁally save money; the total
cost of fravel inclusive of‘aVerage’oongesfion‘oostsl"
and.tolls, isxreduoed from OE to 0S. 11 These benefits,
represenﬁed in_Figure'h.z‘by the shaded'SETF; are
koownoas "consumer eurplﬁs"} What.is-effectively
happening’is'fhat a tax is.beihg_levied Whioh:makes
“taxpayers‘bet%er offf—avresult nOf,eﬂcoﬁntered very
often. By'imposing a tax amounting'fo'the rectangle
VSTUV the effioiency of the system whioh formerly
',cost VUTFE is aotually improved by reduolng the
'system cost by the amount SEFT.

To express the cost of congestlon as s1mply as

11

Vickrey, op. cit., p. 29.
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3 12 . s
possible 77 in a mathematical manner, assume average
traffic.speed on a given road to be a linear function

of traffic flow of the form:

a-bg DD

m .
I

where s = average speed in miles per hour,

a = average speed at very low traffic

volumes, -

b = some road constant express1ng the
effect of one Vehlcle per hour oh

average_Speed.

The average costs per_vehicle mile can be

«:expressedvas follows: o . B B _ o L

X =m+ ¢/s N (2)
"where:m?; average operafing costs ?er mile
';(net of tax) at speed a, |
¢ = cost of_vehicle}slfime cqnsietihg

primarily of oceupani's value of
time, and parflyeof increased

- operating costs attributable to

starting and stoppingb

l2J C. Tanner, "Pricing the Use of the - Roads—
Mathematical and Numerical Study", in Proceedings of
the Second International Symposium on the Theory of
Traffic Flow (London 1963), Joyce Almond editor,
(Paris: The Organlzatlon for Economlc Cooperatlon
and Development 1965) ' Lo
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and,
q = traffic flow in vehicles per
hour :
It is necessary to postulate a relationship for the
use of the road as a function of the cost. This

demand function is.of the form

g = £ (x)
where g and x are as previously defined and f
is a decfeasing function which we need not specify.
vThe total cost to society therefore is simply
thé flow of vehicles per hour, ¢, multiplied by the
average cost per vehicle mile, x. Total cost X is

therefore:

X = gx

or gm + cq/s

or, since

1l

s a - bg

X

1l

am + cq/a - bg

TheAmarginal cost, or additional total cost of
travel resulting from a unit increase in venicle

miles travelled 1s therefore

dX/dq = m + [e(a - bq) + beq]/(a - bq)“
or, since '

q = (8. "VS)/b:
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m+ [cs + be(a - s)/b]/s2
‘m + cs/s2 + c(a - s)/s?

m+ ¢c/s + cla - S)/-S2 : (Ll')

dx/dq

11

Now since the average cost of road travel per
vehicle mile, m + c¢/s will be paid by the individual

Vehiclé, all that remains is to determine the

diffefence between marginal and average congestioh
cdsts, cla - s)/szl'.and to express it ih terms.of'a
devised price system.

vPerhaps the most difficult value to estimate
Vis ‘c', tThe Valué of vehicle time because the-major'
'_part of urban traffic consists of private automobiles
whose occupants are normally travelling in their |
bnon—Workihg time. While the value of time is
controversial and difficult to estimate, most

research done.on_this topic analyzes modal choice

under the assumption .that individuals can trade
off extra costs for the benefit of saving Jcime'.llP
Again, following Reynolds,15 suppose the

average value of time,.o, were established at $1.50

13Equation (4) minus Equation (2)

lL"See Chapfer ITT

15y, 7. Reynolds, op. cit., p. 72.
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per hour. "In view of the difficulties and naturé
of this problem, however, this must be regarded as
an. order of magnitude; for ho degree of precision

is possible without vefy considerable reséarch. The
solution to the question of the value of time

probably demands nothing less than the full integration

. .16 :
of persons' time into economic analysis, a massilve

task with anvuncertain'outcome."l? Surprisingly

enough, ﬁﬁt fqrtunately, it has been established

that roéd pricing charges are ndt very sgnsitive to

the value of time assumed.l8 |

Using a 'c' value of $1.50 per vehicle hour

. on a typical urban roadway susceptible to congéstion'
and an average speed‘of 30 miles per hour at low -

.~ traffic volume Reynolds estimates the marginal and

average costs per mile at various speeds and the

. resultant congestion costs imposed by the "marginal"

vehicle on the other wvehicles as shown on the
following page.

Chiefly because, at high traffic volumes and

A 16See Gary S. Becker, op. ci
17Df J. Reynolds, op. cit., p. 72.

lSSee;J, Cf Tanner, op. ci




Table 4-1: Average Costs, Congestioh Costs Imposed on Other
_ Traffic, and Marginal Costs in Cents Per Vehicle Mile*

. Actual Average Average Cost Congestion Costs Marginal Costs
Speed(s) - including per vehicle mile imposed on other : per vehicle mile
stops : (cents) traffic per vehicle . (cents)

mile (cents)

5 (m.p.h.) . m+ c/s c (a - 8)/s° m+c/s +c (a- s)s?
. ’ N

30 10.0 0.00 - 10.00 &
25 ' 11.0 1.20 12.20 |
20 12.5 3.75 | 16.25
15 ‘ 15.0 10.00 _ 25.00
10 | 20.0 30.00 50.00

5. ' 35.0 150.00 185,00

0 ® ® | ®

* Reynolds, The Urban Transport Problem, p. 72
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" corresponding low speeds, individual vehicles impose
serious delays on other vehicles, congestion costs
(as shown in the third column of Figure 4.1) are
highly sensitive to actual average'journey speed.

In the extreme cases, such costs can be as high as
several dollars per vehicle mile and can be almost
infinite when an.additional vehicle causes the

whole sysfem to beeome paralyzed.

Regarding the level oflcharges which would
practically eipress the marginal costs of vehicle
.use,'clearly there is little advantage in charging
for road use where speeds are 25 miles per hour or
more. In particular the more important and predom;
inant case where average speeds are in the neighbor-
hood of l5 miles per hour, at which the congestion
costs imposed ny one additional vehicle on others
are in the order of 10 ceﬁts per vehicle mile,“mUSt
be considered. It should also be recalled that
traffic and the‘marginal costs of congestionvwlll
be reduced by the‘imposition of a charge. A price
that will have an effect equal to the marginal costs
-eflcohgestion imposed on other Vehicles at a traffic
volume of drivers willing to pay that charge must
‘therefore be determlned{ ‘

Tanner has found that the optimum charge is




1hs5,

neither very critical or sensitive to the demand
elasticity and that 80% of the benefits from road
use pricing can be obtained from a charge within

approximately 50% of the optimum.19

It appears
then that the optimal charge for the usual case
where speeds are around 15 miles ﬁer hour (prior
to road pricing) will be around 5 cenfs per miié.
Tanner estiméfes that such a charge will probably
. reduce traffic by*approximateiy 15 per cent until
an average speed (all other things equal)of around

20 The objective here

18 miles an hour is reached.
is to obtain a significant increase in speed for a
large remaining volume of traffic by pricing off
that small volume of road users‘who are either
ﬁnable or unwilling to pay the true full cosfs‘of
urban travel-which:includes the congestion costs
they impose on others. Furthermore, foad pricing
should'be‘applied to all Vehicles~including buées
and.trﬁcks which have three times the congestidn
impact on other vehicles because of their size and

21

power/weight ratios. However, the incldence per

passenger mile of road.pricingAcharges would be

.19J} C. Tanner; QE;'Cit.
O1pig. -~ o

~ 2lRoad Research Laboratory, Research on Road
Traffic, (London, England: Her Majesty's Stationery
Office, 1965). ’ T
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much less for buses than for cars because of theilr
respective average occupancies and therefore road
pricing would tend. to operate ‘in favour of public
fransit. |

| On the other hand to apply such tolls to
publijtransitivehicles would.mean little more
~ than an interdeparfmental transfer in a municipal
financing sense. Suppose theﬁ that as a public
policy intervention; a five cent per mile toll ié
imposed on private automobileé only. In the context
of the characteristics model of modal choice
described in Chapter III, if a five cent per mile
‘road use charge were imposed, individual decision-
makers (whdse deéision—making cost and characteristics
criteria are.shown ih_Table-B.Z) would perceive the
cost of a mile of automobile travel rising to 43.8
cenfs-(froﬁ 38.8 centsj‘while the.ﬁer mile cost of
bus travel would remain'éonstant at 78.6 éents.

In terms of thé shortcut modal split formula,
the new decisiéh—making urban travel costs would
result in an "Effect Cost Difference" of 34.8 cenfs
in "Excess Transit Cost" further resulting in an
observed modal split of 30.3 per cent. However
since these.results are based on Reynolds' assumption

‘gbout the value of time being $1.50 an hour, the
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6.7.cent per minute (or $4.02 per hour) value of
time assumption used in this thesis would justify
- a proportionate inéreaée in the proposed user charge
from 5 cents to 18.7 cents per mile. This of éourse
would mean fhét the per mile cost of urban travel
by automobile would increase to 57.5 cents. The .

new "Excess Transit Cost" of 21.1 cents would result

in a new.modal Split of 37.7 per cent which represents

a 35 per centvinCrease in the initial modai splif.v
On the other side of the road pricing argument
is the question of free transit. There is much |
- merit in the oft-stated opinibn that; while private
antomobiles make use of urbén roads free of spéCific
charge, transit must pay for itsglf ffom farebox'.
revenues. Tne'diminishing.returns aspect of the
automobile and the increasing returns aspect of
public transit, warrant é special examination of the
pricing relétionship between them. Finally'thefe‘is
the paradox that while public transit vehiclesbare
struggling to make their way through congested cities,
there is no doubt that, under some circumstances, |
“the totai'jburney time of all travellers could be
Vreduced if they were all forced to travel by bus

rather than car.zz’

22-F. V. Webster;, "A Theoretical Estimate of the
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In terms of economic principles, if-privaté
vehicles and.public transit are close substitutes for
at least a propértion pf travellers,'a'givenkvolume‘
of urban travel will be undertaken at minimum'tqtal
:_cbstﬂwhen the:marginal costs of fravellingrby each
mode aré'equal,'forvotherwise tota1 costs will be
feduged'by_the constént tfansferal_of traveiiers
,.from.onebmode>to fhe other;"Pefhaps the best Wéy to
-_ensﬁre that the marginél costs of the two ques'are
'QqUalvis to charge thé relevant marginél-Cosis for
each of the. two modes allowing people to chéose
freely between_them. The marginal costs of automobile
use under urban.conditiOns have béen disbusééd
éarlief'and'it will be éthn in Chapter V that it._
is very diffidult‘in_prabfice to charge them. In
order‘fo'deférmine how 1o improve fhe.car/traﬁsif
'mddalisplif, the matter is hpw discussed in a.publié
traﬁsit sense. - L |

