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CHAPIffi I: f¡ITRODUCTION

1.I ORTECN OF SIUDY

Most tranaportatlon stu¿lles are done in order to predlet, 1n

6ome measure, vhat the fitture wiII be wlth regard to the

movenent of people. Thls pergon movenent is the resurt of

varlous motlves: the trlp to and from the plaee of emplo¡mrent;

the ehopping trlp; the eoclal or reereatlonal trlp, etc.

For each ty¡n of trlp ¡nrrpose there ls generally a eholce as to
the means of travel: prlvete auto, publle translt, on foot,

etc. rf 1t Ls requlrecl to predlct, wltb a reagonable degree of
accuraey, the fi¡ture lntterns of a ¡nr-blcular type of person

novenentr 1t fs necessary to fnvestfgate the notlvation behlnd

the mode of travel. Tbe reasons for travetllng are usual-l-y

fairly obvLous, ae mentlonecl prevlouely: to reach one's

plaee of uork, to lrurchaee eeltaln goodls, ete. Eowever, the

reasons for the cholce of method of eonveyanee for these trlps
are not al-ways qulte as elearly tleflned.

fbe purpose of this study, tberefore, ls to obtain the most

elgnlfleant factors Ìrhlch determlne thc ehoice of node for the

type of person trlp wbleh aeeounts for a naJor portlon of the

total dafly trips 1n vfr.bually every rnaJor elty in Canada -

the peak hour work trlp. The study r¡11r anaryze the movement

of workers from euburban zones to the central busfneee cuetrlet.
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çhlch generally h¿e the hlgheet emprolment densfty of any erea

ln any la.rge Canadle.n cl{:y.

The resulte obtalned vtll then be lncorporaterl rnto a ¡nathe-

matfcel demand nodel uhlch wl1l enabre the vorume of ç¡ork trfps,
from the eubnrrban a.re&B of a city to the eentral- busl_nees

dlstrlet of tbat elty, to be predicted for eaeh node of travel.

1.2 RELATTONSHTP !q oTHEB STUîIES

Onry wlthln the last fifÈeen to twenty years has the coneept

o¡ * 'r6grend" nodel, based on the suppry and demand prinelpres

of economLcs, been proposedl as a methocl of predlctlng futture

travel patterns.

Severat fndlvlduals, notably Maelyrio(3), Domenelch(r), 
"oa

roeu(2), among others heve J.nvesbi-gated the possibilltles of such

e, "de¡nand" model" Perhaps the most sl.gnlfieant bas been the work

done prtnertry by G.A. Kraft,.(?) He latrodueed eoneepts of
predlctfng voluroe ehangee fu traver as a result of ebanges ln
varlous faetors, eueh as priee of travel, revel of lnco¡se, etc.

slmpllstically, tbe denanrl ¡oodel deveroped by Kratt predlets

travel volumee or dernand,

"1n tetÌne of the prlce and eervfce of tbe prfunary

node (or ¡node 1n questl.on), of the pr:lce and eerslee

of each of the eonpetttfve modes, of the fneone

etatus of the travellers, and in tenns of certaln

poprletlon, attractfveness and employment eharae-

tertstie e of elther the orlgin or deetl.n¿t1on. ,.,(')
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for each mocle and motlvetlon for travel.

Some of the concepte developed by Kraft anct others wlII be

use¿l ln thle study to develop a tyae of denanil rnoder whlch wltl
prcdict ñ¡ture vork trlp volumes from suburban areas to the

centrar buslneee tllstrlct for any niddle-stzed canadian city.

1.3 ASSIì,fFTIONS AND LIMI|ATIONS

Ae etate¿l 1n gectlon 1.r, thls etuily wllr eoneentrate on one

e¡relflc trlp pur¡nse: the peak hour çorklng trlp. Thls trip
u¡4)osc ças ehosen prlmarlly beeause a very hlgh pereentage of

all clally trips (as mreh as for'Ëy per cent or more) 1n many

nldldll-e-sl"zed Canacltan eitles oeeur in tbis tlme perlodl.

Therefore, tbe volume of trfps representeit by the peak hour

volume 1e the bfghest hourly voLune whieb is llkely to be

hanclrecl by any present or future transporbatlon system. As

a corollary for tbls studly, the volune of trlps representecl

by the peak hour volume frrom the eub'urban area,s of any rnaJor

Caradlan cfty to the central busfness dlstrict of the eane

eity repreeents the hlghest bourly volune çhlch rnust be

nanaged by tbe pr.esent suburbau-central busLness cllstriet

transportatfon netvork.

Tbls trtp purllose ¡ras algo ehosen beeauge ft is eonsi¿lered the

moet stable of any trlp claeelflcatfon(fZ). In other words,

any predietlon of fi¡ture trrak hour work tripe woulcl ì-ikery be

more a,ceì.¡rate than predictlon of other trlp t¡pee, euch ae the
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ahopplng trfp, becauee of the relatlve haphazardnese of the

ratter ae to time of departure, as eonpared to the fonner.
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crnprERj?: glr-sBÂL prscusgloN oF yoDELg

2.r EIPRESSION_9F GENER¡'L EQU¡,TIoN

fhe general equatfon of deme.ncl hereln erpressed rs based on

l-deas posturated by Doneucr"r,(1) rt fneorporatee the itìeas of

rel¿tlve travel tÍnee, relative travel cost and varÍous

socloeeononlc and land use charaetertstLeg into an erpressfon

of urban traneportatlon dewand by any mode for the work trlp

IÐrfþse.

fhe generar expresslon for the demand noder rnay be stated thug:

w(r,¡/%) : rþ( r,Jh,:o), c(r,¡/uo), r( r,J/ri^), c(t,J/W), E(r{ (l )

vhere:

W(fr¡/Uo) - the nuraber of peak hour çork trips betveeu
zones L and J by rnode Mo.

t(f r¡/t"to) - the travel tlnoe eomlnnents from zone 1 to
zone J by node Mo.

C(i-r¡/t'to) - the travel eost eomponents from zone I to
zone J by mode Mo.

f(tr¡/lu") - the travej. tlme components from zone i to
zone J by mode tQ(=f , ...n).

C(f rJ/¡k) - ttre travel eost conponents from zone I to
zone J by mocìe 14< (;f , . . .n) .

n(t) - soeloeeonomic ancl l.ancì use charncteristles
of vorkers 1n zone i.

2.2 VARÏ/\BIJTS TO .BE CONSTDEREI)

As stated ln the general expresslon the three baeic varfabree



r¡hich are to be used lnltialLy are:

ancl eoeloecononle-Iantl use factors.

lncllvldually anfl ñrrther reflnecl for

equatlon

2.2.L. Travel Tfune

"":u'

travel time, travel cost,

These w1ll be dlscussed

use ln a more epeelfle

Tbe tfune lnvolvecl ln travelllng fron place of orlgln to plaee

of enplo¡anent ln the CBD uust be consldered to be a eontrlbuting

faetor to any ln1t1al dllscusslon of ¡¡ork trip volunes by elther

rcële.

Tl¡1s tlne value tnay be ft¡r-ther zubiltviiled lnto tbe tlne spent ln

the vehlcte (bus or auto) and the tfune spent outsfde the

vehiele*. ftre former value nlll be hereafter referredl to as

the lravel t1me, the latter value ç111 be knovn as the exeess tÍme.
: 

-

It ç111 be postulated tbat these tço values of tine will each have

a posslble effect on tbe vork trlp vol-umes by eíther mode, nntl

ehouldl botb play a part ln any lnttial demand model develonment.

tr\¡r-bher to th1s, lt wlll aleo be assumecl that relatlve tlne values

çl1l be a better lndicator of vork trip volunes. By retatlve

tlnes ls meant the travel tlme or exeess time of tbe mocle under

consideratlon relatlve to the travel tl¡ne or exeess tlne of the

other roode. These relatlve tlme ratlos (hereafber knoçn as travel

tine ratio and exeess time ratlo) are a meaÉrure of the travel

* Tine spent outsl¿le the bus lncludee: walklng time from home to
bua atop, time spent waltlng for busr any transfer tlme and
tlme spent valklng from bus stop to place of emplo¡nnent.

Tlme epent outslde the auto ls the valklng tlme from parklng
Iot to place of ernplo¡ment.
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tlrne or exceas tlne epent on one parbicutar mode rel-atlve to

the otber moile. Ae such they nay better lllustrate the depentìence

of the vorume of work trfps on travel tine or exeese tine
beeause they relate one mode to the other a,e a eorb of measure

of travel- time effleieney. Thle eeems to be a tn¡er lndfcation

of hor¡ a ¡nrticul¿r mode Le ebosen vle a vls time inyolved in
travel, not by bow long 1t takee by mode A, but bow l-ong lt
takes by node A relatlve to mode B or vfee versEì.

ïn urban eenters çhieh have more than tço basle modeg of travel
(sueh as auto, translt and rarr for exaupte).tbe reratlve values

of tbe traver times for eaeh mode could be consldered.separately

by conparlng A vith B, A çlth c and B wlth c to obtaln results

analogous to the tço mode system. A seeond approaeh ¡Eould be

to conbiue all: publle transLt Lnto one mode and treat the

sltuatlon as a tvo mode system.

2.2.2. _Trayel Co.st

lhe user eost of a rnork trlp froro the subu.Íbs to tbe cBD 1s a

second conslder"atLou vhen attemtrrblng to deverop a dlecusslon of

work trlp de¡:r,ai:d.

Thls user eost nay be thought of ae the amount spent on a transLt

fare, or the out of poeket eoste of uslng a private auto (gas, o11,

ancl lubrlcatlon) pluo the termlnal or parklng costa.

Once agu,1n, aB 1n the caee of tfme, ft wtlI be asrÌumecl thet the

relatlve coet fectors HlIl be of more elgnlflcanee to any
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preilletloo of *o"t trlp demand than the etraight cost by

elther modle.

[he reratlve eost ¡1111 be dlefinetl as the user cost for the mode

under consideratlon l-n the ilenand equatron dlvlded by the user

cost for the other Eoile. This ratlo (hereafber known ae the

cost of travel ratlo) 1s analogous to the tlme ratlos discussed

ln eectlon 2.2.L. That ls, tt is a meaaure of eost of uslng

nofle A rel¿tive to nodle B or vlce versa. Thfs also appears

to be a tn¡er lndllcatlon of an incllvldueils thfnking regardlng

eholee of notle for the vork trip - not necessarlry how mrch

It eost to utlllze nocle A but lts user cost relative to node B

(for rnore than two nodles, sftuatlon is anarogor¡s, aee seetfon z.z,r").

2.2.3. Soeloeeonomte - Lend Use Faetors

For ¡nrrlnses of anaryzlng the work trlp fron the suburban areag

of a clty to the cBD, eeveral soeloeeonomÍe ancl lanct use faetors

nay be eonslderecl.

Flretly, ear ovnershlp ln the suburban zones of origin, usually

expresseå aa ears per famlly. Thls factor 1e s¡ indleator of

lneome level ln a part,lcular zor'e, tbat ie generarly the higber

tbe number of ears per famlry, the hlgher the ineome revel. rt
seens fairly obvlous tbet a prrftrslon of autos in a par-t1cr¡rar

el¡brurban area w111 bave a great bearlng on the node by ¡lblch the

work trip to the donntovn area ls ma.de. conversery, a dirth of eare



Page p

1n another suburban area mlghb have qulte a dlfferent effect

on the noder cholce. Both eituatlons ehourct be lndlcatore of

the number of r¡orklng trlpo which utilize eaeh mode in the

respective zones.

A eecond factor to be consl.dered ls the poE:latlon denslty of

the origln zonesr usually expressed in persons per êcre. Tbls

vaÌue arso may be thougbt of as au LndLcator of lncome level.

Zones ln rahich the populatlon denslty 1s high are generally

regarded as Ioçer lneome zones as eomps,r€d vftb the newer

lower denslty (as a resul-t of slngle farn{Iy duelllngs) and

reìatlvely btgher Lneome zones. fhe 1over lneome, hlgher

denslty zone worklng trfps rnigbt posslbly be more translt
orfented than the rower denslty, hlgher lncome areas because

these loraer lneome areas ç111 usuarly have ress ftinds avafrable

for translnfbatlon to pln"ce of vork.

A thlrd poasfble faetor, vhich roay lnfruence tbe work trlp volumes

by elther mode, Ls the number of employed lndlviduals vho lLve

1n eaeh suburban area (henceforbh eallecl the worklng pop¡l¿tion).

One by¡nthesls regardlng workfng ppulatlon mlght be that a

zone ln whlch this value 1s qulte htgh w111 produce more vorklng

trlps destined for the cBD than zones of rower vorklng potrrulation.

Thle statement should be tnre for elther moile.

