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ABSTRACT

The parking problem iz uwsually sacute in the Central

Busine District (CBD), where the personal nature of commercoisl

wbration of smplovees

business creates the need For a high cor

proximity of

LEF ACre. Parking factors {e.g. parking cost,
parking, etc.) are some of the various transportation factors
whiich affect the utility or disutility of intraurban anto-trips
(e.g., worktrips, social trips, shopping trips, ete.).

Since effective parking management could improve the

ot wbucly

parking conditions of a downtown area, the pre

exzmines how parking policies (e.g. parking cost) influernce the

s

of worktrips, i.e., the segment related +to

@Oy Es
leaving the primary vehicle and arriving at the workolace,  and
induce or accelerate the shift of commuters From auto o common

carrier mode ssment (DUAY method was

The Direct Ubility As

emploved to analyze the perceptions of Winnipeg’s commuters

related to the egress segment of downtown worktrips.
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PREFACE

of this the

The intere

ralatecd to the parking behavior
of commuters is in the fact that transportation researchers have
apparently overlooked the significance of perceptions related to
parking angd walking factors in workitrips at the downtown aresa.

I many s, the workitrip modes have been divided into the

s oare  perceived

argd lirme-haul  segments, because thes

differently by commuters. Fxoluding a couple of resesrchers, no

archer

to have considered a third disension of the

worlktbrip, namely, the egre aoment o the segment related to

leaving the primary vehicle and arriving at the workplace.

The present the examines exactly this complementary part
of the main or line-haul trip. Parking and walking commodities
are considered both complementary to auto brips and one of them,
iLe., walking, iz complementary to public transit trips. In
how odifferent soclosconomic

other worcds, this study examines

strata of commuters make up thelr existing trade-off, having to

choozse between parking close to workplace with high monetsry

cost and low walking time, and parking Far from workplace at low

ot with & long walk.




CHAPTER 1

INTRODUCTION

1.1 The problem

Whenever the concentration of people is high, the problem

of avtomobile parking is uswually acubte. In the Cerntral Busir

Dimtrict (OBDY, the pesrsonal mature of commercial business

the need For a high concentration of emplove

P ayer,

s that communiication among paop le s busine argl agenc ies e

aoconplished ouickly . & large number of esplovees, shoppers and

54T mert wish to travel by automobile Thiey  Find

comfort and convenlience 1In having personal

cloor = to-clooy

Luabion oreat ition for & proper

This

CrOMNR e

parking space In the CBD and many communities Face the dilemma

"o opark or nobt o bto park”, e.g., Manhattan {(New York), Washingbon

Lo s where

D.C., Toronto, eto.. actually, the principal oues

by park, because parking will be transferrved rather

eliminated. The parking of sutomobiles reguires & grealt amount

ard 1w oan intergral paet of ouwr life style. It affe

a Jobt of people and a broad range of public and private

el Wor ld Wer, parking mana

Frave traditionally beern used as a neans of acconodating

antomobile traffic demand. For dnstance, Rappoport &, (1977)




t, efforts to manage parking were

that “in vears pa

# nominal

concentrated on providing an ample supply of spaces

coulad Flowrish and commuters would

I busine

rate so that retad
Fimd 1t convenient to drive to work”. However the provision of

n w

better roacs and sufficient parking (in the 507s and &07%s) has

lracl severe negative social conseuenc

i.e., alr pollution,

mizmallocation of transportation and land resources, concerns of

of  the

of  eoguity. Because

greray  and social dimpaco

ompurred in the need to

Fras e

arvt ke

Loy

ravitalize ridesharing services, Little or no regard has been

tions of provicing

given to the environmerntal ancg impeld

parling.  Also the zoning regulations have contributed little

guicdance to parking development in CBD s they seem Lo be wealk
argd nebulows . For example, most parking lots are privately owned
arnegl operated without any overall parking scheme wntbil such time

s bhey are converted o "higher and better use” .

soo il r el

While the provision of parking has alwayvs

& Mma l o component O fooa tran sportation system in an urban

area, the fraditional indeperndence of parking supply From public

corntrol {other than the oons ins of  rondng recuirement

Al ted in very little consideration of the use of parking as

an effective mecharnism Tor controlling travel pablerns,

a hol point of view Tor parking

Furthermore, 1n mo

ot el ther none-existent or iz oa fairly recentl

maragaemnaent has e

pullic agencies aciated with  the

development beocaudse




provision, managemsnt and regulation of parking supply have been

Fragmented, in & functional and geographical hmoA

parking has not been viewsd asm o oa policy tool for achieving
Larger goals in the context of overall transportation

o jective

Private enterprise provides the majority of parking on &

rates ancd periocds which vield the best economical

return andd without any consideration to the parking needs of the
city. The abscence of any regulation of the pricing structure

M resulted in Ffavoring the work-trip (long-term) parkers at

of  the short-term parkers. For o example, Fllis R.

(1977Y sustains that work-trip parking has an average durabion

rear ly Towr bimes that of shopping and personal busine parking

ing commercial off parliing

i near all oity

Fates ancourage angd attract sutomobille commuters. On the other

anc the one

hargl, The Limid riamber of publicly owned garac

streest meltered parking does not have soough leverage to

influence this rate structure on the basi

competition.

Thius, economic circumstances aclt as an incentive for

motorist to commuite bto the central oity, oenerating more traffic

virlume  and increase in congestion during pealk periods.

B s oreliable and

wErvice becomss les

N

T e

o ovicious olrc!

it patronacge s recduced. This trend oreates

racducecd transit servics s peciiced patronage whilch in turn

Lirming demand Tor public transportation.




Congestion pricing policies and parking policies have been

stecd as regulating means For the flow of traffic in the

SLLGHE

short run. RBrown G, {1972 supports that "the mador problem with

congestion pricing is a lack of any effective technicue to meter

N .

iorn. .. A more practical and

arngl acdminister the changs Tor oornge

Ply administered syvstem may be to control parking policid

Pavling charges have been oriticized as a mechanism  Tor

it neglects through traffic. This

COOTLE Lo prio in o Decalse

criticism doss nobt, however , apply to mode split adivstment

mince each trip has a common terminating point and adivstment is

J o to the moce us not to whether or ot the trip is

e@f fer

b chiers on

mace™ . Even though there is not a concensus among re

whether parking controls are effective or nob in congestion

D (1973 concluded that parking taxe Fp )

(eog., Kulash

rel def
riot an effective instrument Tor congestion relief, ailr pollution
raduction angd energy conservalbion givern that traffic corngditions

sl tive o parking taxes and the parking demsuicl

S

elasticity is low) parking seems to be an appropriate control

mechanism which can be used for public intervention and

of  the balance among the variows  Lran

The sensitive polint of this public intervention is the need

which achieve

ol dsh transportation controls andgd policies

some measure of eoguilty in distribuling limited parking resources

where demarns greatly exg wmipply . The eguity i




cab lishment of hierarchies of "preferred oseras®™,

Loe. . shoppers over commuabters, or carpoolers over lone orivers,

g aceriat

whierr we Keep

tion of "what is eguitable”

Thies  oue

potab lishments have

i mindg that public, political and Dbusine

generally oppo parking regulations

Mevertheless, the only promising avernue Tor  reducing

parking problems in the CBD seems to lie in controlling emploves

parking. For example, the stucdy "Parking fessibility stucho

1 for

arrhd e

ot

Hizmtoric Winnilpsg that "the gre

increasing the off-street parking supply economically would be

I securing for public uwuze a portion of the parking spaces

e I mven 10 percent of the

arvecd  For  employ

[t ¢

el oves  parking within the historic area could be secured

public parking avaldlability during weekdays could

2, probanly

irye by =mome 40 spac amorig all OBRD trip tve

work trip dis most convendently served by o an Mappropriate’
transit service. Therefore the transit alternative seems Lo be

the more likely arnswer to the peal periodds. On the other band,

pracdicting the impacts angd effectiveness of radical changes in

For trips which may not have & common carrler

parking policis

alternative iz a highly speculative undertabking, oue to oa lack

of empirical data substantliating such conditions.  Howsver .,

their

recent research dndicat

that agroups of

travelling mode in accordance to thelr

1w obviows  thatlt some commuters will alwavs favour  those




attributes which are only avedllable with an avtomobile, 1.e.,

privacy  angd prestige. Bubt there is little doubt that certain

cicoeconomic  groups  woulcd have  a high propensit

other modes 1f thelr needs were met by introduced incentives

i ture of parking charg for carpoolers o

for example forf

todized travelling oc For bus ricders,

sl

A efficient and rationalized parking svstem reguires that

o commercial and shopping

parking spaces located olos

faciliti e reserved Tor those travelling for personal

have  indiocated

b dne arnd  shopping reasons because studles
K

sppers have to walk, the less

that the longer the i

merchancdise they buy. also a maxiomun uze of the limited rumber

of those parking spaces should be obltained by a high turnover of

The ope

atbomol il parbed. Bul the o3 Ling practi
it odm well known that work-trip parkers generally arvive esarlier

trip parkers and  they

than shopping-trip o personal-bosine

soourd some Form of

slwavs obtain the most sdvantageous spac

parlking restriction Favouring short-term parkers iz in effect.

S oA conseguence, short-term demarndd of parking is affected much

parking "short

trongly when there

1.2 Approach-methodcdology

oo f oo bor

the  mode

This study e

workers angd concentrat o the of  automobile




commate to wallking time and cost aspects of  the parking

cargl how commuters percoeive the

The purpose iz Lo uncers

Al to

L dpe pro attribut

of I carpoonl  angd saato mod

the nature of the controls which could effectustse &

shi Ft oin commating patterns  from the automobile {long-term
parkers) to & common carvier mode {(carpool or bus transit) . The
cprestion  to be answered ix whether or ot sunicipal parking
policies as planning and control mechanisms, can be effectively

omodal choloce.  The method of

to ohiange  commubers

ting of

statistical model cons

investigation iz to develop a

instrumerntal variables which reflect different parking policis

meac can e

from auto mode Lo ocommorn s

s Fs
studied by changing the instrumerntal variables of the model.

ot bhelr soclosconomic

Commuters" mode decisions are bhaseo

o f  the

characteristics and the performance abttribute

lect the

transpor batlon system according to which they =
preferrecd mods: avto, carpool or transit. The principal premise

hat different combinations of wallking time &t

of this study i

the destination, parking time and parking charge can cecross

{or incress Thie wutility of aubto work-trips, e.g.

Y

Fooanc L. Kirkus {(1973) e

imate that avto deiving

20 percent when solo dredvers must pay parking. The various

ol thd

ptility can odrive cerltaln soolioeconomic groups

. Further, the size of the cibty, the age structbuare

o obther mode

of  driving populations, weather conditions angd avallable




alements which affect travel behavior.

for parking are the main

The re ol procedure ls o oan emplrical analvs

1% based on oa

Wirnnipeg’s OBD ocommuters. The analyvsis

cestionnaire drafted, tested, corrected and administered to a

Tt geals with four specific guestions:

sample of CRD emplovess,

{1 #What is the correlation of the soclioeconomic structure of

af  the moce wsmed

commuters and the service attributes

secially in relation to walking time and parbking

Y02y HMow parking influences soplovee’s mode decision

comepare with other

study and how the

work-trip parkers be olassified into distinoct

arcd what are the e

2ol on parking attribute

o oues s

representative variables of these attributes? (43 Qan

atemnernts about

statistically developed disutility Ffunctions of s

shem be used to predict auto commuters shifts to

The parking s

ptber modes, 1 dncentives are provided, e.g., sub

transit Ffares or low parking fees for carpoolers, and what is

e

soromie st

the influernce of thelr sooios

The analy of data will be based on the direct utd)

sme . (DUAY  techniogue, which is  also known

of hypothetical

The v

artaly SO

are analyvsed with multiple linear regr:

ion and produced models

mrveod behaviour .

Ape eose

4 oon stated behaviour, not actusal or

At present time, no oane agencoy  in Winndpeg has the

onsibhility For considering the total parking problem within

rE s




Baoause of

the context of comprehensive Dransportation planning.
thi=, the study touches wupon parking policy as regards currvent

institutional and adminstrative perspectbives.




WORK-TRIFS LITERATURE

2010 Introduction

of literature on work-trip mode,

yite the wealth

ralatively little work has examined the behavior of commubers

arch i

towaros  theilr work-trip end. Minimal amount of re

mxplored in & svstemaltic way how the transportation conditions

at the workplace affect commuters” modal choios. Most of the

literature addre speci fic aspects of  the problem, e.g.,

a0 limited numbsr of modes, e.g.,

walking distanc CIOMRREE e

autto and carpooel, angd evalustes particular projects, e.9.,

sl

individuals® behavior given thalt shovr tag

@ is
This chapter mainly reviews previous work on identifving

1 choilce. Neverthel ey

Orr MOdE

impacts of parking policid

of  the relevant previous Findings exdist in a broad Frameworlk,

for example, work-trip or public transit studies touches  wpon

of this, the present bibliographical

LThe studied topic. PBecsaus

arch examines carpooling, public transit, work-trip,

logit/DUa, and parking studies.




ool ing

Darriels (1991) dealt with the variation of carpooling

characteristiocs for workbrips throoghout Great Britain.

) data relatec

tcally {e.g., ohi ar e he

Griclvzing =

of  carpooling in off

the incidence and the atibributes
putablishments and collected in a survey wundertalken in 1976, he

bt rather

concluded that no general carpooling patterrns exis

that

R b

Factors  Favor ing cavpooling. For example, he

distances above average length, offloce establishments with large

rmlbers of emplovess and homogenelty  in commuters” ocoupations

contribute i the creation of car sharing schemes.  Further, he

identi Filed that ocar ownership doss not exert & consistent
inFlusnce on vehiicle sharing.

{Ganelk &

The stucdy of three mode choloces for work trips

ey evaluated the car-pool/public-transit  program

Saalino, 1%

e Pernnsylvania regilonal planning

1hlwe

acdministered by the

ool how commuaters could be attracted to

commission  anol

The data were collect form commuter

shared rvide modes

supyvevs s were analy: with the multirnomial logit form. The
mador conclusion was that commuters shoold be enticed to rice

st rather on the

rot on the basis of ftravel cos

sharing mock

of travel times, preferential parking spots and provi

of  baclkeur service Tor carpoolers, Further, it

that carpool encouragemnent effort shoulad be

11




commuters who have one of the Following atbribut (1Y regular
commuting schedcdules, (2) moderate or low number of cars in the

armtal  Ancome

thar  $15,000 andgd {(4) drive

howmeholad,
alone bto the CBRD.

siarns with commuters of  the

arn open-encded  disous

aushington DLO. aresa and analvsing the ouantified

sriaminant  ang factor Function

ions with oi

aiscus

e

proceduress, the authors (Margolin, Mish & Stahe, 1978) @

the effects of given psyvochological and socloeconomic Factors on

factors cdo or do

ained the ways in which the

chioice, expl

IR,

not Favor carpocling, and developed carpool-promoting strategles

achidressing specifilic traveler needs angd attitbugdes, The  stucly

carpool  routes,

concentrated on carpooling, time var lables

par king management and convenlence dssues, and demographilc

characteristics of auto and carpool ocommdter s, The wstudy

are  the

Sement and carpool  rout

corcluded bl parking  marna

o convert =olo deivers to carpoolers,

sh g
The stucdy of factors affecting work trip carpooling (Wood,

Lo

e carsharing scliems

reviewed accompl

arngd developed s model to predict the effects of carsharing at a

mational level. Using data From one of the cases reviewed, Uhe

author calibrated & binary logit model, 1.e., aubo wvs.

ibhle inocre i the amount of

timated po

carpooling,  and

ael metrol or provision of

carsharing resulted from inores

The Fincirn

cornvernient parking s for ocar

12




showlal divert

atucly were that 25% of incre in petrol prices
to carpooling only 172 percent of existing solo drivers and a 5

minte reduction of walking time at the end of the worlk Jjourney

Fasm approximately the same effect az a 50 percent inore

"real’ o of petrol pric

fore

dity of the multinmomial logit

The  vali

(Bern Aliva & Athertorn, 1977) was tested wusing "before and after”
data from the lmplementation of car-pooling incentives  andg

Al

transit service Lmprovements in Washington D.OL, Los Ang

Mirmeapol is. The data were ocollected from home interviews and

represented & cross sectilon of howseholos. The resia] b

irdicated that the model suco fully predic the charng

o
moclal ochoice. The same logit model was used to analyvze car

a of ride

pooling  dncentive there ignif icant incres

sharing in thelr ftravel patterns when parking-related policies

comizine  disincentives for driving alone with incentives fFor

carponling (e.g., inore of walking distance and parking oc

for driving alone and decrease of walking distance for

carponl ing member w)

Levirn and Gray (1979) analvs the role of interpersonal

Factors in carpooling in three phases at the University of lTowa.

Ty the First two phe laboratory simulation techniogues  andd

caluation of an exi »

dng carpooling program revealed
atbitudinal and behaviouwral findings, related to carpoolers and

noncarpoolers. In the thirgd phas promizing strategies, 1.2,

13




chaining of acoguaintanceships among carpooling persons, personal

meetings anong carpoolers and identification of a contact person

i each potential carpool grouping, were developed Lo promote
carpooling. The major conclusions of the study were that

i a potent factor in carpooling and carpooler

acouaintanceshi

& to tho wal angd bime

characteristi had ef comparall

Factors in the formation and promotion of carpooling programs.

Fuy ther, two adthors (Horowltz & Sheth, 1977) developed &

mathematical model (L.e., Factorial analyvsis) and examined the

perceived acdvarntag ara disachvan w oof ride sharing and thelr

tions towaro rice shearing. Thie

effect on behavioral predispo

collected data were Turnished with the help of the pe arryer |

departments of 4% Filrms in the Chicago area, were related to

aol o & s Feaoiministered, mall-back

worlk brips angd were

of  wvar lanoce te

Lionnaire., The multivariate analyvs

e

(MAaNOVYAY performed on the aforementioned data showsd that

sl

cdemographic and travel chars are poor indicators anc
pradictors of the cholce betwsern driving alone and ride sharing

(excepblion are incividuals having & relatively high

fatius), negative perceptions of drivers toward

time, convenience and reliability of ride sharing

characteristios mainly determine mode choloe (while perceptilons

val Ly,

of economic advant have & minor rols), andgd i

solo

promotional campadlons of ride sharing are needed to change

drivers’ perceplbilorns before theilr travel behavior would changs.

14




& onasi-experimental study design (Brunsoo & Harbgen,

related to a carpool ooordinator project, examined the

of carpool coordinators on the Tormation andg stability of

carpooling at state agencies of Albany, New York. Spliting

the agencies in control  and agencies, before and alfter

surveyvs were conducted and showed that, even 1T there is a high

degres of carpooling at a work place, a trained carpool

coordinator can ilnore pxisting carpooling significantly. A

sutomatic Interaction Detection (AID) analvsis of the collected

clata conc luded  that demographic da

a are  poor dndicators of
carpooling. Finally, the specific project bad an overall B/C

of 3.% which the

ratbtio, benefits resulted From Fuel

effective.

authors characterized extremely o

The study of spatial relatilonships among carpoolers

@ X amire factors that corntribuate in

& Youna,

{Richardss
the generation of work-trip carpools in phyvsical terms, .9,
the density of common trip ends, the deviation from a dirvect

a0l On &

route, trip lengths, pilck up and delivery racii. B
roscside guestilonnalre survey, data were collected for both
movniing and evending work trip carpools in Melbourne, australisa.

ITriternal and external carpools of work trips (I.e., refering to

the same howsehold and different bhou carpool  member s,

rechively) wers analvsed and revealed that, Tirst, the mesn

L

i ficantly greater than the

ismtance for external carpoo.

tance  For internal carpools, second, the proportion of

mesrr i

15



irg trip length, third,

With incres

external carpools inoee:

rather

carponls at work sites

travelers tend to Form work bases

Tl

idential are anct, Tfouwrth, the average Lo

tharn within v
deviation, including home-ernd and work-place deviations, for
external carpoaols is 3.0 km.

