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CHAPTER I 

TiiiTRODTJCTION TO THE STUDY 

In r ecent de cad<~ s, indus t r i a l loca.tion r esearch h as e rr.ph2sized the· 

s patial dynamics of m2.nufac:turin g , more spccific t! lly, the p robl em of 

. ,., t . l . t• 1 
J.n u;l:J ,rla nllgr a. ~ lon . Th i s emphas .i.s c .n n be exp l a ine d in te rr:1s of t Ho :5.r:ter-

r e l <1 tc d a re as of int e r ,)st ~-n t he topic. Fir3t 1 the p roce s s of j_ndns t r :L:J. l 

n<i e; r at5.on i s r c l a t e d. to the quest i on of L'"ldus tr i a l re di st~i'Jut ion wh.i.ch i s 

a mon g t he most gcn:; ra J.ly d iseussod ecor~o; •lic proble r:ts of ted<\ '/ , especial :_y in 

t he i ndustr ial n .:J.tio!'l:s . Th is di s -:::u s.s ion i s cc. r ried. on n" t or:l7 a~r.on5 the 

i s C!_ '.l it.e ge ne rc.1. lly 1:c:; e cl th a t i t td11 E) j_r;-1i la r· l.~:- , 

t he po.J :i.tic<!.l , so::; :i ;; ~~ and e: con,:-, :~cJ .G l :i:fo of the n~t :Lon ~ The con se que nce s 

1sr::: ::: , fo:r· exa:::p } r.~ , F. E c I a n F ::< 'i .'J .ton ~· \l :·,:ode J. s of Ind;.; ~, t.ri~l 

2~~~ ~;~n :~. ~, -: 1~~~ ~1·i~:~}li~~·j~£~£!~(t-o~~,~~~-<~-:)~r;t~-l~V!f~~.Fc o:c ~-C~ ~, bl9 ~i)r,1 ~~·~~; i:s:· 
X, 1-<10- 12 . 
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direct and s;,:> ;net im-?-s 
1 

p.:ii:nfulu . 

2 

Second , the grov; ing problem of industrial migratic;n affords the 

economic ge ographer the opportunities fo::: constructing 2.nd te sting spatial 

hypothe ses to ex-plain or pred ict the spatiaJ. patterns result-ing frmn t h::: 

migr at ion process., I n doing this , he is J. ike l y to rece ive financial and 

other incent i ve s fro;n the policy make r s ~vh o a.r e also interes ted in the 

problem . 

Perhaps, one may ~Jlso a,r gue that i ndustrjal migration is l ess 

compl~x to ~.; tudy th.=:n th e probl•..!m of indus t rial location in generaL 'I'hj.s 

ma.y be so b e cause ' ' effe ctive location f ectors a rc • n;ost c learly 
. . 2 

move" ( SctmPl'lcher , l9 37) ~ ln a similar vein , 

Losch (1954) cor,unented ~ 

It, i s ea.sie-:t to .jiscuss suc:1 rn:i.grations of indus~~ r.ies 

th an to ~ lve rea;;ons fot· thei .!' origir.. a. l locations , 
be cause as a r u l e they are more c learly and 
r ati.onaJ.ly motivated . } \u"·Lha:::'".' .. r;; , one C;3n rely 
upon exact calculations in c o;rrpa;::-ing the neH ·,:ith 
the ol d 1ccations .3 

One may ~~lso argue that i .nn11s trial lll :L,;ration 

into focus certain factors in a. :nor,o; .f. o:--cefu l manner ti:. an :i .s do:1e by t oe 

1 
Victor R. Fuchs 1 

11 Statif;t:ica1 f:x(llauat i.ons of tbe Re btive 
s··h:ift of 1'J1aTl~lf~1ctur~irH! _;.\n:on9 Re2 iCI1~tS of tho TJni t.e d State s 0 ' Re :~ iOrl.::t1 
S · ' · ~ ' ·~p ~ . . :: ~ ·-:; J:k, ~-.- .. 1-· .. , ... \T"'l'I ;19 <" ') - -:I,Tl·c-·-··n 
--~~-:!2 .. ~~__!1- s ~~x; J.._:?_G _:~n : __ ._a ~~.:~-.:__:_:_t:'1~:-~ o:~;::.:::._:_._-:.1..:_,2~, . L. \ · c.:. , p • _ ,, .) • 

2
Harman:n Sch•J.r .<ac'·l£.~r., 11 Locat:i.o11 o ~~ I:1du:.> t:r·,,.J.'. K1c:vclop;;:edb of 

the Sod.::}J. 3cJ.:~~-5 IX ( New Ycr·k: The HacmiJ.Ja.n· C ~. :·-i\>"37J;·p-;-··j·j:j·~ 

3.Auf:'.1St Losc h ; 'f'!-1•~ Econo:nic::; of LoG?,tio!1, transJ.c-:.ted f ro;·1 
the 2nd !'e:vi se d ed:i.tjon -n~ew Ha ven-:---y~~Te--Unlv"B-r:-::>ity Pre.ss , 195\ ) J 

p. 377 ~ 



J 

J.oc o.t :Lon of en-7, j rely ne •1 indust.d.e so For CXD.Jnp l c; , the effect of a f .ir.n1 s 

financial , persona l @ld oth~r ties to i ts source ar~ a en loca~io~al 

select :i.o~ can be sL;ldied better by fo·::us sL11g on in t~ustri<-"1 nu zr2.tion 

si.ncf) the -':hAn·ce area is more specifically denon[:tra ted . 

The fore 5oinv, arg-.trns nts provide the ra.tion-"l.le for the :.nterest 

more specific definition of the study probl.] .:;: i s pr~sentE~ d, it is per-t:i.n<:.,nt 

to examine:: a nuJiJb·~:c vf i ssues >·1hicl1 are t a ken intu c<cCOt:J::.t ir1 -Lhe · 

definition o 

and duplica.bility . Complexities c·f tLc !',:;al -vrorlci s ii:--u.~"i.t ..i.oo are s i m;)Jifj_c d 

Indu::.;td.a1 m~grat:ion j_s a conplex p r.·oc ~=~~,s . Yet , t he lCJ.ck of 

( . ,, (' ·i .1 • 

..; ~· Q ---~~::. . ) 
P • LJO . 



The question of industrial migration procE!SSes raises three im-

portant. issues . First , t here are different methods of migration-> for 

exan1ple , industrial migration may i nvolve relocation of complete estabJ.Js:1-

ment.s, relocation Hhich i s phased over time, consolidat ion of different 

operat i ons existing in different locations a t a single location c.md th>:! 

establishment of a branch planto 

Industrial m:igration thus involves a nu.rrtbe r of rr:c~th ods by which 

distribut ional chc-s1ges of industries may be effected in o.ny given areao 

Hcl\..rever: . the terlli industrial migration is not synon:Jrmous -.:ith some other 

t8rJn3 which h a ve · .J.so been used to describ-3 distributio:E;.1 changes . 

Thu:, s J.in?:,f? ( l9{JJ) uses ths t e rm 1' diffus ion" to r e fer to the spread o.f 

i nchstries ( .from the inn•.:l r :z.one t o the outer zone of an urban area accorO.i::.g 

l 
t o h:'t. ~> e xarr:;-•lc ) . Diffusior; may be due to di.ffe n;; nce s :in the gro:·rth of 

n evi industries v7ith tile greater gro\·rth c ccurTj.11g in the ou~.·~r zone ~ ?.nd 

the proc•;;ss of 11 da concentr.o1ti ... m 11 Hhereby t:he firms already established in 

th-2 inne r zone p .Ol. rtl:J or w!w11y shift. the ir productive eapacity to the 

outer zone. The motho::l.s of indust r :u1. l m.·i.;::;r2tion and those (/f de c onct:: •r\:. r .st ion 

are es:.: ent.iaJ.ly simila r in thE, sen:3e that t h<:q both involve or i gins and 

decorte~~ :ntrc1t io;.1 set::~rns to ir.~pl.y~ 

lG ~ R .,.",, .. "" r; 1' p P"·~ ~. · ' l n f 1 ' ~ · 1 .. f' ,,., t 1 • ·• , ~ ' r ' . . ,k1•·v J .. . uo. • 4> JJ.l.< . (:>· , n ., .~L~.tus,.c .. 0 .. ·:oLl L .a .... \..T..l.Iig ) .• 1 .'I.Uo •• _. c,, l(ll Ne·rr 
7p··, .,.L •. ('1'~ 11 E"(J! " ()':!1·l· c· •"' .,, . ·n·a~ ! ·- ,· )~Q (, 0 t ·"') '; "') "~ 3"· v ~. --i ~'U '" ~' · }· "- . +•.cr_,, .. t -··1·· -, u .... ·"'~· -:: ,.u~> · · ._. .... J • · . • 1_!1'.- V c-.,. J.. t ' - lc~ .1 , -J.- 7 J_ J < . .. ; •. \.,)1 • u J .. ,J..~ ·~ U l• ~.1 t- ~ u•,, .l •. 0 ..i <l. • '=J 

b o. .. 1 .. 1 'li r..._; J :r.-·;;- d-~C'-C:y.-:·;::-Tl_• if:'!'"'~- Y"{\--. ,,.1. i ,-. .. -~ "'.: ! en' ::1 1'1....,.0 t._.... ·f .-"\1""1 e ·•; .., "!",.,.,.., "'j Cl r~ :;')" ~n ·t >"..,1-iz "i' ·i ('D '" '" · ·-~'~'· vv t:: >::> .. _,c_ G c>~.o--~ ~-- •. ,1; .:~-· · --~c, ~ c , -· '-' · ~ .. ·: ....... !-'-·-, ~.e ,~ e.,. , .. c. --•<'·'-·· -~ 

di s pei",sion" a nd loc~:~ti on:!!.'l. shift~ S;;;e H:U.bur Zeli11Sh.'J: " ~"- ~(s th od for 
r.-;· ea:.su;.~i!·;g C h~rr1g~! j rL tt1~-~ Di.str J.btrLion <>.f i<~:.nufactu.ri11g Aet:l:vit~l : The 
Un j.ted St~tcs ; l937~l9h 7,'' ~-t?.~'::J'"'.j~!::._2_<;:o;;:.E~J2~;~ , 3h (April, 1958), 2, i)• 208, 
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Kaeble ( 1968 ) uses the te:;.~m "migrant fact ories 11 to refer to b:-anch 

1 
pla nts and re located plants . His ;:;nCJlysis shous that both types of rnigr£ .. nt 

f actories are e 0sent ia l ly simi l ar i n thei r b road industria l s tructures 

<mu migrat ion patterns . For exampl e , the f requencies of moven:-ent in bot h 

cases decline with i ncreasing distance fr om the source are a. Similarly, 

b ot h t.yn<~~ of rni grcH;{· f:ir!r S Ehm: p~:-tic ~lar ccnccrn for prcxilT!ity 

to the source a rea for such re asons as des:i.re to r etain the existing 

1a.bour rnarV.cd:, and re.w waterial s ou.:rces J tmHillingnes s t.o invol ve d :irecto:-s 

h J too groat a ch ange , .? .. nd t he need for proximity to ex:!.s t.ing fi.rnJ i.r1 

the sour.,e a:..~Ja o O.o the basis of these observat i o"'s , thol'e is s ome 

j1 j:::t i f.'ic<1~ion in treating r e located and br.3.t:Gh jJbnts within the s.cJ r:;e 

t heoretical frarne vrork c.s it is done in the present study . 

i nvolved :in a p<J.rt:i.cu l<t r typ0 of itldm; ';:,:r-ia l migrc:;ti ,m . For exenpJ.e. j;:_r:hs\·, r:i.:-:1 

plants r..ay mi grate vr:i.. ~ -hin t he sane u rhe.n areas as is illustrat~d j_n t:·v~ 

studie s by K<;;rr and Spelt (1958., l S'65 )2 
J 

)i-.J T 
I. 0 - · .. 

pol:tDn Ar2 2. ; 11 

1·~2 !1 ~ ~t f ;~. ~ t.. Ul" iJ1,; : 
h_, 2?J-31: .• 

or 
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b et-vre e n diffe r ent u rbar:. nreas or different regions , f or example , Zelinsky 

( 1958) 1 
and f uchs ( 1962 ). 2 

'l'he third J.s su(; concerns the question of t he push -pull f actors 

i nvolved in the migration of ple.nts from one location to another . The push 

f actors t~re those vrhich motivate plants to migrate , f or example, c onge stion , 

outmode d f acilities , risim~ prope rty t axes and r e strictive local rr_;gu1J tions~ 

1'nc ruJl : '& c tors c:.re t he advantages vrhich ·are offered by any pa :cJ,:.icular 

locati :m, for ex.:J mple , f avourable property taxes , a•.raila.bility of hydro , water 

and sewe r , trans pc•rtation f ac ilities and l abour (Hoover and Vernon, 1962);, 3 

At an~y- give n l ocatior: , migration may be effe ctive ly motivated i--~hen 

t he push f a ..., tore::: O"clt·;.re i gb the pull facto::-s " 'l'he choir;e of ;:; ne~; lccat ioc.-! 

mc; y t hen cle pencl on whE: r e the puJ.l f3 c tor s exert the greatest we i ght , that :L s , 

whe !'e <::.. p;:;rtic;llar loc ; .tion offers th'3 maximum advanta ge as~; um tr;t:; U i<:.t 

l ocat:i on d:~ cisi.ons are ~conomical.ly rationa l. It i s to bG rmnti6n:~ :~, :h c~·;ev~~ r·, 

t ha t the fi11 al sel~ ct io·:1 of such a l ocativn m<''-:t de pend o;1 t he Joca timw.l 

( sp2c e ) reqJJ :l.renent of a rnan~~facturing plant a s determine d by its -- · 

'l'l1 e \· at:iou': i ssue::; r~l.is e d a'.:! ove suffice to sho'.> tk~.t th -:;crr~t.:i.cal 

mode 1 builci i n -; cf in(;u str ia1 migr 2t5.on may be frustrated by such ccrnpl8xJ.. LJ.e ::; .. 
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c ontexts to make it tractable. Such definitions imply simplicH;,r >·ihich 

i s in keeping with the spirit and purpose of mode l buildingo Haggett (1965) 

c omme nts : 

In mode l building He create an i dealized r epresentation 
of reality in order t o demonstrats certain of i ts 
p r opert i es . Models are made ne cess2.ry by the complexity 

_ cif r eality •• • The;y c onvey not the VJhole t ruth byt a 
UStdul <wu C!.ppd.:Cc.:llLly Cvi;ifJl"Le ltSi.vc p2, l'L o.f it . 

It is Hith this thou,::;ht in min d that the obje c t i ves of this study are 

nm-1 examined . 

The ove}.Ti~ing ob jective: of the study :.i.s to develop < n ~p_erationa~. 

mo del for sinmlating p.l ant site neJ.>Jctio:ns by m:i.gra.nt firms 

i n an urban area. Jm operationa l mode l is one Hhich can be calibr·a t/:? d 

t o fit real Horld situat ions ., Smith ( 1971 ) points O'.J.t th.::.t any such 

mode l genen<lly consj st~' of thrt'!e structur2l eler.1e nts : l) the variables 

embedded in .mathematical f:::>rmulas indicating r e lationsh ips ; 2 ) parameters 

or n:J.lr.<~ rical c onstants ; a.nd 3) an a l. goriUm or computat ionc>.l met.ho::l 

r equired to find a sol '.Jt i on o 2 The p.resent study illustrate s these three 

e leme nts . The variables are :;nec:,sur es of the attracti.verlcs s of a locc;.t ion 

s i t e and the distance of that site to the o:r·igin of a pl<:-t.nt. In 

adcli·t-ion , there are spc>.ce requlrement con::>t raints posed by i..YJ.dividu~J 

pla11ts . The parame ters may b3 cons ic:ercd a.s th8 .specific wei~ht s 

attrib1::.tes. aud t he distance 1.-a.riabl e . The solution n:eth:.:<l is by 

simulation md dif'f-;; r ant ccn!puts.tioE.s £.. r a involv-c:d in the s.hnul:..L i on 

1 
"7, Ec:ggett , •:The Char.;;ing Cor,8opts·jJ!. 2con(j;nic Geogr·aphy)n in 

Frontiers in C'<';o,:;ra.!)h ica 1 Te c> ch in ;:; , edited by E . J . Chorley a.nd Peter 
Bazge:Lt (Loi~(1(-in!--r:;e·tb 1.iene.nd Cc 9 ; Ltd . , 1965), chapter VI, p;::.• . 106-7 o 
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procedure. Tgese structural elements are elaborated later in this study. 

Two import ant considerations emerge in developing an operational 

model. First, a model must be consistent with theory and it should use 

a suitable method of solution. These two considerations constitute 

the background against which the literature review in chapter II is to 

be presented. 

The ,second consideration affecting model formulation is the 

strategy of establishing parameters for data for one time period and 

then using such parameters in the model to predict outcomes for another 

. time period as a test of the model.'s validity. This is an accepted 

research strate gy in social sciences and it is as close as one can come 

in such studies as this one to matching the experimental method of 

of the physical sciences. Artle (1965), for example, states: 

If the existing information permits, an alternative 
is to partition the available data into two sub-sets -
one sub-set to be used for implementing the model 
empirically, and the other sub-set to be used for 
testing the model. Needless to say, such partitioning 
must be made in nonrandom fashion. Otherwise, one does 
not test1 the model, but only the device for the random 
process. 

In a similar vein, Lowry (1965) presents a similar argument: 

The more accessible alternative is ~ p_Q.$ facto prediction: 
Take t he state of the world in 1950 as a starting point 
and apply the model by forecasting for 1960, the~ compare 
the forecast values to observed values for 1960. 

laoland Artle, The Structure of the Stockholm Economy (New York: 
Cornell University Press, 1965), p. xxxix. 

2Ira s. Lowry, "A Short Course in Model Design", Journal of the 
American Institute of Planners (May, 1965), 2, P• 164. 
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'l'he strate gy out lined above is r e flecte d in this s tudy by 

est2blishing the parameters for the model using the 1964-6.5 data and 

incorporating t hese pararr1e ters for testing the mode l for the period 

1966-67. In this Hay, a prob::!.em of circularity is avoided . 

Another aspect of t he objective for th i s study has to do vrith 

the generality of a mode l. To be most use ful a mode l must be f airly 

generaL In r e lation to industrial l ocatio!1 , a gene ral model may be 

defined as one Hhich can be applied to any industry. Sm:i.th (1971) 

str~sse s tha :importance of such a mode l by stc>ting: 

lr! industr ial location analys is, a model mir:;ht be 
constructed J.arge ly on the b2.sis of observe d c ondit i ons 
in a particular i.11dustry, in an at tempt to shed li;_;ht 
on that specific case ; o •• But far more useful and i rnportant 
a l'e general mode l s t hat c an be fitted to any in•:i US ti"Jo 
These _mode ls f or T a logi cal ext ens ion of industrial 
locatlon theory . 

In t he present stu.dy , the simulation mode l under consideration 

"t-rill b e ma (;e applicable t o any industry o This means that the partic ula.r 

characteristics of individual migrant plants Hil:L be t al-::en int o 

conside r ation in the simulation procedure . 

Final l y , i t is to be admitted t!1at the mode l under considerat ion 

i s a f airly s i rnpl e or1e . This s i mplicity is r~fJ.ecte d in three r..ray s . 

F ir ~;t , the pJ:o:r;ts to be located and thei!' oci~ ins a :!'c gi ve n,, Thus 

t he mods l i s not (:Once r ned ;,.r i t h gene r ating moorerr:~"LTS of p~Lants for t~1e 

r easons to rJe stated later in this chapter .. the mode l :is 

conce rn~d only -v-rith plants _;-r;.i gr ating •rith 5.n tr1e sam'~ u rh1n -2.r8<:l. ;. 

are considere d . Tr12se inc:lcvle n·d.oca.t:i.on of co r:-tplete e s·t ::.1.bi.isl-lm:; ~ t. s Z'.:1d 

J,., . .• , " "i' 
vJ. V :J.d 1"! . ,":; f.LL A \ , 0 0 ., 
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branch plant locat i on . .All p l ant . +. mJ.gr a..., l ons of these hro t ypes a r e 

include d in the analysis . Relocations which are phased ove r time 

and consolidation of 9-i:fferei1t ·establishments _ a t a single l ocation are 

not considere d s ·lnce they do not fit str ictly into the frameHork 

t o be developed for this study o 

Havjnf, noc...- chscussed the ob jecti1res f or tnis s t udy , it is 

pertin1:1nt t o po:iJ10 out its l bLi_t at iom: o 0 !£ :::ou.rce of limitation 

is the fact that the study docs not cons i der migration dec i s ions since 

the plants to b e; located a r e g b cn . This lack of consideration is partly 

e xplained by the attempt to s implify the p:cobl em as already pointed Gut o 

Anothe r explanation lies i n the fact that t he r easons for choosing 

pa.rticu:Le>.r sites e.re e.Rs ie!.' to study tha.n the_ factors motivating 

mi ~;ration. These fClctOl 'S are r e l ;;.ted to such nlicro-econo;;1.i.c c onsiderations 

as rising production c osts , ocale economies , and pricing polic ie s o.f 

individual fi:cms . Hicro-econo.'lJic data J'lla~r be diffic·u.lt to o':)ta i n partly 

be cause they involvt~ book-kj eping records of individual f irms , and 

partly bec c.m sc the.y .cannot be c-:asily rep.::·es f; :J.ted by simple proxie s o 

Another limitation of the study is that the mode l und~ r 

c cnsir1cr·a.t. ion is not tased or:. the theory of dec i .s ion--rr.aking proces;;;es . 

There f ore , it :J.S to be admHted that , in t he context of industrial 

migratio!1 , the st'.ldy dce s not p rovide ans-de:cs to the i nterr e l ated 

questions of altern2.t.'?. cour::>:-' S of .?.ction perce i 1red , ou.tco;ne 

perceive d~ peri:lonal ·. preferen tf.,::; ,_gui ding princ i ple s ·'<nd 

ob j ectives on ,,rhich :Lsard ( 1969 ) he.s focus~; ed attention in his gc;t:.e!"al 
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The third limita tion is the f act that the study i s not designed 

to t est pa r t icula r class ical the orie s although a k.11_mrledge o.f t he se t he orj es 

i s re garde d as fundame nta l in de ve l opi!lg the hypot heses for the study 

a.s i t ,,Jill be sho~,Tt:t l a t e r i n chapte r II. Give n this procedu~e , the 

b ulk of t he research c an be described as ew~ir:i.cal :i.nvesU.g.ation . 