Other fa,ctors whlch uay be slgnlfleernt to the work trlp volumes

are: the frequency of transit servlee (thfe may be thougbt of
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as eloeery related to the exeeag tlme value for translt nork

trlpe. rn effectr 1f the frequency of translt service is hlgh

lt nay be thougbt of as an lndlcator of hlgher translt work

trip volumes; the illstributlon of persons as to age ln the zone

of orfgln (porsons of an older ege group may be thought to use

the prblle translt syetern more frequently) 
"

2.3 EQUATLoN PoSSIBILITIES

I'he lkafb noder as trnstulated ln sectfon 2.1 çi1l be utllized
ln thls seetlon to develop equatlons shlcb describe the

volu¡re of peak hour trlps from the sub,urbs to the central

business dlstrlet for the auto and translt modes. The general

.eE;atlon w1ll require sllght alteratlon for thls purpose.

lbe tr¡ro travel tlne components (rr, J/uo and 11, J/u<t representing

node Þro and mode(u) IL¿ çir1 be ñ¡rbher subdivided (as deserfbed

ln sectlon 2,2,t.) tnto a travel tlme ratio and excess tlme

ratlo for each moile. A1so, the traver cost component" (cr, JÆs

and c1r ¡/Ylxfor modes Mo and Moa) u11r be nodifled (as deserlbed

1n sectlon 2o2.2o) to becone cogt of traver ratlos for each

node.

These modlffcatlons to the general equation nere instftuted to

relate the tfne and cost components of each mode more dlreetty

thqu 1e done ln the genereL equatlon.

The ratl.os dincuesed above w1l-l be deflned ttnrs (see seet1ons

2.2.L. and 2.2.2. for descrlptlons)
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travel tlme ratio (tranert) - traver- tlme by trauslt
dllvlcledl by trevel tùne by auto.

travel tlme ratlo (auto) - travel tlne by auto dlvldcct
by travel tfme by auto.

exeess tine ratlo (transit) - êxcêsf, tfune by transit
dlfvfdletl by excess tlne by auto.

excess tlme ratio (auto) - êxcêss tlne by auto dlvldecl by
êxeess tlne by translt.

cost of travel ratio (transtt) - cost of travel bytra¡sft dlvldeil by cost of travel by auto.

cost of traver ratio (auto) - cost of traver by auto
dllvldleil by cost of travel by transft.

Basecl on the váriables diset¡ssed ln sectlon 2.2 ancl the nodllfledl

generar denondl equatlon, a rel¿tlonsbfp for the translt peak

bour çork trtps orlglnatlng fn any suburban zone and destluecl

to eny central brt¡sfnesg dllstrlct nay be nritten:

\(tr¡) ! f(tr, Tar ar P1r þr tT, 
", 

it¡ '..'.)' (e)

where:

w-(r.r1 - lolune of ¡nak botrr translt rork trlps origlnatlngr\å'." fn zone.f (any suburban zone) ancl destlnecl for
zone J (the ceatral buslnese dlLstrtet).

tT - the travel tine ratio (translt).

TT - the excess tfuoe ratlo (translt).
'a - Cara per farnlly fn zone 1.

p1 - poF¡latlon denslty ln zone 1.

g2 - worklng populatlon ln zone 1.

mT - coet of travel ratlo (translt).

c - frequency of translt servLee.

d - ege cllstributlou in zone 1.
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2.3.2. .The AuLo Demand Equatlon

Analogous to the traneit equatlon, an equation for the volume

of peak hour ¡rork trlpe deetlned for any central busrneee

dfstrlct antl origlnatfng lu any euburban zone nuy be expresaed

êÍt:

wa(rrJ) = f(tp,, TA, ar P1r Þ2r m4r c¡dr."') (¡)

where:

wR(r,r) - i;ïff.'í Ëîï :ffi"il:.,H:i :;å'å.ïlf:ä"}:l-
zone J (the eentral business dietrlet).

t4 - travet ttme ratlo (auto).

fA - €xcêBs tfme ratio (auto).

- cars per fanily ln zone f.
P1 - populatlon densllty lu zone i.
p2 - workf_ng populetlon ín zone 1.

¡nA - cost of travel ratfo (auto).

c - frequency of tranelt eer¡r1ce.

d - age dlstrfb,utfon ln zone i.

2:3"3. Fhrbher Dlgcusslon

rt shourd be noted that the above equatlone are nerery a statenent

of a generar sltuatfon. By no means 1s eaeh varlable appllcable

ln every sltuatlon. Tbe dlecuesion as to whether or not a
parnleul,a,r varlabre shoul¿l be i¡reruäed in the erpreesfon or

perhapø as to whether or not the variable ehould app€ar in an

artered form (euch as replaeernent of ears per famlry wlth the

uatural logartthn of ears per famlly, eeeklng a reratfve change

clue to thls factor rather then an abeolute change), depende upon
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the condltlons extant ln the clty under studly.

In other vords, elnee each niildle-slzeil clty ln Canada (and 1n

NoÉh Amerlca, for thet rnatter) hes different exlstlng transportatlon

systema, dtfferent po¡ulatlon cllstrlbutlons, dlfferent average

lneome leve1s, ete., the partfcüLa,r equatlon çhteh best predlets

the volune of peak hotrr uork trlps fr"om the suburbs to the centr^a1

trusfness dtlgtrlet of any one clty rnay not neeessarlly apply 1n

another clty.

Beglnnlng çlth the baslc denanil equatlons postulated ln sectlons

2,3.L. ar.d 2.3,2., 1t 1s neeessary to obtafnr by lnvestigatlon

of the partlcular condltlone 1n the clty under studly, the varlables

which vlLl most acetrrately predict the reqrireil volumes. Tbat ls,

the lnpact of each varlable anil lts signlfieance to the urban

area belng conslderefl.

A test ease ïhlch lllustrates the lnpact of certaln variables

on a speelfle urban area Ls deserlbed fn Cbapter J.
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CIr{ryExJ: TEST CASE: EII'INIpEG

3.1. GENERAL DTSCUSSION

Thle clupber w111 deal- wlth i;he deveropnent of e pslr of demand

equatlono vbleh w1lI predict the peak hour work trfp volurnes,

whleh orfglnate ln euburba.n areas anil are destlned for the

eeutral bus{nees dllstrlct of the clty of l.tinnlpeg. Thfs

pa,rt1cuì-ar clty was chosen as the test ease for severar reasons.

Flrst, beeause of the authorts crose proxlmlty to the study area.

second, because of the ready avall-abfrity of arr data çhlch night

be requlreil for the equatlon deveropnent. Thirdly, beeause of
lts pcpnlatton (about |¡zrrooo), wtnnlpeg may be thought of ae

representatlve of en "&verage" sized Canadlan clty.

The peak hour ehosen for wln:rlpeg was the A,M. peak hour. ThLs

cholee vas based on the fact that approxf.nately forty percent of
aLL dally trlpe çere ¡nade in thls tlme perfod(6)(7,3o A.M. to
B:lo A.M.), e mreh hlgher pereen'uo.ge than at any other tlne of
the day.

rt rn¡et be ernphaelzed onee again, ths.t, desplte any conslderatlon

of the "avena,ge" nature of llfunipeg, the equati.ons of demanil

vblch wlll be deveJoped ln thls eection are for the epecfflc

conditlons. çh1ch exlst ln wfnnlpeg. Thls is not to say that
uimll.a.r equatlons ulll not eppry to other canadlan urban eenters,
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but e eloee lnvestlgatlon of the condltions vhieh exist in these

other cltlee ebould be conpleted before any declslons as to the

valldity of any equattons developed 1n this cbapter, ere made.

3.2. DATA

The bulk of tbe data for the Wlnnlpeg test ease origlnated wlth

the lÍtnntpeg Area Transportatlon Study, an extenslve stutly whleb

lncluded an origln ancl clestlnatlon survey of all trlp Etraoses for

approximatefy lOO$ of the trips Eadlê.

3.2.I. Compllatlon and Aselmllatlon

The translt data for the test case çere obtained fro¡a the orlgln-

dlestlnatlon survey conducted by the ltrlnntpeg Area Transportatlon

Study (as nentloned above). Becauge of the r¡ass of survey fonns

collectecl, tbe aforemeatfonecl 1O0/p of all trips, a tventy per eent

sanple of the A.M. peak horr transit eubn¡rb-to-CBD oriented trlps,

for the suburba¡r areas ebosen, was taken. Tbe areas to be eon-

sl¿lered 1n the test case were cllvltlecl lnto zones, whlch eorres-

ponded çlth the zones eetabllshed for the Winnipeg Area

Trans¡nr-Ëatlon Study, to faellltate ana)-ysf s. These zones a,re

l[ustratett on the rnap ln Appendfx f (the downtown deetinatlon

zone ls nacle up of four gub-zones whlcb have been conblned lnto

one "Buper-zonêrr to repreaent the CBD for this test ease).

The nethocl of ae,sln1latlon of the translt clata was ae follows:

the orlgln polnt of each translt rlder 1n a partlcular zone lraa
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located on a lerge seale nap of the zone; the dietanee from

polat of origln to nearest approprlate transit route stop nas then

meaeuretl; aeeurnlng a valking rate of I n1le 1n twenty minutes

(aource: Eucyclopaedta Brltannlc"¡(16), lt vas tben posslbte

to calculate the tlne lnvolvetl ln valklng to the partlcular

bue stop; utlllztng the tlne between buses or headway, the average

amount of tine spent tn çaltlng for a bus vas assumed to be

balf of the value of thle heaclvay up to a maxlrn¡m t1¡ne between

busee of IO minr¡tee (or a walttng tl¡re of 5 minutes), beyond

a 10 minute headwa¡ lt **" u,""tr"d that the translt ridlers

vere famlllar eno¡gb wtth the scbe¿lule of bue arrLvals to çait

onl-y 5 nLautes as opposed to one half the headuay value. The

anount of time spent on the vehlele ltself vas ealeulated

fron the dlstanee bet¡¡een the point of boarttlng to the bus

stop nearest the plaee of work and the average vehicle speed

of 1O.2 milee per hourtt. Any transfer waltlng time res

aseuned to be one half of the headvay of the bus transfered

to, regardless of tbe value of thls headway. The transfer

tlne tlfd not consLcler a 5 mlnute naxlmum weltlng perlod beeause

of the fact that the schedules of lntereoanectlng buses do

not necessarily correspond and ft çorrlcl be cllfficult to tfrne

euch lntereonnectlone to be not roore than I0 mlnutes apa.rb from

the pofnt of vleu of the trengferee. fhe flnat tlne element,

the walklng tlnae frron bus stop to place of work, ças caleulated ln

a elnller mo,nner to tbat of tbe rnalklng tlme from polnt of orlgln to

* Thls value ças obbalned fro¡n the recorde of the Wlnnipeg
Tranglt Department.
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nearest bus etop, wlth dlstance from buo etop to plaee of work

eubstitutfng for distanee from orlgin to bue stop. The only

coet factor çhlch wag considerecl for.the translt worklng trlp
was the actual fare ($.25) for the A.M. Journey.