Work-trip survey cdata from Baltimore reglon were

ko b

s,

Bailey {(19%82) to estimate cost-effective distances among

dng, carpooling and driving alone transport  moc

VETD 00 ]

Developed models, based on the relative distances, the perceived

s of oaperating automebile, and the percelved value of time,

el that carpooling is cheaper than driving alone in every

inclicat

arngl vanpooling is more cost effective than carpooling or

driwving alone for distances longer than 18 miles one way.  Both

thar auto cdriving when

recome  les

Fremoes

TEE NG S

of

elther the perceived value of time and the perceived oo

operating automobile raise to more realistic levels, i.e., &

into account maintenance, Lire oil, insurance,

commuter balkes

or real commating costs inorease, e.g., Tuel cost, parking o

The potential for organized carpooling in the Sheffield

BEE LKL, was examined by Tomlinsorn and Kellebtt (1978, Using

marnual  matohing techniogues and data from home-work trips per

Lodernitial

area, the authors sstimated that carpooling did not

[

©ooar  ocoupancy valu arc

1 the avers

griificantly inore

L)

Little reduced work purpose oar trips, i.e., B%Z angd 14%

reduction For 15 minutes and 30 minutes matohing time

16




st ively ., Their re sugoaest  that carpooling potential

i LKL dsm lower than in other countries, e.g.. U.S.46., becaot

there i lower dependernce on the ose i ULK. However , one

should keep in mingd that the study odid nobt account for any
carpoonling incentives, bubt rather examined carpooling in time

and physical terms.

Bonsall (1980 a,b & o) presented, in a series of reports,

the methods and Findir of the likely impacts of organized ose-

Lored

sharing schemes in We Yorkshirve, Great Britain. He e

eracd three tionmalr in order to survey 10,000

ancl admind

imulation model which consisted of

Frouseholods, developed & micr

thres parts, il.e., the decision to join a car-shaving schems,

Al

the matohing of applicant angd the oo tance of  matoh

par formed alternative tests of car sharing schemes, 1.e., the

provision of free reserved parking spac a coubling in the

31 cast of petrol ebo. The First and second part of the

microsimulation model are a derivation of logit and a doully -
corstrained entropy-gravilty model {di.e., uwubtility maximization

with a =mat: oo bive ly . His major

to have more than & marginal e ff on o congestion, parking

racirements o energy wse,  bult o they can confer consic

eralsle

benefits on thelr participants". In relation to parking Tactors

Free = incre the nunber of

that free parling incerntis

participants by 40% and the demand For parking in the

17




cdowntown area declines by 0.34% provided that an organized car-
sharing scheme FTunctions.

Finally, the study of car-sharing schemes in Yorkshire,
oKL, (Ponsall, Spencer & Tang, 1981) tested the prediction of

the sophisticated microsimulation model (d.e.., logit) iy

smtablishing and monitoring & rangse of experimental car-sharing

siclential

schenes, ©.0., three emplover-—based schemes and & re

ore The re

with

g xpar imern ts i te  wel

the model s predictions. Car  sharing schemes attracted only

Limited interest from the population acdre L., only @

percent actually entered into or sxpanced arrvangemernhs.

of this, there were a slicoht abstraction From public transport.

A evaluation of the costs and benefits revesled that, while

the net

sk st ial bernefits may acorue to participant

the community depends upon whether the public transport impact

iwmo osmufFficiently localized to allow =z=ervice rabionalizations.

Some Turther Findings are that manual matohing of  applicants

sppsars to be superior bto ocomputer methods, andgd applicants?

Journevs are generally longer than the average Journey of  the

populatbion.

2.8 Public transit studies

The stucly of transit planning ang avtomobile-usme

constraints (Hoey & Levinson, 1977) examined pc

18




procedures to divert auto odrivers of work-trips to public

transit, in the greater New Haver area. I this case, @

of CBD arndd nore

cuestionnalre was used Lo survey the emplove

of both the existing bus

CRD andgd to addee the characterl

meryvices and a Future acceptable transit syvstem. The findings

establizshed that a large portion of workers commutes with buses
by cholce and existing transit riders have much lower

tions aboult the bus level of service than automobile

R OE

ol ivers. Further, 1t was concloded that the madority of auto

evers 1T aooep

criwvers would not convert o bus pider

transit svstem was avallable to them. I the suthors? opinion,
parling surcharges would have to be coupled with fuel taxes in

constraint and &

order to be an effective automobi ]

SIS Ful measure in the diversion of auto trips.

The study of  consumer atbticdudes toward public transit

(Fielding, Blankenship & Tardiff, 1%76) aimed in ddentifving

means of  dmproving the competitive position of public transit

against the private automobile. Usting both likert and semantic

aling, an attitudinal survey was concducted in the

ifferential

fixed and demand-responsive bus service of Orangs county,

California. The results of this survey were affected by the

line in the 11 of 1972 and

increasing scarcity of

oy wme  bransit.

consumers overemphasized their willinone
Howewver , & maior Finding was that use of  transit is divectly

of the voute to the patron’s Lrip

ralated to the ol
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oriogin, e.g., i the bus ran was within one block, more than 50

percent of the respondents would use bus to some extent, and, 1If

the bus ran was more than three blocks, the demand Fell

markedly . Also, 3% percent of the respondents who commute oadly
o work stated that they would wuse bus for their work trip.

Finally, level of service factors, i.e., arrival on

closeness Lo bus line, dedver attituce andgd arvival Treguency,

reflecting price, btravel time and

rarked hilgher Than attribut

the inconvenience of Lrans
Gernsclh (1981) provided & practical segmerntation methodology
of  ddentifving the groups of  the population most likely to

switoh From thelr current mode of transportation. His method

examines the Jdifferences in the deterministic utility componernts

whether ar indivicual ds likely to

of logit model and predic

ec on the statistical significance of the preceived

switch bha

difference in ubtility values., Me states that "individuals who do

level of

bve  much  Jdifference in the

ol perc

various modes are more likely to switoch or be switchable than

in  the

incividuals who percelive significant differences

Caction levels Usming oats from the Sants Monica Fr

Ay

survey, Los Angeles, he concluded that empirvical Findings

sipport his concept and the level of switchability between aubo

from

arl s seioeconomic demoographics, resultec

a ocismcriminant arnalys

The stucy of oconvenilence Tactors in modal choice for work

20




trip {(sloasrs,  Han s 1ETEY developed

bohavioral cholce models Tor work trips i the Stookholm

metropolitan area and, especially, investigated the role of the

sumecd walilting behavior of ocommubers Using logit analye arl

srvey  data, from the greater Stockholm Labor Foroe survey,

Sloers et al (19753 concluded that the waiting time value

e ome between 7 to 12 times the value of the in-vehicle travel

time whern the headway is over & min. and the actual walting time

sumecd to e lower than half the headway. Botlh value of

Time ang Lran amfort was affected by weather conddidtiorns
argl, in terms of travel time, a bransfer is approximately soual

to 24 min longer door-to-cdoor travel time. Fimally, they

der that theilr Tindings are transferable to another oity I

the transit svstem freguency characteristics are egual andgd the

goonomnic activity level is

Kingham (1978) investigated the effect of compeltent transit

setryice on household decd

sion to have automobile(s) for serving

Ficams e Trips. The determination of possible causality was

o & comparison of similar are which were or nolt servedd

v transit. AHlwo socioeconomic variables, like dwelling tvpe
Capar tment, single~Family home) ., income, 1ife oveole (amber of
..... Vot e e e s e b e g e o . b ol e e g e o IR T s e e ey g ey oty o pony evea o
achilts, existence of children), sex of traveler, were sxamined

o Automobiles avallable PER Worker

ihile causal effed

for pos

The stucl Lawtrel, Marviand, ang =g

SN W

parcent of itz households were surveved FTor thelr work trips to
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that the APERW variable is

shiington D.C. His Findings sugg

Wa
strongly related to mode choilce and most significant of  any

sing APERW  wariable

obher soclosconomic wvariable. At dnore

carpooling or bransit use. Also

maant decreased percents

The results suggest that, in gerneral, households must sold thelr

faeag:

songd s for o third car when thelr  membs ome reou lar s

Flclers,

The dlmpact of inor gy

Blvy ang Oladfie!

Lo

car ownership on bus travel in Grealt Britain, using regre

arral ys

anc data Trom rmational travel survevs, Uransport

s, armual Family expenditure surveyvs, and national

Durding 1964 to 1974, dnocreasing car ownership

40 percent of the overall decline in bus

accountecd for alt le

Lhat

et Lo ho ol size oonolue

e, The analys with res

Tl in buz patronage atbtributed to the First car acoulred

by a household is approximately three o four bimes as great as

that canas L

2 by wmecond car ownership angd bthe average

20 percent with increasing household size,

hresa  reduc
whern that is car-owning household. Removing car ownership,

threse factors, l.e., fares, level of =zervice and income, were

i s

of

examined as  the most ioportant causes
pabtronage, since the secondary effeocts of

A smervice outs

onwershiip are

irdtial of  revernue. The statistical analy

that the relationship between Fares and patronage

22




by & strong correlation while no strong correlation existed

rerbweer bus patron: and elther bus-kilometers {an index  For

the level of service) or income, ..

, The effe of drncreasing

SV R E

incomes on bus travel

was very small, at least in none

car-owrning households, It owas estimated that the second round

effects were almost as large as the direct effects. Finallvy, it

was caloulated that, from 1%6d till  1s the total effect of

increazed car ownership accounted for 78 percent of the decline

in bus trips, provided that bus servic didd maintain break-sven

Gooodwin (1983 evaluated the effects of low bus-Tares

policy din Yorkshire, FErngland, and estimated the marketing

potential of public transport. His conclusions were based on

cdata From travel survevs, postal guestilonnaire o Cled

w, o Lape pe

interviews anc the avail travel patterns of natilonal level.

Caloulating the relationship between changes in real fare level

anc other factors, such as unemplovment, bus mile {level of

vice indicator), negative trend in bus patronage (cdue to car
ownershipl, he concluded that Tares effect has better resulbts in

the  long run than in the short rurn angd a subsidized public

transport had moderated i megative eff of unemnplovmernt,

car ownershdp  and similar Factors. I his opinion, the long

term fTares effect complicated and short term fare

carmoat  be used to Forecs long term patronage

because these elasticities oversimplify, and probabsly,

£
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of the longer term

timate, the complexity and =

Lirrche e

of low Fares. O the other hang, bus use by car-ownlng

e e

20l more rapicdly than For howuseholds withoot

housmeholods  Inore

cars, the proportion of weelkday bus trips that are worl trips
declined from 4% percent to 28 percent. However, the latber was

.., & zmhift of

axplained by ilmportant structural ohang

industrial emplovment away From inner clty areas. Bus uses el

aol consistently more for women than men and more for the

iy es

voung than the old, Firnally, marketing potential exis

tally among the voung and & group of car users who were

alveady fairly near the threshold of choosing bus instead of

arnc convenience.

car, primaeily for reas of personal oo

Sluo Goodwirn  (1973)  examined the effects of free public

trarsport on work-trip sode cholce comparing the behavior of

who  receive Tree

FY 0 employves

London Transport FExecuatbive (L

public tramsport, and other central London workers, who pay the

normal price. Arnalvzing cross-section and time-series data, he

stucdied with two methods, i.e., logistic model and linesr

the reaction of workers bo varving commubing oos

He o concluded that LTE esoplovees did not face any constbrainhbs,

2., parking supeply or low car ownershiip, ang s thelr ocars

extent than other downtown workers,

oy work-trips
Lee., 2.2% ve &.68% of car usage respechively. Moreover , both

o Tor work

methoods  inold that the exi

ting

Journeys to central London would be reduced by two thirvgs 4F
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commutars were provided with Tree public transporf.
The stucy of free public transport (Daly & Zachary, 1977)

20 the impacts of free public transport on worke-trip mode

choice among comparable groups of  publ tranzport emplove

receivin o} froe travel oconcessions PRI R o other worlkers 4 LS O Y

clevical and marual, who paid theilr fares, in severn Britilsh

Limated that

cities., Emploving linear loglt models, the study e

provision of free public transport to the L

alt An reducing by 22% the ato

s Ly

rot nesd theilr car at work and i g by & s

riorresiani Filocant 3% the car ownershis of commuting hooseholdds,

In other words, the sugoaestecd that the Jdifficualty  arnd

shoon mode

cost of  bus mode

emac  to have an important eff
choidce angd car  avallability, but not on car ownership. &

covollary of this study was that free travel to work ocan

Carttially convert auto drivers to bus riders, even 1T bhe

S

recent thinking tends o stress the insensitivity of ocar users

to bhe attributes of ma transit.

Finally, Beach (1979) examined the transit-free-prepayment

program of  Sacramento Regional Tramsit District {(8SRTD) and its

in obtaining emploves and smelover participation. Thie

SLLC e

o dncres

gaoal of the prepavment program weaes e

anct to dmprove transit marketing through emplover dnvolvement.

It was concluded that the program was extremely  suo

il

given that 51 percent of the total of the SRTD monthly g
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oy am,  arnc f

st oy the emplover p

achis

incicated that the level of smplovers? involvement has a direoct

effect on the degree of emplovees participation.

2.4 Worktrip studles

Jovearids (I981) examined whether alternative work schedulss
ars compatible with campaigns promobting carpools and encouraging

trarmsit wme, He surveved four San Francisoo Bay asrea Flrms,

aol the

i the OBD, and &

thres of which were locatec

Tomadcke  ohiang attributed to Flexible work

macrituce of workers

hours (d.e.. Flextime). His Findings were that solo drivers

becanse Flextime allowed

were diverted to carpooling ancd bus

them to form new carpool arrangements andgd to deal with

echively. carpoolers were

vnreliable transit s

k)

Four s

priticed by the ability to BpE e congestion anc bus

Fiders avolded income constraints and increased gasoline prices.

z,  the Flextime programs proved to be  indd

In obther wore

accordance with ridesharing ang tramsilt promobions.

sion arnalvs

Usmidrnig mul tivariate and linear regre

atthors (00t, Slavin & Ward, 1980) examined the worker

attributed to a =

ang travel responses

activity chang
Flexible working hours, i.e., flextime. The flextime program

was concucted  at the U.S. Department of Transportabion®s

Transportation Svaetems Center in Cambeicos,  Mas
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clata were collected From surveys and arrvival/departure  time

cards  and thelr analvs

suggested that workers enioy

sionificant benefits from varving work schedules and become more

procuctive. Some  of  workers” benefits are savinos on bravel

time and fuel consumption, resulted from travelling on non- 0OFr

conges oo ot e bworlos. Slso the Findings indicated

amall net changes

in favor of ridesharing and public transit.

The study of staggered hours (Neveu & Koeppel, 19800

exanined the impacts of & program of alternative work hours,

implemented at the main office of the New York S

vhe Depar bment

of  Transportation  {MYS

Ty, on work  sohedules  and
their characteristics of work trips. The collected data were

related to changes in work schedul

iwved dmpac

S, perc

characteristics of work trips and demographic information and

Wer e analy with the asdtomatic Interaction Detector (ATD)

Lical ool The simple random survey of NYSDOT emplove

revealed that more than half of the emplove changed thelr work

schedule, both switchers and non-switchers saved on travel

resulted from reduced Fichway oconges

Lo and, Finally, rice

sharing was  inore 4 becaud of  the examined program amad @

number  of  other factors, 1.e., the NYSDOT's Coordinator

Demonstration project, gasoline shortfalls and rapid rise of

@rergy prices

Atherton, Scheuernstubhl and Hawkins (1 examined the

travel related impactsz of the compre workwesl in Tederal
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agerns i

woof Dernver ., Coloraco, Lming experimental and control
aroues of  federal emplovees, survevs conducted before and after

carnclarad work sochedules

the implementation of changes

work schedules resulted i =

provided that the compre
significant reduction of the average weekly household Yehicle

Miles of Travel (YMT) and are compatible with other regional

transportation policies such as ridesharing and tramsit. The

resglhts showed that the compre wirkweek odid mnot affect

acversely  the aggregate level of ridesharing and had little

toridership.

impact on transi
The effect of Flexible Work Howrs (FWHY on mode cholce arnd

work trip times was examined by Dandels (1950) .  In this study,

iz specific example iz the central and outer metropolitan area

of Lorncon. Scanning data from survevs of decentrali

throvghouwt Britain, he oconoluck that, First, FWH and mon-Fhid

of trip times, s, L

workers have only marginal differences

general FWH encourage the use of private cars and, third, FWH

L o

alleviate cong 6 &
Using logit analvsis and an analvtical procedure, which

eliminates estimation problems related to heterogeneity of

cholce constraln and remnoves problems of melticolinessrity in

snclent varlables of the choice models, Golob and Reoker

the inde

C1977) examined changes in the work- andd shopping-

by s or auto dn the regional mundocipality of Ottawa-Carleton,

Ortario. Regarding work trips, the study concluded that bis
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ridership could be increased by improving the transit Freguencoy,

minimizing bus transfers, and degrading the auto convenience
attbributes, i.e., weather protectlon and walking time, with the

implementation of parking restrichbions.

sbual  mappling  techrnilogues the stuch of MNewveu,

Using  pero

oF

Koppelman  and  Stopheyr  (19%79)  examined the Joint eff
comfort, convenience and reliability on the work trip mode
chodoe. A melf-adminstered survey collected data From aato andg
rall commaters dn the Evanstorn andgd Wilmette suburbs of Chicago.

argl madn-modes of  travel

Arnalvsing the data related to acos

argd cdeveloping preference

catistical techniouw

with factorial =

regression and first-preference logit models, the authors

concludec  that commuters do mnot perceive comfort, conveniences

ancl reliability, first, az independent attributes in thelr mode

ared  madrne

choice and, second, in the same mannmer  For  acos

siorn arngd first

mockes of  travel . Further, the preference regre

mrence loglt models

revealed identical results but the

P E
moclel exibited more efficient estimation properbies.

The stucdy of wmultiattribute transportation decisions
{Johnson, 1978) examined the relative importance of ten
different travel attributes for the workers® choilce among car,
s anc BART (Bay Area Rapld Transit) in the San Francisco Bay

wcbor ang logit

correlation,

Maing mabrics of Peay

EEE

catistic, each abttribute

arnalvsis, and the importance =

contributing to differences in utility of the examined modes was
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evaluated for ilts importance. Interviewing

workers of  San
Francisco, Oakland and Berkley by telephone, the authors

ol 1s

Leral and  analvsed data which showed that waiting time,
dependability, total time and safelty from orime were the most

important attribut

avad Lalk

tlity arnd flexibility

rarked mext in dmportance  andgd were followed by relaxation and

zafety from acoidents. Fimally, important attributes

like

SV EL

Aty ., dependable arrival anc safety from orime were
silggestecd Lo be included in current ouantitative planning
procechlres, .

.y bravel demarnd Forcasting.

on factor analvs {i.e., principal component Tactor

arnalvsis with & varimax rotation), oclustering techoioues (1.

S

clustering algorithm of the Riomedical Computer Program P2M) e

linear regre

Lo analvs arrd Tischer (19771 examined

=, Dol

the relation between perceived svstem attributes angd modal

cholee, and compared the mentioned relation to the altermabive

lons betweern soclodemographic data and networlk data.  Three

transporting mocdes (i.e., bus, carpool and auto) wers analyzed

in bhe Los aAnge.

aresn for the CDHBR workers andd the re

Lt

FrE G

Ted that perceived system attributes or beliefs aboub moce

asccount For varlance in mocdal ocholoce above andgd bevornd time  andg

data, bult the rever

rroxt e, Further, the

ralationship of modal cholice andgd percelved syvetem atbributes is

influenced Lo a small degree by socilodemogrs

shvio olata

Therefore, in planning

the author
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o carponls, sinoe they

exploitation of beliefs that Favor busc
can be eazily realized into actual modal use pablterns.

st For work trips {(Cuobadegi ]l &

The stuck of

Miller, 19852) examined the relationship betwesn ocoupabtion and

commiting behavior of workers in the Toronto metropolitan ares

dsing census  data. Grouping workers in six home

with the help of ohi sogueare and Kolmogorov-

noocupation ola
Smirnov statistical tests and calibrabing ocoupationally
regated work trip distribution models, the study conclocled

o dmags

that income alone i1z inadeguate to explaln soclosconomic

of  commuting propensities and residential location

attributes

iFication of white collar

Forther, the simple ol

frre

TR
ancl the blue collar ocoupations does not reveal the existing

broad categoris For

extrems variation in each of  thos

the travel time sitivity attributed to an

prampele.

average  Lrnocome varles  among oroups with o similar dncomes  bot

i fferent occeupational status andgd, second, bhowsing preferences,
excluding high income housing, appear o be primarily
oeoupationally related.

