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Piì[F;iCE

îhr:;ítruiiic.\/ to r,;C¡-k ls a l'r¡ndanlerii¡l aspcci. of jtriiitan ccoìoC.y,, it itas

profouric.l'ini;ac'f:s on :

I ) the intage and struciure oi urban j zccj al"c,rs Lhrouqh i:l-ie requi rci"nent
for ancj Ioca'¿ìon o'i.ri^ì-erial roadwalrs ¿incl i.'ubljc t'r¿insìt riEirts
of tvay r,vh'jch in iu¡'n aj'fect acijaceiit ìarid use;

2) the c¿ual i ty of I j f e in 1-he urban env j rcnntent thr^ouqh the nci se anrl
aÌr poìlutjon geiteratect b¡r cr:nrnutei.s;

3) the jttc!^easing 'rate of consunrptíon of ljmjied fossjl fuel resc)r.rrces;

1) the expettcji ture of pubì j c funds for iransi t systerns , transportati on
corrjdor inp) o\/eiTìents anci ntaìntenance;

5) 'r;he e>lpend'íture of private funcjs for transjt fares or.ovrnìng and
operat'i ng prì vate ailtcmobi'ì es ;

6) the loss of tjme spent on comrnutirrg vrhìch could have been devotecl
to other, more enjoyable or procÍuctive persuii.s.

In ot'der to minjmize and ratl'ona11y pìan for commuting,'it is necessary

to t¡nderstand the many faciors affectìng the ìengt.h of the worktrip or

the travel time separa'ui on betl,reen homes and ;ol.¡s. Th j s thes j s attempis

to further that end, and jt js divjded into three princìpìe areas:

l) An analysis of the factors affecting the separation cf work and
res i dence;

2) A d j scuss j orr of the cleveì opment of mathemati ca'l spati aì i nteract j on
model s t¡¡h'ich riray be used to precii ct the separati on betvreen v¡ork
and res'idence ; and ,

3) A case study of the r,rork-residence separatr'on of empioyees of an
industrjai area jn lJìnnjpeg.

The v¡ork outl j ned above coul d not have been conpl etecl r,v'ithout ihe supoort

and assj stance of many i ndj vi dual s. I woul d I'i ke to ackllor,vl edqe nty

i ndr:t:tedness to:



I ) 'lhe -lt'alsp'rl"tatì orr lle','e I oþ'ilìeiìt l\gcncy c'í' .Lhe Canaoi atl Gc;vert]nìenì-
íor thci¡'' i'ìä¿lrci¿l srippoi^i; ir¡ tire fo¡"ii' ü1' a TDA í:eì i:,r'rsh'ip;

2) Tiie m,ii-r:ige'r's of the f i rms i n Fort Garr¡,' lrciustri al Årea I'lo. i t',,h0

gave of tf ¡e'ir t jne anC provì cieC the nrajorì ty of the data re qui rec
for tire cesâ stud.'¡;

3) l'he Stt'c:r:ts anci Tl"anspoi"'La't.icä Division of' r;he Ci ly cf !{ìnriipeg v;ho

provìaccj l9ll 'n''.:vei tine c1'l-la;

4) Fra.nl< Sacccnanno, \',rh0se thes j s sugEesied many of the prccedures em-

Ðlo.v6çi in the case stuiy; and f inally,

5) 'lo my rvife, Sireì'la, for her contìnuìng patience and ass'istance.

V1



CI.iAPTER J

FI\CTCI.ìS AFi:[CT]i'iG TI.I[ .5EPAIìATION OF LJi)RK Ai{D RISiD[i.iCE

.i!:trqlr&ti_u.

For arr¡r gìven place of wor[<.u there is an unique r"requenc¡, distributÍon
of its empioyees resicijng at varíous tinle-ciistance intervals a\¡/ay. Thís

work-r'esidence separation ci'istribution is the procluct. of tv¡c basjc

factoi"s; the djstribution o'f the supply of suitable residential oppoi tu-

nities arounci the lvorkpìace, and the cle¡nan.i distribution of emp'loyee

worl< trjp traveì propensil-ies"

The resÍdent'iai oppori:unity Cís f ribution is un'iquely deternrinecl by gie

surrcunding ìanci deve'iopnrent pat1"er"n and transportation system. Generally,

opportunities increase as the area of cievelopment around the vrorl< tr.ip

clestination increases, and then they i'a1l off as the l im.it of urban

development is reached.

At the nretropci itan level, the opportun'ity distributjon is affected by

sei¡ei'al parameters of urban structure. For example, average opportunity

spaciitg ìttcreases '¡¡ith cj fy size, spread and land use uniformjty, and .it

deci-cases rvith incr'easinq populat'ion densit¡r, ctinipactness and internljngl.ing

of' I anci LlÍjes. /\ ciiy' s tì-'öìlstiortat'ron infrasiructure al so affects the



ne{"ui''c of l-i;e 0pÐo'liuÌìjty ctistribu'r-"ioä, espec'ia11¡; v;hen iil js n;easu,""ecl

in te','¡lls i;i'i.t"a'.rll t'irile, tiii'ough ihe ciirecj.:;iess ünci speeci'of the com-

rnu'i".ìriç; nioces anci t^cureS Ìt ¡-.¡6yìdes.

The cplct"tunj-ty clistribut'ion r¡i'll be cijfferent for eich comrnuler, or

each relatir¡eiy níiinogen0us gì''culi of ccrnnruters hlith a conncn destinatjon

or or.iç¡in, accord'ing tc inciit,idLial de'f,in'itl'ons ancl pencep-uions of ivhat

is a lq't!gb19 c¡lportunity" as tr,el î as the rel evant cha,-acterìstics of

ihe resiciences anC worliplaces ivhich o.re ar¡aí lable. For examp'!e, vlhat is

a s ui ta.bl c enlpl c)rrient cpportuni t.y vn 1 ì vary accordi ng to the jobseeker' s

occupat.iorì, experjr:nce a¡rd salary expecLatjon. simi'ìar1y, a suitable

resicientiai opportunity vriì1 be determinecl by the indiv.idua.l ,s Íncome,

socio-economjc sLatus, fam'ir'y size, I ife cycle stage, tenure preference,

'ea.ste'f'o'r cir,vell'irrE t¡'pc, ne'ighbourhood services and anten'ities. 0ppor-

iutil:ijes lriay alsc be resür'irteci fu" sone indjviciuals by virtue of racìal

discrirnina'cion or some forn of srrbsidization.

The secorrci ma jor factor j nvol ved, the d.i str j buti on

propensit'ies, measures the n'illingness and abiìity
expend t.inre, money and effori jn traveìììng to lvork. As a resujt of

travel Ímpeciance, most peop'le prefer to tnavel as I i tt]e as possì bi e,

while a fevr are t^rilling and a.ble to Lravel further. lrlork trip ti^avei

propensity 'is ìargelJ¡ dependent on psychoiogica'l or subjective factors

such as al-tl'tucies tow"trd v¡orl< and home, and enjoyment of trayel. These

fac'üors vôry cons'ìclerabjJ¡ throughout ihe popu'lation anci are clifficult to

quanti fy. S'ince work tri p travel j nvol ves money cosijs , abi i i ty to pay or

inccme is td a ìarge extent a qr-ra,ntifiable cieterninant of "-'.bjljty to

travel. Sinl'i'ia11.v, factors such as occupat.!on, sex: educatjon and l.*fe

cyc'le siage rvhich ôra correlated lvit.h incone rla¡i be inaicatÍve of.trarrel
pfcpi':ns.! t¡,. 

z

of

of

v¡ork trip traiie'l

commuters to



i'Íatherna'i, ical riccie'ls oí' ricv"k*re s iclence sep¿ir¿ii'ior.r oi' i";crk crn'ip in'ler-

¡¡ctiorr noi'¡:i¿ll t¡,, iricìu,le o¡r'l¡' 'r,l:e irr'o ba.sjc fac'¿ci's as incÍepericle¡rL varj-

ables;'l;i-¡at js, ti'ip encls oi ti'ìp ei,C cplrol^tl¡nit'ies ancì trarre'i t'ime or,

in sorne cases, lnter'r"'enilrg cupoi'tulljties, as an inver'se nieasure of

travel pi^cpensi t¡r. l'he r'ema'i n-irrg r'actors a'r'e acci¡unterj for. b¡r arì¡lustnient

variabies, tlic: i:stilna'i"iorr of eiiipii ical pai''anieter^s, ot t.he ojsaggrega'Lion

of ihe rncdel fcr s¡:ec'i'[ic geographic zones or popu'latjon gt"oups.

The ob,ject"i"'e c,{'thjs chapier''is to gain further ins'ight jnto the vari-

ables aff'ecting rtorl<-resicÌence separat'ion and the nlanner in vrhich they

inte'*act. Ärs sucir, it serves partÌaì 1y as a. basis for chapter ii, l,rh jch

discus.ses the theoretical basis for sever'al ana'lyt'ical spat,ial inter'-

action nodels and the role of the i,ariabies and pare^neters used in

developìrig; i;hcni ic t'eiÌabl.y pi''ecìict cci¡i:;uting pa-utei'iis. It alsLl sci-vîs

as a basi s foridenti fyi ng those factors v¡hi ch i nd j cate nronri si ng

directions for effective platinittg pof icìes ainied at reclucing average

conlmu'i,irrg tinies, thereby conseirving energy, time and money'tor indivi-

ciua.ls and society at ìarge

Ir a vgl_ t nrp e d a. nc e 
.a 

n!_!,io r k - Re_s_'i d e n c e SSlg ra t i o rr.

The spat'iaì separatìon of an individual's piace of work and his resi-

cjence ìs, vrithin the limiiations impcsed by the distributjon of such

pìaces, à c0nsequer'ìce of a pa.'ir of comp'le>: personaì decisiorrs. It is a

fundamental posiuìate of this thesis, and a gr^eat aea.l of o'fher re-



previciJS decision as t.c pìace of enipìoJiirisni**0r r¡icL_ì r,,.jrsa.-,*¿nC .is

baseci, partiaÌ i¡u ai I east, ün a des.ii.e .l.c r.eclucc ol.

and t;eiriporal separaticin betureen the tivo I ocaticns.

l'iniit the si:ati¿i

in rhe r.lc'r-cis cf i.
Doug'las Car.i^ol I , jr. ,

" " ..wh_:ì e nan-v fact'¡rs ¡l',"e ii'lvol ve i ii'r .lhe sel ec'uion of hclres.
ancl L.laces o'f i{oì-k, the persistence c.? the desíre tc nljnìmf zethe d j stance sepiii'at-incl r",or'kp j ace frolrl hcnie aci: jng through
ea'cii jnciividLlal tvor!(er rúay be the singre elenient r,rh'ich iJncreate patter¡r oui of the eLggr.eg;ite cllcrices of larqe numbersof r,torkers. it is" of coui"sã, ðb,,'ious that these ðirotðui-ur*clifferentìaì 1y I jmited foi^ each inclj'¡icji¡al worl.lei" so thaton'ly 'in ì arge aggi^egates can patterns begìri to appear. l- 

-

The pattern v¡hich is consistenily obser.vable'is that emplcyees of a

spec'ific lvcr"l'.place diminish as a pr'oportiori of resicient populatjon ivith
increasing distance fr'onl that p'lace of work. in other,,vords, wo,,"l<ers

a.re not indifferent to the length of their work t¡ip in'bhe selectjon c.i

tiiejr res'iclence. liris js noi io sa.¡z tha.t r.,roi"kers es Ínciivicjuals oí.es q

group select thejr i¡omes and johrs in such a way that the journey io work

is minimjzed; hovte',,er, they do a.s a group tend more to,,rrarcl minjm.ization

than indi i'ference.2

One of the nrost fundamental facrors affecting the separation ol" lvcrk and

t^esidence is tire qualiiy of separatìon'itself, t¡hjch tends towards

J. Dougi as Ca.rrol I ,
tmpì oyees, " ( Ph. D"
p. 21 " quoted jn Leo
l^/ork: A Proble¡n for.l954): 

337.

,lì^", "I-ionle-l{ork Relatioiiships of Inciustrial
d'issertation, Harvard l..lnìver.sity, lg50),
F. Schnore, "The Separ.atiorr of Home anci
Hurlan Ecol ogy, " Soc j a j Forces 32 (Decernirer

J.olin R. llarnburg et al , "Ljnear progranrming Test 01. .jourdey_to_
i{orl< tqirijnrizarjon, " l1j.g_!ut¡l- ieåggrðh R.coid l0z (lgoÈj , 

' 
al_is"



nlin'inli,¡¿ Lìcn" Tiiere is .inher^ent in ti"arrers'ing phys'içal ciis.¿aiice a c0st,
a'n eÌ'for:i;, â disilt-il'iry, v¡h'îch 'is usual iy terr;iecl ti avel 'írnpcciarrce. To

the 'iild jr,; jiL¡al ihis; nia¡r irave many cornpcnents; ìncì uci inq, ijrite lcst to

oihei^ ¿icfivit-les, outt-of-pocket cost, ônd physíca'l el"fort. or cjisccinfort"

Ail oi'uhese '-er-;d i.o inhibjL travel and ¡rresuiiiablS,r^esr¡l-i: jn a linrjta-
t jcr of the 1;o Lal time sperrt traveì 1 

-ing by each indivicLu¿..1 . sirrce

"neainl.y ha.lf of all trips i"ronr home are macre to r,roì^k,,, I it is noi un-

reasonable to expect that this ciesire to I jmit tr.arrel rvould fincl commoii

express'ion in an a'Ltenrpt to i'educe the separatiori betr"reen arr incjivj-
cjual 's hcme and hi s p'lace of r,vorl<"

-l-he actu'r1 separaticn betweett work ancl residence may be measured irr a

nunrber of r^raJ¡s. The lengLh of the rvorktrip itsel.f ìs probab'í¡r iþs gsri.

gâuge r.r'i' ej=fective se¡;ar.at'ion; a'l Lhough, ûì.i .sorre c,ccasiûr-rs, i;ire sLra.igirt

I ine distance betþ/een honre and work is used as a proxy. Trip 'length is
usual'ly expr^essed in terms of over-the-road djsta¡lce or trip tir¡e. In

order'to accouni for speed variation, congestion effects, and jrr some

cases, terini nal ciel a_vs, tinle i s genera'l ly the preferred measure 
"

In terms of the traveller's inrmediate perception, tríp tirne and out-of-
pocket costs are uncioLrbtedly the most important nieas'.lraL¡le deterrents to

ti^avel " l'Jhiie scrnte attcrirpts liaye been made to combine t'íme and costs

John F. K.a'irr, " j-he Journey-to-l,lork as a Detenminent of Resìcìcnt..í¿l
l-c¡catjon, ".lÊpefs .ind Proceedinq¡_of _the ReçJjcn.al Science Asso-
ç.1g!þr e (Te-6Tr-T39:- !-:----_-_-



inio a sii'¡rjje ti'¿rvel i:r'ipedaince

p'lace a. uni fcrm aito ¡iieo.n'irrgfu i

fo,^ a given nrccle of 'Lravel one

and someù jr¡es teÍni inal Ceì ays,

travel I ers or are of secol^rciary

actua i tt'a.vel l'i n5i .Linre.'lrai.,el

most convenient ¡lnd mean'ingl'ul

separatì on.

r¡elasuy'e, jt lias pi..i,/eïl r¡ery clj'f i'Ícult to
cicl I ar val ue u: t ii:ir:. For ,tlii s 'rea.sol'r,

often assuiles tllat cL¡t-r'[-pcck.s; costs,

a're ejther appr"ox.ii:t:"ielJ, equa.l foi^ al i

irnportance to .lhent i ir coma¡it"i soi-r i',ri th

iì ne, Lhen , -i s v¡i C,:1¡, accep'i:ed as ihe

ileasure of effectjire r.tori<:.res jcence

The va.riation itt average travel tir"ne.for varjous gr0ups of l.rorkers or

work-trip s'ituations cian, tliereforc, be used to ciraiv conclusioi^rs about

the many t¡orl<er ancl urlran characteri sti cs rvhi ch i nf 't uence home- job

sepal^ation. Alan i\'î" Vot¡t^hees and i.ssoc'iartes usecj clata. from a nr.rmber of

citjes in the Urriteci Si.aies ¿rnd Canada to analyse the facûor.s affect'ing
l

the I ength of Llr'h'an ti. t"ktt"'il:s. ' They 'iouncl t.hat the a.r¡erage rvorkl.l^ì p

length jn most cities v;as beit':een ten a.nC fifteen nlinutes far automobile

dri vers. Thc'y a1 so s-vnthes-i zecj a represent¿l j r¡e a.uto*cir. j ver h,0rktr j p

travel time clistr"ibution for un urrãru.ge North Anrerican city.' This

distribution, presettteci in 'í-ìgur'e 1, can be sholvn tr.l approxiniate a gamma

?
dl stri burl0t'ì " 

*

Al an lvi. voorhees and Assoc iates , Factor s and rrencrs i n Tr. j p
!çn.Sllfi- Nat j onal Cooperat'i'.,e i-!i SE\,,,ay füseãrcI-progt.ô,ï,.-Reþ-ort
No. /i.8 (Ì,.Iaslri ngton : I-li ghvray [ìesearch l]carcj, I g6g ) ; and Al an
|\l. Voorliees ar:d Asscc-iates, Facl.or^s, Trencis and Gu-icie-lines
!g!tt3,l t!--f!L|fl gi lr,- i'l a t ì o ir a î-eõ c p e nr fr-ve;,1ï glwãV-Fe s e a r" c h
Frogram TepõIfTt. a-9-(tiashì ngton : Ui çliriray tr.esãarc"h 8oa.rcj,'l cl:/n \

The santma clensity function takes the fornr: f (tl--r< it(l S?/[fii¿('ilÁi;;t
ivher'ã f (t¡ = Lhe reiative frequency oi' tri¡,s'of cLrÁi¿:on t J L- '/
l( = a constant
e = the base of the nat.ura.l loga.r.ithm (Z.7IBZB)
î .= averaqe 'Lr':p dtrration
5*=. tl;e star^rc{o.rcl derlial"ion of tri¡:r duration.
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At f.iì^st glarrce, the ciistrjbution appears to contradjct ihe noticn tha't.

ihere is a ciesire on the part of v¡orkers to reduce home-vJorK separation,

sjnce there aì'e veì'y fer,,r of the shortest worktrips. 1-he reasorr, of

course, 'is that nornral ly tiier^e are fer'; residences jn the imnrediare

proxìmity of p'laces of tvorll. 0ne of the'most important factors affeci--

ì ng the separatì on of honie anci work i s the d j str j bu L'ì on of res i denti al

opportun'it jes with respect to vrorkp'laces, or vice versa

The l,Jork-Res'ideqçe ip!!rllnjty Di stribution

Historical land development patterns, traditional zoning practices,

econom1es of scale and prox'imìty, and many other factors have oyer the

years produced urban lanciscapes cornposed of residential districts

di st j nct f rom emp'loymetti; di stri cis . l4any North Âmr-:r j can ci t'ics have a

central core devotecj almost excjus'ively to commercial and office use,

wh'ich is surroundeci by resident.ial development except for a fev¡ sector s

dedicated to industrial use. tven r¡lhere there are residences in proxì-

mity to jobs, very often the types and prices of the residences ane not

suited to the requ'irements of employees working nearb¡r. As a result, we

have dolntown office workers commut'ing to nel housìng ìn the suburbs

while industrial workers from inner-city neìghbourhcods commute to

suburban i nclustri al parks.

The developrient pattern descrjbed above significantly 1im'its the oppol-

tunìty for a r{orker to l''ind a sujtable t^esidence close to hl's job. It
'!s not surpt^i sì ng, tlren, that nrany concerned rvj th urban transportat j r:n

proble¡ns have a.dvocated altering current development pr actice tc ptace



app",'opr"iate hous'irrg iir clo.se pr'oxìnrity to eir¡;ìoS,iirerit centres.l [Clrilr^d

f'Ì. Berqmari has ei¡en suggestecl that a perfcrmance standarcÍ for res-i-

dent'ia'Í zonìng i.re the radius of a'reasonable conrniuting distance fiom an

emp'l oyment centre. 2 In otlrer lvorcis , j f a proposed res i,ienti al devel op-

ment of a certa'it-r type and af'fcrdabilìty were located more than a given

ciistance fron a cenire empìo,vìng suffìcjent potential consuirr3rs of such

hoLis'ing, 'lhe necessar-/ z()nìng r^roulci not be granted.

The i mpact of the current cij str^i butì on of honies and jobs on ti'¡e ì ength

of worktrìps'is a'íacior rvhjch must be gìven careful consicleration in

ana'lysìng any apparent desjre t.o recluce work-resjdence separatíon.

Voorhees and Associates have also def ined a ivork'brip 'lengt:h opportuniiy

d'istl^ibutioir, '''ii¡ich is L',aseC upcn the fi equency clistribui:ion ol' the

travel time separation betr^reen all potentiai homes and jobs jn various

Norih Anrerjcan cjties.3 irljs dis'Lrìbution, shov¡n in fi gure 23 appear-s

to be approxinrately normaì in form ancj js'largeiy a function of cìty

structure and transportatìon network speed.

See f or exarnpl e, r,,Ji l f red
T'he Brookì ngs insti Luie,
_Ugl!ru_l!!!g: (0Ltavra:
p"ll.

Orven, The Access j bl e C'ity (l^lash j ngton :

I 972 ) anã l-lans Bl umenfel d, Canad j an
Inst j tute of nt an,rers ,-ì-SZ0 )Canad'iarr

Ecirvard I'i. Bergman, tl jnlinattng txclusionary Zo¡tlg: Reconcilìnq
ttq(p]gçgJnd nesi dence -ì n Su-6urEan-Areas reãmE¡Tdge,- l',iass. : 

-Bãïli¡êr"lIETIsI@ p¡ si-ss.

Al an M. Voorhees et al , " Factors i n !,lork Tri p Lengths , "
l.lj ghna), Research Record '14ì (.,965 ) : 27 .
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l,iiien i::he trÍp lengûh opportunìt-i¡ ci'istr''ibutioi-1, i:r'thr: pc¡;iiìa.'cioä Ci:itr.j*

buiii,r:l ;l-,;unci a particul ar concentration .of cr;ril ioJi'ììien'i.? is '[¿;.ilen iilic
accoun t, i t lias been -i*cuncl tiiai 'the shorte st îe l: j l:'le ri¿::'irr.l''ip 'lengths

do precion'ittate" For instance, Louis J. Keefer furlrrd i:hat au'uo dr''iver

tr.ips peÌ' one thotrsancj popui a.'L'icn, rrornia'l i zcci !-ry p'lant emp'loyriie n-u, foi

t¡;oi''i':'i;r'i ps t0 i ndust.r''ial pl ants i n Pi ttsbui^gii ¿nci Biif 'la.i û \','el^e di s'ly.i.-
t

brited as indica'Led jn f.igure 3.' . Genera'liy, the frequLrt^rcJi cf trÍps ap-

pears to exh'ib'it an exponentia'l aecl ine r¡ith -increasing irip 'ìength"3

The necessi ty of cons'icìer i ng an opportun'ity cii stri bution for r,rorktri p

cl"i gi ns ciôr1 al so be brought" i nto perspecti ve b¡' exami n'ing ti+o basi c

intei^¡:t"etatjons o't ihe apparent tendenc.y to_ I i¡rit r,roi"l<-¡ es'idence sepa-

rati on. As t',e shal I see i n Chapt-er I I , Ihe cii îference lre 'Lrveen these tr,,ro

i ntei'¡li"e tatjons at'e nan'ifest 'in thc trvo funclanrent.al spat'ia1 jnteracticn

ot^ trjp ciistribuijon nrcdel s, current'ly 'in use" In that emplias'izecl by

Popuìation cljstr'jbutjcn nray be used as a rough proxy for resi-
denti al cli stri buti on

Loui s E. Keefer, Urban Travel pajlgifLq_f'oléjrugilS_. $çpg1g_
[ìe n te i s a n d I ri d u :; t rîãT-Plãn t s ña tï o nã'l-ñ o pe¡ãfî \.e ï j-ghËt--
miearcf*ñrc,jr",rx, fêport t'io.-2+ (t,lashíngtoir : i-{r ghrvay Research
tscard, 1966) p" 82"

Tire exponential ciistribution ìs given by f (t¡ = \,u-Xt l^rhere f (r)
is the frequenc¡, o't l^rorl<t¡ips cf dtrr ation t, e is the base of ther
natural logarìthn¡ aird X is an emp'iricaì13; cieternljneci paranleter.
Ii sertres as a conveiiieni generaf izecf mati'iematical i'epresentat'ion
oi" j.:ravel propens'ity phenoaena as sLrç;gesteci b¡'its analytjcal
tractibj t'ity and tire usual shape of observed ciata" it pr.ovides a
lviCely a¡:pì'ica.b'lr':, statisijcall¡r gei-rera.ted famiiy of cL!rves r,¡hjch
a.l I or,vs the r¡ser to sel ect an optinral par"ameter val ue to sLli t
the case at hanci, rather ihan estimatjt-rg a separaie nlodel l=or
eerch o.ppf ica i;i on.
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the Gravi t.v l'Íodeì , t.he sepa r'a1:i oir betv;een tr',lo points 'is assunieci to

possess an i nhereni i nipedance where each addi ti onal uni i o'f d'istance,

tinre, or^ cost serves to i ncrementa'l ìy reciuce ihe porbabi i ì ty oi' a trii:
interchange.

Anothei' essumÐt icn, enibod j ed in 'the 0pportunì ty l'1ode1 , r's tha'c irnpedance

wl'l'Ì oromp't an inciìr¡icjual to travel onl5r ¿,5 far as necessaì"y and no

further. Under these cìrcumstances, the amount of.compe'bitìon for

suji¿bìe cpportunjtjes closer at hancl wjl I determine the ultirnate dis-

tance at vrhich satjsfaction rnay be achieved. It is dif'ficult to as-

certa-in whi ch approach best r'epresents the actual percepii on and mot'i -

vati on of trj p ntakers , and ur-rdoubtedly, el ements of both are i nvol ved.

Impeda.nce anci the ciisi:ribution 0l'suitable trìp-eird opporLun'itjes are

the most fundarnental factors affecting the separatìon of work ancl re-

sidence; holever, there are other, more ernpirical, factors whjch mcde*

rate the basjc relaijonships a'lready described. These other factors

i ncl ucle observa.bl e ciiaracter j sti cs of the urban structure, transporta-

tìon system, place of work, place of residence, and worl<er popuìation

i nvol r¡eci.

Urban Struc'l;ure

l4ean worktrip length appears to be dìrectìy proport.ional to the size of

urban centre concerrred. Voorhees found that cit'ies in the .l00,00C

popuìation iange had average automobjle rvorktrip lengths in tlie ordet" of

12



ten lninuies, rvh.ile cjties of appro;rinralely ì,tüû,OliC had tr ip iettgilrs jn

the order of fjfteen nrinuies.l Arid J" D.;ugias Cairoll co;rcjucieci il-iat,

¿ìverage v;orli-ri^ip length r,,roulcl be riiinjnrized ior' c'ities oi' ¿ibouL 10,000

2
people r"Jl"ieì.e i;here vJas suffjcjeni, ciiverse :industry.-

Reasons fct^ a pos'itive correlation beiv¡een popuiation size and inci'easing

wcrktri p l ength aile not di ff i cul L to postul ate. Larger cen'Lres hat,e a

greater number and l^¡i der di str j but j on of resi ceni:i al and u¡ork opportu-

nitjes increasing the âverage opporlunìty, or potetrtial, ìength for

vrorl<trips. Thi.s, cornbìned with better transportatjon facil'itjes

greater spec'ialjzat.ion of res-jdential arees., and concentration of in-

dLrstry, i ncreases the probabì i 'iiy of l onge¡ tri ps to work. I¡r ì arger

centres there is a flujd labour nrarket and a -creater proportion of

workers, new to 'bhe job, rvho prol-,abìy have not acljusted thejr lvori<-

residence separat'ion to a persona'l optirnurn. 0n the other hand,'in

smaller centres, ävaìlable resjdential and empìoyment opportunjties are

usually situated in closer proximity and the labour market'is generally

more stable.

The dens'ity and spreacl of

1 ength. Tri p I engths are

c'ities such as New 0rleans

l opment of the type founci

urban centnes al so affect average worktri p

typìcalìy shorter in compact, high densìty

and I onger i n I orv clens i ty, scattered deve-

'i n FoT t Worth " 
3 Voorhees ancl lts soci ates

I

2

Voorhees et al , "Factors 'in T^lork Trìp

J. Doug ias Carr'ol ì , Jr. , "Sotne Aspec'Ls
Relatjonships cf Industrial l.lor[<ers",

l-ength " , p. 26 .

of the Honre-þJorl<
Land [cononi'ics 25

(l e4e): 420.

Voorhees et al, "Factors in Work Trìp Length", p, 26.
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sugges'L i:lrat avet-acie u¡ci^k'tri¡; distance j:; ¡:lì-,rtsi.. iì iiäear' filnc-L'ion ¡-'f

the average Cistat-rce vlori.reis resicje iri;n ilc [,ei;i.r'¡,-ì ßir:;'irrc5s D.istrjci-."

In cther" t/oì cis: nrean tr ip ìengtlt is a Í'unctjoi'r cl' 'ulie r^aciius of gyratìon

cí'a cìi;y's Bopulaiion.'lhey aiso ccnclucie i-irai in a city gr'orv'ing b¡r ¿¡

ey.tensjon oi'popuìat.'ion and emp'lo-vnrerit a'b the oeriplter.^y, v;orktrip lengl-h

js djrectly pr^cport'ioiral to pcilui¿-tjon. In a cì'ty grou;'ing by infil iìng

vacant I ancl at roughl), the same clerrsi ty as tl-re surroi;nci'ing bu j I t up

area3 the al,erage tl'ìp lerrglh will not changc-: sign'i'f'Ícanti¡,. l...,hile, jn

a city whìch grorvs by increasìng ex'isting cleils'ìties, the aver^age tr^ìp

ì ength wì 1 I cìecrease. I

The relatjve concelrtration of empìoyment ancl housing also affect trip

1 ength. -lhose 
c j t j es wì th heavy concentrat'ions of empl oymen'L ì n the

center generally have ionger average worktrips than citjes of sjm'ilar

size a.tid ciensj L_v wher'e enrploymeni is more e'.renly dìstrìbuted. 0ne. rnight

concl ude that the trencl toward suburban j ndustrial parks, part'icu'iar'ly

if they ai'e not too lô.rge, will have a posÍtive effect on reducing

worktrip ìeitgth. There js already some evjdence that industrjal decen-

tralization has reduced trip ìength for suburban cornmuters relative to

inner-ci Ly resjdents. Voorhei:s and Associates report,

The findings that were made fon Detroit on a sub-area basis ind'i-
cate tliat dynam'ic changes are occuring over time in the ìength of
the lvorktrìp. In 1953, the center cìty res jdents had the 'lor,vest

norkfi^ip'length and the highest. housjnE cost. in the suburbs trip
1 engths were h i gher but hous ì ng costs were I o\^/er. In I 965 the
piittern with respec'b ic transportation costs h'ds ccmpletely re-
vei'secl. Peopl e i n the centre cì'ûy had lri gheS trì p ì engths wllereas
tirose in 1;he suburbs had lou¡ertrjp lengths.'

I

2

Voorhees

Voorhees
p. 4.

et al, "Factors

anci Assoc j ates ,

i n l^lork Tri p Length " p. 36.

"Factoi s, Trends and Guidel jnes,
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Unfortu¡'lateìy, the uicrkers tvhr: suîfer lengthened iourneys to vroi^i< as a

result of inclust.rial relocatiulf.c the subuv'bs ai'e those le.¡.st able to

afforci ìt. In a l 97r siiì vey of erirp'loyêes of relocaLeci plants in Toronto,

it ivas í-cur-¡d that 'Lrip. t'imes generalìy inc^easeci fo_r tlrose eai'ning ìess

,i:ilan $9,01r0 per !êzìr r,rhì'le the¡r decreased for high-inconie grorpr.l Thjs

resultecl jn a signìfican'L level of djssatisfac'i-ion and job change in the

lovlei"-income groups. It suggests the neeci f,oi.a fiortr ui'rjfornr distrjbu-

tion of lov¡-cost hous'ing as rvel I as ernploynient. It may also be :des jr-

able to reta'in cons'iierable enrplo5rment for rvorkers vrith lcr,ver educat'ion

ancí sk'ill levels in the inner-city area

The tra.vel mode empì oyed

portati cn i nfrastruc lure

on the spat'ia1 separatìorr

the temporaì separation.