NP.vert.hP. ] P.S!=> , the author i s c onvinced of the. nee d for such an 

invest i gation . Th is conviction is fur the r s trengthene d by the fol lo-v:i n 3: 

r ecent declara.t i on ty l\ara. s ka am Brarr,hall ( 1969) referr::.ng to l ocation 

r esearch on paTtial cquil.ibr:i..um and gene ral eo_uilibrium the orie s : 

It is ou.r convi ction tLat the research r ela L:Lng to 
the.:;e tl-10 approaches h as r eached a s tage of maturity 
in ~,1h:Lch a se t or ::-elat. i onships more -D.dequate th an 
that. cun:ent ly eMployed may be deduce d, u He 
c onsider it extremely important t h at the <J.n.:.1ysis 
be firntly g romH.lc: d in :cc&1ity, end he2.vily depe nde n~, 

upo!1 er:1p irical :i.nfonr..:::.tion. Al~;o , >W fe ~:l t:-1at the 
ana lysis must r E: fleet the comp:w x; spo.t.ial inte r
r elationsh i ps o.: the 11 r egion'1 ; hen--_:e the lrgic of 
abstract models is .:t r eq_u i~-;iLe ingn::dient.. · 

Hode l buildir.g, unlike theoret i c .:J.J. fonnul a.t.ion , often involves 

cert.ai r1 c onst )~aint s as a m.::tt ter of pr~ .. . ctica. l ner;essity . To a la :~~e 

extent , t hese const r a i nts are adrdtted. in this s tudy . The reJ.atio~ 

of the mode l "t:lui1 d<:-) r to such c onstra :i.nt .. s , C01'1pared •·rith the theorist , 

The mode l l.::uildor , • •• _1 i s cor,c-::rr.v~d 1-:ith th~::: appl 5.c;;.tior; 
Of tl'eor2e"i to C: CrlC.r'C t :" c:J. . S~.;.S J HJ.th l-rl':c ai.r.1 Of 

genera:t.i11g e ~·~rtJ:1~ ri c~i_ l 1.y r.:;lev·a.rrt. ot:~t.pu.t fro:n eP1f) i rico:l l ly 
b.n.sg d irJ~J~lt . He i S co:n!:lt r D. j.r:sd , C!.3 the t1·: ~:o~"'.ist is 
n ot , by considerat:Lons of c 0.st , of d<.<ta avail2.b:i.lity 
and aec1;r1acy ! of t irr .. e l iness , and e;f t::e client'::: 
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c onveni.:mce o A eve all, he is r equired to be specific, 
•rhera the theorist is vague o The exigencies of his 
trade a.re s uch that , eve n given his high appreeiat i on 
o.f "the or-y";" his model is liblv to reflect its 
the oretical origins : only in ob_lique and _ 
app:;.~ oximato wayso r1echanisms that 11 Hork , " h mn. ver 
m;yste:iously, g~t substituted1for those whose virtue 
l les J.n theoret:J.cal ele gance . 

Perhaps , the fourth limit<l.t.ion of tho study arises from 

t l-J.e solution method 5 Honte Carlo simulation , use d ir: cpr~ rating ths 

.1 2 

modeL This method of solution, Hh icr. is explained and justified in 

r evie'tl in:; the l:i.ten.t.ure in chapte r II, is sh1pl.:::, th e: --consnr::i!1g and 

do2s not aJ.low fo r mathentatica 1 elegance z.s i :s th e ca~e ;;j_th t!-w 

amlytic solution. 

VIi thin the conte;(t of the objecti ve 0 and the li1nitation.s defL--:.ed 

fo l' this study, it i s ne cessary to e;qJJ.ain b..ro significa nt t c l'J.i.S 

fr~! o_uent1y used in the study 9 Fi:::-st , the term 11 manufa.ctu:ci...ng plantn js 

ht::re defined as a single e stablishment 1.1s ·J.ng rowe :~ drive n r::etch:L"l.CS anrJ 

htlJ'~ ". n l abour t o pl'0•1uce a product by me. ch ~' nic 2. 11y or dwJ11icaJ.ly transforming 

! '"i '··· r~ '-' t "'""l· ·· ]- ). '1 't' ' ~ yo •· n .r0"''~ 2 
<. .... , l !.t:.l. v J, - C . . <> .J. J U c'. J. .l t,:: "'"~ ..1... .1. L1 . A rn .. cmu f .J.c t uring }Jl.:mt (or e stabl ishrne nt) 

rna.y contain rnore than one buiJ..d:i.ng but such buildings must be at the 

tflf.! sam.:; firr;i 9 

, 
-'-Jr;j_ So l,Oi·TT.'Y, op .. , ~~~t:_" , p. 160. 

T9chnical Bul.~.c~tin , 
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The: seco::::d terra. c oncerns a c onceptual measure : the 1 standard 

• J ~ • 1 . t ( ~ IU \ I l..TlC .US l•rla. Uli l '' I • This ·standard rr.easur e al10HS for ~LDdustrial 

land c..nd i .ndust:cial floor space t o b -3 jointly expres:::.ed in some floor a rea 

equivahmce e 'Thus, for exam';)le, a vacant p j.ece of l2nd >.fill be converted 

to its floor a rea e quival '? nce t aking into conside ration th~ ra tio of 

industrial flo or area to l ;md area rrhich is pe:::·mitted by the planning 

authority of the o. ... ~ a -vrhere the piE:ce of l and is loc2.ted~ 

Admitted ly, the amount of f loor area. to be re garde d as a standard 

u,1it remains an open question and may require a s ub j ective judge mer~t since 

1..rhat is s tanclard for one industry may n."Jt be stand<:rd fo r anothero 

Hbat is more import.a.nt. is the fact that a :-1y unit chosen :J.s only a ba3is 

f .o r convertinz different f'o r rr.s of :Lndustt':i.al · space t o urlits of c.ssessed 

va~ancy o 

In this st u.dy 1 .a sh!.Ylda:rd in dustrial un.:i.t is assurr.e d to be equaJ. 

to 5, 000 square f eet o:f floor space 
l are.? .• A pl?.r:t occ-...:.pyi ng 2, )GD 

s.:?_t.i.~lre feet is thus assigne d half a unit, one occupying 10,000 square fee t , 

t wo 1.1r1i.ts , ar1d so 0 11 . 

The st.aJ1:la.1·d :lndustr1al u:;·1 it. meafjl,J.re i.s usc: d in this study in 

r cle.t:i.on to t'r:o tyve s of estimates : J.) t he spaces required by ind:ivid.ua.l 

pl~nts ; and 2) the potenU.a l V:J.cancy leve ls for individual dest:Lration 

are~. s ~4. 7"_. ar;.y poj..11t i .n tirr.c •. 

1·~· · · ... · ~ '~' · -- ···- ·· · ·· - .J. ·~ t ' "' O· ·t --'" ~ , .. ,,. - --· " .. , ... ~ ~ T ·--·:1· -- ·-·1 ! Jl J.S ' ·~D.l v c )Y., C:: .: . . :-1\J;l:J:-;, \;U ,('-.. ''· ':=t ... ~ .. 0 Ut,. i-J':U vT;le n (, Vl. I <1 · c <•~>~ 

Industr3r' s :nil~iiJnlir: ~:r-~ =-(~ ~.; :r"Bqu ."i.rerr:6n"L for a :m:::'l·t:"~· .. :t::u. .. .:·n~~ est .:lf.)].isf! rt8 nt 
to be Jis t 0d 1Jl i .ts Jtn !-:.l: ~:L Gnt.~~r·io Inc:u.s t.r i-?..1 Rs-...·ie\.J . 



The Stud" Area ___ _ JL_ __ _ 

The are~ use d in deve l oping and te s ting the model i.11. this study 

i s Hetropolitan Toronto (hence forth cited as Hetro Toronto). Metro Toronto 

c overs an area of 2hl square miles o The area is bounde d on the south by 

Lake Ontario. On th e east and ><est, it is bounded by the tmmsbip of 

Pickering and t he To•..:n of 11issi ssau~_:;;l r espec: tively, a nd on the north b;y 

t he rura l t o,.mships of Vaugharn and 1-:a..rkh arn ( Figure 1) o 

The study area, i.s conne c ted Hith t he rest cf Canad:J. thrc>D r,h a net\.;ork 

of major hir;hways ( 400, LOl, a.nd 403 ) a nd r a ilrOt3dS ( th3 OfR &.nd the em}. 

The area i s also serve d by the Toront o Jnternat~_ona.l Airport loc a.ted very 

clo se to the •:estern boundary in t.!'le adjoining t m-m of H:i.ssisat:.ga , <1.r1d the 

Toronto Ib.rbou.r ><~h ich h a s an inte r na t iona1 st :--tt.us . 

t1etro Toronto '\-1,1' -l f orw;:::·ly a c1nin"\.cter<::d e.t t he l ocal l ev-el by thirteen 

a rea Hunicipali.ties . These for ne r n-.unic :LpR.liLi.es t-rere r egrouped into si.x 

boro'Jghs on January 1 1 1967 . The .forJnB r thirteen aroa Municipa1.iti:~.s vary 

wide l y i n a re a, populc:.t ion, and manufac:tu!' :i.ng CJTlo loyn:c nt ( T0ble 1). 

Th~~ study area as c fJfined ?.bovc .sht:-iilld be di sL:i:nguis!1e d fr o!Tl other 

dcfhiH,ions of Lbe To:c·onto re gion . The ~: e t..rop olitan Toronto Pl anning /,rea, 

c overs a more ext.:m s ive region than the s tudy &.rea)? 

--·-·-·-·--- ·- ·---

l -16 

--- ·------ ----- ------ ·---

St;:=_tist ic:.;, 
(; _. ~;; t ... 
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TABLE l 

AR!';A , PGP UL.I\TION AND HANTJ ?ACTUfi.lW} Stt;PLCiYHSNT 
OF THE FORI-~R TIIIRTSEN AREA NW'HCI...:. 

PALIT I ES Oil' METRO TORONTO 

·- --------·------···- -
P e r c e n t a g e o f T o t a l 

l' opulaL icd ----N.ilil.iiTactui·ini-- .. 
s q . miles 1966 e n!p l o;yme r..-L , l96)~ 

------ - ------ - -··--··--.. - - ----------- ···- -----

'l'm-msh ip oi.' Scar borou gh 
To;msh in of Nort :-1 York 
To~-msld p o.i.' Etobicoke 
City of ·~oronto 
ToFm;hip of Yor.k 
1' o',.rm.;h ip of East York 
Tmm of Le<J.side 
Villai:-~e of Forest ~IUl 
ToHn of Nc;,r Toronto 
Vill.ase of S\·:;;nse;:;. 
Teem o.L Mim ic o 
Town of Hes ton 
ViJlagc of Long Branch 

29 . 0 
28 . _3 
18.6 
14,.6 

3 • .3 
2.4 
l.O 

. 6 
.... 

~ .:::> ,... 
• :J 

' 
· '~ 
• ! ~ 

I. 
• 4 

l b . 8 8 .) 
21.2 14.11 
D.? 11 . 9 
35 .. 3 50 oJ 
7. 2 4. 4 
3. 9 2 . 2 
l.l 3. 3 
1.2 . l 

. 7 2. 9 

.s oJ 
L O r: . _... 

.6 . 9 

.7 .s 

Source : H. Carl Gold<:~ nbe rgJ Report of tl:.e l".cy<:>.l Cc:r~nrd_ssicn or. 
Mc t r opoJ j tr-m Torcnto- ('l'Or-c)nto:-Jurie ,-J.9'6j)~- p. J, &-Td 
data fro-n!-KeTropo1ft<m Toront o Pl anning Board (R.es2a rch 

. Divis ion) • 
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Be cause of t he gro;.rt h of industrie:o 1·lhich has occurred in o.rcas 

a d jobing Hetro Toront o in r e cent years , especi.nlly in t he to-..m of 

11ississal.l.ga , one c ;:m argue that a l arger area than i s · covered 

area definit ion Hhich is u se d :in the study is base d on the consideration 

th at data are more prope rly c oo:cd:i.nat.ed and more readily e.va i lable for the 

six area !1unicipa1iU.es ( forn;erly t h i rteen) making up the study area o 

This i s so b ec :::Juse many of the Hctro ~Coro:·r!:.o government a gencies ;.1hose data 

are vital to this study, for example, Hetro Toronto Heal Estate Bo<~rd and 

He t r o Tol~onto Assessrr.ent Dep;.:u~t;mnt , operate fo r· t he six mun ic :i.pal:Lties o 

S om~~ additional r ational e for t he choi ce of the s t udy area i s provided be l ot.; o 

First, c~rtain p r evious studie~ by Kerr and Spelt (1958 , 1965 )1 nnd 

r e cent.Jy by Collins ( 1770 ) 
2 su e;se~;t that rletro Toronto j_J.lust r ate s the more 

p roGesses of intra-·..1rban industrie:;.l migration t o a l erge degree Q Thus 

Collins dee; lares th at h:t s c:maly ~; es tend to su.r)port 

the not:i.on of inereas tng concent ra.tion in a.nd arou;;d 
HetropolHan To r-,1r.to r 2.thcr t lB n Hide spread ck:cent 
r a lization • • • Clcar}y discernible , ho~ .. :ever, h 0 s 
been t he tendency f<:r plants. to r e.locate frc m the 3 City of Toronto t.o l ts su'ou::·o ::; ana. ot her centre s ••. 

0 - c·"t'-
_p~-~ .... -:..:;:. . ' 

For e ·· 

2 0?- 3~ 
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The studies by Kerr and Spelt focus . attention on a number of factor s 

influencing the decisions to migrate and to choose particular sites. 

Second,. Hetro Toronto is an urban industrial complex of great signi·-

fic ance in Canada ., For example_, in terms of marke t potential , possible grov;th 

pole effects, a..nd the percenta~:;e of Canadian manufacturing by value £l.dded , 

the study are a i s foremost among all the Cana.dh.n r'lctropolitan Areas •
1 

Third, a s one of the oldest Canadian manufacturing centres, ?-Ietr -~J 

Toronto ha.s long experienced the probiem of plant migration on a l arge scale o 

Many factors contributed to tbe early industrial dev-elopment of Hetro 

'I'oronto in the n:irmteenth century: a grm·ring l ocal market , a.s a tran.sportatior. 

f ocus for upper Can.J.da , pc l:'sonal initiative , th e ope ning up of western Canada , 

? 
and the formation of the Canadian Hv.nufacturers 1 Associatione - By the end 

- - ------·· - - - ----· - - ···-- -- ... --------------.... ----~ ...... ____ .,. _______ ,__._.._._.,.._~--~·---·-..--·--·----

1
Do t'tichael RayJ et. a1 ., Th~ SC2~io_:~_con.on2_?-~ __ Q_lme n:: ~~-m:;_<:!.l~ SE~~·ia~ 

~~tru~!-ure of Ce.'1a~ ian Q_~: ~J.:~~-' a report on the first pha~>e of a C. H. H. C ~ 

project (Unive r s ity of Haterloo , Sunune r , 1968) , pp . 39-L4; and C::lnada Year 
Book (Ottah·a , 1967) , 697--8. A gr or..;th pole is an ec onomic s e lf .. sus1afning 
ar;;1: . Sueh .:.n area must possess mult iplier effect , ext crna J. economie s, a.nd 
a ne t ga:in in prodwt ion factors . Harket potetYt iaJ. is a meas ure of aggregate 
ac:c-.css:i.bil:l.ty of a location to the national rr~8.rke t. Value adde d by the manu -· 
facturh~;:; pro-:::e~~s is th e: ·:;:, lur:; of tota l s :·d.pr.: ~; nk; a.nd other ope :caticnal 
r ·,v·•nue"' le~c:- to+~ ·' ,..,.., , -'c ·· o"' '"' " tor ··la] ~ .-1•e1 ·u(""" "' ri "'"' nd fll•·c>1" < · ~.~ of 11;:. t::/ .. . t... l ,,.,... .._, ... (:.t.J. . ...., ...... - ~) ·;:i .L 1 ·~ (" , ._,. · · ·'~ ) .!...4.,.1~ , .,_, , ;. . •• l, V .•. } ., """ C:. '-:>t:...:'! . . 

p:.r·oduct s and n:a t erials f e r' r t::c:;a.l.C:: in the S.G n~e condition ~ all ad.j1ltotcd for 
~.nventory char1ge s r,.!~ 1 e re !'ec;uire d . 

2For furthe r cii.::.u:::s icm of the se factors, see Ke r r and Spelt, 
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of 1-.Jorld ltlar II, the problems of congestion, outmoded f acilities , ris:i.!tg 

prope rty taxe s and changes from ~>r.ar time to post-war time production l ed 

to the mi gration of plants from th e city of Toronto to the neH , or post --Har, 

suburban a r eas of Etobicoke , North York, Scarborough, East York ar1d York.
1 

Fourth, t he existence of o1d and new· industrial districts in Netro 

Toronto provide s good e xampl es of contrasts in the fo rces '1-rhich c an be 

studied iJi. relation to the problem of intra-urban rnam:facturing rn:i.gr<:.tiono 
2 

The se contr as ting forces -9.re rcfl.ected in the differin g characte ristic s 

of th e individual rnanufa.cturine areas. The nei<T indus trial districts a re 

e a.s j_ly dist 'ingui. [;}wd from t!:e old by th e ir cin;~Jc storey f actories Sl!:t>rotmde1:~ 

by e xtensive l mms &.nd pa.r·kint; lots . The nevi i ndustrial areas are fouJ1d. 

ma inly i n t he post-wo.r suburbs, that i s , the Borour.:hs of Sca.rbourough, East 

York , North York, York , and Etobicoke. B;-;- c ontrast , t!w old :i.ndust.!' :i.al 

district<· are loc&tsd in the City of Toront o a.nd the old murdcipa l a.re<:.s 

of IP-as i clt?. , Himico and Sv;ansea . 

Finally, t he choice of Hetro Toronto as th e study ar'2a allo~i S 

cert ain spatial c onse quences of t he existence of many local a1~.thorities 

to be studied in r e l c.t i on to t he dwicc: of plant sHes~ For example , 

poHe:r rates may be i:nporta.nt i n the mi p, re.tion dec isions of m<mufact1.1r:Lr~g 

f irrnso 

,., 
cKerr <md S~,e lt, 11 r·!a rmf&.ch\r3.ng i n Sub ::-ban Toronto ~ 11 opo c5.+' "' 

ll-19 ; 11 1- ; '-lr.•.Jfar.tur :l . n -~ in Du.·'nt.o·.:n Tor-ontc,," Ge o:,-raphj_c;:d .. Bu1l8ti1·1;·-x 
I ]QI':'"J \ ' ~ r;.r·~ ... . ::: "'"" • . ,~! .:?c,··_,,,-_ ... ,·.·,--• i ~ ,f., -1- "". ·,,~ .. ·.·~ t"_·, .f (1 :-;t . ,v ~-:-~ C", /i"T~:·:--·; -:::::;-~;::;i~~-;~-f·-~~~--::·:;:·::.-:... .. ... \ . .. v 1 ) ' !.. ._ ~ .. '-""'-' _ .. _ _ ..._, __ .. v . _ ~ -- .. ~ .._.. ....... _ .. '-_ -vt;~ .. ... ~ r .. ~.:.. t~. v v .~ ..... ,:. ...... c. r' .. tt;-, 

iJniv;:; r si.t.v of ~"o:c'oJTLo . J.S·/,9 ). HB.p S • 
.., J .1 . 
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Havi ng d iscus~;e d the reasons f or t he ch oice of the s tudy area , i ts 

div ision into areal units fo r the purpose of the s t udy mc.:r n oH be examined. 

The study area hae been divided i nt o 161 s ub -·area s f ollmdn g m.::1 jor roads 

a nd nJUnicip&l bound2.ries to estabJ. ish a Spat i al frameHor k for developing 

and t est i ng t he mod2 l unde r conside rflt ion . A coordinate sy s tem of d i vision 

a s noted ear lier , rn;my of t he vari ahJ.es in·.resU.gate d in the study var y 

among r; ,t ·nic ~ip ~~ l i t i.es. Ful'thermore , a coor dinate s ystem of divis ion "~<r ould 

cut ac r.css m::.·.rn.ifG~;tur:ing concentrat:i..ons wh ich should best te r F?taincd as 

sin&J.e units . 

The- 161 are2.l units are then dividt;d i..rrt~ o destination s ub-2.:re as .,;here 

i t is pu ;:;~:;iole for a manu fc;c tu.r :iJlt nJ.<:•nt to be loc2ted during a gi ven 

ti111e period , ;:;ncl tho;, :~ v.J he r.·e ii, is net~ Ds 1>t inat :L on s1;_b--a1:-e as are 

l 
p r jmarily de.si::;natecl 11 iJ'Jdu;:,tr icln in the zoning r egu.lc:tions or· by-l~t;-rs.-

The oti1e r sub -·are;;. s a n;, in<:=: li. gible f or .. :re ceiv:inr, mie; r ated or new 

nwnu:f&.ctud.n?, pl8nts. 'l'hi ~:; ;r.a.y be a co:i:::.eqm:nce of c:my one of a nurn.ber 

of fflct nrs ! 1 ) the a!·ea i.s a lrec.~dy in non- j.nflHs i..ri<-1.1 1rtnd uses such as 

c cmmercinl or res i denti a l ; 2) t he area i s an ~1dustrial one t ha t ha s been 

r ezone d as n on-:i't• •:iastr ir,lJ 3) the c;re c;. i s j nd.ustrial but i s no t. a va .\.lable 

1s " · · 1 • d + · b · r d · · · ~ · ~ · orne o sne!.:" areas are Jnc 1l ·~e L cr't ~...n. e asls o .. ~ .1scuss 1on ~!l~n ·"-.f.1e 
Deve Jopr.:~:n.t Offi r:e rs of indiv~. rluaJ HunicipaJ.jties , Thn m.J.rn.'r_:.er of d':;f:'t iPa.t:i.on 
Stlbarsas c.han ·;:p ,<; f ror;; one ti.r.tE' pe r iod t o the othe r b 2cause of zor:in ?, 
a~e nri:r:r1en.t s o 
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Area ,.rhich is exc lude d from industrial development by the Toronto Harb our 

Comrd.ssion; or 4) the area ma.y be zoned for future industrial developn·.ent. 

but during the period of time under cons ide ration, it i ~; not provide d 

with bas ic se rvi.ce s such as hyd1·u, s e~rer and vlater as is the case with certain 

areas in t he Bo:::·oughs of Etobicoke, Uorth York D.nd Sca rbor<?ug,h. Since 

a manufa.ctur jnr. nJBnt cannot be Jocate d in any of th ef.e f our t ypes of 

a real units , they FHe not considered a s 1r::3mbe r.s of the population of 

destinB t ion sub-a·ceas . 

The .?~?.:_;:.:_in .sub --areas are de termined on the basis of observations 

of the oriGi ns of plc.nt s which migrated , i n a g i ven time pe rioci ., In 

t his -..-:<Jy, Dny de Btinati ;)Il su'o --<:;_ r ea. c an be come D.ll orir; in s ub-area as >-;e 1lo 

Also, a :1y industriz .. l ar~; a. c urr2ntly rez one d as non-indtcstri a. l c <m be an 

origin but not a de~J v inat.i. on sub-area .. 

The fore going proceu.ures aJ.lm-7 : t!~:ree t ypes l•f rr:::mufacturing sub ~are as 

to be identif :!.ed ir) th i s st~l d-'.f ( Fi g1.1re 2): origin s ub··.:t.reas only; 

ces t:in2.t i.on sub-area~; on1y; and o:c i gi11 and de sU_nati on sub --areas ~ Figure 

3 sho"HS t ho plant ln:i. gr:;.ti on pattern for the p-:o riod 1966-67 .. 

out line -G:;· the s t udy .as dc-..re JopeJ in -t.hc r2ma1n 1~1g chapters of' this tl:-· s ~; _'is 

is n<;~ ; :~~ro~rl de d o 
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FIG. 3 

OBSERVED PATTERN OF PLANT MIGRATION, 19€6- 67 
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Ch apte r III is concerne d v.rith pre sePtint; the mode l. The mode l i s 

described) and i t elements and t he tmcl,erlying assu.'11ptions are discussed. 

In chapter IV , t he problem of estimat:i11g the probabilities of 

the simulation IT!Ode l is discussed . In this r egard, the different variables 

are measured and their \Wight s and significance are detorni ned by a pplying 

a multi~le l ine::.r re gression ana:t:ysis to thE:: 1964-65 data. Those 

r egress ion estimates p rovide the basis for estimJting t he probabilities 

v..rhich are .::;sse-nt :bl in t he model. In a ddit ion to the problem of e stimat ing 

t he pr_ob~;b~U.iU.es, t he estj111ates of the othe r element s of the siJ~;ulc;tior : r;,odel , 

specifically the space r equ irement levels of diffe r ent plants and t~8 

VCica.nt i ndustrial sraces available at di.fferent des tination su'o-an=.:as , are 

d iscussed .. 