Kitamura (19%81) developed and applied a heuristic

@ to the variation of

Cion procechire relal

i Fios

work-trip mode choloe. Usming a modified version of automatic

Interaction Detection (ABID)Y, a birnary logit model and a o

s whiomes

¥

[1ea cier e ra e o smub G oL O f crommt e

structure sufficiently accounted for the sxisted variations in
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woof & Pre-BaRT

the mode preference of tripmakers Adrialvzing oa

Travel Behavior Set related to bus and auto modes, he conolouded

chic exi Aol WEE @Xpr e

that variation in commuater’

by a limited number of sociosconomic variables and that the

conventional approsch of adding linear terms of socioeconomic

attribute variabl i the utility function of logit model odid

pot account appropriately for the existed variation in tastes.

Slmo he determined that the most significant wvariable for all
commuters’ subgrowes was the monetary cost of travel.
A wvalidation of the eguilibre multimodal-mualtimodal

eoguilibrium (EMME)Y technigue was per formed (by Florian,

paly,  Lefebrve &

Chaplean, Noguvern, aAchim, James e, Galarn

. 1979y using data From the oity of Winnipeg, Manitoba.,  The

merttioned tran sportation plannin g technious is & combination of

s ronal aggregate-demand model with both an eguilibrium byvpe

roasd and transit assignment method, and e modal split, basec

clata which

logit or dogit function. The  stucly umed ag

gr e e

were gathered From origin-o Ciration surveys of work trips

cduring  the morning peak hour  and the statbistics Canaca, 1976

CIETTELS . The model successfully simalates changes in the modal

or il route choic

Uhilising data from a home- Vi travel =urvey  and

{(Pen Akiva &

heing one of the First attesp

Richare 1276)  developed disagoregate modal-choloe models  to

consider the full variety of travel {i.e., walking,
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fad

sy le, moped, car, bus o oangd tradn) for work trips i meddiome

artel small-sized Dutch commurnidtiss. The multinomial logit model

cimation of

in this stucdy, confivrmed that the

The

agoregate models reguires Tewer observations than

calibration of aggregate models. Small marginal  decreass

exizted in the standard errvors of the coefficilents for sanples

lavrger thar 250 observations. aAccording to the final findings,

had no significance on mocdal oholoe

out-of-pocket travel cos

arel the most satisTactory model we on treating irevehiole

artcl out-of-vehicle travel time as generic and alternative

specitic variables, respechively.

Finallyv, Segal (19%7%) examined the choilce among three

aWrgier ,  applyving

i.e., driving, bus and avtomobile ps

which, din his opindon, has

dizmcrete multivariate analvs

in the s

schvarntag over conditional logit analys

clata =ets. Anialyvzing mode-choice behavior For work trips of

Washington, D.G..  in hre concluaded that the in-velhilole

travel-time is non-linear explanatory variable, although 1t has

bewn  assumed, generally, that all the variables are linear in

their impact on the mode choloce logit.

2.5 Loglt/DUs studies

The study of wrban transportation Jdemand (4l

Demneufville & Stafford, 1973) develops a microanalvytic model For
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acheant

e ot area andgd  examin

models over the macroanalyvtic models.  The Former models explain

the wndsrlving factors that determine the response of  the

population to transportation stimall, while the latter mods

T ave L-vo Lumess Microanalyvtic models of a system bry

i e

to achieve & dyvnamic representation that simalates the

achivstment, over time, of each howsehold to Jdifferent stimalil

with the help of eguilibriom-concept. The eguilibrivgm-concept

orvations of the syvstem show 1t at, or

sumes  that random ok

verry close bo, the most stable or desirvable position, given the

met of stimali wporn it.  The study stres the need to stratify

the population of households into groups having similar wbility
furctions. Thiz ls reguired by the nature of microanalyiic

the impacts of transporbation

models and the procedure Lo as

policy changes on the different. segments of s Lety . A major

conclusion is that indiscriminate improvements in transit

seryvice, L.e., chang rot considering the existence of market

i transit

segments, might le to Frustratinogly =small change

=l From

e, because varlations in the use o fotransit re

changes in the level of transit service andd most dmportsotly,

anc preferen

old imilar attribut

different aress.

The study of short access brips (Inglis, 1973) was anong

to attempt the development of a multime

the first

stochastio, agoregate model of modal split for a short

34




Journey ., Tt cata were collected from people wsing Chicago

argl were related to short acoess

rad lroad suburban routes

riminant,

hetweer home ancgd the commiter s Lo Examining i

prokbit and loglt analvsis, Inglis selected the logit a;alysi

being most advantageous and validated his developed model. The

irvolved modes were walk, drive and park, driven and bus and,

amorg th Fror  mod wall mode, having no monetary cost

wmaoclated with 1t., was used as the base mode of logilt model.

The results cdisclosed that time and cost are the siognificant

explanatory variables, both of them attained the same level of

sionificance and the value of time was dervived Lo be $1.35/ .

Talvitie (1%7%2) evaluated the performance of logit, probit

arch discriminant analye b testing twelve models in each

methoo., The forouwlation of the models in each mernthod. Thyg

ORI LS

formulation of the mode) included variouws socioec

varlables and alterpative segmentations of the total travel time

arcl total travel cost The purpose of this was to investigate

the need to differentiate among aco and  Line-baoal

5, egre

times and costs, and the way that trip segnentation be done.

of 159 work trips made during the morning

ing large enough

vl

of the original b

b
-
A

of data, he performed s { b les Lo examine any

aifferences among the three methods or amorng the models, buat no

i fferences wsre detected thi way, dL.e., the hvpothe that

the resul ts were stistically egual could not be rejected.
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Simation

of the e

Pecause of  this, he Jdid & ranking analvs

methods  and the sodel specifications, His conclusions were

both probit and

that, sven though logit analys siiakltly

all of them vielded comparable re

sriminant  analvs

Further, he inferred that

A carn be used with eogual suc

o bime and any economic stucdy of & transpor be
improvement must consider the mentioned times seperately.

of  dincluding

Dur fis

the appropriatensss

perceptual variall inoa work trip demand model of logit form.

Collecting and analyzing data From a small municipality,

Kingston township, Ontario, he concloded that combinations of

improve the predictive

percentual

SOLLE ALY arother Finding was that travel cost and

in  mode

irewvehicle travel time are nolt oritical

abttributes
choice decisions of  small commurilty workers, opposing normal
travelling attributes of large uwrban centers.

ed the predictive potential of logit

mocde ]l calibrated on ocurrent behavior rather than on stated

irbentiorns., Reconsidering data from the Santa Monics Diamoncd

Lange project of Loz dngeles, he concluded that logit predictions

on what people actually do, and not on what they say they

will do, are highly ac

sy a e, For example, cost was the most

arnifilicant wvariable in stated intentions ancd the 1l

donificant one  dn actual behavior provided that convenienos
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rarnked First in terms of actual behavior.
The stucy of Wisconsio work mode-choice (Kocur, Hyman &

evaluated by a combination of furnctional

Sunet,

messuremsnt, .., condodnt analvsis, and disaggregate  demand

mocdeling, i.e., logit, the mode-cholce policies of worktrips For

state of Wiscornsin.

rban aress of different character in the

The data were oollected from mailout survevs to residents who

arel  the examined mod W e

ec thelr driver’s e

walk, biliovele, rvidesharing andd drive alone. Two  maior

corclusions were that ridesharing should be promoted in a&ll

Elar are while transit a stance should be provided to large

tomid Ficant.  Further, the shudy

el aresas where its effect is s

Fighliohted original key dssues din intergrating  Fumction

arcl ois mocie Ling .

gre

Four  attitudinal measurement technioues, 1.e., monotonic

coridoint measurement, Tunctional analvs tracle-of f analvsis

argd unddimensional aling, wers compared by Bendamin angd  Sen

for theilr predictive ability. The authors tested the

(195

tomervd

SRARE:

clrarnge

four  techricu the dmpact of transi

interviewing 300 individuals in Charlotte, North Carolina.  The

mertbioned group was At dn test and control groups which were

interviewed and reinterviewed on a time differerice of one vear.

the most cost

The stucdy concluded that functional sarmaly:

Aol are

effective overall andgd the results of attitudinal ve

el

raflects

balisevable since observed behavior olosed
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preferences.
@ Parking studies

Gillen (1977a) developed a modal choilce model that trescts
parking as a commodity that iz complementary to  automobils
Tl s He examined how to define and in&mrpmrate the parking
variable into a model of mnodal choloe, how parking costs affect

i parking

the elasticity of modal cholce and how ohanges
variable will affect the expected proportion of workers driving
to CBD. Gathering data from the Toronto parking authority and

the Metropolitan Toronto and Regional Transportation $Study

(MTARTS)  and using binary logit analvsis (bus ves auto), he

concluded that parking taxes are a partially effective
subhatitute Tor roadway pricing in relation to influencing
traffic congestion and that a change in parking costs may result

#HEooA

i oa 10 to 15 percent increase of transit use,
percentage of current transit use.

Usming logit analvsis, Frgun (1971)  examined the parking
behavior of commuters and noncommuiters in the CBD of Chicago and

investigated the trade-offs related to parking price and walking

time. aralvzing data of 224 auvtomobile trips to downtown, he
concliuded, first, that commuters have a strong bias for parking
in the first block from the workplace., second, that saving

through walking was found to be $4.50/hv For commuters who odid
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wallk, third, that the proportion of walling commuters was highsye

b

cive, and, Fourth, that commuters® incomne

was Found to be an insionificant varilable since the data where

bria toward Migh-incoms groups.

Drown G, (1972)  developed and tes a propensity model

aiming to determine the propensity, or tendency, of auto drivers

Lo switohl Lo & new mode. He dinvestigated the potential dmpact
o mode choice of (&) & hyvpothetical parbeand-vice svstem and

in the CRD of Yancouver, Canaca.

(b dnocrea of parking cos

subility)  mog

The mooel gloped was & wutility (or i

arrbdally a version of logit omodel, which was validated with

m, L.g., a ocorrelation test

caronical correlation analvs

irclependence of preferences From existing service levels. The

data were collected during the am-pealk hours in one racial

travel ocorvidor of VYancouver with a "handouwt-mail
gusstionralre. HMis wsiognificant Findings were that bus travel

time arngd parking charg ware dominant varilables in affecting

mocle shift. More specifically, TFirst, parking cohar 3%

it from an average of about $0.55% Lo

21 F, meeded an incore
aboul $1.00 per day in order o effect a 50 percent shift to bus

Lirmghaal fr

tranmsit andgd, second, a recuction in trag PO Y

From 17 min. to 4.5 min. was reguired by the average auto driver

who was a potential transit patron.

LNCres (Kurnze, Heramb

The stucdy of municipal parking-T

the effects of substantial incre

& Martin,
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marking fe at Chicago’s downtows oiby-owned parking

gl Lished, First, a drastic

arnd determined that fee increases

£y op

cdrop-off  {(72%)  in the number of  long-term day  time parkers,

parkers were diverted to public transit insteac

arcl, me

civerting to other parking facilities and, third, parking demarnd

o smensitive to parking prics,

of  commuters proved to be ouid

Lo, elasticity approximately egual to - 0,75, The parling

patbterns of Chilcago’™s CBRD were investigated by data related to

daily revenue reports, Dime-

semimonthly revenue summary  she

aneed parking-receliplt stubs and oguarterly parking tax returns

submitted to the City’s Department of Revenue angd Bureaw of

wrving changes in the travel modes wused by commuters who

i the

were odeprived free parking and comparing differences
travelling bhehavior among "identical” commuters who were

eligible and noneligible for free parking, Pickrell and Shoup

10) estimated the effe

parking  on

of emplover sub

(1

work btrip mode choloe. Although their Findings were bs ory

cdiversity of case stucdies, e.g., in Otbaws, Washington DLC., Los

ales, the conclusion was very oons Al

&g stont  in all os

commuater s in

2ol that free parking at work influer

1
favor of auto odrive andd is a key variable in thelr mode choloe

K=l Approximately 20 percent of the auto drivers would

cleg

Form carpools or use public transit iF they had to pay parking

at their workplace.
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(Miller & Evereth,

The  =tudy  of  commuter parking prices

o the

a2y examined the effects of parking price inore

commating trips in Washingbon

mockal split of federal smplove

DL, The rates of government-oontrol led parking were incre:

vy an amount o eogual to one-half the commercial parking re

ir clowrbowr

fe

11 worl

arct the authors

arncl-after survevs, using control s

arngd suburban areas.  Before

test groups, ey 4 that removing fr parking and, in some

5, Falsing parking rates resulted in significant shifts to

Figher occupancy modes  than single driver vebhiloles. I this

sensitive o parking incr

stucly , carpoolers werse very

ared were inclined to shift to transit service, especially in the

worksites of the central area. The data were analvsed with ohd

wera per Formned

SO Ere anc various o &y

andc control groups.

e bweer

Poarce  angd Jackson (1979)  analvsed the offstrest parking

s of  the Londorn borough of Crovdorn, using multillinear

ey ess i on programy  andgd data acouired from a

showed & strong corvelation

ouestionnaire survey . The aralysi

in the car parks and parkers® trip

bhetwesn the durations of

purposes, revealing & &9 howrs angd 2.9 hours Lenogth of stay, on

wmpechively. T

averagse, For work trips and shopping trips,

of all parkers and

worl-trip parkers the 44 per

ocoupiesd the &5 percent of the parking spaoce. Orr the other

amed only 28 percent of the parking space, sven

harnd, shoppes
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i they raepr the 4% percent of the total parkers. Thiee

nooupancy profiles of the individual car parks varied

herclecd on the o park location, o.¢.,

considerable and much e
cay parks of main shopping arsa had oa high level of short termn

of the vear), car parks at

{operated near to capacibty most

Cions and bhusine

senters had a high of long

madin raillway ¢

Term usme ., Considering three factors, i.e., prices of parking,

paetrol ancd public transport, in relation to varving pricing
policies of short term nature, they concluded that the price of
parking was by far most dmportant for the car parking demand.
Further, they examined the relationship between price of parking

farel

ther short term or long term parking. Short term de

sl el

ashowed o Fixed relationship existed between price and long term

pariking . Assuming an inflation rate of 10 percent per anmum anc

stheod an lnores in long term

o parking price change, they Toroe

Lme of 30 percent and the sgueezing oult of short term users.

related to oar

Examining & number of elasticity studid
parling, Haworth andd Hiltorn (15952) conoloaded that the potential
of elasticities az an ald to rational policy formulation on

parking 1w very promising. However , they highlighted that the

alsme thers are

parking svstem appears o be very complex, be

conflicts in the parking provision and operation from other
arcd too much

pursued by local government authoritil

policies

The maior

oucht mot to be expected from parking elasticities.

potential benefit of parking slasticitis im bto relate parking
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poliocy to other polioy obieotive @.g.. by dndicating the

gxtent to which it might be possible to induce parkers to
recdistribute their movement within periods of peak traffic
congestion or by relating parking to public transport Tare

oppinion,

levels in a more actory  way. Tre the authors

there iz a need Tor a rmamber of demonstrations that elasticities

Fully din forec Thigy

were cerived angd s S
are completely established in the ares of parking policies.

The study of parking bilas in transit cholce (Segelhorst &
Kirlas, 1973) examined how free o subsidised parking affects

the modal choloce of CBD emplovees, reviewlng numerous previous

et e Acldressing the problem of traffic

related

aral the dnegul bty created by parking subsidies,

shimate  the total

developed economic linear equations Lo @

of workers in the CRD of Loz aAngel provided that

ormefits
transit subsidies, esgual in value to parking subsicdies, were

granted. The data were collected from mumerous souro

U, Department of Transportatiorn, Department of Commeroe,
Artgeles Rapid Transit District, eto. The estimates concluded
that the gain in nel income per enplovee switched to fransit wees
BL.36 per day oy $345 .00 pre vesar.

Ther stucdy of Brown angd Lambe (1972) explored the influence
of three factors, L.e., supply, demand and walking distance, on

the

parling price. Developing & linear programming  moce

The model s predictions based on data From the

authors as
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the developed model to predict

Yapcouver angd ubili

affects of the addition or deletion of Facilities and to set

parling meter rabes

The study of Chicago downtown trips (Winger, 1%

developed modal-cholce models designed to be used as part of the

S e

trban transportation planning (UTP) packags For the Chic

pects. Thie

arel to combine  bolth reglonal and behavioral
regional aspects dnclude the zomal nature of data and the
coverage of trip origins throughowt the entire Chicago area.

were based on the CATS home interview stucy.

Thier  olate s

Probit and logilt analyvsis revealed almost ddentical binary

{i.e., car-rall, car—bus & car-other) For work and

chois mole L

were estimated to have &

riorWor i Ly ips . Parling fee incre:s

ienificent effect on transit ridership and the marginal values

of comfort and travel time were caloulated. Fimally, the study
implied that existing conditions of the Chicago transportation
structurs favored the use of automobile in terms of time and
comfort.

dddential

Olzmon & Miller (1920) scanned the dmpacts of re
parling regulations on the travel/parking patterns of commuters

voto the CRD of Alexandria,

TS RE:

S to park in oare

Whioy e

Yivoinia. Cornclucting survevs, which were based on a posts

paicl mail ouestiomnmaire and phone interviews, before and aflber

the imelementation of the parking-permit program, they conoli

that only 12 percent of the commuters changed travel mode, 1.e.,
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of the commuters remained

wwitohed to bus or carpools, andd mos
auto drivers and parbed on either off-street spaces (Freguently

outsicde  the

sol by thelr emplover) ov

that the

ched district Newverthele Lhey  sug

sFul in

Mme amorng the residents and were sucoes

alleviating traffic and parking problems of the residential

clismtric

. ek and Beimborn (1979)

Usmidrg tramsition matrix analvsis
investigated the relation betweern mode cholce and parking

ot the Unive

Thie sty was

“iotion

of  Winsconsin-Milwaukee and the data were collected through &

mail survey which coversd 10 percent of the enrolled stbudernts.

i modde ohiolce resulting From

Con=idering behavioral ohange

sutbstantlial changes in parking restrictions, transit service and

transit Fare arne evaluating respondent’s reactions to po

future situations, the authors concluded that, First, incr
parking restrictions made auwto drivers and, especially,

cond, cost reductions  in

carpeoalers dnto transit riders, =

s ridership while oo

appaared  to incre

Y

transit Far

did rmot affect drastically the bus ridership, and,

Increases
thirvd, automobile disincentives could cause shifts to other

the tie to the automobhile

only to a limited extent be

was strong For marny .