Both Carrcl I and Leo G. Reeder found tha'û the

ìn a partjcr-rlar mode 'increased with the range

2_of it.'' For example, those walking generally

two mj les to v¡orl<; those using publ ìc trans jt

in -uhe r^¡orktrip and the qualit¡r s¡ the trans*

jn a cit¡,, appear's to he,,¡e consjderable inpa.ci

be'ürveeir home and worl< but relative'ly ljttle on

average di stance travel I ed

and speed characteristic

travel I ess than one (rr

usual 1y travel one to

Cìty o'f= Tor'onto Planning Board, "lndusirial Relocation and Its
lnrpact on Empi oyees " , As suinpt'i on Study I'Jo . I on the Future of
Inr.lustry in the City of loronto, June 1975, p. 35"

Carroll, "Aspects of ilome-l^Jork Relatíonshìps", p. 417; and
Leo G. Reecler, "Social Djfferentials in Mode of iravel, Tìme
and Cost 'in the Journey to !,Jork", @cal Reviejr
21 (February 1956): 59
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i'-ive ¡njies. ai-rd tiicse usìitg pr'Ìvate autcs often 'ui^a,¡el jn e;<cess of I'jve

nli I es . iict";cver, i;lte di stri buti urn cf time spent tr¿ivel 1 ì ng appears to

retnajn rbout the sanie for a'll nrcdes; vrith the possjble exceptìon of'

public i-rarrsjt, tvhich-rnay take nruch longer vrlren r^raitinE time and the

frequerrcy cf stops are consirlereci

It j s i nteres l-i ng to note that t jme spent trave lì'ing to r,,¡or"k has re..

nrajnecl relaijveìy sta.ble overLhe years. Ind jcations fi oll Charles

Di ckens' I 'iterature cleal i ng irrì th Loncion are that peop'le v¡al kecj .tc rvork

in aboirt twenty minutes, which is about the average time spent norv jrr

gettìng to work b¡, aut.onlobile iri a comparably sjzec.i cjty o'F abou.i. t¡o to
three million people,l

Prjvate automcb'ile 'is generaì'ly t-he fastest, nlost conliortahle a.no cot-r-

venient mocie and it is also the nrost expensjve. in recent surveys by

Stat-istics Canacla, seventy-fjve percent of all commuters rode jn a

)
prìvate automobile.' It appears that the unsurpasseci popularity of the

private automobile for'the journey to v¡ork is due in'ìarge part to ihe

added mobiljty it offers. Some even suggest that the lengthened journey

to vrork perntitted by the au'Lomobìle suppìements or supersedes migration

v¡he,-e the mot j ve j s to seek new empl oymen'i: opportunì t'ies. 3

Alan M. Voorhees and Salvatore J. Bellomo, "Urban Travel arrci
Cì ty StrLrcture" , !!_l_gl5ay Research Record 332 (l 970 ) : I 3l .

Chris Hanlon, "ResLllts of a National 'Travel to l,Jork' Surve;,";
Canadi qn þst_'itute of Pl anners ForLrm (January 1977 ) p. B

l(ate K. L'iepiiran , The Journey to l^,lork (Nerv York : 0xfol^d Un j -
versjiy Press, l94T);pp. TO:Tí; and, Amos H. Hawrley, Human
EcoìogV. (Nler^i Yori<: -l-he Ronald Press, 1950) p. 337.
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lli ih res¡tec-t to access to i n.i.ir,, j d¡¿.1 mcdes I c.'r' c'*tter.'slii p i s the mcst

sigrrifjcant facior affect.ing cho'ice of nrocie for iire ',.rcrr,.irip. Proxiniity

to trans j'¿ se rv j ce i s general ly 'inipor^tant oirly tc capii \¡e iraitsì t pat.rons

vlhc cio riQt har¿e access to a privatet automct:ile" Ii'r Canada, about fif-

teen percen.L o'f, comnruters use pub'ìic transit; v¡hereas, i;he nrajority have

a ccess 't o i t 1=or tl-re r'rorkiri p. l

The qi.;a'lì ty of a. ci t5,'s tradsportat. j on 'inf ras'¿ructure al so afl'ects the

avirage d'istance betvreen jcbs and homes. Usually belter pubììc trans'it

systenrs and roadway ne'ulorks result ìn greater average worktrip d'is-

tances.

For i nstance, Los A,nge'l es ' extens -ive f reeway systenr Eì ves i t I arger trì p

miles and shorter trip in'inutes t¿han c'ities of conrparable sìze. Voorhees

and Associa'Les founC i:hat. t.:or'l<trip distance increases notice¿.bly as peak

9
hour' netrrork speed jircreases v,rhile vlorl<trjp trave'l t'ime decreases onl¡r

1

s1 ì girt'ly.'

It r,voul ci seem that potenti al time savi ngs i n the journey 'bo l'rork are

be'ing i:raded for increased spatìal nrobi'lity. ThÌs does not necessarily

contraci'ict the postulate that peopìe attempt to reduce or limit work-

resicierrce separatiorr. It simply imp'lìes that temporal separation is

niore the I jmitìng factor; whereas, increased spatía1 separatìon may be

I

!-

Hanlon, "Natjonal SLlrvey", p. B"

it should be c.lear that- v¡ork-trip ìengths are most sensj
to the operat'ion of the transportat-ion systent durì ng the
r,¡lren most of 'bhe work tri ps are made, the congested peak

Voorhees, Factors and Trends, p. 23.

ti ve
peri od
hour.
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to'ìer^at.ed in reiu,.n ior'a beii-el" job or r'es'idence. Such fjncìirrgs do,

hoy;ever, refute the notion t.h¿.i urban traf'fic corrgestjon can l¡e reciuced

i:y tr'ansporta Lj on sJ/stem imprr:venenis al orie aná 5.iqge:s'i tha.t pl annì rig

cornplementary r'esjderitia'l ancì empioyrnent opportunitjes in close proxi-

mity najr be a rtlore 'í'r'u'ìtfuì appr^oach.

The d i rectr ona I d'i str j but j on of wo'rkers ' hcmes around sn emp'1 oyment

center reFlecl,s 'Llre directjonal qualÍtJ, of the urbair t'ransportatjon

system. Entployees tenrj to live jn greatei^ numbers arrd further away on

thos.¿ sjdes on wh'icii tr^avel to lvoi"l< is the easiest. As Keefer noies,

l^Jorkers are rel uciant to cross maj or travel barni ers -- narne'15¡ the
r,¡'ide ri ver val l eys , spanned i rreguì arly by traf f i c cror^rded briciges.
Most I i ve on the sanle s'ìde of the val 1 e.v as 'the p] ant, out of
proportion to the djstrjbu+.iorr of the population. '

Similarly, ihei"e is usual'1y a disproportionate'ly greater nunlber of wor.k-

tr'ìps origìnatìrig ft" i: the sirburban s jde o'f a. p'lant than the CBD s ir.le.2

Thi s j s undoubtedly an atternpt on the pai^t of plant ernployees to avoici

delays a.sscciai.ecl w'ith crossìng through the downtown area with'its
numerous stop'ì ights and consjderable peak hour congestion. It could

a.lso be the result cf h'igh-speed expressvJays, r,lhich cater to access'in

the suburbs but deny'it in central-city areas because of the limited

I and avai I abl e for j rrterchanges there and the operat'iona'ì prì ority

awarded to through traft'ic.

Keel'er, Airports, Shopping Centers and Industria'l llentr_,p. 78.

This is less ìikeìy
the subur^bs, since
c-ity residcnt ¿lble
the nrajor peai<-hou,-

jf the plant is located further out into
there woulci be some advantage to an jnner-
to 'Lrarrel to lvorl< in the d'irection opposìte

1'l orç.
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There is in rncst ur'ban ar^eös a bu'ilt..'in ni¿:s ir-r i.he ti'alrs¡rcr^ta'tio¡¡

systen jn favour of raci'ial '[r'¿rr¡erl ver-cris psripheral t.ravel . lhe ex-
:

cepti oll i: j n areas r,;lrei e ri ng i'cads crr be livlays hev,e l;eeri coilsir'uc Led.

A racli.rl bias is llel"L'icula11y evicleni in rnos'L publìc transir systeins

vlhere thc rnajori ty of ror.¡t.es ai'e octtttotvn ori etited arrd ¡reri piii+ral travel

requì res severa I trarrsf ei s.

Pi a.ce of i,Jo,^k Charac'

The stabjljty of the rvor^kplace and the type of industry ìnvolved can

have cons i derabl e ì mpact upon r,rorl<-resi clence separati on.

Several researchers have poin'ted out the 'f,act that older jndustrial

plants have a much more cornpact distribut.jon or" employee residence.s

aboilt them than do recent'1y-es i,abl'i shecl or' rap'i ci'ly-expandì ng pi anis. I

New firms or newiy rejocated firms tend to draw workers from farther

afield a.t first. As tinre passes and convenjent residential opporitr-r-

nitjes become available, permanent employees are likely to move closer

to overcome the cost and inconvenience of a long journey to work.

Those firms r^rhich are econcnrically-stable and empìoy predominant'ly

older, permanent, full-time, sing'le shi'f,t employees tend to have a closer

d j stri bu'L j cn of ernp-loyee resi clences than those fi rms, whi ch are I ess

economjca'liy stable or employ 'lar"ge numbers of new, seasona'l , temporai'¡r,

Lei pnran, liLe_Jc-.¡1tlgy._lg -!or(, p.
l,Jcrrk Relat'ionships", p. 4lB; and
and Work", p. 338"

i 5; Carrol'l , "Aspects of Honle-
Schnore, "Separation of Home

19



part-time, or sh'ift r¡¡ori<ers " It seer¡s i.ira i i r...'tr:î:sed :iob se cur j t}i and

coixrnjtnrent resuit jn a redLrctjon i¡r coìrì.,ì:;r.'ii-.¡; cìs'iance" .lil a stud3r sf

jndustrial 'installat'ions 'in Flint, Michigern, 5ciinci^e fcLlncj Lhai everrìni1

and njght shif't r^¡orl<er's actually ìncì"eâseo iir numbeis l,rjth increasii'ig

clj siance îrorn theì r pl ace of v¡ork " 
I 

Shi f t einoì oyees are of ten peri oCi -

caì'ly h jrecl. rnarginal i¡öl kers tvith li'¿tle sen 'crrj ùr/ ancì pei'iiaps reia-

'uively ììttìe commjtment to thejr jobs. it is also poss'ibie that the'ii'

unìque distribution js due to a seconci joti, poSsibl,v part-t'ime agricui-

ture , or because of the ease vrjth wh'ich they can travel to vrork dui ìng

of f -peal< hcurs.

It has been reported that empìoyee work-resioence separation varjes with

the type of i ndustry i nvo'lved. Techni cal ly specì al i zed r'j rrns empl o;,

l'righìy skr I lecj, highly paìd tvot"kers who conrnlute further than the averege

v'rorl<er'. Beverly Duncan found that emp-loyees o1'firns specÌalizing in

electrical machinery, prìnting and pubì'ishing, and chenical and al'lied

products come from greater d'ista.nces than. those employed by firms

involved in textiles or fabricated nretals.2 Aside from the possibìlity

of temporary I ocal I abour market shortages i n speci al i zed trades , 'ulre

most Iikeìy exp'ìanation for this phenomerron is that those employees wìth

higher iircomes could afford to travel further to exercise their ta.stes

and preferences for residentjal accomodation.

I

L

Schnore, "Separatjon of Home

Beverly Duncan, "Factories j¡l
and Salary I,Jorkers, Chìcago,
?1 (February, 1956): 53.

and I,Joi^l<", p. 339.

i'Jork Res'idence Separati on : l,Jage
l95l, "Amerjcan Sccjologjcal Revielv"
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Sepat'ati cn al sc var ies t^¡i th t¡,'pe of empì oynrerrt because of the current

locat'ionai Ðrei'er'etices of diffei'eni enpìo¡.,ers. l.arge rnaitufactr-rrìng

f,irms have generaì'ìy t^elocated tc lo',rer cc,si laricl in suburbai.r'iirciustrial

areas t,o accomoclate expans'ion ancj the space requi rements o't' rnodern

pr'oiiLicLìon i ine ancl material handi ing technìques. þJarehousirrg and

djstribution firms have jn iarge measure fclloi,.;ed l;irenl ioward the per.'i-

phei'y and taken aovantage of ihe cheaper land anC'less congested sub-

urbarì transpor'tatì on termj nal s. 0ff i ce enrpì oynent, meanr,"rhì'le, has

renla'ined heavily concentrated jn the central i¡usiness dìstrict, aìthough

thuÂrê i s some outv¡arcì novement assoc j ated vri th the devel opment of com-

mer"ci al s ubcentres and subui^ban "of f j ce parks " . Assunl j ng most bl ue

col'lar workers still tend to resjde jn less expensive acccmodaiion in

itiner c'it¡r ¿1 s.s 
"vh'ile 

lror'e affluent white col jan workers reside pri-

marily in the suburl's, ihese trends jndjcai;e air íncrease in average

t'¡ol"lltl''ip 'ìencths fcr lvoi kers i n 'che ¡nanufacturing and di s'l-r i L.'uti on

sectors relat'ive to office woi l<ers"

The size of jndividua'l firms apparentìy has ljttle effect on work-trìp

length. In a stucl.v of Massachusetts manufacturing pìans Carroll found

that only those firms ir,jth 5,000 or more ernployees showecl a sign'ificant

increase in the averaEe work-.resjclence separation of ihejr empìoyees.1

Itt a n'lore recen l, stucll, of j ndustri al pl ants i n the Uni tect States , Keefer

also founcl that plant emp'loyment had relatively little impa.ct on trip
length, although ìarger pìants d'id have a sl ightl¡r lv'ide'r distribul;'ion of

ernpìcvee residences.2 Gr eater lvorker awareness of large empìoyers, a

I

2

Carrol I

Keefer,
¡t .73.

, "Aspec i.s of Home-lJork Rel at.i onshi ps , p.

Aif¿qrts, sttoppirig co lçl_l¡lglfU

41 9.

l' Pl ants ,

7.1



snalIeT' piopoi"tion cf plani employees

I inijtecl rrunlber of nearby È.esìclelrces,

rapìd coirtpai-ry gi.ur,ri;h ar-e al I ¡;oss.iliìe

mi ght d'r'ay¡ r,,,orkers f ron f ar ther a'F j el

t"rh'ich can be acconlniociatecl i n a

ancj I aLiour market shor^-uages cìue to

reasons wh.y large ì¡rdjvjdual fji-rns

d than the j r^ smal I er counterparts.

0f nrore ì rnpcrtance ro '¡rork-res ì clence separati on , irov¿ever, j s I arge

irldustrjal cljstrjcts or coricentrat.ions of incjustrjal plan1.s. As pr"e-

r¡'iousìy Ìr'rciir:ated, the greater tiie corrcentration of einployrnerri oppor-

tunities, the less likely residences rvill be situated ín proxim.it;z ¡e

any ì itd j v'i dual pl ant, the greater vri 
'l 'l be conrpeti t j on for nearby resi -

dences ancl the more I ì kely the transportatì on system v,r.íl ì have been

des i gneci to f aci I i'La r'.e travel f rom greater cji stances.

P'lace of Residence Characteristics

In the'long term and at a macro-scale, housing consumers, by viriue of

their collective actjon clo exert sone influence over the t¡rpe and loca-

t'ion of resiclerrt'ial units p'laced on the market. in the short tenn,

holever, the ab'ility of indivjdual householcls to fincl sujtable resiclen-

t j al opportunì tì es i n proxirnr'ty to thei r pl aces of rr,ork ì s severe'ly

constra.ined by the supply character istics of the existing Iocal hoLrsìng

marl<et.

A locaiion convenient. to work is onl

residential coitsLlrrer. According tcr

to pa¡r, he seeks a vary'ing quantìty

Some of the other housing attrìbutes

y one of niany consideratjons of tire
his needs, preferences, ancl ab.i'lìt¡r

and quai'ity of resjdeiltial space.

usualìy-considered are numben of
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roofis . oh¡,rsì caì qua l í iy of I;þe rfu¡el 1 ì ng unì t,
quaìit¡., '!evel of pub'l'ic servjces, taxes, .t3,pe

abì ì ì iy.

The demancl for vay'jous types

econor¡i c characteri sti cs of

soc'iol0gi st-prl anner l.lerbert

sìng'1e-famil), cirvel I ing un'it

si ze, ne'i gi'rbourhc;cd

terrur'e anC affor ci-

of housìng ìs cìosely related to the socjo-

the consumìng householcl. Although, as

Gans points out, ownership of a suburban

i s probably st'il1 the j deal for most North

Iot

oi"

Prox'in-ity io other ceniers of activìty sÌqnificant.Lo daiìy'ìiving m.ight

also l:e cons'idered a determinant of residential'locatiorr, sjnce as

carrol I notes, "trìps to work are short bui; shopp-ing, school a.ncl church

trips are shorLer. "lL i,'ijchaer A" Stegman reports s'imjlar f.iriciings and

also points out that suburban residents usually enjoy Ereater accessi-

bjlity to such servjces than inner city residents.2 It would aplear

that as planners and developers have recognized that these facil-itjes
are a necessary adjunct of resjdentjal 1ivìng, their resultant d.istri_

bution is now so widespread that they are acceptabìy close to the ma-

jori ty of urban residences. Thus, whi I e proxirnity to school s, parl<s ,

shopp'inçi fac'il'itìes, anci other ai¡enities might affect locatjori wì i:hjn a.

ne'ighbourhood, thei r rel at'ive quaì i ty as opposed to prox.imì ty i s more

1ìke1y to inf,luence location wìthin the urban area as a whole.

I Carrol I , "Honie-l^Iork Rel at'ionshi ps " , p. 86.

Mjchael A. Stegman, "Accessib'iljty Models and
Locar-jon", 4-I_.!r__!!_qügl 35 (January, 1969) :

Res i denti al
ôôLO.
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Anier'i cah's , ' espr.cì aì 1y d.iri n1t ii¡e cir îl,l-i i,:.,ri" j rt l :;tai,,r.l o-f, lii: ii' l-ife

cyc'le, an-inc'r'easiirgry sma,lleì^ perceìlt:gc c,i iio,;seho'lds can afforei th-is

lc't't censit-l¡ l'i'Fes:'tyÌe'in the iace cf i",:ltioiJ,'risìno iiililsii,¡ cosi.s.

Young aciul ts anC o'lcÌet^ couples tr,hose chi liji^en have qr^ol,1n uil ofteii pi'efer

to I jv'e at higher cr'i-.tisities foi^ reasons cl'ecor-romy ancl convenierrce.

I.-ot¡ei^ jt¡cotile househo'lis are usua] l), l'esi'riciecl to rentrlng, aird some.tjnies

owriing, smaller- quantities of ilrlran space. Sjr¡jlar^1r,, hcusehold'income

often cietermines housing and rre 'ighbcur^hccd quiaì ity, as rvel I as lvhetlrer

ihe acconimo,Cati on sel ected i s nevr or ol cj. I't i s genera'ì 'ly agreed 'Lhat

a'f,fordab j 'l ì ty of the hous i ng package ì s one of the key determj nants of

residential Ioca1.ion"

The af fordabi I 'ity or cost of a g'iven res i denti al package wjl i depend

upon the amourri; of space consunied, the I ocati on rent, and the I evel of

qualìt-v and amertjty sought. l-he price a household rnust pay per unjt of

residential space tv'iì1 vary from one location to another according to

Kain because of loca'i;iotr rent vrhich is "aìr economic rent which landlords

can obtai n f rom househol ds for more accessi bl e si tes. "2 lle assLrmes the

price per unit of residentjai space of a stated quafiiy and amenÍby

decreases uli th d j stance f r'onr workp'ìace because of conrpeti ti on to econo-

mi ze cri transportat j otr expend'i tures arouncl si gni f icant concentrat j ons of

empì o5z¡1gn¡. Kai n's I ocati on reirt i s based upoÌr an urball I and market

Herbert J. Gairs, "The i,lhite
The Nev; Yol k Times Magazìne
ì n Si:egman, "Accessi b il i ty

Ka.ìn, "The Jourtiey-to-l,,lorh"

Exodus to Suburbia
(January 7, 'ì968),

I'fode1s", p. 27.

, p" j39.

Steps Up"
p. 94, quoted
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theor.y, wrlich 'inii¡i'ies 'ihat lrica'i'icn rents aì^e veÌ"-y high ìn the center cf

the c'ity"'Jecijne steepiJ¡ r.¡j1;h ci'istance frcin the core? and ler¡el oí,f

toivard the outei^ lri nges of t.he ineiropol j tan ¿lrea. F j gure 4 qrapi',j ca j lr¡

represents the lccation rent funct.ion where Q2 represents a successively

greclLer qiraiitity of resicient'ial sDace than Q1 and so on.

l^Jhile unit location rents are lor^¡est at the perìpher"v, it is also true,
as stegnian suggest.s , that acconrniodat j on at the peri pher,v -i s gener^a1 l ¡z

ne\'{er, more futlctiona'ì , anC possesses a h'igher quaì'ity of enviroilrneiit

ancl level of anlenit¡,.1 Unjt housíng values and costs, exc'ìusjve of

access'ib'il.ity consi'jerations, probab'ly ìncrease graCualìy rvith cjjsIance

i'rorn the core, muclr as i I I ustrated in Fì gure 5.

'fne I ocat j oit rent f unc.L j on i s dûnli nant, hcHe\,er, prcl_.ab'ly not sc much

because oi' residential competition as Kain suggests, but ra.ther. because

of competjtjon for central sites by nonresjdential commercjal and offjce
uses. The result of the conlbined phenomena is the fact thai resjdential

locators can obtajn more des'irable land for housìng in the outer rìngs

of the city at loler prìces than they u¡ould pay foi^ less desirable land

closer to the central bus.iness district. In other words, a consumer's

incentiVe for residing'in ihe subi¡rbs is not only that he can obtain

more res'idel,'tial space for his dollar but t.hat he can also obtain bett.er

residentjal space on the average. 'lhe interesting aspect of this s-itua-

tion is that loler income households continue to reside near the urban

'l Stegrnan, "Accessibtlity Þ1cde'ls,' pp. Z4-ZS.
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coì e anci the reason ì s pt"o.bably no'i; so nruch to ccono'ni ze on 'Lrai"isporì-*

aL'ion costs, -in vjev¡ cf jncreasing iädustrjal decentr al-izatjon, bul

ratirer I¡ec:ause of the tracji tionai absence cf suffjc jen'Lly sna'll , affcrcj-

able qunnrit'ies of res'ident'Íal space'in the fornr cf nrultifanrily and

renta'l hcusjng in the suburbs. Thìs pattern js sior,¡l¡r shiftìng, hor^r-

ever, and it is I ikely that a nrore honogerìous ol.istributjon of jncorne

grou¡rs v;ì ì i resul t as subr,irban densi ties irrcrease.

Ther^e erists, at the preseirt time, a debate by residential location

theorists over the importance of the accessibility or job proxirnity

factor in determìnìng residential location. The accessjbjlìty baseci

econcmic models of Alansoe Harris, Kaìn, Lov,'ry and Muth irnply that the

des.ire'Lo be close to work is the key factor, u¡hich arranges the dis*

trjbr¡tjon or' v;orker resiciences into a rational p,¡tttern.1 They do i^e-.

cognize, however, that resjCential space'is not an iriferior good and

assunre that househol ds r,¡i I I trade off j ncreased journey 'Lo vrork expen-

dit.ures for decreased unjt site expenditures'in accordance t,,'jth theìr

preferettce for low density living and ability to pay for'larger amounts

of space.

l,'liIIiani Alonso, "A Theory of the Urban Land Market" Papers
g_@_!rqçgggjngs of the Regjonal Science Assocjatjm 6-il9d0):
156 and Locatjon and Land Use: Tolard a General -iheory of
Land Renî-fCam6Fiìge: Tã¡tarã- U

Britton Harrjs, Basic Assunrptions for a Simulation of the Urban
Re s i d e n t i a I La n d- Mãiï e t lTfïãdel pfìã--In¡TìEïãiT-E¡tl rrc r1 --
ffinnlversjty or' Pennsyìvairja, ì966) ;
l..ain, "The Journey-to-l,iorl<"; Ir'a S. Lovrry, "A Model of t'letro-
pol i s" , Memorandum RM-4035-RC (Santa Mon'i ca: RAND, 

.i 
964 ) , ci ted

ì n Stegman, "Accessi bi I i tJ, Model s " , p. 29; and Rj charc{ F. Muth
"The Spaii a1 Structure of the Housi ng lt'larket" Papers and
Prcceecijn_g;_qf_ l!s__þsi 7-fi-96TJ: 207 -220.
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/\¡toLhei'c¡-f.oLip ci'resc¡,*chers, inciiri-irtq i:ui-'iei'ÉL ¡i'i , Cat l¡'-rcsr:, Golcì-

stein a.nri i'ia¡rs¡, Sìinrroiis, aiid SteEnran, ciralieiigt f.it: irllroì'trìlrcs c-;f tite

:iourne¡r tc lvor[. in t'er;jclence choice anC ihe t¡alue o''' l,',or'l<p-iace based

resideni:'ial moCels.l They lvould pr^el'er alternative mo¡jels vrhicil explaìn

a Ilouselrolri's residence locai.ion pr-imari ly on ti'ie basjs of hoirseholC

tas'ces e.ncl ¡rr"efer'eì'ìces, part.i cul arly for nei ghbourhc-ioci cl-.aracteristj cs,

r,,ritl.l l'ittle regarcl for place of v¡orl<. The¡r ç6¡1'r.end that the'ir erlp'iricai

evjdence shor^¡s tha't ihe quaìity of the neìghbcrurhoocì, iri tenns of socjo-

ecoircmjc status, race, crime, density, home clrrerslr.i¡l and sinr.ilar fac-

tors, js the most important determ'inant of resjdentia.l location. l,Jhile

some cf, their research does jndica.te lirniterj associatjon betlveen job

change and res j dence change arrd a 'l ack of emphas'i s on recluced commutì ng

a.s a mcti ve for rnovi ng, the'ir ivork i s far fronr concl us'ive.2 Very I'ittl e

ilas ireeri rioi'rç:'co aciual'ì-v cieter^miiie if ir,o'il<place'is actual'l.v furr.hêr^ or

nearer as a resu1t of a move,'irrespecti'v,e of the stated ruuìon, for the

move. In rnore recent r,{ork, Barry 14. l'loriarty and H. James Brov¡n found

E.l^l. Butler et al , þíoving BehaJ'ior and Resftlfiial_glùlei
A Nati onal Survey, Nat'ional Cooperati ve l-l'ighvray Research Pro-
gram;-Report-l'iõ:-81 (ì,Jashington : Highl,ray Research Board, I 969) ;
A.J. Carrianese, "Honre and llorkplace Separation'in Four Uiban
Regions", Journal of the American Instj-uute of Planners 37
( S e p tem l-ie r"l-T97TF 319:3
"l',li gratì on and Journey to Work "Soc'ial For ces 42 (May, 1964 ) :

479; J. l^.l. Si mrnons , " Changi ng Resìien,ce -i n-Th,e C'ity" , Geogra-
p¡ig]__BeJ1ey. (October,'1 968) : 637 ; ancì, Stegman, "Aõões!i-
bi1ity lt{odels".

So¡rre er¡'idence to cc.rntrar y 'in cases of pì an'L rel ocati on i s
provi deci ì n; Toronto Pl arini ng Board " Inpact on Empl oyees : " ,
p. 44.
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tl¡at, nejghbotrrhood cluai jty anrj u¡ot^[<p]¿rce lccar..'ioì'ì llere bci;h "irnportaiit:

elemcnts oî the i es jdentjal loca'cion ,iecìs'ioii, aiihcL:gli each einphas izes

oire fact.oì over ihe other.l Perhaps, ihouqi:, this 'i:; 'incijcatir¡e cf

reccnci I j at j on betl,,,een tlie t-.rvo groups and a'f' an unCerstarrdi ng that. l;i i-h

inc,*eas'ing ai'fluence ancl nrob'iì ii.y, ne'ighbournoocl charactei istÍcs nar-

rowl.y c.ircumscrjbe i.vhat js cons'iCered io be a su.i i-able res'iciential

op¡,.ortun'it.i¡, while attractjoii tc v¿crl<place still creai.es an orCerly

pattern of choice among more I ìrnjted competing suitable op¡roriunìties.

The quant'ity, as t,le'lì as quaiìty, of ava'ilable hous'ing affects llome-r,,,ork

separat'ion. l,Jjth increased vacancies and availabie un'its, the opportu-

nities for findìng a suitable residence ìn proxirnìty to work is ìncreased.

if the hoLrsirrg market is tight and opportunities are limited, there js a

good chance that one's init'ial chojce of res'idence w'ill not be opt'imum

i n ternrs of pl ace of work I ocat j cn or housi ng packarge preferences. -lhi 
s

ìs part'icu'larl¡r true in ìight o'í" the fact that vrhen suppìy ìs ìírnited,

r¡¡haL housìng ìs ava-ilable is usualìy marg.inal in terms of quaì'ij-y.

Later, cìurjng a liigh vacancy period, adjustnients may occur ejtherin

terms of moving closer t.o work or perhaps l"uriher ah/ay, if thjs is

rlecessary to obLajn the des'ired standard of accommodatjon.

Bai^ry I'1. It{oriar'ity, "Socjoeconomic Status and R.esjdential
Locaijonal Choice" Ënvironment aircl Behavjour É' (December,
1974): 448-469; and, tJ-¡ames ErÑl, Ïehãr1ge ìn tJorkpìace
e.nd Residential Locati0n," Journaì of the American Instiiute
of P lanners (Jarruary , i975) : 32-39-. 

-_
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it should be noteci r:hat the rental rna.rkei..s'i i.Lration li'i'Ìl often be

d j f ferent f rcm the home ov¡ner"sh'ip or concloiri n'iui-:r rìiarl(iìt. Lccati onal

adj us.tmc-nts r^ri I I usua j ìy occur sooner' .in the ren Ial rrârket bec¡,irse

reniing hoLrseholds are usuallJ' more rnobjle.

It should also be noted that choice of res'idence arrd ac.iustnreät ìs

deperiien.L upon 'ui're householrl's limiteci perception of 'Lhe market. The

consr.lnrer has inrperfect knoillecige and is onl-v a!{are of those vacanc',es

lvhi ch he sees advert1seci or v¡hi ch are brought to hi s attentì on by i eal

es'uate agenis. These, of course, represent only a poriìon of the total

vacarrcies at any given time, and as a result intra-ur'ban migratìon be-

haviour is, at best, onìy ìntended'ly rational .

l-louschol cl Characier'ì , t'ics

0f the many fac'Lors affectì ng v¡ork-res j cìence separati on, several of the

most important relate to the socio-economjc and ps5zçfioìogìcaì character-.

i st-i cs of ihe worktr^i p-maki ng househol d.

ilverage worl<trip length has been found to vaiy in a fairly consistent

manner rvith household income level, and it has been suggesteC that

model s attempt.i ng to exp'l aì n the spatì af interact.ion betiveen r,¿ork and

resì dence be strati f ied or dÌ sa.ggr'eg¿rteci accordì ng tc i nconre I evel s.
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Duncan, l(ai i'r, Fi sher anci Scssl au, aird Voor^hees are crilciìÇ thcse, wilO

found thar: atrerage t'lork-','esidence separaiìon jnci^ease.-i as household

i nco¡ne 'increaseci. 1 
i-ioir,evei , Voor^hees sugger,r.s " i-.hÊ e:,irl anali on l'or r-iri s

does not see¡n io ìie in the fact that high ìnco;ìlE Eroups l'rar,,e a gieater

prcpensìiy í'cr irai,el , but instead js due to thr: spaiiaf distributjon of

res'idenri al arees ancì enrpi oynent for d j f ferent -ilrccine gro'J¡ls . " In o bher

words, there lias h is Lcl'i ca.l 1y been a greater phys'ica'l separat.ion betleen

homes and j ol-.rs assoc j aled r,; i i-h hi gher i nconte groups than betr,veen tilose

of I or.r,er i ncome groups.