Chapte r V is concerned \dt h r unnin5 and evaluating t he r.10de l. T!w 

model :i. s ' t este d for Hetro Tor.onto t:sing the period 1966-6? Q One hundre::l 

r uns of U K: simul.::J_t i on mode l are rjerforrra d. 

Tht">. r.verage outcome of the 100 s i~v:u1a.t.ion runs is c ompal'E;;d '1-ritb 

e rr,pirica l d;.:te.. , .~ chi-square goodneES Of fit t est i s performed OD the 

d ifference s betlrrct.m the averc:ge outconn of t:rw mc'!•.:lc: l nnd empirical data. 

In ~rlr:JU:ion , " cont.igu:Lt.y r<ttio t est is p.:;rfor;r,E:d to detr..:nnine Hhetber or 

The conGlvsion to i}Je study prov:i.des a st:.:nm.::l ry of the tb(;sis , 

cutlii:cs U te b as ic ct ccorrr:;lishme nts , f oc-e.ses on the pos s ibl e; planning 

• , 1. • ·- . ... _ , , , .,. 1 ., 
l.Mp.L C.a1.J.O.{l) p O:::::>.!. •J -:; 1 i.n.e<3 of i nvestigatimi a.nd t h10: probl.ems cf data 

enco"Jn.Lerc d,... 



CHAPTER II 

REVIE'l OF THE LITt:RATUilli 

As discuss<·d in the last chapter, a model 1nust acknm1ledge tvro 

•rhich is reCJ.lbt:ic or approp:riE\te. The purpose of this chs.pter is t.o 

rati::m.?.lizc the present n~ .. udy by revie1ving the; releva.nt liter<:iture alcn5; 

the;;:. bro lines oi' consicl::cation. 'Thus, in the first plc:.ce, a revieH of 

25 
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In Heber's vera ion of the theory 3 a manufactur:i.ng establishment 

will be located at a point 'Yrhere the aggregate transportation costs of 

raw material and finished product are minims.l subject to such modifications 

as ma.y arise from agglomerative and deg1ornerative forces as l·;ell as 

labour costs. Agglomerative and deg1.omerative forces are those forces 
.. • 

whlch tend to concentrate or disperse industries and are discussod later 

in this review. 

The key variables in Heber's frruneHork ara distance and the we:i.ght 

of th€ e;oods to be car1~.ied. Thus, transportation •::est is measured jn 

ton rr1ilos. For a t.:nit weight of co:r.moclityJ transportation cost increase~; 

dire0tly lJith distance frcrn a given reference point such as the n:arket 

or the source of rm: rnate,rial. 

Heber co11sidered the impli8ation of the minirr;urn transport ccst 

fra1r;m·wrk for urban industrial location by intrc;ducing a local system of 

service >-ri th a central ra:i.l~ay st.a.tj on from where goods are transported 

by trucks to district units within th~: loca.l area., 
1 

Thus.) each distrh~t 

ent,ors into the total indust::dal orientation i·:hcthe!' as a point of mate:cial 

dep\Jsit 01~ as a place of consumption. In a situation where the railway 

st~.tion e.rrt,ers as e~ poir;.t of r:1atcria.l deposit, it 1vould b::; t:1c mininn.:~11 

question is the decisive factor :in location. In Feher's terr::;.> this wcntld 

meaiJ.' that much vJeight loss is involved tn the processl.ng .. 

One ir,portant elel'cemt of the min1mum t:r<>.m>port .::c.::.t theory is the 

locnt:i.on tri.mgle r:,od2J. '1l.. dif.f:i.et".:l.ty · .. r:ith t.hj ,::: model was that it 
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required graphical or analog methods for soluticm, since the de·i:.erminat.ion 

of the minimum tr-ansport cost point in a location polygon does not subnit 

to straightforward anal;ytical methods" o 
1 

Nevertheless, the "concept" of minimum transport cost has practical 

implications for industrial location. With particular reference to 

ur0t:.1 C YO''"'l:-,1 n f{!'l-i ('! ( i0')7)2 
... ,.• .;.J.·'"'"" ·~ J • • C< ... b ...._/ £_ ' J 

Moses and Hilliarn, ,Jr. (1967)h point out that the early concentration of 

industries in central citie.s 'H·as influenced by tho cost advantages offf:red 

by location at raihray terminal~;. Thess advanta.ges wer,:'! due to the fact 

that the scale economies of railway transportation "t-:eJ'O cone.: ntrated at 

central] y located terminals~ 

The advent of tl1e truck_,. c~>pecia.lly in the pre;s-snt century, ln~; 

been an important f<:,_ctor ir. breaking the tra11sport co~t aclva:::•.tages.·of 

the rail;,ray termina1s. The use of truck has also been f;-,cilitated by 

the grO"~rth of freeHay facilities. Fred ( 196h) argues that ~~central 

cor.gcstion and the flexibility of movement 9.fforded by fr-eeways often 

~enjar.1in H. Stevens and Carolyn A .. Brz,ckett., Industrial Location, 
B -p ... ") ·i 0 ,.., .•. ,.~ h-;,.. c ,..,...-j .c~ ~ !•l'"ll''""r Th I'""' (Pr. '"'"1. on" 1 c:,.., )_. ""n"' 0·' p., -;;-,~~;;-:;:.-;,:~-l';,--;-::---r-;:)1"+-;---· >-Y"'----~-~;l.t~.,J-.1 ..... ~~ ... ~ ,.._,..., ..... -.\,.,. • .. ~-t:...: .. t..._. ,j,. ... r..:....b. ~~v..- L ... V ._.. •'-"'-' ... "',_,_. _ _..; __ ..... ~J\)1.,.-.U, \..,.._., 

1967), p. 5; so;e also c. ,!. Friedrich_, oo-2. _ _ci_:.t_., pp. 49-5'9., 

2aot·E~rt H. Haig~ N1.1jot' EccnoF~ic !?actors in ::-.retropolEan Grm.rth 
ano Arrarwem~r;t (N'='H Y.crk-:-··cor'rJr-:ITtee on -R.e-gi0Di:1I·-·-pran.-ot·w;:;1--Yor·k -a.;;d 
ri~;-~--f: i1virfi1-~~-; -·19:? 7 ) y P • 3 9 • 

') 

..JA 1 lan Pr"'cl "'I'h, Tnt.l''"'"'._.,,ono1".~.-~,~ rrc-t·:-n -4- _. ·' ..._.. ~._'"' ~ o.J.!.r ... v .. .J, .-~. v.:.1 .. ~ .L..:v ...-c,;, J..'). 

Manufachc:ring~' Association of An:arican Geo~;raphers: 
1961~), 2, PP .- l6):t:,o_.-sze--})9·:1b"~t;7 -2.-s-pe-cie>.."ffy~--------

of Ame::L'i.an 
Ar ... "'-j s ~~ ( J "' --~-~' --'4 Urit::., 

hLeon }j;)fl'?:~ c:r..d H2roJ.d F. l·Ji1liarson, Jr.,, "The Loc::tt i.on of 
ECOY};i~ni"-. ll,c+l"ul"t""t• .!fl "l,TJ·c.~~: ~ ... '1~"';.~1-··jf'"R~ "( . .-,Ql:"l ... ,-.,J•~ r'cv-~~";S 

< ~.-,_.<.; .. '\. ·~ v .Y .L. \_, .• "') ~:_!..::::.:.::_'::..~.: ... !"_:: __ _:,:_::.::_: ___ ~..':.'::'-. .:'.:::_,:_J 57 (1967), 211-221. 
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permits efficient local Ill2rketing from relatively peripheral points 0 .. 
111 

In a simi.lar v~in, Block (195.5) has also corr1nented in relation to Los 

Angeles: 

The system of freeways operating j_n the r.-etrcpoJ itan 
area has also caused industry' to locate farther a-,_ray 
from the central city. 1·Jith regard to truck transportation 
available along the frem·mys, many industries have 
found that. they can operate auite efficientl}(' at a . . ~ 

greater distancP. from the heart of the cityo~ 

In Het.ropolitcm Boston, Hanners (1960) also has observed that high>-ray 

construction has led to the relocation of many industries from the 

centre of the city.3 The importance of tr:J.cking and hit;hways to 

industr:Lal loeation has also been dic;cussed in many other studies, 

for ex-:1mpJe, FeJlm;m (19.50)h, ChinHz (1960)5, a:..'1d Mosas and 

)',fil1iamson, Jr. (1967). 6 

----------·-·-·-·---------------------·---·-----------
1 
Allan ?red, op. _£it., p. 176. 

2
E. No Kita.ga~·ra .9nd D. ,J. Bozue, Suburb&.nization of Hanuf<J.ctu:rir:g --··-!"A:.·-----------···-----·--·-·.---Activity Hithin St.9.ndard Netropolit.:m Area~> 1. Oxford: Scripps Foundatio:J 

for-Re-sea~r-=:-cf) ln""F7Qiiulation-?1:0'Glems -;-·-ancC tFle Population Research Tra iP..ing 
Cent:ce, l9S5);~ p. 97, con~.eT1t by ox;e of the local analysts, Carleton Block. 

3Gera.ld Hanners, "Decc3ntra.lizat.ion in Hetropolitan BostOP; Ge~r;rap:b_:Y, 
XLV ( 1960), 2'76--85 e 

77. 
,.., 
.?Benj;;n:tn Chinitz., HThe Effect of Trar:.sportation Fc::cms on He,:;ion.P.1 

Eco:no;::ic GrcHth)' Tra~fic C,).::~r~'E!l., XIV ( 1960), l29·-Lr2 e 

" 0
1'Ioses a.nd 1Jlilliar.Json, Jr,t, ~"2.· Clt~ 
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Barloon (196.5) stresses the high service standards, rather than 

the lmr cost char~,cteristic, of modern transportation on industrial 

~ t• l H t l.OcaJlon. e commen s: 

The locat ionally libara ting influence of high transportation 
service standards is derived from the particular character 
of those mod•JS emphasi:dng premiur1 service rather than lrM 
cost of movement. These modes include air cargo, TOFC 
service, so:r;.e aspects of high-speed, long-haul rail 
Ci:!.lTiag:;;, and, MJ;;;L empi1atical1y of all, highway 
transportation. Most of these modes rep:Lesent the superior 
service standards of small lot movement, short door to 
door delivery tim3, and a high predictability of 
arrival time, all pecul}arly suited to the type of 
cargo I have been describir:g. Th~~ir rapid development 
is associa.ted 'irith a greater l&titude of industrial site 
selection both as bet~veen regions of the count.ry and, 
withi~ ~ny parti:-ular2region, as bebreen particular 
local1t1es and Sltes. 

The increasing flexibility 1rhich modern transportation facilUies 

ha"'-'.,e brousht on ind:.tst.rial loca.tion tends to su.ggf:st tha.t the problo:rr of 

plant site s.,::lectior., as far as the transportation factor i.s ccncernFJd 1 

m:.:ty be rit-shtly considered by exa;,rl11:ing the accessibility of particular 

sites to zuch fa.cilities as high1.;ays and airports sinc~o thesr:: develop:llcnts 

have considerably modified t.hr:; theoretical transport cost. locat:i.on pattern~ 

The "conc8pt" of r.tin:L'Tiu.m transport cost bas al~o f ou..11d c, 

~ • f- • compec..J..ulOn fo::- J::2.rl::ets tmdnr the t:tssutlpt.io;, that production costs s.ce 

----------------------------·-------------· ---·--------- -----------
1 
-Marvin J. Ba:r·J.o<:ln, "The Interrelationship of the Chant;ing 

Structure of American TraYlspo:rtation and Changes in Industrial Locatic·r•.!1
, 

11 I "5' 6 b:~:.n9 E£2D S!:'20.::~l':..> ~~ \19 o J , 1 9 ~ 7 9 • 

2-b'd L2:._ ~' p. 173. 
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a spatial constant (Smith and L~"]e, 1970).1 Under this condition, the 

roost efficient location is determined where the difference between 

total revenue and total cost is Ilk'lXimized. 

Further locational :iJnpli.~ation of this theory is dernonstrated 

by Losch ( 195h) by contending that market areas are efficient •<here 

producers are located in the centre, i.e., l-rhere market areas are 

2 hexagonal in shape. Vlith such a central location, distribution costs 

are minimized given the asstnnptions of uniform population density, f .oobo 

pricing (i.e., the price of the good which the consumer pays i::; 0qual 

to the price at th.::: point of production plus the cost of transpcrtation 

to the constuner), and identical demand for all consurrr::rs Q 

Under the cor!Clit.:i.cr"I of f:•:ee .-:ntry, Locch cxtend;:i his analysis 

p1·ofi.t is elblinated, th•1S ensuring the maximum number of produ:;ers 

vdth e.;l~h producer loc::>-t:i.r1g a.s far as possible from the otbec pcoducers, 

A spatial cquil ibr:i.um ).::;: achieved vrhen a11 prod:Jce:rs a.:r0 equally spaced 

on the landscape~ In thi~; sitmatic.n, e;:;.ch producer's mark0t boundary> 

i~e., the real range of the good (Chr'i[;t.alJ.ers 1933) is defined 

~ 

l . .,.., .,.l·d H c "th d '"'"" u~ · I "' ' p·~· ·- ,. d ~A-,.,,, "·--·~ -L, .; .. ,,.J . ._..,· ·-. v~.. . t"i• ~o.)m:t an lt-.lo-~~·"a. .€t~, R .~.ogrctr.dne ilUuE..~ Iv~ .. d\..t~.t~..:;~.·.J~ ... td. . .L 

J.,c.~c.at i.c1.1 t_s.lal~ysis ( Depart~;~·.~nt (1f C-eogr1ztph:;r ,'-S"'Ol~iT.~1e!~i1-ILC:ir:.o-fS1Ji:t5_v~;:rEJ~~; 
Ir·r-:ri-;~-r9io r;·-2-:rt-: 

2 ~" '1 + T ~ ··1· -- • t ] O-' 7 ... ~ 1 ..;. ... g ... s._ ... ,0.;:,•~-1, o''• Cl ., pp¢ . '"3 o ;::,ee a1.so Jonn B. Parr and 
Kenneth G. Denike, 11 Tha:n-E~t-fc2."1 P:coblerns in Central Plact:: Ar:alysi.s1', 

~y_cmcl'l}.:_C ~~?;~~2-~g:, !16 (1970), !~, 568,~~;26~ 
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competitor. 1 

In considering the implication of the foregoing theory for intra-

urban industrial location, one would tend to suggest that the theory 

favours the central location argument especially for industries serving 

the entire market area (Haig, 1927)o2 Pred (1964) criticizes this 

argument in a somewhat convincingly-worded statement: 

In rela.tion to the problem of intrametropolitan industrial 
location, the contentions of all the maximum accessibility 
or central location proponents, and some of the market 
area theorists, dwindle still further in relevance when 
it is realized that: The markets served by some 
metropolitan manufacturers are discontinuous, non-local 
and distant; that transportation costs are immaterial 
to site selection decisions in many industries; and 
that no account is taken of the desirabilit~ of core 
locations for specific kinds of industries. 

Losch did recognize the possibility of discontinuous markets 

(ioe., discontinuous population) by assuming nucleated agricultural 

villages. This assumption leads to the conclusion that a small amount 

of excess profit and the existence of different sizes of market areas 

is 
) 

possible.~ In the context of intra-urban industrial location or 

migration, one may see the relevance of these conclusions in the 

distributiop of markets in the different parts of a metropolitan region 

----------- - --· 
lw. Christaller, Central Places in Southern 

by C. Baskin (Englewood Cliffs: Prentice -Hall Inc., 

2aobert M. Haig, op. cit., p. 39. 

3Allan Pred, op. cit., Po 171. 

4August Losch, op. cit., PP• 114-120. 

, translated 
, P• 54. 
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as a factor in industrial location pattern. 

It may be noted here th2t another modification is introduced into 

Losch 1 s market area system via the concentrating effect of agglomeration 

. . th . , d t 1 ' t• t 1 econornes s1nce esc econonileo .... ea o ower proo.uc 1on cos So The 

m':'lan:ing and the implications of these economies for intra-urban 

industria.1 migration are discuss~:.d later in this revie~<r. 

The theory of J:.::nd rcmt may ns\·J be considen;d as it relates to 

urban inclustrial plant site selection~ The theory of land rent was 

originally developed in conn::ction with the problem of agricultural 

location nnd a convenient reference to begin Hith is Von ThunBn (l826)o
2 

Unlike Adam Sr::.ith, Von Thumm dist.i.r.gu:ished b''3breen actual 

h~nd r<::nt and pure ~an~1 renf . .,J 'l'hs forrr,er ineludes ·inieresh~ 

e.ccruing to a piece of l?.nd as Hell aJ to the value of invest:r;mt put. 

into improving the land. This is what von Thunen called ne.=rt..a.te rent11 • 

Pu:re land rent refers to that portion of actua1 J.and rent 1.;hich is 

r.tttribtd-Bble to the i11trinsic and locatioral qu.al::Lties of land.. It i.!:. 

this pure :.r-ent which Von Thunen regarded CIS lan:l rent. 

In considering the effect of gra:h1 p:cice o:a hnd rent, Von 

'I'hunen sho·,rsd that the value of grain fell with incrertsing distance 

I 
from the market _:.1 Since the loGation<J.l qualities of 1m::d ;.;ere asrmr•~~d 

pp.68-8tl, 

p & 31. 
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to correspond to distance from the market, Von Thunen ·.vas in fact 

demonstrating that land rent would decline as diste.nce from the market 

mcreases. 

This inverse relationship between land rent and distance has 

1 
been extended to the theory of urban land use. Thus, Isa.rd ( 1956) , 

, I 
G~rri~0"_, ~L_:}. , ( 1959) 2 , Alonso ( 196/.t) 3 and Richa!'dson ( 1969 ).'t hav8 all 

stressed the phenorrenon of declining urbtm land rent gradient fro:'ll the 

- : -! ~,. 
'.. . 

These authors have discussed a nurnber of reJ.evant theories 

b::;hjnd this phenomrmon. In the first instance, it is suggested th,!:J.t 

th:3 core of a city offers the nax:iLm:.m acC'essibility not only to th~J 

urban mRrkct but a,lfo to terlllinal and other facilities t1.sually found 

in optimum concentration in city centers. Because of the dosjre for 

aGci:1St;:ibH::i.ty to such facil:i.tl.es:~ demend for land by indust;;:-ies and 

ser-vice firms is Blvrcqs high in the centre relati.ve to the periphery o.f 

an urban a.r<ea. The result :;is higher l;;•:nd prices in the urban centro 

thun in the peripheryo 

4.r ,.. '1r~; ""~n ~"!- '1 1 ~t, 'J. 1 1' -, S 0 t· I.I ·' """'"'"''{ i"Ve Ul!:. J • .J,.. .. _!\....· 1 ~.::.'.:._':.:.:=."l' ~_.. .... u .. ~.- .l r J..c.)'.~.,.c:." 

CM?_F;r3.~1?hi_~ _ _g_~~~e:<:: (Seatt1a, 19!)9);-l)~:--,-

\rilJJam Alcmso~ HAgr:i.cult:rral F~snt Fc:nctions .:nd :Rid Price Cun·es 
of the Urban Fir·rn'1 i.,, Ioc:P,tion ~md. L:mr:l Use: Tc~·rard a G~neral Theo:-v 
!?!. Ian~-~~!~ ( c an:L·icl ::se ~---Ft?-:~3-s-;:-··E;;rvar·cr-;:,r.nT\;:;rs Ify -Fi~e-s s:;·r96h), ···3::::sa·. 

I, 
4H.;;.~rr:r 1V. 

Publishers, Inc., 



In t he second place , agglomeration of i ndustrial and ser-;ice 

f irms t'lkes plao:> in the urha!·l c entre i tself since h .nd is dem;,mded in 

s mc; ll parce ls to minimize the:! capital c osts of location ~ This hieh 

ae;glorn':)!';ition tends to generate deg1omerativc forces in the f o:rrn of 

r ising land value (Feher, 1909 ) and traf f ic c ongestion ;-;hic!-1 j n t urn 

Honld C3.'l 28 activities to migrate to othe r parts of thf' urt>a n arca .
1 

Hird.r:nm trancpcrt cost and .land r ent the ories have l ong 

b """Jd 1 . t ' . 2 een u X'i~P..c.G . a.~ cornp .en:e n't a!7 neorles ~ I n f act , 11 many linear 

programr<Iing f<Jrmulations nm,r exist ~t.n Hhjch the dual of.' nLi..nl:nj:z.:i.ng of 

t rcmspo:ct costs is the maxirr.i :dng of rents and in the early a nd simpl~st 

f or;-:-ts of a.gr:i.c:ultura::. a nd urban nmt theories t h i s c o:npl::- rnent a:r ity H::~s 

., 
stressed:' . -' With partien l a r r e f e rence to ur8an :i.ndu.stria. l location , 

Legan ( l90tt) derncm~.;trates this conrplementarity by stating : 

'l'he ca se study hes suggest~d tha·J:- the intra. - ur~nn 

locnt:i.on of m;;;n.\lf.a.c t u ·:·.Lng c <:n b e understood ::\:1 te r:r.s 
of a combine d ~·Jebc;rian-·Von Thu.11en mode l . I:! c) G£-mse 
B.cce3sibi.1ity is irr.port.ant .:>nd s pace <:·:1 J ii1:itc d, 
sor::e f irms arc f orced to l ocate z.HaJ L 'on ·~,he 01 be s t 11 

site . There a;:·e rr.any impe rfections arising especially 
from th8 re stricted sup~~J.y- of l<:t;icl and gove r n::,ent 
controls Hh i~; l ·! restrict the finn in i t s choice . B11t 
the fin.qJ. S(,J:ut ion is r..ot i s olated; the ?..b i}j_ +~, y of 
fl nr:s to su"ost.itxt·3 :in rrEir:; dire ction3 i s veJoy great 
!'l >vl ~h e ln r•!J+~(lV' de·• ·i~ion -~<- ' lf'l]V n~·nt of tho tota l < ..... -. . . ·-<-".L--l .. c ... .. >... -'·"' '-'· - -" ;P·'· t" 
production d·:ci.s ion u:Lth:i.n the fir!71. ~ 

- - --·- -·----------- -·-·-····-·------ · --- -·-··--- ... ________ "" ··----·------------~----
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3.5 

Hmvever, Alons o ( 1967) points out that there is a key difference 

in rent and transport cost theories, name ly that rent theory deals with 

1 competition for the use of space and location theory does not. The 

argument continues : 

Whereas the transport cost functions increase 
monotonically from the source, the rent surface may 
WP.ll have many peaks and pits • • • Rent and 
transport cost will be complementary in rent theory 
only if severe assumptions are made about everything 
else being constant, including such things as 
value of sales and constant technical coefficients, 
including that for land. This will be s o much 
the same reason that the minimizing of transport 
costs in l ocation theory is an objective valj_d only 
in those tautological cases in which everything else 
is held constant.2 

Alonso's maj or conclusion then is that rent theory deals with the 

competition of land-users for the right to occupy the land. The study 

of competition for la.nd involves a "bid-price" surface, ioe., a pattern 

of land values such that the firm is indifferent among locations . 

Theoretically, the optimal location of a firm is the point where 

the surface of actual prices is tangent to the lowest bid price surface 

with which it comes in contact . This point is unlikely to minimize 

trru1sport costs plus rents. Since there are differences in the quantities 

of land demanded by firms, the bid-price surfaces cannot be directly 

compared.For this reason, Alonso suggests that the l ocational pull of land 

rent should be standardized per unit of land , a suggestion that is 

reflecte d in this study by using variables based on cost of industrial land 

per acre as part of the attributes of a location site. 