The study of emplovers? encouragement programs Tor public

transit (MoClelland, Marks, FEidson & Cook, 19310) evaluated the

45




i Denver mebropolitan ares

success of large emplover

[oF 0

their emplovees to use mass transit, carpooling and

Lo encour age

Ricveling as work btrip modes. Two surveys concducted one ve

two different programs on the mocks

apart examined the ef F

sl only Financial

cholce of workers, i.e., the first addres

srrel dncluded convenience

incentives andgd publicity, while the =

arncl commitment levels of the participating agenoilss

incentives

Jeer b

T The stucdy s major results pointed that the encours

proorams vielded a greater use of alternate transportation and

e of Free emploves parking proved bto be the strongs

the &

ternt measure in cdiscouraging single ooocupant autos

most corsis

reclioe

Kitl: {1974 examined whether parbing taxes

of wxperien:

Examining three tyvpes

problems of auto s

ragnely , (&) before and after impacts of parking price changes

alated Lo parking

ctional differences

(Y Demographic orc

price variations and (o) hyvpothetical responses of motorists

s, he concluded that parking elasticities

pariking price ochang

LG thrat the use of automobile is fairly intensive to

because, First, & low percenhs

parling price oharnges,

asurtomobiles o Dﬂid parking &Hdg %@CQﬁd, parking palrons are

riot hdghily ttive to the price of parking. However , ke

glastic az shopping trips

slhrowle that work trips are not @

arg parking taxes do have to play a significant role in the

investigated the effects of
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o modal  cholce. Uming  loglt

alternative parking policd

arElys e examined parking location (or relocation) choice

arcl/or  switched modal cholce as a function of (&) money cost

() time cost and (o) guality or comfort character]
wilth a particular parking location. Data related to

wetre Laken from the 1984 Metropolitan Toronto  and

Transportation Stucdy home interview =survey. 17

the elasticity estimates Tor the mentioned instrumerntal

variables, Gillen conocluded that an dncreasze of parking fes

in relocation of parking destinations, modal switohing

ef fect occurs in the portion of parkers who are dislocated the

furthest out from theilr destination area, parking restrictions

Lo travel time are more eoffective than parking

increazes have o be applied over & wide area (e.g.,

time cos

"

SRTN N Some  Further

entire urban area) in order to be suoo
examinations of this toplc were done by the same author in the

vears 1WPY oand 197E.

@7 Cone lusd

The literature research revealed that there are no genersl

aplit. The fFindings of the

il whilch govern workbrip modcal

alrove studies of examined stocies often colincicde but, at the

well. For  example,

mame  time, may contracdict then

wrchers on

there is no oconsensus among transpeortation yes
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whiether mode cholce is decided upon beliefs/perceptions or oo

arel time variables . Moreover, the transferability of these

a the various urbar

tionable be

Findings among cities

Factors of the workbrip.

o, thore see to exidst a general agreement that

three factors of worktrips, i.e., Tlexible work bhours, parking

foe incres angl types of carpooling matches, favor  ocommon

carvier mod

~ut,  Flexible work houwrs (or staggered hours

result dn

G COmpE work weelk) and parking fese incre
greater carpooling and/or bus patronage. Second,  inbimate

acoplaintanceship among carpoolers is a potent factor in the

Formation of carpooling programs.
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CHAPTER 3

PAHRKING AND WORKTRIPS OF WINMIPEG CBD

E0L Imtroduction

af the downbown parking

In the present chapter, an analyvsis

sipply aims Lo 1lluminate the framework in which commuters of

Wiriripe Mave to make decisions related to parking locations.

Ay examination of studies or data related o common carrvier

swrmine the

mocles, 1.e., publ transit or carpooling, should de

extent to which common carvier modes rather than aubo can serve

the metropolitan area of Winnipeg.

Fimally, the elaboration of data collected with the help of
a guestionmaire provides acdditional information related to the
axisting modal split of Winnipeg’s commuters and theilr

arnomic characteristios. The procecdure of  contacting

L

downtowr enploveess ang the survey s sampling ign are examinsed

L@ Exdisting parking conditions

The Fincings are the oubcome of btwo extensive sos

gl took place in

avaldlable parkbing data. The first s

gt AT wWas wrsueo sl e e a parking inventory did not

For the downtown ares sand other relevernt information was

gy
B ACL




pmeal Tashion, e.g., the "Parking Tes ility

inoa plec

stucy: historio Winnipeg area” .  also the zoning by-laws of that

time oid nolt oors ahionships anong land uses and regudred

parking spaces. I other words, parking policies and practices

appearaec nebulous and unolear at both City Planning, and Strests

ang Transportation Departments of the City of Winnipeg.

Poecause of  the afore-mentioned reasons,

followeo in the summer of 1997 and had some

The City Planming Department proposed the Filrst smeasures related

to parking and leading areas which appear in the zoning by-laws

of  appendix B. On  the other hand, the Civic Properties
Depar tment was undsertaking the First externsive study of downtown
pariing. On dts behalf, a consulting firm, Delcan, developed
the Downtown Winnipeg Parking Stucy.

The Deloan stucdy provided the rumber of parking

anc of parking in the

whiich are avallable For on

CED of Winnipeg, fFigures 1 & 2. NMever thels ther e

losure problem ang only & technical

memo rachim o f

clharacter i avallable.

parliing Lms
The technical memorancduam (Mo, 2-10) examines the usage of

parking by (a0 traffic zones, (b)) length of parkers? stay, (o)

of pariking spaces, ©.9., Pparking spaces publicly availlable

o oaomanthly or

or  privately controlled, parking spaces

A

el ., Er ol {al) sby e buad

Format of parking

vmual ba

location, 9.g., parking structures, suwface parking lo
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street parking. ebo. However, parking s wera ot

of users, e.9., workers, shoppers, wvisibors,

1 memnoranchom

Somenie re

g the technices

(Ney. 2100 understancs the structure of parking supply in the
cdowrntown area, but the document does pnot prioritize the pariing

arel relat viry  little to the perspective of the subiect

shrchy .
A& parking space gan be used by oauto drdivers Foro omarny

ra owho vield the

et too thi

argl should be s AL

LLE

gronomic benefits Tor the downbown area. Fopr sxample, &

shopper or shorbt-term parker should have priority over a

ively {(see I.D.

commuter o long-term parker, e

sams not o be the case

I Winmipeg, Tthis =

recaunse  bas o survey Fincdings the Downtown Winmipeg Parlaing

of  the parking spes

Stucly oconcluded that

sl on a monbhly basi

availlable to general public are les

Public transit service and oar [0 Lin Gf RO Suns

T Winnipedg, the public transit service has nolt improved

acle in terms of travel Lime or Freguaenoy

a1y the lea

sprvice ., For examele, there has been a bus operation problem

wWithin the downtown ares of Winnipeg for & long time, but the

Winnipeg transit authority bas recently studied the problem arnd

wilth the help of

developed appropriate bus priority measures
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corraulting Firm.

wmitres,  Lllegal parbing is

I the stucdy of bus priority me

"""" one of the three factors, 1.e., traffic

identified as

1l parking, which ore

Lior,  turning vehicoles

O

opaerating in the downtown arsea.

sigrnificant delavs Lo buses

Apart  From the merntioned study, no other stacy, to the

kriowledge of the author, had examined any characteris

cmpyvice ., O the other bhand, public carpooling programs have not

gxisted In the recent vears in the metropolitan area of

E.4 Survey of Winnipeg commuters

opite an extensive search for data related Lo parking

behavior of commulters in Winnipeg OCBD, the results were

Liorn o of

smaltic ocolle

autse of this a

urifFruitful. Be

betravioral dats regarding parkers had to be pursued with the

Felp of a guestiornmaire.

The objiectives of the survey were Lo produce ds
for exploring the existing modal split of commuters ang thelr

i patterns of

anomic  oharac be

parking demand among ORD workers and to ald in ldentifying mesns

sharing patronage with

s ridership and oreate vide

to inores

the help of parking polici

The survey approach involved self oo
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The

e

bributed to emplove clowribowrn &g

wass  acdminis tered over s thres weel periodd 1o August,

argl wasm entirely dependent on the internal olroulatior

ans of  the surveved Firms, i.e., o distribute and ocollect

the questionnalres.
Thizs method of contacting commuters through thelr personnel

ek, has some

rarely dn transportation re

over other methods of date collections. according to

Hovwitz & Sheth (1977), the rate

of mall-out surveys

higher, approximately S0 percent, than rat

anct the final cost of these survevs 1z smaller than the cost of

other spproache @. 0., home interviews or on-bosed  Lrarn

SLIFVEY S,

In =mome cases, Che management was enthousiastico and helpful

about the survey, e.g., Monarch Life JTrosuwrance Inc., but o in

others 1t was Jdiscouraging andgd uncooperative For & number of

perception on neecd For

o, e.a., conflict of dnters

SECEEnY , @

o401 Survey procedure andgd sampling oes

Surveys of  commuter abtbitudes towsard parking, carpooling

Al mass transit were performed at six locations of the downtown
=T The surveved firms dnclouded a pronvincial governmerntal

pricy,  btwo federal governmerntal agencies, & local municipal
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SETTCY . & P ivate enterprise and & orown corporal ior ang were

e the downtown ares.,

OF o hads Le

)

amine oifferent bvpes

of the survey s

Ths Uy pr

organizations belonging in public andgd private economic sed

of  the Winnipeg OCRD. The sameling procecdure may bhe bils

towards high dncome workers becadse workers of shopping

creng ey Wware  nol surve 4, bt this was done deliberately.

The assumpbtion is that high income commubers drive alone Lo worlk

arid this blas concurs with the target of this thesis, namely,

the diversic grivers Lo btransit or carpooling.

The distributed guestionnalre was designed so that 1t waes

ltargely self-coding, was sasily understandable by the recipilents

areed reouired  the minimum possible time to be complst

Kind of information reguested with this attitude survey appos

o the appended guestionnalres, appearclix O

ITnitially, four Formabs clonnaire, i.e., one

ClLLE

stionmnalire  adddre:

e

e sirg bwo altermative carpooling and ms

trarsit DUSA experimental cesigns, were reviewed by part of the

personnel  of  City Planning Depar tment, of Winnipeg, and

tions  and to

were pretested to olarify ambiouous gue

comprehension performance ang completion time. The cdraft

wers evaluated according to the results of this

shionnalres

initial survey. The findings of the preliminsry survey
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10.

Table 1 Surveyed Agencies

Department of Indian Affairs
George Campbell, Regional Director
1100-275 Portage Avenue

Winnipeg, MB, R3B 3A3

Department of Parks Canada
Doug Harper, Director
#400-391 York

Winnipeg, MB, R3C 4B7

North American Life (Monarch Life)
Paul Kelly, Vice President

333 Broadway Avenue

Winnipeg, MB, R3C 059

Canadian Wheat Board

Jessie Bullock, General Director
423 Main Street, 8th Floor
Winnipeg, MB

Department of City Planning
Len Vopnfjord Director

Main Street, 8th Floor
Winnipeg, MB

Department of Municipal Affairs
Irene Sutter

#141 Legislative Building
Winnipeg, MB R3C 0VS8

Department of Public Works
Tim Dupareu, District Manager
#201-269 Main Street
Winnipeg, MB, R3C 4B2

Great West Life

Kathy Helbercht, Manager Staff
100 Osborne, 3rd Floor
Winnipeg, MB, R3C 3A5

Royal Bank of Canada

Art Mills, President & General Manager

224 Portage Avenue
Winnipeg, MB, R3C 3A6

Canadian National Railroad
D.L. Fletcher, Vice President
#300-123 Main Street
Winnipeg, MB, R3C 2P8

CONTACTED

SURVEYED



incicated and determined that more thoughtful W e

Because of this

elicited by the short DUS experimental o

the fimal format of distribuated guestionmaire included &
carpooling or mass bramsit DUSA experiment of elghlt senarios.

lected guestionnaires, 1.e., short carpooling and

The =
transit DUS experiments, were alterrnately piled up to Form the

dornmaires and were deliveresd

recuired bunch of odistributed oues

To avold

to the personnel directors of the surveved agenoie

i the digsteribution of forms, each divectbor was instroobed

anc  wWas given

to wmample the whole of an sagency-—divi

tionnmailres Tor this purpose.

The self-administered guestionmalre was mainly  hand

bt it was impossible to ke ar

oy bhe  emoloy

gyxact check on how they finally reasched the hands of individual

amp Love Bocause The administrations, which distribubed and

For example, Parks

ool le them, us different appr

arg Wheat Bosrd agencies had each of them its own cover

Crarvacs

G, which explained the purpose of  the

letter,

livered the

cepar tments  hang e

SV EY .

ionraire,  thelr collection procedure was different. Thie

L
Parbs Canacls agency hagd a return-box For guestionnalres in the

Lobby  ares angd the Wheat Bosrerd agency had s hand collecting

Thie

procecdure,  assigning & speciflc person For this purpose.

rast of the agencies odid not have any of theilr own cover leblbers

sly had a hand-delivered and hand-collected procedure,

Al prol
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Jetails are unkrnown to the author. of

bt Further specific

corse,  there must have been defiliclences in these procedures

Lormalres was mad

arr dmportant rmumber  of o

from agencies, e.g., Department of Municipal aff

Woodswor th Builcding?), to Oity Planning Department of the

University of Manitoba.

Newver the Le were  goood  and  ranged

the raw return rates
from 41 to 7e percenlt and averaged &0.82 peroent. Moy e
speciflicoally, the personnel departments of each agenoy returned

exibited on table 2. The ocollecteo

e

shionnnalres

Thier  oue

to a detalled validation before any

guestionnalres wers axposeds

Further analysis

of them was implemented.

I the validation procedure, the main problems were re

o ouestionnaires which respondents failed to answer all the

tilioms and had some confusion bebtweern an answer and

recuestecd ogue:

Ltuation of the DUA

more than one answer  for the e

experiment. Therefore, sxternsive checks were accomplished to

guarantese that all the Filelds were Filled sat actorily.

validation was Lo ensure

Further, the obiective of the carrisc

that all the answers fell within permitted ranges angd that no

i Lmted.

illogicaliti

canclara procecdure of  btranspor tation

In general, the =

arral v im to omilt ivcomplete recordcs.  But this impli

of  data which in the presernt study wouldd be unacosptalble.

which containes]

Iriglivicieal records were exoluded only in o
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Table 2. Raw response rate of survey

Collected Collected
questionnaires questionnaires
Distributed Collected with carpooling with mass transit
questionnaires questionnaires experiment experiment
# # % # % # %
Department of Parks Canada 100 71 71 37 74 34 68
Canadian Wheat Board 100 67 67 31 62 36 72
Monarch Life 100 63 63 33 66 30 60
Department of City Planning 226 106 47 50 44 56 49
Department of Municipal Affairs 200 82 41 39 39 43 43
Department of Indian Affairs 100 76 76 _40 80 _36 12

Total 826 465 56 230 55 235 56




BISTR AR, iromy opinion, was Telt that they wers

o ]

Lo ting the O the other hand,  oue

were ol

lacking & significant rnumbsr  of

well, @.g., missing experimental respon o backoround

indivicual data.

The results of the wvalidation vielded @ uzable

K Finally, the

aofse rate which s pre Tle o on

tlionmaire dealing with experimental designs related

cfe

to auto ves carpool and aubo ves public transit are given by the

table 4.

E.A02 Behavioral profiles of parkers

The present of  downtown parking behavior

context, what determines

investigates, in & broad

o the Findings of  conduct

whisr e commubers frat £ .

arcl

sioeconomio oharacterd

wmiprwvey, existing modsal

pariing choices of OBD commuters are examined in orcder to

i oho

explain the existing behavior of pe i, Far

etwean  auto mode angd carpool or public bransit mode,  arnd,

soconc, among parking locabions.

o the above analysis iz in the faclt that

Thie  dintbere

carchers have apparently overlooked the

transpor taltlon re

sionificance of commuters’ perceptions related to parking and

wallking factors in workbrips at the downtown area. I many
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Table 3. Usable response rate of survey

Total number of
questionnaires

# %
Department of Parks Canada 52 52
Canadian Wheat Board 59 59
Monarch Life 60 60
Department of City Planning 97 42
Department of Municipal Affairs 79 39
Department of Indian Affairs _67 67

Total 414 50




Table 4. Usable response rate of experimental plans

Collected Collected
questionnaires questionnaires
Total number of with carpooling with mass transit
questionnaires experiment experiment
# % # % # %
Department of Parks Canada 12 12 7 14 5 10
Canadian Wheat Board 10 10 5 10 5 10
Monarch Life 16 16 9 18 7 14
Department of City Planning 52 22 21 18 31 27
Department of Municipal Affairs 44 22 21 21 23 23

Department of Indian Affairs 19 19 7 14 12 24




the worktrip modes have been divided into

arel

, ey

these are percelved differently by

i

commuaters, .9,

Mevelr &.., F. Koppelman andd PLo St

{1m7a), Fyxo Lualing

Plen Do (1%77a)  and Ergun G, (1971), no

bE =l

o have considered s third dimension of the

worktrip, namely, the egre

segment or  the segment related to

leaving the primary veliicle and arriving at the workplace.

The pre 1t T

X EMIL TR

exactly this complementary part

the main or Lins-haul trip. Parking ang walking commoditic

are considered both complementary to auto brips and one of them,

Lee., walking, 1= comp

ementtary  to public transit brips. Ir
othaer words, this study examines how dif ferent socioeconomico

strata of commuters make wup their exi

wegl AN N

sing trade-off, having to

betweern parking close o workelace with high monetary

cost and low walking time, and parking Tar From workplace at low

cost but with & long wallk.

The Fincdings explaining the behavior of people travelling

i downtown Winndpeg are examined acoording to o the lec ted

transport mode, below. Since explar

Loy var dalk] related to

shem oharacte

S Do

sived differently Trom bripmakers

e L omn oir o o compeetin g transport mode

For example, bus brave.

Time i parceived more onerous by auto drivers

Tharn bus riders,

Talhle 5

1. auto drivers

sccorching to the surv [

chriwvers have & odriving licence and a car availlable on an every
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the worktrip. Almost the majority of them parks

ey o

Free for more than seven howrs on lots in the downtown ares,

talples &, 2, and 11. The 59 percent of OBD auto drivers wallks

tharr a block from thelr parking lot to workplace. Ty

le

usmags of theilr car is very seldom during the work day angd they

e of them never wses

tually 79 perg

avodsd to ride a bus, ac

tak L Poarnd W

For workbrip,

dhormal  and managerial males having income  above

Proofe

anol @ beltween 25 and 44 vesrs dominate the

e VERY

socioscononic ocharacteristics of auto odrivers. Further, the

two  cars  in thelr

majority of auto drivers has

ol and would consicder switching to another tranmsport mods

Fros

WEF 2

o changing theilr parking location, if parking rates

imposed, regercding commuters who park Free, or incre

3L00 angd over per month, see tables 13 and 12.

that & minimal percentage of kigh incoms

parkers pays a monthly fee of  $70.00 to $80.00, and Findings

walking distance of different income groups

abont the avers

smuming that the average block is 450 Ft. in

are inconclusive, a

the downtown ares.
Finally, & portion of auto drivers declared reluctance Lo

switch to transit or carpooling. & regards carpooling  an

givern was that the respondent’s car was "needed

important

at work': whiile thiz might be a valid reason for being unable

to receive Lifts or Lo enter & carponl 1t is not itself a
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For being unable to give 1if g other hand, the

aicdix C portray the wunwillingness of  aubo

stabenents of  ag

crivers to shift to public bransith.