This does not deny the-f,act that households v¡ith higherincomes are more

abl e to traCe-off i ncreasecl jcurne5, to tr,orl< expendi tures for I ower uni t
site expenditures, as suggested carjier in thìs chapter, and as indi-

calteC j n Al onso's equatì on :

Y-K(t)+qP(t) + Z.l
\D
/1.¿-J I
i

where l.irrri

costs, K(t

costs for

al I otirer'

-2L.. UneI

ted jncome, Y may be expended on commuting transportatjon

), wh'ich are a function of rvork-trip length, t, or on housing

a quant'ity, Q, of housing at unit location rent, P(t), or on

householcl expenditures ,1 P, 7.r, ot price, P.i , and quantity,'1 r 1

must conclude that the higher the famì1y income, the more

Duncan, "Fartors -irr lrlork-Residence
"l-he Journey-t.o*l,Jork", p. l48; R.J.
"Census Ddta as a Sour"ce for Urban

USfUgJ_lgsearch Record I 4l (l 966 ) :

and Trencis, p. lB.

Separati on " , p. 50; Ka.i n
Fj sher and Arther B. Sossì aL;,

Transportation Pl annìn9",
5?; Voorhees, Factcrs,

/rl onso, .! 
gca!þ!_¡_l{!UÉ_J:e, pp" 19-21

1l.)l



i¡a,\7ìhr^ i-Á-¡ il.^r'..rtc L.ltJ

thjs act.uaììy

OPPr-rrïLllli a.Y C

I evel .

I ocali on or

resui t.s i n

'ìs t.r'i i:,uti on

ì"es 1 úence

a 1 cnger

0i'irclti¿s

\,/cÌ i'

to

i.c

ir . i.li;e :iicr (ìr' nor

scrire degi'ere on the

a gìven jiiccrn¡:

As has aìi"cady been sugEesteC,'íncreasìng ìricusir''ia'l ceccntral'izaticn

has leiig'tlienec the rvorktrip of íntier city blue collar^ vrorl<ei^s i'ela.L.ive

to suburbar¡ lvhi te col'iar worl<ers. Th'is has been I argel¡r because of rhe

j ircreas ing standarri of I i vi ng and rel ati ve avai I ab j I i t5, s¡ the pr^i vate

automobi'le, as well as flat fare pubiic transjt service. It is pr'obable

that the impact of inconte on trjp length has diminishec over the last

feiv ,:iecacies. However, there i s a good chance that. r.vi th ìmpendì ng fossì I

fuel sltortages, more expensive gaso'line and wider usage of zone to zone

transit fares, ab'i1ity to pay may reassert its ìmpori;ance as a factor

gover"ni ng v,rorl<ti"i p l engtii.

Much of the work associating work-resjdence separation u¡ith jncome levels

also exarn'ined occupat'ional djffererrtjals.l Generally, i'L was found that

average separatì on 'increased r^¡i th occupat'ion status I evel accord j ng to

the follovting hierarchy: professìonajs, managers, sales workers, cleri-

Çal vlorkers , craftsmen, oper'ati ves, ì abourers and serv'ice viorkers " The

order of these occupations corresponds roughìy v,rith the average occupa-

See for exampì e, Duncan " Factors i n l^lork*Res i clence Separat'ion " ,
p. 50, Kain, "The Journey io l^lork" p. l48; Fisher and Sossìau,
"Census Data", p. 54; James 0. lnlhee'lei , "Sonje llffects of Occupa-
tjonal Siatus on !,Jork Trìps", Journal of Reqional Scierlç-e_ 9
(Apri ì , 1969): 71 .
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pai-icnå'i i¡rcolre .íi on higirest tc; lor,;est, rvìtlr the signìfÌca¡.ìt exceptior-r

tilat ci"af tsn¡en and opera L j ves eai ri rirore on the a\./erage than sal es anC

cl ei'i cal \.¡û'rl<ers "

The fact th¡.-i. sa'les aiici clei^'!ca.i v¡or^l<ers'bend.Lo reside'fimiher froi-n

their jobs, Lhan irìcome consjderatjons alone r,rould suggest, is con-

sjsten'b r'¡ith the not'ion thaL separatjon ìs largely deterinined by the

distrjbuiion of suitable r'esidentjal opporLirn-ities. Several socio-

log.icaì studjes irrdjcate that resjdential areas are sti"atìfierl or segre-

gatecj according tc socio-econornic status.I Thjs is tlie resnlt of a

cles'ire on tlie part o'f individual home seekers to increase social access-

ib'ility to compaiible neighbours of equal or higher status and majntajn

soci al d j stance f rom those they cons j de,,^ to be of a I ower status .

usualìy peop.ie prefer to 'live jn neìghbou,-hoocs and houses of sjmj.lar

qual it-v as those uthom theSt percei ve to share simi I ar val ues ancl aspì ra-

tjons and who have sim'ilar or socialìy desiral-rle, eciucationa'ì , fanrììy or

occupat'ionaì backgrounds. l-hus j t 'is not surprì si ng that v,,hi te-col I ar

sales and clerical workers tend to live close i.o white-ccllar managers

and professionals, wh'ile craftsmen and operat'ives live close to o.Lher

blue*collar workers and exhjbit a correspondìng vrorktrip distribution
pattern. In Beverly Duncarr's words, "it would probabìy be possible to

reprocìuce approxìmately the observed pattern ot- djfferentials in vlorl<-

Several such stud j es are summari zed i n l4ori ar^i ty, "Soc j o-
econonric Status".
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l"es i dencc scpai"ôiì on vJl ili a mc;cje I rr,lli ch assunes tha i; i abour for.ce men*

bers v¡ill resjde -in that ar^ea nearest their rvorkpìace, urhìch is corirpa*
1tible rçiih the'ir socjo-ecoilomic le'.rel " "''

I{an.y consicier occupaiion to be ihe sing'le nicsí; jrnpcitant factor of the

several that enter inro a detertninat'ion of socio-econr:nr'ic si.atus2 ancl

occupat.i olial presti ge i s o'í'ten a major fac'bor al"fecti ng houselrol d I oca-

ti cn " Gi ven th.is , i t woul d seem reasonabl e t.o di saggregate spat ia'l

interactjon mcdejs relating honres and jobs according to occupat'ion as ail

a I ternati rre to i ncome "

Jotirney io work characterjstics are also frequently differentjateo by

3-.,.race." Thìs 'is especiaì'iy valicl in many of the large urban arees of the

ijnited States lvhere the presence r:'f racial cljscr'jrriinaticn represoits a

major'market ìmperfection, wltich distorts the spatial denlanci fon resi-

denijal space by both whites and non-v¡hites. "4 Increasìngìy jn these

areas , wh j tes f j ee to the subur^bs from ne'ighbourhoods of changi ng racÍ a1

Duncan, "Factors in Wor^k-Res'idence Separat'ion", p. 57 .

See for exanrple, Paul K. Hatt, "0ccupatìon ancl Socjal Stra.bi-
fication", American Journal of Sociology 55 (l4ay, I950):
533-4.3 and i. Reiss et al, 0ccupations and Social Status,
l-he Free Press of Glenco, Nêw-%rï;-TqETl

See for example, Duncan, "Fact,ors in l,Jork-Resjdence se¡rara.t'ion"p. 50; Kain, "Tlie Journey-to-l.lorkrr, p. i45; Hanburg, Journs¡,*
to*l^,tork I'ljnimizatìon, p. 74; Voorhees, Factois, Tr.encjs anci

I

/-

Gujdelines, p.'l3.

i(ain, "The Journey lo l,,Jork", p. l58.

34



cciltposi'L'iolr in cerrtral areas close io ì:iie-i'r' joirs. i'ìe¿ii¡L'lhìle n,Jit-i,,,i,ì i.es,

i^eçarci'less of iircome, are resiricted',-c' l'i"ilE jr-r cen[ì^ð'l cìt1, ",;heti:o-.:''

anci sonretirnes musi: reverse commute io frjnqe ar'Êâs üo r'ind,jobs" ûn the

rvho ie, average sep;ira L:i on '!s usual ìy 'iess for non-whi tes , and ihose

snr¡r'ioyecf iri the suburbs ha,.,e 'longer r:ornmuting d'Ístances than those

enrp.ioyet.l ceiirraliy. 'ihis ìs .iust the reverse oi= the pattern observed

for lvii'ite comnru't ers.

l.Jhi'le racial segregation js genera'lly not as serious a problenl in Canacja

a.s jt is in the Unii;ed States, t.here are, never'theless, ethnicalìy

d'isi;inct areas ìn man¡r Canaciian cjtjes where resjdents of similar ethnic

origiÌ'ìs reside as a group for mutual support ancl social , cuìtu'ral , and

ììnguìsLic accessibjlit;'r. This is often the case v;ith the Chinese,

Itar'l 'i ai^,s , Fi^encli Cana,Ci ans i n tngì ì sh-speaki ng prcvi nces , anC Eng'ì Í sh

Car¡a,ljarrs'in predominently French--speaking areas. Thjs phenomenon

represenL.s a major djstoi^tion in the housing market and ljmits the range

of suirlable res'idential and sometimes ivork opportunjties for such

groups.

D'i'í'fering average work-residertce separations have also been observed for

the sexes. in generaì, women tend to live closer to the'ir jobs than

n'un.1 'lhere are several possible explanations for this phenonenon. One

is that marriecl '¡romen are often secondary or part-'tìme r+age eanlers

I See, Duircan "Factors jn l^Jorl<-Residence Separation" p. 53;
l(ajn, "The iourne.y-to-blorl<", p. 146; Fisher and Sosslau.-
"Census Data" p.5'¿"
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r'rhose conrì1ìi tnrerit Ì;o lio¡ire airc fanj ly i s greater than that of the -ir^

;

spouse.'. /\s e, reslilt, finoiirg a job na),' not be that c'r'itical íor tirem

arrd they cali af Í'ord tc lva'i t and f 'jnd a job convenì ent to ho¡ne. Arrothei-'

possibiiìty ìs that 'in fa.rirjlies wjth tr,,ro -irrccmes" the hLrsband and lvife

ofter-r r,lork i n the sa.rne generaì aì^ea, anci as a resi.r'ìt,, there -ìs a gi eater

jnceni'ive îor ti'iem'i.o live close to that locat.ion. A third pcssibììity

rel a [es io the nrode o f ti^avel enrpl oyed mcst of ten by each se)(. Reeder

found thar'v;orktrip'Lr^aveì tjmes for men ancl rvomerr were not sìgn'ifi-

cantly'd'iffereitt, hov¡ever h,omen rely to a nruch greater extent on pLrblic

trans i t , irl'rey'eas nren used prì vate automob j I es for the nlost part. 2

Their dependence on slov¡er publt'c transit may account for a reduced

spatì aì separati on betureen lroires and jobs on the part of women wcrkers .

Marita.l status, life cycìe sbage and family sìz-e ere other var'jables

which appear to affect ivork-res jcience separa.tion. FolLhe nrost par.t

these rela.te to supp'l.y and denrarrd for res'iCentjal space. Fisher and

sosslau found that adult.s iir the 25 to 44 age group tend to travel

s'light'l¡z farther tha.n younger and oldergrorpr.3 This is, no cloubt,

because of addjtjonal dernand for residential space during the marriage

and chi I d-reari ng phase of 'l 
.i fe and the adopii on of a suLrurban j j fe-

styl e, :as suggestecì b), Browii.4 Increased separati on from vrork al so

I This tendency to r,rork closer to home would also apply to other
secorrdary v/age eanters; sr,rch as, adc'lescents, wiro are stjII
1 i vì r-rg rvi t.h thc j r parents. In househol ds wi th severaì i ncomes ,residential ìocatìon ìs ìjkely to be determined on the basis
of proxmìty''Í;o rhe job location of the pr..'iiltary \,,/age ear,ner.

2 Reeder, "Soc'ia'l Diíferentiais", p. 60.

3 Fi:;her anci Soss-iau, "Census Data" , p. 54.

4 Broln, "Chenges in Ï,lorkp'lace", p. 35"
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.coii'eia'i;es i^¡'lth 'i¿inrii-r,,size. aricl 'lncome e¿ììning pov/er'nh'iclr are usua'lì¡l

close t.o rhe jr peairs clLrr^'ìirE ihe 25-44 age perìoc increasing faniiì;r

size resLrlts in aciditiorral ciemanci for^ 'iirdoor anci or-rtrioor resicíei-rti¿il

space wi'i'ìle jnci-e¿sìng eanring pcurer facilitates attain'ing it" This js

only true up io a po'int however, since l(ain observed that families of

f i ve persons or r;rcl^e terrd t.o I i ve cl oser to the cenir:r of the ci ty ancl

consuile snrallêì'cluô.irtities of space, probabìy because of pressure cn a

limjted incorne created by prov-id'ing ì'ife's r'ìecessit'ies for a 1ar"ge

Iranil l-y.

Si ngl e persons ond coup'les , ei t.her before or after raì si ng ch'i 'ldren 
,

tend to reside closer to dolntoln activity centers wlrere surtable apar'c-

ment acconrnrodat'ion is nornrallJ,concentrated. As a result thejrLrips to
ir,oi'k, i; Í'ie n 'l ccated 'in the cenrr^al bus i ness di stri ct , al^e sì ì giitl,v

shor'Ler than those of suburban comnruters

There are, undcubtedly, a number of other soc'io-econonlic factors r,vhich

mi ght d'istori: or nroderate theoreti cal patterns of work.-resi dence separ-

atjon. Fcr example, one of these might be subsiclization of homes and

jobs. l,Jorkers, whose homes ai^e provided or subsidjzed by their em-

p'ìoyer's, 'inheritors of a farni1y business or dwelf ing un'it, workers in

governncnt jobs, and residents of publjc housing are aìi cases o'î

hoLrsehol cis , vlhose I ocat j onal deci si ons ar'e constra j ned or al tered to

soire ciegree b¡r the a'i;ypi caì oppor tunì ti es ava'il abl e to them.

Kai n, "The ,Journey-to*l,Jorl<" , p. .l50.
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Be-v'cni1 put^eìy soc'ì c-econom j c ccns j cler'at'ions , one mus t ccns'jcier ihe

¡isycl-roi ogi cal clia.l"acteri stj cs of conimuti¡q houselrcl ds arid thei r^ i rr-

f I trence on i{oï.i(trì p l ength. ln the mi cicll e ages, -it vias corÌrnorì pr-actì ce

for ci^¿' f tsliletr ano art j sans to rvcrk 'in tlir: cottages rvliere i:he¡r 'l i vecj .

Latel^ ô.s ô. i^esul i: of ',he abuses of sr,reat shop labour during the In-

dustri al iìevol ut j cn, aversi ott to ciaì ìy r,¡crk becariie quì te commoi'rÌrl ace;

arrcl ivlleir they couì d , ncrkers ¡:ut tire scr:rie o f- tne day' s toi 1 oui: of

sight anci out ol'mjnd by livinq apart'frorn'i t. Ei.,en today, theire are,

undoubiedìy, many vrho see their jobs ìn thjs lìght, and as a result,

I i ve fartiier .f rorn thei r vrorkpì ace than they otherr^r.ise mi ght. 0n the

other hand, there are probably nrany who are so involved jn their work

that they fincl ji difficult to sepanate thenselves fi^om it physìca'I1y,

as wel I as nlental ly" it wour'ld be extremely di ffjcul t to assess cu¡rerri.

att'i'tirctes tor,vai cls work accu"^atel¡r and tl'¡en pre di ct :he resul Lant inrpact

on worktrip length, but it does seem Iogicaì 'ühat such factors woujd

play a role in a householcl's'lccatjonal decision.

Iden'[jfication with a particular comnrunity or geograph-ic area is another

psycho'log'ica1 factor rvh j ch may i nf I uence work-resi clence separatì on. As

mentjoned earlìer, Keefer found workers reluctant to crcss major travel

barriers such as river r¡alleys and so lived in disprcportìonate numbers

on the side nearest thejr place of enrplo¡zment. It rnay be that jdenti-

fiable physìcaì barrjers not only represent a real tjrne delay ìn com-

muting but also constjtu'te psychoìog'ical barriers or perhaps, just

conven jent recogrrizabiê LroLrrrdaries, w'ith jn which workers prefer to
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confjne f.irelt" co:unuri"iirg aci;i,¡itJ¡. Voor'irees íc,uitcj l-i;ai; l.iri:rú r,.,as ôn

r-lllusrlrrì'1J,, st-rcrr!l reluctarrcr,: i.f, r'iiei(e vicrktr'i¡rs bttti+lii iìiiritc:a;rc'i'is anc
j

Si. |]ìauj "' i-le sugges'l;s i-lijs js ciue bc a strorìq cî,:,:.,ij;ì;ry ìdci.Ljfj*

côtjLrir, not jusi: bec::use of the bai rier cffeci: cí' i.iie i.lissis".; ipp'i Iìir¡e'r'

separating the tl'io citìes. Í--'ut r¿rt,her because o'l''tilejr ci'is'i'ii:-L jden*

ti f i abl e c.it,v cen ters and tiie Ìnpact of ea.ch havi rig :.e[:at"a'i;e ne\,]spâpe ì^S

anci oti¡ei" ¡red'ia. ,ii'r c'cilel" r¡ct'cls, ilo1'l'le'r4s iirore"i-ani'liar ¡;it.ir r.rnpor-

tun'ii:'ies i tt thei r oì,,/ir ccmiiìun'it;r ¿¡^s I i l:el.y to have botir tl'rei r r.rct"li't ri p

ori gì n ¿inci des'¿'iirati cili n th¡rt- r-Lrmnrun'ì iy i rrespect'ive cf the fact that

closer opportun'it'ies may be available ìn adjacent areas. Vocy'hees

suggests tliat s'imi"lai^ ti'avel pail.erns may be obserr'¡eci 'iri other urbarr

at'eas rvith nlul t'ip'le c'ity centet"s and tliat. this phenoilena accoun'i;s 'in

parL fcrt the need for "sr¡cic;*erccnorn'ic acì justnrent i"a.ctors " to cô..l j b','a'Le

gFar¡'ii:¡z rnorlirì s stlthev cirii-,1 j catc obseì-vecì con,miiti ng.

0ne I asi psycholog'ica1 i"act0r wirich nrigh'b Lre considered is [hat v,'hich

Keefer ter'ms the r,lork'brip "i;ìme*space tr'ansition".2 The jcui^ney*to*r,r,orl<

ofl'ers the i ndi vi dual a cha.nce -;o change nlenl.al gears ; io pl an hi s r,;ork

cia¡t ¿.¡'¡vi t.i es , or sl owì y unv,'.ìnd. Assumi ng that tl¡i s is an i ntegraì ,

and ¡-.erhaps hea'lthy aspect of commutirrg, '!t ma.y subcorrsc'ious'ly afj'eci:

r,¡ork-Lrip lengl:h accoi^d'ing to the amorint of time an'indjvidual feels l're

reqrri res to a.dj rrst to new env'i r'onnients ancl acti v'i t j es ,

A. M. Voorhees er'. al
Rese¡rrch Recorci l4l

"Factor's in l.Jork
lic)Ârìì. ?¿
\ , / \,v / r

'lri p Lengt.hs ", ti!¡ygX

L.E" Leel'er"in an auperrced dì
"FactoI'.; 'in 

"Jot"k 
ïr1o Lengihs

tt} 
"

Ä.M" Voorhees et al,
Reseat'ch iìecord j4l (1965):

scussion cf
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The a¡,,pc'al of thjs oppc,'tunìty îoi^ rneni,al pr-ei¡¿raticrn o',^ r'elaxation is

probabìy repi"esen'iecj i r¡ the extrenie by the cheerf ul , l orig-cii stance, rai I

colllmutel' , who sees lii s tri p âs dn opportun i ty to dci adclj ti onal vioi l< ,

reaci tiie papel^, pl ay cards , or ,ì ust soci al .i ze lvi th travel acquai ntances .
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AI'IALYiICAL MODTLS OF S?AIII\,L IiiTtiìåCI.IÛi.]

ì-luna ¡ i.__i n ;e^a q i¿o¡- ¿ ;1qj'lo dc_ì I i r1q

The ciegi^ee of iir-teracti orr, j n tenns of c0mnlnn j caii on cr .brave'l , betrveerr

tt'ro pcpulation ccncentraiions increases as the pcLeirtìaì for jnter-

acticn, or tiie nunitrer of, attractir¡e termirrai oppor'cunities, in the trrro

I ocati ons j nci^eases arrd decreases ,1s the degree of separati cn L¡el:ween

them i llcreases. In the context of the journey rlo v;ork, thi s me.rns tha.L

a larger voluriie of rvorkLr'ips is likery between zones r,vhich contain a

1 arge number of ,-es j dent j al ori gi ns and empì oyment dest j nat-ions and

rvhi ch are convet¡i errt to one another

As sholn earlier, empirjcal evidence also supports the conveìse of the

above rel atÍ onshi ps ì n ci rcumstances where a g i veu amount of i nterac,¿-ion"

is esserrtial, as in the case of the wor.ktrip. 0ver the long terrn,

indivjdirais have control over the location of iheir tr-ip ends, and they

are more likely to'locate their home or job jn a zone rvhjch contaìns a.

large numlrer cf suitable residentjal or empìoyment opportunities, and

wh'ich reduces or iinrits their wcrk-residence separatìon.

Over the past centLtry or so, there harre been var.ious attemp.ts to niathe_

maticai ly interpi^ct or "model " this basic pattern of human spatìa'l

i nter'act j on. lnlì th rcspect .lo tri prnaki ng , these mcdel s take t.he general

form:

C¡.ìAPTIì.i I i

-fi,j = Ti x P(4, )

ttl



i,Jhere: T, . is the numb,er of tr"jp .inleì^cl-ì,:irìges 
be'i;yreei'l1, .-r

zones 'i and j;

T-. i s the r¡urnber of tri ps ger'lera.i.eC iii zcrre i ; arld,
1

P(Âr) 'ìs the ¡.;robabìlity c.i= the destindr'ion being in zone

j.

The destina.tjon ieì'ir, P(Aj), distr ibLrtes tile trips origìnating in zone j

antong the poss'ible destinat.ioir zones and accounts for both the attrac-

Lìve qualjties ol'zone ,j as lve'lj as the elernent of impedance due to the

spatial separat.'ion be'bween'i and j. In this configurat'ion, the model is

a trjp distt^ibulion'i=ornlula. lt has been used by socia'ì sc'ientists

interested in analyzìng anc preciìct'ing social and commercial'inter-

actiotto particu_larly m'igration flovrs. I"lore recentìy, jt has beerr used

by tr''anspor^tat j on prl aì'ìneì s io rrt"ec-ic j: zo'r'le to zone morlerneni;s as ô.n

interneciiate step in determìning desìgn traffic volumes for specìfic

transportati on faci I i t'ies.

The l'undanental spatÍe.1 interaction relaLionshjp may alsc be cast jn a

residential location or gror,rth allocation format. These moclels may be

considerecl to take the general form:

Ri'i=DjxP(S¡)

where' Ri,j is the number of residences in zone j belonging to v;orl<ers

ernployed in zone i;

tt?-



D. j s the -r.ota-l demanci for res j cieirces
I

zone j; and.

P(S.,) is i.he probabì lìty of a sujt.ab'le
J

pìieci in zone j.

of ivorke rs enrpl oyed i ir

r^esi cience beì ng sup-

The res'icietitial suppìy 'uerm, p(Sj ), allocates the clenaird 'tor res iclences

of viorl<ei^s ernployeci in z0ne i among the poss'ible resjclential supply

zones ancl usua'ì'ly accounts f or the attr^actjve residential qua'lítjes of

zone i as t^¡el I as the coniinut'ing i nipeclance betleen j ancl j . 0ver the

past fel decades, i:hjs type of formulation has beerr ernpìoyed by Iocation

theorists and urbatt p'lanners as e means of analyz'ing and predictìng the

resi deni j al di str.ibuti on of r^rorkers around empì o;,rrient centers. G j ven

thai the I ocat jon of ì ncLustr j al and comnler-c j al empì oymer¡t centers j s .Lo

a iarge cìegree ljmjted by transportaiion fac'ilities, ecoilonlic, ancl otl¡er

relativel¡r permanent and predìct,able factors, 'if a satjsfactor.y fornu'la

for di str j buti ng popu'lat. j on gror^rth wi th respect to assumed future em-

ployment centers is available, it is poss'ible that useful generaìized

urban l anci use model s nray be cier j ved. l

The Llltjmate objective of spatìaì interaction moclelling efforts js

usually'l,o come up lvjth a formula whjch reconcjles a requirement for
sirnpl icìty and econonry, jn terms of the input data ancl calculation

necessôry, wìth a desire for a correct mathematical interpretaticn of

underly-ing causa'l rel at'ionsh'ips. Such a model mi ght be ternred analy-

tjc as opposecl 'Lo s¡i¡'ihstic jn nature.

H. Blumenfeld,
o'i the American

"Are Lantl lJse
Iristi tu Le of

Pa ttern s Predi ctabl e?" Jou¡'nal
25 (ltay .1959)-: -64. -

L"3

P-lanrrers,



Sei¡e: al synthetìc inrerac;t'ion ¡rlodels h¿lr,,e l,er:n ir,.:ijt tr;,üi-r (1,^r,tjLn factor.,

eiípansìort, ot' ti'enci projectìon nir:inods, ¿is; r+eil ci:. vâì-'ioLis cLtrve .ij Í.ting

teclitriques such as multip'ie reg'ress.Íon anaìysis" SLich moclel:; are useful

i n ihe a,l,sence o'l' more analyi.ic f ormul ati ons and have he1 ped to exnl ore

thr: j npcrtance of thr: va.r'ious f actoi^s i n'¿ol r¡ed. I,icruer¡er , tlie¡, ai e

normal'ly ver¡' empì r-ical j n nature lvi ih I a.rge inpr.;t ciata requì ì.ements ,

and they are not ver'y ìnIu'it'ively sat'isiy'ing" Gerreralì.y, any aqreenrent

bettveen cbservc'd and predicteci levels of, jntera.ctìon js not i:ecause the

model represents the underlyìng forces at work but rather because I't is
for¡nulatecl and amencjeci alnlost by trìai and error to hanclle 

'umbers 
so

tha'1. a.greenlent is reached.

The sanie has been sa..id of some of the niore ana.'lytìcai models of spat.ia'Ì

ir^rteracijoii deriveci by anriìogy i,r'ith piiJz5jç¿l phenomena.. Recenily iicvi_

evers such mode'ls have been refjned ancl gìven a 'tjrnler theoretjcal base

through cierivat'ion from elenrentary probabiìity and statjstical theory"

Itlodel s of 1.h j s nature fal I j nto tlo basi c types, the Gravi ty Modeì and

the 0pportun'i ty I'Jodel

l!S_!t¡yj t¡!,ro!Sl

The earliesl krrolrn expl'icit formulation of the gravity concept of h¡man

'interacticn \,ras nrade by H. c. carey during the f i rst hal f of the 19th

Century. He stated:

Man the nrolecule of soc'iety i s the subject ol. Soc jal sc.ience
The great law of iriolecular Gravii:ation ('is) the jndìspensìbìe
condi t'ion cf the ex j stence of the beì ng knoivn as marl The

t¡4



gt':Éìi.ei 'i;n¿: iii-iir:i;¿:,^ cl, I J ec'r-e c i íi û l, i.;ii, ii,)ar..r_ ..
,-r.1.,-- -.J.: -ati;r'iìcrt \¡É iûì-c: i.;la-l i ç rilere cx.,li.-.i,.,L û
ðS evetl/''rliei'ç.'il]'llie Cireci rai.il; ciì t.ì-iÊ iii'ì:;s
o'i cisli:ncr:.'

Tite appiicab"ii j'cy of -i;he ph.y-sicaj l;,1.' clf gi'evi l;' i.r; i,u;r.in iri¿ci"actici-i

t'¡as si;bsequentìv inci.ic¡/tr:C ii-r e a.il..v pai't'ia'i íor'iilulai;ions by Ii. iì" iìavei,-

stein (igs¡) aticr i.C. Yor.rirg (1,9?4) bascci oi'r snip'irical niqi"at.icn e\,ì-

clence, a.S v,reìl as i:J¡ I'J.J. Reill.y baseci oi'l ev'ineitce c-i reta.il i,i.ecic area

i nf'i urence.

In the 1.94c's, J.Q. stewai't and G.K. Zipf Eeriel"alizecl the gravity con,.

cept llv returnir"ig to the origínal l"orr¡Lr.ia.tion in Leriils of I'iewtonia.n

Phys'ics, nanie'l¡l tlrat 'hhe "force" of i nteract'ion betv¡een trvc concentr.a-

tjons of populai:ion, actjng on a Iine joining theÌr centers,'ís directly
pr'opor'c'ionai to the product of tl^ie populations of the tv¿o ccnters arrC

i nverseìy pr'oporti onai to t.he squai'e o'i' '[he di stalicc betr,¡ceir iheni"

I'íathemat'i cal iy, t.his yielcis :

P.
1

D. .21'J

lvhe re is the force o'i'''interactíon betlveen concentrations.i and.i.

H, C. Carey, lf:'_lçUlS_ç_qf _!oj=igj_qqigj!_q (Phj I ade'l plria : i. B.
L'i¡ipincott and Co., lBSE-59) as quoted in G.A.P. Carrothers
"An l-li stori cal Rev'ierv of the Grav'ity and Potenti al Concep'i.s of
Hurnan In{:eraction",.joLlì'Ììaì of the Anrerican iilstitul-e cf P.!arrners
22 (Spri ng I 956 ) : 94. ---_-

't l:a ¡ri,i ù í' r -ì :: t- ii C
^¿v'; i¿it'ì cll ì:; iìâi"¡--,
ai'iri '[he ii¡,/eÌ--se ûii,í,:

P;
Jtr-

1'J



Foi I o'.'r ir:c; t.irc ane

tv¡c cer¡tei,s resul

icr;¡r frcn phys

tinE i'l'i:rn tiiis

VD
1

ì c s the c,:nei^g¡r cf

force r.roul ci i.'e:

P.I

i n¡eracti ûn beir',,een tire

r
L

1, .j

i s ihe r:nerg¡r oi'

equivaient to Lhe

'i;'rteraction, anci L is a

gravì tati cna'i consl"ant

constant of propo"-

of plrys ì cs 
"

ll.I 
'J

v¡here

ti ona

E.I 'J
j -it_v,

Tipf , Sterr'arL ancl ot:hers iested thi s

the ertergy of' jnteractic-rn betlr'een pai

acteri stics rìrich as tel ephorie ca.l j s,

circul ation and ihe I i ke. I

Cited in Canrothers, "Revield", p

T. R. Anderson " In.ter"nletrcpol'itan
l{ypotheses of Z-i¡.ri arici StoLrffer,
2a:33 (0/i;S)' 291.

fornrill ation enip'i rica'l'ly, nieasurii-rg

rs of cii.jes bJ, a varjet¡;6-¡" char-

bus passenger niovements 3 nevJS papel

Qr.