1t wou1d appear that given a smail amount‘of.
‘eXcesslcapacity.(in'the form‘of empty'Seaté) in the

system and specific frequency of starting and

Effect of London Car -Commuters Transferring to Bus
Travel", Road Research Laboratory Report LR 165,
(Lgndon, England: Her Majesty's Stationery Office,
1968). : : : ,
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stopping, the marginal costs of public transit use

involve little more then the cost of walking, walting,

and time spent in the vehigle. "This marginal'éost-
will diminish with increased transit usage, because
as usage increases a rational system will spreéd'

routes more widely and operate buses over them more

frequently and thus reduce walking and waiting. ‘Since

the costs of walking and waiting and the time spent in
the vehicle are alréady borné subjectively by the user,
 the proposal. to charge marginal cost for buses amounts
. to givihg the user free use of transit. It may'be |
noted that purely by chance, the values are.closély
symmetrical with the possible changes for car‘use; | |
vinstead of charging the car five cents'per vehiclé—
mile, we are considering subsidizing the bus'aﬁ four
and a half cents pef passenger—mile."23 0f course

this is oniy true if the value of time is assumed

to be $l.50 per hour.
Speaking strictly in terms of improvements. to
the modal split, when the probability of car users

 transferring to free transit is considered, it is

obvious that two separate margins are affectead:

23D.'J. Reynolds, Urban Theory and Practice,
1969 Convention, Canadian Good Roads Association.
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(1) car users"income and ultimately their valuations
of time; and, (2) .their nearness of actual or
potential bus routes and the actual or potential
frequency of bus service over Jc-hem.ZLF
For example, consider urban travellers in
Ottawa who perform journeys of similar length whether
by.car or by bus.‘ The average bus user pays 25 cents
and takes 30.5 minutes on his journey while the
average automobile user takes 12.4 minutes on his
journey and incurs various other objective and
subjective costs of car use.25 .The gquestion of‘
importance then is what effect will there be on '
car users' behaviour resulting from the'aboliﬁion
of the 25 cent fare? .
In addressing this problem, D. J. Reynolas
states that assuming that the car users' valuations
of time are linearly distributed about a mean of
$l.501an hour (fanging from $0.00 to $3.00) and
Jassuming that,automobile users are randomly distri-

‘buted between bus routes, it would be’expécted that

2LLD. J. Reynolds, The Urban Transport Problem,

p.77. |
25De Lieuw Cather and Co. of Canada, Ottawa4Hull

Area Transportation Study, 1965.
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car users would be attracted by a fare reduction of
25 cents if they valued their time at less than 83
Acents'per hour. This apparently would accounf for
about 28 per cént of car users if public tfansit was
to penetraté to the edges of the urbanized area.
Therefore, it would seem that a reduction in automobile
-tfgffic density of the order of twenty per cenivcould
be attained by offering a system of free fraﬁsit |
operating to the limits of the urbanizéd area.
. However, this result is initial and highly speculative
requiring verification by.practical experiment. .Oh
~ the surfacé»however, it does seem that such a.System '
of free}transit could have similar effects on the
modal split as would road pricing by achieving a.
reductién in traffic volume in the order of 15 td‘
20 per cent.26 |

Again, the assumed value ofbtime of $1.50 per
hour by ReynoldS'differs greatly from the time Qalue
of $4.02>per hour assumed in Appendix II. However
the fare still cannot be reduced by more than 25 centé
'.unless society wished to pay passengers a dollar each

+time they boarded the bus (as discussed earlier){ This

26
. 77,

D. J. Reynolds, The Urban Transport Problem,
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public policy intervention is therefore restricted to
reducing the bus fare by 25 cents which causes the
cost of a mile of urban travel to become only 53.6
cents (as compared to the previous 78.6 cents)

while the per mile cost of autdmobile travel (without
road user charges) remains cbnstant‘at 38.8 ceﬁté.

Invterms of the shortcut modal split model'_
then the “Effeétive Cost Difference" is.14;8 cents
in "Excess Trahsit Cost". Such a cost difference
should result in a new modal éplit of 41;2 per cent
. of car-owning CBD workers using transit. This
‘repreéents an increase of 47.? per cent over the
initial modal split.

Now without, at this time, discussing some éf
the_impediments to the implementation of road pricing
and free transit, another type of public policyv
intervention will be analyzed in the context of the

modal choice and modal split models.

_'Interventions Affecting the Speed of Urban Travel

| As 1%t is.senseless (and contrary to objectives
embodied in the goal of»feducing traffic congestion)

" to initiate public policy interventions which attempt
"to reverse. the private automobile treﬁd by reducing

automobile speed, the only types of interventions -
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which will be considered here are those which might
improve the speed of public transit or at least

reduce  urban travel time.

o e Bt e s g e St pom men b b S hom Mn o e e St et P ek bie e (e P Gt et et ot e e e haie

In Chapter I it was noted that historically,

"~ the streetcar;had thé right of way over other forms
of urban transportation. However as technological
improvements brought upon the intrdductioﬁvof
trolley buses and motor buses, urban public transit
lost those special right-of-way privilegesfand hés
lhad to compete for space on urban roadways. "As |
the leﬁel of service becomes lower due to increased
traffic densify, the operéting speed of transit will
‘be reduced. .This reduction in speed will mean that
in order to maintain the same frequency of serVice;
more buses will be required. In other words the -

, productivity of'tranéit is: reduced at a time when
costs are increasing greatly and the potential
demand is the highest. To overcome this problem,
~the Solutionlof providing exclusive right-of-way

to transit or to give priority treatment to transit

should be considered."?’

27J. J. Bakker, - Public Transit Right-of-Way ,
(Prepared for the 1974 Annual Meeting of the Canadian
Urban Transit Association in Calgary, June 20, 1974),
p. 1. ; : ' ‘
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This solution can be implemented in a number
of ways including exclusive bus operations in curb
lanes dr median lanes, reverse-flow operations on
one-way streets 6r on the wrong side of the median,
or through exclusive approach laneg and transit
signals, etc. Whatever approach or combination of
approaches is taken, fhe fact ié that "local‘bus
systems Qperating on streets with other traffic.
simply faii to prbvide service adequate to attract
a large number  of automoblle users. Systems operating
on their own rights-of-way where high speeds can be
attained for a major portion of each trip are necessary

to provide required service."28

sSome of the potential
advantages of exclusive bus right-of-way include "the.
possibilities of feeder-trunk service, bettef_tailpringv
of service to reduce the number of seat-miles, énd
reduced capifal costs resulting from no requirements
for signal or~p6wer distribution."29
‘Perhaps -the most fundamental statement of

rationale for reserved bus lanes however has been

28Thomas B. Deen, "Mass Transportation Research:
The Basic Issues", in Highway Research Record #318, Mass

‘Transportation, (Washington: Highway Research Board,

1970), p. 6.
291pid., p. 10.
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made R. M Topp who says that "very simply, when

" you realize that automobiles average between one

and two persons per vehicle even during rush hqurs
and contrast this with buses having a peak hour'v
capacity of up to Say one hundred per vehicle, then
it is only reasonable that the public vehicle should

warrant special consideration on heavy transit -

'1130

arteries.
Iﬁ_order to discﬁss this public policy intef—
vention in terms of the modal choice and modal split
modeis, gome data relating to expected time savings
resulting from the introduction of express transit
~and reserved bﬁs lanes is required. The City 5f
Winﬁipeg has made some estimates of express bus and
rapid bus travel times which would result from the
implementation.of a propOSed five year transportation

program drawn up in 19?4.3l The modal choice decision-

making criteria described in Chapter III contain ‘the
assumption that a car travels twice as fast as a bus.

If a comprehensive system of express transit ahd

3%, . Topp, Reserved Transit Lanes, A Brief
‘Address to the Annual Meeting of the Canadian Transit
Association (Ottawa, June 17-20, 1973), p. 3.

3lCijy of Winnipég~Public Transit Study, Progress'
Report, 5 Year Program, January 1974.
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reserved bus lanes were implemented, this relationship

would change from 2:1 to 1.2:1. This means that a

- mlle of automobile travel (at 15 miles per hour)

would still take 4 minutes, but whereas a one mile

transit trip (at 7.5 miles per hour) took eight

- minutes, the same average transit trip would only

take 4.8 minutes (at 12.5 milés per hour) on a

~transit‘systemvwith express and reserved buslémes.j2
In terms of the modal choice decision-making

criteria of individuals as described in Table 3.2,

the cost of automobile travel time valued at 6.7

cents ber.minute would remain at 26.8 cents for the

4 minute journey. However, if the transit travel time

‘can be reduced from 8 minutes (with trip travel time

having a Valge'of 53.6 cents) to only 4.8 minutes

With the implementationiof this public policy -

_interrention, the'value of the time expended on a

mile of transit travel would be reduced to 32.2 cents.

‘This amounts to reducing the individual's total transit

travel{coSt from 78.6 cents 57.2 cents. In terms:

- of the car/transit modal split, the new "Effective

32These figures have been derived by the author
- and are not to be considered as demonstrative of the
City of Winnipeg's transit system, but are merely
illustrative of the possible results of the introduction
of an effective system of express transit and reserved
bus 1anes.
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Cost Difference" would be 18.4 cents in "Excess Transit
Cost" with the result that 39.2 per cent of car—owning
CBD workers would now use transit. This résult

- represents a 40.5 per cent improvement over the initial

car/transit balance.

For much the same rat;onale as introducing
reserved bus lanes, an argument can be made for‘the'
designing of traffic signal priority systems for
public transit. "Any system which alters the phasing,
split,véycle,time or offset of traffic signals on a
fixed or real—time basis for the purpose of reducing"
»tfansit delajs is a traffic signal priority system.”33
Allen states that travel time by transit can be |
considered as consisting of threebcomponents:

(1) loading and unloading of paésengers (pasSenger
service time); (2) stops at signals (signal delay
time); and, (3). actual travel along the route (run
time). The relative inportance of these three
components in total travel time can vary widely on

'different routes in different urban areas. However

. 33Duncan W. Allen, Signal Priority For Transit-
Vehicles, Research Report Nol 34, (Toronto University
- of Toronto/York University Joint Program in :
Transportation, May 1976), p. 1.
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traffic signal delay time'éommonly.accounts for 10

to 20 percent of total transit trip time.34

There are essentially two basic approaches to

. signal preemption. Active preemption systems require

a positive indication of the presence or status (i.e.,

whether the bus driver wishes priority or not) of a

transit vehicle in order to make a real-time adjustment

to signals.  "Passive" systems require no such
indication and can be éonsideréd‘as permanenf changes
to a.traffic signal system in aid of tfansit vehicle
movement.

In his study and review of signal.priorization
Allen found fhat: transit signal priority can be

implemented.and can reduce transit travel timé;

~detection of electric streetcars via overhead contacts

has been in;praotise fqr some time (especially in
-Europe); and, detection of buses and manipulation of
signals by radio has proved to be successful.
Furthermore "both theoretical and experimental
results indicate that transit delay reductions of

as much as seventy per cent are possible. This means

34Wéstinghouse Air Brake Co., Wilbur Smith and
Assoc., Institute of Public Administration, Study of
Evolutionary Transportation, February, 1968. :




159

that up to fifteen per cent of total transit route

w35

time could be eliminated in some cases.

If such time savings were applied to the
individual's decision-making model, the transit trip
timé cost would be reduced from 53.6 cents for a dhe
mile'(8,minute) journey to 45.6 cents for a journey

of - the same length takihg only 6.8 minutes because

of signal preemption for transit vehicles. Reducing
the individual's travel time cost by 8 cents reduces
‘his total transit trip cost to 70.6 cents from 78.6
cents for an "Effective Cost Difference" of 31.8 cents
in "Excess TranSit Cost". The resultant modsl:
splitvwould be 31.9 per cent of car-owning CBD
workers using transit, representing a 14.3 per
~cent improvement over the initial modal split.