P· uo. 
1 
william Alonso, "A Reformulation of Classical Theory ••• ; ' . op . cit., 

2 Ib~d. 40 d I l. .... pp. an tt'-ll 
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The study by Liddle (1968 ) also disc1-.sses substitution behreen 

land rent and t ransportation cos ts .
1 

In addition, Liddle suggests that 

other forms of substitution are possible , for e xample bet"Lvcen location 

and sp.-:lce or be tl'."een :'land costsn and other production costs •. Jn 

discussing the influence of l and costs em the locat ion of manufae-turing 

in Het,ro Tcronto e>.nd it s surrounding a reas , Liddle dist:ingnishes _ 

b et;,;ecn "economi c r <:mt" and " la.nd price" . A s ite 1 s econonic r t.:nt is th~ 

price Hhich a firm i s t-;:i.lling to pay f or a site &Pd this :i.::o dete rm:L.'1ed 

b y the a t tributes of the site to the pa.rt.icule. r f:irm, for example , 

d ist<mce to tLe firm's market and raw in8.ter J::-:.1 , ecor>.on,ic <:ltti.tude .and 

prcximity to the required labC!ur . Thus the econ~lr.J:i. c:: rent for the S 3.7:e 

site v.;ou1d va.ry for diff e r8n\ fi rn:s . Land price ( Le., 1 ;u~d c os t. ) i s 

the rn:J.rkot va l1-'.e p>:: r un:it of l and . Since; it is fixed t!":rous;h tl :e n:a rke t 

mech ::m:Lsm of snppJ.y and den:and, i.t cannot be :influenced by a p;:,.:r·ticular 

f irm. n is therefore th s so:;rre fo r all f .i:rns . 

In hi s df.~seript:ion of l a i1d co~t di;;tri bution :in f': 3t1"(, To~n.nto 

and its surrounding .u'eas , Liddle dc.; r·:l.ves i.•,:o patt~ri!S of va.ri.a t i on . 

First , the gradient of h .nd c ost p~I' unit a rea is very steep up t o 

1_;0 rrdm:t~=; s c,f t:rave l from the Tormrto core . lleyond t his ;J the:l.'8 J~> 

For exarr,ple , t h8 g;.""'adi.8r:t o.f ser\ · .ic<~cl :indust. r:~2. l 
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l and c:os t drop.::; off much f ast e r e ast of Yongf~ Street than it d~;s in th e; 

~restern se~tor. This 0bservation reflects the influence of the Toronto 

inte rn(')_tiona l I~irport , high;;ays 400 and 401 and the Queen Elizabeth H<'Y o 

The se facilities tend to push up the values of l and on the western se ctor. By 

way of c o:--;pariSon , Seyfr ied (1963)
1 

and Yeates (1965) 2 
ha·1e found similar 

sectoral va riations in the slopes of u rban l and rent gradients in their 

In general , Lirldle fin ds that costs of industrial lands are loHe r on 

the outskirts th an in the city ) He observed that this f actor , coupled 

Hith re ady availabil:i.ty of' l and , has accounted for t he greatest gro!--rth of 

i ndustri".') s occurring on the outskirts of th e city , One additional fc:tctor 

re :inforc.i.ng thi <> E'; rovth i s the fact that dL>tribution of prope rty and busin3 ss 

t~:xes t ends to display a si;nila r va rLition r,;-jth dist.ributior of l.c..nd vaJues. 

Thus , props rty c-.ncl busines s tc1xes a rB lm·rer on th e outskirts of the c ity 

th;;-.~1 in the city itse lf oh 

The su ~:£::8St ion that lrmd r ent de;pend :~ on the locational qualities of 

land deserves further c~_aboration in thf' cont8xt of i.rldu!.;tria.J.. ;ni grat:Lon being 

c ~nsiclarc:d . Theore tically~ losat ional 'T'E,lities are as.c;umed to reflect, 

accessib ility to the t:rban core . This JTFlf be a ju:o;t:ified · assu..rrtption ::i. f all 

urb;m _t·ac:iliti,~ ::; and all ur~ba :r, p::;pulat ion are c once ntr;;.ted in the c ore area 

, · and if a11 fii·,,;;;; .:v:c.~k acc.: s ::;5_bi1ity to t hss2 facil:i.tie s and th (~ populat i on . 

11
i ) R • . SE.~ yfr::..e d , 11 The Centrali.ty of Urb<m Land Values;· Lu.nd 

~-~ ''no·'0-c~- (196_3 )~ 39 , i>'/S-d5 ,. 

?H. Yea·V!G , 11 .So:ce i<;::ctors .~_ffect:i.ns the Spa.tial Dist rjbu t ion o.f Chic :1go 
L:~nd VaJue~ , l9U-co;r. ~:'?..~_l!.??J.'~--~~:?_if.~~~Jl'Z (1965) , ltl, S7-7J . 

3U.dd1e , ::I::. ~ c :' :~o ; ch:~ pi_t.: r Iv: pp . )6 -82 . 

l~b:i.d~ t t ) , 95 w ···· ·-- · .. . 



38 

t::o-.7c·;(3Y', in reality, different p<:u·ts of an urban area often posst:ss so;:;f~ 

different levels of facility and population concentration. !-1oreover, the 

sitin~ of such transportat.ion facilities as airport and. highHay temim.JJ.s in 

an urban area n:a::r create nuclei for developn~ent a1Jd peaks of high land v:,Jues 

(Berry, et a.l., 1963) •1 
Accessibility to any of these nuclei may thus have 

son::; irn;J.,.ct on the dj stribution of land values in' urban arc<:~. For this reason, 

it. :i.;:; :~J;port~,;d, to lJOLe that the theoretical gradient of urban l<md values may 

be signHica..l'ltly modifled by the particul::rr ctttl"ibute~ of individual sites1 

as:i.de from dista::tce to the core. In thu> stud;{, the emphasis is placed on 

the mark?-~_, pric•J of land r::..ther than on the theoreticc;.l t;radient. 

Aside frorn ind•.Jstria1 land cost, there are rLJ.ny oLher attri1::rute:::; 

Hh:ich are im?ortant to cJ f:i.rn:' ,-, decision;:; to select a. particular site. 

F~xternal ec.onornics ::vJy be d·::lfincd as "t.hr: ec.r:norJie~o 

Uwt a. f-;_lT~ can o~:;to:,in throu<:;h the use of faciJities 

ext·n·n:::l to iterc:.:;}f!l. 2 Such· adva:1t?.ges -;.;onld imply reduced s=::rvice fees 

01·ting to tr.e u:::;e of a divisible r:;t:.:rvice_, the whole unit of ilhich a firP1 

rnay not })c 2.ble to provide for its<C:lf' in z,n cconor,.ae w2y. On t.b.i.s 

., 
-B • . ] • L. B?'!:'r')'; s_t:__?j. ~ Corr''<~rc:.A:t St.ru.ct'lTO and Cc.'c··.erc~el Sl.i.::i}:t, 

Re zcc,rch Pct·f)a r, ~'~ ( C:h ic3 so-~ Fni\;e;1,SJt:;·~·o.r· ·c·ETC~.·z·;~~[~~~?.rf~;~:nta·f-· .}c·o~-i.·::~~h ;/ ~ 
1)63), ~'.-=-~e in. pc:rt:Lct!.l~~.r the s:t::nt~·~·?.J.·;_'?::Jd 1s_r:d v·:l_l~~.e sur.f'ac~:; -~Jr a city·, ~P~ lLt~ 
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highway and air port. termina ls a.Yld inciur;tria l h .nds which are discusse d 

above . Another source of external economies arise s ~:hen a s mall firm 

uses the se rvices offere d by a large r firm, that i s , whe n a small fi rm 

securer:; the a.dvantac;es of sc ale economies (Vernon, 195?) ~ 1 

Hoove 1• (1937 ) identifie s t cro components of external e conomie3 . 2 

Th8se includ0 : 1) localization econo~i.es , that i s , 11 economies f or D.ll , 
f inns in a singl e industry at a sing~Le locat. :i on11 o·' Examples ' .<.)f su.ch 

economies may i nc lude interfirm s er;r).ces , :nutuaJ. stimulation, and 

c on:plem•:. :nta.ry use of labour; and 2 ) urbanization econom1~s which aJ.•e 

e nj oyed by all industries at a given location , for e ,;:.."lmple , inter-ir,dust ry 

input-out rut s.nd t~ chnologica l r.alations , use of auxiliary· services 

(banking , insu r-.;;nc<:. and other finc; nciaJ. s e r vice s , for exnr:ple) , and 

urban fc:.eilitie~; lil '"! HL?.ter, hydro and se\Je r. The s9 t v:o c omponents of 

ex'c~rnal economies , alons Hith large scale 8cono~ues r esul ting f ro:n 

Losch ( 19Sh ) s tresse s t he j!Tiporta.nce of agg::!.omc r at ion econon-.:l.e s 

to u rt?a n illdllstria l 1o.:;ation. h The r.ajor effect of t hese econor:nes .:-..s 

urban- indu s tri;:l.l conC:entr a tion ( aggL:nneration ) e The c oncentration effect 

of ag;~lo;r .. :;rat i.un .::conor.des on ir~tra··ur·ban i ndust:ci a l migrc:..t i en can br:: 

--·-~·- ···------·· · ··--···---

3Jb j d. 

hAut;u .~:t 
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rela.tive1y high leve1f; of opportunifus for re.:>.l.izing these econoJr:ies to 

migrating firms, a.nd 2) the attra.ction of origin sites and the effect. of 

this on the distance moved by migratinz firms. 'l'he question of movement-

distance relationship is discussed later in this review. 

It may be pointed out that indus.ti~j.a:l concentration· reE<ulting ·fi·om 

agglomc:ret ion econonics CB.n also create diseecn,Jmies, for example, risL'1g 

1 
l:wd veh~es (~veber, 1909), traffic congestion and scarcit~r of land. 

On the one hand, thes:-:: forces are irrporta.nt in motivating indust'rial ~ 

migration. On the other hand, they do affect the reh.tive attraction'· of: 

potentiD1 dest:lna.tions to miGr~tir.!.g firms in a. negati•re·way~ Thus, in 

this· study, axt inverG'.:J re1ationsh:1.;; is assun~3d between land cost, or chance 

in land cost, and th'3 a.ttra.ctiveness of a potentia.l destinatior... 

Judr:;;in:.,. from the conr.entrati(Jn effect of agi~1cmeration econo:mies, 

it can bo art;nr.od that the leve1 of industrial concentration at a particu1;:r 

site i~• an indica.to:r of the force or agglon:eration cconorrLes operc:.ting 

at that site. It iB t,his reason that leads ihe autho::- to consider level 

of indtJstrial concentration .?.s one attr).bute of a rti::Jnufacturing su'b-arc<J" 

'l'he rn"~<)surement of ind,Jstria.l concrmt rat ion is discussed later in t.his 

study~ 

The irn.po:rtant que;:;tion of origi:n-c1~3st.5.nntJ.on relatiom:;hip m~•y no;-; 

be exa.mined. Ind'Jstrial nigration rnay p::-·op(:rly bA regarJed as om:; forn 

of n:if.ration. In tr is com-:"! ct:l.on,, i L may te noted thnt, for diffs :cent. 

forn;s of mir:;raticn, the hyrottesis of in·;er:::c~ rela~~l.ons~d.p b::,tw•~en · 

1c,.,.,...l 1 ",...i C>(J .• ··r or.) ... ~:i+. "PJ .. '?_·.' , ..... L. 1' •. _t . .JrJ.( .. I, __ ,_:_ __ ;:._~~--- -..1- <... 



1 
frequenciefi of movem:mt .snd distance move d ah;a;'ls hold s . -

~- 1 

Hith particular regard to industrial migration, the inverse re-

lat:!.onship has been demonstrated at the inter-re gionc. l and the intra_~,urban 

levels o 

, 
At the inter-re z ional le ~:el} the Horks of Ray (1965, 196?)'- and 

Keeble (1965, 1968)3 represent important contri"outionso Ray focuses on 

' the location of United States subsidiaries i n Canadian cities. The 

ir1verse r e J.atior1:oh ip of dist2.n ce to this for~n of ir1tc r~re giono.l i!'"ld,J.st rial 

migration i s best demonstrated by the · inte r actc.:-lce decay and the sectoral 

penetration concepts. The i11te:ractance decay concept hypothesizes th<1.t 

th\::: tot.a l numoe r of Ontar io ' s subsidiar:i.e;s con trolled from any Unite d Stat ::~ s 

city is in·.re!'sely proportiona l to its d5.stance from the province and. dire c'.:.J.;;r 

---------------------------- ·-··-------· ----·--------------------



proport i onal to its si ze. The se c t oral pene tra tion c oncept h ypothes i ze s 

that the re is a distinct rela tionship between the distanc e of the subsid i -':1ry 

and t he parent c ompany from t he inte rnat ional boundary. Perhaps, t he i.l'lve .rse 

relationsh ip is also i mpl ied b:.r the sectoral affinity hypothe s i s: \;"h ich s tate s 

tha t a subs idiary tends to be loc :;J ted in the geogr aphic s ector l inking the 

p a r e nt company to t he primar.Y· r egional market c e n tre o 

The invers e r e l at i onsh i p is e xplicable by the fact that bra nc h p l an.t s 

are J.e s s able to move far from the ir s ource are a s for financial and ot he r 

re ;J sons . For example, managenent c osts t end to inc :~e a se the farther at-vay a · 

s ub s idi a ry i s locat e d f rom i ts par ent f irm , In t his c on.nec t i on , d i stance 

represeut~; a s urrogate for c o~'.i ts ~ 

Keeb l e focuse s on :industrial de c e n!t r ali.zation fr8m t he North -1·Jest 

Lon don a r ea . Usins the examples of r e l oc Gt e d firms <md branch p lant s, he d i s-

tingu i shes beh-reen t Ho patt e r n::.; of migration in t e r ms of dista nce . One 

pat -i~ern i .s de f ined by t he migration o f pla'!.!~S ivithin 100 miles of t he s ource 

are a.. Th is pattern i s d8Si £; natcd a:> He t r opol ita.n zon9 mi gr at i on . The other· 

pattern , i .e ., the Pr ov incia l zone rni2:) 'ation, i!:' de fine d by mi;:; r a t ion of 

plant ~'3 to pl aces b eyond t he 100 miles r adius. 

For t he Provineia.J ?. one I~tig ration , '1-Jh i.ch i s one form of inter~regiona1 

mi.srv.tjon , Keebl e obs2rves t.hat t ile d i s t&.r:ce decay gra d i ent ::;_s s tee pe r f or 

!'i-}10(;-:Jted fi r ms th an f o r branche s. He exp l ain s t h :i.s contrast by t he fac t t hat 

r e loca ted pl .:;r,, t~~ are ge ne r.ci. lly s~1al:Ler , l '3s s a.bJ.e t o move f ar fro;u tbe ·i.r s our ce 

areas f or fi.nand.<J l a nd ot.h8r re a sons. J:1 a d jit ion , e c on omic G..i :::. inc e nt :i.v~.s to 

micr at i on i nc:re o.f>e mu:::h rno:·e r 2,p idly '...rit h d i s tance f r·or.1 London f or· :!.'e loc c.t -1:,-::d 



of key manager5.al and technical staff. Above all, directors of relocated 

firms tend to avoid gettinE.; involved personally in the locational 

consequences of their decisions. 

Of particular importance ~o the problem of plant migration is the 

particular attention which Keeble focus(~S on such characteristics as 

industry type, s:1ze and t;tpe of migrating firms. In this connection, Keeble 

has demonstrated· the med to take into account the influence of plant 

characteristics on migr.3.tion patterns.. In the present study, industry type 

and siz0 of employment are consid~:red. However, no distinction is made 

between branch and Telocated plants since t'he study is concerned with a 

fairly general model. cMor·eover, these tHo types of migration can ba treated 

in the same theoretic framt:wori::. 

The jJ~verr>e relationship beh;sen distance an·.:l. frequencies of plant 

migration is also demonstrated at the intra~'J.rban (or intra··metropolitan) 

level, for example, Keeble (1965, 1968), 1 Collins (1966) 2 Kerr and Spelt 

(1965).t 3 and Hoses and \<lilliamson, ,Jr., (196?). 4 

----------·------·--------------------------·-
1

Thid. 

2 
Lynd.hu::;st Cclli.nc, I~~~~~:;:-ia~:r:ig!~.::..~,;,C?.!'~--~~~~~_;tteloc~ion: A _Stu~~-.?X 

Euro:::•eBn B:rn.nch p1 ants wHh Sp8Ci.:>1 Refer-.·n·:;G to Petropolit;:m Tor:)nto, N. A .. 
Thc-ri_i_s~'I'oront\):--ur;:i,·er:si:Cj-of foroii:to, i%'b)-,-·i7fie pp;-118~.12]-;--· 

3Don'3.1d Kerr and Jacob Spelt, The Chang:i.ng Face of Toronto ( Otta:-1a: 
Geographical Branr::h, Depar't'~1ent of I·1inesarid11echr7fcarsurveys 1 i965), 129-139 ~ 

LHoses o:md Hillian1·:;cm, Jr. !":!_P• __ c:i.~.· 
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In the Metropolitan Zone migration identified by Keeble in the North-

V.Test London study, plants do not move far from the source area. Again, 

the reasons are financial and persone>.l, for example, possibility of retaining 

the existing labour and market, proximity to parent companies, umTillingness 

to involve firm directors in too great a change and proximity to directo:rs' 

horP.eS. 

Similar reasons are also cited by Collins based on relocations of 

5'2 European bra.t1ch plants in Metro Toronto. In nddition, Collins 

suggests th.1t perso:1al knoH1edge of an a'v'·ailab1e site irt the same 

geographic sector through ;.,.hich a prc:sident cmmnutes beiA.:een his home 

and place of work is also an important faetor. In this com~ection, 

Collins is sug~est:i.nt, a presirlent' s familiarity" w:i.th .. n:ts :intervening 

opportunities (Stouffer, 1940).1 

'l'he contribution by Ke:::r ;n;d Spe lt is su<::cinctly su:nmarized in 

the fo1lo'tling r.>tatemant: 

An Blwl~rsis of plant movoment t-~iLhin J•1atr;.>r,olitan 'I'oronto 
shoHs that indu:otries that h~.ve builL up an associ~.Uon 
in o:no pa.rt of the city prefer tc re;n<:.in as n~Hir ::ls possible 
to the old loc~~'ttion Hhen S8l.ecting a rHm site in the 
suburbs. Nearly all of the plt:.nts in south Eto"'JicoY.e that 
originnted in Metropolitan 'I'o:ront.o hav,; moved. fro:n the 
1--Jestern hC~if of the city. Sird.l.':irJ.y, ne;:-,_rly <.'<JJ thE: 
firm'' t"':J.r "''0'7"'0 to S~"':trbor··o;l::-~-1 C:ll<,., f'ro•:1 tt"" t>a·"t"•rn · .......... ? '-A .., J...... v<.:: ..... ~ ::.:1·' 0::. '···- .. ~·~ ..... "' ~ ... '1 ~v .~. 

' _., .r- ..... YlctJ,_,. 

, 
·s. A. StouffE:r, 11 JiJterveni:ng Opportunities: ft. 'l'heo~y Re~£.tii:.s 

Mobi.lity a.r:d. Distsnce!1 , Arr..<)rican ~)o,:;.ioJogica.l Rev:ie;,.,., 5 (December, 1940), 
8!.6 -6 7 ~ -~···-·»·••-··• ._.. ·--•·.·o--•- •·-.•·-·-·-~··-·---

2 
Kerr cmd SpGlt J '[h<:! _ _r_J~{g~?.i.:IJ.;!:.l<v:~_£_[__To_I~':?.~~!:::.£.::._ ~J2.~_£:Lt,. ~, 138-9 -~ 
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Moses and Williamson, Jr. in their Chicago study of plant 

migration note that origin-dest ination distance reflects the costs 

associated with the linkage between these two sites. They elaborate: 

As distance moved increases, especially ties with 
suppliers of raw materials and services, labour supply, 
and customers may be attenuated • Costs may then have 
to be incurred to establish new tieso If so, firms 
would not be set loose when they decided to move. Instead, 
there would be factors unrelated to the attributes of 
potential ~estination areas whi ch influence whether 
location there is optimal. The distance which a potential 
destination is from the firm's frigin appears to be 
a good proxy for these factors. 

The foregoing rationale suffices to demonstrate that one would 

expect the distribution of migrant firms to fall off as distance increases 

from the origin. This is as true at the inter-regional level as it is at the 

intra-urban level. In the present study, distance between any given origin 

and any destination is one of the many factors considered in relation to the 

problem of plant site selection. In this regard, the hypothesis of inverse 

relationship is postulated between the attraction of a potential de stination 

and the distance between that destination and any origin which is under 

consideration. 

In summary, the location theory reviewed above demonstrates that the 

problem of plant site selection in an urban area is not totally explained 

by a particular theory. In addition, no .particular theory iswithout 

modifications when the complexity of an urban system is considered. A 

convenient and fruitful approach in using the knowledge of the various 

theories to examine the problem of intra-urban plant site selection would, 

therefore, appear to be that of considering the specific factors suggested by 

~oses and Williamson, Jr., op. cit~,· pp. 216-7 • 
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the theorj_es to a.ssoss tbe rela.t:i.ve attractiveness of potential 

destir.ations. Ho.ny of these factor~~ ho.ve been indicated already in 

s~c:ific theoretical contexts. For a given potential destination, the:::;e 

fa.ctcrs rr.ay include .2.ccessibility t0 particular tr;msportc.tion 

facilities such as high;;ays and airports; a set of cost factors, for 

ex::nr,p1e, costs o.f indu::;trial land, hydro and water, and property and 

the la.bour force; and orig111-desth:ation distar1ce, In addition to these 

f::<ctors, one should t2.ke into account the characterist.j.cs of :indi'.rldua1 

plants as they reJ..1te to thair space requireif>Brits. All of these factors 

ere con::ddered more specifically later· in this thesis .. 

lr;.du~tria: rnigrat,i.cn is. one important a~;pect of 1...1rb.r~r1. GrO~·:th r~.r\cl 
' 

1oc<r'::J.on prccessc;,. The prob1e!,l of modelllng ir.dus~.r:i.a.l migration may, 

therefore .. be consicl-:::red in the gener·al context of these processes. In this 

rc gard_, V<:.rious approach.e s to m<xl\:<lling :1:::..y be examtned. 

One :?.pproach is that ._-hich ut:D:izes a syste~;; of equations to 

obt.c:,in solutions to 1ocational problem:::>. Such a sy-sten: '!":r-ly be bas,::d 

"1:>' c:; •.• )· ~~-, .. 1 ~ s·'·11·'·r ( 19f;'. \ ···'· ·' ch L _ vt";-.u-~~:-: J.! V V 'I~ . '.JL!;,. roH..:. 



1960·~8~. The model consists 0f seven sub-models each of vihich deten.rLr.<~s 

either t.he locntion of a given type of activi-ty or the amount of land 

that this activity u:seso Two of the sub-models are concerned ;.lith 

industrial .9.llocation. One of the.'3e dBtermines the changes i."l the 

distribution of employees according to standard industrial codes (SIC) 

at the tHo digit level. The other one determ:i.nes the amount of new 

industrial l::md usc:d by each of these SIC groups. 

The study by Steger (l96.S), t-rhich is concerned with an urban 

rene•ml l!',odel for Pittsburgh, also user.; a system of equat:ions. 1 These 

equations are based on linea.r prograHuning a."'ld are used to obtain solutions 

which ntelXirdze a given objective fu.netion~ These solutions re1::tt.e to ~he 

location a.nd relocation of new and moving household:; and businesses givon 

soilia l11;dge:t constraints. The three major assunpt:i..ons of the mod<.::l arc 

:i.r.~plcrr:~~rf'v(:.•.~ in a sequential· ma.rmer as shor,m below: 1) employr•:ent 

opportun:l.ties are directly responsible for r:1ost developrr.ent dec:tf,J..ons; 

2) v.s.rious type~> of site cr:iented cmpJ c·y1:.ent. will gravitate to specified 

B:t"e::ts of the city according to lcc~_tion criteria i.nc1udjng, for exomple, 

vresent eP•ployr .. ent cluster:>; )and us<.; polic.i.cs, access by Vcn:·jotw 

t!•;,"nsport<J.tion r.odes, ar;d as3e5::rr:.;rri, patterns; and 3) households tend to 
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As ill·u.strated by these tv:o studies, the system of equations 

approach may alloH for i.terative solv.tions or recurtdve progressions 

whereby changes in a given locational process are portrayed over time o. 