I'iÌ gra'b'ion :

"Anler i can
A Com¡iarison of tlre

The di s'Lartce fac üot' j n t.he qra.vi ty conce¡r'i; kra s l-¡eerr a scurc€ì cr'i cons i -

dera.Lrl e debate. Setreral nesea,*chers ha.ve suggesteC that the ímpact of

dis'tar¡ce is not uniforni and its relationship in the bas'ic equaticn is

not a s'inip'ìe ìnversÉ cne, but one jrl rvhjch distance is raised to some

povler other than Lrniiy. Var jous exponents frcln one hal f to over. three

have been enrp'irica]ìy tested. T.R. Anderson lras suggesbed bhat the

expcnent is itself a r,,a.riable, inl'erse'ly ìelatecl to the popu'latjon of

the attracting center.2 0n the other hancl, .1.4"P. Carrothers suggesteci

thal t.iie ex¡.ronent liray be an iri,.rerse iunct jon of d jstance itse'lf , since

the impeciance per unit of distance against interac'Ljon caused iiy short

1

2

46
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d isianr.es :eerîrs d is¡:roport'ionate ly Ereater- tha.i't liie 'iiirpecianc:e per uni.t

of d i-ct;;nce foi" 'lait!e ì^ oist.anc.s.I

Shevlar'[ ¿ind S" C. Dodci ai so sugge srec moci'f icat..icri cf t.iirr nu¡ieratcir of

the basjc equatjon to account fcr certa'in areas v¡herc- l.lre poÐu'la'Lion

seetiiec.i to e>lert ail un,iutr infl ucnce crr interaction.2 Thcy aclced niul i'í-
pi iers bo the popuìat'ion va.r'ia.L:l es 'i;o acccuirt for these obserr¡ecl cijf-
'feretlces in influetlce result'ing fr^onl clifl'erences in population c¡ar.-

acteristi cs. The,y 'inter"preted the mui t'ip1 i ers to be a meâsure oi. a

par''"Ícular oopulation's capacìty fcrr inieraction.

Ìn the nijciclie 195C's, ü.14. Vcornees beç¡an oppi.y.ing the grar,,.itaticnal

pt"incipìe to tr^afîic -rnaly:ìs.3 tt',is in'Í'r,jateC an'irnlror.'Larrt chapter jn

the deve 'l opment oi- tÌle Ír^av'it.y rirooef in r¡lr j ch i t was repeôtecll.y testeci

cn the nlasses of data. col'lecteci irr netropolitan trai"¡"ic crigin and

destina.tion surveys" Voot hees used t'inle of travel as the rnost mean'ing-

ful mea.sur'e of travel separa'['ion âr^rcl classjfjed movernent by nlode of

travel to account for ajfferjng speeds. At the sarre tìme he suggestecl

classi tying trips acccrding to tlieir purpose or destjnaticn anci began

measuririg the att'i^actir¡e influence of the desl;ination Ín terms c'f, popu-
'lari,ion, 

empìoymeirt oi" retajl sa.les floor area.

I Carrothers, "Re\¡ievJ", p" 97 "

2 Ci tecl in Carrothe rs, "Rei.¡ je!./", p. 97 .

3 Al aii i'l. \locl"hces, "A fieneral ì-heory of Tra'fi'i c i,.'iovenierìt,,,
!¡pg:_qcilj:q.i, ijrs Li tule 01. îraf f ig-_[r¡g¡ipg^q , (j 9SS ) pp" 4 6""55.
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the nunlber of 't,r'j ps gener'atecì

the neasui e of at'Lrac'i;ion for.

i s the 'irnpedance beirrreen zones

end

a'l or jgin zcrre i;
¿UI¡Ç J 9

usual l.y i n ternls of tr"avel

raised which var'ies accor,djng toan exponent to r¡lh j ch

1put"pose. *

Accounl: ing for the elenjent of proportiona'l.ity

forLhe r,¡hole r^eqion:

above t.lie mocle'l becontes

.T

l rJ

The value .¡or x for each trip pLrrpose is cietermined l.hrough a cal jbr a.-

t'ion pi ccess t,there pred'icted ìntencha.nges using a tr^iai exponent are

compareci t¡ÌLh actua'l lnterchanges fronr the or:gin-cestìnatiop surve.y and

I Usuall.y'the exponen{, decl..eases a.s t.he'importani arici is 'iorr'esi for vrorl< trìps
are r¡i'l'l i ng to tra,,,el f rlr.Lher, to vrork

tr'ì p pur¡tcse becomÊs moi^a
j ncl'i ca.t'i ng 'Lh:ii: peopl e

than for other pui,,pùscs.

T.j
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apt-rI"0piliata ad:ii;s.ttilcnt,s ¡iiade. ln actua-i r:1;er'at'ioli, the rilcce'Ì riit,isL al so

Lre i ierat et: ia ensi.l:'rJ coÌ'ì,¡ergerìcc cf '[he pl'e,iictea to i-¿rl tri ps ati:rar: Lcd

to a gir,'en 7-one frcli-i ali i;ii-rei^ z0rìes r,/ith-i-lie aci;ual 't,,'ial a=uir.,actin,,r.t

since ci'e Values, aiicpiec foi- ri, ancl x, aì^e based cln a sturiy of exisLjriq

larlci uses ancl L¡''ip piri'irosess thjs mociel niay be consjilered sonje\,,,i,¿r

aitaìyt'ic. I'; is stijl, noneti're1ess, a synthesjzecj nccjel of traffjc
behav'ior, ajbej I one b¿.seci on a cane f.ul ðitrâ1¡r5is of exjstirig re-latjolr*

ships.

Besicies the ìrnportarti: consideratjon o'f'whr:ther or not nlodel paranieters

estimated from an exisiing s'ituatioir lv'i'i'l hoid good.for future pre*

d iction purp0ses, Voorhees' model has a number of cther slrortcomirrgs.

One o'f, these is tliat the nroclel js val id cnlJi .for the c jty jn which it
lvas calibrate,-1" Irr ciifferent cil.ics the r,¿.lue of;l det,erniineci í,or.a

given t.r'ip pur pose wô,s foLrnd to vary considei.,ab'ly, consequent'ly the

moclel i s not i"rans'[erabl e and a conrprehensir¿e cr jgin-ciestina'lion srtrvey
'is required for eacli cit.y in rr,hich jt, is appl ied.

There js also considera.ble debate as to r,¡hether or not a single impe-

dance exponent, rvhich in fact represents an average for an entire meino*

politan area, i:; appìicable to movements between'indjv'idual zones. A

number of other rese¿i'rchers have emp'irical ly compu'becl cjiffer"errt frjc"; jrln

factors for each zone pa.ir and cbtainecl better conformit.y r,.rith observed

i The mc{el r:t.lurrticn jri.sel f ensures that preclicteci zo¡al genera *
tion lvi I I equal ar:Lu.rl qeneratjon"
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prel ini'i n¿irJ evÌ dei'rce t.iiat neal-i,ij, ;,ctì,,'j,c_ies uei-e

iieav'iiy-rveì gh ieci b1.' tþe grar,, ji;v l¡ccie ì as spi:tÌ;iì

thr':li:selvcs a. t g'r'e;i ier' iìtËcìíl ûpi,10t"'Lil:¡'i ,_y ";inii,.s -fi.onl

l-k: suggesteci tha.i .the j npe,Jal-rce f ¡ c.i;oi- trrô¡r i1¿. . -o

'i'olrar'jatjcns jn Li're rppclr,.tun'it3, ¿r istrj i:i¡t'ion"

Ther coiivertti orr¿r'l nletliod of handl ì ng the prob'l em outl 'inecl above n anci a

varÌety o,Ë ot.licr ciiscrepances betueen preci'iction and obserr¡atÍon in
'larçJe metropoì j tan areas, has been the jnl.roclLrct.ion of zone to zcne:

socio*econonlic adjus lne itt factors jn the riunierat0r' o'f, the gravìty ¡o11e'i ,

t',lhi ch then l-reconles:

ci¿.t¿t. -i'¡r: ri¿rriauilir

il, land usc ûlì,i rii,l-\¡

locabicn ralau'Ír;e rc

urhe re
'J

-i
9J

,i

oJlrililni; oppcrl:uir irjes;. e:i;,ili¡ I

i.he Ceirlrai L,iis'ii¡es:; il'l:;j_'r il'i

'l.i ,\j F.i

T.l rJ
, j L'i 

, j
7ì..

á
l=1

(n¡ oi,j *.r,j)

f:
I

F.
I

l/
1

is a

- D.-1

is a

generaf ized iri,.pedance f actor, ori gi na'l ly of the for.m

,i e allo

zone to zone socjo-economjc ad:iustnlent factor.

The K.t., terltl i:: efiPirjcal'iy derìved based on the r¿rtio between origìn-
destjnation survey results and prelimìnary gravit), rnodel results. 11,

Voorhses et aI, "Factors 'in l,lork Trìp l_engths", p. ?g.
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ìlaj/' in í'i.,.c,1:, bi.l co¡,'s icit':y'r.:ij aî eí'ì''ûi^ tr:ril , r,¡hich accoitnts ì=ci^ u;iiqr:e

t'¡''¿lvel : i iu.i'i:i oiì5 ìrc i. a1 i''t:ac.i;, .:ccoLiitt.e d fat" i n ti-:e l,ic,-iel " There lia ve

l-.crcl-r.;.',/¡í1e'L-J of reasr:ns pu1: í'orvla.rd as tc ti¡r)/ sLich a'[¿rctcr is neces-

sarJ,'. Cne 'ìs i.ha"t tr^'ip purijose str'ati'í'ica'i.ìons useC ai e not precise

enough " For €)irriîir-la, a.1 I urci'k tr^i ps proriuccci by a. part i cul a.r :l0i1e lìtaJ/

i n real ity be rracie by iniüs'i.r"'i¿i-i '/JOri(ers, arici uhen cij str''ibuted b¡i ';iie

grov'it:r' mocel " 'che 'i r,r'ç;es I prurpor^tion cf these v¡oul ci be serru tc nea'r'b¡,

ernp.lc¡rn:ent ceniei"s i'eg* Cle,;s r:f i¡hethcr 0ì'' not the eriip-loymerli there l'l:is

i ncjus trial i n r¡ature " Rel atec to thi s i s the suggestì cn ihat hi glr

income groLrps har¡e a greater propensit.y or ability to travel , aÌ'io,

therefore the popuìa'i.ion of zcnes v,rith unusuall¡r hìgh Ìncoìîes ni'ight

iravel 'i'ur''l-iier Ihan nornral to thei r p'laces o'î tvorl<, shoppi nçJ cr recr'e-"
Iation.' A.not.her suggestion js 'cliat part'icular zones irave sri,rcrng ties b¡z

virtue o-i liie t'iniii^rg of Ihe'il" developmetit, histoi^ica'l ccnrmui'rity'iCerrt'i-

fícai:ior'ì5 oì rneciia.-gener'ated o¡:pcr'tunity avrarerress.

The corrve.¡n'Li onal fcrni o'f

a1 so presented probl enrs.

ti ons , vlherr parti cu1 arl y

approaches i nf i nì'{"y zrs D,

deperrdent upcn the s izes

the Çr^avi tJ¡ nlodel l"es i stance factoi , F j 
, j

It djd not give a good fit v;ith obsei"va-

-n I,J

shoi't or ì ong, tri ps v\,ere 'invol vecl. Si nce F., ,,

,j appr'oaches zero, the vo.lure of x is strong'ly

of the zones into rvhich a city ìs divjcted.2 In

One might no.[e that l(-factors bea.r some resemblance in forin ancj
prrrpcise to the populauion multipf iers used ear.lier^ by Steviart
atiC Dorid.

John T" Lyirch et al , "Par'le1 D'iscussion on Inter-Area Travel
Board Bulletjn ?-53 (1960): 136.Fcr'¡irttl as " , l'i''i_glt',,"a,'.Y Re$qrc¡

5l



i9L'2" c'JIls'iCerab-iÉ r'esearcn r'ias ci,-'ne irì 'i'iiì'',i:.,i-¡ì-iJ oii píiss ii;ir: aij:ern¿riì\,e

it;¡;i:danct': 'Í¿c'i.li'':-.-j ii r,¡as iounc t,[;.i; ¿il'r r::,1¡,:.r-rirorlrii:'i fLlncili¡;l r;f the

f¡: r'n:

F. ì =' e,c- ßo'¡ ,i¡;J

i,;he,-'e et i s i ne b¡lse of the rraiui-al ic,ç;ui-ì Lir:t;, iir,j
, t^ic- õI'¡o. l.) are el,,'..; jì^jcir li¡r cierÌ'",'--ci :,.aì^an;ci.iìr.S,

gai'c iiie i;est 'ñi I r,lÌ tii rjirtcr ônci i,iirs rratiieniati cal ìy vie'i I -beha vee.2

i"¿ter'rvoil< l'ras cotiiirmecl t.he genera-i val.icjit.1, s¡ ili.ís f iircling anci a

niajor'ity of sul,'seciueni nroclel ing effor'ts have useC exponenLra'i fL¡nciicns

i n t.he 'impedance factor..

Bes'ides t.he i¡'ifficul't jes ¡nentjoneci abc_rve, a frequent corrpìaínt agairist

ihe gr'av'ity nlocìe'l is that a concept of appl ied ¡rlr¡,sics is be'i¡g used to

describe huil¡arr l-.,eha.vìor" Inti:itìr:n suggests iliat jt shoulcl tre i;cssjble

to cier,'elop an in'reraction niodel , u¡hjch is somehol.¡ mcre funclarmenta'lìy

related to actual behavior" îhe developnient of the opportuii'ity r¡orie1

o'l=fered a response.[o this criticjsnl"

T h ç__O¡r_Egt_{r njl,y_l io d e I

l'he jnterr¡enìng oppcrtúnit'ies modeì, oì^ njore s"imply the oppor.tuirit.v

mccjel e wes first conceivecl by ci socio'logist, samuel A. Stouffer, in the

1930' s. It assuires that:

I K..H. Djeter, "D'istribut'ion ol" hlork Trips in 'l'ororrto',, ,Jcuriral
S=!:S_{rc:;¡can Sc'ciet;, of. Ci'vjl Engineers. 88, CpI (nrguit
l9b'¿): 9-'ì8"

?- F ¡ ., r,raries l--,etrveen one and zero as D-. . \,aÌ^i es betrvee n zêr.o ano
ÌÉf inr'1:y. is'ì

!),':



.. . i.ir9i'i:ì is frC i^r í:COli-i0Ì''i/ iiìl ¿l i ir,;iSir ¡it j-){:-;i,i,-:ra:riì iì
tance" in:;tr.:ao" 'i I jirf'r'crcjul.es 'i_iia'. rli;l.li:í,:i:i e, "i

tL;n j l,ics " it ¡l'r; irí;tì1s Lir¡:: :i:r: :l:;:,i;i:l'. .:) ; i,t:.!-:,(.., d'ísiance i s cij t^ccr ij/ pì"'01:roÌ"t-icra i I,i; ii:c Lt;;,;¡¡:i'
at ll'i¡t-i- rl'istarice ât-i0 i nvei-'Se-ij/ :)i,LrLr./r i tot,i: i ia
Ven-i ¡-ìg (-r pl-10Ì'lUn j'r j c'S .'

i'l;it.iiemai.icaì'ìy, Stouffer e)(iri"essei t-his as :

A \J¿Jf cj .-...\_-_- = -A-q )i ¡5

i'llleï"e,\Y is lhe nu¡rbei ol ¡:ei^scris nrûvìng fr^oiir an orii1.ín to a circular
baild zone ÁS;

^ s is {-he width of the circular band with an inrrer boundar^y

s +z\5/2 unìts of d.istance frcm the oi^igin, arid outer bourndary

S + z: S/2 units from the origin;

¿\ X i s the numbei^ of oppcriuni ti es v¡i thi n 
^ 

S ;

X ís ihe nuniber' o'í' intervening opporbuni'i.-ies, that .is the.

acculllullated opportunites bett¡een the orig'in anci dista.nce S; anci,

a is a corrstant of proport'iona'ì'ity.

siouffer'and others testeci h'is interaction mociel on intracity and

'irltercity rrt'igratÌon data and genera'l1y found that agreenrent betr,reen

obserr¡ecl and predicteci levels of migrat'ion u/ere eïrcouraging.2

Saniuel A. Stouffer, " InterverrÍng 0pporbun'it'ies : A l-heory Rel a t'inE
t'lcbil.ity and Distairce", An@ Rev ievl 5 (Decernlter

. | -: -: .' ... _- !r¡-'t i r i-.1' crt¡' (i I l>*
iì i¡Jl'vf:li iiir l;,,-;prr-
1',' nô',-,; ; r' -ii¡¡,ri

iii" [i)?ûr' iLrri-i i.i cs
Lf¡e nirl:rbel' c'i i lrter

1 940): 846.

See for'example, lt'Ìargar'e'L L" Bright anC Dortrthy S" Thomas,
"l.ntersta te I'i igl"ation and Intei^ven'ing 0ppcrtun'ities", Arr,.erìcan
S_otio'icrgica.L_È_vjeg 6 (Decenrber 194'r ) 773--/B'-\; il eano'F c. isL,el I
"In'Ler.nal 14ìgraiion in Su¡ecier-r, and Interven'ing 0pporLun'itjes,',
/lrner"'ica¡r socìcì ogi.--g-]lqJ_l_çy 9 (Decenrher 1944 ) 627.."639; ancj,
Fi'nð t- strocLle ci.JrI?¡uaI oÈportúnìry 1n[er^val i: A contr^iL,ut.lui
l.o'i.he l1e'rhod of- int.ervening 0ppor'tun'itjes Ana'lysis',, Anier.ican
Sqc.þl_q,g.l_ggl_8gy_iry. 14 (A.ugust 1949): 490*497. 
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-ihe 
cpp..trrui'i -i i:y lrtodeì t,'ì er",,5 iit'i gl"ai--l o:i, ai Lii'ì',/:.'ari'i. ci' ¡ili¡.;^¡i;i,'i rL;t ío'r

thai tiia.t'[er, as people ciloos'iit!i :,im;9 ¿';!i"i'¡if'ì'.i: i,,-¡rct-,iil,'irlí:s rû.1.heÍ

i;han as e ni¿i.ss c;-f po¡iuìat.'ior-r rvercur.,tiije'ui¿e ii,;¡;eci:'irce oi ci'ÍsLjnce, aild

as suCh ì-L i s niore atla j gous tcr aciLiô j irtiirian L:ejte'",ict', i L Coes riot

specifJt a. direct aird'Í[rricìt^-i¿lrit relar'ìcíish'ip beil,;een -'riitei"acl-ilri aric

distatice" l\n;i relo.i;.ìcnsl¡-ip r,lirìcir dces i:;lisi. ìs de¡:eiicieii'l üpurn ¿in åLix-

iì ìary relationsh'lì-) express inE ìrrtervcn irrç ur[rpor1-unlt je s as a iunctjon
Icf d'i staircc. '

It shor¡l d irc. r:l ear that the def i n iti on of r,rhat consti tutes a su'itabl

oppot'iunìtJ, is critical lc tlie srlccess of the niodel . in orcier for

opportunit'ies to be corìsider'ed competitive, they mris'i; be esseni;ia11y

similo.r:" In pr:actìce, nornial sources of data tìo not permÌ L a defini

t,ihi ch i s that preci se, ancl proponent-.s of the model tencl to use thi s

ô.n excuse l'cr ciiscrepancies betlleen obser'\¡ation anC pi.edictjon.

ït shoul ci a.l so be recogrlizetl that for an opportuni t), to 'intervene, o'r'

consi ciered, there rnr¡st be pri0r' knov¡l edge of its exi stence. Thi s i s

dependent upon the level of ccmmunication in the area which Ìs -it.self

f unction of oppor''tuni t'ies ancl d'istance.2

The intervening oppor't.unjties concept r^ras fjr st appl ied to trip ciistrj-

bution by I'iortcn Schneider work'ing in Chicago ìn the late 1950's.

This au;<íì ìar.v relai'ionship is sim'ilar to the opoortuni i;1,, Cis-
tribut'icln deveiopeci by Voorhees and referred to .*n Chaptei' I.

0¡rerati oi'r o.i the gi'a vì i¡r concept na¡r al so be ccns j de red r.lepeit-
iien't. upon j nfu'iriat'ioir exchanqe i n thal; tfre tr¿ivel 'i er nlust be
fil{ere o'í' the a'uti'ar:i:ions, or 0pportunì ['ies, ava.i]ab'le in 'Llie

cìestinat'ioir zone.

u iU¡l

trC

be



Sch:"icjtiÊi'' s Îoli,lirlation \vas col^is icierably djffei'e¡i'i'

jnc-lucierjt.henctioirofprolral;'ìlì'u-yfort'he,first't'

that:

the pi^obabil-ity that a trip lvil'ì iernt'ina're l/,rirh-in sone voluttne

of cles'[i,',., ¡l ãu pu j rrt-.. ì s equa I to the proL;ai:i 1 i ty Lha'u the vo'lurne

ccntar ns an ä|.ãÉtãOl e desti natj ort, tirnes Lhe prob.bi I i ty ihat ar'

acce¡rtatr le 4ei f i i^rati on cl oser t.o rll¡e oi-ì g iri of the trì p has not

Lreen 'f or-tnci. '

Si nce the probabì I Ì iy of ternlj nat'icn lvi I I cleperrtl on tllc- ci siri br-rt j on of

the vcl urne of ciesl,i n¿l'i.i cn poì nts , ilie niatheniat'ì cal st'aiernent -in ternls of

I j rn'i ti ngl y smal ì c¡uant'i ii es i s :

dp= (l - P) Lci\/

where P is the prolral-ri1ìty that the trjp has'terininated within the

clestjnation vo'iune, v, ìying earlier in the order of cons'ideratio¡r ancl'

L is the probability of destjnatiotl acceptabi'liiy at. the po'irrt of

cons i derati on.

If L js assumed to be constan't. for specific kinds of trips or trip pur-

poses , then ì n'uegrati ng the above yi el ci:

P(V) = I - t -LV

Thus the probabìiity of a trip ternrìnat'ìng'in zone i is:

Í roin S'r-.c; il f f s,* ' s ail ci

ime " He i;ostul ateci

P(V) =.-LV - e-L(V+Vi )
P(v+vj ) -

Anrl the exPectecl tri
V.'l 

'J

p 'i nterchattge

,, I-- - t-v
- V. I UrL

betv,'een zones i and j is:

^-L(V 
rv . I- ,l

Chicago Area.
Juiy 1960, P.

Transporta'Li on StuciY,
r1l.

!: t:

Final Report, Vol II,



Sciitleidr':r'g tnethoii l¡as exte;'is'i'¡el j/ testec íci' Cír.icago anci Pi lisburgir

da.ta ¿rnd lvas thouglit 'co silow an .;ccLrì^ãc.lr a.n<j rel!abìlity îcr predicted

trips as iiiçl^r cr ii'igher' than ttre grairit.'l il,ethorj. i It also rec¡uii-ecj less

ad¡us'Ltnent to fit'¿iie rrroc-lel to observeC ctlata, riii-houç1n the difiìculi¡r j¡¡

cieber"i¡i'ining the cot"rect L-faci-,¡r fcr part'icular purposes w.rs somelvhat

coi-nparabie. ljnl I ke tlre gravì i;, rnodeì iln¡..r:dance pa.r¿lrneter, a separate

vallte cf i- rnav be coniputecl Í'ol" ciiffereilt or^igin zcnes, so it is possible

to apply the for'nli;'l¿, succesulirl ly 1,0 snraì ler' areas. Hclever, the 0ppor-

tunit¡i p;irameter, 'i 'ike that cf 'Lhe gravity rnode'l , ìs peculiar to the

empi ri ca'l data f rom rr,hi ch i t i s cieri ved anci not ci'i rectly transferrabl e

to o'lher ci Lie:;.

In practì ce , the L. val ue ì s de'¿er"mi ned by takì ng the I ogari thnr of the

bas i c equatj cln lto cbta'i n tile I 'i near rel a1;'i onsh'i p :

-LV = liil': - p(V)]

Otlce suri,eyed trip orÌgins'ior'a given zone are arranged'in travel tjnle

order, entpirjcal values i'or V ancl 1-P(V) can be p'lotted sel¡'i-logarithnj-

cally to obtain L, the sìope cf the resulûìng 'lìne. The L-factor can

also be estiniated from other observed or assumed trip parameters such as

the average trip length and then acl.justed by tria'l anC er¡or to obLajn a

sati sfac'lory f it.2

It v¡as al sc f ound that i nter'¡eiii
clj stance appeared -i:o ccntrol the
Engiand as cjted in Col in Clark
0pportunì t.i es' Method of Aria'lys'is
1965): I ì8.

irg cpportun j ti es as opposed to
l ength of ur'ball tri ps 'in Lonrlcn,

and G. ti. Peters "The 'Inte',lvenìng
", 'fraffjc luqllgf[ lg (Janurary

Ëarl R. iìujter, "TovJard a Betier Ltnderstand'ing of the intervenìng
0pportun.itjes I'lodel", TlqqsporLation l"ìesearch I (iSøl): 5l-55.
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L. nra;; be ìnterpreti:cj as a measL;re of se-lecti,", j iy or as the rrrcbab'i ii l.¡
per' inri ir¡irtueil o¡:portuni ty of ciesj;iila'b'icil acceptance. S'ince Schneicier,':;

nioCel considei^s, ¿'ll des'uìiraLiions, not just those r,¡hich are pr"eciete'niinecl

to be suit;il'le, ri js Lhe ne¿ins o'i ciisct^imiirat.'ìiig accepianìe tr.ip encis

a.ccord'inq t0 zone oÍ' crig'in and i;r^i p purpose. llornral i1i, errpi rì ca ì l¡r

det.ernrined I- value:; are snrall, much ìess tharr one, alrd since people are

more selectjve in ciloosing a t"esjdeirce or pìace of r.loi^k than a place tr.i

buy groceflies, L values for these purposes are smalIer alld resultìng

tr"i p 'lengths greater.

if one were al¡le tc specif-v suitable ooportun'itjes preciseiy enough

bef ol^ehancr , ilhe va l ue of L coul d l¡e cons'idered equa'l to one. l'hr s

¡lermi t.s an 'i rr i.eresi; j ng riontpar j sori bei.r^¡een S-üouf fer'' s i"orrrul aì; j on rvh j ch

for lirnitingly snral'l quantities c.an be consicjereci to be:
_1dP=V'CV

and Schnej der''s, whi ch can be wri tten as :

-ì/ 1ciP=e'civ.

Tliis is seen to be analogous to the development of exponential forms for

the impedance f¡lctot^ of the gravity modeì where intervening tr ìp volurnes

rep'lace time-di stance as a measure of separa.Li on. Once agaì n, the

exponettti a1 f orin has ber'.ter mathenrati ca I properti es si nce P (V ) r,a.- j es

The Lise of deri vati r¡es
f unct'ion, '¡lhi cn j s not
enii 'i;i es ; hoi^¡evei^, 'i f V

approxì ruiatr:cl .

inrplies the existence of a continuous
the case, s'ince desti nati ons ar-e d'iscreet
is iarge, a continuous furrci'ion can be

r't'Jt



i-rcti'j,ie¡'r Zef'C aiiCl rJlte , a: \/ ,,,¿..ì^1,:S i_,C-Li,;i:..:rl

iÍcens tlr¿ri. Sr:hrreii:.ler's t;r,'ciel cari lic sLrcc€r

re 
-r; 

'i rt ti .

/-\nthony R.
U,-iran Area "

l'omazin'is, "A l{er,;

o i -"¡-l

;'ihn',',.'la¡i

;::::'','!: a.i',i ifi'i'i l:

,,:;''iL:l'i v ¡lt,- i ì eri

iir. T+

i0 a;'l ii

in order to avcid i.r^:e necessity ioi" ,in ð.djusLiliE p;ranater suclr as L. arici

.io appìy bas"ic u.t'otu.iriì1ty theci"-v nro¡'e cl'ireci.'l¡r, AnthoiiJ¡ il. Tonazjnj:;

cievel opeci irtt al ter'na'i;.i \,'â conrpetì ng ci:por turiì i. i es tr-j p ri i stri but.i on

ilode'l u lvhi cn i'iô.s app i ì eci to Ph.il ade'l plrì a. anci Ca¡rcien i n tiie Penn*,;ersey

-lra.rispot'tat ion Stucy. 1

ln Torrazi ni s ' rnodel , oppori:unì t'ies are equated l,¡i th sui tabl e l ancl use

destinations cbtajned fronl tr"ip generation stuciìes. i,Jith re'i'erence'Lo

Figure 6, ihe totaj unit,crse of such opportunit'ies l'n a bouricled region

js .ienotecÌ l-.'y ItÌ. A sr;bpopuia.t'ion H js chosen rr,hich r:rins'ists of al j

opportunìtjes bcundecl by the ar'eal equivalent of the travel t'ime ciis-

tance betl'¡eer; an CIrigin zone i anci destinatiotl zone J" The probabiiìty

of a trip ending in zone J, a part of subpopulatioir l.i, js ther¡ giverr i:y

the conditional p'r^of:ability of randomly selecting a destinatioll oppor-

tun'ii-y in J front N, which is at the same tinre an opportun'it.y ranclonr'ly

selected in l-l fronr fil, or:

P(S.,) = P(J/ll) = P.,,,/P,. = J/i,l = J/lj
.Juilil

H/ I,l

v¡here P(Sj ) is the probab'il ity cf stopping ìri 7-aî.e Ji

i:-rs.iuqv--Le:s-qiü
l4ethocl. of iri p

Board LìLrl I clti n
DistribuLion in an
34-7 (1e62 ) : 77 -99 .

f,ü



Se lectìon o'í= a Travel Time Bouncieci
Dest j rta'Lj on 0pporiunì ti es f ror¡ the
0rì g'in" (Scur"ce: Tomazìnì s, "[,le\,,r

trj butj on " , p" 79 .)

Subpopul at.i on of
Lini r¡erse lii ound an
l¡iethod of Ti^'i p Dì s -

{'i
I

Fi gure 6:

Designat'ior¡ 0f EqLral Tjnle-Djstance
0r'ig'in. (source; Tcniazjnis, "Nev/
'l:ri brrti on " , p. 80. )

Interval s Abou't an
Me'i:hocì o'l Trjp Djs-

F'igure 7:
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I'i'ii^re regìori l:; iivided into a numbei^ of concentrìc eclLlal t'irne dìsiance

bands" äs in FigL;Ye 7, ihen the probabiiìty expressecl abo'¿e ìs gìven by:

Drc', =[-:---l [l-r'' '"i' l_ l'i+xr.Yl L-Y j

J -is tl¡,-: (-ìþri,rorl:,iflìt;,r subpol:rrÌatir¡n irr riest-ii-racion zone.ì;

H i s tire opportuti'ity suitpcpLrì ati on r,¡i thi n rravel t jnie clj str j ct ll;
and

l'l i s .ôiie t,:tal uni verse of conipet.ing opportun.iti es.

where l^l+-[r-y=¡1; ancl

l^/+X-t-Y+7 = ¡'¡

Af ter computi irg P (Si ) for er¡ery clesti nat j on zone ancl then normal i zi ng

tliem such that:

o'(sj) = I

then the trip interchange ìs given by:

Ti,j = Tj x p'(S¡)

where T, is the total nunrber of trjps generated at origin zone I;
and,

P'(S;) is Llre nornia.lized probabjlity of a tr.ip stopping in
J

ì n r:iesti nati on zone J.