Again, problems associated with the implemsn—
'tation of public policy interventions affecting the

"speed of public transit vehicles will be the topici

of the next chapter. A final type of urban transit

solution remains to be considered here.

- Improvements in the Characteristics of the

Urban Transit Mode

In the type of public policy intervention to

bé discussed here, the usefulness of the character-:

35Dunc'an W. Allen, op. cit., p. 51.
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istics model of modal choice in analyzing public

transit solutions which cannot be related to

individﬁals' urban travel time and costé is
demonstrated. Two solutions will be discussed. Whilé_
~only the first pertains explicitly to the actual |
characteristics of the physical transit vehicles,

data pertaining to the other one is easlly manipulatedv

solas to fitvinto the anaiytical éontext-of»the modal
choice model. | |

It was assumed in Chapter III that "a given
increase in comfort-convenience quality will hawve
the same effect on the Market Opportunity Line'as
‘would a fare reduction which would result in indivi-
duals being able to obtain the level of comfort-
convenience quality (via an income effect) as was
made available'by'increasing initiél expenditures on

buses." Consider again individuals' modal choice

decision-making criteria whereby given a budget
constraint of 78.6 cents, this amount if spent solely
on public transit would afford the individual 1 unit

of transportationness and 333_units of comfort-

‘convenience quality, or if spent solely on private
automobile would yield 2 units of transportationness
and 3166 units of comfort-convenience quality. For

Avillustrative purposes, recall the case where free

transit was offered thereby reducing individuals'
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urban,public‘transit travel costs by 25 cents to 53.6
cents. It was predicted that the modal spiit would
change from 27.9 per cent to 41.2 per cent of'Car—
'owning CBD workers using transit. Howevér, While.
nothing was said of this in considering the free
transit intervention, a certain number of individuals
will change to the public transit mode because with a
'bﬁdget constraint of 78.6 cents and transit costs.
having been reduced to 5376 oenté; whereas the
individual could obtain 1 unit of fransportatidhness
énd 333 units of comfort—convenience quality, hé,cén
now obtain 1.5 units of transportationness and 488
' units, or an increase of 155 units, of comfort-
-convenience qua-lify.36 |

Now reconsider the definition of this charéoter—
istic. "Comfort-convenience quality is measured in
ferms of the number 6f dollars spent on initial
-Vvehicle outlay-pér'seat.in excess of the price of .
the least expensive vehicle capable of carrying the

number of passengers usually carried on the typical

36For more-preéision in this analysis,
empirical studies of the elasticity of demand o
(especially in the case of fare reductions -as opposed
to increases) would be required so that the substi-
tution effects may be taken into account.
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vehicle." Suppose, for example it was decided that
each transit vehicle would be equipped with air- :
conditioning at a cost of, say, $4,650.per bus.

- This would work out to a per passenger vehicle outlay
incréase of $155. Such an expenditure would result
in the comfort-convenience quality characteristic
being raised from 333 units to_488 units (again an
increase of 155'units). ‘This it ‘may be recognized
yields the same result as was the case with the
implementation of free transit. Therefore one -
.would expeét that the effect of the air—conditioning
solution would resul®t in the.Samé change in modai |
split as the free transit intervention.  On this
basis then two interventions affecting the characfer—
istics of the public transit mode which can, therefore,
be analyzed in the characteristics context, are

'con81dered below.

The_Improved Motorbus

The question of improving transit busés iﬁ the
interest of attracting iﬁcreased ridership has
receivéd much attention in recent years and prototypes

of what have been called thé "world's most advanced

city transit buses" have been designed, built, and
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even tested in actual revenue service.B? TRANSBUS
is the name which has been given to this new bus
which incorporates the first basic changes in urban
transit buses in almost twenty years. The design:
and construction of three protetypes by Ameriean
General Corporation, GMC Truck and Coach Division,

" and Rohr Industries was funded by a $25 million
graht from the United States Department of Trahepor-
tation's Urban Mass Transportation Adminilistration
(UMTA). The project evolved from reoommendatidns

of the National.Academy of Engineering in 1967.

In 1971 Subecontractsvwere let to the three above¥
menfioned manufacturers to develop their individual
designs and produced.three‘prototypes by mid-1973.
Evaluation.tests were_oonducted in mid-1974 and
while UMTA did not place any orders for these buses,
two of the companies——GMCbTruck and Coach Division

: and Rohr Industries (leible)——heve received 3 
number of optiensvorders for these. The speciel'
features of the TRANSBUS are described below in an

UMTA news release.

37Transport Development Agency, "World's Most

Advanced City Transit Buses", in Transport Development

- News, vol. 4, no. 10, 1974, p. 9-10.
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TRANSBUS is not a remake of
buses now operating in Amer-
ica's transit systems. From its
sleek exterior and low profile-to
its many passenger comforts, it
is an all-new bus, capable of
speeds up to 70 miles per hour
for high speed operations on
exclusive bus lanes.

From the moment the rider
boards via low steps, he will
‘discover comforts heretofore
unknown on transit buses. The
first step will be only six inches up
from the curb, with the next riser
no more than seven inches high,
like the steps in a house. ATt
night, doorways will be well illu-
" minated, as will the adjacent
street and curb areas where
passengers enter and leave the
bus. Even the destination signs
will be better illuminated Dby
means of a special film coating.

Two of the prototype buses
will have incorporated a "kneel-
‘ing" feature into their designs.
Through the use of an air bag
suspension system, these buses
will actually lower three inches
for receiving and discharging
passengers. As the bus starts to
move, the system inflates, raising
. the bus. As it slows down, the
- system deflates lowering the bus.

One model of each of the com-
panies' three buses will be fitted
with such experimental devices
as electrically controlled ramps
and 1ifts that will enable passen- -
gers in wheelchairs to board.
Other improved features include -

" a 25 per cent wider front door

than those on today's buses.
Passengers will board and leave

the buses more quickly for faster
service. Seats will be wider and
spaced farther apart, allowing

more leg room. The rear of the ' )
bus may be transformed into a '
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U-shaped lounge area, compara-
ble to jet air travel .accommo-
dations. :

Operators will be given options
in choosging the type of interior
and seating arrangements that
- best suit thelir services. The seats
may be large, plush and padded, ‘

or constructed of heavily resist-
ant plastic materials. Even the
bus operator's seat will be ad-
justable to the individual- require-
ments of the driver. '
' Speakers, inside and out, will
enable the driver to assist pas-
sengers with current route and
stop information. Temperatures

in the bus will be kept uniform
and fume-free in summer and
winter through improved air-
conditioning, heating and ex-
haust systems. Broad, tinted
windows will provide a glare-
proof view. Individual wheel sus-
pension will smooth out the ride.

. The new bus will accommo-

date about 45 comfortably seated
persons, but up to 50 seats will
~be available for high density runs.
The seats will. be supported on.

a cantilever to facilitate faster
cleaning and more foot room.

TRANSBUS will be safer than
other buses. Its windows will be
resistant to the high impact of
thrown or falling objects. Hand-
holds of pliable materials have
been designed for maximum use
and safety. Strategically placed
and padded bulkheads will help ‘
protect passéngers from falling.
Bumpers and extra-strong body
construction will minimize dam-
age in traffic accidents. The win-
dows, which will not open under -
normal conditions, -will have
.~ emergency releases. All of the

- materials inside the bus will be

splinterproof, and the windows
will be made of shatterproof
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glass. Escape hatches in the
roof will provide exits if the bus
should roll over.

TRANSBUS will also incorpo-
rate environmental advances.
Plans call for a 75-per cent re-

~duction in the internal noise level
and a 50-per cent reduction in
external noise. The new bus also

- will have a reduced level of emis-~
sions, below the 1975 California
heavy duty vehicles standards.

. AM  General and Rohr designs
will have improved diesel en-

- gines and GMC will have a gas

- turbine. All buses will be de-
signed so that transit operators
will be able to select any of these
engines or even future advanced
power plants such as steam and
-Stirling-cycle engines now under
development.

From the three designs now belng
built will come a final design
destined to become the next

. generation of urban transporta-
tion buses. The Department of
Transportation will make the

~ design available to all manu-
facturers bidding to build future

fleets for city transit operators.38

- It would seem then that this "Bus of the :
Future" contains’a Very’comprehensive number of
special changes and improvements of the sort that
might be successful in attracting new transit _ﬁ

‘ridership. To determine the magnitude of the

38Joseph W Marshall, "Bus of the Future" in
Highway and Urban Mass Transertatlon U.s. Department

- of Transportation - Urban Mass Transportation

-Administration, Spring-Summer 1973, pp. 4-5.
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change in ridership to be achieved by the'ihtroduction
of such a vehicle in urban public traﬁsit systems,
'or.mofe fundamentally the effect of this solution.
on individuals' modal choice decision-making criteria,
the price of the improved vehicle must be known.
'  Discussions between the present author and the |
various develdpers of TRANSBUS prototypes indicaté
that for applioations ﬁo'thé-Canadian market,lthe'_
price of this bus_would have to be in the order of
'thirty per cent higher than thét of conventional
vehicles in usévtoday. |

- On the basis of the assﬁmed price of the
éoﬁventional bus being $45,000, the improved bus
Wduld cost $58,000. This means also that comfort-
convenience quality will‘increase, by definition, A
from 333 units to 783 units. Then, for an expenditure
78.6 cents on é mile of bus travel, whereby with4old
~buses individuals could obtain 1 unit of transporta-
tibnneSs'and 333 units of comfort—convéniénce quality,
‘on'fhe new'improved buses individuals could obtéin 2.35
units of transportationness and 783 units of comfort-
convenience quality;

' In order to determine the modal split which
'would'resuit-from the introduction of such-buses,
it is hecessary to determine thev"Effective’Cbstv

Difference" in modes which would result from a -
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change in the costs of urban travel which, through
an income effect, would result in individuals being
able to obtain characteristics in the above—méntioned
amounts. 'As.it turns -out, if thrbugh some strategy
the actual cost of a mile of urban travel by transit
- had been reduced fo 33.5 cents, then this cost
reduqtion would have resulted in individuals being
able td obtain 2.35.units of transportationness and
783 units of comfort-convenience quality--the same
results which would occur with the introduction'of
TRANSBUS. Given this relationship then the "Pseudo
Effective Cost Differehce" would be 5.3 cents ih
"Excess Driver Cost".,.The resﬁltant_modal split
unldbbe.53.2 per cent--a 90.7 per cent impfbvement_

over the initial modal split.

et T s e s s e e o e v e et mw B e e e e e Fom bt o e e et o i T o e b T . — e o —

Improved domplementary Transit System Compoheﬁts
| The preVious sdlution to the private aufémobile
~trend demonstrated how expenditureé on substantial -
improvements to transit vehicles could resﬁlt inv

a substantial improvement in the percentage of
car-owning CBD workers using transit. Another
Atransit system improvement that could have a signifi-

cant effect on the modal split in an area important

" to ‘individuals éven before they board the buses deals
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Awith trénsit shelter improvements.