By this method, predictions for s. given period can be affected by the 

previous time period (I.O',rry, 1965).,1 
Nevertheless, the system of 

equationr. approach is not without its problems. For exarr1ple, factors 

which cannot b,J dir·c:ctly or convenientJy expross-::.d in quantitative terM> 

are often neglected. In the context of intra-urban pl;mt site selection, 

such factors l1re j llu.strated by perso>1al preferences and ths effect of 

particular chnracteristicf; of individual plants. 

Another approach to modelling is the a.:~1alytic Jt:ethod Q In this regard, 

"the r-;et of equations constituting the ::r:odel is resolved by annlysis 

into a rlireet. rclatjonship beh.reen the relevant out't),Jt varjab1es and 

and the set of input variar;le::.;; il1terv.enir,g variables drop out of the 

1 reduced forn' equations" (Lawry, 1965) .. 2 

The ru;"!.l;y-tic appro::~r~h is most succec:sful rrhere the location modi'}l 

utrler considc;ra.t:Lon por::sess<'S ccr;;plet.e 1ogjca.l si..r11ctures, that is, the 

relationship ;n:,c,ng the fact.crs 'dhicr; affect the location procc;:::s can be 

defi.-1ed iT'. pr~ci:se rnz.th~r.1a.tical term::> uncomplicated by r,onli!Jsarh.jes and 

dj.scontinuities.. For reasons of rx'rscnnl prefer'3!H::es and pl.:1n1:i cha.rad:-:'.!rlsU.l:,s 

rr;e.ntim;ccl above, the r::odf.ll o.f int:::--a-urban pL.~.nt- site se Jection ca.ni:tot be 



approel.ch is not a pa.rticularly suitable method for hcmdJ.:i..ng the feedback 

processes ,.,-,hich characterize many aspects of urban grcwth a11d location 

processes (Forrester, 1969) •1 

Another alternative to modelling urban growth and location<J.l 

processes is the stochastic approach. There are tHo corr .. 'T!on variants of 

this. appro:;,ch: Harkov Chain:;. a.nd Monte Car1o simulation~ 'fhese are 

discussed in the fo1lcr.ri. ng sections. 

A Hnrkov Cha.in model involves a stochastic process -..ihich Kemeny, 

~511• (19)9) describe as folJ.o·,rs: 

A Harkov Cl12.in process is deterrnined by :sp2cifyj.ng the 
foJ.lowiri.g information: Tberc :i.s a r;:tven set of states 
(s11 S?, ••• , S ) o The process ca~ be it; one ~.nd only 
one of·-these s€:1tes (or c1as:.~es)· at a grren tJ.lrD: and 
it moves r;ucces:>:i.vel;{ from one state to anothe1•., EC'.ch 
move is called a step. The transit:i.on pro1:Jability P. j 
which give~> tbe prc:,babilUy that t.he process will 1 

mo~·e fl'O;•i S_, to S j is give11 for twer:,r ordered pair of 
stc..tes. Al~o, an init:ie?l starting date :i2 speci.fied 
at ·,;hich the proeess js as:,~\Hned to b::gin. 

From trds sucdnct definition, it follo~<rs that the Harkov Ch:::.in 

pr0b3.bil :i tie :J bet~.;een ordered pairs . cf states.. In his M.arko<r Ch <d.:n c:ml.}ysi;:; 

of i.ndustl'ial migration 5n Ontarj;j 1 Collins (1970). dirtjngutshc:; bat1-;een 
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are based on an 11 optL'"lUlll classification derived for analysi.'1.g the log-norm.3.l 

distribution '1-;hich is assurned to be generated by a simple stochastic 

1 process". 2) The spatial matrix. Hhose states are defined by sJx broad 

'regional' classifications: 'l'oronto City, 'l'oronto Suburbs, Large Urban, 

La.rge Urban Suburbs, Sma.11 Ul'ban and the Rest of Ontarioo 

Coll:i ns r.a1:;"r:; tHo major usN; of the Markov Ch<:dn mz.trix (structural 

and spatial). Firs~ he obtains an insight intc the dynarn:ics of str11ctura1 

and spat:i~l chdngcs taking place between 1961 and 1965.-2 This he does by 

developing for each type of Harkov Chc>in matrix a series of one year tally 

matrices (i.e., 1961/62, 1962/63, etc.), for the period 1961-65.. Second, 

Collins uses the Har\wv Hatrix for a base yea!' ( 1962 for the structural 

and 196? for the spatial) to prc,dict structural Cir1d spatial distributions 

for c;::ch ' 1 year up to 1975~/ 

Although Collins ;,·ork sho:,•.:.; that the Harkov Cb.ain approach may 

hav~ good potential for applicc.tion in jndusr,r:i.al migration studies, the 

question of · U<"ing • .Hat·kov simu1.:!ticm for projc'lct:ing fuh.1re di:;tribut.ion 

involv-s~c Svfrl:O ver~v l:ir.r:it:ine; ac.snmpt:i.ons t-rh:i.c:h baco;ne ;no:re critical 't;rhero 

small area} units ar<~ co:Jc8rn;')d as is the crwe in th£! present study.. For 

CY.nr:rpl~"), t!v:: a:;su:mption that trc:ms:Jtion~~l prcb<:JJil:i.ties <:>.:rc invetriant. OY(sr 

such 

as the lc•ml cf fa::-dl:l.ties_, the .;.;no;_mt of Y8Can~. land e.vai1c:.ble and the 

---·--------

2Ib'.-< -~,.;;,., 

chcpter T'.f 1 
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level of industrial concentration may vary over time. In addition, the 

assumption that a transition process depends only on the two states involved 

amounts to an oversimplification of locational problems which often involve 

a great deal of interdependencies among locations. These considerations 

make the. Monte Carlo technique particularly appealing for application 

in this study. 

Monte Carlo simulation is that branch of experimental mathematics 

which is concerned with "random sampling from a known probability distribution 

function" (King, 1969) •1 There are two essential steps in the sampling 

procedure. First, a set of random numbers . is substituted for a random 

variable in direct proportion to the value of that random variable and 

it is assumed that such random numbers could have been produced by a 

suitable random process. Second, a random number fus; generated and the 

location, area or object possessing that random number is sampled or 

assigned some value. It is possible to build some constraints into this 

sampling procedure (Ha ~erstrand, 1968). 2 

Hammersley and Handscomb (1965) show that the Monte CarJo methods may 

be used to handle probabilistic or deterministic problems. 3 A probabilistic 

\eslie J. King, Statistical Analysis in Geography (Englewood Cliffs, 
New Jersey: Prentice Hall, Inc . , 1969), p . 229 . 

2 Torsten Ha.gerstrand, "A Monte Carlo Approach to Diffusion", op . cit., 
pp. 375-77. 

3J. M. Hammersle~ and D. c. Handscomb, Monte Carlo Methods (London: 
Methuen and Co. Ltd., repr . , 1965), pp . 1-9 . 
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problem involves observing random numbers which are chosen in such a 

way that they directly simulate the physical random processes of the original 

problem . and inferring the desired solution from the behavior (or 

distribution) of these random numbers. This procedure may be l~kened to 

drawing a random sample from a given population. 

In the case of a deterministic problem, such as is illustrated by 

this study, the process under consideration is described by some suitable 

probability function which is developed in accordance with the written 

theory behind the process. The sampling procedure is then applied to this 

function. 

Certain features of the Monte Carlo simulation, which make it 

a suitable method for approaching the problem of intra-urban plant site 

migration,. are considered below. One major feature of the Monte Carlo 

simulation, as with the other types of simulation, is the iterative solution 

method. In this regard, solutions are obtained step by stepo The 

iterative method is more suitable than an analytical solution "For models 

lacking complete logical closure, or whose structures are overburdened 

with incomplete mathematical relationships" (Lowry, 1965).1 As already 

pointed out, the factors affecting intra-urban plant· site selection 

cannot all be conveniently defined by precise rnathematica.l relationships 

which the analytic method requires. 

The iterative method is also a useful procedure for handling locational 

interdependence, or the impact of the past events on the future location, in 

1 . 
Ira s. Lowry, op. cit. 
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a more explicit manner than the analytic method • . This is achieved by using the 

solution for a previous time period as inputs for computing the solution for a 

subsequent time period. 

Another feature of the Monte Carlo simulation is that it allows for a set 

of explicitly assumed factors and random elements to be handled in a locational 

process. The explicitly assumed factors are used to determine the probabilities 

as~isned to indivirlual locations while the random elements are expressed through 

the random operational procedure. 

The use of the Monte Carlo simulation model for predicting locational 

behaviour is justified on the ground that human decisions are subject to random as 

we ll as non-random elements . This argume nt reflects the point of view that optimal 

solutions ' to location problems may be unrealistic where such problems involve human 

decisions. This view is discussed or at least reflected in a number of studies: for 

example, Alchian (1950), 1 Tiebout (1957); 2 Simon (1956),3 Pred (1967), 4 and 

\1-Tolpert (196!_~, 1965).5 From the evidence provided in these studies, it 

can be concluded that r~ndom elements enter into decision making under 

three conditions: 1) where many factors are involved making precise 

1Armen Alchian, "Uncertainty, Evolution and Economic Theory," Journal 
of Political Economy, LVIII (1950), pp. 211-221. 

2c. M. Tie bout, "Location Theory, Empirical Evidence and Economic 
Evolution," Regional Science Association: Papers and Proceedings, III ( 1957), 
pp. 74-86. 

3rterbert A. Simon , J"lodels of Man (New York: John vliley and Sons, Inc ., 
1957), p. 198. 

4Allan Pred, Behavior and Location: Foundations for a Geographic and 
Dynamic Location Theory, Part I, LUnd Studies · in Geography, Series B, 27 {Sweden: 
The Royal University- of Lund, 1967), pp. 65-121. 

5 J. Wolpert, "The Decision Process in Spatial Context," Association of 
American Geographers: Annals, LIV ( 1964), pp. 537-58; and "Behavioral Aspects of 
the Decision to Migra.te," Re pional Science Association: Papers and Proceedings , 
XV (1965), pp. 159-69. 



relationships difficult to exrress; 2) the influence of personal attributes 

such as aHar,:mess, perception, psychological characteristics, social . ' 

status, which n1.ke many dedsions subjective; and 3) limited availability 

of :inform.;,tion A.nd limited ability to use info:C;n~tion: 

Havint; now considered the essential features and the advantages 

of the Monte Carlo simulation method, some examples of studies, which ha•:0 

used this method in the area of urban grc;...:th and locational proces.ses ,. 

may be d ted for further illustration. 

One important study in this area is that of Putnam ( 1967). 1 

Putnam develops P. model to simul.:1te allocation of ne;; industrial faci.1:i.ties 

in Pittsburgh. To locate an :industria.l facil5.ty, the model first cc:mnt'.tes 

an index of m<L'cimur:l desirability fer each city tract, based on the .s1.:.:n~ 

vf four attributes. If the::::·e is a single most desirable tract_, th0 fad.~.1 L:r 

is located~ vJherc there is e. s::t of equ<?.lly desirable tracts, the model 

uses a Mo~te C<::::·lo technicJUe to cs1ect one of the:TL.. 'l'he fou~:· attribute;::; 

used are 1) assessed value of la..11ds nnd buildings, 2) 2,v,;d.lability of 

industrh;l lrm;J; 3) str•Jctura.l density based on the ratio of employment. 

to floor a.~ea; and h) j_nd1lSt:t'ic:.l c lnstering b:::.sed on the amount of i::vltl.striz1 

typr.;s a..•cl adj3cent i.ndust::d.al types • 

.e.ls-o be cited fer furth.;-.:r iilustrf;.ti~"J:'1. For ex<""'llple, Chapin Jr. (J?6S) 

1 
Stephen H. Pu~-n'irr., 11 Intra-Urban Industrial Locat.ion Hod~·:.: 



55 

discusses a model for simulatint: residential d:weloprnento 
1 

The ll!.odcl 

distribute:-.> household~:: to areal units (cells) "Which are attradive for 

residential developm.::nt in each s:.1ccess3.1re gra.-rth period" using Donnelly: s 

linear form of sampling ;.;ith 2 re p 1.acerr:ent. This distribution is made: on 

a probabilistic rather than deterrninistic basis to take into account the 

chance factors operati..Yig in the process. Each iteration of the simulation 

routine involv..;:> a rdassessment of the attractiveness of each cell based 

on changes in non..,residential land uses in the preceding t:-sJriod., The 

locating variables incorporated into the model, along -vlith their respcctlve 

weights , are dstermined using a multirle rcgr~ssion analysis. 

The a.ttractiven0:ss of a cell fo-r resi.dnntial development is bas;:d 

on ast;esDGd valus anr:l a given S8t of prir.Sng :f'.::cctors including 1) 

accessibility to Hork areas; 2) availabilH.y of publi.c sc·,re:c.sgq 3) 

accessibilit::' to the nearest rnajor street; r.mJ h) acces3i::.ility to the 

3 nearest elententary school. The operation of the r::odel j.nvolve[; the use 

of the H0n~;e Carlo teehnique in maki.ng an .§Z 11ost facto predicti.c·n 

of circularity~ by eva.J.u.ating the~ :5.nputs 

1?. StuJ.:r•t Ch2~in, JY'o, 11 ~. ~.:r;~1e1 for S:}nnlDting ResiG.enti,J1 f.;evE:d.o;:,rr..:n,t:j,' 
~~.t:?E~.E':~l_yf .!:.0::_£ rnA ~i.c;_=.r.'~E~~J::.L!:.:~.'~::: _ _:-:~~ .. :.:L':lr:;n'~ t•r. ( ;-}gy, 196~:) ~ 2, 120~?5 c 

~~ 

~'I'ho;,;;~t3 G. I!()tl!'i.211.~r., ?~~ s~~·1•)l<J c~~L::.pin,tTr, an.<:.l 3h1:r·1r~y- F .. ~~r~is!::, 
fl. Fr(J)~~~=.bi!.:i ;:~-:~ir.. l'IOC_:~} foT Rt-:~s~td3n·Li~tl C}l""c·~rth ( InctJ:ttute .for ~te:::c.'0 .. re1l i:n 
·l·~:::--·c-:-7,-;·;··.;r-:·- ~·~--~~-;;-·« .. ·-~~:--~:f~;::;;-:::;-:rr:--;"-'-f~-r: ... ;:--~.--h-----c·~·:--;· ... ;1 ,·.'h :-:a "t p ll.) ·J· 1 'r· ... ~.!. '···C ... l.:: ...... DClv'!.':.. .. .._;, tn .. 1...""'! ... ·~-''J' 0 .... "'I(.JJ. v... ,c: .. !..._) __ ,__",·~., ..!..;? • ..rL.;. , ~'~"·'- o 



in the introduction to thls thesis, one could avoid such problems by 

estimating p<.:..rameters from data. for one time period a..Y}d then using such 

parameters in the model to predict. outcomes for another time poriod. 

as a test of the model's valid~ty·. 

The .studies reviewed above suffice to shot.; that the Monte Carlo 

simulation technique is a't'l acceptable strategy in modelljng aspects of 

urb.:-.. 11 grm.;rth and loc[•,tional pro.-;esse:;_;;, industrial migration noL exo::mpted., 

In arldition, these studies demonst.rate. _that in ~s :ing this stra.t,egy, ."H is 

possible to use a var~.ety of determ:ir1istic techniques, such as linear 

progra;:.xning and regression, in the ar:-sessrr.ent c,f attractive.r.ess levels 

for different locations~ It is on the basis of s!Jch attractiveness levels 

that probabilities are l'.ssign.::!d tc different. locations. 

The review of literr.-.tu.t't: pre:;:::ntcd :5n this. chapter fo~uscs attention 

on hro major questions.. F'ir;:;t~ UH?re is the qu.estion of the relevance 

of location theory to the prob1t::m of intra-urben plant site s..::lections 

by rn1.grant firr1s. In this connsct.:iot1, it ~-s shmm ths.t no pa.rl ... icular 

theo:·y provider the t<)t2.l ans...:er since any theory :i.s subj-ect to !lVJdificatior::~ 

E.rising fr.o:n U2e dy-namics o.f the l'iC' 2.1 1-iorl d si t•lat:i.mL-vrh ich, in the urban 

fhcto.c.s !lFlY be cJ..assii.'ied into thres ~e:.s: 1) attribute;:; of a sito such '=l.S 
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site (destination); and 3) characteristics of the .rr.Jgra.ting plant such as 

industry type and size of employll',enf:.o These sets of factors are discussed 

more specifically in the n::n~t ch.a.ptero 

Second, the revie~or focuses on the essential features and advantc.ges 

of the Monte Carlo simula.tion technique as a strategy in solving the p.rohbm 

of plant site selection. This strategy is shetm to be quite realistic jn 

the particular context of intra-urban plant nrl.g:ration l-rhen compared wlth 

the Markov Chain model which has also been used in a nu:mber of geographic 

analys8s. Examplr·s of studies which use the :Honte Carlo si;nulation method 

in the related a~c·c~a of urban location and gro;rth processes are also cited 

as evi.dence that this technique is en accepted st.rategyo The next chapter 

is concen1:;d. with pref.:enting the simulation model. for . .tntra-urban ph.nt . 

site ~;election by migrant firm::> as 'icvelopr"d fo2· this study., 



CHAPTER III 

PRESENTING 'I'HE SDfllLATION MODEL FOR 
JN'l'RA-UH.BAN PLA.NT SITE S'ElliCTION 

In revieHin;::; the literature in the last chapter it was shm.'TI thnt 

the choic(, of a locttLion site (destination) by a migrant f:i.rm could be 

understood in terws of three sets of factors: destination attributes, 

distance betHeen a.n or~igin and a destination, and characteristics of the 

migrating firm. In addition, the rationale for a simulated solution was 

presented. 

In this ch;:.pter a formal si..iJulation !110de1 of 1nt!·;.>,-urb.a.n site selec:Uoc, 

is presented., assuming :rnigration C•f plants. It must bE; po:intc:;cl out 

tha.t the presentation of the sinrnl?,tlon model is strictly ver!:Jal a.:nd H il'J; 

not int~;nded to discuss the problem;. of sta·t.:Lstical esti:·nates,. 

The simulation IiV)del :Ls pre;.:.:mt:::d under four heacings: the ;sen<·:.ral 

framework, the assumptions of the mod2l, tbe simulation proeedure and the 

elelr.f:nts of t!w mociel. The;>e ara rww discussed in the follmvine sact.ions. 

To place the model u::d:n· cor1sl.deration into a broader persr.-sct.i-.·9, 

utility of c:w node relative to the.t of all other nocJe~>'' in C:\ giv0n sy.ster1 
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of migration (Brown, 1968) •1 
Thb componen~ partly dcterrnires which of the 

total population of nodes become destination nodas. 

In the context of the prot>lem of plant site selection under con-

sideration, this component is represented by the attributes of a manu-

facturing sub-area, f9r f??Cap1ple 1 accessibility to highways, airports, and 

labour; av<dJ.9.bility and cost of industrial land and services; property 

and business taxes; and level of industrial concentration.,_ These attributes 

represent the opportunities for external economies t-o be earned by a firm 

locating at a manufacturing sub-area., They thus defjne the attractiven,.:;ss 

of ;;;. sub-area to any mir;rating firm .irrespective of its origir>,. 

Component II refers to the area or environm.:mt in ;.rhich the migration 

takes place. This component includes the attributes express::.r:g the 

relationship bchmen n.n oriGin and a d-::,:;tination such as distance, a 

factor that is also c.:o:1sidered h1 this t>tudy., 

Component III refers to the ch~rac-Geristics of the item being located 

which, in this study, is the n:anufacturing pl.;J.nt,. Size, product type and 

country of control are sow.~ exe,rr:ples of such char<:'.cteric::;tics ~ In this 

study, plan-t, cha.racteristics are expressed through tbe space requirerrlent 

levels assigned to in:d:ddu.9.l plants. 

-------------··---------- ----·---.. ---·-·-·---- ----------------
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The sinulation model is based upon three simple assumptionso These 

assu111ptions respectively inn>lve. the three sets of factors discussed 

aboveo 

1. It is assu.rned that the attractiveness of a destination (j) t.o 

a~ indust!~y :derating from ~!l origin (i) depends upon the COFlparative 

place utility of th~ destination. As :bdicated a~ove, the comparative 

place. utility of a destination (location), in an intra-urban context, is 

made up of a nu::nber of specific attributes •;hich :L."'l the majority of the 

cases reflect opportuniUes for earning exterD.ttl economie~1 .. 

The specific assumptions relating to these attributes depend on 

the r:~mner in which they are measured. ~{}J(!l'C the attributes 

a:r·e m28.~:ured in terrr;3 of cost, rate or distance, ;m in-;;er~;e rela tion::;hip 

is assmt::;d, for exarr.ple, cost of industrial land per acre, industrial mill 

r2te, w.s.tcr and hydro pmver rates, and rl.istan~e to a major highwB.y. The 

variation::; in costs and rates in the study are::.~ r<weal U:e fact that the area 

~~unicip<tlJtiEOs enjoy c:~rtain a~..:.tonomy in the pt'O'lision of industrial services 

and in tho assessr.1.ent of property taxes., Hc'.v-0vcr, :i.t is compatible -.;ith 

the asS'l.~':ption under consider3tion to further assume that the quality of 

these industrial sC!rvices :i.s uniforr:; in the shdy area. For example, the 

types of services av2.iln.bb en a piecz of industric>.l land" such a.s wat<2r 

S'J.pply, hydro, :3ewe:e, fire and police protection, a~--e G:.E:>;..l;.:ed to be the sc.::,e. 

say, fr>.::·::r.)ency or reliab:U:tty, :Ls also :3.SSt..:.n€::d to be uni.formo 

.7.'r'Ol'l ~- ;:,:;.rticl'l.:,r orL;i:.< ( i) is :i.nvClrseJy related 
:....-~·· ~- ----~-··""-·• .,.-. J 
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to the dh>tance ~. between i and j. This assurnption is based on the ration<de 

discussed in t he r.:; view of the l iterature in the las t chapter. 

The specific factors e rr.a rging from the above t wo assu.'!lpticns taken 

together are s~rized bela;., i n t he particular context of the study area 

by using th irteen variables as measures of attractiveness of destinat ion 

j given origin i. Jt is to te r ecalled that a destination j is any po~sible 

sub-are a for plant location . The thirteen variabJ.es and their assume d 

di.rections of re l ationship are discussed bd.o;.r . I1ow-a ver, the · 

measurement , of these var'f <Jble s · i s rict. d5.3cu'.s sed nere -since it 

is more c onsistent to disc11SS t his topic in the ne xt chapter r~hich is 

c once r ned Hith the problem of sta.tis t.ical est i mates. 