A

Bus riders. A high percentage

(a7 percent) of  bus

riclers has & car avallable For the worktrip and, at the saine

time, holds a driving license. Orily 10 percent of them are
captive to bus given that there 1z mno available car in their

howszehold, see tabl 1%, 18 anc 13

serving worktrips are mainly riden by secreterial arnd

than 25 vesrs) s people

clerical females, voung people {ls

Tk ]

with irncome between $£10,000 andg ey vesr,

(o 2271, Lea (or 210 and 17, Finally, bus riders have a more

positive perspective Tor bus travel time than auto drivers andgd a

amall percentage of thenm compared to the respechbive perocentage

of  auto drdvers iz unaware of travel time differences belween

tadele 5.

et angd bus 3

3. Darpoolers. Carpocling is egually atbtractive to

ioral o managerial and secreterial or clerical people,

table 15 (o 203, It can be s that there is Family

LA

carpool ing

LW persons Wi thowt & car  in

thelr household, see table 13, CDarpoolers are dominated by

B EL 000 arn

famales and people having annual  incoms  belwes

Few,wew, see tables 14 and 17, Finally, & significant

of carpoolers has a car avallable For workbrips  an

fasrp el T ags

tads ] 1% and 1=,

Folods & driving license,
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Tak:le 5. Perceived difference of bus travel Tims
and aibo btravel Lime

Auto odrivers Carpoonlers  Bus riders
i3 “ H# % # %

BTTF 16 min. & over 0 0
BTTHF 11 -~ 15 mir. 1 1
BTTH 10 min. ) 0
BT mir . 0 )
; -

W

-
BTTs 1 Somin. @ ; =
BrTes & - 10 mir. - =
BTYTs 11~ 15 min. 5

BTTS 16 min. & over
Do not know
Not applicable

Total 158 100

where BTTF = Bus Travel Time Faster
BTTS = RBus Travel Time Slower

Talkle 6. Parking cost {(monthly and oaily)