In Chapter II we stated that "perhaps the best
~tool for measuring_a public transit system's A
conveniencevis a —BOOC windy wiﬁfer day when any
gaps in what should be a comprehensive service
become brutally apparent." Also, it was stated that
unfavourable comparisons between public tfansit and.
private vehicle convenience factors could be
minimized if, among other things,‘collection points
are sheitered, aﬁd if transfers occur in sheltered
areas so that vehicle to vehicle exchanges are
Hmdre pleasant experiences. Unfortunately howevér
transit shelters are usually not only few and far
between but inadequate in a weathér protection
sehée-and unatfracti#e_in a public transit image
sense. |

In order to improﬁe this situation the City
bf Winnipeg, in recognition of the fact that bétter
transit sheltérs can act as'a marketing instrumeﬁt
in enhancing transit's image and increasing ridership,
‘has committed funds to the development of new.
shelters. The programywhich was initiated in 19?4
consists Qf two components: (a) the development
of a new attractive transit ﬁassengér shelter to

serve as the prototype for the ongbing replacement
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of éhelters throughout the city; and, (b)- the
development, design and construction of.special
paséenger shelter facilities at 7 major collection
points having daily passenger boardings betwéeﬁ
2,000 and 6,000. The preliminary cost estimates
of these two components are $50,000 and $285,000
for'a total transit system improvement expenditure
of $335,00039 exclUsive.of new. operating and main-
tenance costs. |

In order to determine the effect of this
improvement on the modal split let us assume that
the average operating fleet of Category II cities
(of which Winnipeg is one) consists of 400 vehicles.
In a per vehicle sense, this eXpenditufe would amount
" to $838. .In terms of the individual's modal chqice
decision—making model, comfort-convenience quality
would increase from 333 units to 361 units and
'transportatlonness from l unlt to 1.08. For fhe
purpose of determining the change in modal split, this
strategy must be related to its cost-reduction

counterpart. That is, by increasing expenditures

3901ty of Wlnnlpeg, Innovative Transit Projects,
Streets and Transportation Division of the Works and
Operations Department, June 1974, pp. 1-2. Undoubtedly,
certain new maintenance costs will be associated with -
such new facilities. Unfortunately the author has not
been able to determine the nature and extent of these
" costs for either a transit shelter program or-: the
1mproved transit vehlcle program. _
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on shelters, 361 units of comfort-convenience
quality can be obtained, and alternatively if the
urban transit trip cost'had béen reduced to 72 cents
the amounts of comfoft—con&enience quality and |
transportationness which could have been attained
are 361 unifs and 1.08 units respectiveiy. The
"Pseudo Effective Cost Difference"” for'the tranSit
shelter improvement strétegy is then 33.2 cents ih.
"Excess Transit Cost". The new modal split would
therefore be 31.1 per cent--an imprbvement over the
initial modal split of 11.6 per cent. "It should
be'noted however that expenditures incurred for

the replacement or impfovemenf of sucoeésive tfansit

shelters will, in the context of the characteristics

model of modal choice, result in successlve incremental

changes in the modal split for car-owning CBD workers.

Summary of Results and Implications of

' Modelling Problems

The effectiveness of the six public policy
interventions discussed above in re?ersing the
private automobile trend are summarized below in .
Table 4.2.

“0f the auto—trend;reversing public policy

interventions tested, cleafly the best results are
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Table 4.2:_ Effectiveness of the Public Policy -

Interventions

Description

Car
Cost

Transit
Cost -

Cost

Difference
(Bus-Car)

Modal

Split

4)

)

7)

Initial Situation

Road Pricing (charge
drivers 18.7 cents
per mile)

free Transit (25
cent fare
eliminated)

,Expréss Transit and

Reserved Bus Lanes -

(transit travel time

reduced by 3.2 minutes:
saving of 21.4 cents)

Signal Preemption for
Transit (transit travel
time reduced by 1.2
minutes: . saving of

8 cents) '

- Improved Transit Bus

(improvements per bus
of $13,500)

Transit Shelter
Program ($335,000
in improving shelters)

38.8

57.5

38.8

38.8

38.8
38.8

38.8

78.6.

78.6

53.6

57.2

70.6

33.5

72.0

- 39.

21,

14,

18.

31.

33.

27.9

37.7

bi.2

39.2

31.9

53.2

31.1
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to be obtained from a comprehensive program of
improvements to transit vehicles. There is reason
to believe that other public policy interventions
which are oriented toward improving‘the public
~transit mode as discussed in Chaptef 11, would‘
also yield favorable improvements in the modal
split. Unfortunately, there has been very little
experimentation in this area and data has not been
readily available for analysis in the characteristics
.ﬁodal choice and‘modal split models presented'in
this thesis. Other strategies which could uséfully
affect the modal split include: (1) ‘the devotion
of increased dollars to transit marketing and
improving transit's public image; (2) .thé,
vconstruction of large parking lots on the CBD
periphéry complemented by shuttle buées commuting
between fhe parking loté and CBD destinatiOn

(i.e., park-and-ride schemes); (3) inducement of

employers to introduce staggered hours workingbschemes

e spreadbout the peak hour and to reduce overcrowding

of buses; and, (4) other positive solutions which
offer physical and visible improvements to the
public transit mode.

It has been shown that there exists a number of
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public policy interventions which can make a
considerable confributidn toward reversing the
private automobile trend. However; before dealing
with some of the practical or public policy problems
involved with the implementation of such solutions
an examination of the implications which the
theoretical constructs and assumptions of the médal
choice and modalbsplit models hold for the results,
_is reguired.

The results of all;of the ‘solutions discussed
‘here depend on the assumptions embodied in the
characteristics model of modal chpice and the.
shortcut'modal_split model.- The firét basic
.assumption made in relation to the choice of mode
is that "it is the characterisfics of the goodé,
 or in this case.the modes of travel which give rise
to utility and hence the preference of one modé
over another." While a number of approaches to

modal choice analysis, including the income-lelsure

»apprbach, are'quitevuseful in terms of thelr predictive

abilities, Suohﬂapproaches are limited by their
inability to analyze the impact of qualitative
changes in urban travel modes on the modal split.

To overcome this shortcoming, the characteristics
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theory of demand has been used here because it is
capable of analyzing a wider realm of public.policy
interventions.

Perhaps the single most important problem
with the characteristics ﬁodel is the selection and
definition of the characteristics themselvcs. It
is by no means claimedithat the two characteristics -
ﬁsed in this anélysis afe the only‘appropriatc ones.
Certainly, detailed empirical studies of”individual
and community preferences in urban‘trével,are
réquired in order to arrive at the most suitable
vset of relevant characteristics. That is, since it
is possible to do so, it is important to‘deterﬁine
thoée factors which causekindividuals to select a
mode of travel. 'Fortunately,lthe'characteristics
used in this analysis were suitable enough to at
.ieast demonstrate that the reversal of the private
automobile trend is possible. |

- .iA more comprehensive approach would involve
detailed statistical studies of a number of Variabies
_(or characteristics) which might "explain" modal
choice. There is an abundance of statistical
techniques ahd methodology available for such

analysis.  However, while this exercise would likely
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shed some additionai light on whether or not the
private automobile trend is'reversible,'suoh work
would be best undertaken for city-specific
applications rather than the more general approach
which has been taken here. All that has been |
attempted in this thesis is to achieve a better
explanatlon of those factors which cause 1nd1v1dualsn
to prefer certain modes of travel and to find ways
to modify de0181on—mak1ng criteria so as to alter the-
final outcome of such preferences and choices. |

In order to make predictions about the effect of
_public‘policy interventions on the ohoioe of mode,
a modal split model has been used. There reﬁains
.the gquestion however of'whioh modal split model is
most appropriate. As discussed in Chapter III
modal spiit models are usually highly compliceted
~and pertaln only to those specific 01t1es for Wthh
they were developed. In trying to flnd an approprlate
and general modal split model, discussions w1theurban
transport planners in a number of cities have
revealed that the general concensus regarding modal
split models is that in recent years few of these -
models have. proven to be very accurate. The principal

reason for the use of the shortcut model in this thesis
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therefore -is that while it may embody the short-
comings associated with generality, it is not

- biased by factors which are pertinent to specific

urban areas only.
Quite apart from the conceptual issues
surrounding the use of the models used herein is.

~ the question.of the models" mechanical'workings..

It could be argued that the models' strength which
allows for numerical predictions is also their.
weakness because if the assumed values of,xsay, Ttravel
time, operating or travel costs, or the constant

. used- in the mbdal split modél have been incorreétly
estimated, then estimates of the results éf the‘
various public policy interventions will be seriously
affected. The fact that such estimates would be
affected is not denied, but such inaccuraciesvshould
not interfere with the determinationvof.whether or

not the private automobile trend is reversible to

any serious extent unless of course one individual
character was grossly misestimatéd. It is submitted

however that the numbers used in this thesis, while

not pertinent to anybspecific urban centre, should be
 reasonably reflective of urban transportation

situations in general.
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- Also in the area of assumptions regarding_data
are the ﬁbre specific issues surrounding the use of
certain controversial characters. One such character
is the value of travel time. As has been stated
earlier, considerable debate surrounds the assumption
of an appropriate value of time because of diffefent
assumptions'relating to the natﬁre and purpose . of
" urban travel. The reasdn then that 6.7 cents per
minute was aésumed here is that since this thesis
essentially focuses on the joufney—to—wbrk type of
iravel, then perhaps the most relevant assumed value
of time for this type'Of travel is one which reflects
-the'aVerége hourly wage rate of the urban travellers
involved rather than some average value which takes
inté‘account all travellers and all travel purposes.
'This'latter alternative would result in a considerably
.iower estimate of urban travel costs on both modes.

A similar problem arises from the fact that
the values of the selected characteristics (and
changes therein) depend'on the purchase price of
“vehicles. The problem emerges in trying to’detérﬁine
what the relevant prices were for an exact point in
time and how modifications to vehicles made in other

points in time might be related to ‘the base year. A
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serious attempt hés been made to obtain data which’
pertain to a common time neighborhood (circa 1973)
for all variables and parameters in order tQ avoid
discounting or revaluation problems. However where
necessafy revisions were’reqﬁired, appropriate
changes were made. A problem might arise with the
_cbntinuation of rising prices in times of inflation
but‘this can be Handled rather easily. If it were |
determined that the models, assumptions and values
‘used here are substantially accurate in an urban
transportation planning éensevthen the entire
analytical framework Coﬁld.be computerized with

- regular revisions made to account for changes in

© prices, costs and other values.