Variables 1 and 2 arc measures of manufacturj_ng diversificat ion 

and rr1anufact u rin ;?; conc~.:::ntra.tion re3pr~ ctive: ly . Th ese v.s.ria.bles a re a.ssumed 

to r eflect the leve l of ili•i us t :ri al develop:ne n t. ~;hi'ch in turn represents t he 

potent:ie.l of a. suo-area for of.fer ::..n;:-: U!'b.:mhation economies aris i ng fro.11 

inter-industry input-output relatb:-!s c:r lilikages . As :i11d :i.c ated earlier, 

manufa.cturins linkazes 2.re a-r. impor t ;.ni. so,Jr c"" of exter'!lcll econo:r.1ies i-<;lic~l 

in thern.selves are pa r t of a gg lorr.c ration loca tionc.l forces . As Karaska 

( ·_·,96·9 ', expr·p ·~ se. s 1· t·. '' · · ~ - · ~ !\ · ., · _ _ "'- · one ::.r,·.porLo.mG e .L'::J,;cnt or .,,le exte:-n:?. .t ec onorrr1e s 

a s possible snr.l:'og:tte s for the manufact:J.~·int; linkage pot.ential <).f a sub- 2-.re~-Q 

l . .,.,.,. ,. ·ld J Ka· .,_,.. ·.a 
\....-v ... r:. • ~ .t. r..;o • • ~ i\. ·' 
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An a ssumpt ion of positive relationship to the attract iveness of a destin;;.tion 

is thus postula.ted for each of the two variables . 

Vari ables 3, h and S are co.sts asroc1ated, with industria l land at 

a de stination sub-area. The se variables are, respe ctively, cost of ( serv.ice d) 

industria l land per acre for a g i ven period, for example, 196&-67 ; absolute 

change jn cost of industrial land per acre over the past six years; and 

relat::i.ve change in the cost of industr}al 1a !1d pe r acre ove r the S C!!n':! periodo 
1 

These c ost variables serve a s .a. dual measure . On the one ha.t1d~ they 

r eflect the market va lue basis for t he asses.sment o.f industrial prope rty 

taxes. The use of direct a ssessed va lues fo r th is purpose suffers f r ojr. t he 

limi.t.ation of not keep ing pace wi th market t rends . Moreove r, as sess ed 

values , even for adjace nt industrial propert:,r occupying simi1ar areas 

c; an vary radt·~ally for such f actors as age; qualit y of D'.liJ.dings , types 

p roducts and the f loor l e·re l •)CC1.rp i ed . 2 

l ' 0.!. 

On t he other hand , the va:-iabl.es dir·~ctly measurB t.he prev:?. i.lirlt: c :: 

the changing p:dce5 of industrial lc.nd in the var i ous mCinufa.cturin?; sub--

areas . Demc..nd for indt;strial land in a d~.::st in:1tion sub-area can be 

dis c ou!'3.ged by the rr:;re f act. t hat prices are h}. ~h e ven 1rihen th F~ t ax :Lmplic:a.t:ion.s 

have n'Jt been conside re~ . The assum;Jt ion ;>ertain i ng to the direction of 

destination sub-.'J.rea is a n aga.t..i"Te one . 

---·-----------·-· ·---------~---·- ·--------·-·----···--

1A ser·viced indus trial J...c::r..d is one 1r7.h:l.ch i s zon0 d for industrial 
use a nd Hhich is p r ovide d with basic. i n dustri al fac ilJt ies in.Gludlng ;oewer, 
acce ss r 0ad , rail e~tension, hydro 3nd water ~ 

" ' These cr.i.t:.id .. s j~S are confirme d by the d~ve1opmont. o.ffic e!"S of the: 
vcJ :-o: c'..lS rr.1.:~:i.r;ips.l. dc- o?.:r·trnents i n tf1e .st,.1dy <J.':cea . 
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Variables 6 and 7 are industrial mill rate and absolute change in 

industrial mill rate over the past six years respectively. These variables 

are assumed to be negatively related to the attractiveness of a destination 

sub-area for the reasons discussed below. 

The basis of a local municipal property tax is its mill rate, that 

is, the rate payable per $1,000 of ·assessed property value o For the 

municipality of Metro Toronto, assessment of property is undertaken by the 

Metropolitan · Assessment Department. The mill rate, once obtained, becomes 

the basis for determining the taxes to be paid on each property (realty 

tax). The mill rate which is applicable to business enterprises is called 

the commercial (industrial) mill rateo 

In addition to the property tax, a business enterprise also pays 

business tax which is also determined by applying the mill rate to a certain 

percentage of the assessed property value, depending on the need of the muni-

cipality. Thus., the mill rate is of very great concern to a manufacturing firm 

in selecting a location or site.1 The mill rate varies according to years 

and municipalitie~ and slight differences can become very significant in 

the overall assessed taxes of any firms. 

Variables 8 and 9 respectively measure the rate of hyqro and the cost 

of water supplied to industrial firms at a sub-area. Because these variables 

are fairly stable over time, no change variables are associated with them. 

As with the industrial mill rate, however, they vary according to municipalities. 

It is assumed that these variables are negatively related to the attractiveness 

of a destination sub-area. 

J.,.his fact is confirmed by many of the manufacturers interviewed and 
by John Hall, Area Supervisor, Assessor's Division of Metro Toronto 
Assessment Department. See also Financial Times of Canada, Industrial 
Location (June 17, 1968). 
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Variable 10 is n)ad distance from a manufacturing sub-area to 

the nearest Jll.:tjor highway. It is assmned that this variable is negatively 

related to the attractiveness of a destination sub-area. As not.::d earlier 

in the literature revie-;.;, hibhway.s have become important locational 

attractions for industries since they make transportation more flexible, 

thus reducing the traditional ties of industries to city centres, and 

promote regionJ.l acct:ss. 

Variable 11 is access of a manufacturing sub-area to the Toronto 

International Airport. This Airport is located close to the Hestern 

border of Hetro Toronto in the Tv,.m of Hississauga.. The Airport has becom~ 

an inportant f<:ctor in the location of industries in certain parts of 

Metro Toronto, especj_ally in thot>e part.f.: which have direct major access 

to the .Airport •
1 

It is assurr:ed that a.cce~s of a destination sub~area to 

the Airport vill have a positive effect on the attractiveness of thA.t 

d6stination. 

Variable 12 is labour force potential, t.hat is a mt.!asure of 

accessibility of a manufacturjng sub-a:--ea to 1a.bcur f,')rce o It is assu.med 

th:;.~.t this variable j_s positiv8ly reh.ted to th<:) c>.ttractiveness of a dest:in2.tion 

sub-a:-:·ea. 

Variable Jj is air distance bet"rcen ;:m origin and a destination S\:b-

area anG it is assuro:ad to be neg<:1.tivaly .t'ele.ted to the attracti-1..-eness of 

a destination. 

1This fact is supported by th<: results of the survc.y conducted. 



The foree;oing assumptions are now summarized beloi-1. 

n:.easure of n:s.nu.facturin;;; diversification (positive), 

measure of n:anufacturing concentration (positive), 

cost of industrial l~nd P·?r acre (negative), 

absolute chant;e jn the cost of indnstrial land 
per acre over the past six years (negative),_ 

x
5 

relath·e change in the cost of industrial lnnd 
per acre over tr1e past. six years (negative), 

X,.. ind·.wt:c:La1 mill rat'J (negE~.tive ), 
0 

x
7 

a.bso1ute change in industrial mill rate over 
the past six year~• (negat:!.ve), 

X8 i.ndu~trJal h:,rrJro rt3.tC (negativt:•), 

x
9 

cost of il•dustrh.l water consn:mpt:.ic.n (nezat i ve), 

'io road distance to the, nearest m?.jor hi.ghwa.y 
( negn.t:i.ve), 

Y:n e.co:~s. to t[ce 'l'oronto Intsrnntional AirtY.:;rt 
( po~ntJ_VfJ) 

~ 2 me;J.sur·:~ o.f labour- force potential (positive), 

r
13 

air di:::>tDnc.::: b2tH~E:n. an origin .:~rd a def;tination 

sub-are~. (r!.'?.gativ-~) o 

The.'3E; thirteen vari.1blPs ars used in a rr.ultiple :cegr<3ss:Lcn an:i.1:/~:'ls 
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following chaptero · 

The Simulation Procedure 

The simulation procedure i.ll'rolves the following iterative steps 

(Figure 4)! 

1. A random routine (F:.ANDU) in used to sa:nple one plant (k) for 

lo~;if.ion from en:ong the total set of plants to be located (assigned) by the 

model. 'I'hese plcmts are exogenous to the model. Each plant is equally likely 

to be seleeted using this routine and a plant is selected only once in a 

particular simulation run (a simulati.on run is complete when no plant remains 

to be located, that is, when all the plc:.nts ha1re been successfully assigned). 

Once the plant is selecbd, the area in '1-rhich it is presently located 

becomes the origln (i) relative to i\'hich the attractiveness J.ev·-:.ls of 

possible de:stination SlJ.b-areas are :ieter.mineci. 

2. For this origin i, a proba1~ility :vector Pj (j:: 1, 7, ••• , n) 

is computed. Es.ch element pj of ttds v12ctor is the probability that. an:x: 

plant, ir:r.esp8ctive o.f its chare<ctex·:i.sti'::'.s, m:Lgrating from origin i will go 

to destination j, This probability p 4 depends upon the attractiveness of 
J 

j, givm1 i. This attract.ivene::;s in turn is a J ineP.r flmction of the lJ 

variat1e~ expJic:itJ.y co:l:Jide-rc:d in the study. 

3. The choice of a destitw.t:ion j in which to locate the sel.echJd 

plc•nt is sought. This is done using Mo.nts C.J.rJ.o sarr:pJ ing frc.m. a set o~ 

rand on: nu:1:bers r;::, ich a.re established consistent. with the prob.:-~bilit.y vactc-r 

P j as i11 ustr<?.ted i.n the follo•,rin.::r, hypcth·3tica1 ex~urm1e. 
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Figure 4: The SL~ulation Procedure 
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Destination 
Sub-area 

1 
2 
3 
~~ 
s 
• 

so 

Vector 

pj 

o021 
.052 
.034 . 
;003 
.012 

.012 

Sum = 1.00 

Random 
Number 

0-:?0 
21-72 
73-107 

108-110 
111-122 

• 

988-999 
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In the Honte Carlo sa..~ling} the destination sub-area which is 

selected is the one havine the generated random nuxr.ber. Using the 

hy-potf:etical example, if the ranclorr:. n'Jmber 74 is generated, then destination 

3 is tte one selected. 

4. 'l'he space requirement of the pl;;mt, being lvc<=.1ted, Hhich is 

determh1ed. according to its classifieatior. on a given set of 

characteristics, is checked aeai!'lst the vac::mt industrial space available 

or.Temaining at. the sel(Octed destination j. If the space required is 

equal .. to, or less than that available at the d:;)Jtination, the plant is 

assigned to the dest~~nation. Other-.rise, a ne·,; de3tination is selected 

by generating a new randoin rn:_r;:ber. The proc.sz;s ~o:1tinues until tJ-:.c pl<t.nt 

cl'<n be SlJcce~-::sful1y J.oca.t.ed. 

S. At the end of each su.cce.ssful assignment, chscks are carried 

out. to determine if all plants have t•een assigncod. The simul«tion run 

is co:-r.plete if this i5 the c;•sB& Ot.h<?n·:i.:se;) another plant is sampled 

for location from a.'llonG t.ho.se rem,3.:i.ning to be located, z.nd the lccation 

is determim,d as descrired J._n steps J to h above,. After each assi<;n:nent, 
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The Elements of the Model 

There are four sets of elements of the simulation model: measures 

of attractiveness of the different destinations (~. 1 s) ex-pressed 
. J 

relative to each given origin ( l); the set of probabiUties (p. 's) which 
J 

are dependent on g. 1 s; a measure of space required by a particular type 
J 

of plant (uk); and a measur<.-: of vacant industrial space available at 

each dest:inntion ( u.). These e1enRnts are discussed bel01',.r. 
J 

The it. 1 s are based on the attributes of destin9.tion sub-areas and 
J 

their distances to a.ny origin i under consideration. Synbo1ica11y, 

for a. e;iw~n i, each ele1~1ent (~ .. ) of the vector A .. 
1 

r:;ay be represented. as 
J " 

;., :::: a. 
J 

•• 0, arc Jr,e.s.surcs ·:>f the 3.ttributes of desti."lat:i.O!'l j. 

It i.s to be recaJ.Jed that x
13 

5.s the dist.:'Jlce variable:: be.h:e:en i and j. 

Tbe e]ernent ~. is to be defined a.s a linear fc.::lct5.on of t!·rese thirteen ya:cie.bJes., 
J 

The lin?ar. mddcl and -:.~alated o.s~m~:J.ptiom; ~re discusr:ed l;tf.l'r in t.he study,. 

The p. 1 s are the proba.bi.lit.:ies ass1g-nect to de3t:i.nat.ion sub-a.re~s j 
J 

for a E:"iven origin st.b~area l.. E:a.ch e len.ent n. exorc:n;ses the probability • J • -

th~lt ~~ type of plant migrating from origin i Hill go to destination j. 

\vr:ere the sub-area ~ ls also a possible de~;thiation.:> i=j. The probability 

p. ::"ts derived as a functio;1 of th8 a.ttcc;.ctivcnc:s:; of j given i_, that is to 
J 

S ?ecificalJ.y 1, 
n 

for a given . . . ""' ;- ·" 0 ..,... .... .,~......... .., ,.., .. ~ a :!! a 
~ .Lb ~ . .H .•. ' t· J' ·- ,· .. ::--. •• • " . J'"J.. J 

'l'he eler.::mt uk is the stsnd3:-:·d inclwotrial unit (Sllj) measere o.f 

the ar:to'Jn~~ of space required by a p<:,rticeJ.ar plant ko The SIU measure, 



as it will be sholAn in the next cha.pter,. 

The element u. is the SIU measure of vacant. industrial space 
J 
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{vacent l<md and vacant floor space) at destbat.ion j. By checking uk 

aL1?.inst u., it can be determined whether or not a particular plant k 
J 

can be accommodated at a selected destination j. 

In conclusion, this chapter is concerned with a general pre-

sentation of the model. The general framework for the model and the 

related assumptions have been discussed. In addition, th·:: simulat-ion 

proced·J.re and the elements of the rr.odel have been described. The next 

problem is to statistically est:lr.<>.te the inC:ividual elements of the model 

in the context of the study area. These estilnates are attempted in the 

next chapter. 



ESTU'l.ATING THE PR03ABILITIES AND 
THE SPACE CONSTRATINTS 

In this chapter, the eJements of th e mode l are E:stimated in a 

statj.st ic c. l se nse . The four elen;en:~s unde r consideration incltld8 the 

a. Is. tha p . Is, t he Q and t he u .. Before diSClj~j~<i.ng the e s tirn:ltes of 
.1 · J ~: J -

these e l ements , it i s pt::rti.n~nt to indicate the sot!.rces ·of da.t.a . 

Sources of D:.Jta 

These sour-;es an:! dis cusse d b P. l OH 6 

pub l:i<->h·3d. every o·t:.her year st~trting fr om 1958. The Directory is 'J S~~ d 

in Hany aspects of the data coJ.lect ione On8 !il3..}or use i s c o;npa.r-ison of 

inform.ati..on f or :i.nd:i_vidual r:wrl1.l.fact. ur ing e stablishments as con-:a:in;; d. :i.n 

th~~ •.rar·iotlS ed:Lt. i ons of the Dir e ctor y fr om 1958 to 1969 . F'rom th is 

in tr, is st.udy . The other t;..ro uses of t.hi.s source :i.J:~;lude: obt.:d.!1ing 

tf~e D3.~11S3 Of the top o fficiaJ.s cf the f'irr.;s to i.;hich qw~stio:mo:.ires 

we;:-8 nddressr:d. ; and ra.."1dom S 8:1~pl:ing of p1--=-n':.s <.tse :i in an;:;.J.y-s ing c-~rt:d.n 

aspe cts of t he study . 

71 
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of these a genc i e s i :nc lud.e the follmdng : 

a ) The various mu.nicipa.l i:iepartm~mts i n t he study a r ea . Th e se depo.:ct rtents 

p r ovide the data on such a spects as industrial h;,ldro rate . and inclustdal 

water rate , as -;.:e ll c-.s i11forrnat.ion re l at-;._ng t o zon i ng r esulations , 

building r e gulations and control of i ndustrial l and u.ses o 

b) The City of Toronto Planning Department 1,rhich supplies the da.ta 

on vacant i ndust r ial land and f l oor are a s in the CHy of Tor ont o o 

c ) Hetr o Toronto Planning Board which provides aeri a l phot o and land 

u se maps for the stu..-:ly area . 

d) r';ctro To r onto ,\ sssss;:lent. ~lepartrnent Hhich suppl::i.e s t he do.ta on 

i.ndustrial ni.Ll :r:c;.t cs for in r:J iv j duc;.J. municipe. l:Ltie ~:; on 2. ~r::~ar ly ba .si.;; . 

rnarmf<J.~ tt:. r:i n,:_;; e s ~a.b lisl:~"lt::nt.=, . 

e ) This co:r.:;5.ss :Lon -t-}, LJ v. t ..... 

This saurce of info1m~~i0n is u~cd f ~ ~ sup ol em2nt to the Scott's 

f ' ~) 

cen3~s tract b~sis . 

h ) Thl.·S 
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information on industrial purchases in the study area on a yearly basis o 

Tbe infornw.tion shmm for each property includas loca.tion, areal diJi:ensions, 

prices paid, sbte of use, the seller, the purchaser and certaiJl 

technical data. 

3. A survey of migrant· ' plants. The purpose of this survey is to 

obtain some inform~tion which is useful in obtairdng ar:;gregate measures of 

the factors explicitly co~"'lsidered in the study. For example-1 in measuring 

labour force po~ential, V<lriable x
12

, and the amount of space required 

by particula.r migrant plants at their new locations, the survey was found 

useful. In addition, the survey lends additional support to the importance 

of the aggreg2te factors su,~Gested by location theory. Hm-;ever, the scope 

of th:: survey as designed ext•mds beyond the inforl'tation that is <tctt:.aUy 

used in moasurinr; the vari~l·bles <1.nd the rcs1:lts exe summar:i zed in Ap:,: .. 2ndix 

B for the interasted reader. 

'Ybe survey is based on the n:5.grant plants observed i.n the study 

area :l.n the period 19:'~2-65. The p•.:riod represents 2n extension of the 

The u!:e of the period J.962-65 for the survey is to ensure that sufficient 

m.i.::'rant firY'!S •
1 

The rlecision to !11a.il th;:c; Q'Jestionnaire<> was infJ.uer.c,~d by 

1 
-·~rhe qt.:_estio!'Jnair.3.~; ~----srs ~~d ·;~~·;sect b:i nan:;; to t::.e ·~Jre::.iC.s:1t or thJ 

general rn~:u:.~-:::er of e.sch fi!'P'1~ ~~1 h.::; n~:1:c::s of these offi.r:;:i.t:":.Js were c~teL"1ed 

from the S-:(Jtt 1 s O~:t~u·io Dir'·:;;ctc:~·y of J.Ed~J::.try * F-acb questionnaire Zi1?j.V~d 
., ..... ~· .... ,., -.-..: -::~·;;·-:-3 -b~ ·-:-;-:: ~-~-:-;~:--::~.;··~~T:~.·t-;-:ri"l~.~-~~-=:-.. ::::::--:-:: ... d-- ~ ~::~ T f ~ , ..... ~,..,.1- A .:l ~-· .• , .• , ·"' -. '!""1!'7 .J .) 
r-~·~.0 a~· ... V;' .. pc.~.t1 ....... l Y (,.1. ~.t:;~,v~ ...... \,;_.i. -lt.1.~•.-.V ....... ~ ... ·~ ... v.J.\.JJ1 C.l~.t c; 0~:~ . .t... -·,,~'-- 1 .• 11'" ... vS.:._.(1 -:-\.:. .. · .. ..._ S1~:~:,.~?r:~U 

ei'i'"•./r-! lo}:,:) .. 
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other aspects of the data col1ection: for example, the collection of 

dd.ta and information from the agencies listed above. 

Altogether, 200 quest ionnairrJs were sent O'lt to these firms, including· 

a test sample of ten. The test sample showed a Fcsponse of 40 per cent, 

corrrpared with the overall response of 42.5 per cent (85 firms). 

H::jving not-r itidicrJ.ted the sources o.f data used, the statistical 

estimate of the individual elements of the model may be discussed. 

Heasures cf Attractiveness 

1\ • 
It should be recallEd that a.. l.S assup=•d to be a li:1ear fum~tion 

J 

of the thirteen var:l.ables listed in the last chapter. The assumed 
, 

directions of relc;.t:i_onsbip of thest: variablf:s have also been spellGd ot:.t .... 

'I he measurement of thes-3 vari<.J.1jlcs is discussed b<~ lrf..t. 

The Variableu 

The. measurement of the variable~; discussed here: is not an easJ ta'E;k. 

T•ro signific<:mt limit.::.tions should be born8 i.:1 j.Jind in e·~.<·alu~.tine trw 

technique and the be> sis of r:nasurinr,: son10 of t.h2se v2 ri;,.bles. First, 

direct data. are. not avd.lable in ell ca.cns. Therefore, secondary sou.rces 

have to b~! u::::ed to obtain Sl~rrog<:;.tes or to estirr.ate the variables i!"l q'.J.e.stion. 

Second, the dil'fic'.l1ty oi' :1:<:asuring certain of the va.riables in ten:1::;: of 

thw, r;wn<=:y, and energy must c:J .. so be borne in mind. In certain case;:;; a 

more ehbo:r·ate and detailed meen.:.re~ent not only wD.1 equal a full r<.::search 

ye<Jrs to cnrr:r out. 
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It is to be added at this jurJ.ctm·c that all the var]abJ.es are 

transgenera.ted. In this regard, the value assigned to each destination 

j on a..r1y variable is expressed as a percentage o:f the sum o:f that variable 

ovor all j destinations. The variables are listed i."l Appendices C and n. 

Manufacturin~ Diversificati_on and Panufacturing Goncentrat~~m (X1 and x2 ) 

As noted earlier, these variables are simple surrogates for 

manu:factm·:lng de"ve:lopment in a sub-area and, hence, the pc~tential of a 

sub-a.rea for offering eco:1omies through input-output relations or linkages o 

Such rela.tions have been direC;tly measured in other studies by meam; of 

input-o'.ltput coefficients, 1 Unlil(e these other studies, the present study 

is not concerned onJ.y Hith manufacbJr::i.ng linkages and car.not afford the 

time and. the rr;onsy \--Ih ic!1 the e la.borate input-output measure requires a 

The tHo surrogatf::s uncler consideration are obt::J.incd from a si:rnpl.:~ 

random sampling of mc;nuf-'3.cturing e3t&b1is1uts:rlts in the stu.J~r area. 'The 

sample size is l.tOO compe.red ;..;ith a. total population of approximately 5, 000.
2 

'fhe s:s.mple 25 ze that ~j_v,;c: a required aJn.(mnt of precisio::-\ or error c<,n 

be deter.m:in;c:::d w-herB a rnr.'nsu:re of a sam_!:Jle 1 s characteristlc is being 

2·rr~s list of r:~ :~t,q ~.-<'. i ~r~::1c·~rlt s 1.:.s8d i.s l_j·:)nt.r.~ :i ned 
of C-nt.:::.r1o Indr:.st.r-r. l96k-6.:; ;_;_nc 1966-67 .editions. -·-·--·--···· --------J<:..- . 
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Such a characteristic may be related to size, age,. cost or height and 

the measure involved may be,L·say, the mean or the standard deviation. 