In an app'l i cat j on to I ater da ta , Tomaz ini s founci that hì s moclel pre-

d'ictecl tvel1,. given its stochasi;'ic nature, but jt tended to over-estjmate

longer trips. 'l-o acjjusl for thjs, he irr'lrociuced i;he concepl ol" the
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pr'obai:ì 1 Ì t.y o-í sat'isfacl-'ioir, ,,'rlllch iie de f j rres to be .llie r¡ri. io oí ti^.ip

cies'Ljnations oui:side cf the tjrne district.beìng ccns'icer:ed to the total

cjestjnatjons jn the reqion. In 'll.ie case of Fjclure Z, th-is r^¡oulcl be:

7
l+X+t'+Z

P(sn) 'is rioi',, defjned to be the prccluct of the probabilìty of the djs-J

tri ct P (\') irnd the prcbabì f it¡, of sat'isf ac t j cn or:

P(S.) =.J'

Tomaz'ini s model avo jds the use of an emp'iricai'ly-derived parameter a¡d

is relatively sìmpìe to enrploy. It djspenses wjth the need for expen-

sjve cal'ibration manjpulation ancl is, in theory, directly transferrable

to other citjes'. It al:ìo appears to have a firm basjs in probab-iì-ity

theory, although the rac'r- that initjal p(s¡)'s do not add to one and the

necess'ity for a "probabìlìty of satjsfactiorì" are jntuit'ively disturbing.

l-Y lt z]llrl,F *- I t**oTJ Lo_l

If the opporLunitjes considered are jn any

"randonly selected" their desigrration must

generation data ava'ilable does not permit

adjustable parameteì nlay be at.tract-ive, so

cair be dup'l i caied.

sense to be competitive or

be sui.tab'ly precì se. If trì p

thìs, then the use of an

that observed travel patterns

l-he mociel might be also critjcjzed orr the grounds that it must be ap-

plied to a bounded region, and because opportuniijes closer to the

ori gì n rvi thi n a part'icul ar tirne-d j stance d'istri ct are more l ì kely to be

selected, jts potential accuracy depends on the level of t'ime-djstance

6l



agg;^egaticÌi actuaì'ìy LrseC. Because of percep'i;ion'l'injtal:.ioirs on.the
pari; of the iraveì i.ing pub'l'ic, a travel -ljnie i nte.,^r,aì 01. f i ve mj nu,Les .is

probabiy the m'inimunl that can be enpìo,us¿" I

The tntr"opy:ilÈx,r rU r,ll1g LJocie'l

Irr the late i!150's, Alan G. t,Jjlson applìecl the statjst.ical concept of
entropy nlaxjtn'iza L,jon to the der jvation of ìnteraction mociel s, especÍaì iy
the gravìty mocel , and in so doìng has pr.ocluced a ,'family,' o.f nrodels

with a firm theoreticar basis.2 tntropy here is considered to be a

statjstical measur'e of uncertainty or ignorance, and it will be sho¡n

that to max'imjze entropy'in a system is to make the maxjmally unbiased

estimate about the state of ô sysls¡¡ subject to whateven is knor^¡n about
i!It..

The true state of any partÌcular systenr may be consiciered the most

complete or detailed specìfjcation of the system o.r jts nricrostate, such

as the number of dots showing on each o'F two tossed dice. Any aggregate

specifjcation of the system may be ternrecl a macrostate, such as the sum

of the dots showi ng on the d'i ce. Gi ven on'ì5r ¡1¿..ostate .informati 
on , a

blind man v¡ould still be uncerta'in about the true m'icrostate of the

system, buL his uncerta'inty would be reduced to some degree; sìnce a

The realities of.zonal aggregation and travel tìme perception
are not usualìy irnp.lsecl on the gravity moclel , although the
stateinents , made above, are j usi as aþpl i caL.,Í e to i t.
Alan-G. lJjlson, "A statistjcal Theory of spatial D.istrjbutjon
þiodel s" , JlcI:p!rjsllir¡_Resea]]ch I (i gOZ):' ?.53_269.
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particui¿i su"ili '¡s on-i.1, ¡,:cilie'¡able in a I in'i'ted nitnib,i.-..r' ci v+a.¡rs ancng a'ì !

of 'the ìrossif-¡le coinbiil¿it'Ícns cr in'icrosì:a'i.e: ,¡f 'Lhe tr,.¡o cijce"

if v¡e let r,v. be the nunihel^ 0'f r,Jays, or rn'icr ostei:es, in vriijcii a parti--

cu'l ar rnacrosta i.â c¿:n be ach j eved, as r^Ji i ncreases o uncer,tai nty' r,.rì th

respect to i-he;;ci.l:al mici"cstaie increases. Any nionotonjc i'unction o'í'

*.i c¿ln be ciei'i ne,; i.o represeni; th j s i ncreas'iiig unceriai rrty oì^ "enir0py".

i'lo rma I j J,' ,

Si = k ln (vrr)l

tr,here S., i s a l¡easure of entropy, and

k is an arb'itrary coirstant.

il' ai I ¡r¡ici'ostates viei'u eqL¡a'ì 
'l¡' 

i:i^ol;abl e for a g'i i,eii maci^ostaic 5 \,,'c

coul d vrri te the probabi I 'ity of a parti cul a^r nii crostate es :

Pi = 1/vt-,

and the entropy equaticil would be:

S. = -k ln (p_.)I "r'

Usual'ly, tre cio not kttov¡ for sure that all nricrostates âre equa'l1y'like1y,

bui the nlaxinlunl entropy principle djctates that in the abseirce of other

I Other mcrioiinic functions couid be erlployed, but entropy far
cornpouncl event.s is acidjtive vrhere a. loEarithmjc functicn js
used. and, S, = Cr lvhen tliere i s compl ete certaì niJ,. or 1,,r, = I .
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inioi'iri¿i-ìoä, tve siisuld gìve the mici^rsta're proi.:;lLiijtìes ec;ilai u¡ejgiil,

¡il'ìd as:;urne tha.'c the outconie, lvh'icir can occ.ilì in the círe¿.1-est nurrbe,r of

',{a}/s , 'ì s the r:utcome yri'ch the !i'ìghest probcrh.iì ì i__v oî occuì^ï.eitce. In

othei' r'rorcls, r^Je âssunre r-he brcaclest, flaiest pr ci:abì1it¡r ¡iistr-ibui-ic;n

poss'ibìe, r:ilisjsteni: with gìvcn infr¡r.niat-icri. t\rry adci.îtional , but not

¡rerfect, ìi'rr'orriration is ìncor¡roraied as ccnstr"ain'r,s.in tire process of
nlax'imiziriE the entr'opy equation, thereb¡r obtajn.ing tne riiaxjnially un*

b'iased est'imate of the state of the system.

The entropy concept can not,r be applìecl to the development of a spatial
interactjon nodel. For examp'le, !,Je rna¡r w.ish j:o f.ind the nlatrjx o.f trip
'int-er^changes, 

It-; , jJ , for t.he icurne,y to rvork clur-ing the nror.n jng peak

hour, rvhich is nra>lir,ralì¡r nor.:coiirmitteci ancl unbiased, consislent rvith the

i rifr.li^nati on at our di spcsal . Assunri ng the toia I number o-f tri ps ema-

naiing f'rom eacli orì9,n. C.i , and'tlre nuniber of 'crjps i;erminating al eaci¡

cjestjnation, D.i, are gìven cxogencus'ly h,e have:
J

0. =l t.
1 

'J

,i

and

tl 
^

|= (-r-\
i=l

D, .=

J :J

the ictt:rl iiLrnll¡er of travel I ers i n

m

\ t.
lj=l

å
j-

(^

j=

YN

::J

ì1/^
ñ-¿tU: -'
J /a- l

i =l

ü¿i

where T i s the s¡i5fs¡1.



i'r '-^-'r- ^:;''"' a ';iriiiv-iciLi¡i'ls,:aLlj,C be-iciiräÍ,ifieiì" a lt:ici'cst:af*'ili 'ihisJ.r L-:(ì(.;l U: i-::i. i¡L: vg j,-:_i¡ti-.i I l,ii

case '¡ioul ,l lre an ,:n¡-linel''¿i'i.-ìrril oi tiiro i;ravci s vihei'e-. - Ál nrac rcSi;ate . L,i-r 'lte

other i^r.i r-i.i * ',loul ci riei"cl '/ s peCi iy how trrdiì] p€opl i: trar;r:i bet'iieei-i i arrcì ; ,

/.\
tli¿i'l i:; ì 1;, . (. r'r-l i-i'icui: r'ei;aril for j iidi v'iclLral j cierlri ii cal; j on. E:' ap-i- ì,.1J '

pìyìr,g'¿he col-ib'ìiratrr'¡'-iai fci"mui,ì cf stêi.istics, it can be *chol'ii:'i.iiat -r.lie

t.ot.a'i iiiinbel'u.f r,¡¿.)'s in r.vhicit ¿i pa'í't.iculat" distr''it-rut.'ir,ir I t. .ll .en
' l:Jr

be sel ec ceC frcni T travei I er'¡'s 'ìs :

lll=

' tt;iu ti 
' 
jl

arrd

\
,

T:

.1.
t_.-1rJ

-rr

;
l

(-
\rl\,í

S - k ln

cnsi.r'a-ii-ri-.-c, thr eritrop-v'iacrairgiai'i to [:e n:ax.'inl'izeci i:e-

,'f ¡1(o- - Ç t,,i..-t'á1ÌL), - tr:, .) -:ß (c ..Ç1t, . c; ,)t i'I .** l,ji4'5t''¡ 
*",,i/ 

ìv\v 1,{"¡,i "i,i'
iJJlij

Tncnr.irr'rr.aii rro

cornes :

/ =rt
L = lrr/---l-:--

lIÍ t' :t lrJ

) ) t. . c. = f,<'<', 1'J 'ì,J

ii

(r) ^ \z)
, ai \-' a)r.rhere ,'.i 1 ,rj and f5 are'tlle Lagr.angian lilLrl'iip]iers,

I'iote tlia-b a third constrainl; ha.s L-'een introcluced:

I This ancl an a'iterna.Le nrethcd of selecting tra'¿elIers asscciatecl
rvi th parti cul ar crig'ins whi ch prodr-rces ihe s;anre iesul ts are
jllust.v'ated in Fr¿nk '1. Cesai"-io, "A PrìrneÍ'oi1 Ëntropy i'Íode'iììn9",
lq¡fLr!¡J o i' .i,he Ameri r:en inst'i t.u le cì P lanners 4l (January I 975 ) :
4h-¡& -
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'.rh.rrô . : c i'fro
il, ìJ

origín i artd

C is a fi>rercl

q ì irerr t'i ile "

oj'i.

Novl the i.., -'s, \,Jh ich maxi[]ize tiìÊ erit'ro[])/ Lagr"anç;ian, 1., and the re fûÌ"c
lrJ

const'ìtu.i.c rhe most pì'cbab j e cji s [;'- i ¡ut'iori cf tl'ì ps are g.iveii bJ/ the

sol utio;r o1':

*0

and the constra'ini

o'L-'-_

I ,J

shor"rn that thi s yi eì ds :

I

l'eg'i on s i: i- any

a very shar^p one and,'is ovenvireì nrìngì"v the

?-58-260.

t; .:l:J

^.-
1

^-'t

D.
l

ecìuat.j ons.

= A. B. 0.lJl

D.
1J

0.j

it can be

^ -Êc.u.. g lrJ
J

_t
^--ll-bc. Ie' jrJ 

I

.l--l
-ßc. . Ie' I'J I

_t

o_
and B. = Y-

J D.
J

içr11) 1li
L"
f.l> A.
l'f I
l- t^,,,

e -^.í

0.I

and

where
^h)^j

Th j s r's recogni zed as the 'fanr j ì -iar gravi ty model and so thi s

statistical derivation consi-it.utes a new theoretical bas'is for it. It
should i:e nctecj that C in the'impedance cost constrajnt equatìoll need

not actualì¡,5u known since the p - parameter can be found by the usual

t¡i-ilson also shows the max'irrutÌt
tlierefcre tlie di stribrrti on f t.Ll
nlost probable jn "Statist'ical

obtai ned i s

,r.] obtai ned

Theory" , pp.
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caliirr'¿itìon ¡nc:ihccìs. l,Ji.ier^e the sclut'icn

constra j nOo, iìS LLir-.r',,e , /"1,. cir¡C lJ . ltus r be"t 
.l

ls oi^¡qrl

deiernii nec

anci desti na i-i oli

itei'ai. i're1-v as i¡cl I

l"i'itilout constr'a'iitts, tl-re enl-.r'cpy-ma;<'int.iz'ing derìrratiorr enrployed abcve

v¡oulci har,'e r'esull;r:c in ali aj,,'s l^raving an equai number of trìps, so it
-is t.he i.r;ii:;tt^aints vrhjcir procjuce trip ciÌstrìbu'i;joris otlier than tr.ivjai

ones . lt 'is possì ol e tnen to analyse ,lrid ref i ne the spati al interact.i olr

model b:, Systenatjcalìy aiterìnç¡ the ccnstrajnts appììcable to behar¡j-

oural var; abl es. Thj s enabl es deri vati on of a famj lJ, o f rel a.led model s.

The 'tai r'ly str"a j qht-forlard r ef i nement process empì oyed ì s a nrajor

achievetnent of l'Ji I son's appì ication of errtropy maxinljzai;ion t.o 'inter*

act'ion modei l i ng 
"

The ti'i p di stri L:uti on nrodel , ou'cl .ined above, r^Jas cons Lra j ned r^ri th

respect to botli the prodLrct j on atic attract j on c'i' trl ps at ori g'in and

dest'inatjorr zones" If Dj is rcpiaced by ll-" scnle jnCex of attractjve-

ness, not. necEssari'ly trì p ends and r,le use on ly;

= fì

'J 1

rr,e obtai n a niode'l , rr,hì ch i s only product j on constra'ined:

'J

9t.'J 'l

J

/\ t'

> t. = l,l.1i\. 0. eì* ì,J Jì I I
'¡i

- lrri

1ri-t
.t

,Jl
II

.-4.0.i,J.e
,J I I J

ti

f̂\.l
lr

= 

li'o' '
where

The ec¡uati on;
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Ìlc''d üt'o\,/ice s an esi;intatr': of 'lrj¡; e:r-rcis a'i. j, and sii'ic: L''i¡, crr,j:. are dn

-incler ol' actìrlit¡r þy ioca'Liori, ir can be useci ¿ìs êrì ¿:c'r--ì'.'i l.y 'loca'bion

rnociel . Fcr' exanipl e, i t ccul cj be used to estimate ihe I ccat Íon cf i.'ei.ai'ì

ac'tiv.it¡r for a g'iveri population <iistr-ibution v¡lier'e origìtì zonû r^ei:ail

e;lpenditu:^e deter"mines t.he eqr-rir¡aìen.L of 0*, and l^J. .is the retail sales¡- J

i'locr' ar^ea at cjestjnal.'ion z-0,''e j. I

S'ìlnjlarì'l¡;,-it is poss'iblr-:'t;o obtair,. an a'ltraction constrained rnodel

vrhere D-'s but nct 0r's are girrerr ex'Lernally. In ihis case,

wl'rere

arrd l,i., is an index of attractivcness associated r,rith orjgin zone'i.I

'l-hì s ma¡, be devel oped Í nto a resi clenti al I oca.ti on niodel :

t,rhere r"esidential activ'ity can t,e allocated, accordirrg tc the residen-

tial attractjveness of origìn z-ones, l,Ji, and a. gìven ernpìo;rms¡t djstr i-
butjon'in cjestjnat'ion zones ., rr.'

I See, '1.R. l-akshnairan anci Ì,Jalter G. Hanserr, "/\ Retajl Market
Potent ia'l Model " Jouì nal of the Ameri can Ins'Li tute of Pl anners
31 (l e65): I 34-143.

?- þ.,1an G. I,j'ilson, "Deve'ìoprnerrts of Sonle Elenlentai^y Resìdential
l-oca.tion Models", .lourna.l of Reg-ional Science 9 (.ì969)r 380.

ti,j = B¡ Hi Dj.-ßci,i

t t_,
B: = lirr, .-' Ê t, , jl-'
'Lt' I

/) /" -/). att. - t^j.' B.Dl e lJ''i ,i<r 1,J l< J ,
JJ

6û



1'l'ilsorr !ras suc¡qested thai the'¡'elaLjoi-rsh'ip i,eli'¡eeri ti¡ese rhree niodels

n lght bc cxirl o j.ie,i b;ø ì i nl:i ng Lhe¡ti 'into a !Lras'i-d.,i¡¡i,ni c í.oi'ccasti ng
I

sysi;em. ' The res ì cient ia'i I oca l.j on model and .br^i p ci istr ibut'ion nodeì ,

f.ot" exe.ntp'lc, each procluce differ^en¡ estimai.es ol'the jcurney to work,

but if 0. and Il ' aÌ"Ê rl jven, the doubly-constraliied ntoclel bc.st reproducesì J ----'J

survey year" daia. lts use 'in forecast'irrg 'is, hoilevei, l'inlìted by the

reljabilíty or'ìrrciepenceirt forecasi:.year trip arid estiniaLioir. It may be

possi bl e to use the I ocati on model veì"s jon to al I ocate pool s of po-uerr*

tjal nlovers, ô. tìme period at a time, anci then use the accumulateC

outout fot" the f orecas l, year as i nput. to a tri p di stri buti on process ,

ernpì oyi ng the doubly-constla j ned vers'ion. The common heritage of

þJi I son's family of moclel s has thus been a st'imul us leading to the deve*
'l opment of more dynanri c i nteract j on nlodel s.

The characteri stri cs of the s i ngly-constrai rred model s outl i ned above

also assist in the interpretation of the recurrjrrg ternrs A, and B-. in

the prodr;cti on-cotlstrai necl rnodeì , 4., ì s a competi t.i on ternl whi ch recluces

most trips cìue to the jncreased attractiveness of any one zorle. The

dencm j nator of A., oì^,

ârru-13'j,ij

is colrnotlly ìnterpre'Led as a nleasure of 'Lotal accessjbiìi t_v which in-

creases as ti^avel Ii mes or cos ts decrease a.nd atti act,i venes s i ncreases

for dest'inatjon zones. lt can also be ínterpreted as â measure of the

Al an G. l,ji I scn, "Acivances
IfgnUr_qlati on Resear^ch ri

and Probl enls 'in 
D j str^i buti on Model I i ng "

(1e70): 1?.

r'. r -l



ccljpetj t j on iha t; srloL': 'ili j íace fi"ori; 0i;ner re¡a'il centres as percei r¡ec

'i'rom j, in the rsLa'! 1 activÌi.y locaLion coni-exi." The nocle'i -i;errn,

l,t. c-/3'i .j
J __-__

¿n.. -f,.c.1 t{, e i" -l,J
J

js then ¿ì measuÌ"e of 'Lhe relat'ivcì accessibjlìt.v-attra.ctjveness of j
perceì tred f rom 'i . The ßr-pai ametc.r can be gi ven a s jmi I ar bal ancì ng

f actct' i nterpretati on i n i-he attracti on-constrai ned niociel . vrhere j t
adiusts for the jncreased eniss ivity of any particular oligin zone. In

a productjon ancl atl:ract'ion-constrajned rûodel , jt js ìmpossjble to w¡ite

both A. and B.; inciepenclently, since both are acting together sinlLl'lta-I J -¡.- 
_-

neously. I'lov¡ever, A; I js r'elatecl to t.he accessib'ilÌty of oppol-tunities
I

at i;i're dest'inaijolr ei^rci of a trip ¿rs percejved from ;rigä i, ai-rd B.-l is
J

related to the accessjbil'ity of oppoi^tunjties at ihe orìgìn errcl as

percei ved fronl desij natj on j 
"

Thus fa.r, rve have dealt with the origin and destjnation Lrip totaì

constraini;s. It is not¡ time to consider'lililson's thir<l constraint. lJe

clainrs that the ¡irefer"r'ed negative exponential form of the jmpedance

function in hjs devia.tion of the gravìty model arises because of the

riature of the generaìized cost constraint equatìon,

t-.S, lrJ i'J
11
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v¡hich assumês i;hat peopìe per"ceìve cosi-s sriir;ectîvcl.;'ìn i.ne sanre ii;ay

tha'u they ai^e ÌÌreasLrrec object'ive1y. I /{l te.r-.nat-ir,,ely, j L can be argue,J

tira.'u peop"le peT cei r.¡e costs ilr a i.ra,v i rr y¡h j cli the saile riiarqì na1 clj siance

on a long br'ìp'is ,,'a1ued less than on a shor-.t .l,r.ip. in thjs case,

l{'iison 1'eels it,¡¡oulci be appropria,te to sirbstii_ute 'ln(..i 
,j) for cj,j jn

the constraìnt equation. Tlie interaction nrc'ce,-i 'impeciarrce function v;oirld

then becoi¡ìe cj,j-ßtnsteac cf e-,8tti,j. He sLrggesl;s i1; r,,rould be appro-

prì a'l;e t(,' Llse thi s nlod'lf i catl'on for' j nterurban ana'lyses vrhere I onger

tri ps beconle i nvol ved.

l¡Ji I scn' s argunient that an exponent j al travel cleterence fLrncti on j s arr

inexorable result of the choice oi'a cost constraint is not totally
convinc'ing. The resul L has at le¿ist as much to clo rvjth the choice of

1n vl¡ as a mathenla'b'ica1l.v convenjent entrony funct'ion. The fact that

l'ri'ilson rnakes no coilscìous at'tenrpt to duplìcate the nega:tr've exponential

deca¡' of travel wjth jncreasing ci.istarrce observed in most North Anerjcan

cjtjes js the basjs of Curry's crjt'icjsm that Ì.,,fjlson js usìng a ',pos-

terior form of analys'is". 2 In o'r'.hen words, one cannot use ones.intui-

tion about tratrel behav'iour to clerive the entropy maxiniìzing mode'l . It
is only i:he result oi the derjvatjon, v¡hich can be given a behavjoral

i nterpretatj on.

As in the case of

stabif ity of the B

of concern. /3 it

prev i ous l

- pa rameter

ì nverse'ly

nteracti on modeì s , the j nterpretatj on and

i n the deterence .Functi on 'i s al so a nlatter

rel a-ted to the everage d j stance travel I ecj

I

2

ldi I son ,

L. Curry
-såu.qi9å

"Advarrces and Prc.,bletrs", p. B.

, "l\ Spatja'l Analysls of Gravjty F1ows,,,
6 (1972): I 3.1.
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àilíi tite ci-ital ti^¿rlel e;lpi:nctì turi¡ in ¿ r"e'r-ir-:i," ll racl;, [::'is ôppr'o-

>linat.ely' equa I to tlie .jnverse ol', ti:e ilje¿ril exÐeniì'ir.Lrre or d'is lance tra-

velieC. [,onsequeniì;,, .i.f riray be usect as i.o pi-ovice a firsi- estillrate for

¡3 in 'Lhe model calibrat'ion pru..rr.l [:; n,a¡, also be r¡jeiveci as ¿n

i nverse meelsLiÌ e oì' prc¡rensi Lv i;c travel . if p dt-.,:i-ease s, ìonger ii-ips

al"e mùre I ii<.ely; i.virei''eas i,'i i3 increases, sÌljô.1ìe r^ c., ,r's vlìi'1 be vte'igirieci

nrore heav'il-y.

As suggesLed earl ier,13 has been founcj to be sensjtiire to the rlistri-
buLion of destirrations about the zone of orìgin. That is to sa,v, Æ

decreases as Lhe d'istance of the trip origìn front the Centr,al Bus'iness

Di stt'i ct or tlie I arges'u etnpl oyrnent centre 'increases or al terna Li vely as

the mean opportun'ity spacì ng j ncreases. Theref ore, p-parameters slroul cl

be or"igin-s¡rec'ific. This djsaggregation can be achieved by employìng an

ci^igìn 7.one cost corrs'Lrajn'L equation of the fo¡"¡il:

= c.'l

The inrpcciance fLlnction then becomes:

-ß. c,e L/1 l rJ

where obtained by jteraiion for each origìn.

C. Fisk and G.R. Brorrn, The Role of i'lodel Parameters in "l'rip
D'istributjon I'iodels lransportation nes g (.l975): 144.

I t. c.
'l- 'ìrJ lrJ
J

n
lJ, IS

I
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'iJj l:;cln siigijestLs tha'L a poss ii¡'ie tirei¡T cci-, c,-:l r--¿i:;i: ft;r" 'ihi s pi^ocecul'iì 'ts

r r" ^ ' " r -l irc:riri: cì' t'Ía',¡e l i¿t¡-s -i lii:r'iaasars. 
l

ll"t;.r I i-, CieCì"rj'i.5eS ô S :liii út/ÊÌ'ä Cle

Ar,*raOu 'income, 'in t,.lt'n, usual I j, i i-li:i'eases vli th o istatrce f ','cni tile Cen-

tral Business Disirict." Since 'ì t ¿rì-.;pears 'that traveilers a'r^e iro'L as

deteri'ed by cos'[ cr trar¡el iine as opportunì ty snacì ng ì nc'r'eases , an

equaìly piausible exgrlanatìorr is that uri,'an t.i'avel js coni.rol'led more b.v

the oistrjbutjon of oppoi'tunities, a.s proposeC in 'Lhe CpporlLrnity i'iodel ,

than cost or travel tìme per se.

Fi si< and Brov¡rr suggest "i;hat the assumpt'ion adopted ì n present model

app'l i cat j ons that tlre Ú -parameters rerira j n constant betleen base and

pred'icti on ,veaì^s i s not justi fi ed.2 Chung. s in [3, between base and/l

p.'edi <;ti on years wi I I ,Cepen<j on perturbati ons i n average zcnal expen*

,ii t.ui''es o.r i.r'¿vt-.'i '¿iiire c¿iirsed bi, clrangcs i n {;he att.racti veness of

destination zories (cr the opportun'ities available there), specìfic zone-

to-zcire iravel times , and otlrer vari abl es not exp I 'i ci tiy corrta'inecl i n

t.he model but vrhich may affect travel behav jor,r.3

Given the possibility of the im¡;ortant role of opportunìties, suggested

abcve, l,J'ilson also attem¡:ts to derive Schneider's'intervenìng opoort.u-

I Al an G. Ll'il son, "A Fam'ìl), of Spatì al Interaction itlodcl s and
Assoc j atecj Deve'lopnrenis " , Enr¡i ronmen-l and Pl ann'inçJ 3 (1 971 ) :

tö.

2 Fi sk and Br'ou¡n, "Role of Model Parameter^s", p. 144.

3 The aprÍori assunption of equa.'ì probarbil'itìes for al'l possible
trip arrangements used'in errtì^ùpy maxjilizing nray be wrong due to
bias 'in destina-uion chojce ar''ising from unspecì I'ied socio-oc0roflic
consideratjons. I1 such bìas is measurab"le, it may be incorporateci
'in i;o the model as before thr ough the use of K, 

,, - factors tvi tl-i.in

the stati sti cal mechan j cal fornral i snr of an cbject. j ve ìnterpre'tai;'io¡i
of proba b i l l ty 'f heory. 'i bi ct.
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niiie:; rirí;,j.-:l uÍ:;Ìng cir i-i-op3l i,ii:l'ilt-l :,:¡.,.;.ia¡i " i

eXÌjellse ci i"lsiilg ìiitei"veiiirrg c¡t¡tui' ..u:t ii,i,i. :ìt ¿i :,,,,ti:cr-. Sri'ai.l!û ¡:i.i:;ly iCi"

";ra.v¿:l 
ex¡-renci'it.u'ic:s'ili j-he 'in'irri cc¡is'iräii,i. -llre i;i:ii-;l'i-riilii'ies ¡ra:,:,:d

coni.r'ibui.e tc 'Llre (:r-,sr associateci r,;i.Lli ..acti ,ur i¡: -,i.¡lei.cil¿ iii;c r.lc-i!,i"i:i-: í)j,

i.lie nr-lilbe¡" o'i'iinre:ì tl-¡¿-\¡ j-ìavc [;n:t-.n passed o:" i'i¡ive interver-reci. ]'l¿i:

proceci'lt'e i s i ni':il'it j trc !y suspii(:i. aíìr i'i.í I sct s.u!rqesrs tiiat i-ii'is iìie-r ¡e

ettoLtgh j n 'itsel f tc ¡:r^efer the gì"av-riy iric;ìe1 ^ 
I l-ict:evr,:r, 0ne rvcnders j f

otlier, lil0Ì^e satjsi'¡'iric1, opport.unity ccnsi:r'aji-¡'[s riiiElit nc¡i be cievìseci,

ana. incor'pcrate<i success'f-iil ly 'into an en'tr"c¡.r.y inax'imizing fornlul ai'iorr.

Af i'hoLrgih the oppc.rrl.unity mociel is apparently noi reacii'iy a.niena,Lrle to the

entr'opy lriaxjnijzing i't¡r¡t',^odch, ii. has enableci i;he extension of the gra.v.it;,

rnodel to rea.listjcal'ly represent nrore comp'lex tra'¡ei situatjons ancl

pernriLted the appìication of economic evaluai;'!on tec:liniclues-to charrges

in pcf ir;y varìa.bl es. This he^s been ach'ieved lar"ge'lj¡ through s)istena.Ljc

clìsa.ggreç;a'lion of varia.bles arid the use oi'sr.lbsci"i¡lts an.J superscr'ípts

oll parailleters to achieve interna'l consistency. l,lil son lias thus far.

successfully d'isaEgregateci the basic models rvjth respect to trip pur-

pose, niode ol' travel , routes , 'inipedance cost character j st j cs , ancl

traveller'characterist'ics such as car ovJner"ship, 'income, and orìg.in

I ocai'icn. Aodi ti onal cons'Lra.'ints have been adcled as pol i c1, 6¡..i s'ions to

ha.nCl e I i m j tati orrs cn ciesti nati on zone park'ing capac'i ty, route-capaci t.y,

popuì ati on dei¡s i i;y ,:.nd the i npu'lloutput f I ov¡ of goods .

A m.rjor br:nefit. of this disaggregatìon er'fort has been the possìbjljty

of .s,v5 [p¡1ii c 'integral;icn o i ai ] of rhe tradi -tir:na.l ste ps 'ir¡ the irerrrs-

l'J'ilsonr "Sta';'isi.jcaj'l'heory'1, u, 2.68.



pr;rtc."[icn [iial'r-i¡'ilì! l--rì"cci..ss" î1"'ii: d-isti''-iliulicir, ii,tiili spìi'l;,, Ì-i,ru'l(.:

assignnient. arici e'ven i.i'i¡; genera'i.ior; in the fc'¡'ir rii c;i.egoi.,¡r Lriiaì,vgj5,

a,'l'l focut oiì ùne has-ic 'ii:teTac,i-icii equatif¡n ¿.iiC cei-i i:e for.cr:as;'l -in a

single c¡,rerai.ioi'r" Thìs is, hoi,jer.¡ei, ¡it the lriii'ir a'i i.iie ex.ti:nt of

ciisaqgr egat-!cn vlhich cerr i-;e a.clijevetj. Event.r-l;:i.ì i¡r, ihe nuiiri:rer of mocjel

pari'.tretet's t'rhicli nlusb be esliniateci increases i.c ur¡conti'ortai;'ie prûpor.-

tior-is anC iherc is í-he rìsk of los i.'iE sta'i;'istica'i reie',râi;ce as dis-

aggt"egii l-c.u f I ci.rs gst sni,'i 'i c:;"

/\s ai-r ajternat jve to disaggr.egatìon of pr-oba.bil Ìt¡r or stat-istica.l

eppr'r:aches as a means of in'ip'r'orrirrgl rhe behavioural bas'is of interaction

t¡odel s , i'i'il son sugge:;ts bi"i r.igi ng na'i; le rs dc\,rn to t.he I evel of '{.he i n*

dividLial decjsjon-nral<ei' l-.J¡ apply.ing ttre theory o'i" consunrer behar,iour.

Tliis assLlmes tiiat 'incl'ir¡'iciu¿il s .irr Lhe popul ation have preferetlce struc-

tures and e>lercise t'¡.ve'l ciioicesi vrlrich can be seen as the r.ersult ci
nax'itil'izÍtig persorraì Lltil'itJ,functioris subjecl:. to liudgetar¡r ancl tirne

constr'¿rints.