In spite of the conclusion that the theoretical
prOblemé discgssed above should have a limited
effectvon the results of solutions which were fested
Whioh‘can be; in any event, correctéd,FOthef totaliy
unrelated problems will be leés simple to réctify;
such problems are those related to the implementation
of solutions or public‘policy interventions.

| Despitevthe reasonably large array of alter-
natives which exist for impfoving‘transit and thereby

-reversing the private automobile trend, it would be
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rather naive to think that éuch strategies are easily
implemented. If there existed no problems of |
implementatién_most of the solutions (or variants)
would be in effect in cities all over the world. The
'fact that they are not necessarily implies that
solutions can only be'éuccessfully implemented uﬁdef
a set of certain institutional conditions and that
there exist some serious impediments té the implemen-
tation of transit improvément strategies.v The next
chapfer exploreé some of the.implementational problems
as well as the conditions under which pﬁblic policy
strategies can be applied in order to reverse thé

private automobile trend. |




CHAPTER V

NECESSARY CONDITIONS FOR THE IMPLEMENTATION

OF URBAN TRANSPORT SOLUTIONS

The public policy interventions or solutions
to the urban transportation problem which were
discussed and analyzed in the prévious chapter
test the hypothesis that "the observed tendenéy of
the relative use of private automobiles, compared to
‘urban publié transit, to increase in a developing
urban environment ié a_reversible phenomenon." - Each
Vof the solutions tested in the context of the
characteristics model of modal choice and the short-
cut modal split formula showed that public transit
patronage could be increased at the expense of
private automobile ridefship (certain solutions being
more effective,.of course, than‘others)._ Unfortu~
nately, however, while excellent results can be
obtained in theory, there exist some institutional
and public policy problems which are impediments.to
the implementation of solutions to the urban trans-
portation problem and the reversal of the private
autémobile trend. Furthermore, regardless of

limitations in the theoretical constructs of the

181
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models, such institutional problems will still remain

and must be solved.

Road Pricing in Practice

Consider the imposition of road user charges.
If the principles of road pricing as discussed in
Chapter IV were to be implemented, perhaps the

greatest difficulties and objections would be

encountered in devising practical systems-to express
the necessary road pricing charge. "If the compar—
atively simple (but crude) gas tax is to be used,

a typical urban congestion charge of 5¢ per vehicle
mile implies a total gas tax of 70¢.a gallon, more . .
than 4 times its present average leve_l."l This,
however, is too high a price to chargé rural and
suburban road users. Even if a differential urban-
gas tax were imposed, if it were large enougﬁ it

would be worthwhile for motorists to evade this tax

by travelling to nearby rural filling stations for,
'in a typical urban area, half the cars are based

at less than 1/3 radius from the city's perimeter.2

British Road Research Laboratory experts

1

p. 74.
2

D.. J. Reynolds, The Urban Transport Problem,

Ibid.
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recommend the following practices for the applicétion
of roadlpricing: | |

(1) a fixed charge or license (daily, weekly,
monthly, or annually) for entry into a congested area;

(2) a parking surcharge over and above thbse
rates already being paid;

(3). systems for metering and chargihg-more
precisely for road use in congested areas,3

While it could be fairly simply imposedvénd_-
administered, a fixed charge to enter a congested
| area in the form of an additiohal license would be
rather crude in its incidenée because it would»not‘
vary with vehicle mileage or traffic‘density.. The
greatest problems, however, would be the definition
of boundary, the inequities of the definition, the
heavy parking and congestion that would occur at
- Fhe boundary and the paradox of less congested
streets within the area;

A Ffixed parking surcharge over and above
éxisting rateé-is commendable for it does not require
 the definition of boundary and can be varied‘according'

to the lécation and the estimated degree of congestion

3Panel_ on Road Pricing, Road Pricing: The
Economic and Technical Possibilities, (London England:
. Her Majesty's Stationery Office, 1964).
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caused in reaching it. Of course parking charges

can have a considerable impact on per vehicle mile
operating costs that are known and borne difectly

by the motorist. The parking surcharge however,

fails to tax non-parking through traffic which indeed
causes a great portion of the congestion burden in
areas which have nothing to do with the origin or
destination of the journey-to-work. Mdreover, since
many employers, especiallj those ih'suburban iocations,
find it worthwhile to give their employees and clients
free parking at their own expense, the parking
surcharge could either be widely evaded by the motorist
or constitute a serious and difficult interference

in customer and/br labour relations. Therefore,thile
in city'centres there is clearly scope for action'by
inéreasing municipal parking charges up to and abdve
“commercial ratés, such action would have no deterring
effect on motorists travelling from one surburban area
to aﬁother via the CBD.

The last application of road pricing to be
discussed here ié Vehiclé metering systems in
congested areas. Vehicle.metering systems have the B
advantage-of being able to at least roughly measure
-vehicle mileage and to weight journey speed or.

journey time by congestion thereby apparently offering
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‘a much greater degree of precision in urban road
pricing. A number of metering syétems are bossible:
on-vehicle, off-vehicle, distance-based, or time-
based. The most favoured system at the British Road
Research Laboratory4 where practiéal research and
develppment has been undertaken on urban road pricing
systems, is a point pricing éystem wheréby bn—vehicle
meters are activated,ﬁy installations at a number of
strategic points'where relevant charges are builf'up.
"Thevﬁajor wéakness in these sYstems'however is the
' recording, billing and subsequent collection of
. millions of charges (without the automatic sanctions
availlable +to utilities), but clearly it is neceSsary
to await further development before finally evaluating
them. " |

In concludihg'the'disqussion on road pricihg,
‘ Whatever the'controversy over the.underiying principles
~are, the fact appears to be that the practical problems
are so great thaf it would not be wise to relyvon the
development oflactual functional systems, althoﬁgh

 there is certainly scope for' the use of higher parking

I

Road Research Laboratory, op. cit.

5D. J. Reynolds, The Urban Trangport Problem, p. 75.
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charges. However, in giving an insight into the
fundamental nature of the urban passenger transpor-

- tation problemvand the "private benefit/public

- nulsance" aspect of the automobile, the work on road
pricing has been very valuable in an indirect way.
“For example, as was mentioned earlier, it has been
shown that if the prices for the use of the roadway
are less than optimal 'a road investment will tend
to attract greater than optimal fraffic volumes and

achieve less than optimal benefits. This serves as

a useful warning of the losses society endures because

of the problems in achleving a simple yet precise

method of pricing the use of roads{é

Implementation of Free Transit

On the other side of the road pricing argument
is free transit. In trying to reverse fhe private
automobile trend, much can be said (and the potential
results of'such'a strategy have been shown) for thé'
implementatién of ffee transit. The initiation of
free transit service however has much greater impli-
" cations than the simple transferfing‘of a smail

-proportion of car users from private automobile to

6

J. C. Tanner, op. cit.




public transit--additional social benefits would

result but very large subsidies would be required.
Again, using Ottawa és an1example, a transfer
of 20% of car users fo_public transit would in fact
double transit passenger mileage and although:
currently low load factors (generally less than 50%)
could acéommédate part of this increase, itvis
éXpected that other transit patrons would increase
their utilization and public pressure to extend
routes and increase frequencies could involve a
doﬁbling of bus routé mileage as well as fransit
operating costs.’
While the free transit argument is the extreme
case. of pubiic transit subsidy the question of even
the simple subsidization of annual transit deficits
is perplexing. Kraft argues that subsidies may bring
temporary relief to ailing transit systems but
eventually the pain will become unbearable.8 Since
the demand for transportation is a derived demand,

any subsidy to transport is ultimately and effectively

7De Lieuw Cather and Company of Canada, gp; ci

8Gerald Kraft, "Economic Aspects of Urban
Passenger Transportation", in Highway Research
Record No. 285, Transportation Economics (Washington:
Highway Résearch Board, 1969) p. 17.
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a subsidy to other activities and the merit of nsing
public funds to subsidize privste activities must be
questioned. That is not to say that subsidies are
always inappropriaté, but ratner to suggést that:
thorough consideration must be given to the problem
before resorting to this solution. Subsidies are
often helpful in overcoming short run problems.-'"The
snbsidy may serve‘only to distort the natural incen-
tives or to.delay'needed adjustments. Yet they may
be useful supplements in the interim while the needed
adjustments are taking place. Some insurance should
be provided, however, that such‘adjustments'will be
made."9‘ It is submitted then that the subsidy approach
is inappropriate in attempting to bring about a better
car/transit modal split. -As has been argued.earlier,
in trying to approach a socially optimal csr/transit
balance better results can be obtained by improving |
and-adjusting the quality of urban public transit
systems. However, institutional difficulties exist

with this approach as well.

‘Finanding Urban Transport Improvements-

It is well known that historically there has

9Tpid. .
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been great pressure on municipal finances from the
various sources competing for such funds. While urban
transportation"in‘generalv(including the construction
and maintenance of right-of-way, traffic signals,
grade level separations and crqssings;'etc....) no
doubt commands a felatfﬁely large portion of any |

municipal budget, the question of providing new

capital for transitnimprovements is a difficult one.

As was discussed earlier, tnose pnblic policy
interventions which seem most promising'involve what
could amount to rather large capital,outlays; Howevér,
the fact that certain improvements might cause
additional préssure on municipal finances does not mean }
that these should be necessarily dismissed. Rather |
the objective should be to use municipal monies
wisely in'order'to derive greater social benefits. It

is submitted that the efficient allocation of funds.

" towards the reversal of the private automobile trend
'by federal, provincial, and municipal governments would

be of benefit to society.

- Moreover, if the funds required for the reversal

of the private automoblle trend are to be made
available, it is of uftmost importance that the role of
urban public transit in meeting the demand for urban

travel be evaluated seriously by governments and that
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new urban transportation planning priorities be

developed and acted upon.

Planning for Improved-Urban Transit

As was mentioned in the opening chapter of this
thesis, the simple fabt that the urban transportation
‘problem haS'progreSSed‘to its present state implies
that the "proper" planning of urban transport sYstems
has not been taking place. It is therefore necessary
to establish guidelines and goals by which approaches
to ﬁrban transportation can be taken in the planning
_process. In relatioh to alleviating the urban
transportation problem, George Smerk states that "the
first most crucial and difficult step will be the.

establishment of workable objectives"lo

for urban
transport. o

In reference to the reqﬁirement-for new apprbaches
to urban ﬁransport planning, the Organization for
Economic Cooperation and Development states: "A new

approach...is emerging--one which gives increased

“emphasis to human_Values and to the social and

lOGeorge M. Smerk, "The Urban Transportation

- Problem: A Policy Vacuum?" in Urban Transportation
Policy: New Perspectives, ed. by D. R. Miller
(Lexington, Massachussetts: D. C. Heath and Co., 1972),

p. 5.
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economic goals of urban de.velopment."ll In terms of

specific objectives for solving the urban transport-
ation problem; the foilowing have been cited as being
important:12> (a) the improvement of peak hour mobility,
(5) reducing the requiremehts for additional freeways
in exist@ng urban development, (cj the contribution -
toward a viable solution te the long range transporta—'
tien problem,e(d) provision of expanded mobility for
non-car users, (e) reducing environmentai nuisances
(air pollution, noise; and pedestrian conflicts),

(f) the eneouragement of desirable regional growth
patterns} (g) allowihg for more design flexieility

for high-activity centres, and,’(h) the reduetion’of

transportation system costs.

Conclusion

In conslusion, aside from solvable implementationA
problems associated with the public policy interventions
discussed in Chapter IV, advances toward solving the

- urban transport problem by means of reversing the

llOrganization for Economic Cooperation and

Development, The Transportation Planning Process--
In Search of Improved Strategy, Report of a Panel of
Experts, December, 1969.

12

T. B. Deen, op. cit.
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private automobile trend can be made provided that:
- (1) goals for the systematic improvement of urban
public transit aré defined and acted upon; (2) commit-
" ments to new serious approaches to ufban transportation
research and planning bé made in the hope of developing
demand-responsive urban public transportation systems
in support of both the social and individual'urbén-
well—béing; and, (3) definite commitments on the part
 of governments (federal, provincial, and municipal) |
toward the realistic and responsible allocation of
public funds for the improvement of urban»fransportation
(and hence, the improvement of Canadian urban areas) be
made so that much needed improvemenﬁs can be implemented.
In brief, only if federal, provincial, and
municipal governments reassess their approach to (or
- simply their perception of») the urban transportation
problem and make realistic financial commitmentsifoward
its solution by reversing the private automobile trend,
can "the war oh urban immobility--and environmental

13

decadence--" be won.