Hm.rever, the sample "1-:hich is 1.mder consideration liere is not conc'erned 

with making such an inference. The main objective is the distribution 

of the observations in the ~;;:~Hple according to areal units. In the 

context of this objective, there is no formula for determining the 

sa.m.ple size that gives a desired precision. The sample size of 400, 

which represents rous;hly eit:ht per cent of the total populatiol'1;, is 

considered to be large enough for rn.aking a reliable esti.T!late.. Moreover, 

the sample size represents the point beyond v;hich repct:Ltions of random 

mm.bers are more frequently encount.8red. Thus to include more 

observations m_::1y make the sample less truly· random since an increasing 

number of sampled random m:mbers will come to be rejectedo It i.s 

for the reasons above that the sample size of 400 is used in esti.matir!g 

the surrogates under consideratio:J .• 

The degre~ of manufacturing concertrat..ion in a sr:.b~-area. is determined 

by the frequency of sample plants observed to locc.te in that sub-area.o 

'l'he degree of diversifieaticm for the s<::1ne <:,rea is determined by the total 

number of diffe:::-ent procucts prccluced by the observed sample establ:..shnents. 

--------··----- ·-·---·----------------· 
1 rohrt .,..., "'reund ~'od.::-~,.,., 1<'lor·"'"rt+~l''' <::tat·i"'tl·cs "'"'nl.!"1 -~d1"t1·o·1 t',.1 .r., e J.- ..._ !) l';. ··~;.I.. iJ. l..J ~ ~·· ... 1'-' V~- J U --U ' ) \..o . \.A C .1. j 

(Erlg.,,.roo~ CJ1"fr,s ~.re .. re_r_;-:;-r.~·-o.,.:;:;-;l-:;:-;-c-~·--w-a1·-l--.. I--n·~--lo6-7) p ?23 
I ~ __ ,-_.~., '...1.. . ' ~~ ,.W V ~ ~/CIIIi • .... ~.t,.., J.J ..... .......--..o.~o ........ ' -~J ·/ ' • - -0 
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f " 1 In th is r e ga.rd 1 a our digit 0IC c ode r epresents a t ype of product. 

Cos t of Industrial Land ( X3' Xi-! and x5) 

The dat a use d in computine t he cofi t of industrial h nd per nc re 

are the prices actual l y pa j.d for i nd ividua l purchase s of industrial l a nds, 

as containe d in the Tee la Narke t su r veys r e c ords for Ne tro Toront o. The se 

r.e cor b: o:n:. k<::i >L .for .::ach yea r an d t hey sho:·r f or e ach s a1e trans C~ c tJ.o n ~ t he 

a c r ea ;;e , t he price paid, the de. t e cf purche.se 1 t he terms of payJ1:e n t and 

s o~.e ot he r tech~1ical i nformatiou. 

To comput e t he c ost of indus t r i a l l and pe r a r;re at a g iven manu-

f .') c t urin::; sub-o.re a for a given time pc ri -~1 d , t he tot o~l va l ue of indust r ial 

l t>.nd pu r chase d j.n tha t sub-urea fo r t he g i vt;n pe r .1 od is divide d i nt o ti1e 

t ot a l · m ;_f:1 ':-;e r of ac r a s purch <J.s e d. lt.Jhe r e a s inzle t r ::.in s act. :i..on is cb ss r ved 

dur-hig t ho peri od i n ques t i on , a rYl i t is dis cove r e d t hat t he value :i nvolved is 

un n .: p r esent D.tive , a c or-rD d ed Y::t l 11e i s ohta ine d by Cl'OSS· ·che ckin g a gainst 

t he va l ues for a dj s.c<mt or cor±.iguocs nn.nul.'ac t urin g a re as vr ith s i milar· 

locat i ona l c; d v a n l.age , s uch cW Jyir:g on the .sa.1r,.:; r oo.d , cmd c>.r;a i.nst tr:~~ 1968 

r.ta. r ke t uric~ l i st· .91ppUed b:t the Het ro 'l'oront o Indu.st.:r i <!.l C•:>rTni c sion. In 

t his '~· 2y J the es t i mat e of c ost of l~J ~ld in t he !:w.m.:.f e<.cturi nt; sJ.b - arc a 

Ind.:._~0·r5 al ?<f2}l B.:_;_t~. (x6 and x7 ) 

The rnilJ. Te.t.e is t :- .s ra:~·.e p ayab1 c· pP. r $1, 000 of a sse :::s<:!d oro;::srty 

va 1u3 c>nd i t is es t il~at::::d by d ivid:i.:n~ t h e t o tRl exp~ r:.d iture r e qn 5.re d by a. 
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rnunic:i.pality into the asse;ssed value of lands and buildings in that mun.::l.-

cipality.. The required expenditure is the sum total of the various 

estimates of the muni~ipal local government departments. The mill rate 

which is applicable to busj.ness enterprises i.s called the commercial (industrial) 

mill rate (Table 2). 

In~~~-tz:~~-~-H~~~_£_~_P::.:-:t~~9_g_~_.:!E~~~tl:~~~-yat~-~-()~~~!:ion (x8 and x9 ) 

The industrial hydro rate (X
8

) is based on every k\•r of demand 

(Table 3), i.e., on evory 300 hours of de.rr.and. This basis of assessment 

applies to ever-J municipality in Ont.s.rio. Hm.rever, the WGJ.ter rate is much 

more co::nplex. There is no uniform structur·3 of a.ssessr~;ont. Be~ddes, the 

bi.lling dn.tes Yary for different mimlcipalities. For exampJ.e~ Scarborough 

and Etobicoke (and formE! I' NeH Toronto) have a monthly billing system, North 

York has a bi-monthly one, and Toronto and York, a qu.?..:ctcrly system. 

The industrial water variable (x
9

) is eJ\. ... pressed as the cost of one 

million gallons of industria.l Hater consumption. The use of this dGlWmin<~tor 

is m~e n•Jcessary :to take intc. acc:o1.:nt s.ll t.h6 poss::ble. v.:;.riations. 

in the rn.te structures of individual r,·,unic:ipal:\ t:i.es. L'1 addition, the 

representatives of utility comrr;issions -..;ere consulted to verify the range 

a fe"'d indu:::trie:; fell -.rithin th0 ran;:;e of the costs used in this st1::.dy 

(THblc 3). 



Ivlunicip<~lity 

City of 'roronto 
East York 
Etobicoke 
North York 
Scarborough 
York 
Forest Hill 
Leas ide 
Long Branch 
:Himico 
New Toronto 
Svransea 
Weston 

TABLE 2 

INDUSTRIAL lULL RATBSa FOE TIE THIRTEEN 
FOH.HER HUI;JICIPALITIE..Sb OF 
~TRO TORONTO 1962-67 

R a t e s 
--·----··---·--··------

1962 1963 l96L~ 1965 

68.25 71.97 76.55 81.85 
62.06 64.84 70.96 75.04 
57.41.. 59-70 6_3.46 66.51 
61.93 80.32 69.53 74.50 
69.37 71.96 77.08 80.11 
62.32 66.05 72,.24 75.58 
57-41 59.29 65.32 68.~h 
h7 •. 38 52.58 58.10 59.86 
57.44 59.70 66.34 70.67 
57 .l~h 59.70 63.59 66.86 
57.44 59.?0 60.10 66.27 
51,. 52 54.76 61.27 63.76 
58.85 62.84 66.L,l 70.20 
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1966 1967 

88.40 99.42 
78.L~6 88.20 
76.08 90.87~ 

80.32 92.09 
87.09 96.94 
81.75 95.23 
73.60 
62.18 • . 
80.40 . • 
76.41 
75.39 . . 
66.83 
72.86 

----- ~---·----

Average for Het.ro Toronto 59.37 63.34 66.99 70.7h 76.91 93.79 
------- --------------~·--

; 

a; per 4>1,000 of assessed property value 

b; the thi~teen municir-alities were a::r.algamate<i into six 
borou8hs in 1967; hence the rates for this year are 
given for the six boroughs only. 

Source: Hetro Toronto Assessment Depal~tmer.t. 



.Municipality 

City of Toronto 
North York 
Forest Hill 
East York 
Swansea 
York 
\11/eston 
Leas ide 
Scarborough 
Etobicoke 
New Toronto 
Mimi co 
Long Branch 

TABLE ,3 

INDUST.tUAL l-iYlJH.O rl.ATEa AND INDUST.tUAL 
WATER COST0 ACCORDING TO THE F0i1J.'1EH. 

MUNiCIPALITIES OF HETRO TORONTO 

Hydro 
cents 

3.25 
3.18 
2.82 
2.91 
3.27 
3.00 
3.18 
3.25 
3.?..7 
3.18 
2o9l 
2.73 
2.82 

a: per l kw. of demand 

R a t e 

b: for the first one million gallons of water used. 

Source: The Hydro Electric Power of Ontario, Annual Reports 
for the Years 1965 and 1966; and Data supplied by 
Municipal Departments. 
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Water 
$ 

329.50 
331.36 
400.00 
424.00 
362.50 
375.00 
375.00 
330.00 
350.10 
357.01 
300.00 
350.00 
252.60 
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junction at which it is possible to merge into a major highway. The 

following are re~arded as major highways for the purpose of measuring this 

variable: the Gardiner and the Spadina- Expressways, the Queen Elizabeth 

Way, the Don Valley, and the Highways 27, 400 and 401.] 

The concept of accessibility can be expressed in different forms: 

time,physical,, or road distanceo 2 In this study, the use of road 

distance is largely due to convenience. No superiority is necessarily 

implied for this measure compared with the other forms o Time distance for 

which data are not available may possibly be a more realistic measure of 

accessibility than road distance. 

Access to the Toronto International Airport (X11 ) 

This factor is measured as a binary by assigning a value of one to 

manufacturing sub-areas where the Airport is assumed to have a locational 

influence and a value of zero to the other sub-areas) The rationale for 

this approach has two explanations. First, the Airport is not mentioned 

in all manufacturing sub-areas as having locational influenceo Many of 

the migrant firms mentioning this factor as being important are those which 

have direct major highway access to the Airport. The second explanation 

1
These highways were selected after consultation with Metro Toronto 

Road Department officialso Spot checks were also conducted to determine 
accessibility to thre highHays through Mli'.jor ro,:;d arteries leading · 
to them· 

2Gunnar Olsson, "Distance and Human Interaction: A Migration 
Study", Geografiska Annaler, XLVII ( 1965), 3-43. 

3.rhis as-sumption is based on the field survey of migrant firms. 
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arises from the .fact that the influence·· of the Airport does not a.ppear to 

be re 1at.ed to sheer distance, s irlCe h;o firms located at equal distance from the 

Airport may express entirely opposed opbions as to the influence of the Air-

port on their locational selection~. Such differences in opinions • tend to 

reflect dif'ferences in the types of access route connecting them with the Air-

port. This consideration, perhaps, makes it unrealistic to express this vari-

able a.s a fuw;\-:i on of disLanee frorn the Airport. A1so, since the Ai rpo!'t is 

located outside the.study area, areal contiguity with the Airport cannot 

be used as an indicator of its influence. 

The labour force potential at a m;mufacturing sub-area is the sum of 

labour force in each census tra.ct Hithin a defined radius of the sub-area divided 

by the distance from the central point of marmfacturiJ:1g sections in the sub-area 

to the consus tract. The census tract is used because data are available at this 

level of spatial a2:gr2gation. }1athei'::atical1y, the relationship may be expessecl as 

where 

P. = ·.f_ L. D~~' 
J j_:::} 1 1,') 

P. is the hlbour force potent ia.l at sub-area 
J 

L. is th-::: l:Jbcur fm·ce. in cer1:3us tract 
J. 

D .. is a:i r dist."'nce beb·reen i and j, and 
1J 

i, 

j, 

n is the number o.f een~us tracts loc;:..:.tsd v,rit.hin the d<=d':1m:d radi1JS of' 

sub-rJrea. j. 

The labour force potent:ial h~ t.1n:.s a gravity potential forr'lulatl.on~ The 

conc<.:pt of grs.vity potential is so 1-ric!el:r <J.:i~>cus!::~ed and appl:i.ed in geogre.phic 

. . . ., . ,. . 1 
or pJ.am:::..ng l1tarat.ure tnat u. 1s ur:r,e(:t:ss.:n:-y t.o o.1scuss 1t here. 

1.F01'' ''•Y"''"')lr> SF><" G-,.,..~"d ~ p C-:•r'f•r·"hr.:.r~· ~~~n H~e"·o,...~c"'··L R· ~" .. "'"[of' tl1,P. ...... c, .. c • .~, .. t'~'-'J ........... Jt....-.!.J.J.• ·"·•"-'li .......... ~ut..,.., ..... •-·~' .H. ·--~-~:>t-- ..... .L . .:: ...... -t:w.l.. .... 'i • .;.. _ 

r}ra\'"it:v ?~)~/~:nt~~fll Cc·~-l~ept!:: ·.Jl ~.;\tnU::J! I.rrL~:;l"tr~~Li.c\tt,n ~.;~~-~---:~}-~t~ • ., 94·~102; ;1nd r.:! .L). 
Fi~1:r~;_..,is, l 1 i'<a!'>:~:"·~~ :?:~ c. ~~-~~et(jr 5n t.h~: T . .;:)GC! -- ::;._t. j_,_.)·(~ of In.du.~;t-r.;:, :~;_n t!'":c lJ:--·i -::;c 

s-~-2.tr? r;" :·\ .. \3 ~.?.:~~~~~-~~~~~Jn __ ::>.C .. _~ ::~2-~~-~ _:;_~~~?:::~~~~~!~!:~ .0:5~:2!_:2:~:_, IIJIV· { D·::: c & , 19 St , ?-'~_:; .._~;:~ e 
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Two probler~,s had to be solv~d before computing the labour force 

potential as described above. 

The first problem is the lack of labo11r force data for 1964 and 

1966, the years relative to each of which the la.bour force potential is 

1 measured. The labour force for these years is estimated on the basis 

of 1961 data. 

The 1966 data are estimated as follows: 

· 166 = (L61/P61, /·6 
i i i ,. i ' 

where 1~6 -· estimated labour force in census tract i in 1966, 
1 

1~1 labour force in census tract i in 1961., 
1 

P~1 population 15 years or over in census tract i in 1961, and 
1 

P~6 = population 15 yt:.ars or over in census tract i in 1966. 
1 

The 1964 labour force data are estirr.ated by interpoJ.ating the 

1961 and the estimated 1966 data. All estimates are m-:tde on the oasis 

of the census tracts defined in 1961. 

The second problem is to define a.;1 objective radius for each nm:·ufactu:r.-·-

ing sub,·orea within >.;hich the labour for~;:,; potential is computed.. F'rom 

the fi.eld surv>?.~', the ranges at which ffi."l_nuf::~ctllring firms draw 75 per cent 

of their permanent employe:os are obtained. These are compiled and 

analysed on the basis of four major regions :!..nto which the study area is 

divided. The regional grouping is nocessary to obtain sufficient nUliiber 

of ob;:;ervations for rcli;:;.ble estLnates sJ..nce each m.:Ulufacturing 

-------- ---.. ---·---
1 Th,; labour force da:.a fer these years arc not gathered by the 

Dorr,i.nion Bureau of Stat:i sties, Ottawa; correspondEmce with D .I ... R:l.lston,, 
Associate Director, Cf:m>us Di ·rision, Domi1.Lion Bcn·;::;;;u of Statistics, Clttaw:t. 
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sub-area contains few respondent firms. The grouping is based on 

similarities in the characteristics of manufacturing sub-areas such as 

age of industrial development and building structure on the one hand, 

1 
and on the broacl patterns of gecsraphic location on the other. For 

ex::tmp1e, region 1 contains the older ind;Jstrial sub-areas of the City 

of Toronto, East York, York and forRer 1-rirnico. The other regions are 

respectively the new industrial sub-areas of Etobicoke, North York 

{including former Leas ide) and Scarborough. 

Tab1e h summarizes the statistics for the four regions.. On the 

basis of these statistics, the median, which has the same Yalue as the 

mode in each region, i·s· used to d2termine th-e radhw. The radius definec! 

for each region is used in calculating the 1abour force potential of .o:ny 

The use of different catchment are<:Js in computing the labonr 

force potential me~,sure is rationalized by the fact that such differences 

tc~nd. to r·eflect the factcr of g·.~osrc:.pf"de sih:.ation. The f&ct that the 

catchr;:mt nn:a for regio;1 A is 3ma11er thBJl those of the other rzgio:1S nc::y 

reflect diffel~ences :i.rt densities of population and trti.ffic. For exarnpl0, 

LaV'.3~~: r.rtcl Ye:at2s .. (l970) sho.·r th<:\t the b:"ross residential gradit::nt density 

for· Hetro Toronto decl.in?c: with incn::.ss2.ng dist,;mce- frorn centre of 

Toronto althou~h there is a tendency for the central density to decline 

over time., as is apparent frorr the increa.:.dng concavity of the gradient 

1 -A ,. .. . . -} . ·1· ~ . . " 
.. .. .... t,.ou.r ot J.no_\~_::; ~~1:~f..t.,. ~:,..:)C ~~:to:--~~s ::':.. th~~ ~-~·tidy·· ~-re/·:~. }J0.s .. ,~~7':d--~~~-tf1.k:e.n 

tnree· c.a..ys ~ .. c onsc:rve ·Lne C-12"'-i 1-~:·,~-~,;.·: .. · .. ;~1.- char~P..cterlst.lcs or t.!~e ~n~~~l·~tr:.:..~tl 

b11il~in(:s s·\~Ch ns }· .. ?.1j~~..:- of f1uildi:::1::·=·s, n~T:T~:-:er of ~.l.ncr~ lev81.5;r a.r~ins 
conditio::J.s, etc. ~)82 al:~o t:~~rr nnr; Spolt, ~;cc!lO"'·ic Altlns of Cmt.ado 
( u~. p 2~~.~·t:~.c.~n L o.f ·~~· o. ~.c.3 ~-: }1.y·! Vr1~ v-,~~ rs 5.t;?' o:: 'TorCi1 ;;;-r~~9}·~~ ... 1~~~p--s-:-·- ._ .. ______ .. 

for 



1 
surfaces for different years. 
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Kenyon (1960) also shows that residential distribution of employees 

of a given plant is rela.ted to a) the pattern of settlement density, and 

b) the patterns of roads and highw~~ and that since a and b are inter- · 

r elated, a complex model emerges •2 Furthermore, he emphasizes that 

plants located outside city cores ·· tend to draw employees from a larger 

area than do city plants . The statistics provided in Table 4 confirm 

this observation. 

Distance Between Origin i and Destination j (x
13

) 

This variable is expressed by air distance between the centr al point 

of origin sub-area i and destination sub-area j . It is conceivable that 

distance can be expressed in other f orms : for example' road distance and 

time distance. 

The main, reason for using air distance has to do with the geometric 

patterns of roads in the study area . These patterns are such that relative 

distance betvreen pairs of locations in the study area can be fairly 

approximated to air distances . A detailed road map of Metro Toronto 

~obert F. Latham and Maurice H. Yeates, "Population Density 
Growth in Metropolitan Toront~• Geographical Analysis , 2 (April, 1970), 
2, 177-85 . 

2J. B. Kenyon, Industrial Localization and Metropolitan Growth: 
The Paterson-Passaic District . Ph . D. Thesis (Chicago: University of 
Chicago Press, 1960) , chapter VIII . 



Region 

A 
B 
c 
D 

Metro 
Toronto 

TABLE 4 

SUMNARY STATISTICS PERTAINING TO THE SEVENTY-FIVE 
PERCENT CATCHMJ:t.:NT RADIUS OF INDUSTRIAL EMPLOYEES 

Noo of 
Catchment Radius in Miles 

Observations 
Range Mode Median Average 

17 LS - 10 s s So74 
19 4.0 - 30 10 10 11.53 
18 4oO - 20 10 10 llol7 
19 3o0 - 20 10 10 10o26 

73 LS - 30 10 10 
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Note:- Region A: industrial areas of the City of Toronto; East York 
excluding former Leaside; York and former Mimico, 

Region B: industrial areas of Etobicoke excluding former Mimico, 

Region C: industrial areas of North York and former Leaside, 

Region D: industrial areas of Scarborougho 

Source: Based on tht questionnaire, Appendix A. 

will reveal not only a thick net-work of an east-west and south-north 

grided system, but also a grea.t number of streets and major roads which 

are superimposed upon the system diagonally. These include, for example, 

certain sections of Dundas Street West, Weston Road, Hi~ht·my Ltol, Don 

Valley Parkway, and 0 1Connor Drive; and Kingston, Albion and Danforth 

Roadso 

The thick network of streets and major roads also implies greater 



87 

flexibility ir1 travel patterns.~ especially of Horkers. On this premise, 

it can be argued that air distance can be a more objective measure of 

relative distances in the study area thar, a meAsure conf:i.ned to selected 

routes. Table 5 sho:,rs that observed frequencies o.f plant migr&t ion 

generally decrease as air distance increases. 

TABLE 5 

OBSERVED FREQUENCIES· OF PLANT MIGRATION AND AIR DISTANCE MOVED 

Distance in Miles 

2.000 cr~ 1~8ss 

2 .COl - 4.000 
4.001 - 6.000 
6.cxn - B.ooo 
8.001 -10.000 

10.001 -12.000 
12.001 -lh.OOO 
14.00J. -16.000 
16 .. 001 -18.000 

.. TOTAL: 

Source: 

Frequencies 

--·--------~----·----------

1962-·63 

31 
14 
15 
22 
h 
4 
0 
0 
1 

97 

1964-65 

28 
21 
20 
16 

9 
4 
2 
3 
0 

103 

1962-65 

65 
35 
35 
38 
13 
8 
2 
3 
1 

200 
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The Multiple Regression Anc.lysis 

The combination of the thirteen variables discussed above is 

set up as a multiple linear regrBssion model, that is, for any given 

origin (i), the attractiveness of a destination ( j) as measured by the 

1\ 
element a . is given ·as 

J 
II 
aj = a + blXlj + b2X2j + ••• + bl}l3j 

The regression analysis is nJcessary to determine the parameters of the 

model, that is, the constant term a and the paran<eters b. Each pa.ran~ater 

b measures the change in the dependent variable resulting from a unit 

increase in the respective :inciependen·::. variable when the other independent 

variables a.re held statistica.lly consta."1t. In the example of the 

regression mode}. under consideration, the depcmdent variable is given by 

~ j. The · ..::ho.nge in the dependent variable co.uscd by a unit increase in c;.n 

independent variable may be pcsitive or negative dependlr1g upon the 

dir·3cti(m of the relationship of that ir;ldependent variable 9 Thus the 

parameter b allcn.rs the assu.rnsd direction of re ::.at.i.onship of any independent 

v.s.riable to be verified with regard to a dependent variable under con~· 

sideration. However, the r•Jlation::;hip e::x.hibitcd by a paral'1eter b in 

a muJtipl<:: regr<.~ssion m0del m2y r;ot n~c0ssari ly be the Gane. when the 

relation:old.p is consider'8d in a s:!np}s reg:'essicn nodel or a s:L!np1e cor-. 

relation analysis., An:;;ther usef\;lness of the [Kl.ra!llf-lter b is thc.,.-t:. it 

~£~1lm-rs the stat:ic:;t.:ical si.e;r:ificnnee of correspondin~ indcpcnd<.mt 

Before c•.~nsidsd.r1~ th:::~ m'.tltipld li.ner:J.r regression mode1J it is to 

b ] 1 d tt.. t ,.. . th .. ·"'·· e rec-2 ..... e 11a · a . l~:> -
,J 

j for 
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a given origin i. This is an abstract measure for which it is necessary 

to substitute an observable fact. An observable f~ct which can be used 

to repla.ce ~. is E'. ( i), that is, the number of plants observed to migrate 
J J 

from origin i to j for a given period of time. To consider plant Inigrations 

in relation to each origin i in the context of the regression ana~~s-~s 

under consideration raises the problem that the regression estima;tes may 

have to be made as many times as there are origins. This is not considered 

a logical and valid procedure for three reasons. 