The data obtalned for the translt work trips çere, ln sunmary:

20% oî trlp volumes from polnt of origln to plaee of nork; the

valklng tlne fron ¡nlnt of orlgln to nearest approprlate bt¡s

stop; the tlme apent waltlng for the lrus; the tlne spent on the

tus; the transfer tlmer. lf applleable; the tlne spent valklng from

brus stop to plaee of work; antl tbe coet to the translt ueer.

lfuch of the auto data utlllzecl ln tbls study Irere also obbalned

fron the Wlnnlpeg Area Trans¡nr-batton Study resultg. Hovever,

these results çere Ln the fom of natrlces of origln anfl destlnation

and, fn the case of tbe vehicle traveÌ tfme, representecl an

average value. Both the trlp volumes ancl the travel tlmee çere

for the appr^oxlmate 1OOS sanple. The other tl¡re elenent

eonsidered for auto trlpa ças the walklng tlme from parklng lot

to plaee of work. An average value of 6 nlnut""(6) was used for

all- rork trlps to the clestlnatlon zones under conslderatton (the

central bruelness dtstrtct). The cost of the auto vork trlp ves

broken down lnto operatlng eosts and parklng cost. The operatlng

eosts were further broken down lnto gasollne costs (an average of

12 nlles lnr gallon at a rate of about .501 per gallon equels

approxlnately $.Oh2 per mlte) and o11 antl l-ubrlcatlon eoste

(an average of IOOO ¡nlles p3r lubrlcatlon anct oll change at a

rate of about $5.00 equaLs $.005 per n1le). Theee eoste were

calculated for au average dtotance from each zone of orlgin to
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each tlestlnatlon eub-zone. The aÌrerege ¡:arklng coet for the

downtovn deatlnatlon area was found to be $f.50 per day or

$.75 for the one vay work trf.p coneldered.

rn sunmry, the auù.o data obtainecr: rooÉ of trip vorunee from

origf-n to destinatl.on: average tlme spent 1n vehlcre from es,eh

orfgin zone to eaeh zone of destlnatlon; average tlne spent

.warking from the parklng area to prace of work; cost of tbe auto

work trip.

other data vhlch nay be neeeseary for the test ease analysls

lncruded: poputetlon denslty in zone of origln, cars per faniry
ln zone of origlnr &g€ distrtbutfon ln zone of orLgln, frequeney

of translt servlce¡ etc. Ì"ft¡ch of thts data 1s obtainabre fro¡n

volume II of the Wlnnlpeg Area Transportatlon Stuay.(6)

3.2.2. Ass$p,blglls

seve¡"al asstinl*lons Here ms"de r¿ith regarcl to the data for the

Wlnnlpeg tegt case.

sfnee the volume of translt îrork trlps colteeted from the surs¡ey

forms represented a t¡¡enty percent eampJ-e, it vae assumed that a

uultlplLcatlon factor. of flve couldl be used to ob,taln one hundred

pereent of the translt A.M. peak hour vork trlp passenger vorumee

fmm the seleeted euburben zonsg to the clowntowr sub-zones.

slnce the exact loeatlon of eaeh transit stop wns not praeticalry

obtelnabrer upon dlscueelon vfttr wfnnipeg Transit offlela.le an
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lnten¡aI of one quarter rnÍte between translt stope was deemed ae

eroue to the actuaL etop lnte¡¡¡ale 8,6 ças neceesarlr for aeeuracy

ln obtalning wa)Jrlng time botb to and from tbe etops.

wlth regarcl to trntentlar transfer proeedures, it rlaa assumed that
the person vlshing to transfer did so at the ffret avail,abre

pofnt of lnterconnectlon bet¡¡een the approprlate traneit routes,

1n order to facflltate the calculetlon of "in vehlcle" transtt
iravel tlme.

fhe translt vork trlp vorumes l-n eaeh zone of orlgln vere averaged

to be eonsLstent rvlth the auto trrp data, Bo'th sets of data

vere then averagecÌ for the aforementloned analgaruated doçntoçn

sub-zonee or "super-zonê't.

Thfs then resulted ln varues whleh represent avere,ge tlme ln
vehlere (trar::;:l'Þ and auto traveÌ trne), average time out of vehicre
(euto and translt excese tiraes) ancl average user eost (transit

and auto) along wfth pp.rratlon density, vorkfng poErration and

cars per feml1y for eaeh suturben zone orlgfn to the downtotît "super-

zone" (cno).

3.3 pEUEI,o"ì4ENI OF EQUATIOTIS

rhie secülon vlll tleal with the deveropnent of a palr of equatlons

to predfct the A.M. çork trip vorumee by auto and translt fr-on

tÌ:e suburbån zones to tbe dlownto¡¡n or central. bueiness ¿lletrlct

of the Wlnnfpeg f,eet ease.
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The rrarlables chosen for examlnatlon in the wlnnlpeg teat case

lnerude (for each mode): traver tlme ratio, exeeas tlmo ratio,
ears per famlly fn origln zone, worklng pog¡latton in orlgln

zone, popnlatlon denslty ln orlgln zone, coet of traver ratio.

rt was deeldled that other varlablee prevlousry rnentioned,

sueh as frequency of transLt servlce and age distrlbutlon,

rsere not as slgnfflcant as the above variabres, due to their
repetltlvelÌess (tranelt frequeney 1s closely rerated to

transfer and valtfng tine) or tbelr raek of contrlbutlon to

aetual vork trlp consLderatlons (nost peopre over a certaf.n age

are retlred and thus have no çork trlp as such).

3.3.1, Method of Sofution

The nethod by uhlch equatlons of the nature of tbose presented

ln sectlone 2.J.1. &od 2,3,2,¡ &r-€ soh'ed most adequately ie

tbat of ruultlple regreeslon anarysfs (together wLth the nethod

of leaet squares) 
"

only a brfef outllne of tbe mathemetlear theory behind thls
netboil of eorutl.on r¿111 be presented 1n thls seetlon. No attenpt

at a morre thorough eoverage of this technlque will be rnatte Ln

thfs paper. The reader ls advised to coneult flre referenees 1n

thls sectlon for a more tletailed dlgcusslon of the top1c.

Au estinating regresslon functlon rnay be wrltten as

Y r a +b1(x1 - 11)+b2(x, - i2) + ...obro(\, - i,o)



page 2I

where:

Y - an eetinete of the true erpected vaÌue of the
dependent variable, gfven the values of the m
lndependent varlable.

xI .... \m - €rrê the m fndependent varlables.

lr .... & - a,re the means of the m fndependent varr,abres.

ar br .... \ - arê the estl'sted regression coeffleienta.

The prlmary pr¡rIþse le to teet the relationshlp between the

do¡nndent ancl lndependent variables, beeed on n sete of obsersred

values (see referenees 4 and 5).

T'he nethod of least squares 1e used to estiuate the regression

coefflelents, deter:mÍned to tbat Z ie ninlmized ¡rhere

n

z 
=>(v1 - 11¡-

l- |

and

y1 - the obsen¡ed value of the depenrlent variabre for the
1tb observatlon, uhlch aecompanles tbe obsen¡ed valuesof *Ii, x2i, " "Xml'

Yt - the estinated varue of tbe clependent varl-abre (eomputed- from the estimatetl regresslon) for tbe same varues ofxrlr x2i, .r.. hi.

Tbere are severar comprter progrems available which utilize tbe

multiple regresslon analysle procedure. The progrnrn chosen tcr

anal-yze the teet case data is entitled "stelnlee lfurtiple
Regreeelon Program (stats 2J)" and 1e avaLla,bre in the unlverslty

of Manltoba Comprter Center'e Stattstfeal package.

Brlefly, tbis progran anaryzes the rel¿tlonehlp between the

dlependent vartable and the lndeper:tlent r¡arlabl.es to be consldered.
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It also selects, by "steps", the lndependent varlablea ln order

of "lmporbance". The "lmpOrtance" Of the varlable ls based on

the anount by vhlch lt reducee the sum of squares (the afore-

¡nentloned Z value). Any varlable rnay be deleted fron the ln¡nrt

f1Ie for purlloses of testlng the effect on the regresslon

analysls of lte deletlon.

Íbe procedure !n thls ehapber, therefore, ç1I1 be to utlllze the

data obtalneil for the Wlnnipeg area and the gener'al equatlona

trnstul-ated for auto and translt A.M. çork trlp clernand (sectlons

Z.J.L. end 2.J.2.) to attenpt to develop denand equatlons for both

modes, for the speclflc test ease of Wlnnlpeg.

3.3.2. Transi! Depand Equatlqg

The first stage 1n the tlevelolment of tbe demand equatton for

traasft lnvolved the examlnatlon of several varfables wbfch mlgbt

be used Ln the lnLttal attemtrÉe to fl-nd the best flttlng equatlon,"

It 1g to be notetl at thle point that all trlat nlns ?thleb led to

the development of the flnal dernand model for translt rfder volumes

utlllzed the same 20 suburbã,tr zoll€s¡

ConelderatLon wae flret given to a purely llnear equatfon for

deserlblng the volume of transit work tr1ps. Al-so consltlered

s¡ere a fully logarithmlc relatloushlp and several conrbfnatlone

of logarlthnlc and llnear varlablee. Conp.rrrlson of results of

aII types of equatlons Nere made and the "beet flttlng" equatton
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choeen for teetl.ng. "Teat runs" coneletlng of LJ, 22, anð 2)

zones vere done to examlne tbe Yaltdity of the cholce. The

valldlty belng eetabHshed by a comparieon of the reeults of the

test rr¡ns wlth those of the equatlon ehosen. fbe "Buecese"of

the comlnrfsoa depends on cerbaln statistical I1mltat1ons. 11

these llnltatfons are met, the choeen equatlon le consiclered the

equatlon vblch most aecuratety predllcts tho volume of transit raork

trlpe.

Conslderatlon ças lnttlalì.y glven to the relatlonshlp as lnstulated

ln eectlon 2.1.1., equatfon (Z), vlth deletlons'ag no'ued fn

eectlon 3.3.I.

Tbe inltlal n¡n of the "stepvise rmrltiple reg::esslon analysls"

proeedure (see sectfon J"3.I.) procluced a eorrelatlon natrlx for

the varlables deserlbecl. This ¡retrix (fa¡te f) fs an fndleator

of the fntereorrel¿tíons betveen all- variables both depentlent and

lndependent.

Htgh f.ntereorrel¡,tLone betrseen lndependent \¡arLabl-es frequently

re$¡Lts ln a degene;."atlon of the least Bqueres regreoelon

proeedure" The Lncluelon of both varLables of a hlghly lnter-

correlatecl palr of lndepende¡rt varlables should therefore be avolded.

Elgh correlatlon between the deperrdeut varl-able antl any lnde-

penilent varlable ls an lndlcator of a elgulfieant rel-atlonrhlp

betrpeen BBrtr€o (wote: a pooltl"ve eorreletlon eoefflelent means a

dlfreet relatlonshfp exiets, a negatfve correl¿tlon coefflclent

meane an lnverse relatlonahlp betveen var'lebles.)
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TABLE I
Traneft

Correlatlon Matrlx Run I

l- 2 3 h 5 6 7

I l_.oo000 -.50187 -. 17h8l- -.388?5 .55æ5 .667!t -.00067

2 -,5058r l.OOOOO .5h338 .oh530 -"hoob6 -. rgo71 -.052h1

3 -. uh8l .5h338 I.00000 -.oh8oz - .3¡9266 . 1638r -.6ozo9

\ .38875 .oh53O .oh8o2 1.00000 -. hTrB? -.13BOh -.oz86o

, .55835 .4ooh6 -,39226 .l+ZrBZ .00000 .09303 .5oh3o

6 .66t\t -.19701 . t63B:- . r38oh .o9303 !.00000 ",1+79t]-

7 .00067 -.o5eht .,6o¿o9 -.oz86o .5oh3o -. h?9u r.00000

LEGEIID:

Varlab1e I - Vo1ume of trlps (depenclent)

variable 2 - Excees trne ratro (transr.t) (rnaependent)

varlable 3 - Traver- tr¡ne ratio (transit) (indepndent)

Varfable & - Cars per faraily (independent)

Varlable ) - pop;løtlon clenslty (fndependent)

Variable 6 - worklng pogrlatlon (lndepenrlent)

varlabre J - cost of travq,r r"atio (tranelt) (in¿rependent)



Page 2j

upon examfnatlon of rable 1, the rnatrlx of correrations between

the dependent varlable (I) and each fndependent varlable (Zß,
\1516rT) 1t rilae founit that eeveral dependent-lndependent pa.lrs

vere eorrelated. fhese vere: volune of trlpe wlth vorkfrrg

populatlon (.66Zhf); voJ-une of trlps wlth poprrl-atton denslty

(.5SBl>); and volume of trlps çith excess tlme ratlo (-.fO¡BZ).

Aleor there $ere several lntereorrerated lnclependent varlables.

Theee lncludeiì: excess tine ratlo çlth travel time ratlo
(.!hS¡B); travel tlne ratio vfth cost of travel ratto (-,6OzO9)

and po¡n1etlon clenslty wlth cost of travel ratlo ( .5Ol+30).

Beeauee of the prevlously mentfoned degenerative effect of hlghl-y

lntercorrelated lndetriendent varlables, runs 2 through rr çere an

ettenpt to examlne varloue co¡nbfnatlons of varlablee rEhi1e

el-lninatlng any poeelble degeneratfon due to hlgb lndependent,

variable intereorreLatlone. Á, descrlptlon of each n¡n fs as

follorss:

Run 2 - exarntned the effect of ellmlnatlng the travel
tlme ratlo from the lnprt flle.

Run 3 - ellmlnatlon of the exeess tixûe ratio.

Run h - eltnlnatlou of the cost of travel ratio.

Run 5 - ellmlnatlon of populati_on denslty.

Run 6 - ellmlnatlon of exeess tine r"atlo and eost of
travel ratLo.

Run 7 - exce$B tlme ratlo, travel tln're ratio anct cost
of travel ratlo elfminated"

Run B - ellroLnatlon of travel tlme ratfo ancl coet of
travel ratl.o.
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Run 9 - ¿'ttr¡r¡¿f,,ron of po¡'lation drenslty anct eost oftravel ratlo.

Run 10 - exee'n tine ratlo, travel tlne ¡atlo antt
poprJatlon denslty ellnlnated .

Rr¡u 11 - excess tlme ratlo, travel tlne ratlo, lnprlatrontlenslty and cost of trevcl ratio cllnlnalcd.

.A nmarìr of the rest¡Ite of n¡ns I througb 1I is glveu ln Table

2 (see page Zf).