13George M. Smerk, op. cit;, p. 18.




CHAPTER VI

SUMMARY AND CONCLUSIONS

The central concern of-fhis thesis in determining
whether or not the private automobile trehd is’ |
re&ersiﬁle has been the explanation of individual and
social.economic decision-making criteria in the
selection of urban travel ﬁode. .Historically; indivi-
duals' perceptions of modal choiCe~decision—makihg
criteria have led to what might be considered an
improper car/transit’baiance or mix of modes.. It
appeafs that as urban éentres have developed; problems
of urban mobility conflicting with the utilizatibn of
urban léndspace-have'become increasingly aéute;
~Furthermore, trends in major Canadian cities indicate
that'aé urban centres continue to grow and develop,
‘continﬁed and ihcreased emphasis will be placed on
the use of the private automobile at the‘expense of
urban public transit and to the general detriment of
urban centres in. an urban land use and de?elopméht
senée. | _

This'thesisvexamines the hypothesis thaf the
observed tendency of the relative use of private'autO—

mobiles, compared.to urban public transit to increase

193
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in a developing urban environment is a reversible
phenomenon. o |

| A number of factors which are characteristic

of urban public transit have contributed to the
continuing relative decline of urban transit ridership
(although more recenfly such ridership decreases show
some sign of bottoming out). Ccnversely; certain
inherent characteristics-of the private agtomobile
mode have led to its increased utilization. The
characteristics of the modes of travel have played at
least as important a role.in individuals' modal:choices
as ﬁave the cost criteria involved in the choice of
-modet

The classical income=leisure approach to modal

choice is therefore deficient inasmuch as it does not
account for the particular characteristics cfrmodes.of
travel. In crder to account for the influence of non-
‘price factors in the choice of mode, the Lancastrian
characteristics theory of demand has been uséd to
ahalyze individuals' perceptions of the naturé of modes
of travel. Furthermore a shortcut modal Spiit model
which is.general.enough SO és not to be influenced by
city-specific urban transportation problems has. been

employed to make numerical predictions as to the effect
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of certain public policy interventions on the number
of caf—owning Central Business District workers'using
public transit. |

In the modal choice model, two charactefistids——
transportatiohness énd comfort-convenience quality--
‘were used in ah attempt‘to explain modal choice.v Other
" important decision-making factors were incorporated
into the model as weli. " Those factors common to both
social and 1nd1v1dua1 choices include vehilcle operatlon,
maintenance and parklng costs, bus fare, and value of
time (assumed to be 6.7¢ per minute)t However from a
social point of view, the costs of urban travel also
include depreciation of‘vehicles‘and right—of—wéy and
.the-cost of maintaining the right-of-way and>urbén
'transportation systemn.

In terms of the modal split model used heré which
has as a primary deferminant the effective cost
difference between modes of travel, the aboVe—noted
differences between soclal and individual perceptions
of‘ufban.travel'have impdrtant implications.. For'
example,.according,to socially perceived‘decisiqh—
making criteria, the appropriate modal splithas
determined to be 62.1 per cent of car-owning CBD

workers using public transit. However, an examination
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of individually perceived decision-making criteria

showed that the actual or observed modal split (that

is, the modal split resulting from the sum of all
choices‘of'mode made by individuals) showed thét'only
27.9 per cent Qf car-owning CBD'erkers.would usé
transit. | |

This substantial variance between society's

ﬁfedicted or desired choices and‘individuals‘ actual
choices of mode is supportive of statements that the
misconception of the true costs of urban travel to the
community as.a whole results in a modal split which is
not socially optimal. Thﬁs, in order to approach
dévelopmentaliy a‘socially optimal modal split,Aa'
number of public policy interventions were tested that
affected individualé' decision-making criteria. The
solutions tested were of three types: (a) those

affecting the cost of urban travel (road pricing and

free transit); (b) those affecting the speed of urban
public transit and hence the value of the time spent
in urban travel (express transit and reserved bus lanes

and transit Signal preemption); and, (c) solutions A

involvihg imprOVements in the characteristics of the
 public transit mode. The results of these public

policy interventions are summarized in Table 4.2.
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In the analysis of possible méthods to reverse
the private automobile trend it became apparent that
none of the individual solutions is sufficient iﬁ
isolation. Among the individual solutions, the most
prOmiéing involve imprdvements to the characteristics
of the public transit mode. Those solutions. which
affect the cost of urban travel show some promise Eut
have serious limitations. For example, road pricing

might be effective but tolls charged could only reach

‘a moderate level before this solution became politically

unacceptable. With free transit, the increased burden

on taxpayers in the finance of public transit becomes
acute. Finally, while solutions affecting the speed

of public transit show some merit they are quite

limited by the fact that while gains can be’made, buses

must stop to pick up passengers and the necessary
amount of sfopping and starting will 1imit.the degree
to which average Operating'speeds can be inqreased..
It appears that a program of conétant properly
"planned and COordinated improvements to the public
transit mode offer the best promise for reversing the
priVate autoﬁobile'trend. Such improvements include
transit shelter and vehicle improvements but 1t 1is
expected that others such as impfoved frequency,

transit information systems, public transit image and
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marketing could play an important role. 1 |
Thus, while there is no one particular'Strategy

which is the end-all solution to the urban trans-

portatation problem discussed, each of the public poliéy
interventions discussed in this thesils, and various
combinations of these solutions can be implemented in

a developmentalAfashion gradually to bring about a

reversal of the'private automobile trend. With the
implementation of such solutions urban centres might
approach some sopially optimal situation.in which an
approﬁriate combination of urban travel modes would
exist. 4

However, quite apart from any technical
difficultieS'with‘any of the solutions examined (or
1those asSociated with solutions not examined), there
exist a number of institutional implementatiohal

factors which will independantly pose'problems in

the actual effectuation of solutions to the urban
transportation problem. The implementation of
solutions can be impeded not only by technological

- factors but also by financial, political, and even

ideological(fédtors; The initiation of public policy
- interventions in the public transit field will pose

difficult problems, both in terms of financing and
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physical implementation, and will requilre more
supportive_urban planning and development methods:
generally.

In oonclﬁsion, after due consideration of the
potential of the solutions egamined here as well as
their limitations in a technical, inétitutional.and
implementational sense, it is the conclusion of this
thesis.that the observed tendency of the relatiﬁe'
use of private private automobiles,‘compared to'urban
public fransit, to increase in a developing urban

environment is a reversible phenomenon.




A PP ENDTIAL I

POPULATIOZMN,

HIF,

TRANSIT RIDERS®
AN D PASSENGER Vo HIGCLGE

I STRATTION TRENDS

=
()
[y}

"IN THE 17 AJOR

CAUADTIAN CITIEDS

1940 to 1975,

- 200




201

Table A I. 1: Population (thousands) of 17 Major Canadian Cities
By Category - 1940 to 1975 - And Indices (1960= 100)

CATEGORY 1 ” . A - o
700197 %5
cTrrps | 1940|1945/1950]1955 1960]1965]|19 i
Montreal |1,120.3 [1,245.3 [1,349.0 |1,531.1 |2,056.6 |2,321.0 |2,724.0 |3,164.8
' (54.5) | (60.6) | (65.6) | (74.5) |(100.0) [(112.9) |(132.5) |(153.9)"

Toronto 899.2 | 992.9 |1,069.4 |1,263.9 [1,781.0 |2,066.0 |2,401.4 |2,791.2

(50.5) | (55.7) | (60.0) | (71.0) |(100.0) |(116.0) |(134.8) |(156.7)
Vancouver | 377.0 | 461.3 539.6 | 645.1 | .760.9.| 850.0 |1,059.0 |1,289.7

(49.5) | (60.6) | (70.9) | (84.8) |(100.0) |(111.7) |(139.2) |(169.5) |
Cat. Total| 2,356.5 |2,699.5 {2,958.0 |3,440.1 |4,598.5 |5,237.0 |6,184:4 |7,245.7
Cat. Avg. | 785.5| 899.3:| 986 [1,146.7 |1,532.8 |1,745.7 |2,061.5

(51.2) | (58.7) | (64.3) | (74.8) |(100.0) |(113.9) |(134.4)
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Table A I. 1 (Continued)

CATEGORY| y 94 91945 | 1950(1955 | 1960| 1965| 1970|1975
CITIES ' - . —— '
214.6 247.3 276.3 323.0 402.3 474.8 |  530.4 592.5
Ottawa/| (53.3) (61.5) (68.7) (80.3) | (100.0) | (118.0) | (131.8) | (147.3)
Hull '
Winnipeg| 299.8 314.8 347.0 398.1 450.2 494.7 522.0 583.
’ (66.6) (69.9) (77.1) (88.4) | (100.0) | (109.9) | (115.9) | (129.
Edmonton|  90.3 128.1 166.0 242.3 325.7 385.0 484.0 . 536.4
(27.7) (39.3) (51.0) (74.4) | (100.0) | (118.2) | (148.6) | (164.7)
Quebec 219.7 244.8 267.8 300.4 |  350.7 392.0 451.8 516.9
(62.6) | (69.8) | (76.4) | (85.7) | (100.0) | (111.8) | (128.8) | (147.4)
Calgary 88.3 104.9 128.7 240.7 268.1 '323.0 391.0 472.6
| (32.9) (39.1) (48.0) (89.8) | (100.0) | (120.5) | (145.8) | (176.3)
Hamilton! 149.1 178.3 204.6 246.3 269.2 295.9 322.7 369.
(53.4) (66.2) (76.0) (91.5) | (100.0) | (109.9) | (119.9) | (137.
Cat.Totall,061.8 |1,218.2 |1,390:4 |1,750.8 |2,066.2 |2,365.4 |2,701.9 | 3,072.0
Cat.Avg. | 177.0 203.0 231.7 291.8 344.4 394.2 450.3 512.0
(51.4) (59.0) (67.3) | (84.7) | (100.0) | (114.5) | (130.8) | (148.