The nlaior difficulty vlith iliis approach js ttie c.lefinjtjon and nreasure-

nlelrt of iäciividL¿¿rl urtil jt.v func'[ions oì aggregate utÍl ity functions at a

level 
"'¡here 

ernp'ir^'ical estii¡at'iûn nray be niore feasible. There js also

difficulty r'n specifyirig the nature of trar¡el as a gooci competing for

tjnle atlrj rnoney e.rpenciìtui'ers" Obvjously there are too many separate

trips to see each one as a good so that scme aggi'egate o¡ abstract jevel

of travel niust Lre cons'idereci to i"e¡rain l^rithin the bounds of coinputa-

tiona.l I jnli'taiiclns. Clearly wliaii. is suggested 'is agg'regaj;'ing inciiviclual

t'r"avei behaviout" as opposeci to cjisacg'regat'ing group behar¡'iour. For the

t:inii': being, thc la'Lter secms niore tractjble.
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cAsE sîL.rÐY 0F tMPL0YiIS 0ir F0RT G/llìiìy It'iDt.jst-RiAL /rREA I,J0. I -hri¡ltijp[G

Qb¡eft_l_,:f.g

In Chapter I, a nutäber of 1'actors antj the nianrrer ì n lvh.ich they have been

founcl tc al'feci the separati on of wori< and res i tlence r,¡ere cii scusseci. I n

chapter II, the appìicat'iorr cf sonre of these factor.s in the clevelopment

of spaticrì in'üeractìon nioclels 'lJas revje,¡red" The purpose of ¡rjs Chapter
i s to apply ancl test sone of the obsei^vat.ions , h5,potheses and model s

described in flie riter'ature to a situat"ion in !J.innipeg, 14anitoba.

0bviousìy, j t t'roul d be 'ir-nposs'ibl e to be as comprehens j ve a.s research to
da'Le and lim'itatjons of ,cìnie, r.escìurces anci oata ava.ilabjljty nlust be

recognizeci" Cottsequentìy, a case study approach vlas aclopted and a

l'irnjted saniple of v¡orkers surveyecl to test a felv of the more fundamental

aspects of worl<*residence jnteractjon. Spec.ifjcally, the folìowing
questì ons hrere sel ecteci .for j nvest j gati on:

I ) Is the rvorktflip traveì time clistrjbution sìm-ilar to a gamnra cis-
trjbut'ion, as suggestecl by Voorhees?

2) Is the opportunity tr"aveì time cjistribut'ion siiirilar to a ncrmal

dis-ti-ibution?

3) Is the ivrrrl<t:i'i¡r l.ef oppor^turrity travel tjnle djstr-ibutjon s.iniila.r

to a neg.it'ive exponenr j al di str j buti on ?

76



4) l'ih¿j: irrp¿:c L ric¡::; l,iirpl lye i' cho,l'¿ic i.ei''i

tìess: pl^cvÍcus icr-¿lilcír, ¡.ig¿:r {i{' e:i

p'l c.¡,¡¿e'; b3; sex and r:ccr-ru¡.r'icri". iiave

l ú,, iu:t i

:'l j cs u si-ii:ij as t;¡.r,: ¡ [ l:ls i*

¡,bl'Ísätc arrd pro¡:oi''Licn c.f, i_.,:r:

oil avefàge ilc;iile/t':r,f'K sepa*

âs ¿ìn int-

5 ) Do ii,a'l cj:ì c:xil'i bi t a gi.e a*ier aver'¿ige separ'a ri or¡ 'tlran 'fe¡ra.l es ?

6 ) Do r'¡hi 1:e-col l ai^ ocr:ripaiio¡-r gr"CIrìils e;<h j bj t ,; gi eai.er average seira-

rat'icn than b'l ue-col ì ar group:; ?

7) l^,lithin the sa.n:e t.'inreidistance intei^r.ral , is Lhere a gr.eater pi'o-

porrioti o'i lvorl<ers res'idjng on the samu" sice o'í'the Fied alrc! Assin'i-

boine Rivei's ¿s the'ir place o'i'l'lork thail on-o lvoulcl erpect., gïven

tiic distr"ibul:'icn of rcsi,'iclrL'ial oppor^tunitir,:s'?

B) I^Jith'in the sa.nle time/ciistance interval , 'is there a greater propùi -

tiolt of tr'or'kers res'icìjng 0n rhe suburban sicie of their place rrf

work, as opposcci Lo the central bus'iness clistrict side than one

vrould expect, giveti the distribution of resjciential oppcrtun'ities?

e) I'rhich c1'the follor",'irrg spatia'l interacticn nlodels dtrplica'Le the ob-

served tr'avel pattern:

ctj Ent'io¡ry nla;<i n j z.ing grarr i ty n:odeì empì oyÌ ng

¡recìance 'f unciíoii;

t..
1 ,J

b) Entrcp.;, maxjnr;;zìng gravity nrodel enrpioyi,,g u"'ßii,j as an im-

¡iedeince fiirict.'i on ;
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ri) J'r:ili¡:z-iiiist cDilli,rci'ing cr¡.r¡:i:t.,i:urrii.ies t,tlile i; ,:r

ci) Sr:l,rrrr:íCer's iiliervenjng c;ppor-.tLlr.îtjes mociel ?

Írisi hcd

l-he f i t^st-. siep i n corCuctì ng tlie c¡.se stuci)/ hras to gather" a sariipì e of

data lÌrikirrg ¡;1;tce o'l= we¡'r"k to place of res'idence. Sjnce thjs r,vas not

reaa j i.y ava'il ab j e, ihrough the cerrsus or o.bhe.r, sources at the t jrne ^ cia.l.a.

i,vas go.l.hered i r¡ 'Lhe 'f i el d 
"

BecaLrse jt lvas c1ea.r1.y inore effjcjent 'Lo ob'Lain the data .from a. liirited
nijlliber cf enipìOyei s re.thet' 1,han f¡'onr a la.rge rrLii.nber of eni¡rioyee r,esi-

cÍe nces ' a i'rel I *ile íi necl j nciList:^ì al e.,*ea '{ras se j ccied 'í'oi" the suì \.i e.y'"

Bes'ides the central employruenL cf istr'ict, l.Jjrrnipeg has s jx such d jstinct
ûreas; Fo,*t Garr¡¡ Industrial par'k, Inkster industrjal pari<, st" Boni,iace

Industt''ial Area., St" James Industrja'l Area., Transcona Inclust¡ial park

ancl Tuxedo Indusiria'l par"k.

A portion of tl'¡e Fort Ga.rry Inclust.rial Park, Ar"ea llo. l, was selecre.J

because i't rrra.s relatively compact, was contajrred lviilijn a single census

iract anci traffic zone, and containecl a varie-u.y of fjrms" l\rea ¡,jo. I js

locatecl in the Fort Garry contnìunÌty nor[h of I'lcGiii'ivray Bou']e'arcl and

ea.st of i'Ja,verly Street, as i ncii ca.üecl on liap I .

The firnls i;o.be sampled were chosen on the basis of

bjished jn the areô.. l'he t.irne fr"aine, j96j to 1971,

Lhe

via s

¡,ear ti'iey es La-

chosen because

7?,



'r4-lr"'----i-¡

F
\

'I

/rilj ¡-=
tC

ø
ø

n1'+
sv -+

i

./.i::i ì'::J\/r,,-, -l-)::JL)..:J -:.i()

I

\
\

-r._:
IIII{_Ij

Ö
=

LltN
N

t./v\ lC
'

\ 
i_

\I\
'-\lì\r!J

t\
-r!
t\t\T
--r

tì

¿
t'\/\/1
/\/\

\
\\

\l\\

I

C
-lo 

t-J
I

r- --l-
Ir

C
l-1 3¡jiÐ

N
lL'iúl

\\.\)\-/- \
t¡N\r(- 

\
.'\

"\-
_*___a

IV
tricÕ

s¡¡v¿
.

Ila
'-...-.-._.---.---[:

-n-'
.-r'r''

-- f---.:"'
'1. ,-À

- "
-r-aiii-----

I 
l\

l--i 
\ 

-
li'.

**-*T
-i- --
i' 

*-.
rllllrll 

I
ILrt 

I

I'u.l 
(

IN
,

\/

!i:, 
,.

/--
\.\,,i 

ctl 3¡.
/ \'.-

/' 
ti\

J 
\{

t\
-i.-t;\I 

-^-
I 

\-.

i^---
I3Il__
!rI 

vs¡.
1rti

,*1,_--.------^-._
ir

-- 
j 

-?-_r__ts-_F
_

I'll!i:tllirirìlil/I 
r .---.i,

1Li 
_t,

\ 
. ----'-' 

I

-.-\' 
I

r\ 
I

, 
***-*l-

lii_ __ 
.. _-_* 

+ltItItrtl\IIt-

N
vtsj,.É

-l>
¡

IIItìII¡III

ì^.IIJ¡IIII;IjI

{IIfIIIIIIItIIìf

_l_



of i.he ¡.u¡ii'iei:ilii.¡, of ii:,i'¡ì^e ¿ir¡d a.ii.ei,,crnsLjs cr¿i:a, Ais;r:, s.ince ine
SLlr'VeJv \¡,rntS CÐiiiìLictec -iir e er.ì1r 'irj|4, rh js a.l.iC¡,r,*cj a rnjii jniuill pei jorj ûj.

e'boitt tl';ree years f ot^ cnr¡: i o-vo(is to o:cì; us'; lhe'i i. pl ace 01. i.e s i olerice ic
iltab of fneil'Þlace r.:i r'iirl"l<. ùf iirr fifl.een'iìrii:s, r^;h.icir esiablishecl i,.
'Lhe ¿'rea' cluring the s;lnl¡r'ie pr:Ì"Íoci" cii'ly arie ciec'i.ìrrecí tc pl.ovicie .Lhe in--

f ot"¡äa hi cri r't:ques'i;ed. ilap iìc . 2 'il l Lrstratr:s ilie l ayou.b o.i" ;ìr^ea l\io " I ¿lnC

the tialiles, I ocat'ions ¿.ilci .iates o f i;lie f irrns establ i shed t.irere. It al so

i denti l' j es the 'F j r,ms wh ì ch were s ¡1¡y6.1rsçi

A nte.nager in each firm uras interv jer^¡erj and askeci to p,-orrioe the fol *
ì owing'i nfor¡:la.t^ion :

1) Tlie nanre of the fir"m ancì type of business ccncrucbecJ there;
2) "ihe cate the f-ir^m'lcce,cec{ .¡rl .i;he area, thc reasons for îocating

'Lhere, anci i.Ls prev.i,;us lclce.i,jon; ärrcj,

3) The number of emproyêes, their resicicnbiai addresse sex and occu-
1pation.'

This resuitcd in a total sarnple af 778 enipioyees from all fourteen
firms' subsequently, it uras found that twenty-níire enploJ/ees cr appr'-
><ìmateiy 3' 7 percent hacl adoresses lvhich i./ere y.ur.al or otherwise not

I sorne o'f the fii"nrs _surveyecl sholved reJucta¡.¡ce to re-le¡se theexact adciresses of their emp'ioyees so ihe nearest ,,hundi"ec.l
b'lc'ck" address lvas ol¡tainecl"

BO
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"f'r'ar:eabl e.'i'irese

¿; ¡;¡l',:;i-i i ì;i:,C'i \i r-r. 3/

sii,¡lvs tne oli stri bLr

,- .- t,: ^,^l-rll l. ¡ Ul I "

, 'ierav-ing 
¿r senlplc i:f I4g elirp

i'. ie i:ir lf op,.li i';ii i'::'l:l iCi-r:c,

í'i na l samp'is b¡r s¡¡p'lo¡.,cr., sc.y

v,lere ce I r: i.erc1

t-1 C.. l. ,' . ,-) t- -.- t .C
,rL. I \.-'-liç ul

Ii rrn oi' thc:

i oyees c: i''

*r.i-'¡ 
^ l

a.nci occu*

"i'lre rle>l'i: ste¡: l';as to detei^nliile the iuaÌ^ki;r'-ip l.raireì t'inll se.parat:iorr fo.i,,

eacli cilip'ìoyee sarnpìeci. in,:'rdei tc accollìplish i.his, j-i; i,las rrecessary.i.o

de termine ihe automobiii+ cJrir¡ jng t'iiire frorn the centroici oi. ai I CÌty

traffic zories tci 'hhai of zone 442, vihich cor.r"esponrjs v¡-ith lhe loca,cion

o'i Fort Go.rr;v indLrstri al , Area. I'lo. l . Au'Lomcb j l e .zone to zone l-ra r,el

times characterist'ic ot" the l,iinriipeg street systein our.ing the l97l A.i,,,i"

peal< hour t'¡ere obtaiiieci'frr¡nl 1:he Si:r'eets and Transportation Djvisjon of
the ci vi c acJnr"inj sir^a i:'ian " 

I 
I 962 trave j tìnle data f rcm t.he þJi nni peg Area

Tl'aii;;poi"Ì;ati cn Stiicii' liräiì ôl sc; .:nipl oyeci to i.oL¡liij Oilt tiier I g7 j d¿ita. , urli.ir:il

ciici nct cotttain travel tinies froni a.ll zones, as incl'ica-üed in Tabje 2.

Rei,y¡ng prinrari'1y orr 19,7l infornrat.'ion a.nci krrovrlecige gf l,jjnnipeg's a.r.Ler-

ial s'[reet systein, a ser'ìes of travel tjme isojines or contours at fjr.re
minute íntervals vrere pìottecl by hancl on a city map. 2 

The resulting
travel tinie intervais iìre shou;n'in relation to traff.ic zones on l,lap 3.

Ii r''ras assunre<i that all emp'ioyees travel'leci by airtoiriobile sinceonly one bus serveo Area l{o. 1 at the l\.lvl" anä p.l,f. pãakl 
-þ1;;;-

ger's sta'i;ed tfii s r{ôs nili conven i ent for thei r empì oyäes a.ncl
estima.ted ifta+- 95% or mrJr.e ar.r'ivecl bJ, car.

i\ -sYf iAP- comprrter graphi cs progr"am lvas i ni ti al iy enrpi oyeo to'irrterpoTate travel ti'me isol'iñes; ho'errer, it í¡as not ahle io
acieqLiatelJ' eçc0unt fcr :ipeed clj ffereniial i on niajoi" ihor"ougn-fares.
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liaVlii!; ii, ;e::,1'; nsd ciie fxtani. ci' iir.,E it Ì¡i,, r-i- ',:i,,.,,: i..i i¡li- ii"r iîl-,,r;l_:, 0rtl-

tn;' ent-Ìre Uî'ban õieiì; itt71 c3i:SLìS ii'¿CÌ.:, :,ll:t':: ir j';[:(."tri.:.i'ii: 1.:i:eiì- l-.ê-

'spcctii¡r: -ini.*i^,,,a,i. Tita pai:ieì"i'r ,¡'i cci'isi;) ti-ali.l. i,l;i i,i:e tipir:.û)iìiîì¿ìi-lì

ei;ten'i; ef l''esiccriti¡rj cieve'ì0ilinÊnt cûiit.;i'ii-rei.i ii'i e¡clr ¿.re j tlLlsirare-; on

l4ap 4. iiap 3 r,/as ïheri :;rrperiiilpcsciì lir iiap 1r ¿,iid eta(:h cf:nsus ira<;.¿ v¡¡;s

assigi-recl a trar,;ej i""ine 'intervel acccl^rj'inL,i i:r"r tir:, l,;c¡-.r.içii ci tñe gec;*

met',"'i c c:ent.t.oi d '¡i" the res'i den.i;'i al iy -clrvel operi ¡,ror.t'i cn û'i' 'ûhe t,..aet.

The r'esirìtii'rg allocatjan is pr-eseii'i:r:cl jn Tab'ie 3.

Next eacil e:mpì o}/ee i^/as o.ss i gned by se>r arrd occupat j on gr,0Lill to a census

tract and hence to a. 'Lravel tinre inteirval. 'lhe sarnple t,Jas divicled ini,o

thnee major occupa.tìon gl^oups for each sex, as jndjca.ted jn Tab'le 4, and

eô.ch employee was class'ified accorcling to thr: sex a.ncl occLrpa'ticn speci*

f iei br, hìs erirpio),eÌ^"

The resicier¡ce oi" each empl6t.. was then rocatc+d in a census tract
according to the acjcjress providecj.2 Using ïabje 3, the enrpioyee sarrple

!'Jas grouped accord'ing Lo tra.vej-time interval of res jcienc:e, as wel j as

sex anC occupation"

Th'is process i{as faciiita.ted by use of the "OccupatÍonal class.i-'l'i cati orr i{anu¿r'l , Census of Canada , 1971,, " Vol uine I , Catal ogue
No. 1 2-536.

This was aci:onrpi ished usinq t.he "l.,linnÍpeg street, lncex, ceilsusof canaaa, 'ì971 ". !,Jhere onìy the near.esi "hundr'ecl bj ock" aci-
dress was provicìecl, it vras sometjmes possjbje to assigrr any or
tv¡o olt,hrc.:e census i.i ¿lcts , In these c¿ìses , i t lvas a.õs i gnäcl tothe tract ccnta.inìriE tlie gr,c.atesl nu¡rbe r of, poi:ent-íaì'i5r-i¡ ¡tabl+:
adcii^esses . soi're streeis a.nd acldresses i,rere not corrtaiirecl i nthe 'j9,¡l 'ir¡dex because i;he-v had noi yet i:een cleve'iopec1. l-hese
!{ei"e".assigned 'üo.the ap¡'l'r'opria'Le tralt using a coirrrrrer.cÌa1'l.),- 

-
avaiTab'ìe map alld ìnCex for. 197t+.
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lable 3: Al'locat'ìon oi' I97,l liir-rnineo
Travel Ti¡ne ii'¡tei^rrai s f ,-oln'

Censu.s Tr'¿lr:l.s i.o 5-14 iriute
irori Gai'i^y Ìlrciust,^ial l\rea l{0. I

l-ravel Time iriterv¿ii

0-5 mi nutes

5.-l 0 ni ilutes

I C-,1 5 nli nutes

15-20 ni'inut.es

20--25 mìnutes

25-30 minutes

Cerrsus Tracts

5ol, 50?. 503"

l, 2,3, 4,5,
103"

6, gu lo, ll, 12,

7, B, 13, 14, 15, l6, 17,.l9,
, 22, 23, l0l, 102.
ll0, lll,ll3, ll4,
500, 510, 522, 530,
l:??

9, 20, 21

04, I 05,
15, ll6,

531, 53?,

24. 25, ?-6, 27, ?_8" 29, 30, 3l
g?. 33,34.,35, 36, 'l00, 

11?,
117, 520, 521, 534, 535, 541,
542 

"

37, 38, 39, 4A, 4l , 42,
45, 46, 47, 48, 4g, 50,
l3l, 536, 537,538, 539,
550, 551.

52, 120, 1?1 , 122, 123,
132,.l33, 134, .l40, l4l,
552, 553, o l,her parts o.¡1

Ki I donan 
"

A? LA,vt ¡ ¡ t

5l ,
540,

I 30,
1 û.2

0ld

oÕ



Table 4: Coirposi'i:'icn cif ûccr.lpat'ici"i¿il Grcu¡,:.,

Grcup A

Group B

Group C

Census Gt^oup I'i * iilnir:'i¡.,¡t i i.,r.i,rin-i:;tr"aticrn
arrcì iìcl atecj uccr-t¡;a.ti i;ns

?7 * Te¿cliiirr; enc P.el ¿ Lecj Occri*
¡ra t i oi'i:;

3l - 0ccLipa'¿'icns in íl*dìcine ¿incj
l-le¿rl tii

21

LJ_

0ccLipaLìci'is jn l{ai.L;ral Sciences
Engi neer'Ì n!; cìtid i'la'i-heinaii cs

0ccup;itrons'in Social Sciences
anri tìe i ated Fi el cis

0ccupations'in Rel'igion

Ar^t'isti c, Li terary anci Rel atcC
Occupat'ions

Cl er'i cal an'J Rel ateci 0r:cu*
patìoirs

¿5

J'J

Census Grcup 4i

5l - Sal es 0ccu¡-rat'ions

Census iiroup 61 - Servi ce 0ccupati ons

B'l/BZ - Processing 0ccupations

83 - Machiner¡r and Relateci Occu-
pati ons

85- Prcduci. Fabrf ca'Li nc1, Assernb'i 'iirg
ancì Repaii ing Occuipations

Constructìon Tracies Ccctrpat'ions

Transport Equipnrent 0perating
0ccu¡ra'i:ìons

other - lt'iatei"i al s Handl Í ng and tìel ateC
Occupationsu Other Crafts anci
Equìpnient 0perating 0ccupar'ions
and 0ccupations Not Elsel¡here
Classifieci"

o^7
(_) /

9l

['io'í;e: Ce¡rsus Grou¡ls )71 , 73, 75 a.rrcl 77 cavering prÍmery occupations such ¿is
Fi shì ttg, l-:arrii !91 ioggi ng and l'1i ni ng lver-e riot i ncl udeC because the¡r
ï'vere not i nc I uded j n the entpì oyee sarnp'ì e ai'rd rve re rrot c;ons'i der ecl rã-
nl''esentai'irre of occupatìons jn an uri;an inrlusi;rjal parl...

rl:,



irei'c*oli'; g3:; i ¡-. cacii

t,let'e ca'lr:r,ii atc-ri i'err

Ã

time i nt.erv¿il .i;lti aVe¡¿t(ji: rii,i ;:."r'{::

each sex ar'icJ occiipa ii cn EÌ^ûuì';, +i

:: i l¡:iii:e si:¡::lrar'í cri

fri cSCilred i fì I fiD i e

Ar¡eraçe i.',^¿ive'l*t'iile separ,al;i0n \,,'as can¡:utlci b,y as;suiirìtig â tt"a,.,el ¿jnie

eclL/al io i:he midpcri¡"rí: oi eac;h iriteri,¿lj ior evei"y enioì+.yee r"esicijng ir-i

tliai. ir¡i;crr¡ai. Fo'r exa.iìrp1e, ri tÌ^qir.31 tinle of l2.S nijnutes ¡¡as assuiiiecl

foi" al'l enrp r0yÊês ì ri Lhe ten i:o 'ii fteen n,i nute i nterval .

The v¡orki¡r poou'iatjane resid'ing jn each ,cro.vel tjme jnterval, vtö.s

assLlmed io be a stl'itable inC'ic¿ri.or of t,ha number of residential oppci^-

tunjt'ies avajlable i.hev'e" Accor"a'iirg'íy,.i;ire urorking populatjon in each

sex and occupa.tîci-r category !,jas c:b'ta j necj .íi"om I g7l census t,*a.c.i; i n*

for¡iiatjon ancj assigtred ta ¿l tinii: i¡rtei"val usingi TaL.,le 3" I Fer.cr:rrtages

iä each'L'irne itt-be'r'v¿il anci at,ei^age opportuniiy separa.tìon vlere therr

calcuia.tecJ for" each grr:upå ¿ìs sjrovrn jn Tai:le 6.

Next,'Lhe nunrber oi'Area No. ì ernployees actually resicling in each tjme

interva'l as.i proportion of the opporLuni'i;jes available there \,ras com-

puted. The ntlniber of enrployees in each tinre interval and category h/as

dìvidec by number clf t'¡orkers, in thousancis, resicl'ing in the s¿me jrrter-

'al ancl belcnging to the sanre category. These f.igures we¡^e -Lhen nor-

malized; such that, the totaj in ea.ch sex and occupatìon gì^oup was one

lìtatistics üairacia,
erjstics by Cr:r-rsus
CataloEue 95-753 (

"l'Ji ni'ii ¡reg, Poprrì ati on
Tracts, .l97 j Ce nsus 0.f,

C1'*228, Jui y .i975) 
pp.

anC lious'íng Chara.ct-
Can;da " , Serì cs B,

1 Ã-2^

on



-i abl e 5: l'Joi'iltri p Tl'ave'1 Ti rne Lli s t'r''i bui:i oil for^ i-iriiri c.vet S::ii:p'l e

llo_._cf [nrpl_q.vSg _Bgli!:_tig_¡i_ Ti.'.'tel'i i re interr:¿r I

l'la I es

Gt'oup A

Group B

Group C

Total

Femal es

11 a/rI / .J:,
(B.B%) (2A .i,X)

13 22
(10.?.%) (17 .2%)

58 zit,
(2e.e%) (tz.az\

39 17
(20 .i%) (8.7%)

Ave ra ge
Trav e i
T'ime
Mi n.

14 .6

14.7

1[ 7

14.6

13. B

il.6

12.5

ll.!l

13.9

0-5 5-10 i0-15
l'{i r¡. l'f i n. i'i ì ri.

i 5-20 20-?5 25-30
l''ii n. l''ii n. l,j'i ri.

IUi..dt
0-.30
t'li n "

'i Or'lI Ja

(too%)

I ¿t5

( I oo%)

2?5
(r 007; )

547

\ lUUTo/

42 14 2t 17
(32.8%) (lo.e%) (15"6%) (is.sz)

?.2 40
(e.B%) (tt .ait)

52 i 0i 171
(e.5%) (ls" sii) (3t 2;i)

71 ?8 38 26
(sl .o:¿) (12.4%) (16"e%) (11.5%)

66 97 60
(1?.1i¿) (¡t.tzit (ll ,ûi;)

Group A

Group B

Group C

l'otal

l-otal Sanrpi e

Note: The fi gure
. travel time

0t
(o.o%) (25 "o%)

26 34
(17 .3%) (22.7%)

6 l4
(12.5%) (2e "?_%)

0l
o.o%) (25.0%)

04
( 0.0%) (t007;)

6 150
( 4.0,q") (l oo%)

448
( a.sr"¡ (l oo% )

2
(50.0%) (

55 16 t3
(s6.6%) (to.n;7 ( a.tz¡

l5 4 5
(31.3%) ( s.3%) (10.4%)

32 49
(r5.8%)(24.

84 I 50 ?43
(11 . ?.%) (20. o?:) (32. 4%)

in brac[<ets is the
'irrtei^va.l for eacl-r

86 116
(il.5%) (15.s%)

IL
3ir) (3s.6%)

2A
/ o ool\

l9
( e.4%)

l0
(. 5.0%)

?-02
( r 0o%)

749
(1oo%)

70
(e .4%)

percentage of the
age ancl occupatìon

enployee sample jn each
ca iego ry.



Tabl c 6: ii^ar:r:l l'i rile Di stl^'i bil.Li cn
lvc¡il<ei,' PopLi l ati oir ) Aroui"rci

of Fles'ic'ential Crpcrtuii'ities {i,tlnnì¡reç1,sInciustrial iìr"ea lio. 'i

teyel i_uq l-l!e r y!i_ _!lpi¡:-tp,_ _tç;:r!_g:i ql

0-5 5-10 10.-15 t5_20 ?t_25 25_30
i"li n. l'4Ì n . i1¡ì tì " i,1i n " i,ji n. i,ii n .

Average
0p¡lort.un'ii-¡,

'f ^ a - 1ruLd I )eperat.lct'r

I'iin. l4in.

þ'ial es

Group A

Gi'oup B

Gi'oup C

Total

Fenral es

Group A

Group B

Group C

Total

'l-otal 
Sarnpl e

I ,455 :l , 540 g, 760
(5.2?:) (l e. s7;) (sl . 3?1)

?,865 5,505 3,905
(10.2:¿) (1s.6i!) (13.s,1)

1 ,1 35 5,020
(3 .4%) (l s. i z; )

I ,825 7 ,5r+5
(2.4i1)(10.0rá)

4 "415 I tJ, I 05
(3.?%)(t3.?.%)

605 3,555
(3.4%) (2a.1%)

1 ,?45 6,520
(2.e%) (i s.4r¿)

485 2,435
(2.0%)(lo.o%)

2,335 1 2,51 0
(2.8%)(14.8%)

6,750 30,615
(3.'t%)(t3.sri)

9,550 4,40A
(?e.s%) (13,3%)

21,935
(2e . o%)

40,2r,5 20,575
(29.riii,) (lS.li;)

7 "535 5,530
(22^7%) (16.7%)

l B, 965 1 2,005
(25.1%) (1s.e%)

32,005 21 ,440
(23.4%) (.15 .7?:)

13,310
(17.6%)

28, 03û
(1oc%)

?? I7n!J.t I I v

(100%)

7Ã EOI:t J e Jt)J
(loo%)

I 36,795
(roo%)

l5.5

l6"B

17 .5

17.0

15.2

16.5

1,7 .1

16.4

16. B

6 ,070
(s4 .3%)

.l3,490

(31 . B%)

7,480
(30 "6%)

27 ,040
(32.0%)

67 
"285(30 .4ir)

2,500 3,010 1 ,970 17 ,710
(14.1%) (17.0%) (ll.lrá) (iooz;¡

5 ,535 g ,060 6 , 565 92 ,415(rs.o%) (21.4%) (15.5%) (íooz)

4,855 6,370 2,795 24 "410(1e .e%) (?6 .1%) (11 .4%) (l oo% )

l2,Bg0 18,440 11,320 94,535
(15 "2%) (21 .B%) ('t3.4%) (jooz)

33 , 465 50 , 445 32 ,7 60 22.1 ,320
(15.1%) (22.8%) (14.8?t;) (joo:¿)

Ncte: Tfe r]gure ìil br'acl<ets -is the percentage o'i resjcient yrorker-s in each traveltinre i'ie'val for each aqe anci occupatíon ceregory

ot



irunrirec iii ci'lier" Lll; i e'i'i'r:c ¿-l,le ccnpel'i''i ;rLjiilì cûi.ii c i;e nacie be tvrerll

gl^Ouijs. Tlte i^CSìtl t C¿,i, a'isrt¡ ,\e ì;i;ci"¡;l.e,.ccl eS ,l rít:¡i¡ì^c o-i i.lr: re-

la'¿ir¡e i'râc¡iienc¡; oi''Li'^¿.iv¿:l pi'oìrei'¡si'i.ies foi'each Eroup,:;'irrcc ti-re efí'ccf

of i i."c tr:ìrt-;cul el oiipt)i'iUni i.¡, .li stt''i bLr'r. íoi^i h¿¿s been el 'inii natecì. l'h j s

inforntatjúíì anü the ¡¡t'i:r'age iravc:ì !liOp¡rÌls.i.i;¡r fot^ e¡jcit groLiil .is pi.c-

seiì'i;ed -in iabì c ,/ "

The d j st,i^i but j rliì 0f sampl e emp'i cye€ìs

gica'i tral'cl bcrrrjer^s inlpcsetl b¡, Lfie

i espec'[. to poss'ib1e psycho]c-

ancl /tssirriboine I-<irrer's arid'i:ile

r,ri ti¡

Red

i nner-ci ty e.r'eo. i{as a'l so 'int¡esti gatecl. l'he seconcl, th j rcl encl fourth

travel-Linlcl'interi¡a'ls contairr census tracts on the senle s-icie of the.flc
t"jt'ers as Area lrlo" j as vrel I as on the oppcs'ite s jcles. i,Jjth jn ihe sanlç

'inier'va1s, the llr:ir¡ber" of enip'loJ¡eesr þ)ât^ thousarrd resjclenija.l oi:por^.i.Lr-

n j bieS. On ejt.het. cì^'. ì,/r:vrê r.rììnnaf,ed; aS ShO,¡ln in Taf le g.

In deternrining the inipact oí'the inner-cjiy area on the cijrect.i.onal

dis bt iLrution of u¡oi"k'i.i"'ips 'L:o Inclus'[:r'iai /{rea No. i , i'L was necessary to

di st j ngui sh i:ettveen 'chose censLrs 'i;racts I ocatecl on i:he suburhran s j cle of

the place of work, as opposed to rihose locotr:d on the inner-cìr;v srde.