Exania¿tlon of rablc 2 incllcates tbßt the best conblnatlon of
loc etantlard crror of estinate, hlgþ F - r¡elue ancl hlgb utrltiple
regresslon coefffclent, R, appears to be :r¡n g (stanclardt ernor :
26.\7b, F = I]..JlB, R ! .839). lhle n¡n elrmlnates the variables

travcl tine ratlo anct coËt of travel ratl.o.

Íhc valuce of the r"egreselon coefffefents, the standard er.ror

of the regreaslon cocffielents anËl the con¡utecl rx r¡arue for
n¡n I are reprodlucedl, along çith the fnterce¡rt ln Table 3 (page Ð).

Ao e:o,nln¿tfon of the eon¡rrtedl r nalues of all four variablee

lniticates tbat for a gr% conflcrenee lever, only varlable 6, tha

worklng porn¡Iat1on, has a T valuc rvhlch falle outslde the nr¡lI
btrçotheels (ttat tbere is no eo¡rel¡,tfon betreen tbe delnndeut

varlable anil each inctc¡nndreat varlabre) range of r(r5r.o5)rt2.131(8).
Thereforc, slnee Tabre J reprrescnts the valuee of tbe rlnear

varlabres çhleh, are the "bcst flt" for tbe an¿J-ys1s, it rna]¡ be

*'r fe dleflned ag tbe value utlrlzecl ln the T - teet for
slgnlftcanee of a b¡4ntheslzett obsenratfon.
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Translt
Sumnary of Resulte of Rune l- - 11

7,56r zB.76r

9,226 2'1,330

'l,006 30.315

B.\-52 28.3O_l

: : . t,. _ .. . r -... _ . -....1.;-1,.!: :::.-:i.i,-.-','-...... . -
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.83 5

.Bho

xFfe

Rln

deflned as :

deflnetl as :

Expla.lnecl (Regreselon) Varianee
ffiuáï)-varraffi
The ¡n¡lt1pl.e correl-atlon coefffcient

Std. Error
of EstLng,te
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(eontrd)
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Run Varlables
Ueed F

Std. Error
of Betlmate R

,

6

7

B

9

10

l1

Cl

2

7

h

3

6

5

3

h

6

,

b

t)

5

2

h

o

2

h

3

6

7

\

6

l+

9.49

9.303

12,\2'

1r.318

B.?23

9.730

9.T85

27.3L5 ,Bl+o

28.4hlr .Bre

27.318 .Br5

z6.l+7\ .8sq

29.687 .793

zg.66a .TTT

32.Ohh .?r)+
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TABLE 3

Transit
Reeults of Run B

VarlabLe
Nunber

Regreselon
Coefflclent

rd lIrror o Computeil
T-Value

Regresslon Coefflc-
lent

.02382 .00556 h. e8h

3.o16h8 1. b5120 2,O79

2 -10.06h39 r7.o7Lg6 -r"76t

-52.16595 ,6.\.oTz6 - .932

rI{rERgE?T 130.238b8

coneluded that a strletly llnear relatlonship betaeen the

dependent and lndependent verlables does not exlst for the variables

chogen.

After conslderatLon vas glven to the linear reratlonshl_p, it was

then prolnsed ths,t a logarlthmle, or perhaps a nixture of log-

arithdc and Ilnear, relatlonship vourd nore aptry descrlbe the

dependlenee of vorume of translt work trlps on the varfous

fndepenrlent verlablee.

s{rn{lar to tlre lfueer equatlou developnent, a eerfes of n¡ns were

attenpted ae descrlbecl below:

Run 12 - alL netural log of varfables.

Run 13 - neturel log of exceso tlme ratfo, natural logof travel tlme ¡ratlo, the rem¡¡inåer l.lnear.
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Run th - natural log of tre.vel tlme ratlo, the remaintler
l-lnear.

Run 15 - natural log of exee's tine ratro, the rernaÍnder
llnear.

The reeults of these runs are frlustratecl 1n Tabre h, page 11.

Exanlnatlon of the resulte of these n¡ns indfcates tbat run r)
hae the beet coúrblnatlon of row staudaril error of estfuate, hfgh

F varue anrl hlgh ntrltipre eorrel-atlon eoeffielent, R (staudard

error =24.753, F:10.!66, R:.881).

fhereforer run 1"5 wag chosen for nore detalred ,examlnation. The

correl"atlon coeffielent natrLx of the varlablee of n¡n 15 is
reproducedl 1n Table 5, page 32,

utrnn lnspectloa of rable 5, tþ ças found that correratton of
faírry hlgh magnltude existed betveen two dependent-lndependent

lnlrs. They srere: volume of work trlps çLth rsorking populatl.on

(,78lS6); volume of uork trlps wtth poprrt¿tlon denstty ("5SZB|).

rntercorrel¡.tlons between the lndependent r¡arlabres whieh were

slgniflcant lncluded: travel tirne ratio ¡¡ith ln exeese tlne
ratlo (.5\z5t+); traver tlme ratLo vith cost-of-travel ratlo
(-,6ozw); popur.tton density vlth cost-of-travel ratlo (.5oh3o);

and popnle.tion density wttb earB p€r famlly (-.h]fBT).

An exem:lnation of the step-wlee regresslon procedure on the computer

outpttt revealed that the varlables travel t1¡oe ra,tfo aud populatlon

densfty reduced the sum of squareo by o.oÉ ancl 1.o$ respeetlvely.

Thls eoupled wfth the hlgh intercorrel¿tlone of tbese two

varle.bree vlth at least two other lnôeper:dent ¡¿u,rteblee, ae
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Tranelt

Sumnary of Resulta of Runs JZ - 15

Run
Varlablee
Uaed F

itanilard Error
¡f Eetlmste R

L2 h6
l¡2
In5

1¡?

rn3

hh
5

6

1n2

\

7

ln3

6

,
2

7

h

In3

6

l-n 2

4

7

5

3

g. hgo

13 6,2:.6

Lh B.9h?

T5 ro.966

.310 .86s

30,982 .806

26.9o7 .B'B

24,753 .BBr
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TABI,E 5

Traneft
Correlatlon lr4atrlx Run 15

Varlables tdentlcal to those of Table I.

noted ln the preeecllng paragraph, ls adequate cause for the

eltmin¿tlon of these tl{o varlables fron fr¡rbher conslderation.

Fron the etandpolnt of trans¡ortatlon plannlng, the fact that

the traver tfrne ratLo hae llttle or no elgnlfleanee wrth respect

to the voluure of transft r+ork trfps at flret glauce seems

1 2 3 h 5 6 7

I l.OOOOO -.\mS -.uh8l -.38875 .55835 .78ïT6 -.00067

2 -.\Tn j 1.00000 .5\25\- .05033 - .3¡9870 -.19885 -.06237

3 -. t?h8r .52\5\ 1.00000 -.oh8o2 -ß9266 -.13853 -.6ozo9

h -.388?5 .05033 -.04802 r.00000 -.4zr87 -,13996 -.02860

5 .15835 -" 398?0 - ß9266 -.h?t8? I.OOO00 .h4219 .50h30

6 .78576 -.19885 -.13853 .L3996 . hh2r9 I.00000 .1Br9B

7 -.0006? -,06237 -.6ozo9 -.02860 .50[]O . r8rg8 1.00000
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¡nrafloxleaÌ. Eovever, oa dlelrrlng cleelnr 1t nay be state¿l that

¡nopLe do not nlncl e¡nncllng nore tine on the vehlcle vhea lt ls tn

potlon; lt 1s nhen they m¡et lncreaee thelr tine outsl¿le of the

vehlete (excees tfue) tbat the travel patterns rnny alter. In

other vorcls there nåy be eertaln "velghts" on eaeh of these

tlnee whlch refreet tbe traverlers preferenee for 1n-uotlon

tlne relatlve to out-of-vehlcl-e ttme. Tþrs vler reflects the

phllosophy of a number of transtrnrbatlon pranners. I"Ilth regard

to popnlatfon clenslty, 1t appeÐrs that this varlable hae llttle
slgntficauce çlth regardl to the work trip volumes, perhaps

because, çlth the recent aclvent of hlgh-rJ.se apartments¡ a hlgh

¡nprlatlon density does not neeesgarily nean a. louer lncorne

strata or feçer autos lnr fa.nily. conseErentryr a hlgh popr¡latlon

clenslty tloee not necesearlly bave any bearlng rhatsoever on tbe

translt rork trlp volunes.

The ne:ct nrn, tberefore, ellnlnated poprratl.on clenslty and trevel

tlue ratlo fr.om the regressl.on analysla.

lfhe rezulte of thle nrn (nrn 16) fucludlng the verues of thc

r"egresslon coefflcients, standartl error of regresslon eoefflclent,

conputedl r values, lntercepü, m.r}tiple comelatlon eoefflclent,

F rralue, andl standarcl error of estfnate are shovn ln Table 6.

u¡nn lnspectlon of the valuee of I couputecl, lt vas notect tbat

a1l values fall outsiile the nr¡ll bypothesls range for a 954o

confldence level ln çhlch T(l5r.O5), ta.r3r(8), exeept variable

1z the cost of travel ratlo. ThLs varlable nay be therefore

elf¡rlnetedl.
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TABI,E 6

Translt
Results of Run t6

Var*labte
Number

Begresslon
Coefflclent

Standard Error
of Regreeefon
Coefflelent

Comprtecl
T-Value

.o3BBh .00619 6,27t+

2 -6z.zt:>97 20.68925 -3.O07

-I0l+.2TOO3 l+f . fzg88 -2.535

-75r,ggggg 522,53979 -r. h39

ïIürmcEPr

ltnltiple Correl¡atlon

F-VaIue

Stands.rd Error of

393.231+38

Coefflclent .BgO

T7,587

Estlrste 22,2l.+B

An erplenation of tlze elfmlne.tlon of the essi of travel ratio ls
a llttLe dlfftcult. rt rnay be, hovever, that slnce the cost of

travel ratlo 1s an aL¡rost constant term (t¡e numerator belng a

ffxed transLt fare), transit lrork trip rlderg do not dlrectl¿

eonsLder the relatlve eost vhen chosing to rlde publLc transÍt.
Thls fact coul-cl be hlghly slgnifleant when the question of an

alteratfon 1n the trans!.t fee stnrcture ls consldered. perhaps

tbe abeolute coet of transit usage 1s of more signlfleanee, ln
any event, fïrther stucly of the subJect is Ìrarrantrecl but beyoncl

the ecope of thie aualyolo.
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TABTJT 7

Trenslt
Resulte of Run lJ

Varlable
Nunber

Regresolon
Coefflcient

Standard Ðrror
of Regresslon
Coefflelent

Compr:ted
T-VaIue

.o3h7g .oo780 t+.t+63

2 -6r.47389 21.3061+l+ -3.073

-9L.39723 39.r7503 -2,333

IIITERCEPI I?O.69?hB

l'{ultlpJ-e Correl¡.tlon Coefflcient .B7Z

F-Value L9.l+73

Standard Error of Esti¡oete 22.688

Run lf, therefore, ellmlnetecl the

as the aforementloned travel tlme

of thle n¡n Lre found ln Table T"

cost of travel

ratlo anaIysls.

ratlo, ae well

The resul-te

ï'be results obtalned from this n¡u therefore represent the "best

fit" for the parbiar logarlthmle equatlon rlhlch relates translt
work trip vorumes to the varlabl-es seleeted for the lllnnlpeg

test ease analysle"

sfnce the resulte of attempttng to deverop an enttrery linear

equatlou Ìlere uns&tlsfactory and since the parbiarì-y logarlthmle

equatlon succeede¿l ln procluelng satlsfactory r¡¡.thematical results

es r¡ell s,B reesona,ble tr¿r.ns;,ur'tatfon reeurts, lt wae coneluded
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that the pertlar roge.rtttunic approaeh be accepteci ae the demand

equatlon for the A"M. peak hour transit vorumes of the }Ifnnlpeg

area tegt ease.

The equatlon may be wrltten as:

!{T : I20.697t+B - 6S,hT3B9rnr, - 9r.39723a + h.o3h79p2 (b)

where arr variables are as deseribed earrler ln thfs sectlon.

Tbis equatlon vas tested for analytlcal rerlability in sectlon 3.h.

3-r3.3. Auto Demancl Eouatlon

the nethod of approach used in the auto Hork trlps demand noder

for the }lfnntpeg test ease ças sluLLar to the proeedure used in
developlng the transft work trfp deusnd model,

Agaln the llnear equatlon !¡as coneidered flrst, forloved by a
firIly logarlthmic and eeverar nixed logarithmlc and l1near

eqUatlono. Conparleons were npde and tbe most satlefaeer,orX, equatlon

ças ehoeen for teetlng" The testlng proeedür€ T,r¿:is ldentleal to
that ueed 1n tbe cage of trensit.