Table A I. 1 (Continued)

CATEGORY II

1940

1945

1955

1975"

: 195 1 '
A Tts 9 50 1960 | 1965 1970
London 87.2 | 106.2 | 123.9 |149.1 | 178.7 | 188.7 215.4 247.3
(48.8) | (59.4) | (69.3) | (83.4) | (100.0) | (105.6) | (120.5) | (138.4)
Windsor 103.7 | 111.9 |121.8 |144.5 166.8 188.0 214.7 240.2 .-
(62.2) | (67.1) | (73.0) |(86.6) | (100.0) | (112.7) | (127.2) | (144.0) =
Halifax/ 95.1 | 112.6 |127.9 |160.3 178.8 207.1 | 221.0 | 235.
Dartmouth - '
(53.2) | (63.0) | (71.5) [(89.7) | (100.0) | (115.8) | (123.6) | (131.
Victoria 72.3 87.3 |105.0 |[119.7 149.9 171.6 191.0 210.8
(48.2) | (58.2) | (70.0) |(79.9) | (100.0) | (114.5) | (127.4) | (140.6)
Kitchener/ 43.5 49.6 | 52.6 | 74.4 90.1 119.4 137.2 164.8
Waterloo ‘ , . |
‘ (48.3) | (55.1) | (58.4) [(82.6) | (100.0) | (132.5) | (152.3) | (182.9)
. : |
L
Regina 56.9 63.5 | 67.4 | 85.3 108.7 126.0 139.0 | 153.9
(52.3) | (58.4) |(62.0) [(78.5) | (100.0) | (115.9) | (127.9) | (141.6)
Saskatoon 42.0 47.1 | 52.2 | 68.3 92.9 106.0 125.0 141.4
(45.2) | 150.7 |(56.2) ((73.5) [(100.0) |(1114.1) | (134.6) | (152.2)
Thunder Bay | 70.3 74.8 | 79.2 | 82.3 93.8 107.3 118.7 | 122,

‘ (74.9) | (79.7) |(84.4) [(87.7) [(100.0) | (114.4) | (126.5) | (130.
Cat. Total | 571.0 | 653.0 {730.0 883.9 [,059.7 [1,214.1 |1,362.0 [1,516.8
Cat. Avg. 71.4 | 81.6 | 91.3 .[110.5 132.5 151.8 | 170.3 189.6

(53.9)| (61.6) [(68.9) |[(83.4) [(100.0) (114.5) | (128.5) | (143.1)
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Table A I.2: Urban Transit Ridership (millions) In 17 Major

* Canadian Cities - 1940 To 1975 - And Indices (1960= 100)

CATECORY I 11 9 4 0 /194 5/1950[1955{1960[L965(1970(L975
Montreal 225.8 | 385.6 | 370.1 | 316.4 | 284.5 |258.7 | 261.2 | 264.3
(79.4) |(135.5) | (130.1) | (111.2) |(100.0) |( 90.9) | (91.8) | (92.7)

Toronto 168.1 | 321.4 | 310.4 | 314.6 | 285.6 | 291.0 ‘| 323.6 | 357.6
(58.9) [(112.5) [ (108.7) |(110.2) [(100.0) [(101.9) |(113.3) |(125.2)

Vancouver 76.4 | 133.0 | 113.6 | 100.0 | 73.4 | 60.8 | 67.1 | 89.3
| (104.1) [(181.2) | (154.8) [(136.2) | (100.0) | (82.8) | (91.4) |(121.7)

Cat. Total 470.3 | 840.0 | 794.1 | 731.0 | 643.5 |610.5 | 651.9 |711.2
Cat. Avg. 156.8 | 280.0 | 264.7 | 243.7 | 214.5 |203.5 |217.3 |237.1
(73.1) [ (130.5) [(123.4) |(113.6) {(100.0) | (94.9) |(101.3) |(110.5)




205

Table A I.2 (Continued)

CATECORY 119401945 1950[1955/1960[1965(1970([1975
CLTIES 25.8 60. 4 56.1| 42.8 | - 36.8 32.9 | 36.1| 54.3 °
Ottawa/ | (70.1) | (164.1) | (147.0)} (116.3) | (100.0) | ( 89.4)| (92.7)| (147.6)
Hull :

Winnipeg | 44.6 91.2 91.6 | 71L.0 | 59.6 58.4 58.7 66.

(74.8) | (153.0) | (153.7)| (119.1) | (100.0) | ( 97.9)| (98.5)| (11l.
Edmonton | 16.0 34.0 37.0 | 34.7 28.2 31.6 38.5 | 51.2
(56.7) | (120.6) | (131.2)] (123.1) | (100.0) | (112.1)| (136.5)| (181.6)
Quebec 18.7 43.3 46.3 | 38.2 29.7 25.5 18.9 | 25.9
(63.0) | (145.8) | (155.9)| (128.6) | (100.0) | (85.9)| (63.6) (87.2)
Calgary | 11.5 27.0 30.8 | 27.1 23.2 21.6 23.4 | 38.2
(49.6) | (116.4) | (132.8)| (116.8) [ (100.0) | (93.1)| (100.9)| (164.7)
Hamilton | '18.3 | 38.7 39.5.| 32.9 27.8 26.0 25.0 29.3 ~
(65.8) | (139.2) | (142.1)[ (118.3) | (100.0) | “( 93.5)| (89.9)] (105.4)
Cat.Total | 134.9 294.6 299.3 | 246.7 | 205.3 | '196.0 | 198.6 | 265.6
Cat. Avg.| 22.5. 49.1 49.9 | 41.1 34.2 327§ 33.1 44.3
(65.7) | (143.6) | (145.9)|(120.2) |(100.0) | (95.5)| ~(96.8)| (129.4)
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Table A I .2 (Continued)

CATECORY | 19 40 |19 45]1950(1955/1960[1965{1970[1975
CITIES 10.1 21.6 20.3 15.9 15.00  15.1 16.1 13.8
London (67.3) | (144.0)| (135.3)| (106.0)| (100.0)| (100.7)| (107.3)| (92.0).
Windsor 9.9 37.2 30.7 17.4 10.3 9.7 9.3 8.2

(96.1) | (361.2)| (298.1)| (169.9)] .(100.0)| (94.2)| (90.3)| (79.6)
Halifax/ |  13.8 32.6 | 26.0 | 24.9| 17.0 12.5 9.7 | 11.
Dartmouth . '
- (81.2) | (191.8) | (152.9)| (146.5)| (100.0)| (73.5)| (57.1)| (67.
Victoria 7.4 5.3 17.5 13.8 10.6 8.6 8.0 11.7
(69.8) (50.0) | (165.1)| (130.2)] (100.0){ (81.1)| (75.5)| (110.4)
Kitchener 4.0 13.0 13.1 8.6 7.4 6.9 7.2 6.6
Waterloo : . {
(54.1) | (175.7) | (177.0)| (116.2)} (100.0)} (93.2)| (97.3)| (89.2)"
Regina 6.6 13.9 13.9 11.5 9.9 7.4 7.8 8.1
(66.7) | (140.4) | (140.4)| (116.2){ (100.0)| (74.7)| (78.8)] (81.8)
Saskatoon b.b 10.7 11.8 10.2 8.2 7.9 7.8
(53.7) | (130.5) | (143.9)| (124.4)| (100.0)| (96.3)] (95.1)
Thunder 5.1 13.2 12.0 8.5 6.0 6.0 5.0
Bay (85.0) | (220.0) | (200.0) | (141.7)| (100.0)| (100.0)| (83.3)| (86.7)
Cat. Total] ~ 61.3 147.5 | 145.3 | 110.8 84.4 74.1 70.9 75.
Cat. Avg. 7.7 18.4 18.2 13.9 10.6 9.3 8.9 9.4
" (72.6) | (173.6) | (176.3) | (130.7)| (100.0)| (87.4)| (83.6)| (88.4)
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Table A 1.3: Passenger Automobile Registrations (thousands) In 17
Major Canadian Cities - 1940 To 1975 - and Indices (1960 = 100)

1940194 51195011955(1960/1965(197001975
'86.1 81.7 144.4 | 261.9 377.9 547.1 625.8 741.5
(227.8)| (21.6) (38.2)] (69.3) (100.0) (144.8)| (165.6)] (196.2)
165.4 | 150.3 239.6 | 355.7 468.9 562.1 710.6 928.0
(35.3)| (32.1) (51.1)| (75.9) (100.0)} (119.9)| (151.5)| (197.9)
47.7 46.7 93.2 | 142.6. 209.6 297.7 391.2 | 486.2
(22.8) (22.3) (44.5)| (68.0) (100.0) (142.0) (186.6)] (232.0)
299.2 | 278.7 477.2 760.2 |1,056.4 1,406.9 [1,727.6 2,155.7

- 99.7 92.9 159.1 | 253.4 352.1 469.0 575.9 | 718.6
(28.3)| (26.4) (45.2)| (72.0) (100.0)] (133.2){ (163.6)| (204.1)




Table A I. 3 (Continued)

208

197

3)

CATEGORY '{ 1 9 40 |19 45/19501[1955/1960/196°35 011975
II i .
CITIES. 37.3 34.1 55.0 84.5| 115.0 140.3 177.7 347.7
Ottawa/ (32.4)| (29.7)] (47.8)| (73.5)] (100.0) (122.0) (154.5)| (206.7)
Hull T A - ,
Winnipeg . 38.9 |  36.7 58.8 86.11 112.6 146.4 171.6 188.4
' (34.5)| (32.6)| -(52.2)| (76.5) (100.0)| (130.0) (152.4) - (167.3)

- “Edmonton 21.3 21.3 34.6 54.3] -79.6 108.8 158.1 207.9
(26.8) (26.6)| (43.5) (68.2) (100.0) | (136.7) . (198.6)| (261.2)

Quebec 18.5 17.6 31.0 56.3 86.6 117.4 176.3 185.4
(21.4)| (20.3){ (35.8)| (65.0) (100.0) (135.6) (203.6) (214.1)

 Calgary 19.5 19.4 31.6 |  49.6 71.5 99.7 155.0 -230.0
(27.3) (27.1)] (44.2)| (69.4) (100.0) | (139.4) (216.8)| (321.7)

Hamilton 25.7 | 23.4 37.3 55.4 73.1 91.7| 102.4 145.2
(35.2) | (32.0)| (51.0)| (75.8) (100.0) | (125.4) (140.1)] (198.6)

Cat. Total| 161.2 152:4 | 248.3 | 1386.2| 538.4 704.3{ 941.1| 1,194.6

. Cat. Avg. 26.9 | 25.4 41.4 64.4| 89.7 117.4| 156.9 199.1
' © (30.0) | (28. (46.1)| (71.8) (100.0) | (130.9) (174.9)| (222.0)
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Table A I .3 (Continued)

CATEGORY |1 9 40[1945(1950|1955/1960]1965]197011975
CITIES
London 14.7 13.4 21.3 31.6 | 42.5 65.3 83.7 | 121.6
| 34.6)]  (31.5)] (50.1)| (37.4)| (100.0) | (153.6)| (196.9)| (286.1)
Windsor | 15.3| 13.9| 22.2| 32.9| 43.2 59.5 | 73.1| 94.3
(35.4)|  (32.2)]  (51.4)| (76.2)| (100.0) | (138.7)| (169.2)| (218.3)
Halifax/ 1.6 . 1.8 13.7 21.4 | 29.1 39.8 51.6 60.
Dartmouth ‘ ' : 1
(5.5)|  (6.2)] (47.1)] (73.5)| (100.0) | (136.8)| (177.3)| (206.
Victoria | . 14.2 13.9 27.8 42.5 | 62.5 91.4 98.9 | 119.9
(22.7)  (22.2)] (44.5)| (68.0)| (100.0) | (146.2)| (158.2)| (191.8)
Kitchener/| 11.0 | 10.2 | 16.0| 23.7| 27.5 | 41.0 | 56.2 | 7L.7
Waterloo ‘ i
| (40.0)| (37.1)| (58.2)| (86.2)|(100.0) | (149.1)| (204.4) | (260.7)
Regina 12,1 12.5 16.8 21.7 | 28.9 41.8 50.2 63.2 |
C(41.9)|  (43.3)] (53.1)| (75.1)](100.0) | (144.6)| (173.7)| (218.7) "
Saskatoon | - 10.3 10.6 14.2 18.4 | 23.4 | 33.0 | 39.8 52.6
' (43.5)|  (45.3)| (60.7)| (78.6)](100.0) | (141.0)| (170.1) | (224.8)
Thunder 8.3 7.5 12.0 17.8 | 23:7 |  31.7 35.5 47.
Bay (35.0){ (31.7)] (50.6)| (75.1)|(100.0) | (133.8)| (149.8) | (201.
Cat. Total | 87.5 83.8 | 144.0 | 210.0 | 28.8 403.5 | 489.0 | 631.
Cat. Avg. 10.9 10.5 18.0 26.3 | 35.1 50.4 | 61.1 78.9
(31.2) | (29.8)| (51.3)| 74.8 |(100.0) | (143.7) | (174.1) | (224.8)




Figure AI.l: ‘Population (——), Transit Ridership (—+—»]),
, ' ' and Passenger Automobile Registration (---)
. | v Trends in Category I Cities - 1940 to 1975
(1960 = 100)
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Figure AT 2: PopulationA(——~), Transit Ridership (~.-.), and
' Passenger Automobile Registration (---) Trends
. ' : in Category II Cities - 1940 to 1975 (1960 = 100)
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Figure AI.3: Population ( ), Transit Ridership.(--—i), and
: Passenger Automobile Registration (--~) Trends in
- Category III Cities - 1940 to 1975 (1960 = 100) ,*
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The costs derived below apply to the character-
istics model of modal choice as devéloped in Chapter
III. Here we shall deal with societal versus
individﬁal perceiVedlcosts and gharacteristics.‘ All
.figures are in 1973 dollars..