Th'is rvas acc0nrpl'ishecJ by cirawing a sti^aigiit line bein,een the centi^ojd c¡f

Area No. l, ihatl is census lract 502 anci the corner'of Portager Avenue

and l'1ain Sireei. The inner c'ity vres assLlnecl to sr^rbtend an angle of

n'inety degrees cer¡ter'ed on this line" By project'ing the sides of the

angle^ jt. tr,as possii:le to cJel imji subur,ban census tracts from inner-ci,cy

iracts. l'hen, w'i iliiin ihe sane travel-t.jme jnterrrals, the nunrber of

entployees pet'tliousand resiciential opportun-it.ies located on the suburira.n

s i de v¡as contparecÍ v;ì th 1;tl* 'i nrrer*c'i ty s ì de ancl presenteci i n ïabl e 9.
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'ianle 
7: -l'í'¿ìi.,Êi Tine Disi..¡

0ppcr^tun'i i.'i e s

'llì11- rOiì i'r' r:,,1i il .,li. Ì:, . (lììiìi-irìl il;:L' j -ûijíJ iìeS jcientl ¿l

itq---q- r lttrp_l_o Lq ç:t nei'-i i)00 !,J¡rl:et-s'ìcl-i'i,i'r.l j,-, Lr+rc_l t ue__Li!¿,'l:+_i

i-ial es

Group A

Group B

Group C

l-o ta I

Fenla'l es

/1,^,,, , - 
^u¡ ULllr /-i

Grourp B

Group C

0.c 0.3
( o.o) (2e. s)

?_a.9 5.7_
(5e. o ) (14 .7 )

1?.4 5 .7
(53.4) (24. B)

6.6
(14 .7 )

4.4
(i5.1)

ja
J.L

(lz.o¡

AC

0.3
(34. e )

/ì1rl .l

(11.5)

2.0
( 8.7)

7 "1 4.4
(15.7)( e.6)

2.7 3.1
(e.r)(ro.e¡

2.0 2.?
( t"s)( B.l )

3.0 2.8

0.0
( o.o¡

c.9
( 2.6)

1 .4.
( a.z1

1.0 0.9
( +.s)( 3.7)

11 .7 7.A
(25.e)(i5.6)

il .5 4.4.
(3e. 3 ) (r s. c;

1?..1 5. 3
(q4.e)(le.i)

I l. B 5.6

0-5
i'ii n. l!l f l_'

T.. f,- - I
I Ll t,c1 i

45.?
(loo)

aA1LJ. I

(roo)

?_6.9
(roo)

30. 6

0.9
(1oo)

35 .4
(loo)

23.2
(loo)

23.7
(roü)

28.0
(roo)

l0-15 l5-20
f''iin. i4.in.

?a-21, z5*3c
I'i'i n. i'l'i ä.

Ave ra ge
Tra i.,e I

Prope;is'ii.y
i'lin.

l3.t

10.9

a/1

10.6

14.?,

'7 'l

7.3

-) .)
t.L

9.6

(r8.4)

(lo"e)

2.1
( z.a¡

:!CJ.L

0.0
0.0)

2A
ö, ¿-)

u. a]

? Ã\

n?
(35 . 2 )

1.4
( 4.0)

0.8
( 3.4)

Tota I 1.5
( o.s¡

2G
( o"z¡

13.7 3.9 2.7
(57.7)(ro.s¡ (11.2)

3.6
(12.e)

2.3 2 .1
(8.2)( 7.7)

Total S;rrnp'l e -t2.4 4.9
(,1+.s)(17"5)

Note: 'ihE 
í' j guie .in brackets

hio,*kers norntal 'ized to
'is res j cent empì oyees

totai I 00 for each sex
sarnpì ecl per I , 000 res j dent
and occupat-ion ca.tegory.
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irin er'e t.ì

i->'l

l.i i ctt. I J't

L.j 
'J

i s [iie \ic i 'J¡'rìc ûf

the cierst in.rt ir:n

etnploj/ees of ir¡:¿

t l: e to 'ua I r, u:;i:'c ì

fr,^.,^ it-, ì
/11 tjú irL/. I 5

äT1 indâx of r¡¡orfitt i¡; emissivi 1,,,, í,,ì^ 'thc nriin'i.,cr' Of, ,rlor'kers

r'esidjncj jn ìn1;crval j;

i s tlie t.c i.al iiumlrei" ci'f r,¡o¡''l<ers ì''es ì d ing ;n i ii Lerr¡ai s up to ,

bui. not irrciuCing, í¡rterval o,, or'the l.otal number of

resjderrtjal opÌror^tunjtjes betr,¡eeir Ar'ea ilo. I aiici in'[erva'l

l1

js the tr.r.t,ei 'Litnc f=t^onl the mìdpo'int c'i origin interr¡¿.j j

to.t.he ijestjna'l.ion, Area i'io. l; a.nd

--.{ I ^h^ *.^,t,-1 n:\,1ñ.:i.ô!^c .lnf nr^n.ì,ï nof! hi¡ ¡¡-'i ìhi^rf ,i yro .l-'frn
AllU L Llr \-j ij.u,rC r t.;ar j !¿;ij-!.!:i: iiuLl:iilt;;¡;(i ij.). i-(;¡ ;;-i L"v.,,J

theoret'ical d j s''cr'.ibuti ons lv'ith respe c'b tc the obsey.rred

di sit^i buti'on "

in'Llrva-l , i, L.c

Llt., nili¡ii:er'oi

iile i iite i"r:¿ 
'i i ;

,iEs r. inati ûns i n

tì

p

ï,1

"' 15

A nunlber of modifications to'l;he nrodels ciiscussed in Chapter II are

evjdent in the equaiions presented above. Fìrst1y, since the total

number of vrorktrips originating in an¡r gi\ren oì^jgÌn interval is not

l<novln,011lJ¡ destjnations at /\rea No. I are constrajneci exogenous'l¡,.

Thjs nieans thôt these equatÌcns actuaì1y repi^esent residential location

model s as opposed to tri p-ci'i str.ibuti on mode'i s .

Secondl3r, Schnejder's 0pportunìty i'4ocie1 norinallJ, deajs vljih an unbounded

regi on. Ilr orcler to faci I'itate compav'i sorì r,,,'ith the other three moclel s

on tire basis of a closeci sys'L.em, it vras necessaìy to normal ize tlie

ôoiO



i i'i 'i:'ri¿r^i¡¿.1

i n i.e i^i'a I s

r .r,1.-1.'l-:r,.; r.!' -, .:-r--ìr.
l-,11.:l-;Ll:.:i;t.-i U¡ c1 Li ¡lJ

bi I i -i-i es rotal ed Llnì'¿'¡

vì i\l ¡¡l(iL:ir\_:

i'cri^ tire si>:

Filially, Tciiiazjnis'[;ppcrtLti.ritj, f,icael l,l¿¡s iiic;Ci.iìe<,ì b;, pì.oposi¡tc a nerv

"¡tì^ol-;;lli'i ity o1' salisfacL.io¡i' . Close exar:iit¿;tio,"l c1' 'l-c,i::aziri-is' I'oiiliilla

vi';lj r'cvq.-,l tiie facl th¿ri;1.Í:c nilritbei oí i.i^-iì.ìs pl"id'ici.ecj ¡is originat-ing

i n t.he i nte rr¡al cl crsr-:st to i-ire cjes'ti i"r¿r f i cn r..;i l l ai r.,r,:1':- be gr"e atey' tl:an

the rru;nrer pil.ciìctcC for ilì-* o-¡'^'. iili:e :-i,a'i .

'l-liis is clearty coiltrary to Voorhces'observation, cjieci earlier, that

tuorlit.i^ j p d'i stri but'ions ge ne i-'a1 1y appro>l'in,¿l're a -qamma cjj st¡i bu'i- j on 
"

Cortsequett['l.y, the r¡itio ol't'r'iu-eriri cppoì^iutiitjes in ínteri¡a.l i to the

iotal o¡.:porrluni'i:jes'in the regio'r ilas enip'lcyed as an aliernatjve to ihe

rati o oi' opportún i ti e s cui.:;'ìcie o'l= i nterva'l i to the bo tal 'in i;he reg'ioir .

Tlris nevr probab'i1ii;, '[ sa't ':;'i¡ction js at least as logical as -i-oina-

ztrt-is ' and r'esul ts i rr a cii s i.t'i lrut'ion more represen tat'ir¡e c'f ac'[ual trí p-

mal<'i rig behavi our.

All of the mode'ls v¡'ith tl're exception of Tonlazin'is'r'equire caljbratjon

and the est'imati on of enipÌ ri co,1 parametens. For the 'i''irst tr j a j of the

Gravj i:y t'iociel !vith Ti .,-* u, an impeclänce factor, x rnvas set. at uni'ty, and| :'J

for the first trial with e-i3tj,i as an inrpeclance 'f,actor, 
,B vJa^s assunreci to

be the'inverse o'F the average trip-end opportunity spac'ing given in

Table 6. The'inibial value'íor L iri Schnejder's In'i;ervenjng 0pportunily

I'iode'l tras estjmateci fronr the slope of Lhe I jne oefineci by the equation:

*Ll,J = ln (j - P(l{))
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r-i tal?^i¡¿ii i ri g i:ppc'r'í:uil i 1-'i e:,

; anci

iì r't ! \ in'ter-'t'el'íng op1,t6i"tr-llllir es'i-o lhe 1.ctal

i{ext ¿r ci.iì-":.-quare goodi'sss c'Í'fit test \,,;as applied" The paraiireter

values 'ioi' eacll lilocicj requirinç cal ii:r aticn \^Jere tïie';r a.cijusted by t'r'ía.i

anci e ¡"ror vlithin tr,io s'igriificaiit fìgures until 'l.he vaiue cf ')Í o,u,

.,.1
mlnrrnlzeo..

As a nul ì h¡rpcthes'i:; , i t vras assunied that tiiere h,as no cli fference l;e-

tt;een the obsert¡ed'îv'equenc'ies aiio ihe'theore'bical'[r"eqtrencies cier.ivc=d

fronl the riocleis. Siirce thete aì''e six t.ra.ve'l tinle inter.\,ais, tliere are

f ì ve degr"ees or' fi"eecloni for tlrr: e xpected cJi s'i,ri bu L j on pr orJLiced by

'i'oniazi n'is' Fìocei anci foLr for Lhe other mocei s , rvilich e¿rch ernpì oy a

paramcter^ calil¡r'atecl from the s.iinpie dis'LrjL--ution" At a level of

significance of 0.0l , the crjt'ical vaIuesZ tor13 are:

l'rc

he

L

be

iri

l-he chi -sqLta're stati st'lc is clef j necl

we:"e f., is 'the observeci frecìuencJ¡'in jnterval i ancl e', -is the
thecr-erljcal expected frequency jn interval i. It ce,n 

jbe 
applied

tc 'Lest the hypothes'is tha t an¡r g'iven obserrrecj fr equenc¡, ¿ìitr ¡-
but j on v¡as sel ectecl f roin a un'iverse havi ng anji 5¡¡s.i f ì ed Lypc: of
multinom'Íal ciistributìon; provìdec that t.he total rrumber of ob-
sei vati ons 'i s 1 ar"ge and each e, i s at I east 5.

'l'hese values are ava-ilaLr'le from chi-squar'e ia.bles in any basic
s ta.t'i sti cs 'be>lt.

a[ì 2
to be Ï.: = { (t.' -ci )

I =] ni
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CI;U

fcr Tot::;rz;'¡ii s'

tt,i:
iL = ltr"Litib

5 , r.l. 0l

"2't/.- '\ 
^ 

/,':.,\_ = i,i,4i/

4"0"01

I'l'¡cel and tire ctl'ler iiir'ee

If corirpi.trleci valLics r:'î "11 exccer-lec; 'LIiese

h¡;potlies'is r,¡a:; rcjecrecr' on the grounds

probabi i'ity that tÍi'is l+oul d ha¡:pen ciue

the h¡rpctl,"es.is vJas -Lrue. The al ternate

si gni f i cani d j'f,ference betlveen observecl

cli stri buti r:ns , i,;ô S '[hc.,ì-'r accepted.

niodel s r'especti r¡ell¡.

crj ti ca I v¡:'l ues , the iiu'l'i

tilere is orr'l.y a one percent

tc chance alone; assuni'irrg ilrai

h¡rpothesis, that there is a

and tl'¡ecrelicaì'f=requenc.y

A i(r;l ttiogorcv-Snli rnov goocJness of f j'i: test hrâs âl so app'l ì ecj 'in oi <ler to

conf i r'rrri.i¡e re:;i¡l ts g ivuri l)Ji cil !-s,ìuare. I

Ëach nroclel was 'i:esteci on four groLlps of enlpi oyees :

ì ) nra'les in professional anci technical occupations (Group A);

2) rnales jn blue-collar occupations (Group C);

3) females in cler'ical anci sales occupat.ions (Group B); and,

4 ) the tc'r"al sanipl e.

These gr0ups l^¡ere selectecl because of their santple size ancl the 'repre-

sentaIivel nature of {:lieir clisti^'lbution. The travel time cìís'bributíons

l-he l,'olnrcgoi"ov-Srnirriov test statistic is clef''inecl tr.r be K = D,[n
l',lhere Ll i s the l argcst absol ute d'i'[fel-cncc l-.,e tr,¡een -Lhe cbser irei
culilul.a.Li ve 'l"rr:quency prcporti cln and tiie e><pectecì cunru"lat-ivc 1",¡e-
quency ¡rrcpot't'ion 'in ô.n¡r interr¡al, aird n is the sarnpie s jze.
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lli'{rLjr riìÊ{l Í'ot' e¿icli l;¡' i;irr: fc;ur- rl-i'Í'ii:l-'erri iiod,.:l: ¿ìr.íj

ic.
Iili, rr-

Ëi equeircl¡ po ! YÎ'iilS fc¡" t;ile \",,ri i< i;Ì" i p i:r,avc l t j nie cii s.Li"i but;.íc-r¡-i o.f r:\i.ea ilÜ 
"

i etnp'lûyees anC res jclent-ial oppcrtult-ilies throirghoirt l.iinnipeg a.i^c:

cont¡'rai^e<1 'ìil Iigure 8" i'lak'irrg a'ilci,rances'for tlie lÌntjtecJ nun,ber.of rjat¿i

poìtits proviciecl" jt is quìte clear that the shape of the observecj ern-

pi cyee vrork'Ûr' j p dì strì iiuti on cjoes reseriibl e a ganrma type di s.br j but j on arid

tlre opportun'lty djstr-jbu'Liorr is roughlJ/ silitil¿ir tc a norinal ciistrjbu-
tion. A niajor'cl'is'Lorbion is ev'îcient in the fi'i"teen to tvrenty i,i'u-¿e

travel i"inie intel''r.ral, l'il:'ich is dLie to the unusLlally lov¡ nuniber. clf' r.es-i-

ciential cnportun'i'l-jes availab'ie tl'¡cne. I\'1aps 3 a¡ci 4 indjcate ¡.lat ,¿he

najori ty of 'land 'in the f i 1'teen tc 'ivrenty j ntei-val rs ê'ither uncleve ioped

or deveiopecì inclustrial.'ly. G'ivtiri e riicr"e even clistributjon cf resjcle¡r-

tjal opportun'ities thr cuclhout the City, the cbserved C.is,lr,ibutìons vroulcj

pr"obalrìy be very s'inrìlar to the ilieoretical curves" Figure B also

iilustrates the cjistribution of tr,or'l<trjps perLhousand opportunities

nornialized, and it is seen to exhibit a negat.ive exponen.lial-like

cjecl ine viith increasing trave'ì t'ime, as suggested jn chapter J..

The average automcbjle traver tjnie for ernp'loyees of /\i^ea fio. l,
catea 'in l'able 5, which is in ihc order of tiiirteen to fifteen
i s representaii ve of aver.age au'Lomobi I e*conimuti ng ti'mes .Í.or the

a lvholee as repor"ted in i"ecent surveys conduc.teri lly sta.Listics

l-{anl on, "-l-rave'l to l,Jork Srirvey", p. g"

indi*

m'inutes ,

ci t¡' ¿t

Cariada. I

1 lrd



trripl oyee l¡Jork 'lrr ¡r D'i s tr j but j ori

Residentjal 0pportunjty ?lstrjbu-ïton
rtuni

Ã

0
0-

Travel Tjme (Min. )

Fi girre B: l^Joi'l< Tr j p Traveì Time D'istr j bLrt j on i'or tmpì oyees of
Fort Garry Jndusl.r.ial Area llo. I Cornpared lJjth the
Distribution of Resìdential 0poortuni.L.ies (l^lorking
Popu iation) jn l,linrripeg.
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-i-i-le 
¿,rici"¿tr1i=, ¡.¡¿ir.,,¿:-i t,ir¡,¡-- fc'¡- ii;c t{;i.¿:l l,;-

I,ieai¡lçh-il e, 'i:l-r.i e\",eì"age rirpcï Lui: il.¡. sep.,ìr.,

.iit^ea i;':. I is li"8 nrjriuies, iricì.Ìr:¿ii_iilir l.i

cjo a i.tciirpt to r Ecit.ice -ùhei i. jcui^iiey tc r:oi

'[he average travel tjnle for Gr."ening Donaìcì
22.5 ntnutes; h*rever,, thi s repr,eseñts on ty
r,/as rrot consjdered'l;c be representatjve.

-t.'Ìi -

Ltd " einpl oyees uas
four workers and

/ivei"agc l':ot'l<-l'esjcei':ce sei-ì¿ì'!'.rrion t'',-rì- /\i'ea ilc. I i-:i,,pioyees r¡ar-ies fr.ont

I1.3 mjrrutes to l7 "?- ttinute-:s ¿,rcccr.ci'ing i:c '[he Ìr. cirirl¡,r¡si-. I i-ir,: major.ity

of 'í''ii"nis sanpleri relocaled tc /\rea ilcr. I i*oirl soriic. c¡'Liier locei..icrii v,ljthiri

the C'iì:y; usuailJ'in order tc; obta'in lai"rci for ex¡rans'ioi at a reasonai¡le

prÍ ce. lt i s cl ear', f ront ihe data presenied 'in Tahì e '1 , tha.L enrpì oyees

o'f Lhosc' l'i','nls i'¡hosr: ol d I ocat j ons r,Jcre cl ose to /\rea No. I , liaiie I oiver

aveIa.Ee i'¡orl<i:r j p travel ti ntes than enlpì oyees cf thosc f j rnls i.re,¡r to the

Ci ty or those t'lhose cl d I oca'Li ons r.Jere 'Í'ur'uher ai,J¡ìy fr.onr Area No. I .

Tlie date tl'i.it each com,Dirny located i¡i Area llo. I is also irrtpoi^tant.

Firms, rvh'ich lrave been in the area ronger', have er¡ploj¡ees r^¡irc live
cl oser than those of more recent'ry-establ i she,o f j rnrs . 0bv j ous ly, ¡re
adjustment of residential locatiott to a nerv place of rvorl< cant-!nues over

a fajrly-long pei"iod; in thjs case, it is jn the orcjer of a ciecacJe.

The type of business ccnducted by a fìrm, in terms of the kind cf em-

ployees it: is ì'il<e1y Lo hìr'e, also has a bearjng on the airerage rvorl<-

resiclence sepal"afion of its staff. 'lhose fjrms v;jtil high propor.tions of
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female ct' bIue-cci'iar- v;crllei s e:li:ibit a c:'lci:r::"

res i r.iencc:s títan 'Lho:e r,r'i r li ¡ pì-.iiirn,Je'r'ani:a . of'

lvorl:el's.

zl -: , :',^.: :., . { -î
tl¡-,ei ir.t-:Ll

¡r'iaI,i oi' Ì,'ir.j

ûn c í' eilpl c)/r{3

'le-cc;llal'

Ai suggcst.eci in ì;he l'Í leratL,i'e, ieni¿i.le s !,JCi'i:i four¡cj i:o irave a i..igirrer^

ciisi}*ib,ut'ion aL-rout tlrcir piai;r: i-rf l.;orl<'¿h¿ii i¡¿ries" -l-:ie 
iir,,er¿iqe sel]a],.a-

'i:jon ícr'i'etnlaje enrp:in';j¡Ê(:ìti o'i Þi-i:¡i.i'lo. I v¡as'11.9 rninui.e:;; \,jhereas, .ior

nlales, ii tvas l¿1"6 niinutes. 'l-h js is not rnei-'ely a rei'lcction ci. clìf.i'er-

ences in aver^age resiclai'liai op¡:ci^tunìty spacing for the t,,,,c sexes,

v¡hich r¡/ere reasonably sinliiar at l6.4.ancl 17.0 nlinutes respective'ìy.

Ihe norm¿rl i zed cli stri l':uti on of e irpl oJi ei-: res.icjences : pêi thousa.ncj res j *

dential o¡:por^iurrities'f,or" i.he'i;l':o sexes, are compared in F.igure 9. The

cjis'r.ribution for males is niuch f latter ii,"cJicat'irig their Er.eater prc-

¡rensi'i.;i fcri' rr,orkt:r^'i¡i '[.r'auo i . ]

If one assLìnies tlie sam¡.;'les of men anrj vJomen rjescrjbed her"e uei^e
cirar¡¡n randonilS' '[i'oni h¡rpoilie tì c'. Ì popuì ati ons for each sex, a
test- of sia.'bist'ical sigrri i'icance oaseci on the staircjard er.ior^ cf
the dífference of their nieans rna.y be constructeci. Ãt a 99%
I eve'l of- coäi'-iclence , '¡he ci'i"fei".ence o i the mearis shoul d not ex-
ceed 2.58 si,¿nciar'd errors, jf the ¡:opu'latjon cijstrjbut,jons arej denti cal . The di f fererice conputed , horvever, i s 5. 57 standarcì
errors so tlie nul I hy'po'Lliesis 'is rejectecJ and the aver-ege t.r-avelp'ropens'ity for nte¡r and tvoinen can be assumecl 'fc be stal;jði.icar'lìy
significant'ly cìiffererit. Ovi'ing'co ifie actual sa.nrpl.ing nii.tlrocl "

usecl, hor,vever, j-l is not clear r^lheilier ihe ru,npte ciistrjbutrc¡
meets ihe criie¡^.ia 'for the appl ìcaLion cf such paranieteric tests.
The result is nonetheless consjsteii'L rvith the appiicatjcn of the
nonparametri c l(o lrnogcrorr*smj rnov tr,ro sanrp'le tesi. At a 99?J cleclreeof r:onf'icience, ti-rê si:at'istic K shoulcl no:L exceec a value of I.à:,
r';hereas the valLre caiculated is 2"3/i.anci the nul'l h;ipothesis is
aga'i n rej ecte cì.
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'i C',CC: it-r i: j¡,:ei'-1":r,''i ilc Iiajì-ìa,l!ììí:,-.i-., i;ì ir:':..t;:.': C::i'i i,,;'t ...:t:i,il-,r.il

occupðtions. (tr'cüi; ,Ii) tcnci tci tl'ai,el fu'*r'i.ir¿:'r'', íjtveíi tlre ar¡cra!1e siia.cing

of ilie-ii^ i¿:icii.l-lijal rilpcr'tlltìL're:; ii¡ail r,¡Llier thcse .ili cìoì.,.ic¿ìl ¿iri¿l

sales occupericì'is (ûi^oup Il) or^ tirrse ín b'ÌLtr.:r..ûol.iai" c'cr.i;nai-;on:; {Gl.'ci;l;

C). Al tiiough al i 0ccLjnet-ion qroLlirs t.encì 'i..0 r"r:cjuce ihci r" r,,;crk-re sì cici-rce

sepeii'at'ioi'r L,elou rt':;it i,;hich ccujd resuì'1, 'if the5, mcí,ely selec.i.ed tileir
liolnes l'ì^om sui tabl e o¡:portLrir j'l'ies a'i; ranciorri, tl're attentpt t0 I jrnj t -lhe

ieilgth of the jcur^ney to ilork is strongest emong blue*coj jar vroi i<e) s \,/írc

have 'Lhe 
r,r j dest oppcri;uni ty cli siri but. j on.

l,Jhjte-col'lar nlales d0 not actuai'1¡r ¿rou.ì any further tltan their bltie-

col I ar cor.interp¿lrts ; i161ir¿y¿.¡.., tlie¡r hai¡e a rriuch great.er cliailce o.í. Íì n,ii ilg

a suita.i-.'le "¡esicience in proximìi:y to Area lio. 'l , r^rh'!cli 'is locatec{ in ihe

suburbs on the south s'icle of the city. l'his 'is a r,er¡epsal of the s iLua-

iion genera'lì5, faced by emploJ¡êes of Central Busjness Djsi.r-icts rvl.rere

bl ue*co j I ar resi dences are tracÍj t j onal l.y cl oser.

The nornia.'l 'izecl d j str j buti on of em¡rl0yee res i dences , pet^ one thousancl

res jdent ja.'l opportunities for males irr the three occupat-ion gr^oups, .is

presenteci 'in Figure ì0.1 Ic suçlgests that tlie travel fle>l'ib'iljtv and

These travel ilropensjty distribut'i0ns v/ere also tes'¿ed to cJetermine'if the¡' are stat j st j cal ì¡r s'ignì'îi cantly cl.iffe,rent from onc anoiher.
us'ing tire stanclard error oÍ' the ci-i'lferelrce between ilre nieans, thedist'ributjcn ior ma'ies iri Grou¡r /ì rvas fourrrj to be s.ìgni.iìcanily
cii'i''í'erent. fi''oni that of Group Ll at ¿¡ g5îí jeve'l cf conijc{ence anil
di'fí'er'errt 'f rcxi tli¿rt of Group C at a 9gÍí j evel . lir.oup B's tl-istr j -
bui:'ír¡tr lvas founcl to be sÍgriìf jcantl.y tl-if f,ererri í't"onl Group C's a'1. ai.r
80 Îl level of confjdeitce" Approx.ìrirately the saile resulLs r,rr:i i-: obiaiiii.:ci
us'ìirg the l(ol¡i6r-;o¡o't-Srnjrnov test.

109



D
D

C

50

45

¿_n

2ti
JJ

30

_t_i_i__IIì
Group

Gi"o u p

Grou p

-!Jg
(J
O
! ¿lJ
AJ

ê_

-l
l0

5

0
n_K

Travel Ti nre (l'1ì n . )

Figure i0: The Nornal ized Distribut.ion of Empioyeè Res jclerrces lrer
I,00C Res jden'uial 0pnortunities for Males 'in l-hree 0ccu-
pati on Groups.

.--.---j

I

I

I

\

\

l5

l=-;--:.1;.-

--+-

ll0



l¡or"lsiiig fi"ecrìi:ni cf chl,ic¡: - ¿'..ií:tr,,-c.1,:tl i," ¡,.i, :,, i i,i:,. 11,, 
, ìraìi-::.:i.r:,.i-.1 rii, i. " 

.i: 
i:.1:!

ir¡i:ot"taiit -iacttiy,'i il acc,lu;-i fÌiltl toi^ r,i,::i-iii.l-:i,1 i.-t,:: \/ar'i i:.i il,l,: tt.? 
.Í..1'i._.i.a,i,,c¡¡s

'ie tr.¡e e ii occt-lircìt j ûri gì^ûLliJs " ,* , s 'i s s,l;,ri,i,;i.;¡l i; cir;:.i.i.; t,, ì-ü \jc;oi"l;e cs ,

posi'Li oti, ci'ti:ri j rl iìlraP Le r Ì; , 'Ll',a i. r-'i-cir;;ar-'ic;i'.i: j v¿li" ia;ici-rs ai"e l .i i,r.l e

nrci'e i:han ref'ìeci,oìls ci'iiìff'ereircc.:; iir i;;ie tr"¿;ri'irir-,iral aist.r^ibuL'ic:lr ci
res i cier¡cr-s hou: i nq eacli çì,'oitp "

i¿:ble I 'ír¡üjcate::: '[hat the iÌed and /iss'iii'iboins lìjvcrs cûns¿itute ¡,sycirri*

logical tra'.¡el bari-'ier's to enpìoyees o.í Ar'ea ijo" I " l,ritir.in rhe ten to
f if teen and fjfteen to tlertLy minute travel tinie jni;erva'ls, a greater

pt^cportion of enlpìoyees reside on tlie sanle sjcje o'i tlie rjvers as their
place of v¡ot'k than one vroulcl expect, g'iven t.he rlistr^illutic;¡ of reslcen.Ljal

oppol'tunities" 'lhjs'ís llot true of the five to ten lrjnute'interr¡a.l? vlhere

a higher r^atio of enipìoyeÊs to opoortunitjes r,i¿.s 1"oLiäo in oi'ic censu.s tr^¿lct,

nunlbç"1" 103, on tiie oppcsite slcie of the lÌec R'iver. lhis smal ì discr.epancy

ìs not coitsiderecj tc be s'ignifjcant end is prob.ably ciue to the area,s corì*

ven,- etlt I ûcat j orr initnedi ately act'oss a b,ri dge ancl i ls hi gh ì eveì of r"es j deirti al

aneni ty.

Table 9 shor,vs that the'inner-citJ, area js also â psychoiog.ica.l bar.rier

to /\re¡i I'lo. I ccmmuters. The nunrber of emp'loyee res jdences per one

thousanC opportLinjties is h'iglier on the sui.rui"ban side of Ar"ea po. I than

on 'Lhe intter'-city side'¡¡'ithrn al1 appl'icable tr.avel time intervals

except the five to terl niiäute zotie. This r'rrterval .is locaiecj entìre'ly

cn i"he cie:rt'ination :;icie cf 'che Centr"al Business Distr.ict ancl coiänu.Ler.s

resjding there can tal<e acit,aritage of travel'l'ing agaÌnst ihe: rnajor peak

hour traffic florv for the'ir entire journe¡, i,o rrrork.

lll



lì cciripar''i:cii tif :..irc obsr-,i"t,ecl tì^ôr.'ûl fiirlr iistrÌì-,üric¡i ;rrid r;iiili ¡ri.,-:<ì.icr;:c

il¡r r7¿¡icLis s?iLta't, jnf,eractjriì-r iirtciels f¡1" L-'iire-ccll¿'r rrales js pr-oserrtí:ri

-in Fi qu:''s i 'i . lis r:iitl-insci tlisi',.-: ¿riri 'i n i.,:rbl e i t, rhe Grar¡i tJ, i,iociel iii li.:

'crave'i t inre i'¿i'ise d lo a nega.tì \,/e p.ì:iei' Síjì.\r,i Ì-iE es ..i;r -impeciance i"ac.Loi

gave'ilrc-= besi. l''it r'l-irh oisei-r,,ccl fr.írcìLiericje-s of the i.our nlcciels tesl.ecj,
'1'L- - .. .. --,t - 'llne û)iirû¡l,::t'rf tli il:;"t,r Oi tj:r i:;ì^.,,1,_f l,lcllr.l alSO pi-.C.,,i.i:: att aCcOptabie

f it vrlre n the eir¡-;'icì),ee sôirp'r e j s r.1i secgr-ecla terj acccrcl-ir¡q .i.o sex ancl

occupati on !jroui).