Auto drivers

1

71 45

51 a3
ey 1

e LD 3

4 o

~~~~~ 4 .00 3 P
----- 450 3 -
& Over {1

Total Rt 100




Tabhle

Newver

Yery seldom
Fregquently
Alwavs
Other

Total

.
D

Table

& aver

Tak Le

Other

Tatal

Tahle
Blocks

o.o -
2.0
3.0
over

tal

To

7.

Commuiters’?

drivers
%

Ato
$k
50
42
a4
17

i 100

drivers

ALto

S, Usage of

dr lvers
:)/'

7%

Autto

10,

Walking cdistance

drivers
%

Ao
$

Usage of car during work-day .

parking cduration ot o

s For workteip




Table 11. Parking location
Anto drivers
# b4
ey L
103 o

“ g - e "y
LR F 12 i

Structures
L.ot
Parking me
: by J (SRR

ar e & 3

gel=le ? i

Total

s oat which
mocle

Table 12, Mornthly
commibers

cdr ivers

Atto

Lo L s

T G Tw 4T

Py

135 1
Over b
ArTEWe )
Mot applicable 1E

EXPEN
T

Total

Table 13, Mumber of cars in household

More
Cirper
Two
Three & over

Total

Ao

Ma lens

Fomales

Total

Anto
£
]

el

Table

criv

arivers
4

14. Sex

|20 g
% #

R

Carponlers

of

Carpoolers

%
<

commubers

B

Bris

Ficders

o

e

Ficiers
4
10

)




Tahle

Oooupabtion

Profs

Secrel

Total

15,

ALLto

Table

AUto

Yeaars
$#
10

)
[

&0

& over

Total 155

17.

Talle

Auto

& 0,000
5,000
10,000
15,000
20, 000
a0

50,000
$ 35,000

40, 000

Total 15

clr ivers

%
1
‘f%‘:l

16
14
15

1

Income

la.

drivers

Ooeupation

drivers

Aoe of

Darpoolers
# A
1 1
14 18
15 17

12 14
10 12
9 10

g 10
e 10

“3 Dol
2l o
7 bt

comu b

of

Carpo
% H

of

commu e s

Carpoolers
:H: Oa

43

commuiters

Bus riders

# %

100
FrER

olers Bris
% 1
1 0

185 %

Lo o
e 42

e

ricers

i
1

riclers

)
t

40
a8




Table 18, Commuters having driver’s licence

Carpoolers Bus ricders

# % # %

Y =4 B L& ]
N 4 5 oy 12

100

Total

Table 19, aAvallability of car for worktrip

Carpoolers Bus riders
2 A # %
¥ 76 120 5.7

S N

\l/'( o

Mo

Total 10060 178

Table 20. Sex ang modal split

Bex # % oof total % of car % oo bus % of carpool
sample Llse s e s LIS E S
Legory )

Male: 1w

Female:

s

Talle 21. age and modal split
Agie # % of car % of bus % of carpool
LU 5 SmEr S LS s

{ir sach cateqory)

15
4.0
4.4

@2a
21

kW
JO A




Tak:le 22, Status and modal split

Status # % carpool

Prof ional

Slerical

ffl ::.)‘ L’:i.




Table 23. Parking costs by income group for worktrips

Income Group

Parking $0- $5,000- $10,000- $15,000- $20,000- $25,000-  $30,000-  $35,000- $40,000-

Cost 4,999 9,999 14,999 19,999 24,999 29,999 34,999 39,999 & over Number Percent
# % # % # % # % # % # % # - % # % # %

Free 1100 1 100 3 33 7 54 11 44 9 48 21 55 4 29 14 37 71 45

$0-50 6 67 5 38 10 40 5 26 8 22 6 43 13 34 53 34

$50-60 1 8 3 12 5 26 7 18 2 14 8 21 26 16

$60-70 1 4 2 5 1 7 2 5 6 4

70-80 1 7 1 3 2 1

$80 & Over

Total 1 1 1 1 9 5 13 8 25 16 19 12 38 24 14 9 38 24 158 100

Ave. Walking

Distance 900 1350 234.16 722.69 813.54 742.10 567.55 645.00 444,86

Cumulative
Percent

45
79
95
99
100



CHAPTER 4

SMENT OF PERCEPTIONS OF
'ESOCOMMUTERS

DIRECT UTTLITY a88
WINMIP

4.1 Introcduction

The aim of this chapter is to select the Direct Ubtility

smerct (DUAY  experimental wvariables to be included in the

carpeoling and mass transit experiments and to define the form
i which experimental and explanatory variables, 1i.e.,
socioeconomic variables, will be introduced into the models, see
appendix D for a brief description of Direct Utility Assessement
(DUAY method.

Combinations of experimental variables are included in DUa

of developing these des

experimental designs. The Dprocess

explained and thelr final foroulation iz determined. The

zons contriboted in the selection of specific levels Tor the

b

explanatory variables are elucidated according to the
transportation conditions of Winnipeg.
Bimary DUS models are developed in theorebtical terms  ancd

are applied to the survey rvesponses of Winnipeg commaters in

the extent to which parking policies would

orcler Lo
affect a diversion of solo drivers to common carvier modes, P

validation procedure established the robustne

ol ]

of thoese

comparing previous relative Findings of Northamersican or British
i




Fimally, pivol polnt analysis is performed Lo reveal

I policy

implications resulted from the mamipulation of the selected

casal DUS Tactors.

4.2 Selection of sxperimental and explanatory variables,

In this chapter, binary DUSA models examine individual

choice between the egre segmnents of elther auto- and bus-trips

or  auto- and carpool-trips and treat parking as  the basic
commodity whose demand is dervived from the cholce of using
auntomobile as the transit mode.

The selection of experimental varilables was restricted by
the lack of information gathered later on with the help of &

cuestionnalre Survey., For example, parking costs pald by CBD

worker:s or walking distances From parking locations to workplace
destinations were unkrnown.
Im previous mocdal choilce studies, parking costs are  added

smption implies that

to the sutomobile running costs. This as
moctkal cholce iz independent of parking conditions and parking-
location decisions are unaffected by variations in parking
costhe. Howsver , changes in parking costs can effect parking

7a)  and Froun

relocation or modal switching, smes Gillen D,

G, (12713 . The latter effect is examined in the presenl ths:
The wvariables which are considered for inclusion in the DUA

models will be examined in thres categories: (1) transpori mode
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the trip-makey

(23 characteri

ancl trip characterist
ana {(3) environmental characteristios.

Payliin ]

1. Transport mode angd trip oharacteristi

conditions in the downtown area may affect the attractivene

commiting by the oar in several ways: (a) if parking space is
in short supply or restricted for commuters, time will be spent
looking Tfor & parking spot. This implies increased total btravel
tilme., Bt time spent searching for parking has  a higher

wquently, the disutility

clisutility tharn in vehicle time. Cor

more than proportionally

af  time gspent commuting will

arching time

toy the incre: of total travel time when s

irnocrea {l}y 1if mo parking spotbt can be found olose to

workplace, walking time will increase as well. Bubt walking Limes

has a greater disutility than in-vehicle time and () 1f parking

oy

1w nol free orF Inore: 4., the total commuting ocost

[

NI

autbomobile will be incre
Wallking time iz linked largely to the choice of travel

= o dect walking or waiting time when privatbe

morcle Ty i pmeles
versis  public mode choloe is considered, because walking or

walting time iz 1,03 to 4.5% times more onerous than irevehiilole

.....

time, = southworth F. (1981). Walking time or odistanoe

cepends on the available space for parking,

weather conditions, walking habits of parkers, age structure of

it

In relation to public trar

commuiters and parking o

Soomirn .,

walking time has a tolerance limit of approxima

76




the population cover

P.e., 1,000 Ftoto 3,000 ft, and affects
of bus routes, see Moey W, and F. Levinson (1977).

carpooling  factors affect two or more people reoularly
travelling to and from work by car. Carpooling is  the
combination of an economic phenomenorn and & complex

as ooan  arrangemernt

wocial /psvehological phenomenon,
which does not have well established social customs.

o, carpoolers face the same parking and

Basmad o car—use

walking factors which solo drivers do. Carpooling i

competltive mode to both auto driving and bus riding.  Commuter
could shift among these three modes depending on their

perceptions For sach mode. Carpoolers are sensitive Lto parking

hoooto trarnsit, 4T Migh parking

st angd could swito

incentive, see Miller G.and O, Everett (1¢

Ful when one or more of the

Carpooling programs are s
following factors exist: {a) areas with poor public transport,

(b)) great rnumber of worktrips during peak periods, (o)

ii

icdential are anc () cooperation

workplaces distant from re

among emplovers ang commuters about Tlexible work howurs.

transit service 1z apparently

Finally, the level of mass

arh din terms of attracting and converting auto users o

s riders, because solo drivers have higher transilt servioe
expectations than transit users, see Hoey W and F.o Levinson

ing

Tike low wait

(1977). Bus smervi having characteris

time, calling without delay, shelter at pick up, low Fares, btrip
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arrcl

without transfer, minimum total travel time eto., affects

Lrcreas the potential patronage.

Traditionally, transportation researchers have examined

ant or

cost, btime and freguency variables as the most signifi

cdepicting level of transit service. For example, free public
transport would be expected to attract 21 percent of the

exizting auto users angd short headwavs For bus service {(1.e.,

4.5 minutes are recuired by the average driver who

potential shift patron, see Daly &, & &, Zachary (1977) and
sak Gl s

Brown G, (1972), respectively. Nevertheless, some

claim that comfort and convenlence Factors are more lmoportant

than the previowsly mentioned variables, e.g., see Adlgers 8., 8.

Hansern anc G, Tegner (19
@2 Characteristiocs of the tripmaker. Income of  auto
drivers is selected as an explanatory variable because 1t may be

correlated with modal choice for two maln reasorss {a) The

incoms level probable Lo influaence the perception of the o

difference between moddes. Mamely ., the demarnc for the ocar-

cie owith v te the trip-co

services is probably les @l

for higher income groups than lower income groups. The higher

the commiter s income, the 1l a cost difference iz likely to

pravent him from using the favored mode, @ ming other factors

are identical. {l:) There is intuitively a pozitive correlation

between the level of income and the wvalue attached to travel

time @mavings. People maximize satisfactions under the
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constraints of thelr income and time budoget. For example, s

income increases Lt ix desirable to spend time traveling.

Further, income influences and has complex oross-effects on
mary of the worktrip variables, e g., aubto ownership, ocoupation
status, commubing time or cost ebo.  For instance, people with a
higher income often have a higher level of education and oore
prestigious social occupation.

The gender of traveler (sex) affects modal cholce for three
RO {a) either sex may not have the same perception of
some  convenisnoce or comfort charscteristics of the studied
mockes, () there 1s & tendency among women to have a lower
psvchological preference for auto driving than mern, and (o) in
paze of & working couple, the hushband has s priority Tor using
the car as head of household.

Aoge relates to mockal choice for the following reasorns:

perception of several comfort attributes of the competing modes
may vary with age, e.g., older peopple incline not Lo be
attracted by the automobile and (b)Y the subject variable may be
collinesr with other factors determining modal cholce, @.9.,
patally there is s certaln correlation betwsen income and age or
social  status and age. The introduction of age in & modal
choice model can be seither as & continuous variable or as &
clugmy  varlable. The former is Jjustifisble 1f only brosad age

are ralevant Tor explaining mode choloe.

by ackets

Social status or occupation status has rarely been used in
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the explanatory Tactors of & modal choice model. MNMevertheless,

it ds oa necessary explanatory variable for the creation of

carpooling arrangements. A social status variable expressed in
the Fform of & cdummy variable can stand proxy Tor social norms
which may be stronger in certain groups than in other, ©.g.,
white collar emploveess vs blue collar workers. OF course, there
im likely & certadn correlation between social groups and
incomes, e.9., high professions and high income brackets.
Finally, the level of auto ownership or the number of
avallable cars in the household affects sensibly the decision to
e or not bto be an adto driver for o any member of the household.
Income is highly correlated with the subjisct vau“iatﬂx@.

3. Envirvonmental characteristics. The perception of
tripmakers, as regards the corresponding attributes of  the
competing modes, depends mainly on thelr G0 C LOBCONOMnLc
characteristics, but it does depend on some physical
characteristics of the environment as well. Weather conditons

Carn increase or decre: the disubility of walking or travelling

time and affect the psvohological characteristics of tripmakers.
For example, walking is more onerous during winter time than
summer  time, especially, wherever the mentioned seasons present

sovere olimatological oontras .., snowy periocs vs o sunny

paeriods of the vear.
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4.5 DUS experimental Jdesion

Aiming in & noncomplex understandable experimental design,
the levels and number of variables included in the DUA
experiment were selected so that the least possible senarios
represent accurately the egress segment of a worktrip.

Bamed on the literatuwre research and personal Judgement,
the maocimum rumber of situations and variables investigated in
the DUA experiments was decided to be sixteen sand six,
rospechively . Only  two binary modcdels, d.e., automobile vs
carpool  and adtomobile vs bus, were pursued, because general
carpooling programs did not exist in Winnipeg whm1'w@
collection of data was taking place and, formally, there was no
competition between public transit and carpooling.

For the auto mode, parking cost, walking time and season of
the vear, l.e., winter wvs summer were the most obviouws variables
to investigate. In Winnipeg, weather conditions affect
travelling behavior because of the severe showy winters which
Force the individual to be exposed for the minimal possible time
pariod in the natural enviconment.

I the carpooling experimental plan, the carpool variables
are identical to the mentioned auto variables except that the
type of carpooling matches variable, 1.e., unkown or intimate

carpooling parteners, substitutes the seasonal variable.
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the o

Further, the public transit DUA experiment examin

travel Time andgd freguency of bus in acddition to the above autbo
varialles,

Usming a catalog of fractional Factorial desions, s Ko

G., T. adler, W. Hyman and B. asunet {(1982), several experimertal
plans were constructed so that a fubure selected plan could
easily Tit the reguirements of the survey. The utilized catalog
consisted of twoe parts, 1.e., an index and a set of master

the availlable

ar ol

ol ans, The index enumerates

i

the speci

mxperinental plans and the master plan

combination of variakbhles so that it is possible the orthogornald

imation of the main arngl the denoted interactions

among variakbl The selection procecdure Tor an experimerntsal

demign reguires decisions in relation to (a) the total number of

vayiables () the number of their leve and (o) the existence

or ot of two-factor interachbiorns. Th decisions allow the

identification of specific columns, which pertain to an

appropriate master plan and are needed to oreate the desired
experimental plan.
I the present case, there are =ix variables at two levels

per  experiment and thelr two factor interactions are presumed

ronexistent in the analys af certain main effects.

az=mumptions resulted in two experimental plans, soe

Vi

cgquestionnalres of appendix 0. One of  the experimental plans

considered sixteen situations and was rejected at the pretest
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shtage of the survey, becadse 1t was too lengthy ancd complex.

The obher experimental plan was consisted of eight senarios and

the levels of i1ts Factors are examined in detail below.

4.4 Levels of selected factors

Based on a statistical survey of parking costs

structures and lots of the downtown area of Winnipeg, the

average and mascimum parking cost was estimated $65 and ey
month, respectively. PBecause of this, the base level of parking
cost for avtomobiles was determined at the price of $65% per

month .  Also, the following reasons contributed in the selection

of  the altermative level for the parking cost variable, i.e.

L1110 per month. First, the DUA experimental desigon can predict
the effect of each factor within the range of levels of selected
variables and, seconcd, Margolin J. et al (1976) estimated that
&7 percent of solo drivers could switceh from =zolo driving if
parking costs increased by 320 per month. Attempting to capbure
the parking behavior of higlh income commuters the value of $20
per mornth was added to the maximum existed parking cost.

The average walking time of solo drivers ranges between 3
min. and 5 mir., see Hoey W. and M. Levinson (1977) or Horowitsz
AL and T, Sheth (1977). However, the base level of this
variable eoguates the wvalue of 7 min., assessing that oublic

transit could be competitive with auto mode at this level .
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Fuy ther, the second level of walking time was deliberately set
to the extreme value of 15 min. assuming that the eguivalent
wallking distance could be a deterrent to auto mode and could
convey solo drivers to ridesharing modes.

In contrast, the levels of carpool and bus factors intended

in

to esntice downtown commuters. The parking variable of
carpooling deals with rnominal costs, il.e.., 220 per month  or
free, provided that the average parking cost was at least thres
times the highest selected value. Wallking time of carpool mode

wias resolved to B omin. and negligible corresponding to a base

gt

anc incentive level, respectively. The latter wvalue was bae

on the Findings of Wood K. (1982 who estimated that a five
minutes reduction at the end of the worktrip is souivalent to
the 5O percent of the motoring “real” cost. Further, the
carpool factors included two types of carpooling matches, namsly
general public and dintimate acquaintances, ©.¢., coworker,
relghbor, eto.

The base and incentive levels of bus f&ctmfﬁ depict the
realistic and potentially improved cornditions of public transit
mervice in Winnipeg. Bus Tare was 30.75 one way and was reduced
to free, given that subsidized emplover programs couwld exist.

Smmuming bus stops within & min. walk from both home and

workplace, see experimental plan of bus factors in appenix B,
the bus  travel time is 27 min. and 17 min. slower than auto

travel time. These assumptions approximate existing andgd future
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sitble conditions of Winnipeg transit, respectively. Finally,

ing bus freqguency Tor all routes is estimated to

average 10 min. provided that this estimation accounts for
roesidential service routes.  The desirable level of freguency is

ernts the bus service of main routes cduring rush

Bomin. andd repres

hrours, e.9g., Pembina Highway route.

4.5 Development of forecasting models

I this mection, two binary models are developed to

inter pret the surve Y amponses  accorcding  to the exper imerital

vavriables and the socioeconomic characteristics of the

responcdent. Using computer analyvsis, multiple 1inear

regressions are performed on the data to capture the

arnel the indeperdent var lables

ralationship beltween respons

which influence the likelihood of carpooling or riding ma:
transit.
Based on the experimental plan, the general form of

carpooling model iss

4oad OO b abhEuDe

R = ¢ + al#PCh +
A7HSEX + aBAGE b a®EIS b alOWVN - alldl

1
P

where: R = the response on "1 pxperimental soal
oo oconstant

al,...all = coefficients

of auto driver

POA = parking cost
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WDA = walking time of auto driver

8Y = season of vear (1 = summer, O = winber)
PCC = parking cost of carpooler

WDE = walking time of carpooler

T = type of carpooling matches

SEX = sex of respondent (O = male, 1 = Temale)
AGE = age of respondent (continuous variable)

JE = job/ocoupation status (O = professional o

managerial, 1 = secreterial or clerical)

YN = mamber of wvehicles in household (O = one car, 1 =
WO OF MOFe Cars)
I = armual income

Similarly, the general form of public transit model is:
R o= ¢ 4+ bhLlEPC + bha2xdD + bh3%ESY 4+ bha4akBO -+ bhSERT 4+ hedBE +

o LOEYN 4 L1

4 bEERAGE Y

where: R = the response on "17-"5" experimental scale
o= constant
bl,...bll = coefficients
PCos parking cost of auto driver
WD = walking time of auto driver
BC o= bus fare (one way)
BT = bus travel time
B o= bus freguency

other = identical to those defined in the carpool model.

The data From the DUA survey were manually coded and stored
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for data processing and compuber-assisted analvsis. The

socioecononic dummy varlables were coded according to the values

given in the ocarpool model. Uming & mainframe
computer, a SPS8S statistical package (relesase 2.1 Tor 1IBM
YM/OMS) estimated numerous regression ecgualtions which appear in
the appendix F oand result from various combinations of
independent variables.

The caloculated eguations of appendix B represent wibility
eguations of a binary cholce and can be broken into two
pguations according o the va?iabl@ﬁ of each mode. For example,
RI = U{BL) - ALY or R2 o= U(0R) - uiazy,
where:R1L, R2 = utility sguabtions,

Uial)y, Uiaz2) = utility equations of auto mode,

U{RL) = ubility eguation of mass transit,

U2y = utility equation of carpools.
Variables of socloeconomic characteristics are assicned
intuitively to the appropriate mode. For instance, the number
of vehicles. in the household are related to auto mode rather
than mass transit aode. OF course, examining the caze of auto
ve carponl mode, this variable can be assigned to either mods.

The selected data were broken into carpooling and bus
experinental datsa. Fach of them was further divided into sets
which included or not responges with no variation, 1.e.,
respondent selects alwavs the same mode with the same weight.

Becausse of this, four groues of estimated eguations are examined
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examirning

in the continuation of this study. The

with wvariations rendered regression eguations with

FEERDONSe S

ol ts than eguations accounting for all

hetter statistical v

OFHse

kind of res

The experimental variables were combined with seversal
socioscononic variakbles in order to explain the influence of the
latter factors on modal cholce. Alternative combinations adimed
to ddentify the dominant sociosconomic attribute or the
paercentacge of zmignificance of each wvarilable and to determine a

lo interpretation for each of them.

realil
The followed procedure in selecting the most representative

ambimated egquatlons

by rejec

eouation{=) of mode choice

te

or  contracicted expe

Lical  test

catl s

which had low =

ammumptions. For examnple, several caloulated eguations acoount

ard income, namely the

for the tonshie of  parking oo
diwvisiornn of parking cost by the income PCST or PCAST which are

expressed as PCL or PCAL  in the respecltive models

resulhs were rejeclted because thelr statistical goodne:
@.0., Resguared criteriorn, was lower than the counterpart of

eouations dealing with Just the parking cost {(other factors

being the same) and the sign of theilr independent wvariable
freguently perverted Lo contradict reasonable expectations.
On statistical groundcs, someons ocould redect the grouos of

wWwith mo variation for both

aouations examining respons

carpooling and bus experiments, bul, in oy opinion, all four
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sets of caloulated eoguations give some insight in the behavior

aof commuters and the interpretation of all Findings is

wor thwhile. Some representative equations of each category

appear on tables 24, 25, 26 and 27 andd the appendix B includes
the total number of studied esguations.

Starting the interpretation of fFindings with the carpool

mode, someone notices that eguations dealing with one
soclioeconomic variable at a time have reasonable and

Thie

contradictory signs for the explanatory variabl
sadibrated models indicate expected pozsitive sighs For parking

cost and walking time of auto drivers, tvpe of carpooling matoh,

faad

sex and ocoupation status, and unexpected ones for walking time
of  carpoolers and season of  the vear. The former variables
having positive signs imply that, first, high parking cost or

tab lished for auto users switches solo

righ walking time e
drivers to carpooling, second, carpooling programs based on

intimate acoaintanceships entice car users and, third, females

incline Ltowards

erial emplove

anc clerical or secre
carpooling. In contrast, the latter variables sigrnify that

negligihkle walking time and summer periods turn away  solo

o a theoretical

cdriivers from carpooling, which is unreas
o o . However , these unexpected positive siligns can be
attributed ta the orthogonality of the experimental plan.

O the other handgd, wvariabl hraving negatid

parking cost of carpoolers, age, number of
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hrousehold and incoms . Thus, free parking for carpoolers

watabli

shies carpooling more atltractive than auto deiving angd the

socioeconomnic variables sugogest that commuters in early
of life tend to favor carpooling, high dncome people refuse
ricdesharing moce angd the factor of only one vehicle in the

Fousehold contributes in commuter s willingne o carpool .

I the review of bus factors, auto or socloecornomic

variables having identical igns are not

aforementined =

reexamined accepting bus mode as a substitute of carpooling moce

it the above interpretations. Orly the seasonal variable has

factors, The

cifferent sign, 1.e., negabtive =ign, in the auto
expectecd interpretation is that summer periods Favor the public

that

Trarsit. The negative sions of all bus factors s

Fvice can attract commabers. Fros o

better public tramsit s

subsidized fares, good total travel time and Freguent

trarnsit. Further, the only

cotldd switoh auto drivers Lo mass

tive

sociloeconomic variable exhibiting unexpected posi

the number of vehicles i the household. I the database
acoounts For responses with wvariation, the variable is

low and the Fit of the

insiognificant because its t-te

zumec model i poor, i.e., Resguared eguals to 0.04. Thie

developed model which Fits the database of all

including respons with rno variation, has the same variable

with & positive sign and one could interpret this Finding saving

that people with two or more cars are switchable to bus ricers!
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OF course, an unexpected sign can be attributed to the

orthogonality of the experimental plan, but a check of the s
does not suggest this explanstion.

o oriteria of

arr the indications of

)

ressonableness, the extent of multicollinearity or corrvelation
amorng variables will be investigated and the model(s) exhibiting

the best predicbing ability will be pilcked up. Before pursuing

the mentioned goal, a remark related to the sets of database are

LAY L The sample of auto drivers answering the bus

e e

guestionnaire was b fasmead towards high income commuabers,

Probably, this is the reason that contributed to a high

with no variation.

precentage (iL.e., 56 percent) of responses

@4 anc SOMEDTTE

Reviewing the eguations of tab!
notices a high corvelation between income (I3 and ocouwpation
status (IS or the number of vehicles in the household (YD)

Wi th

variables for both carpooling databs i.e., eI I8 B AR

However, ocoupation

var tatiorn and all possible vespons

status  and number of vehicles variables do not present high

with

correlation bhetween themselves. I the s

representative of the three

var iation, income is the mos

atistical standardds

correlated variables exhibiting the best =

that eguation with Vh,

argl Anflusncing the other two, e.g..

t-test For lncome{l).

J8 & T as socioeconomic wvariables

sSHepe aln ol omes variables present even  more

T than  the alreacdy examined variables.
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Seanning the Resoguared results of all models, one notices that

war labhl es

fitted model. The other

provide the |

F-Ffit For the

variables idmprove minimally the goodnes
cdeveloped model . Further, one should explain that males

dominate the sample of all possible re i.e., database

incliuding respornses with or without variation, and because of

3

o whern 1t is combined with

i

this, the sex variable has a low t~t
the age variable.

With respect to carpooling exper imental variables, the

findings are consistent. Parking cost for auto drivers and type

“lcearnt

of matoches for carponlers are the ol