Ae stated 1n the prevlous paragraph, fultial conslderatlon was

gfven to the relatlonehlp as prevlously stated ln equatioo (3),
sectlon 2.3.2, (with rleletions as deecrlbedl in seetlon 3"3.1.).

îbe lnltlal n¡n of the regreselon procedure wes ernmlned for
correlatlons betlreen the clependent ancl independent varlables and

for lntercorrel¡.ttons betveen the dependent vs,rlablee (nrn rB).
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TABLE B

Auto
Ll-near Correlatfon l"latrlx

I 2 3 l+ 5 6 7

1 1.OO000 -.or$25 -. Ul+zr -.ool+@ .301?o .7682L -.26\lo

2 -.or92, l.OOOOO 363t+3 -.22781+ .38309 ,or)25 -.39831+

3 -. 1?h21 .363h3 l_,00000 .o7626 ,2tr360 -,ry5L3 -.t+Snl

h -.oohog -,2278t+ .o7626 l.OOOOO -,53393 - '3,2756 . h3l+ho

5 .3ol+70 .38309 .z\s6o - "53393 r.ooooo .31+ta3 -.6sgst

b .76BzL .orr2, -,29rL3 - '3,2756 .34r23 1.00000 -.nr38

7 -.26\7o -.39831+ _,t+r7Tj . h34ho -.6595t -. tlt38 1.00000

I,EGEND:

Varlable I - volurre of trlpe (¿ependent).

Varlable 2 - excess tlme ratlo (auto) (fndepeneent)"

Varlable J - travel time ratlo (auto) (tndependent).

Variable h - care par fanlly (tnaependent).

Verfable 5 - pof.q¡l¿tLon denelty (lndependent).

Verlable 6 - workLng poplletlon (fndependent).

Va,riable J - coot of travel ratlo (auto) (lnclepenaent).
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The correlatton matrlx for thle lnltlal n¡n 1e r-eproducecl 1n Tal¡te B.

The nost highly eorrerated fndependent-dependent pafr vas work

trips and workfng populatl.ou ç1th a correlatlon of ,7682r. No

other lnclependent varlable appearecl to be hlghry eorrerated vlth
the norklng trlps.

several palrs of lndepeniìent varfables çere falrly hlghly

correl¿tecl: eost of travel ratlo and populatlon densfty (-.6tg>t):
c8.rs per fem1ly and populatfon denslty ( -.5T%); cost of travel
ratlo end travel ttue ratlo (-.h57?3).

Beeauee of the degeneratlve effect of hlgh intercorrelatione

betçeen fndependent varlebles, both varLables of a highly inter-
correlated ¡elr shoul-d not be included ln the analysle.

Runs p through 26 vere an atterngb to examÍne varlous eoroblnatlons

of varlabres whlle eltnlnetfng eny pcsslble degeneratton due to
hlgh lndependent variable intercorrelatLons :

Run 19 - examlnecl the effect of elininating pop¡ratfon
denslty fron the lnput file,

Run 20 - ellnlnatlon of travel tlme ratfo.
Run 21 - ellninatlon of cost of travel ra,cio.

Run 22 - ellmlnatfon of ca.rs per fam1Iy.

Run 23 - elùninatlon of traver tlme ratlo ancl popuratlon
denslty.

Run 2h - ellmlnatlon of poputatton denslty and cost of traver
ratlo.

Run 25 - ellmlnlltLon of travel t1¡ne ratfo and eost of tr.aver
ratfo.

Run 26 - e].ininøtlon of traveÌ tlne r*tio, .¡ropuratlon denufty
aad cosü of trevel ratio.
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Àuto
Sumnerry of Results of Runs IB - 26

B.?03 7r.grg

11.og8 67 ôtt

lo. h5B 68.9r\

6.798 Bo-99,

Sto. Brror
of Estinrate
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( contlnuetl )

Run
Varlablee
Ueed F

Std. Error
of Eatlnete Þ

22

23

2l+

2'

26

t;
¿

6

l+

3

2

6

l+

5

2

b

4

2

,,1+6I

13.901+

7.527

g,gog

10.371

BT .¡o6 .75'

6l+.65t .86,

Bo.BB9 .778

. BoB7'

787 .7BB
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En¡ol¡atlon of thlg teble lncllcatea that n¡n 2J, vhlcb elJnln¿tee

tb varlebJ-es trave1 tûne ratlo anil po¡nrlatlon denslty, 1e the

lfnear equatlon of "best fft".

lbe r¡alr¡ea of tbe coefficleuts, the standard error of tbe ægreselon

coefflclenùe aud tbe cctnqr¡Èeil T value for thls ¡:un arÊ reprocluced

lrr Tabl€ 10. Tbe lstercepü fplnt Le also lneluded.

EAIIT,E 10

Auto
Resr¡Its of "Best Fft" Run

Varlable
IYr¡nber

Begresslon
Coefflclent

Sta¡rdard Ermr
of Regresslon
Ccefflelent

Cou¡utedl
T-Value

.@hB5 .or376 6.@j

4 375.03882 123.28131 3.0h2

7 -19o.161&f 63.454?I -2.gg,l

2 -L37.5eß4 LOa.7g4L7 -1.338

IF[nnCgf t+O3.L23æ

Þenf¡a'tlon of tbc eou¡utetl f valueE lnclÍcates tbat îor a 95fi

eooflclenee level- aAL valuee fal I ot¡tslcle tbe nuLL h¡nthesls

range, vhÍch le: t(15r.O5) r 12.131, exeelÈ varlablc 2;

tbe excess tlne ¡atlo.
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Therefore the actuat beet flt may be found by ellnlnatlon of the

excesa tfme ratÍo. The reeults of thfe run can be llounil in Table 11.

TABLE 1I

Auto
Regults of Fl-n¿l Lfnear "Best Flt" Run

ndard ErrorVarleble
ñt¡mber

Regreeslon
Coefflclent of R6g¡ss61s¡

Coefflclent
Computed
T-Values

.09511 .olLog 6,749

386. rl+990 ]i26.oo72o 3.065

-161.22095 6r.uh93 -2.638

nfrmcEPT tBB,z6660

Àttrltlple Correlatlon Coeffleient .B>l

F-VaIue LT.O9j

Standarcl Error of Eetlns,te 6l+.25\

ït is therefore apparent tbat neíi;her the traver time retlo
(auto), rror tbe excess tine ¡:atio (auto) e.re elgnificant 1n

deternfnlng the number of auto vorkfng trips. The 1n-r,rhfere

travel- tl¡ae l¿ck of slgnfflcanee is ane,logoug to the transft
sltuatlon; peopJ-e do not eere how nn¡eh tfune they spend aetualty

1n the velrLere. fhe euto sltuation then devtates fron tbat of
the traneft slnce outo drivere al-so car-e rlttle about the

excesg time the;." epend. Thl,e seeme rogtear because the only

excesg tine that one cån consider for the auto¡ncbile is the time
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lt takee to r¡alk from the parklng tot to place of work, whteh

1o very frequently n¡r¡eh leee tfme than a person who ridee the bus

w111 spend walklng to the uue, wattlng for the bus, poseibJy

transferrlng, and warking from the bus. The auto drlver therefore

sees one etretch of exeese tLme coming s.t the end of his work

trlp to be of much less lloportance than tbe discontinuous series

of exeess tlme lnterwale whlch a translt rtder muat undergo.

The excluel.on of the po¡u1,etlon densrty narleble le a re surt

of the fact thet lt ls too croseþ rela,ted to otber lndependent

varfables and also that the vorklng popurat,lon ,(by the hlgh degree

of correl¿tlon with the vork trips) is a rftrch better "populatlon"

lndleator of auto work trips than ls pogrLetion denslty.

Ae 1n the developuent of the translt equatfon, a logarlttmic and

severar mixed log-l-lnear reLetlonships ver-e then Lnvestigated for
the auto equatlon. A eerLes of runs were attempbed:

Run 27 - all logarltlmic.

Run 28 - ln travel tLne ratlo, ln exeess tfme ratfo.
Run 29 - l¡ travel time ratlo.

Run 30 - l¡ exeess tfu¡e ratl"o.

Tbe results of these n¡ns are ehown ln Table 12.

An examlnatlon of the resurts irtuetrates the fact ttlat none of

the mne provided as good a "fft" as the rlnear rr¡n whlch utlllzed
variables 61 4, and J. Furbher to thlo, lt ehourd be noted that'

Ín eaeh ruu exce¡rt for mn 2J, tbe frrst three variabres ln degree

of lmporta,nce were z 6r l+, ancl J reopectively" Slnce e.n



TABLE 12
Page l+h

Auto
Sunnrnary of Reaults of Runs 27 - 30

Run
Varlabl-ee
Used F

Std. Error
of EettnÂte R

tT

28

29

30

l-n 6

ln5

hl+

1lr3

In?

Lnz

6

l+

7

In3

Ln2

5

o

h

7

2

ln3

5

6

h

7

3

ln2

5

?.188

103

569

8.263

.\92

'r3,990

72ß6t+

ß"t+g

.BzB

Bl+:

B5z

.Bl+?
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examinatlon of the logarithmlc and mlxed log-I1near runs ns

dlLscussed prel'lously did not produce a better flt than the

lnltlal nrn (n¡n 1B) anil also slnce these nrns ( 27 - 30) seemed

to reinforee the flnal llneer "best flt" cholce (see nbove),

it vas eoneluded that the aforenentloned flnal llnear "best flt"

(usfng variablee 6, \, and J) should be ehoeen as the "baslc"

equatlon for the ana1ysls. Thls equation may be l¡rltten as:

r.rA : lB8.2660 + 386.1\990 a * .opllr p2 ríL,zzogi nA (i)

çhere all variables are as descrlbed earller.

TbÍs equatlon al-ong witb equatlon (lr), tne translt work trlp dernand

eçat1on, was tested for analytlcat reliablllty in eectlon J.l+.

1I" rqsrll.q eF-pryfAryp EO"H'JoNq,

The equattons of demand for auto A.M. peak hour work trlps and

translt peal< hour work trlps, for the lllnnipeg test case, wJ.1I

nor,¡ be examined for analytical rellablIlty.

3J..1. General Testlng Prgeedgrg

Three types of test proeeclures rslll be consldered to examlne the

rellablllty of the demand equntlons developed for the l'llnnlpeg

example" First, stertlstleal lnference tests: tbe F-value test

of the varlance, the conffulenee lntervals for acceptablllty, and

the T-teet of acceptabllity" Secondly, "eheck" ntns ln which

zones 1n the Wlnntpeg example are added or deleted to detennlne

the stablllty of the parameters. The l¡.st test procedure w111 be
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aa ans.lysis of the reslduals (the dlfference between the aetual

value of the vork trlp volune for a ¡arbleular orlgln and the

value predlcted for thle vork trtp volume by the demanð equatlon),

lneluding a ealculetlon of the root mean sguare error and the

percent root, mean square error for eaeh resldual, to detemrlne

the degree of aeeuracy of the estimated work trtp volu¡nes for the

Wlnnlpeg example.

3J.l.l. Statis'L1cg.l inferenee tests

a) tue ¡'-rest(B)

Thls test ls a measure çblch deternlnes if the dlfference

betveen a crlterlon, for tvo nuuerlcat dlstrll¡:tions, are

slgnifleant or slmply a product of sampl-fng error or random

probablllty.

In other vords:

_ Expl-alned (regresslon) varlanee

Unexplalned (resldu¿r ) \¡arlanee

for a confidence level of 95d," (or an oeeurrcnee 95 tlmes out

of 100).

The mlnlrm¡n accetrrtable value for F viJ-l depend on the number

of degrees cf freedon, that 1s, the number of lndependent

variables 1n the equatlon to be tested. These values of F are

tabulated 1n all standard books of statlst,leal tables.

the F value obtalned from the results of the ehosen equatlon

larger than the mlnfiuuru value establlshed fron the tables,

If

1s
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the hypotheele that the erplalneil varl&tlon ls NOT SIGI¡IFICA}I'I

Ls reJected.

b) Catcul¡,t1on of Confldence fntervatu 
(B)

Tbe confldence lutenral, or the range of acceptablllty, for

the poprÌ,atlon pamneter belng egtLuated by any regresslon

coefflcfe"t P ruay be expreased ae folloçs:

No. of Ind.
UPPER AND IOlllIR LIMITS : T(.O!, n - Variables ) (s.u.)

çhere

p : regreeslon eoefffclent of eone varlable.

n - nrmber of samples.

S.E. - standaril error regresslon eoefflclent.

t(.O5, n - No. of Tnd. Var.) - tralue of T çhieh eorresponds
to n-no" of lndlvldual
varfanees degrees of freedom"

Therefore the con.flrienee Lnte:s"als for eaeh equatlon Ln the

lllnnipeg test ease nay be deterr¡lned enabll,ng tlae aeeeptablllty

of the equatlons to be exa¡nj.ned duríng the "éheck" n:n pro-

cedure, slnce these lf¡site represenb the r¡s,x1ffi¡m e.ncl minl¡n¡m

values of tbe regresslon coeffl.clents vhlch are adnleslble

for a confldence level of grfi.

c) The r-Test of Acceptabfrity 
(Z'B)

fhe T-test 1s an hy¡nthes5.e test tuhlch le ueed to examlne tlte

slgalficence of hypotheelzed observa.tlons.