Pirst of all we assﬁme that the value of fime as
perceived by individuals and society is common to both,
.equal to the average hourly wage rate and, based on
thé,l9?3 Canadian Industrial Composite average weekly
"earnings'of $160.15l and a 40 hour work week, is
equal to $4.,00 per hour or 6.7 cents per minute.

Secondly, we require an'assumpiion regarding
the typical speéd at which private automobiles>and
public transit buses travel. Reynolds claimsfthét the
usual automobile speed in heavy traffic would.be in
the neighbourhood of 15 miles per hour.2 We are
 concerned with this "usual" speed and tﬁe.traffic
congestion aésociated wifh.it‘for it typifiesbpéak
period conditibns for which‘urban transport syutemo

really must be planned. Furthermore the Cttawa-Hull

1otatlotlcs Canada, meloym(,ntl Larnjn 3, and
 Hours, Cat. #72-002, Ottawa, 1974.

2

D. J. Reynolds, The Urban Transportvaoblem,
p. 73. _
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Area Transportation Study and others would suggeét
a.car-transit speed rafio in thé neighbourhood of
2:1 — that is, car travels twice as fast as'bus.‘3
This means that‘under‘conditions where cars are
travelling at speeds of 15 miles per hour, buses are
travélling at 7.5 miles per hour. These speeds would
.correépond to a four minute car trip and an eight
ﬁihutelbus trip (including waiting time) for |
journey lengths of one mile. Given these common
elements to both décision;making groups, we noW~
discuss the percéption of costs and characteristics

by'the‘urban transportation_planners (society).

Costs and Characteristics Viewed by Society

In planning urban transportation systems,
-society viewsitwo "types“ of costs as being important
in the decision-making process. .Thesé would ihclude
on. the one hand costs of bperation,~maintenance and
depreéiation of the vehicles, transport system and
_right of way and , on the ofher hand the congestion
~costs imposea by each vehicie on all others.

The "average" costs of operation, maintenance

1

De Lieuw Cather and Co., op. cit.

L
|
H
|
!
t
i
|
|
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and depreciation as viewed by the urban transport

- planners are taken from the T;D.N; "Trahstats"q and
consist of the following items:
Cost Item ' Private. Bus
‘ ' Automobile
1) Vehicle operation, 12,0 ' "'75;0
maintenance and parkinﬂ ) : ,
"~ 2) Depreciation of vehlcle , 8.5 : 20.0
and way o
3) Malntenance cost of way =~ - . - 0.5 : 20,0
‘ and system ' ' '
" 4) Total cost in cents per S 3170 . TTE0

vehicle'milee(l + 2+ 3)
Now in order to deLexmine the conges tlon costs
{1mposed on other Vbhlcleu, we return to the road
© pricing. conceptﬁ developed in Chapter IV of thls thes1s;'
. This cost was determlned to be the difference between

‘marginal and average costs and was expressed as

c(a —S)/s “coriges tlon costs in cents per

‘vehicle mile

where
c = value of fimé:=7$4.00 per hour
s = speed; cdr = 15 m.p.h., and bus = 7.5 m,p.h.‘

‘ hTransport Development Agency,- "Transtats y in
Transport Development News . (Montreal Tranoport
‘Development Agency), July, 1973.




for autbmobiles is thirty miles per hour.
determine this value for bus, we use the fact that

car is twice as fast as bus, resulting in an ‘'a'
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and

a = speed at low traffic

volumes

Reynolds states that the typical value of ‘a’

5 .

To

- value for bus of fifteen miles per hour. LIor private

automobile the congestion cost per vehicle mile would

be 400 (30 - 15)/15° = 26,7 cents. [Lor bus however,

we are informed that buses and trucks impose three

times the congestion costs on other traffic as do
6

cars.

3 cla - 8)/s? or (3)(400)(15 - 7.5)/(7.5)% which

equals 160 cents per vehicle mile.

transportation planners view the relevant costs in

The following table summarizes how the urban

the choice of mode:

2)

- 3)

Cost Compbnents

Total per vehicle mile
cost of operation,

" 'maintenance, and

depreciation of wvehicles,
system and right of way —
Congestion costs in cents

per vehicle mile imposed on
other vehicles—

Total costs per vehicle mile—

Frivate
Automobile

21.0

26.7
57,7

These costs would therefore be expressed as

Bus
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In addition to the above costs, we give numerical
values to the characteristics, as defined in Chapter
ITI, as they are viewed'by the urban transport planners.
Agaih, transportationness can be thought of as the
ability to carry passengers, Irom a social point
of view,. this can be reflecfed in the average
B occupancy of bus and car. Therefore to the .urban
transport planners, car and bus have transportationness
equal to 1.6 and 30 respectively. As concerns comfort-
. convenience quality (travelling conveniently in a
pleasant or comfortable atmdsphere), thevdifference
between the price of the vehicle in use and that.of
the least eXpensiVe alternative capable of carrying
the number of passengers usually carried on the
vehicle in use, divided by average occupancy, gives
the value of this characteristic. On the basis
of data again taken from T.D.N. "Transtats" our
characteristics.can be given numerical values aé

follows:

z ' : _
“D. J. Reynolds, The Urban Transport Problem,

p. 73.

6Ibid.

7See note #4.
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Frivate

Bus
' Automobile
1) Cbst»of equipment in use ($) SQQOO_ 45,000
2) Cost of least expengive - . ' :
alternative () . ’ © 2,500 35,000
. 3)“GrbsS~comfort—convénience . - o
quality (1-2) 2,500 - . 10,000
L) . Average occupancy = : | _ .
‘Transportationness ' 1.6 .. 30
5) * Comfort-convenience o ' IR
‘quality (3 <« 4) - : 1,563 . 333

' ".in,summary thern, for an'expenditUré of 275 cehfs,
‘bus prOduces'BO units of tfanéportationnéss,and 333

units of comfort-convenience quality while private

automobile produces 1.6 units of transportationness

and 1,563 unitg of comfort-convenience qUaliﬁy'fOr an’

~ expenditure of L7.7 cents,

COStsiand'CharacteristiCS as Viewed by Individuals

A major problém'beSetting the car/trangit balance

problem is that individual. decision-makers view the .
_relevant costs involved in choosing & mode of urban

travel quite differently'than does society. For

example, in making the choice between bus and car,
individuals do not account for the operation,
depreciation and maintenance of systems or the right

ofvway;'they do not even take into édcount the -
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depreciation of fheir own vehicles. . As regards
congestion costs, it would appear foolish to think
that an individual vehicle driver imposes delays and
associated costs on other motorists. Rather the
individual thinks in terms of thé value of his.owh

" time corresponding to the journey length and the
speed at which he can travel. The costs that enﬁer
into an individuél's choice of mode afe as follows:

FPrivate Busg
Automoblle

1) Vehicle operation,

maintenance and

parking costs (cents . :

per mile) — , 12.0 -~ 0.0
2) Tare (flat rate in cents) — 0.0 25,0
3) Value of time in travel at

6.7 cents per minute with

car trip = 4 minutes and

bus trip = 8 minutes — 26,8 53.6
) Total cost for a journey of : :

one mile length as viewed —_— L

by individuals — : : 38.8 . 78.6

In addition to~vieWing costs differently from

the urban transport planners, individuals also view
characteristics in a somewhat different way.
Individuals view Comfort-convenienée qualify in the
‘same way as does society, realizing that the gross

comfort-convenience quality of the vehicle in which he
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travels must be shared by the averaée occupancy of
the vehicle. Therefore again, the value of this
characteristic for.car is 1,563 (i.e., (5,000 -2,500)
- 1.6) and for bus is 333 (or, (45,000 - 35,000) - 30).
The big difference 1is in the way the individual views
transportétionness.. Rather than to view .automobile
and bus as producing 1.6 and 30 units of.transpor;
\.tationness'respectively‘as.do the‘urban tranSporﬁ
planners, indifiduals view either mode as producing
bnly enough>transportationness to carry the individuals
themSelVeS.v Therefore each décisioh—making individual
assigns a transportationness value of ohe to both
private automobile and bus.

- In suﬁméry then, from the individual's point
of view, an expenditure_of‘?S.é cents oh bus produces
. 333 units of comfort-convenience quality aﬁd 1 unit
- of transportationness while an ekpenditurévof 38.8
.cents on car produces again 1 unit of transporﬁationness

» buf 1,563 units of comfort-convenience quality.
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Table A III. I: Calculations for Shortcut Modal Split Curves

. Effective (p=1/1+e9-0% ¥y (p=1/1+0:0%3% %y (p=1/1+e0- 0296 ¥
Cost (¢) (100) | - (100) ' © (100)
Difference _ Time = 8.0¢/nin. Time = 6.7¢/min. . ' Time = 5.4¢/min.
180 | 2.66 ' 1.33 __ 0.48
160 o | 3.92 2.1 - 0.87
140 I 5.73 | 3.40 1.56
120 8.32 - 5.38 S 2.79
100 | ~11.92 7 . 8.39 . 4.93
_ _ _ . N
80 16.80 | 12.88. | 8.56 N
60 ' 23.15 o -~ 19.25 , 14.48
40 31.00 o - 27.77 ] 23.43
20 : 40.13 38.27 - 35.62




Table A III, 1 (Continued)

=40
-60
-80
~100
-120
-140

- -160

~180

50

59.

69.

76

83

88.
91.
94,
96.

97.

.00

87

00

.85

.20

08

68

27

01

34

50.
61.
72.
' 80.
87.
91,
94,
96.
97.

98.

00
73
23
75
12

61

62

60

86

66

50

64

76

85.
91.
" 95

97

98

99.

99.

.00

.38

.57

52

44

.07

.21

44

13

52-
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