variables. I these variables, someone could add the wallking
time of auto drivers 1 a conventbion of literature for

experimental wvariables is valid, namely, variables showing b

tests

Fiigher than 0.3 are assumed significant, see Koouwr G., T.

Acdler, W. Hyman and B. adunet (1982). However ., these

experimental plans are overwhelmed by the parking cost of auto

~arpooling and public transit results demand the

O3
-
é—-’~
Q..'
T
133
—
3
=
FauY
o
—~

existence of a more balanced experiment. Unfortunately, the

Figh percentage of commueters parking free in the downbown ares

was not considered by the present DUS experiments because this
information was unknown at the time DUA experiments weres
deve loped.

Regarding bus factors, one ddentifies income as the most

significant variable among all sociosconomic wvariabls Irereaise
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the forecasting model accounting for income provides s R
souared of 0.42 {(aor 0.1% for the databazse including all
responses) which is closest to the best R-soguared (O“d@ ar 0,22,
respectively) of all possible models. For example, when all
sociosconomic variables are introduced into the model . There is
a hilgh correlation bebtwesn income and occupation status  or
rivmber of vehicles in the houseshold.  Further, income influences

Ik

the age angd sex variables as well. The latter variables pres
hiagh and low t-tests, 1 they are entered in a model by

thenselves and in combination with income, respectively.

Further, the ocoupation status ls the second
sociliosconomic variable rendering a model with good Resouared.

ERwN

The number of vehicles in the howusehold ariable guarante

forecasting ability because 10 is very guestionable whether or

not people owndng two or more cars Will be bus riders.  Seeking
an explanation for the emerged doubt, the sexual characteristics

of auto drivers were investigated. in the gathered sample,

&

there iz & high percentage of Temales with high income arngd good

occupational statbus. Orie  should expect that females are
switchabhle Tto bus riders, but a review of the pasrticulay

suggests That this iz not the cazxe for Winnipeg

dat abas

commulters. OF course, the attitude of females varies bhelween

the datalbs of responses with variation andgd the

2 In the latter database, there

containing all respons

Migher number of females accepting to switch their worktrip
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mocie .

The albove o] the se

sion justifie gocupation statis
variable as a better predicting variable than the sex variable.
Firmally, the age variable is not a strong indicator of possible

bus patronage because the age brackets of voung (lower than 25

vesrs old) and old people {(over 50 vears old) are

uncderrepresented in the collected guestionnaires. Firmally,

there is some correlation betwesn age and income. Whenever sge

i regre with the income variable, the age variable los

the strength of its t-test criterion.

Considering the experimental wvariabl of DUs  public
transit, parking cost of auto drivers outstearcls as the dominant

variable. Bus fare and freguency variables could be accepted as

zignificant ornes For sodels resulted from both databas TIr

addition, the seasonal variable is acceptable when the database

of all respons ism examined.

The above examination of socloeconomic variable revealed

that carpooling and public transit forecasting models should

include age and variables, and income variabls,

raspectively.

4.5 Validation of developed models

The calibrated models, i.e., carpooling and public transit

models, should be tested on different el es than the ornes used
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The model s ability

to Fit the models. This procedure evaluates
to predict behavior in varving situations.

In the present study, the Full wvalidation of developed

siple response rate did not

models was impossible because the s

provide a sufficlently large number of responses
validation database. Further, the usable response rate was poor
when responses with rno variation were excluded. o the other
hand, actual carpooling data have not existed for the
metropolitan area of Winnipeg and no previous study has examined
it

with respect to public trans

the behavior of commuaters

A1l1 the above reasons directed the validation procedure to

e a comparison between calibrated models and previous models

cdeveloped in Northamerican or British cities. The comparison of

there

Findings was done on a variable basis, below, beca
lack of studies examining the egress seogment of work-trips and

fo study has considered alike ubility eguations.

1. Parlking cost. Parking cost mignificant

vayiable for both carpooling andgd mass transit DUS experiments.

The finding of this study agrees well with the results of

Margolin J. et al (1978) who determined that 70 percent of

le disincentives

gnplovess park free in emplover lots and possil

ool ing.

to guaranteed parking would divert solo drivers to os

Miller 6. et al (19 showsd  that removing of free parking and

raizing parking rates {(by $£22 per month) effected some

sionificant shifts among commuters to high-ocoupancy mode]

99




Fimally Brown G. (1972) claimed that a 20.45 increase of parking
fee per day would trigger a 50 percent shift of auto drivers to
bus riders. Although low parking cost for carpoolers did not
emaerge as a significant variable in the carpooling experiment,
Bortsall P. (1980) concluded that the provision of free-reserved
parking spaces vielded a 40 percent increase of carpoolers
resulted From cityv-centre workers.

2. Walking time. orly the walking time variable of auto
gdrivers dndicated some statistical significance in the
carpooling experiment. apart Trom this, no other wallking tim@

variable significantly affects mode cholce and someone could say

that thesze results coincide with the opinion of Ganek J. et al

Y

(1%7a)  thalt egress time 1z not signd ficant for CBD  workers

time differenc amorg oifferent modes are

because the ol e

too small to significantly influence mode cholce decisions.  OfF

these results stating that "many

course, Lambe T. (194%) opposos
drivers are willing to walk an extra 2,500 feet twice per day to
lower their rental by $£15.00 per month.” Finally, Erogun G.
(1971 concluded that there was no definitive relationship
hetwesrn walking time and incoms or age. He established that the
mascdmum walking Jdistance for commuter is six blocks and the
individual s preference iz to park within one block From his or
ey destination. The latter is observable in the behavior of
Winnipeg’s commubers as well.

. Seazon of  the vear. This variable appeared not to
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aftect mode cholce. However ., Hoey W, el al {(1%77) found that
the majority of auto drivers, i.e., over B0 percent, would
consider bus service in bagd weather only i & shelter was

available. This Finding may  dustify  the existence of some

stismtical significance of the seaszonal variable in the  ma:
transilt experiment.

4. Tyvpe of carpooling. Commuters of Winnipeg CBD revealed
s strong preference for carpooling programs based on personal

acouaintances, e.g., coworkers, nelghbors, relatives, eto. The

carpoonling literature agrees and is consistent on this aspect.

Bors Poooet al (1991) determined that a major barrier Lo

carsharing is  the wnfamiliavity among potential parthers, soe
Bonsall P (1979 & 1980) as well. Further, Margolin J. et al

(1978) concluded that the personal/social of carpooling

SRS
programs  were  found to be the most important factor and, in

ztems, i.e., locator lists and

contrast, the most commorn matoh

computerized matoh systems, had the least appeal For carpoolers.

5. Bus cost. Fres public transport has not enticed the
attention of commuters and bus cost wvariable has showed minimal
wicnificance in the DUA experiment. This Finding concurs with

IND N He

the  Mor thamer ican attitude studied by Gensh D, (1%

antiated that "bus or carpool cost as & variable was the

sl

most significant of wvariab.

for stated intentions but in berms

of current actuasl behavior it is ignificant. In terms of

actual current behavior convenience was by Tar the most
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awl @exXperience 18 very

siognificant. Mever theless, the Briti

'

different. Goodwin P, (19 transpor

was prefered by the London Transport Fxecutive emplove whio

prasented a low car use, even thouah free unlimited parking was
available for them within five minutes walk. Further, Daly 4.
et al (1%77) corroborated the previous result and estimated that

("‘) t':j

the provision of free public transport would reduce by 22
paercent the car use among commuters who do not need thelr car at
worlk place and drive during the peak hour.

&, Bus travel time and freguencoy. The bus travel time
variakle had no effect on the cholce between automobile and s,
Someone could infer that Winnipeg’s auto drivers have high

remark concurs with the

transit service expectations. The las

result of Hoey W. et al (1%77) who caloulated that only about 40
parcent of the auto drivers would accept an extra ten minutes of
travel bime by public transit. On the other hand, bus Frequencoy
exhiibiting low statistical significance appesared Lo have little
intluence on the modal split of commuters.

7. Sex . This sociceconomic variable dominated the choice

of  auto drivers in relation to carpooling. Womerr  inclined
towards carpooling and the conclusion iz that, indeed, female
affice workers are more prone tharn men to share a vehicle for

Further, the present

the work-trip, =see Daniels P

mtudy  ddentified thalt women predominated among transit

commuiters. Hosy W. et al (1%77) estimated that womsn
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approximate to the 75 percent of local transit riders dn the

Uil ted Stat ang GBoodwin PL {1983 corroborated that the

British experience is similar.
. Age.  According to the literature, the carpooler may be
somewhat latter in his or her 1life ovole than is the solo

driver, e.g., see MHorowlitz &. et al {(1977) and Margolin J. et al

{1a7ay . Nevertheless, the Winmipeg DUs  experimental Finding

contracicts the above statement, i1.e., 1t is voung auto drivers
who revealed carpooling preferences. Iin respect with public

transit, Daly &, el at (1977) claimed that there was no evidence

~ted the mode choice of travellers with a

that age and sex af
car avallable. Indeed, age and sex variables were weak
socloeconomnic variables in the studied public transit eguatlons.

I OQooupation status and auto ownershiip (NMumber of
vehricles in the household). In Winnipeg case study, both
varlables do not exert a consistent influence on mode choice,
provided that other socioeconomic variables had stronger
statistical criteria. Further, they correlated to a great
axtent with the income variable. However , regarcing ocoupation

113 andd Bornsall PLoOOI9BR0) state that

status, both Daniel P

clerical/technical workers are more likely to sngage in

ional office

cavpooling than managerial and profe

Firmally, there is no ocornss sarchers

among transportation v
whether auto ownership has a positive or negative effect on

or carpooling programs., For example, Bly P. el

public transi
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al (157 and Kingham 1. identified negative influences

ot automobile on ridesharing modes. but Goodwin P.o (1F 1 ard

Dartiel P, (1981) claimed that car-owning households inores

thelir COMMONT Carriers.

10, I come. The wutility eguations vesulted from the

sted the income variable as a stron o

ragression analvs inclic

argd weak factor for the public transit and carpooling

exporiment, respectively. The former resullt agrees with the

of Miller G. et al (19 angd Fielding &G, el al (1976)

=t

where transit shares were strongly related to low income

householos., O the other hand, Ganek J. st oal (1976) stated
that income did not influence mode cholce among auto, carpool

ancl bus worke-trips. This finding coincides with the result of

the carpooling experiment.

4.7 Pivol Point analysi

o the developed DUA models, pivot point analvsis,

i.e., a methood of oguick policy analvsis, can be performed to

conclude policoy related to the examined DUs Factors,

.., parking cost, tvpe of carpooling matches, bus Fare, ebo.
The pivot point approsch ix derived from the incrementsal
form of logit model. Givern the existing mode shares and the

changes of service levels resulted from political actions, the

suhdect approach can predict the revised mode shares of driving
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along, carpooling and other modes.
, - . . o
The revised share (PL) for mode i1 iz determined as follows:

;| ?L_QAULL

= Pet
J

where PL = pagse share of mode 1 {(which changes due to a change

i one or more variables)

ooz the by share for moce |

Z&LU = the change in the utility function Tor mode .

e = base of natural logsyithms

Joo= an alternative among the set of availlable modes.

souming  base moclal commiters ta be

shares of Winnips

of the guestionnaire survey,

represen ted by the re

table 5, the pivol point formula was used to evaluate changes

some of the experimental variabhles,

More specifically., parking cost increas

s oof $10 andgd 220
par month (given the base level of 245 per month) would convert
7 oand 12 percent of auto drivers o carpoolers, respectively.
L]

Arr extra Five minute walk for auto drivers would affect only 2

parcent of them to choose carpooling as workbrip mods, Pigdalic

carpoeoling programs would deter a 15 percent of exi:
carpoolers to commuts with theilr ourrent travel mode 1 they

Fraave to Join unfamiliar partners. Finally, free public

transportation and parking cost disincentives of $10 and 220 psre
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month For auto users would switch to bus 3, 9 and 18 percent of

them, respechively.
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CONCLUSTONS

While the recent empirical evidence is plecemeal regarding

seoment of

the utility of transportation factors in the egress
worktrips, the present study examined in a svstematic way how
different factors of the Jjouwney to work, e.¢.., parking cost or
walking time, affect the wutility of the egress segment of

worktrips and revealed bto what extent transport policiles, 1.e.,

GBD

parking policies, may affect the mode choilce of Winmipec
commters.,

More specifically, parking and walking commoditiss have

rarely been considered complementary to auto trips. Bamed on
the direct ublility assessment (DUA) method, the studyv’s goal was
to investigate the role of these commodities, i.e., parking and
walking, on the modal cholice of auto drivers.

The subject study reinforced the notion that DUA method weas
a competent and efficient procedure in dealing with the utility

o disatility of worktrip Tactors provided that there was a lack

of related dats. Further, the validation of developed modsls
determined that the findings of this research agreed gquite well
with the results of other studies related to Northamerican
clities which were examined with similsr methods, i.e., logit

analvsis.

I Winnipesg, survey results indicated that the highe




percernts i.e., 45 percent, of auto drivers parks fres for

more than seven hours o lots in the downtown avesa. The 59

tharn & block from their parking lot

percent of them walks

o workplace and the usage of their car is very seldom during
the worlk day. Further, solo drivers avold to ride a bus,

percent of them never uses bus for the worktrip, and

actually
their socioeconomic characteristics are domimated by

2

ional/managerial males who have income above $30,000 pey

profe

vear and age betweern 25 and 44 vears.
Arialy zing  the experimental plan of  a conduoted survey,

ia.e.,  the DU experimental responses of Winmipeg’s commubters,

wument  moce were developed betweer

inmary direct wtility =a

atomobile and carpooling or public tramsit modes.  Based on the

ceveloped models, pivol point analvsis was performed on parking

fare and type of carpooling matohe

. owalking time,

Part of the result suggests that, First, & £220.00 raise of

parking Fees per month would switch 12 or 18 percent of auto

pectively, and,

drivers to carpooling or public transit, v

second, an extra Five minute wallk Tor suibo drivers would vield a

2 percent incresse Car i Lin g commiaters,

Finally, are

arch are: First, the

of further re

relocation decisions of parkers within the downtown area, when

realize or parking lots are converted to

parking cost incres

epabhility of the locations of

o, the servic

hatlher use,

parking structures assuming that parking lots are eliminated
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from the downtown market, and, thivd, the effect of parking
capacity, i.e., restraining of parking spaces, on the behavior

of commuters.
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APPENDIX B

PROFPQSED ZONING BY-LAWS OF LOADING AMD PARKING AREAS




500

500(1)

500

e

{

2)

Parking and Loading

Every parcel of land used or occupied hereafter for a parking
or loading facility shall be developed 1n compliance with the
following regulations:

a) such facility shall be paved with asphalt or concreste;

b) such facility shall be provided with a system of drainage
adequate to ensure that rainwater will not flow onto
abutting lands or public sidewalks in a quantity or manner
inconvenience to the users thereaof;

c) such facility shall be scresned from every adjacent public
street or residential use by a lightproof fence 0.73 metres
[2.5 fest] in height located at the interior limit of
required or voluntary yvards, provided that such f=snce shall
not be installed within 1 metre [3 fest] of the inter-
section of any driveway or alsle within said facility with
any public right-of-way.

In addition, every parcel of land, building or structure used
or cccupied hereafter for a parking or leoading facility shall

1

be developed in compliance with the following regulations:

a) every alsle within such facility shall be not less than 6
metras [20 feet] in width;

b) every driveway within such facility shall be not less than
3.6 metraes [12 feet] in width;

c) every parking space shall be not less than 2.4 metres
[8 feet] in width, not less than 6 metres [20 feet] in
length, and not less than 2.13 metres [7 feet] in height;

d) every parking space shall be provided with either:

1) a wheel stop located 0.75 metres [2.5 feet] from the
front limit of such space; or -

ii) a bumper-guard fence at the front limit of each such
space, which fence may be incorporated into the lightproef
fence reguired under section 5G0(1l)(c);

e) every service or courier loading space shall be not less
than 2.4 metres [8 feet] in width, not less than & metres
[20 feet] in length, and not less than 2.13 metres [7 feet]
in height;
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500(2)

500(3)

500(4)

£) every delivery loading space shall be not less than 3.6
metres [12 feet] in width, not less than 6 metres [2Q
feet] in length, and not less than 4.26 metres [1l4 feet]
in height;

g) every tractor-trailer loading space shall be not less than
3.6 metres [12 feet] in width, not less than 18 metres
[539 feet] in length, and not less than 4.26 metreas
[14 feet] in height.

Where floor area must be calculated to determine the required
number of parking or loading spaces, the calculation shall be
based on the gross floor area of each building or structurs
but the calculation shall not include any area used for
parking or locading spaces, aisles or driveways within a
building or structure, and mechanical egquipment or svstems
such as elevators, heating or cocling systems or similar
facilities.

Whers parking spaces ars regquired for both residentizl uses
and .for offices on the same lot, and it is considered
desirable to provide regquired accessory parking with a
collective parking facility, such facility shall be
established and maintained as follows:

a) the number of parking spaces provided in such collective
facility shall be not less than the larger regquirement for
" either residential uses or officss searved by such facility;

b) no parking space within such collective facilitv shall be
assigned to any individual person or use served by such
facility except the residential component of such use.
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510 "pP/L 1" Parking/Loading Range Cne

510(1) In any district within which the "P/L 1" designation shall
apply the following uses shall be provided with accessory
parking as follows:

a) dwelling units:
not less than one space for each two units;

b) apartment hotels:
not less than one space for each two suites or other rental
units;

¢) boarding, rooming or lodging houses:
not less than one space for each two bedrooms;

d) neighbourhocd care homes and neighbourhood rehabilitation
homes:
not less than one space for each two bedrooms;

e) Thotels:
not less than one space for each four guest rooms or
suites;

£) offices, alone or in combination: 5 -
not less than one space for each 200 m“ [2,150 £t“] of
Eloor area coccupied by such uses.

310(2) In any district within which the "P/L 1" designation shall
aprly the following uses shall be provided with accessory
loading as follows:

a) dwelling units:

not less than one service loading space for each 100 units or
fraction therscof above 50 units;

not less than one delivery loading space for each 100 units or
fraction thereof above 50 units; .

b) apartment hotels:

not less than cne service leoading space for each 100 suites or
other rental units or fraction thereaf above 50 suites;

not less than one delivery loading space for each 100 suites
or other rental units or fraction thereof above 50 suites;

c) hotels:

not less than one service loading space for each 100 guest
rooms or suites or fraction thereof above 50 guest rooms:;

not less than one delivery loading spacs for each 100 guest
rooms or sultes or fraction thereof above 50 guest rooms;
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1 510(2)

511

311(1)

w

’.._l
}_l

d) offices, alone or in combination:

not less than two courier loading spaces for each 4,00 m2 -
[43,000 £t“] or fraction thereof above 2,000 m“ {21,500 £t“]
of floor area occupied by such uses;

not less than one delivery loading space faor each 4,000 m“,
(43,000 ft°] or fraction thereof above 2,000 m® [21,500 ft°]
of floor area occupied by such uses;

not less than one txactor-trailer loading space for each
8,000 m* [86,000 £ft“] of floor area occupied by such uses;

e} restaurants and cabarets:

-~

not less than one service locading space for ﬁach 1,000 m
(10,750 £t£°] or fraction thereof above 500 m“ [5,375 ft*
floor area occupied by such uses:

L
1 of

2ach l,OOO.m2
(5,375 Ft*] of

not less than one delivery loading space for
[10,750 £ft“] or fraction thereof above 500 m
floor area occupied by such uses;

2

£) retail businesses, alone or in combination:

not less taan two service loading spaces for each 4,000 m2

[43,000 ££°] of floor area occupied by such uses;

not less than one delivery loading space for each 1,000 m“
[10,750 £t“] of floor area occupled by such uses;

not lesi than one tractor-trailer loading space for each
4,000 m“ [43,000 ft“] of floor area occupied by such uses.

"P/L 2" Parking/Leoading Range Two

No iland, building or structure shall be provided with access-
ory parking in any district within which the "P/L 2" desig-
nation shall apply, except as approved as a conditional use.

No land, building or structure shall be provided with access-

ary loading in any district within which the "P/L 2" desig-
nation shall apply, except as approved as a conditional use.
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APPENDIX C

SURVEY QUESTIONNATRES




A.—
k— THE UNIVERSITY OF MANITOBA  Winnipeg, Manitoba, Canada R3T2N2  FACULTY OF ARCHITECTURE

Deparrment of City Planning
120 Bison Building

(204) 474-8761

July 24, 1984

Dear Commuter:

This short questionnaire is designed to test commuters’ preference
of the transportation mode they use to go to work, given a number
of probable situations.

This research is being carried out under the auspices of the graduate
programme in City Planning at the University of Manitoba.

Please_answer the questions attached to this Tetter, take a few
minuteés and indicate how you would respond to the situations presented
herein. Be assured that your responses will be kept completely con-
fidential.

Thank you for your time and cooperation.

Sincerely o

e

pas1l M. Rotoff, P.Eng., MCIP
Associate Professor,

John Ziotas, Dip.Arch.

Research Assistant

BMR/ad
Enclosure
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PLEASE ANSWER THE FOLLOWING QUESTIONS (please check only one square M to each question
unless otherwise requested):

1. Do you have a driver's license? [ |Yes [_]No.
2. Do you have a car available that you could take to downtown on a regular basis? D Yes ,’:I No.

3. How do you usually get to work? [ ]Drive alone.

{1Bus.

DCarpoo] (please specify number of people)
[l Bicycle.

[ Motercycle.

7] watk.

[ Taxi.

[l other (please specify)

4. How does the door-to-door work-journey time by bus compare tc that by car?

{T1Bus more than 15min. faster (specify) . E Bus 1 - Smin. slower.

[JBus 11 - 15min. faster. [} 8us 6 - 10min. slower.

[8us 6 - 10min. faster. [T Bus 11 - 15min. slower.

[(JBus 1 - Smin. faster. [ Bus more than 15min. slower (specify)
[] Bus same. (] Do not know.

5. If you are driving a car to work please answer questions (5.a.) through (5.g.).
5.a. What do you now pay for parking? (check one only in the appropriate section).
Monthly O0R Daily

] Free ] Free

(] Less than $50.00 "] Less than $3.00

(] 550.01 - $60.00 (] $3.00 - $3.50

] $60.01 - $70.00 [ $3.51 - $4.00

[} $70.01 - $80.00 []54.01 - 54.50

[ More than $80.00 [] More than $4.50

5.b. How often was it absolutely necessary to use your car during the work-day last
week? [ ] Never. || Very seldom. [_] Frequently. [_]Other (specify)

- S.c. Do you normally park your car for more than seven hours in downtown Winnipeg?
[IYes [ Na.
5.d. Did you ever travel by bus instead of car last month?
) Never. [ ]Occasionally. [} Very often. |_] Other (specify)
5.e. How far is the parking place you use from where you work?
Blocks OR Feet.
5.f. Where do you usually park? D In a structure.
JIn a lot.
[C]0n street (parking meter).
[CJon street (restricted areas, i.e. 2 hours).
[JOn street all day unrestricted.
5.g. If parking rates in downtown Winnipeg increase substantially at what parking rate
would you consider switching to transit?
7] Less than $65.00 per month [7]% 96.00 - $120.00 per month
] s65.00 - $80.00 per month [] $121.00 - $135.00 per month
[:] $81.00 - $95.00 per month D More than $135.00 per month
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UNDER WHAT SITUATIONS WOULD YOU DRIVE ALONE OR SHARE A RIDE (CAR POOL) TO WORK?

. -Consider that you are going to work and that driving alone or sharing a
ride in a car pool are your only choices. .
‘Below are a number of factors describing eight different situations
where you are faced with choosing whether to drive alone or share a ride
to work.

+Look at each situation accross the entire line and please answer in the
last column to the right how likely you are to drive alone or share a
ride to work.(please circle only one number in each situation).

PLEASE ANSWER IN THIS COLUMN

HOW LIKELY ARE YOU
AUTO FACTORS CARPOOL FACTORS TO DRIVE ALONE OR SHARE A RIDE?

Parking Cost Walking Time | Season| Cost To Park | Walking Carpool Matching A]ways Prqbab]y . In- Probably |ATways

To Drive Alone From Carwlgk Auto At Work Time (Type of Ride) 2?;;2 2;;:: different 2h;:§e 2hggge
:uation 1 $65.00/month min. Winter | $20.00/month | Neqligible | General Public 1 2 3 4 5
:uation 2! $65.00/month 7min. Winter Free Smin. Coworker&Neighbor | 1 2 3 4 5
:uation 3 $65.00/month 15min. Summer | $20.00/month | Negligible | Coworker&Neighbor | 1 2 3 4 5
:uation 4| $65.00/month 15min. Summer Free Smin. General Public 1 2 3 4 5
:uation 54 $110.00/month Jmin. Summer | $20.00/month Smin. Coworker&Neighbor | 1 2 3 4 5
:uation 6 $110.00/month min. Summer Free Negligible | General Public 1 2 3 4 5
:uation 7| $110.00/month 15min. Winter | $20.00/month Smin. General Public 1 2 3 4 5
:uation 8| $110.00/month 15min. Winter Free Negligible | Coworker&Neighbor| 1 2 3 4 5

6. In order to correlate results, your filling in of the following personal data would
be appreciated.

6.a. [JMale. [[] Female.

6.b. Year of Birth 19

6.c. Occupation? [:]Manageria1 Work. [] Clerical Work.
[Jeroffesional Work. [] Sales Work.