In the ceee of the deuand equetlons developed for tbe lllnnLpeg

situetl-on, a nu}l h¡lothesls 1rl poetul¿ted (for T-testi.ug)
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(vo).ume of ¡¡ork trlps by elther mo<ie)

variables for eaeh equatfon.
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the dependent variable

and the lnrlependent

As nentloned prevlously (tn seetfon 3.h.f.f. (¡)
T depends on the number of lndependent varlablee

for any chosen confidenee level (tn or¡r ease the

level ts 9j%).

3.4.1-.a. "Cheek" rung

the value of

1n the equatlon,

conflrlenee

This rellabÍl1ty test ls an examfnatlon of tbe stabillty of the

lnrametere of the clem¿nd equatlon for the wlunlpeg example.

Three 'eheeks" Eere rutr for each denand equatlonn using the same

eorulmter prûgramc The flrst eheek qas an "uldatlng", uhereby nine

neç zone8 were added to the origfnal twenty to test the effect
of friture updatlng and lncreesLng the inptrt data. The second

"cheek" run çaB a "mlnor update", slnilar to the ffrst ,,eheek,,

nru except for the fact tbat only two ueÌr zones vere added, a
poeslbre representatlon of a readJustrnent of the zones. The finar
"eheeki' run Has an attempb at obsen¡lng the stablrLty of the par-

ameters of eaeh demantl equation ¡¡1th fewer than twenty zoneg

(flve zones being elimln^e,têd). This aleo mlght be a represeutatlou

of a readJuetnront and/or analgamatlon of zonêr

The method of analyzing these "check" mn6 vas to compare the

varlabre me*na and regreselon coefflcle*ts of each ',cheek" wlth
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the slm1l,Br values obtainecl frum the choeen denand equatlone .

The eonffdence llmlts for the cenu.nd equatlons were then userl bo

examlne the gtablllty ¿¡¡ acceptabllLty of the "check" run6 as

o¡4>osed to the tlenandì equations.

3. \. 1. 3. Reslclue-l=anatyjis

A stutlstfeal test of the estlmatioR poÌ{er of the regressLon

equatlon fs the carcuratLon of the root mea.n sque,re error a,nd

the percent root mean square error of the regiduals.

The RMS error lndleates the limlts ¡¡lthln vhlc\ approxtnately

66,7% of the devlatlons betçeeu the obsen¡ed va.tue and the estfinated

value wlll fal-to rn otber words, t¡vo thlrds of the time, the

estlns,ted work trlps vitr be wtthin one RMS er:ror of the observed

velues 
"

the pereent RMS errÕr le the percenta¿:r. of the obsewed trf.ps

çhieh ls reprented by the RMS. A velue of thle pereentage ¡shich

Ls higher than 10 - Li{, indLeatee a rel¿tlvely poor degree of

eetlmc.tLon for the prülcular zone conslderecl.

3.h.2. Testlng Transit Ðenånd Equation

utll-Lz1ng the nethorls and teehnfques whleh have been irrustrated
ln eectlon 3.1+.J-., the tlem¿nd equation for translt çork tripo
ln the Wlnnlpeg exanple 1e noîe examlned.

3.h"2.1. StatLstieal. i¡¡ferenee tests

a) F-Test

- for the tra¡¡elt deruend equation ehoeen (eee eeetlon 3.3"2.)
the value of F rrae (see Table ?)
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F : l9.h?3

From tabursted verr¡en of r(B) ror I lncependent varlabl.ee s.nd

, Ro. of lncl . .

ï (n-variables ) degreee of freedom, the rninin¡um aeceptable

F value 1s

r(3rr?) 
= 

B.7z

.'. the F value for the t::anslt demand equatlon ls

çlthln tbe range of aceeptablllty.

b) Confl.deece Interrrals

- utlllzing the equatlon glven ln eectlon 3.1+.]- f .(b), the

eonfLtience llnlts for eaeh regresslon eoefflelent of eech input

varlabl-e of the translt ilemand equatfon at, a 9j% eonfidenee

level are (with r ("43r:i36tååu'l : r(3,.05) :ta.r3t) :

Worklng Popr¡lat1on

uppER Ar[D i¡vrER LIl\LnS : "03h?g t .o166o

TPPER LIMII = .05139

I,O}IER LTMIT : .O1BT9

Excess Tlme Rati.o (natgrat 1o&I

UPPm AHD lowm LnfiTS 
= -65,1+73Bgtt+5,hOOOO

UPPER LTMTT : -20"0?389

I¡IIER LII,fIr : -11O.8?3Bg

Cars per Femll-y

UPPER ANn LOI,J.ER LIMITS : -91.39723!83.35000

ttPPER LTI'trT I -B.Oh?23

LOI,JER LllvfIT z -t7l+,71+723

Thece llmfts wlll be referred to agafn wtren eonelderS.ug the

cbeck rnrne (sectfon 3.h"2.2. ).
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e) The T-Teet

rn the caee of the traneft clemar¿d equatton for the wlnnfpeg

eituetlonr the nulr h¡¡potheeie fe that there l_s no eonerlntlon

between the dependent varlabre (the vorume of A.t'f. peak hour

traneft vork trtps) antl the dependent rarlables (rn exeese

tlme ratlo, cara per fe.mlly and worklug populatton).

As nentfoned ln seetlon 3,1+,2.1.(b) above, the T value for l
lnde¡rendent varf.ables ie!2.r3lr for 95f, eonfldence lever,

Bearlng thle 1n rolnd, a.n exa¡nfnatlon of the computed r varues

for the traneit demanit equatlon (see Tabre ?), reveals tbat all
three T varues fall outside the region of aeceptanee of tl¡e null
b¡4nthesis. therefore the nuII h¡pothesle is reJeeted.

3.4.2.2. "Chec}" rt¡ns translt

As outllned ln eectLon 3.1+.r.2., three eheek runs ver.e done on the

tranelt dem¡¡nd equation for Wlnnlg:g: a p) zone "upda.te", a

22 zone 'rm"înor updete" ancr a 1! zone "aniarganatLon and/or

elLmlnetlon". The reeulte of these ¡n¡$s and thelr eonparlson

wlth the orlglnal- 20 zone equatlon follow.

(") 2j zone cheek mn rezuIts:

A comparieon of the r"aluee of the varlabre raeeng ie flluatre,ted

ln Tab1e 13 (c), on the folì-owlng page,c

There is, ae luustrê,tetl, very lfttre effect o¡r the means of
varl-atlo¡r 1n the eample.
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T/.1,IJi,B t3(a)

Translt
Contrrarleon of Meane

VarlabIe ¡'tea¡r (a0) t'fean (29)

1192.?hl+B? ß66.6860\

182 .l+z2oo .l+5o69

1.l-Il+OO I.131+82

Tebte 13 (b) repreeents a eomperlson of the regressLon eoefflcients

of the p zone n¡n wlth the regression eoefflelents of the ehosen

(eo zone) equatlon. The rrarÍations noÀ,ed were çell vithln the

prevlously estabrfshea )J$ eonfidence lLmfts for varlabres 6,

h 2, and h (see eeetion J.I+,2.r.(¡)). No undue lnstabl-tr.ì;y vas

noted Ln any of the eoefflciente.

TABT,E 13(b)

fransit
Comparf.eon of Regresslon Coefffcfer¡ts

Varlabl-e Re8resslon
Coefficl,ent (aO)

Regreeslon
CoefficleÄt (æ)

.o3l+?9 ,03926

1¡r 2 -6s.WtBg -5h.375t-B

-91.,39',123 -Br.9rh87

(tr) 22 zone check run resulte:

produeedl 1ltt,Ie varlatLon J.n the nean valuee anil regreeelon
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coefflelente werl çlthln tb,e 95ú confidence rtmfte establ_lshed

1n sectlon 3.1+ o2.I. (b) .

(e) IJ zone "check" nra rezuIts:

A comparlson of the nee¡s of the varlabre ia lllustrated in

Table lh(a).

TABLE r4(a)

Translt
Com¡nrison of Means

Varlable Meana (zo) , Means (e2)

llorklng
Po¡ulatlon 1192.?448? Dn,I+r972

fn Exeess
Tlne Ratlo .l+220o .l+458o

Cars trnr
Fanlly 1.lIhOO 1.13600

onee agaln tbere le lLttre effeet on the means of the varfables

lf the sample ls altered.

Tabre rl+(u) le a comparleon of the regresslon eoefflclents
(eee page Jl+).

fhe valuee obtal,ned for the 15 zone eheck run s,re elro welr wlthfn

ttre )J$ eonfldence l1n1te.

Table 15 1e & Buninåry of the reeultp of att the check runs Bn¿l

the rlernand equatlon ae !¡eLl.
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TABLE rh(u)

Tranelt
Comparløon of Regreesion Coefflclents

VarlabIe Regressl-on
Coefflcleut (ZO)

Regreeelon
Coefficient (15)

ïforklng
Poprlatlon .o3h7g .03829

fn Excees
Tfma Ratlo -65.1+7389 -7t+ 368I+z

Cars per
Fantly - -9L.39723 -]-1f ìI221+J

fABLE 15

Traselt
Summery of Resul-ts

ressfon CoeffLeiente
Varlable

2O zone* 2p zone 22 zone 15 zoäe

Worklng
PopuJntlon .cEt+19 .03926 ,03969 .0382g

ïn Exeess
Tlne Ratf o -65,\7389 -5\"3T5::B -69.g9z't+j -7t+.568\z

Cars per
FamiIy -9I,39T23 -Bt.9rl+87 -gj.7z6oL _1o?" rzzt+5

-Table J-l eontlnued on following psge

this 1s the de¡nantl equatlon for transit ao prev.S.ousry
cleveloped.
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TABLE 15 contlnuedl

Menne
Varfeble

Horklng
Po¡ulatlon u92.?hh8? L366,6}6ott LL9r.58618 rzT7.\5972

In Excess
Tfne Iìatlo .l+22OO .l+5o69 .t'63T1 .4lr 5Bo

Cere ler
Fenfly I.1I+OOO l.l-31+82 L.rzg-^-5t+ r.13600

{ú this ls the de¡uanil equatfon for transit as previously
developed.

As shor¡r¡ 1n thls Tabre tbe pare.neters established for the dernand

equetlon of transit work trips are qui.te stabre when subJeeted

to an lncrease or decrease in the number of orlgln zones, for
the sample e&se of Wlnnfpeg"

3.lr .2. 3 . RS,sidual eua.IJ.sls

wlth refereËee to eectloÌ:3.\.1.3., tlre root nenn square error
(nus) and the pereent root mean square error (Énus) srere now

eal-cul¡.ted for the obeerved and estimate¿l Ä.1,f. peak hour translt
work trlps fron the deurend equatlon. Theee values are illustrated
1n Tab1e 16.

Tbe hfgh f,nus natuee obts,Lned for ease r (sl.oo#), case tl+ (16,3lj,!,),

end ca,se 2I (IB.?5$) are quite poestbt¡r due to the low trlp
vorurees ln these zones (ro, t5, aud Jo A.l"f. peak hour translt tr1.ps

reepectlvely). It 1e lneslble to ellnlnate ttreee low volume zoneg,
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TAI]LN 16

Tra¡rsit
RMS enil $nUS of Reoiduale

laee
Y Val.ue
(votume )

Y Est.
(net. vot) ReolduaI RMS lnus

L

2

3
l+

5

6

7
B

9x

10

11

12

13

L4

v
L6

17

18

19

n
2T

22

23

2l+

25

26

4
28

?9

l-0

Ll+O

Bo

3'
$5
130

t+5

B:
17O

6o

105

110

60

$
75

,5
l_40

6,

7'
Bl
30

u0
720

6o

rko

30
L35

B:

ho

25.\
139.8

Bz.6

5r.5
113.7

].69.7

tr6"j

70"3
t49.2

72,7

52.O

121.3

63.2

28,2

79.7

75.7
L52.3

69.8

82.3
60. j
60.o

]l72,1+

9l+.8

'll4,7

]-:06,6

32,',|
137. r
T\,7
l+S.B

-15. h

.2

-2,6
-ú.5
hr.3

-39.7

-]-.5
14.7

20.8
-)2.7

53.O

-11.3

-3.2
-13.2

-4.7

-20"7

-J2.3
-h.B

-7.3
2l+. j

-30.0

-2.'l+

25.2

-Ih.?
33.1+

-2,7
-2.L

ro.3
tr B

?qJ. )

.1

.,
3.1

7.7
7 "l+

.9

2,7

3.9
2.7

g.B

2,J-

.6

2.,
,9

3.8

2,3
.9

r.4
l+.6

5,6

.5
\,7

.9

6.2

.5
.h

1.9

1-1

35.O

.I
,6

8.6

5.o
5.7

I.9
3.2
2,3
3.9

9,ì+

r"9
1.O

]-:6.l+

!.2
'l.O

r.6
1.4

1.8

5.1+

r8. B

.3
3.9

1.1+

h.h

1.?
.3

2.2
2.7

t+ Ceeee L - g vere used as "cheek runt' zones.
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fron the analyste vlthot¡t affeeting the acsuraey of the nork trip
dlenanct equatfon ( elnttå.r to the rJ zode eltuatlon ln eection

3,1+.2.2.(c))r elnee such a smatl number of trlps wflr have rlttle
effect on the pretllctlve quallty of the dlernancl equation.