Aì thougll the expoi'letlti al fornt of the irnpeclance f irnct j o¡-r cli d not perfornr

quii'e as t'¡eil iri the go0ciness of fjt'i:ests, tl-i'is cjoes not jr¡pìy.ûha.b a

fr¡rrct'ion oi' tlre r'cirnr 't'¡ 
, j-tt is to be preferrecl generaì'l¡,. The tests

ttere bôsecl on one saniple on15' ¡rrrci the s'ize ol'the zones jrivolved r^¡ere

very ì¿iì 9e. Pre'''iousìy cìteo researclr jndicates thai the exponent.ia'l

forni usua'l'ly peLrfornis be iter foi e xi'¡eilely slior.t oi- 'loltg 'Lr.ips, l,rh.iclr

v¡ould be mo.rt'pt'e'vaìenL -in a region divjcïerì into a c;r"eater nunber,of

zones 
"

Stati sti cal 'ly 
s i gni f Í canl; di f ferer¡ces between observecJ and theoret j cal

frequency ciistribu'Lions tr,ere found for boLh 0pporturríty l{odel s usìng the

chi-sqLra',^e test and just 'ior^ Tomazinis' model us.ing the Kolrncgor0v-

Smirnov tesi" Scl-rnejder's vers'ion genera'l1y procluced a closer fit ttian

Tomazjtrìs' , t'rhicli is uttcioubtedly due to the aciiustment perm.itted by the

L paralneter' in the fornler" Given the variatíon íri travel pr,opensitìes,

indica-ted ¡ri'evioLis iy, 'it is not sur'prising that the 0pportun.ity i,locleìs;

t'ihich rely sc'lei¡' upon the c.ijstributiorr r¡f oppor.turrit'ies, d.ici noï pre-

dict as v¡ell as the Gravit.y i"locels, r^rirjch also cons jcler tr avel -impedance 
.
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îi-ie i,ai' i¿,it-icn ii'i

evicerrce c1'v¿ìri

rnel-e rs <je crease ,

l,äì',1..a:L-ÉI: nCf,r,cl 'j i, :il-'lr: -i î

íì 'tì'¿i\,{---l ;;t'c,i',ens'i cy. I's i.iÏ:

ti^ips br:cc¡i.¡e nlcre I -í lt.::'ly,

-r( filiii-:li^ iiii'*li

ß and l- ¡li;r'a-/\ ,j

P'''evi oLis'lJ/ -ìndi cateC i^esea rcli r:onc'i ucied i.h¿.i, iricce'ì u;i^itrretíjr-c de creese

aS the Ine¿n oppo'¡^Lllii ilr spai:iirq ìircri:a-.es; i:li'jcir c:l a c'i';.)¡-v;icie i;a-s'is

occLl?'s t'¿ith iilc'reasinç cì'isLaticc i'r'om the Ceirtra'i Business D'isí;ric'ì;. Fcr

the sLihurbaii inCr;s'i.rial ¿iì^ca unCer discus:;'ion, the pari:iiieters cjecre¿ise

as the opi-ro) turìity spac'ing clecreasr.s, Thjs vrou'ld seerr to jrici'icate that

there js no un'ifornl relâtionshjp bett^reerri;ravel prollensii--v and oppor-

tun'ity s¡io.cìng per se. Instead, Alan l,Jj'lscn's theor¡r that trar¡el pro*

pêrisiti, jr¡creases rvith the Ir^ip^nraher's jrcútiìÉì eppears tc be borne oLtt.

i0uì"ces c'i-Lfì'ct^

it shoulci be stressecl tliat ati¡'cottc'lus'ions, l.tov/evr:r a¡rpea'i'ing, reachecj

on the ba.sis of a sirrgle, I imit.ecl case s'cudy should be vjewecl r,r,itit sorlc:

caut'ion. It'is appi'oprr'ôte ôt this poìn't'[o jdentify some of 'Lhe

possible sources cf erÌ'0!^ intrccuceci b¡r 1¡s pr.oceciur"e Lrrider'taken above"

There is alv/aJ/s Somê cluestìon aS to r,rhether or not the sarnpìe taken js

representa'Live ol'the population under s{:uidy. In ih'is case, ilie popu-

la.tjoll 'involveC t¡ight be I initeci to the t-.rnp1o¡¡ees of F-or"t Garr.¡, Indus-

trial i"iìitìs r,¡hich establisheci in Area I'io" I betr,veen Ig5l anc.i l97l .

Since a hLtnd'¡ed percent sam¡tle of this pcpulatjon was at.temp'ted, tlre

orily sat-ilp'ling bìas poss'i[¡]e iiiight be diie to irorit"e sponse" i'lor,'¡eve 'r', o¡ jy

i-.:o¡i;.'l

1 ..,,. ., -.,^IUì¡j;i

it4



cíì+ ¡"¡ i[ì ()i.]l- (:'i ti'rf,i.ec'li 
c1 i'i ii,ii- i"eti;i.'liii ¡ri¡ci t,l'ii,- t;^ur;lbel^ of i:ili¡rÌl¡,,6g5

t¡;.rc'lti¿ìe,r'is r:liii:¿iei rc L;e l¿ss iii;iÌ rne iiunrji"¿¡d" Sjnce-¡iterc js r:r

re¡.ì.scn tc l;eìii:i;e tlie:,e erinj{r'r¡e€.Ç ai^e nlucn cl'if iei.c,:i.ri frcrn lhcse g¡;rirlr:ri

i r, i;el'iiis cf ritei r v¡o',^k ti ¿ì',¡el pr"rJpciìs'Li Ês " and because rronl-es¡-'onde nts

are a t¡eFy sr:¡¿rli ¡:rcpot't'icn, it'is i^:¡rsonable i;o ¿is:;une th¡iL i;lre sarrr¡:le:

'i s reiir eser¡'c¿ri.-'i r.¡É: (i'i' the popLii a.[-!on, as c]efj rieii"

0n tne cther iiai'ici, one m-igh'L consì oer tlie popul a I'ion j nvol vecl to be i:he

eni:'ire v¡ori<jng .îol^ce of l,ljnnipeç¡. Ln this ca.se, ther.e js l_he poss jbil jty
o'f cons'iclerabl e b'í¿s ciue 'l-o ths nranner j n rvhi ch the sanrpl e t,J¿is taken. The

satnpì ê !'ic".s nct cit'¿ii'rti i aiiciom'ly fi^cnt al I the rvorkers in the cìty but I jnrjteci

geogr'aphicôi ìy arici tem¡;iri"a1 i¡r acccrcj j ng to the enpl oJ¡eì 's l ocat.ion. Such

a. sample nrigh"i iie consiciereC ä juCqeiiient soinp'ie, since the ju<jgenrent oí, the

i'i::Se¿ìi'Ch{:ri' iS i i-¡\¡01 VeCi i n Sel i:r:i; i iig 'ihe e'l eme n't.g i;O !:e i ricl Udeci " JUcigc

tnent san:pÏes are su'itable fo'r piiol stuc.lies rvhere further r'esearch js

jndicatecl ancl t'¡here cost and conveirience are paranioLrnt, as in the case at

hanci" However", lteca.use the major Ì t,v 61 the popui a.t j on v;as excl uclecl frorn

tl're pcssibiì'ít.v of selectjon ancl consideratjon" the sampìe, despite its
'lar'ge size, is suspect; and the use of statjstica'l methods based on .i.he

I av¡s of prcbabil ity, such as the coniputatiori of sampl.ing er,ror, is
1

questioirable"'

ìf our sampì e, or strata r,,-¡ithi n it, hací been drav¡n ranclonlly ry.oi-n
the rtorl<'ing popu'lat,ion oi'I'Jjnnipeg, 'it. r'rou'!d be poss-ible iä cie,¿er-
milte a_santplìtrg er'ror^ or Llie pr.ec'ision of derii¡ecl ucp.ulatjon estj-
nlates_for a gìven level cf ccnl'joence based upon the sanrpìe size and,io a I esser ciegree, thr: pronori:ì on of the popLrl atì on 'invòl rlecj " For
cxanpìe, a iaqil-qlli sarrp'l e csf 7r+9 ivitii i.he cijsti"ibui.ion oirserveci hei"eiil
l'¡oula i:a suffñi-c-nt ì.o estirl¡rie nrean comrnu'Ling tirnes for,ajì cÌty
worl<ers vli Liliu I o "l ,n¡iri.i'òi tn. sarnpìÀ ,ru,in ¿rt a. 99,7J level of
coil'l'-ide r¡ce" Hoi';ever, s i nce rar¡clomire ss t,ias not assur.ecl, such c4'i -,
culaIions c,re not partÌcularly reler¡ar¡1.
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-1"heic 
ar"e scvel'-.,i pc,--'s, ii:il it;r,,:; ì^eqe'f.û'¡n( .lhe 

i.ìiì.í¡_iì^c cî ¡ic::;,ìi_,le bias,

í-':r examp'1e, iiiitjilt" cj-i íi'er::nr:es ili ô\'ei"ar;e jlicciiie le\',-.:1, Ienr,ii.ii ûf er¡i-

¡;ìoVtrreirt, ¿!verâge Op¡-r¡¡¿rnÌi],r sr:¡:erarjon ¿ind ler¡el c-i c;;pc;i..tuil ity ailij.re *

ne ss cltai'¿cteri:;t'ic i;f r'¡c¡ lloi ace:, oil',e r tirali l:crr [.¿;r.r¡ lir¡ius-.;i^.iel /ii.e a

i'io. -l rrrigirt siqiiii'jcani-l¡, .ii Ler iile r,,ci..i<-l-t:s-ir.l:r:r.,e :;r:paraticil of t.he

popul ati crr r^el ¿'Li'.re 'i-o rlre s,¡:iri,'ie st-i^¿.t.i f -ic¿:.i;i ci-i i;5, ssx anci c;ccupa L ion

gr'cup anc accoitnt'ing for a spscìf ic oppo','tnnit:y d'istr.'ibut'iori jn the

aeter'tïjr¡a.t'ion oi' trar;c.l propen:ìitjes i/cul(j e'ijn.i¡a..i:e a gi-eat ciea.l oj.

va[ie'ti cn clue to these f actci"s " flovrer¡ct', vrnether or^ no-L the san.ipl e i s
sti I I represent¿it j ve of !{.i nrrÍ peg r^¡or^kr:r,s , de spi te ihe poteni:.ia.l for.

bias, couid only be detenrjncci b-',, rest'ing v;hether.the C.istrirrutions for
the san,pie pcputa.tion arrci i-lrc. rotal porula.'lion are statis.i;ically s.igni-
f icantly d j f ferent. ,4s .Lhe appi.opri a L.e total po¡_,u.1 ati on paraiireter.s a] e

not availahle, iLrch'tesi:s c¡n not be conrjLlctect aric{ the observatjans and

coi-rcìitsiclirs presei'¡r-ed i'rer'e iirLlst, strÍctìy, be I ilni i:e<i' to erirpìoyees 
'ì"Fort Gal"l'y lnclListria'! Ar:^ea lio. l.

There ar'e al so severa'l possi b'il i t j es 'flor measuremer¡t bias or error j n

the survey and ana'iysís proceclures empìoyed. For erample, the travel
time interr¡ajs described itt l''îap 3 may not be compiete'ly accurate due to:

t) di fi'erences i n zone to zone travel times betu¡een l971 , v¡hen that
clat¿i i/¡as coni¡;ubed, and 1974" r,rhen the ern¡ricyee sample rvas obtained;

diffei'erices betr,reen zone to

i,JinnÍ¡ieg' s Lr'anspor^tation pl

actual'l-y cxper'ìenced b;, the

zone trarre'l tinles simulated as par.t of

a¡llt j ng proccclui^e, and travel t jmes

j nCjvi cjual contni;'bers ;

2)

1't cI ILJ



.ì ) 1.t^, r, ,l:, f,_I..,^ -.¿ j Lrlc Lrri iti rlrc€ -i n ihe 'i ccat-i tti Ii i.i:i: cl:l', ,:"ii:i.j li i,:"¡.:.i.i r¿ 7_¡;11 {i,l¡?

^,-,l -, Ia;rû 'r.iie ceiit.r"oic; r-rí incustri;, i ¡ )-e ii rrlr. i, v:liicli occi;i.,.i es tire
l.,ac; a-.lr ñ:rz,-: -/- - .,- - I t^i jr*-, LL:r rr l-,(: i L U I ¿-OIìt L'¡Lrli

4) veriatici:s in 'in ûì'a;rona I ancl tci"nrin¿.1 ii'ai,el tìnres nût i-ef iect.e cì iri
the ceirri"oicJ io cei¡troici tra'el tinie ce,[ð. Êinirlcyed; âi-rcì,

5) -lnaccuracjes due Lc tlie jn'Lc'rpolation of tra.vel Ljme isoliries by

hand us i ng a 'l jmi terj number o.i" clata po.ini.s

Ïn addition, there rna.v be consicler^able infor'nration nrasl<ecl ir¡ ilie ciistrÌ-
bu'Ljons obtainecl because of the r-a¡;her gì^oss level ol" zonal arggr,eilai;.icn

Llsed' There ¡la's ' how:er¡e1", a i:r'a.cle-off necess¡.r^,v betr,leerr r.efiirenen.L c.i
the djstributjc'n and the need to rnaintain su'ificient obsen,atjons.ín
each time int'ervai âs li¡Gi'l as the desire to ap¡rroxir¡ate the.Lrayel ijn¡e
perce¡:tíon of the jndir.'idual comtiruter. Given t.he rather 'large intervals
t'¡hich resul t, the use cf the ni'idpo'int as an averôge trar¡el t.ime for the
emplo¡rgs5 ot'opporrt¡nities in an jnterval may not be a valjcl assumpl.!on,

if their cis'i;r^ibutiorr rvithin the interval is skev¡ec"

A further source of er'¡'or may be inherent in the proceciure usecr to
al locate ce¡'lsus tracts to tiirre inter,,,als. R.es'idential cievelopment ìn
cer'ta'in tracts tvas acti¡ally sp'i'i i bctween tirne jnterrrals, although Ít
v¡as a'i'i allocateci to the itlterval vrhere the majority apoearecl to be

locateC. Scine intervals may have incorrecil¡z gaÍned or lost bcth enl-

ployees and res'irir:nt'ia.l oppor.tuni"fies Ín this ilrocess"
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l) cleric¿il Èi^ì"0ì'Íj oir i.lie pair!. oi. tne j.i,-;ii: pi.,ovìci.inc the sex, ccc-u.-
paiion ¿ii'rd aclcjresses cf i,he.ir eniploJ¡ees:

?) err'crs iil assigiting poorlJ¡-de1.jned occupations to a partìcular.
cerìsLls gt'oup; anci

3) ei'l-oÌ"s in assigrring adcr'esses to t.he cr.;r,rect censLrs tro.cts rvherei

only the neal^es;t huncirecr r,rrcci< aoar,ess u¡as avairabre.

[:'ina'iìy, fhe number of oi:poi'i.L¡¡'t'iiii-:s assirriie ..j ior e¿¡ci¡ i-ravel t.iine .iil-

te.val ma.y be i* err^or' for^ irie foilol,¡ing reasons l

1) It lvas assurneci that the r'rorking population in a partjcula.r .interval

is a gcod estimatíon of the actual resjcJential opportunities a'a.il-
able i:here. This'is only va'rid jf ilrere is a rerativery-uniforni
rate o'f tçorker cccupancy and cir.vel f ing un'i I vacancy across the cìt.v.
Reasonably holvever, t.hese niust be expected to vary some¡lliat over.

tinle ar-rd froin oire-interva.l to another.

?-) l'lorllers 'livÌrig in i^esidential aÌ eas u,hich cer¡eloped betrveen l97l
ancl rf)7¿i r'¡ci'e äot refrected in the rgTr censLrs datcr; hor,¿e,¡er. these
areas icierrt'ified on l1a¡;4, r{e)^e a source 01" pcl.i;entìa.'I fiousing for
errp16¡rsçs o f,' Ai"ca l{0. 1 in 1g7 4 "
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:ì ) i'ii i^rc'i' cìì^rùr s i il .tl¡c irr,lrrbe:' of v¡¡i'i,,c'i:; 'in i-.ôi]i: crJí¡sLis r,r¿r:l: ina' bc

!','^a,a.,q:. .1,,,-irr c-)r:ri,- ur..tr'j 'i.f; ;i;r: pi,'OC{jiS ¡í i ailCir-titt l.'OUilC i,lì ai .tû f he f ;Sa,r^e S,(; l--r VC

'in¡iir,'i¿r..{els : usÊd j.olthc I g7l Ccri:;r,s.

Al tÌ-¡u'iic;li c¿¡irti on i s \,r¿ìr'r'ôn1-ed, 'ii: si'rc;ül ci nct l_re assuriiecl t_h¿it the í,esu i-Ls

ob'1.aiiìecl âl''aj inv¿¡ iici- i,iail:r o'i the neasur.enrent e-1,Ì^0Ì^s spec"if.iccj circ

eitlter ve""¡, rä-ino:", coLilrj be uni-îornri¡, cj-istrjiiuteC .ìc,r0ss clle iiitervals,
or'coLlld cancel otie anothe'r'. The verJ¡ faci fhat the r,e-.siiits ol,ta.ined

generaììy co'incide v;ith 'Lhose of othey.resea,í.cher"s in the f-iel.j is
siqnifjc¿rnt corr'fljr¡latjon of 'Lhejr vaì-idity.
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ctllcLLJ:ìl0i'ls ÂllD li'ìPL"ï{:ìirrTi0l'is Fctì LiRts/ìi'l pr-/it'jt'ti ii[,

3¿l:;ecl cn tire ar,¿-i.,'s3Sì unri.rl'llili:r in ¡;re';iciis ci:¡rplei's, a. r.ìui,,:bcr ûf.

Ìmpor^iant ccnclu:;jcns ¡:iijoLri rhe se¡;ara¿ion of rr,ork anC resjclence ai-,d

tlieir inp'iicaüiors fo'i^ ur!:an p'lar-rniíìg cair be ilut forv¡a'i"ci.

F'irst, employees of a speci'í'jc l.¡orl<place cljnijnish e,s a proport"ion of

resjclent popuìa-tìon r,riih increâsinç¡ trave'l tinie-distance frcni that pìace

of t'lol'k accorcl'it-ig tcr a negati Vê êXporre nti a j or tiegati ve po,rJeì" îunct j orr .

G'í',,en that, j t is pcssible to p.recjjcL the reside:nt.ial, employriteni, oì^

t^tork'trip inte'r,'charrge ciis.i:r-ibut.jo¡r fclr.qy.0ups oF incijviclLlals"

01 '¿he anal5rijç¿1 nlathema'licaj rncceis oi" lvorktrip interaction currcriil.y,

avai'lab1e, tire Intropy-maximi zì ng Gr'avi ty l'lodel 'is probab'iy the most

prontisìng ì¡'i t.ernls cf jts peTfonrance, its statist'ically va'ljo' theore-

tjcaj clerii¡atioil, its suitabi'lity for systematic clisaggreqatlon, ancl ìts
potent'ial frrr integra'üed and dynarnic nloclelìing of transportatjon p'lan-

n'iirg arid resicierii-ial'íoca.tion processes.

Gi ven '¿¡i clel.l¡ varyi ng ti ave'l propens ii;i es betr,,'een gr.oulls of r,ror.kers , j i
j s sti I I l'iêc8ssêr'.1,/ to conrjuc L ori gi n-desti nati on suÌ"veJi s to cal j brate

nlodel ¡raraneters, S¡,steilaiì c Cì saggregat'ion of r,vorktr.i p travel accor-

ding ro the agei sc)(, fanjl¡'size,'ii^rcome, r:ccupat'icir ¿irid pel"haps zore:

of origin of ti¡e [r'iprn¿lker rnay reduce tlie levels of a.djus'tment requirr:cj
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:ílÌilíiìjii.l;li:. Ûí''|..i'i,,'r:';t=t',';if'i,ìi;lcs, L'\cCui)âi'i r:il': , anci pits; t;'j i-l'1r 5g;r ¡tn.i iiicoii,3,

¿ii-Ë ili'li.ì,-li,'l¡' ii,c i,,ûs'¡. l; .,eí'u'l ioi' C'r r *rrüì-,:,1c1'çiciì-ì iji.iì-ìjcses 3 sir: c: 'thc¡r

¡;el'r:i l. a st'r¿i-ifìr:ai':rrir rii r;15:r;r tunj'lie: ar. bci.i¡ r:i,r.is i.,l Lli.: 'i,r.-ii:, âs

t,,'r,:l I ¿is ¿icccuri j; fc;r \¡clI't ätii.¡ri in crat¡e'i ¡tr"oitr:rr:,i'[5," Tco nuch di s¿.gc¡r^e-

gâ{.ioì'i c¡,n i'csul-i. jii a loss c;I statjst'ic.:l'releveÌìce, ¿ncj 'impondi:1"¡irle

Cf,ii.Ll!û) 'i ri Oppr;i'r-lì,1ìtJ' a'i.íraci;j\/tjne !: S, \,:.(:¿ÌjCì1 r¿lteSr COI'ì SU¡TCf, irt i:.-

fe;'eilce. ¿ìi,'aì^e [í:s:i , ¿inü ave ]'il!e 'l.i"at,el €:)rpeì.rdi lr-lr.e: ,¡i j l'ì ensuy'c i;l,re

¡lecess'î t¡'' ¡ot :ìoitlÊ crì.'i -i irl-'a ¡'i o¡i " Furihernore, soci c-.eccno¡ii j c ac j ustriient

f a.c'{-oi's nr¡ry lle rerru'i i^ed to accr:unt ioi.' i nor.d j nate .ievel s of .iriteracl. j on

bettveett ccl"ia j n zcni-js caused bj, ccncL.rr.rel¡t det¡el opnlent, h j stcri cal

comi'nulÏi1;;'r ioentifictlrlion, soc'ial ancl eihlrjc tjes, Irsyclic'lc,gica'T tt"avel

ba.rri cr's , ancl the i rle rt ier c.i acij risirnent Lo nla jor clra.nges i n errip I oymerrt

or residentia'i opt.rcì'tL{nÍt1, 6istrjbutjons"

Acdi i."ir:ral t'¡ct-i' i:; t"equi i'eci ¿,.r r'le rerrn'ir-re the lrest i"or^rir of tr^arreì !nrpe*

dance-iunct'ion fo,r dji"ferent s'i'i:Liaiio¡ls; aìthough,-irrtujtiveìy it
seenls tira'L a nega.r-ive exp0neni'ial fLrnctjorr o'i" trairel tiille, or possiLrlSr

interven'ing onpoT'tutiìties, is mcst sujtable to jnt.raurban travel , r,rhí'lc.l

a nega'Lì ve po\,Jer íunc'i:i on of getteral i zed travel costs í s prefer"abl e í.oi^

'lottger i nte'rurban ti"'ips 
"

in larqe Canacijatr urban areas, ìncluciing l,i-innípeg, most people ar.e rvilì.i¡g

to spend 'in the arder o'F f i'f,t.een to trve nt¡r m j nutes -in get.Li ng Lo v,,rr.l( ,

almost ìrrespective of the travel mode they enrploy. Thjs rneans.i;hat

expencii.i.ui^es on transporlatjon intprovenrents designeci to decrease cr-

ma.inl:a'iilLrairel iimes rvill never be i¡ery prorluct.ive" They sìmp'ly err-

ilanloti, "itl¿t'ional Survc.y", p. 8.
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CûLll''ôr-jii ìlìo,v'e. !íÌti,r'l e iC l.r'a'¡c'i iUi-'1..i,ei

.inC pi'i:fct'Êilces î rì' Iluine:: arld ;ìoh:;.

i,'f- sui-li;i-,lc o¡-,pcrtiinjijes ¿irci.iL ôíi {ii'

tiine. ilie r,iore cL,niraci-, tiie oii¡-;uriunì
1

aver'age tr',ip ieriçr-i.i.' This slirjíjcst.s

oenti al ¿nri er¡[' i c)!i.,i?t'tI oppct^i:u¡ri i.ir:s

i ¡rcreese s che chance s or' r'educ it'ìg cì

pcj i c,r¡ repori ri.epar.cd by tlte Greate r,

s ta.tes :

At a r¡ietr"o¡:o'i'ii.an I evel , ihere sl.ioul

gror,;th ancl more on infjll growth and

anci empìoyment curcentra.ticns should

betr,¡een orlê arrother to create a f i ne

. . . i'1' trends cot'ii'inucr tiroì e pecp'le rv'il I be 'ij r;i ng f Lrrthei" alay .f,r.orn

tvork, ai'rcl the otiier pi;:c91 they r,vant to go. l-he cos,¿ of proyiding
acidjtic',rial roa.cis anci pLri:'Ìic ii".inspor tat'iõn t.c he'ì¡.r riicr'e päople t,*¿l',,e1
f t¡'¡^thcr' atrcj as f;;st as ihey nor.r cio 'is s'!mply lltoì^e tltar.l the l-ecJ jon ca.n
a'f.lorci. lhLls, only by brirrojng ncedecl ¿rctivå"cies c'loselto ho¡ile can
thejr^ accL:ssjbil ity to ocr:ipìe be rnajnta.illeci.¿

d be I ess einphasi s cn pe ri plieral

jncreasinç1 ciensjties. Resiclent.ial

be l'imited in sìze, and cjsperseC

grain urban structure.

At a nlore cleta'iled jevel ít nrust be recognÍzecl th¿rt suitable resjdentjal

ancl enrp'loyment oppor'tun j r'. j es are narrov,rly ci rcumscri becl for ce r.ta j n

gr'oiJps aäcl sonle have a g'i^eater propensi.û¡r s¡ ability to trar,,el than

1
I

2

Vocriiees et al,

" Regi ollaì Tor..;n

cou\/ei Rec;'iona1

"Factors in VJork Ti"ìp Lengtir,', p" 26.

Cen'i;res : A Pol'ic¡r ¡sllo,^'r" , i:ite Greater Van-
Distr.ict (iiicverribe,* J 97S), p. Zj "
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Oi.i: ::;':;, lhi: ill;l;'l -i 
':S tl,ai. l-e,: id,::'t ..;;: ) :rt r-:iÌ :'. t.,', ;,,:.r;:,.,. ì_(.) i:,it i;:;iì.1¡r.;¡r1r¡;, i

ôi^r:¡; I i'rill.:l'j pt't;t.ti lii: ¿. cLið.n l-i 't.r' aiti;: (:i)aj'i i,...',: i.,':' i:il.t :,.; r'i i, qi,-i i;l,rtt i.ír il.ie

Dôl'"ùicular' ì-iecriS a"i tiie r^ic'akf,t.s t:ir,irl{,r,r,:c-r t.ì rÈ¡-.;. i,,¡¡':i,ve;.,,, ,.i:csLj i¡.i ,-i¡

tht: 'le i5'i: ¡r¡ç¡;'íiì^;;ì Í,)' ci' ¿:l,i i îi,.1' to Li'¡ir.'c i slroi¡'il i;c q'i\/cîì l:)t^'Íor"i.i.y -in

t."i i': ll i ¡,:¡'¡;'-1 l;i'i Lr' ;l ;i;e il' ¡t-l iìCc rji' lji,i l, "'l

Tç geire'ral 'i ze so¡i,c\,;l-it-.rt, rihcr co¡rrillt. j iic iraïtepl c;Lrsc,i-V¿:l,r j e 'irr ncs¡ iiof Lit

A¡i'et"icai'ì cjtjes i.cciay consists cf blLit: ccll¿:r .itrneì c'it1r resjiier,ts

ti^ai¡ell'ilig'i,o sul;urb¡iii jndustr"ial cj-ístr.icts, r,.rlr-i.ie r,ihi.i;e collar.sLrb-.

ui^baniies c0nlirutc to rjoivntor,;n office joli:;. S.irripiy s.Lated, tl:er.e

a.t^e f'ou'r^ poss jble al ternatives to re\/erse th'is sitLration:

ì . j ncrease bl ue col I ar housÍ ng -in the suburi:s;

? " i ric.*ease r"rh-it.e col'iar ernpi o¡inrent i n the s,bui,í.rs:

3 " i ncrease b'iue col l ar enlpl oynient ciovtn tolvil i oì ,

4 " i ncre ase r,lh'i'Le ccl I ar hous j ng cioHrntovln,

Clear1¡, the s'ituatjon is more arnenable to change in nev¡ gror,itlr areas ancl

the f j i's'1, tr,r,o o¡-.rt'ions are by far the nios I feasi bl e. There are sonje

encottl'agìng srgns o'f changes jn thjs direction thi^cugh the creation 01"

conimercial suLicellfet's and suburban industrial ¡rarils, as 1,le'lì as pro-

t¡ision oî nlorc: afforclable reiilal ancl riultj-fanii'ly housing in the sub-

ui"bs. Tile Greater Vancouver lì.eqi onal Di stri c't clec'i decl , "that -it vroul d

I 'l'he creatr'cn oî socjo-economic "ghettos" must also be avojdedj-he objectir¡e is to increase access to all ilinds o.f cppoi".fu-
r¡'iüir:s noi'Lo Iiriit" it.
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ÐesÌcies I Ìn:rted lp¡x-ri-lr;n ji,,ir:s fi,r. ::Li:stal.r:ial i^eCe velop;i:elii., 3i.jcjr. as

ra j I i^e"i cc¿li.icn lciiernâs, i;he nia jcr ¡:,^cbi em 'in b¿rl anc'iii!l híjfre:i anc jobs

in thc central pa.rts cf cit"ies js tire spacs reqLriì^cn;eni'.s of rr¡¿.nuî,ac*

ttit^irl'¡ ai'rcj nios-1, othet^ inci'ustr-v, as r.¡el I as tho:se of the .ia.rge 
por^ticn c.f

the populatiori jn the chilcl-r.ear-inSI s.Lâges of thef r. l.ife cyc1e. L¡:nd

'/al ues are so h-igh i n cr:nti"al ¿ìr'eâs 'bhe L .i,hese uses al"e i ncreasi ngi y

el jmjnated. i:crr al'i pra.cticai purposes, clovrntor,,,n oppli..tirn jties are
I jmjr'.ed tr¡ ccr:rnei^c.ia'! u crffice, anci service eärp.loynjeut. as \,,¡elì as high
cir-.nsii.,v i¡qrr-¡sjng catei-'irrg pr intariì;, .to singies anci cor.ipìes"

i:c i:::itct:r'¡b'lc ti: ¿liiricìji ¡ìü

in each i;ar^i of tire iÌ.c:cj,ir:.

st;i;iir^barr llulijc-i¡;;iì i r:ji:¡ ¿rL i;

I
aci¡-ievai:'ie" "l

0n the other" liancl, irr newly cieveìoping

p1a.nnì tlg nieasur.es tha,¿ may be effec.[ j ve
^nrutirrg.'- Thesc ar^e:

i) Thrl creat'ion of conpect,

rarìge o'f, enrplclyrnenÍ: and

j ¡rcone, occupa.i'iorr , f am j

; 
"., 

i i:.i',::í': i.:,r: ,-, r:

rt ¡.'t ¡1 ì :-''i í.'ìt'

lj<.C€: ðiS t.i-ti:-i i,

sel f-containec! contmun

hcusi ng oppori;un j i."i es

'ly size, lnol:jjity ailcl

ôreas t.iler'e are a. nuiilber of
'in pr'cniotíng r"eduction jn corn-

r-,,','rr,' :. :- -;,-.'-.,, i.rL.,.

jcbç i ri

q rr;r,¡-Li: li¿i:;

,.- :-.1-.- _._,-r; ,i. i-:l . ,1

:-' l- i:, i: I. i il ..: I I :l

l'r::, ilieil l'ì ¡:

D l_rr , i.: i

il(: Jailiir-

itir:s r^ri'th a lialancecl

f,or groups o-i vary-ing

tenu,.e irrefereilce;

I

L

"iìegi ona-l Tov,rn Centres,i, p.20.

F--i nanc'ial i rceirii r,,es ¿ind other impl enr:n.{;atioir pr ogl^¿ìmsbalanciiì.'Ì r'É::iiceiri.iai and erriplc-r,1riie0t oppol..-iur.:if¡es ai.,eycind the scope of il¡ is uhes-ís. ¡- 
'- 
-' -v" I v

aii-itsd at.
L_-ue-'-

I ¿¿i



4 ì --l- -.L I I rlE rii ii\'¡ 5 I

CCllinLiri'i t¿l ;

:j ) Ti,e ¡,i"1'li s'í cìì (.,-i a sLri; tí:rì:ì'Lì- oì-i ei'i ,.:i- Ji'¡.:s ì " ¡.i.ii ì-ceci/al,' :j,s'irìli sc

'Llre.t I ccal cppûl'tLIni L'iEs ¿r''Ê i,l'rê irti'ifìt ûi' 'i:t^¿l'is í'r:r i.o seiy'ìce to

o Lher' eirpl oyntent, cüixmei"i cô j eïrd Ì'crcreai. j ori c.er'¡ti^es ;

4) 'i-iie use of psychcìog'ica1 travei ba-.rjet^s5 \,ihere approllriaie, as

bound¿.r'ies for sel f -conta j necl conlrrun j ti es ;

5 ) Tlie pr'oi.irot.'Îorr of a hi gh l evel o'f cornnrun'i ty icient j f j cati on ancl

opportunil.y ¿1^¡o'^*ness througlr a.ctive loca I nevrs meclia; anci,

6 ) The nrai ntenance of a rea.s0nabl e housing vaca.ncy raie thr^oughout. rhe

city to allow incijviciuals to'F'inci accornmocletion in the coninirnìty

v,rhere the'îr job js located.

Given I imited experience t^rith ptirposefui atl;empts at reducing r,rcrktrìps

trai.,el such as those describecl above, i t i s di ffi cul t to say vrhat degree

of itäprovenlent nrigh-l be achier¡ed. l^ihile research to <late indicates

providitig more cùnvenient, suitable oppor tunit'ies to be the nros'L pro-

tnising approaclt to'[ile problen, vríth freedom of choice anci unce,*tain

psycho'logical nro'i:'ives" there rvill pr"obabìy a'ìvrays be a gooci deal of

conlnruting beycnci cpt'ima1 mininlurns"
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