[[] Secretarial Work. [ ] Other Work (specify)

6.d. How many cars in household? [ ]None [ JOne [ Two [_]Three or more.

© 6.e. Do you have any children at school? [] Yes [:]No.
6.f. Your annual income is: [ ] Less than $5,000 (] s20,000 - $24,999
{15,000 - % 9,999 [ 525,000 - $29,999
{7 s10,000 - $14,999 {7] $30,000 - $34,399
] $15,000 - 319,999 {]$35,000 - $35,999

(] More than $40,000

THANK YOU FOR YOUR COOPERATION




UNDER WHAT STTUATIONS WOULD YOU DRIVE ALONE OR TAKE THE BUS TO WORK?

- Consider that you are going to work and that driving alone or
taking the bus are your only choices. Assume there is a bus
stop within three blocks (6min. walk) of both your home and
place of waork.

» Below are a number of factors describing eight different situa-
tions where you are faced with choosing whether to drive alone
or ride the bus to work.

- Look at each situation accross the entire line and please answer
in the Tast column to the right how likely you are to drive alone
or <take the bus to work.{please circle onlvy one number in each

situation). PLEASE ANSWER IN THIS COLUMN
. HOW LIKELY ARE YOU TO DRIVE AN
AUTO FACTORS BUS FACTORS AUTOMOBILE OR TAKE THE BUS?
Parking Cost Walking Time{Season| Bus Total Bus How often BusjAlways| Probably In- Probably {Always

To Drive Alacne From Carwz;gk Fare* mzr\rlx:sziEgrk) gzzﬁngt::;ng Auto Auto ditferent Bus Bus
Situation 1| $65.00/month Tmin. Wintert $0.75 | Smin.{slower)| every Smin. 1 2 | 3 4 5
Situation 2 | $65.00/month Jmin. Winterl fFree |15min.(slower)! every 10min. 1 2 3 4 5
Situation 3 | $65.00/month | 15min. Summer! $0.75 | Smin.(slower)| every 10min. 1 2 3 4 5
Situation 4 | $65.00/month | 1Smin. Summer! Free |15min.(slower)| every Smin. 1 2 | 3 4 5
Situation 5 | $110.00/month Imin. Summert $0.75 |1Emin.(slower)| every Smin. 1 2 3 4 5
Situation 6 | $110.00/month 7min. Summer{ Free Smin. (slower)| every l0min. 1 2 3 4 5
Situation 7 | $110.00/month | 15 min Winter! $0.75 {15min.{slower)| evervy 10min. 1 2 3 4 5
Situation 8 | $110.00/month | 15min. Winter! Free Smin. (slower)! every Smin. 1 2 3 4 5

*Bus fare (One Way)

6. In order to correlate results, your filling in of the following personal data would
be appreciated.

6.a. [[[Mate. [] Female.
6.b. Year of Birth 19
6.c. Occupation? [_]Managerial Work. [ ] Clerical Work.
(I Proffasional Work. [] Sales Work.
[ Secretarial work. | Other Work (specify)
6.d. How many cars in household? [INome [Jone [T Two [ Three or more.

6.e. Do you have any children at schooi? (] Yes []No.

6.f. Your annual income is: [ Less than $5,000 (] 520,000 - $24,999
¢ 5,000 - § 9,999 (J 25,000 - $29,999
(1 s10,000 - $14,999 (] $30,000 - $34,999
(J s15,000 - $19,999 (] $35,000 - $35,999

[CJmMare than $40,000

THANK YOU FOR YOUR COOPERATION




UNDER WHAT SITUATIONS WOULD YOU DRIVE ALONE OR SHARE A RIDE (CAR POOL) TO WORK?

-Consider that you are going to work and that driving alone or sharing a
ride in a car pool are your only choices.

-Below are a number of factors describing sixteen different situations
where you are faced with choosing whether to drive alane or share a ride
to work.,

-Look at each situation accross the entire line and please answer in the
last column to the right how likely you are to drive alone or share a
ride to work.(please circle only ane number in each situation).

PLEASE ANSWER IN THIS COLUMN

HOW LIKELY ARE YQU
AUTO FACTORS CARPOOL FACTORS TO DRIVE ALONE OR SHARE A RIDE?
Parking Cost |Walking Time{Season|Cost To Park [Walking Carpool Matching |Always|Probably In- Probablyj Always
To Urive Alone From Carwzgk Auto At Work Time (Type of Ride) Eygx: 2?;;2 different ihagge ghggge
stuation 1] $65.00/month Jnin. Suinner Free Negliaible | CoworkerdNeighbori 1 2 3 4 5
ituation 2| $65.00/month Jmin. Summer 1$20.00/month Smin. General Public 1 2 3 4 5
ituarion 3| $65.00/month min. Winter Free Smin. General Public 1 2 3 4 5
‘tuation 41 $65.00/month  7min. Winter {$20.00/month iNegliaible | CoworkeraNeighbor 1 2 3 4 5
ituation 5§ $65.00/month | 15min. Summer Free Negligiple ! General Public i 2 3 4 5
ituation 6| 3$65.00/month i 15min. Smmnerl$20.00/month Smin. Coworker&Neighbor! 1 2 3 4 5
ituation 7| $65.00/month | 1Emin. Winter Free Smin. Coworker&Neighbor{ 1 2 3 4 5
ituation 8| $65.00/month | 1S5min. Winter |$20.00/month iNegligible | General Public 1 2 3 4 5
ituation 9(%$110.00/month Tmin. Summer Free Smin. Cowarker&Neighbor! 1 2 3 4 5
ituation 101$110.00/month Jmin. Summer 1$20.00/month INegligible | General Public 1 2 3 4 5
ituation 11/3110.00/month min. Winter Free Negligible i General Public 1 2 3 4 5
ituation 12]%110.00/month min. Winter [$20.00/month Smin. Coworkeré&Neighbori 1 2 3 4 5
ituation 1313110.00/month | 15min. Summer Free Smin. General Public 1 2 3 4 5
ituation 1413110.00/month | 15min. Summer [$20.00/month [Neqligible | Coworker&Neighbori 1 2 3 4 5
ituation 1515110.00/month { 15min. Winter Free Nealigible{ Coworker&Neighbor! 1 2 3 4 5
ituation 16{3110.00/month { 15min. - IWinter|$20.00/month Smin. General Public 1 2 3 4 5

6. In order to correlate results, your filling in of the following personal data would
be appreciated.

6.a. [ |Mate. [ Female.

6.b. Year of Birth -

6.c. Occupation? [:] Managerial Work. [] Clerical Work.
[(]Proffesional Work. [ ] Sales Wark.
[ Secretarial Work. |_] Other Work (specify)

6.d. How many cars in household? [_]None [ JOne [[JTwo []Three or more.

6.e. Do you have any children at school? {JYes [Ne.

6.f. Your annual income is: [ ] Less than $5,000 [1%20,000 - $22,999
% 5,000 -5 9,999 [} s25,000 - $29,999
] s10,000 - 314,999 {1 %30,000 - $34,999
(] 515,000 - $19,999 {7 $35,000 - $35.999

{JMore than $40,000

THANK YOU FOR YOUR COOPERATION




UNDER WHAT SITUATIONS WOULD YOU DRIVE ALONE OR TAKE THE BUS TO WORK?

- Consider that you are going to work and that driving alone or
taking the bus are your only choices. Assume there is a bus

stop within three blocks {6min. walk) of both your home and

place of work.

» Below are a number of factors describing sixteen different situa-

tions where you are faced with choosing whether to drive alone
or ride the bus to work.

» Look at each situation accross the entire line and please answer
in the last column to the right how likely you are to drive alone
or take the bus to work (please circle only one number in each

situation). PLEASE ANSWER IN THIS COLUMN
HOW LIKELY ARE YOU TO DRIVE AN
AUTO FACTORS BUS FACTORS AUTOMOBILE OR TAKE THE BUS?

Parking Cost |Walking Time| Season{ Bus Total Bus How often BusiAlways|Probably In- Probably[Always

To Drive Alone|"rom Carwgik Fare* Z;gégltgiwirk) gﬁg:ngzigng Auto |Aute different|p, ¢ Bus
Situation 1l $65.00/month 7min. Summer]_$0.75! 15min.(slower)| every 10min. 1 2 3 4 5
Situation 2 SGS.OO/mohth 7min. Summer| Free Smin. (slower) every Smin. 1 2 3 4 5
Situation 3  $65.00/month Jmin. Winter{ 30.75| b5min.(slower)| every Smin. 1 2 3 4 5
Situation 4| $65.00/month min. Winter| Free | 15min.(slower)| every 10min. 1 2 3 4 5
Situation 5  $65.00/month 15min. Summer| $0.75| 15min.{slower)| every Gmin. 1 2 3 4 5
Situation 6] $65.00/month 15min. Summer|{ Free Smin.(slower)l every 10min. 1 2 3 4 5
Situation 7| $65.00/month 15min. Winter| $0.75| 5min.(slower)| every 10min. 1 2 3 4 5
Situation 8 $65.00/month 15min. Winter] Free | 15min.(slower)| every Smin. 1 2 3 4 5
Situation 9i $110.00/month Tmin. Summer| $0.75] Smin.(slower)| every 10min. 1 2 3 4 5
Situation 10| $110.00/month min. Summer|{ Free | 15min.(slower){ every Smin. 1 2 3 4 5
Situation 11| $110.00/month min. Winter! $0.75! 15min.{slower)| every 5min. 1 2 3 4 5
Situation 121 $110.00/month min. Winter| Free Smin.(slower)| every 10min. 1 2 3 4 5
Situation 13! $110.00/month 15min. Summer| $0.75| Smin.(slower)| every 5Smin. i 2 3 4 5
Situation 14 $110.00/month 15min. Summer| Free | 15min.(slower)| every 10min. 1 2 3 4 5
Situation 15| $110.00/month 15min. Winter| $0.75| 15min.(slower)| every 10min. 1 2 3 4 5
Situation 16| $110.00/month 15min. winter| Free Smin. {slower)| every Smin. 1 2 3 4 5

*Bus Fare (One Way)

6. In order to correlate results, your filling in of the following personal data would
be appreciated.
6.a. [ Male. [] Female.
6.b. Year of Birth .
6.c. Occupation? [_] Managerial Work. ] Clerical Work.
(] Proffesional Work. [] Sales Wark.
[] Secretarial Work. [] Other Work (specify)
6.d. How many cars in household? [ ]| None [ JOne [ ]Two []Three or more.

6.e. Do you have any children at school? [] Yes [:]No.

6.f. Your annual income is: [ ] Less than $5,000 [1$20,000 - $24,999
7]% 5,000 -$ 9,999 ] $25,000 - $29,999
] s10,000 - 314,999 {1 $30,000 - $34,999
[] s15,000 - $19,999 (1335,000 - $35,999

[JMore than $40,000

THANK YOU FOR YOUR COOPERATION




|
INTER-OFFICE CORRESPONDENCE

August 10tn, 1984

Memorandum to Staff

We have agreed to pariticipate in a survey belng con-
ducted by the City Planning Department at the Univernsity of
Manitoba. The purpose of the survey is to Lidentify the
preferences of people who work in the downtown area for
various modes of transportation. The data will be used 4in
developing provosals 4orn addressing Zraffic and parnking
problems downtown.

We would appreciate L4 you would take a few minutes Lo
§i228 out the attached questionnaire and refurn Lt Zo
Diane Obinekh in the Personnel Division no Laten zthan Thursday,
August 16Zh.

Thank you for your parnticipation.

JGB/at 1 (Mrns.) J. G. Bulfoch
Genenal Dinectonrn, Personnel

AZL.

135




i * Government  Gouvernement . )
g of Tanada du Canada MEMORANDUM NOTE DE SERVICE

r— —-‘ SECURITY - CLASSIFICATION - DE SECURITE
R $ PRO STAFF
‘ QUR FILE/NOTRE REFERE.NCE

[ ] YOUR FILE/VOTRE REFERENCE
- W. D. Harper h—
;ZM Director

. . . DATE
. Prairie Region N August 10, 1984
BJECT
SUBJECT TRANSPORTATION SURVEY
Attached you will find a short questionnaire prepared by the University of

Manitoba designed to test commuters' preference for the transportation
mode they use to go to work.

While under no obligation, would you take a few moments and support this
research by completing the attached questionnaire? Completed forms can be
dropped off either in the box provided by the 4th floor elevators or through
Central Registry. Your attention by August 24, is appreciated.

Should you have any questions, do not hesitate to contact RoFeIine Ferre

at 949-4684. -

W. D. Ha%ﬁér 7

Attch.
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STATEMENTS OF AUTO DRIVERS

With present day care arvangements a car is essential.

at the University of Manitoba during

the week (parit Lime) I must have car to return to my office

ihle.

e S L W B N S

st ds location of ohild

st determining Factor at pre

it le to bus roul

care, not efficliently acc

Brm service is unsatisfactory in Charleswooo.

I have not baken & bus more than ten times in the last 14
vears.,  Having had to "bus-in” through highschool and

That bhus are dirty, noisy,

Uriversity, my recollection

overcrowded, late, when vou are in a rush, and too fast

whern yvou have gobt time to kKill., Bus drivers and passengers
are generally sweaty angd cdiscourteous.  Drunks and other

Driving alone is much

"artimals” make bus rides unpleasant
more anjovable. and besides that, bus drivers do not
provide change anvymore. I hope never have o take the buas

on & regular basis.
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3

&

I owoulad never switch to transit as being on oa bus

clozme to "hell on earth” during rush hours as vou can get.

kip the "death peralty” issue and make the punishment For

murcer, riding a bus Tour times & day in Winnipeg in July

anc August. Your arse welcome ...

frever ask o me to vide

on & o bus,
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APPENDIX D

DIRECT UTILITY ASSESSMENT (DUAY METHOD

1 Imtroduction

el on the

weent vears, bravel demanc b been foros

actual past behavior of people or the expressed intentions of
the individuals, i.e., behavioural intentions. The former is
the traditional approach and examines the observable behaviour
under changing Factors, e.g., income, auto ownership, travel
time, travel cost esto.. The latter has been recently smploved

weng Lol

by transportation plammers to explore how  incdivi el
react under  fubture clircumstances, namely, "what would vou do

13

if.o " tyvpe of guestions.

I this appendix, & behaviowr intention or nonecommitment

response  approach is evaluated whether and for what purposes is

effective. The Direct Utilibty As amernt (DL examined &

the chosen demand modeling techmigue which is applied to
gxtimate the effects on modal choice behavior of dJdifferent
variables related Lo parking factors, e.g.. walking time,
parking cost, sessonal variations eto. .

More specifically, the advantages and drawbacks of DUA are

wxamined From practical and theoretical Frav th

297, SEOMme

consicdered i

ralate to the theoretical wvalidibty of DUa,

DUA s 1imk with logit formulatiorn, the sxperimental desions of




DUA, d.e., available factorial plans, and the validation

procecure of developed models.

2 Methodology

There is afluent bibliography related o Direct ULility

vamessment (DUA) or functional measurement or conjoint analys

but this brief presentation of condoint amalvsis will elucidate
the role of DUs models in Forecasting and amalvzing travel

cdemarnia .

DA d=s a technioue for s SING CORSUMer  Fesporses

rimber of hvpothetical situations which are developed using an

pxperimental design. The intentiornal o the

PSR ROTS

s L O . Thie

experiment are analvzed with multiple linesr regre

behavioral intentions data establish DUA method being different
from other aggregate and disagoregate technigues because DUA
models can include variables which are nolb measurable or varving
in existing data sets, e.g., convenience or comfort factors, and
examine Future modes or other alternatives which will be
introduced in & transportation syvstem, e.g., oreation of &

carpooling program, and are difficult to be treated in

traditional demand mode.

Consumer preferences are obtained b i S VeYIing i

sl

represental ive group of people. stromurvey respondent

what he or she would do under & series of situations, which are
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developed acoording to an experimental design. The experimental
cdesian is structured =o that no correlatlion among the

1.e., every indepencent variable

incependent variables exists

of  the

i=m orthogonal (completely uncorrvelated) with the rest

Therefores, the seperate effects of causal variables

var dabl
influencing the respondent can alwavs be determined and inferred

to the situations.

from his or her responses
The experimental designs of  DUs include a response scale

whiich s assumed to have a cardinal (metric) interpretation.

33 1 Bt

For example, the difference in preference between "3 and "5 is

twice the difference between 3" and

4 Bamed on the

inclividual Lion s

ranking for each DUA senarico, a utility func

derived for the various attributes of sxamined variables.
The sernario format used in DUA iz very compact and allows

of  wmeveral

factors accomodated in a small

incleperncent analysi
amount of space.  Also this format handles gualitative variables
which are difficult to guantify and are vervy hard to interprate

From numerical data, e.g., subiective aspect of safety.

experiesnce has shown that DUs experimental surveys

which sxamine & large nunber of factors are unsucocesstoul  in

the o

hecadse

achieving a high usable re
completing the suwurvey declines with increazing number of

maz imum number  of  manageable

SEFTAPF L 0%, although the b

o

2ems Lo rarge

serarios for = lavman not determined, 1t

hetweern 10 and 30.
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SatisTactory DUs models are uwusually derived from sample

zes which include between 96 and 384 usable guestlionnalres.

Im general, a 50 percent "raw'” responss rate, which accounts For

consider ed

incomplete guestionnaires, to a maillout survey
vary good and wsually well-designed survevs are expected to have
at least 20 percent usable response rate, even 1F 46 percent

usable response rat are freguently Ffeasible.

A dntecral part of developing DUA models iz to have a

focus group which will oritigue the priliminary draft of DUa

the i s ang factors that public thinks

axperiment and reves

Ay

are important to dnfluence travel behavior., This iz
because the developer of & Torecasting model has personal biases

sant variables and cannot take

relating to the most of signifi
into account all veariables that have a strong influaence on
people’s choloes.

The mentioned evaluation of foous group reduces the
complicated problems related to biases, misunderstandings of
imprecise wording and omissions of important factors.  Further,

the complexity of DUs models can be reduced by considering

i.e., selecting a base cholce andg

pairwise or binary cholco

comparing this cholce with other cholcoces, and oreating

experimental plans which contain a moderate number of variables

angd mituations.,

The binary choice DUA mods are extensively us

i{') bocatze the e jae iernce

O to multiple choice DUA mods!
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suggests  that dndividuals can evaluate a limited number of

ang have a tendency to analvze pairwi

factors simul taneously
combinations in a hierachical principle which starts with
important factors and proceeds to Tactors of minimal importance.
O the other hand, the experimental plan of DUS model i

antially a statistical Tactorial design and usually belorngs

to a Family of fractional factorial designs. & fractiocanl

design can be either full or fractional. The former allows the

examination of all possible interactions among the variables and
recguires an unreasonable large number of combinations when there

at different level Thie

a mocerate number of  variabl

latter examines only & fraction of the combinations needed Tor
the full factorial ddesiogn and estimates or discards specific
points which are considered to be impmrtant or negligible,
respectively.

The selection of fractional factorial plans iz a matter of

prof ional Judgemernt. However , 1t is common practics For DUs

mocels to  assume  that three-way and higher interactions are

regligible. The two-way interactions are included or not on a

hasis, because depending on the number of included

interactions, model precision improves but the complexity of the

SUEVEY  LNore R A [ I
Thus, Tthe group of selected variables related to the

experinental design are compacted according to the following

Loy i b s (1) Factors affecting both compared choloes are
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D

included in one of them and are expre

bhetween cholces, (2) Current valuwes of examined variables must

e akle to be obtained from supplementary source so that the

Al varisbles which

validation of the model is possible, (3) (

are amenable to policy decisions or changsble by obther forc

sting.

mhould have priority and be included for future fore

& forecasting mmd&i estimated from DU experimental desion
can predict the effect of each factor within the range of
values, or levels, of selected variables. Predictions outside
the encompassed range are subliect to bhigher levels of
uncertalnty. Becauvse of this, the extreme values of the
variables must accomodate all the possible changes expected in
@xper iments,

the examined variables, In the case of suoc

all factors must affect proportionately the people’s choloe,

the respondent must consider andgd tracde-oft all the

o

tors have to be

examnined Factors. The lewve)

of dominating fea
mocified and balanced senarios must be lssued.
The DUSA model is bullt so that the variables of the

gxperimental cdesion explain the survey respons iz Fitted with

multinle lineasr regression and has a olearly defined error

ical te

theory which allows stati of model wvalidity. The

o model derived from the stated behavior

linear regre

P e RONTS provicdes an approximation to the wtility FTunctions of

actual behavior. & logit mocel

a logit model which as

secounts for market shares, determines the probability of
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choonsing a particular alternative among different congsidered

options and 1s expres lrw the ratio of wtilities, i.e., the
ratio of the selected alternative utility to the =um of
ubilities of every alternative under considerstion.

The wbility function reguired For DUS models is determined

sior

by the basic functional form of the multiple linear regres

anc can be estimated with any statistical package of re 2100

A F

analyvses. The constant of developed regreszion eguations is
vsually dnterpreted as the wtility of "bias”, which people have
i favor of one transportation mode, givern that the values of
comparec  attributes for two modes are egual and the examined
variables are defined in both alternatives. Obherwise, the
constant of DUS models has little interest.

Coefficlents of DUA's utility function are caloulated on

the basis of the difference in the mean scores which a group of

responcdents attributes to two levels of a factor. For example,
assuming only a variable accounts For the change in a wbility
function, the coefficient of this variable is determined as
follows:
Coefficient = AR / AVariable.

where: AR iz the difference in the response scores and Avariable
im cdrawn From the levels of the variable in the experiment. DU
cosfficients usually have reasonable signs andgd magnitudes  bot
unmxpected results cannot be improved becausze of the

orthogonality of the experiment..

145




I DUS models, the addition or deletion of regression

var iab le has mindmal or no effect to the goodness-of-fit

statistics of the remaining variables due to the statistical

independence of variables in the experimental desiarn. It some

%, the goodness-af-fit statistics, e.g9., Ut-statisticos, F-

tics and Resoguared, are low because, t, the response

seale has drawbacks which limit the goodne ©.C. ., &

BFSel Hoege 1

sponse of T2.5" vs MV or "3 ds not possible, and, second,

rasponses with no o vardiation exist, d.e., respondent selechts

alwavs the same mode with the same welght {(e.g., "17).

resulted from the ratio of the o et

to dits standard ervor d1s affected the most by analvzing
responses wWwith no variatiorn For the following reasons: (1) The

axistence of no variation lowers the regre ion coefifilcien s

proviced that an identical response For all situations implies a

coefficient of zero for all the variables and (2) extreme

with rno variation {e.g., "1"s or "HBE"s)

PR EDOS

standard error of the coefficlent. The combination of the

mentionsd reasons result in a double effect on L-statistic.

stat

The goodne For DUA  mod LR Ove
sionificantly when responses with no variation are exocluded From

acl on these statistical oriteria a model is

the  sample.

Lected that explains the of people as a furnction of

the variables in the DUSA experiment and thelr soocliosconomic

characteristios,
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The selected model 1g validated by the portion of the
surveveo data which account for actual behavior and existing
travel conditions. In other words, the estimated DUA demand

=1

model is tested on a different sample of data, than the one us
to calibrate the model in orcer to establish the model s ability
to explain behavior under wvarving situations.

is combined with

I the validation process, DUA analvyvsis

sumec that the stated

ravealed preference modeling. It is
bhehavior (expressed with linear models) corrvesponcds to o the

with logit model) if

actual behavior of respondents (expre

Function

Thie utility eguations devived from linear regre
well in the logit model.

te  or

Validation of DUA models can be based on aggregs

of disagoregate data, the uze of

disaggregate data.  In the os
Togit amnalvsis allows bimary or multinomial wvalidatiorn,
examining choices among two or more alternatives, respectively.
O the other hand, DUS models are often tested with short-
cut validation procedures, e.g., single-point or twoe-point
checks, or with comparisons to previously developed models,
.., comparison of DUs coefficients obtained from the
experiment and corresponding coefficients determined in a

previous loglt analysis. Single-point or two-point checks
examineg whether one or two averages obtained From survey

responses which are closest to existing conditions can matoh the

curvent choice behavior, il.e., determining whether they Fit on
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actual behavior curves obtained from logit amalvsis,

I a validation procedure concludes that a DUAs linear curve

cJoe not aligrn approximately & logit curve, e.g.. Tigure DLL,

then the linsar model is adiusted by multiplving its slope with
ar appropriate Factor.

However, validation of DUs models is not alwavs performed
because thedlr purﬁo&e does not dictate or allow such  an
implemnentation. For example, the developed model may rank the
ef fects of policy options and lgnore accurate probability
estimates.  Alszo the @xaminétimn of nonexisting alternatives or
extreme levels of variables precludes the validation of models
attributed to wunappropriate current data. Whern validation is
ot possible, comparisons with previowus models and

for the model’s

reasonabh lene checks are the only

validity .
In general, absolute validation of models examining new

situations or alternatives ls not feazible and some level of

urcertalnty has to cosxist in such models.

A Comparison of DUA andgd revesled preference mode

Whaether or not "behavioral intentions” approaches are

et ter  than me thods based on actual past behavior has

debated for a long period of time. Bt the important

that both approaches have thelr strenghts and limitations.

148




FIGURE D-1.

Comparison of Logit and Linear Model Forms
When Stated Preferences Do Not Correspond to Actual Behavior

Linear, Stated
Behavior Model

Logit, Actual Behavior Model

L 5
]
-1

Survey Response
}= SC§1E Logit Utitlity U

Source: Kocur G., T. Adler, W. Hyman & B. Aunet (1982).




Either approach arel by

no means the

The selection of a demand modeling approach depends on many

important fTactors o be consicered

Faotors., Some of  the mo

the existence of data related to current or past

araes First,

2ooonch,  time

benavior and future alternative conditions,

e

SOLLE e to develop and ag

constraints andgd other re
macel of either approach, Lhirch the ability to measure and
guantify varisations in the studied variables, and forth, the
theoretical and practical validity of the final model. However,
the most critical forecasting ilssue relates to the future

alternative conditions, e.g., modeling the demand of & new mode

service.

swing new alternative modes,

!‘"\I S

are developed based on a similar existing alternative and

predict the new altermnative characteristics under sone

assumptions, e the other hand, DUS models are calibrated to

g

demonstrate directly the cholce among the new alternative and

¢

zome existing choloces,

The advantacg of DUas models are attributed to  the

characteristics of simple, self-contained DUS surves {1) DUa

mocdels can examine various combinations of selected variables

cdiversified alternative senarios based on thelr

aral addre

{2y The possible high

flexible epxperimental

correlations among examined factors canm be wminimized with

150




approprlate sxperimental senarios. (3) Factors contained in DUA

mocels ocan be currently nonexisting or do not present any
variability under exdisting cornditions, e.g., weather conditorns,

convenience, reliability eto.. {(4) DUA models can be developed

faster than revealed preference models when the validation datsa

doss ot demandd an exte ive Job oand, at the same moment,

the data set reguired for the revealed preference mocdel iz not
readily availlable. {(8) The procedure of developing DUA models is

rather a friencly method.

riot costly and

the DUA method has mainly three practical and

Neverthele

.

theoretical drawbacks: {1} The experimental design of the DU
survey Limits the potential to examine & large number of factors
bhecause its size must entice Tthowghtful and reasonable

of DUS experiments cdo not

FE SOOI (2} The stated responses

pwy, DUA

often imply actual future behavior. (3) In most

validation results are poor for the same reasorn that DUA method

selected over revealed preferen

moclels, 1.e., there is
malticollinearity of wvariables, lack of variability in examinecd

factors, nonexistence of variables at tested levels eto..
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APPENMDIX &

REGRESSTON EQUATIONS

DATABASE INCLUDING RESPONSES WITHAWITHOUT VARIATION FOR CARPOOLING
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