1.h.3. Testing the Auto Depan¿t Equatlgg

rn a sfnll¿r v¡¡nner to seetlon J.h.2., the auto dremandl equatlon

for the l.Ilnnlpeg test ease will nov be examlneil.

3.h.3.1. Statistleal fnÍerenee teste_

a) F-Test

fhc tabr¡l¿tecl varue of F is the sane as that of the tr"ansit

tleuauil equatlon (see sectlon l.l+.2.1.(a)), tnat te

r(3rr?) = 8.72

fhe narue of F obtalnedl from the regurts of the auto çork

trlp dlemendl equatfon for the $Ilnnlpeg sarple ls

F = U.095

o'. the auto deuentl equatlon rraÌue of F 1s wf.thln

the range of acceptablllty.

b) Confldenee Ïrntelrrals

- s{rntLar to the traueit equatlon, utlllzlng the netbodl of

eectfon 3.1+.1.1.(U), ttre regresslon eoefficient confidence

línlts for each varlable of the auto ilernand equatlou at a

95fi eonfüdenee 1evel are (l :t 2.I3I again):

Worklng Popul¿tLog

IIPPER AND LOWER LIMrlS = .09511 t .O3OOO

ttPPER LIMrr : .12511

toltER LIMIT : .06511
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CaIe pgr Famtry

uppER ANn LOWER LTr4rrS = 386.1h990 ! Z68.50000

UPPER LTMII = 65t+.6\99o

IOI^IER LIMIr = 1u.6t+ggO

Cost of Travel Ratlo

uppER AND rOWER LIMTTS = -t6t.22o95 t r3O.r5O00

UPPER Lïì4ïI = -3I.O7O95

rowER LrMrr = -29r.37095

The above llmlts will agaln be referred to vhen eonslderlng

the cheek nrns (sectlon 3.1+.3,2.).

e) The T-Test

For the sltuatlon of the auto demand equatlon for tbe ïIlnnlpeg

example, the nulI hypcthesls eau be stated: there 1s no-

eorrelatton betç¡een the dependent varlable (volume of A.M.

peak hour auto trlps) and the lndependent varl.ebles (vorkLng

populetlon, ears per fam1ly and eost of travel ratlo).

Once agaln, the T-value for I lndependent verlables fs 2.131

for 95{" eonfldence level-. As lllustrated ln labte 11, the T

values for the auto denancl equation å.re outslde the accept-

abtllty range of the null hypothesls. fhls then results 1n

a gg¡eetlog of the null hypotheels.

3"L3.2. 'checlí runs auto

Utllfzlng the same approaeh as Ln the trar:slt eheek nrus ( see

eectfOn J,l+.2.2"), t 2) zoae t'Upclate", a 22 z6ne "min6r update"

anll a decreaee to 15 zonee r'lere all n¡n for the auto clemand

equatlon for the Vllnnlpeg Bernpl-e.
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a) z) Tanes

A eomparÍeon

¡¡as ma,de

of the neans of run of 29 zones ¡¡fth basle run

TABLE r?(a)

Conparison of 20 - 2p Means

Varlable uean (eo) ¡¡eau (29)

r'rzJ 5l+980 r)+9?.ooooo

L.I5l+25 L.13362

3.7rgt+g 3,67o3t+

S1lght varlatlon r¡as obsen¡ed for the 2O versus

An examinatlon of regression coefficients r¡as

TABT,E 17(b)

Regresslon Coeffj.clents ZO - Zg

2j zone means o

BOW mnde.

VerlabIe Regresslon
Coefflelent

Regreeeion
Coefficteut (æ)(ao¡

.09511 .o9'll+9

386. rh99o 3t+9,21606

-L6r,22W5 -t58.3Bg50

The varlatfons

)J$ eonftdence

3.1r.3.t.(b)).

t¡ere vell çlthin the

IlmLts for varlables

prevlously eetablisheil

6, \, end ? (eee sectlon
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b) ZZ zørree

There was rtttre verfe,tLon obsen¡ed ln the means and the

varlatlons 1n the regrceslon eoefflelent pere verr ¡qlthln

l''}.re 95fi eonfldenee }lmits.

e) rJ Tnneø

Comparlson of means:

TABLE r8(a)

Comperlson of 20 - l! Ileans

Variable Meens (zo) Means (r5)

6 r52L.5\gBO 1618. ß3zl,

r.L5425 1.16333

7 3.7ß)+9 3.76866

smell vartatlon fn mean of varlabte 6 ¡ut not of stgnf.fleant

m,gnltude for any eoneern.

The conparlson of regresslon coefficlents Js on the forlowlng

page.
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TABLE r8(b)

Regresslon Coefflclents ZO - L5

varlable l"u:::"100. , - -\ 
Regressl0n

Coefflcient (zo) Coefftctent (fl)

.U)îLL .@oB0

386,tt+99o \.tg.g\l@

-L6L,2209.) -208.5\587

A1Ì varlatlons agaln vere çell l¡ithin 954¿ eonttdenee limits.

Surs¡arlzlng all test results:

TABI,E 19

Auto
Sumlary of Test Results

Regfesslon Coefff cl-en'! s
Varlable

20 zone* 2) zone 22 zone 15 zone

,.o95L1 .Og7\g .og33h .ogo8o

l+ 386.11196o 3\9.z:&,6 32r.7l.757 Lr9.9B3B9

7 -L6L,22o95 -158.38950 -]\] 76:¡gL -2oB. r.tç|,}ï

Means

varlable 20 zonex z) zone ZZ zone J-! zone

6 r5zL.5lrgBO Ìlig7.OOOOO r52O,95145 1618.33325

1.r51r.25 1.13362 1.1520h r.16333

3.?13[9 3.6?o3tr 3.69BtB 3,76866

* Thls 1e the derrienil eqtta{.,cn for trauslt as previously establlshecl.
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As shown ln the above Table the auto vork trlp dennnd

equatfon paremetere establleheil shon reaeonable etabiÌity

when the number of orlgln zone6 ls al-tered, for the winnlpeg

teet ease,

3.1+.3.3.. Resldual analysl_g

calculatlon of RMS ancl frruls are sho.lrn in Tabre 2l on the fotlowlng

page (for expJ.a.natf.on see seetlon 3,h.1.3. ).

fhe "border l-lne of acce¡rtablrlty" varues of 4RMS obtained 1n

eases S (r6.Be), ro (rT.oB), 13 (11+.20), and 15 (13.6h) eannot

be explalued by any quantltative üeans. snfffee to say that a

far larger number of zones çere çerl wlthj.n the aeeeptable linits
of about 1o/" t¡an those vhleh feLl outslde thfs flgure. Therefore

the predletlve abf"Ilty of tbe equatlon has not been drastleally

affeeted.

1.5 SE_Ì,ISïTIVITY ANAjtYåIg

Thl.s seetloa ç¡Lll deal wlth a ñrrther examlnailon of the predtctl-ve

abflf.ty of the auto and translt denand equations deveroped for

the }Ilnnipeg test eage. ThLs exeminetloa eonsists of alterj.ng

any one of tire ehosen fndetrnndent varlablee (vh1re lreepl.ng the

others co;:'utant) to geuge the effect of this arteratlon on the

volume of A"M. peak hanr work trlpa.

All three varlables from eaeh denand equatton vere altered and

the results r'rere protted to ottain a "detnand eurve" for each

perntcnl,ar ?.one of orlgin" The same five zoneg were plotterl



TABTB 20

Auto
RMS and y'.,tti"iS of Reslduale

Ca.ges I - 9 vere used as "check rr-ln" zones.
calculated for. tne 'þtAS feII beyonrl the 1!$
Tbls lnclJcates & res.Bonably good pretìlctlve
dernancl eiiuetlon.
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None of the values
rånge of aceeptablllty.
ablllty for the auto

Y Value
(vorume) Reslduals

I
2

5

h

,
6

7

()

g*

10

IL
J2

13

14

T5

T6

n
18

19

20

2L

22

23

2l+

25

26

27

2B

29

200

190

,5
7o

2Bo

330

6o

L75

160

r6o

29
Bl

110

BO

t+50

L25

100

3ro
6o

370

300

20

95

v,
115

tBo

200

z1+5

150

2O8.7

r43. B

94.8
68.o

231+. B

æ7.7

92.L
250,3

ll+3. 5
J:69.t+

291+,6

140.0

L52,8

Br.B

320.1
131.3
rl-'1,,

ÐL,O
108.6

312.1

304.2

25.6

38.g
100.9

116.9

112.h

25\,o
3T7.9

156. h

Oa-r¡. I

l+6.2

-39.8
2.O

trj,Z

32.3

-32.L

-75,3
ß.5
-9,1+

-l+h.6

-55,O

-l+a. B

-1.8
r29,9

-6,3
"L7.5

59,o

-l+8.6

57.9

-l+"2

-5.6
56,L

5l+.1

-1.9
61.6

-5h.O

-LIz,9

-6.1+

5.r
8,6

?.h
.l+

'r.B

6.o

5.9
1l+.0

3.1
?;o

8.3

10"2

B.o
a

2\,7
L,2
r.0

11.0

B,g

10.8

.B

I.1
10.8

lo.I
1.1

L2.6
10.o

21.0

I.2

2,7
I+.5

13.l+

.6

2,8
1.8

9,9
8.0

T,9
L,9
2)J.J

12.o

7.2
.l+

5.1+

,9
I.O
3.2

15.o

2.9

,.3
11.1r

6.5

r.o

7.o
5,O

8.6

7.9
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for eaeh alteratlon of varlables 1n order to lllustrate the zonal

trend wlthout a loss of cLarlty due to attempbing to eror¿d too

nany zonee onto a slngle graph (these ! zones vere ehosen at

random frorn the sample).

The lndependent varlables vere altered ln the translt demand

equatlon as follor¡s. The exeese time ratlo vas altered by

deereesing the transtt excess times by 3, l+, and 5 minutes

and by lnereasing 1t by 3 and 5 nlnutes, The results of these

alteratlons are sho$¡n ln Graph 1. Alteratlon of the ears per

fan1ly value ças done by reduclng the value by .1, .2, anâ .3

and lncreaslng lt by.2 and .3. These resul-ts are shovn Ln

Graph 2. The çorklng pcpulatlon ças lnereased by JOO, hOO,

and 5OO and deereased by hOO and !00. Results of these alteratlons

are lllustrated ln Graph J.

In the ease of the auto denund equatlon, the cost of travel-

ratlo and the cars per famlly vere altered to examlne the volurne

ehanges whlch vould result. The cost of travel ratlo vlth respect

to auto wae lncreased by .! ancl 1.00 a¡d decreased by .5, l.OO,

ancl 1.10. The deroand lines 'lhlch resulted are lllustrated in

Graph 4. The cars per famlly values vere altered 1n the same

!¡ay as ln the translt sltuatlon and these results are to be

eeen 1n Graph l. Al-so the worlclng populatlon values tnere altered

as in the traneft case, the results are eho¡,'n ln Greph 6.

AlI of the volume trendls whlch ¡¡ere establlehed ln the prevlously
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n¿ntÍonedl cix grapbt rêItrrcúênt fi¡ture preélletlons reæItlng

fnon thc altcratlon of a variable 1n tb¿ dlcnand equatlon for

tran¡lt or auto for tba lJlñ"rtpeg test eaae.

Tbc graphs lllustrate tbe stabtllty of the dlenandl equatlon

varlablec rben nrbJecb to alteratfon, vltb regardl to pnedlctlon

of volr¡nec reú¡ltfng fron thcse alteratlons.

Ftgure 3- rcprccente a conparleon of average auto aodl traaslt

lork trlp volume ehañgcs rhen tbe varlables conmoa to botb

ileusnal equatloar (cara pcr fa.nlly.anil torklng pon¡l¿tlon 1n

thc zoae of orlgin) are alteredl as tteaeribed prcvloustyrrftb

the alteratlons repreeededl as Ê per eent of the average value,*

It ap¡nara thet, nltb regardl to the variable earc per f¡rn{ly,

a Larger lncrease ln auto trlps occurs thnn the corres¡nndlng

clcereace fn translt trips. S{m{l¡,r rcn¡Its ere cvLdcnt slth a

dlccreage Ln auto ürlpø a¡dl the correspouillng lncreaee lu

tra¡slt trl.ps.

tlttb regaril to the ortgln zone rorklng potr¡Iatloa, 1t apIËarg

tbt altba¡gÞ both trlp volunes are Íncreasedl rheu this variable

lncreasee anil decreases coresponitlngly, tbê rnagnltuitea of theee

changes tll.ffer.

F\¡rtber dlleet¡eelon of the co¡uIþn var:lables ç111 follov lu the

¡e¡<t gectfon.

* fhe "base" Ilne rcferredl to ln tbe figure 1g Éleflnedl aa the
êverage estlnated volt¡ne fn thc unalterecl denand equatlon for
elther &ode.
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g.f:_JlscusgrgLv o.r ryglnts

To relterete, the equatlono vhfeh best deserlbe the demand for

euto and translt A.M. 1æak hour çork trlps for the Wlnnipeg

teet eaee are

Tmnclt:

wT = 1?o. 6gl - 65.h71+utt - 9L.397 a + .O39p2

where, as before,

!l* - volume of À.M. peak hour transit work trlps.

fo - excess tfme ratlo (transit).

a - ears per famll-y 1n zone of origln.

p2 - çorking populatlon in zone of orf.gf.n.

Auto:

1,rA = 1BB. 267 + 361.150 a * .O95p2 - L6r.22L mO

where, as before,

WO - volume of A.l'f. pealc hour auto work trfps.

a - c&rs per famlly fn zone of orl-g1n.

p, - worklng po¡ul,e.tlon ln zone of orlgf.n.

mO - coet of travel r.atlo (auto).

Ulnn exaninatlon, lt can be eeen that two of tbe fndelnndent

variablee ln both equatlons are the 6erme: ears per fanfly 1n

tbe zoae of orfgin (a) and worklng poprlatlon ln the zone of

origln (nr). Hor+ever, 1a the ease of eers per famlly, the sfgir

te reveraed. Thls rney be thought to be conelstent wlth the theory

that an lncreese ln the cer on¡x,erahlp per farully w111 eause a

eimrltaneoue l¡lcrease tn auto work tr'lps antl vlce versa. Ilowever,



Page 'fh

1f a parbleular origin zone 18 eonsiclered and there ie an f.ncrease

1n car ovnershlp per ferully¡ the decrease ln tranelt rlders le

¡¡t¡ch lees than the lncreage 1n auto trlps aecordlng to the

regreeslon coefficlente (-9f.397 for transit equatlon versus

361,150 for auto equatlon). Thls suþgests that not only ls

there a ehlft fronr transit to auto, but also posslble shlfts

fr-om ear pools to lndlvldual drlvers and/or, walklng to dri.ving

for the tr^llnnipeg sample. tr\rrther to thls, the lnerease Ln auto

trlps nay be beeause of the fnereased avallablllty of that node

due to the Lnerease ln the cars per famlly ratio.

It Ls quite reaeonable to assune tbat the orlgln zone working

ppnl¿tlon variable wlll affeet both the transft and auto A.M.

peak hour vorkf.ng trips 1n the Ba,me fta,nner. That 1s, by Lncreaslng

or decreaefng both auto and translt work trips r,rith a correspondlng

lnerease or deereaee ln worklng popr:latlou ln the zone of orlgl.n.

It should be noted, hovever, that an inerease 1n orlgln zone

ruorklng poprl^etion ç11I reeult ln an effeet on auto A.l"f. peak

hour worklng trlps whlch ls almost three tfmes as great as tbe

eorrespcnding effeet on tr.anslt vork trlps (transf.t eoefficient

.O35t auto eoeffiefent ,O95) for the A.M. peak hour perlod,

essumlng aII other variablee are held eonstant. In otherrvorde,

an lnerease 1n worklng popr.llatlon 1n a perblcul-aî zone, caused

perbape by an lnflux of neq famllles lnto a suburban sub-

clfi.lelon for exanple, will produee atmost three timee the votu¡ne
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of auto trf-pa as trausft'urlps for the A.M, ¡eak hour. For the

perblcular eese of !I1-unlpeg, thle sltttatfon 1e not too unreason-

able vhen conslderatlon is gLven to the faet that moet suburbaD

hllnnl¡eg zoneg çblch rnay have the posslblttty of an lnerease 1n

worklng pop.rtatlon ç111 accompllsh thls feat by an outward

erpanslon, 8,Tüay fron the ceutral buginess dlstriet, vhlch ls the

work plaee destlnatlon consldered ln thls study. Usually the

translt se:¡¡'tee to never areas fs not lmnediately avalIabIe on a

rellable basls. Therefore, 1t ls to be expeeted that more people

v1Il reiy on the prfvate auto for thelr A.M. peak hour work

trlp than on the publ1e translt system, even thougb the use of

both modes çould lnerease.

The thlrd f.ndepsndent varfable lncluded 1n the translt equatlon

1s the natural log of the excess tlne ratlo vlth respect to transLt.

Belng a logarlth¡cic fi¡nctlon, thl-s suggests tl:-at a relatLve ehange

1n the ratlo of the excess tlne by transit to the exees,s tfme

by auto vll-I have a greater effeet on tbe A.l'f. peak hour work

trlp volumes by tr"anslt than an absolute change, for the parbÍeular

caee of Wfnnlpeg. AIso, the effect of thls rel¿tfve ehanger lf

lt le an lnerease, 1s to dlmlnlsh the number of translt nork

trlps. Thls seens to suggest that an lncrease ln tranelt ridershlp

ruoul-d result 1f the excess tlme eneountered ln taklng Erblle

traneft nrere redueed. Ae shoçn 1n sectlort 3.5r this trend to an

lncrease ln transit rlders wltir a deerease 1n exeess tlme ratlo

wlth reepeet to trauslt 1s borne out for the translt deruand equatlon



Page '16

for the Wlnnlpeg test caee. AIso the deerease ln rltiershlp

app/ears to have a tendeney to level- off at a eerbaln exeese tlne

ratlo (whlch 1e a cìlfferent value for eaeh zone) and subsequently

remaln relatlvely conetant (see graph 1, seetlon 3,5.).

The tbtrd lndependent r¡arfable to B,ppear 1n the auto denul,nd

equation fe the cost of travel ::atlo vlth respeet to auto. The

negatlve elgn suggests that any fncreese tn thls ratlo ¡¡1I1 result

ln decreesed auto A.M. peak hour worlc trlps to tbe central- buslness

distrlet of Winnlpeg. It 1s slgnlflcant tbatr although the cost

of t¡:avel ratlo witb respeet to translt ças not a faetor 1n the

translt denand equatlon (discuesed 1n seetLon 1,J,2.) due, 1n part,

to the eonstaney of the ratlo, the eost of travel ratlo slth

reepeet to auto was sf.gnlffcant 1n the auto demand equatlon.

It nay be par*ly rlue to the greater varLatlon 1n the eost of travel

ratlo with respeet to auto frnm one origln zone to another, as

eomlnred to the very sllgbt varlatLon ln the translt eost of travel

ratlo. Tbls Is the rezult of the fact tbat the denomlnator le

nors the constant (bus fare) value and the numerator 1s the out-

of -peket cost of auto operatlon plus the parhlng eost. ft

creates a value çhieh i-e m¡eh larger fn nagnltude than the bus

ratlo and rmrch lees constant (the varlatlon 1n the auto eost

of travel ratlo 1e from 3.52 to l+.33 whlte the transit ratlo

varies only fron .23 to .28). Therefor.e, when applled to a

rel¿tlonshlp vlth volume of auto trlps, the auto cost of travel

vt3"J" produce a raore øignlflcant dlsperefon than a set of near-
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eonstant values as 1n the case of the translt eost of traver ratlo.
Another poeefble expranation for the eignlflcance of the auto

cost of traver r"atlo le the nlagnltude of the varues. rn no orlgl'
zone ls the cost of operatlon anil parklng of an autonoblle Less

than 3.52 tlmes as rnueh as the eost of utflfzlng the pubrlc

translt system. This could be of some imporbance regarding

a diseussion of cholce of work trip mode.

The constant terms in eaeh dem¿rnd equation (rt0.697 tor transft
and 188.267 tor auto), belng of relatlvery rarge rnagnltude,

requlre some explanstlon. rhe physieer meanlng of the constant

tenn ln the regresslon equatfon ie that it represents the polnt

of lnteree¡rtion of the plane of the regression equation (tn
thls case the hyperp:-ane) vfür the pJ-ane of tire y axl_e (earbesian

eoordlnate systen). From the standpolnt of the lnrticular
demsnd equatfons developed tn this study, i:hese eonstant values

serve ae a bal,enee or eheek to the other terms of the equatlon,

brf.ngfng the values estLmated by the regressLon equatfon nore

1n rine vfth the actual obser¡¡ed r¡aruee. rn o.È,her uords,

enabrlng the number of A.M. peak hour vork trips for \^IfnnL¡reg

to be estlmated more preeisely.
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CHAPIER ¡+

coNeilrsIgj\Is ANp RECOr{t'-{Etff'ATIgNS

fhe avowed purpose of thls etudy vas, as stated 1n the intro-
duction, to deverop a nathematlear demantl modeL which vlrr predlet

the volume of peak hour çork trlps vhfch origlnate in suburban

areas of any mlddle-slzecl eity and are destlned for the eentral

büsLness distrlct of that city, for the transit and private auto

modes of travel-.

sueb models were presented ffret ln general fonn, then in a more

speclflc fom as rnult1llnear equatLons ç1th several lndependent

varlables. The l¿tter çere examlned for the speeifle dem¿rnd

equatlons for auto and for transft A.M" p,eak bour çork trlps for

lftnnLpeg were developed" These equatlons çere able to predlet

the fi:ture travel demand by eaeh motie utillzLag the varlables

deemed slgnifleant for the lJi-nnipeg study a,rea.. ft rm¡st be

enphasf.zed ths,t, for any other elty, sueh denand equatlons vill
nost llke1y be sllghtly dlfferent beeause of the different

eonclltlons extant ln each Canedlan eity. For,rever, the basie

approaeh presentecl ln thls stucly ls vaüd for any rnitldle-sized

canadf.an clty. Only the partleurar varlables çbleh appear ln the

demand equatlons may vary sllghtly frum clty to city.

The demend equatlons developecl ln thfs stud]' nay be uoed as an

lndlcator of ftlture travel demard ln mtddle-sLzed Canadfan clties.

Such eoncerne to the urban m1lJ.eu as lrnprovement of pubIlc translt
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nlght poselbty be answered by the use of the tranalt clenrand

equatlon. It would en:ble a translt oyatem analyet to gauge

the effect on trranslt passenger peak hour volumes (to the CBI)

fron suburban areae) of alterlng the translt fare stnreture, or

deereasLng the amount of exeess tlme by lnprorrlng the translt

headways, or Lnereaslng the everage speed of the tranelt system

vehlcl-ee.

The auto trip and lts ft¡ture vrlth regard to movenent from

suburb to CBD ralght also be more fully ex¡rlored by use of the

auto dercand equatfon. The effect of plaeing certaln constralnts

on the prlvate auto trlp, eueh as llmltlng parking space

at¡allabfltty ln the cBD or restrictfng the use of prtvate vehieles

ln the dorrntown area nlght be examlned by the auto demand equation.

These equatlons mlgbt al-so allow the tr.anstrnrbetion planner to

examfne the effect on one ¡node of alterf.ng the other mode. Any

eomnon varlables among the equatlone l¡fll be an lndicator of

tbls effect and lts nagnitude. For exarnple, lrhat vq1ll be the

result of an lnerease 1n ear ovnersblp vlth regard to both auto

and transit lnosenger volumes? 0r, lrould an l-nerease in the

tax on gasollne bave a far reaehing effeet on tr"ansit rldershlp?

Such questlons and many others çh1cli relate the rnodes of travel

mlght be ans¡pered 1n some measure by a conslderatlon of the

clemand equatlons.

!\ture etu¿lles rel¡ted to thle pnrticrrlar area of travel demand

ehould be concer.ned ulth reffnlng the demand equatfons to enable
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predictlon of not onry A.M. pealc hour cBD-bound euburban

orlglnatlng work trips, but areo work trips to other areas of

the clty ln questlon. Trlps vlthln the orlgln zones for

In¡rposes of work (1n servfce lndustrfes) could also be lnvestLgated.

The teehnlques used to obtain the dernand equations eourd arso

be lnvestlgated ln order to minimlze the eonstant terrn in the

regression equatlon, enabrlng a more reesonable predlctLon of
actual worklng trlps.
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