First, in the context of this study, such estimates may not be 

reliable beccmse of very few observed cases of mic;ration fron each particulctr 

origin i, in most cases, one or bro. This mea.I1S that for most of the 

destina.tions, F. ( i) would be zero. Second, r.a"ly estima.t8s of the same 
.J 

parameter would e>.mount t.:> an ::i.ndetermina.te solution c:ince there is no 

-..ray of telling 't·Ihich of the estimates is the best one to use. To take 

the average of the estimat~s may also be &n u.,nusual procedure in a 

regression analysis. Lastly, the expbna.tor~r variables, with the exception 

of origin-dest:i.nation distance, do not vary ~orith origins. It thus appGars 

that the solution may be simplified by performing a single regression 

analysis if pla..r1t mi~'rations to destination j are considered in relation 

to all origins ant:: an averc.gB estim8.te substituted for the distance 

variable (x13 ). 

This procedure is w:;ed in the an<?.lys:::.s. The variable F., that 
J -

is, the tot2l numb~r of migr:mt phnts located at j from all origin3 

for a given perj_od of ti:ne, is treatec.l as ~he dc.rpendent variable., 

The dista.nce variabie is cons.ide:ced as the a.vere.ge estbmte of 



distance move:d by plants migrated to a destination j (D.). This 
J 

estimate is obtained as: 

Dj = ( f D .. )/n, 
i=l l.J 
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where D .. is the distance moved by a plant from i to j and n is the number 
1J 

of plants migrated from all origins to j. 

Before exa!'l.ining the results of the regression analysis, it is 

pertinent to cliscuss one other point. This is the question of the 

assumption of linca.rity. A multiple linear regression model is based 

on the assumption that there is linear relationship between the variables .. 

This ,l_ssumption is verified in this ana1ys1~ by examining the plots of 

the residuals against. each of the ir..put variables including the 

dependent variable •1 If the plot shor.-rs any form of systelT'.atic variation 

·0~ relatior1shlp (for example, curvilinear) with a variable, it could 

indicate the need for extra. term;, in the rnodel, the need for weighted 

least squares or error in the calcalation such as not removing 

linear effect of .X:.. These. systematic forms of variation and the 
J 

1 t , t. d. d "\:. ..., ' " . J" '( 1966') 2 re a ea correc lons are lSCU3Se . uy uraper 2!!Q 0m10n , • 

--------·-·----
1 
In this conr.ect:ion, see B,t.ill02R Program, H.J. Dixon (ed.), 

Publica.t ions in Automat ~~ .. S>:::m:-mt~.t~£!2 ( U.':1 ive:rs i ty of California, 1968), 
233-~4. 

2N. R. Drcper .snd H. Smith, .Appl-i.ed Regression Ana.lysis (!~eH YO!'k: 
John "t-!iley and Sors, Inc., 1966), pp.--··9·0-2-.. ----.. -----
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In the present analysis, an examination of the residual plots .. does 

not appear to reveal pronounced abnormality, particularly curvilinea.rity. 

It is thus assumed that the linearity assumption is not seriously violated. 

The multiple regression analysis under consideration is performed 

using data for the period 1964-65. It is to be recalled that data for this 

period are used for establishing the parameters which are later in

corporated in the operation of the simulation model for the period, 1966-67 •. 

The overall results of 1he analysis are shown below in Tables 6 and 7. 

These results are discussed below. 

The simple correlation coefficients among the variables are shown 

in Table 6. Two questions are discussed in relation to these coefficients: 

relationships between the dependent and the independent variables in the 

light of the assumptions stated earlier and relationships among the 

independent variables. 

Concerning the first question, the assumptions of directions of 

relationship are verified in a large number of cases, specifically in 

nLne out of the thirteen variables: X
2

, x4, x5, x
7
, X

9
, x10, X11, X12 . and 

How-x
13

• The assumptions are not verified in the remaining four cases. 

ever, the simple correlation coefficients are generally low ranging 

from a low of .036 to a high of .410. Perhaps these lowcoefficients are 

not surprising having regard for the fact that 104 migrant plants and 50 sub

areas (observations) are involved in the analysis. 

The second question focuses on relationships a~ong the in

dependent variables. In this regard, the problem of multicollinearity is 

to be examined since this is important to the model being rleveloped in this 

study. Multicollinearity is the "name given to the general problem 



TABm ·6 

Hfi.'I'RIX OF SI!V:PLS CORRr<:L.\TION COEFFICIENTS BETvEEN THE VARIJ\BLES 

Independent Variables Dependent 
-Variable 

y x2 v xli x,., v x7 xs x9 x1o X~l x12 xl3 ""l ./' •. ":! -~6 -· ~ 
J.._ 

X-, :L.ooo 

X,.. • ?.8? 1.000 
~ 

, .?09 .417 1.000 lo.,.J 
-' 

XI. ~009 o ... --0 {.) '~L!l2 1.000 Based on data 
j_ ~· 

for 196h-65 
·jr 
·r:' -.093 -.226 -.271 .)~9 1.000 

) 

N = 50 
X,: .,0])3 .O?tS .361~ - .. 107 ~.100 J. .. ooo 

Y..7 .l'fl_L .166 .382 .1B7 .o66 oJ.i82 1.000 

x., ..-.1 \ 
• I..)} ~L.t 

;_, 
olh7 -.0?9 -.297 -.291 .oS6 -. 205 1.000 

v -.141 -elJB -.297 .114 .253 -.299 .073 -.337 1.000 .i :··j 

7 

x1o ·- .. 078 -.?Olr -.077 .11)_~ o269 .209 .?71 .030 .116 1.000 

x,.l .083 -.010 -.340 -.lAB .Oh5 -.521 -.260 -.230 -.024 -.193 1.000 
.L..L 

)~ ]_~~ .oe6 .1eo .. 716 eJU).+ -.375 .217 .271 ,.02L -s279 .146 -.236 1.000 
\0 

X1:1 -.102 -.226 -.h20 -~054 .31~3 .. oo6 -.132 .177 -.06h .034 -.0.36 - .. L~46 1 .. 000 
1\.) 

Dcp .. 'l:::.r·. -olilO .,!!10 .086 -.,123 -.28h .16h - .. 176 .. o36 -.291 -.3oL .118 .173 -.231 1.000 

----·--··-~--- ----- -------- ·-------
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which arises when some or all of the explanatory variables in a relation 

are so highly correlated one with another that it becomes very difficult, 

if not impossible, to disentangle their influences and to obtain a 

reasonably precise estimate of their relative effects"·· (.Johnston, 1960) •
1 

Blalock ( 1963) explains that "whenever, the c<rrelation between two or 

more independent variables is high, the sampling error of the partial 

slopes and partial correlations will be quite large". 2 

The point that is not clarified· by the statements above is how 

hir,h should a correlation be before multicollinearity becomes serious. 

If one were to assume a correlation coefficient. of .5 or higher, then, there 

are few cases of multicollinearity in the analysis under considera~ion (Table 6). 

These examples are the correlation coefficients between variables 3 and 

12 (.716), hand 5 (.5h9), and 6 and 11 (-.521). These coefficients 

yield simple coefficients of determination ( r 2). of .513, .301 

and .271 respectively. 

It thus appears that multicollinearity does not pose a serious 

problem in this study and it is good judgement to retain all of the 

independent variables. This approach can'be rationalized on three important 

grounds. 

First, to make an "equation useful for predictive purposes we should 

want our model to include as many X1 s as possible so that reliable fitted 

values can be determined" (Draper and Smith, 1966)} In a related vein, 

1J. Johnston, Econometric Methods (New York: McGraw Hill Book 
Company, 1960), p. 201. 

2H. M. Blalock, Jr., "Correlated Independent Variables: The problem 
of Multicollinearitt', Social Forces, h2 (1963), 233-37. 

)Draper and Smith, op. cit., p. 163. 



Swa.my ( 1970)] argues that 1lt is unlikely that interjndiV'idual di.f.ferences · 

observed in a cross section sample can be explained by a simple regression 

equation with a few independent variables. In such situations, the 

co,."Jfficient vector of a regression model can be treated as random to account 

for interindi.vidual heterogeneityn (see also Klein, 19)3). 2 

Secon'ct, as argued by .Johnston (1960) 3 and Christ (1966),h inter-

correlation of explanatory variables is not a serious issue in a model 

designed for .forecasting provided the relationships a~Uong the variables mc..y 

reasonably be expected to continue in the future. This argl..U!:·:mt, in .fact, 

illustrates the basic approach and assu..rnption of the present studyo 

Third, a number of econometricians have not regarded multicollinearity 

as all that a serious problem :in model building. Thus Haavelmo (1950) has 

jn fact argued that the estimate of ·~· 2 is not j_mpaired by the feet that 

the indep~mdent variables a!"e highly correlated. 5 Johnston ( 1960) has also 

noted: "If multicollinearity is seriouz, in the sense that estimated 

pa'!'roL1teiers have a.n unsatisfactory lo;.; dc;;rec of precision, ;re are· in the 

statistical pordticm of not beir:g a'bJ.e to make br5.cks vrithout strar1~1 
.. 
6 

2r R 't~l · A ·;~""'tb · ,,. ., E -,., ····pt ; ~ (E t '• • r.~CJ.n, __ ,._, CC.r .. 0 •. JCU •• O, __ , .r_cs ,vans on: 
and Co., 1953), 216-lg;--··----------· .. ----... 

Rc;,.r, Petersen 

3J J • + · t "r-· . • onns _,on, ~E.!_~~., p ~ 'i.J t. 

" -c. F. Christ, Ecor.c:-;e:,r:ic :1-iod::!ls and He+:.hod.s (Ne~r Ycrk: Jor:n i:ll.1ey 
c..nd Sons, Inc., 1966), p-~-38"9·~--.. -------------

"" ::;""1 u ,., ...... nn..,. ~ .1 •. ~ p .,_,..,,,_"'. f'l <>·~ A l··c"e.., d T+ ''~··· l·n .. r.8.aVt:::.l.!,:')J ::lA.rrld.l.:.'-' On .·rl,,., ,, vC,TI .. Uv;1..e na ~YwJ.v "''n c .;..vS •Jvt:- ~ 

Econo:::otri.c.s 1!, in T. Koo"Jma.r.s ( ed~), Stat:Lstic;:~J. II1.ference i.n Dvna:d.c Ecorwr:ie 
f' ,,....1::)., 1\" ... ,r \.,.rl~-. • '"" :~r~ c~"' ...... .,. .... 4 C"f ;. <:.:: .. -r;-~ ... ·~·~---·~rz--;:?"?~~~--,.;:::·~"-··'""";~----~r ..... , .... ~ ... ~;..u··~ .. :5::-( ... ---... ~ .. --.-~ ..... -----t~.:::.::..:': (IlE •. " .... k. ~To,.n ~~~.L=.:r ,.,,,_, u:.J .. J. 1 J_lc~, .l.t_.~v;; _.Laptt!r \., p .... J. 

6 ' 
J •. Johm•ton_. :~?~~~~-·~ r.. 20'? .. 



Finally, tr.e co:mments by Christ (1966) may be added to the above: 

There is a strong ten1ptAtion to use equations 
whose independent vari~.b1es ·are not highly correlated, 
even 1orhen th:is c:neans excluding from an equation a 
theoretically plausible varia.ble just because that 
variable i.s highly co!'related with the other 
included independent variables. Presumably, there 
is some critical subjective rate of exhange, 
so to spec>..k, between the tHO 11 goods," l~·T cor
relation among explanatO!"'.f vari.ables, ~and • 
i11clusion of an explanato:ry va:riable if we 
have some confidence in its relevance ••• 
This rate of exchange of course will depend 
on the purpose at hand, and perhans even on 
th3 tflstes of the decision lila.ker) 
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The results of the regression analysis as sho.-m in Table 7 may now 

be examined. One as])ect of the results is related to the question of the 

negative . <:md the po~itive effects of the i."'ldependent variables on the 

attractivcn~ss of de:;tin.:.tion ::::ub-.:>,1'83. j relative to a given C!'igin i a~1 

rcveu.1ed by the partial l'egression co,:;fficients (Colo 2) ~ The ana1ysis 

supp~>rts seven of the thirteen assun:ptions, compared with nine in the sjnple 

correlation case. The seven variable.s verified as x2 , Yy x5, x8: x
9

, 

It n:ay be rr.entioned that for six c·f the thirteen var:i.a.bles, the 

djreetions of relativn~;h.ip c.:--e :re'ie1:~sed iv~tml their respective partial 

!'<):;ression coefficients ard sirn.ple cor!".O!l&.tion cc:,efficienLs are CClCipared .. 

'I'hE! ~ix v2.riaole~.> coneerrled are X_, X X · x · x · d x 
3 · 4' · 7 ' 8 ' 11 an J 2 • 

Anot.h8r L!!90l'tant asp<Jct of tt:e results of the regression <:;.n~~lysis 

is the relativ-e ir;:port.ance a~od t?:e stBt.ist icrtl. sign:i.fi.canc.c of th.e inde1=·';~ndent 

variables. C!n the b:. s:ie of the s t.~.nd~1.rd :re.:_~r<..:sslc:n coe.fficier/.;,s (col, 4), 

the !l'.ost ipportnr.t variablsf; in a d:-::clh;ing order an:! 

\ F Ct . + '• • ll~~t,Suj 



TABLE 7 

RESULTS OF THE REGRESSION ANALYSIS 

Independent Regression Standard Standard 
Variable Coefficient Error Regression 

Coeffichmt 

-··------

xlj -0.14780 0.13280 -Ool4803 

x2j Oo2h78)~ 0.08464 Oo45833 

x3j -0.15780 Oo3216l -Ool384h 

x4j o.o4816 0.?6932 0.04784 

x5j -Ooll280 Oo32331 -Oo09)18 

x6j Oo89141 lo60919 0.10107 

x7j L 78297 o. 710()(3 0.41213 

x8j -1.31894 2.91046 -0.0781t8 

x9j -1.41794 0.67383 -0.36980 

x10j -0.46069 0.18387 -Ooh0089 

xllj -0.00686 0.09?06 -0.01354 

xl2j -0.56371 Oo43545 -0.13401 

D. -0.01346 o.oo66o -0.32667 
J 

Note: constant term a = 8.51969, 
multiple correlation coefficient = .66, 
multiple coefficient of determination = o436, 
standard error of the estimate = 1.25324, 
No.of observations = 50, 
total number of variables = 14, 
degrees of freedom for t test = 36, 
critical t value at the .• o5 level == 2.03, 
~f-: significant at the .OS level. . 

Source: Author's Analysis~ 
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Computed 
t-value 

-1.11299 

2 o92812-:: 

-O.L~9064 

0.17883 

-Oo34888 

0.55395 

2 .)0811-:~ 

-0.45317 

-2 .10L31-1:-

-2 .)055J-:~ 

-0.07452 

-1..29453 

-2 .OttOOO>'~ 



a) measure of manufacturinr, concentration (X 2), 

b) Rbsolute change in industrial mill rate over 
the past six years (X

7
), 1 

c) roa.d distance to the nearest major highl-ray (x10) 

d) cost of one million gallons of industrial water 
consumption (x9), and 

e) average distance moved by plants located to j (x13 ). 
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Using the t-statistic (col. 5), these five variables are found to be 

statistically significant at the .05 level. 

In ~eneral, the five variables demonstrate the importance of 

industrial development (measured by level of concentration), property and 

business taxes, proximity to highway and proximity to origin in the 

plant site selection of a migrant firm. 

The remaining eight variables, in their declining order of relative 

importance,.are xl, x3, xl2' x6' x5, x8' x4 and xll" 

All of the thirteen variables yield a multiple correlation 

coefficient of .66 which is significant at the .05 level. Nevertheless, 

the percentage of ~he total variance explained is relatively low. This 

may be due partly to the fact that the space constraint factor has not been 

taken into consideration and partly to chance fact.0rs. The simubtion 

procedure allows the space constraint facto!'.and the chance.elements 

to be handled in an explicit manner ... . . 
The thirteen variables are used in estimating the element '\.. The 

J 

regressjon coefficients derived from the regression analysis allow these 

thirteen variables to be weighted according to their true effects in the 

simulation model* 

1 
Contrary to the assumption, the regression coefficient for this 

variable is negative. 
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Thus, for any given origin i, the elem.ent ~. is finally estj_rr:ated 
J 

as a lir1ear function of the t.h irteen independent variables, that, is, 

where a ~ 8.Sl9t9. It should be recalled that in this estir.mte, x
13 

the distance varia.ble between j and the origin i under consideration 

is 

although the esUmate of the pare;.meter b corresponding to this variable is 

based on the average distance moved 'oy plants located to destination j 

.from all origins .. 

It is conceivable that the elerr.ent ~j as defined can be· negative. 

Hcrvrever, this situation very rarely occurs in the present stuc!y.. Thi.s is 

due to the large posit,ive value of the constant term a and the small VT\lues 

of the (negative) regression coeffichmts o However, ~There the problem of 

ncga.tive ~j arises, it is easily handled by equating ~j to zero; this 

means that the sub-area j con:;ern9d h3.S no attractiveness to tl~e origin 

i under considera.tion., 

The Probabilities 

The elements p. are t!-1e p:cobabi1itie:> assigned to individual j 
J 

destln.etions for a given oricin L E:?.ch p. -exprest>es thE· probability that 
J 

a.ny t;y-pe of iJldustr:Lal plant m::!.gre:t.ing from i lriJ.l go to J. Sin0e it is 

of j giv.e'!l i, p j i;:-; d:::ori.v.;;d as.: 

~ / n , ... p = a. ;L a. 
j J J~l J. 

" 8..' J 

~Jhere th<:~:re are n cbsti.nations and sincB p. 
J 

t.hai:. is, tha 

, --· ~ . 
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It is conceivable that there a.re other procedures for 

estimating probabilities. For example, probabilities can be estimated 

strictly on the basis of frequencies vrithout any reference to 

other variables. In the context of this study, such frequencies 

would be given by observed plant migrations. Thus_, for any given origin 

i, the probability pj can be esti..-nated as: 

pj. = F ./~ F . , 
J ; . J 

u 

where F j is the freq'Jencies of plant migration from origin i to 

destin.;.tion j. This procedure is not used in the present study 

because of the concern for testing the adequacy of certain geoGrap:1ic 

hypotheses in predicting intra-arl;a.n plant site selection as alreac1.y 

discussed in chapter III. These hypotheses are assumed to at least 

reflect some aspects of location th2ory. 

It must te added that the problem of fe\<r plant migrations 

which are observed from each origin prevents any relia.ble estimate 

of probabilities based on such migrat5.on. data. NAvertheloss, 

the origin and the destination oi ec:.ch migr;mt plant observed for 

the present study are listed in AppenrJ.ix E to allow s.n i;"1terested 

reader to work out such probabilities if desiredo If the probabilities 

based on ITligration date. are compared wEh those based on the attributes 

of destin.ations a.nd the distai!ce variable fo:c any given crigi.;, i, 

the fo:r;;:er will shc;·i rc;;:,.ny zsro ~,alues while the latter will contain 

no or ver-<J fer.-: zeros. 



100 

The Constraints 

The element uk in the simulation. model is the SIU measure of the 

space requirement level of a particular 1nigrant plant (k). It :i.s assumed 
. 

in the model that uk depcr.da upon the characteristic3 o.f each :individual 

plant. 'I'he procedure uGed in estimating uk' therefore is to 1) use h;o 

characteristics to sumrr1a.rize plant characteristics,. and 2) use these SUllllnary 

dP:trac:i..t::d.f;Lics in a, classificatory basis for o~tain:ing the space 

requirement of any given plant k. 

The two su.nur.ary characteristics used are the stt.ndard industrial 

classification (SIC)-· see Appendix F :"'and .the total nuJTtber of.employees (EHTOI').-

To a large degree, the distribution of the observed m:lgrant plants 

aecording to each of the tHo SLJmmAry characteristics is related to the 

composition of manufacturing plants in the study area~ Hith regard to SIC, 

for example, tr1ere is a sif:nificant correlation (. 79) betHeen the distribution 

of observed migrant ple>,nts in the period 1962-65 and t'he di.st!·ibut:ion of 

pl2.nts in the study area in 196h Q TheE'C distrib,)tions are based on the SIC 

at the tHo d:igit. leveL The d5.stribution of plants in the study area ::.s based 

on a r2ndom ~ample dra<m from th8 list of edar):.ishment.s in the 196/~-65 

edition of the s,..::ott 1 s Ontario Dir<)ctory of Indl,st:r.y. T!l.is list contD.i...'1S 

over 4~:;'00 n;;l"1.e3 of 

-------------------·-----·---··- ----·----.. · .. -·---·--·--·---·--------~-------
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The similarity in the distribution of the observed migrant plants 

illustra.ted in Table 8. In both cases, the proportions of total plants 

decline as the number of employees increases. However, in the case of migrant 

plants, the proportions are higher for large plants, employing 100 or more 

persons, than in the case of the randomly sampled plants. 

The element ~ is determined for any given plant k on the basis of 

its classificat~on as defined by the SIC and EMTOT characteristics. 

The SIU measure of uk assigned to each classified group (Table 9) is 

ohtained as the avera.ge amount of space occupied by observed plants belonging 

to that group. The infoi'l11Gi.tion used is based on the space utilization at 

1 the new destinations of migrant plants in the study area in recent years. 

As illustrated in table 9, there are ten SIC groups compared with four 

EHTOT groups. Because of few observations in some of the major SIC groups, 

it is necessary to combine such groups with other groups. Thus, for example, 

SIC major groups 22 and 23 are combined into the same group, 24 and 25 into 

another group, etco Some consideration is given to similarities in product 

types in arriving at these combinations. The four EMTOT groups are defined on 

the basis of arbitrarily assigned ranges of employees. Nevertheless, it is 

assumed that the chosen ranges make some realistic distinction between small, 

medium and large plantso Altogether, there are forty classified groups of 

plants as determined by ten SIC and four EMTOT groupso 

The estimate of element uj against which ~ is compared in the simulation 

procedure may now be discussed. The element uj is the SIU measure of the 

1sources of information include field survey o:f' migrant : ;Jlants, Metro 
Toronto Assessment Department, and Metro Toronto Industrial Commission 
District News Letters. 



TABLE 8 

PERCENTAGE PROPORTIONS OF OBSe:RVED }liGRANT 
P1ANTS AND RANDOMLY SAMPLED PLANTS ACCORDING 

TO SIZE OF EMPLOYMENT 
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Number of Employees Proportion 

1 - )~9 
so - 99 

100 -199 
over 199 

Observed Relocated 
Plants 

67.01 
lS.h6 

9o28 
8.25 

Random Sample 
Plants 

70.80 
20.35 
5.31 
5o5U 

Total frequencies 200 400 

source of information: Scott's Ontario Directory of Industry. 

SIC 

20 
22, 23 
24, 25 
26, 27 
28, lO, 
~....,- 33 . ~' 

3)~ 
35 

36, 37, 
39 

31 

38 

TABLF. 9 

SIU MEASURE OF uk ACCORDING TO CLASSIFIED 

GROUPS 

E M T 0 T 

1 - 49 50 - 99 100 - 199 

6.6 11.0 14 .. o 
3.0 4.4 s.o 
s.o 8.0 10.2 
2.0 8.,2 12.6 
h.l.~ 9 .)+ 1)+.0 
3.2 6.0 11.2 
3.h 4 .. 2 10.0 
5.4 6.0 7.1 
2.2 6.h ll.t .• 2 
lo2 s.o s.o 

Over 199 

20.0 
12.9 
13.h 
18.h 
18.0 
15.1+ 
16.0 
9.6 

19.0 
12.3 

Source of informetion: Metro Toronto Assessment Department; 
Metro Toronto Industrial Co~~ission 
District News Letters; and Field Survey. 
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amount of va.cant industrial space at a destination sub-aren j at a given 

point in time. It is being assumed that this element acts as a constraint in 

the sense that a plant cannot be located to j if uj is less than uk. 

The measurement of industrial vacc;ncy in an area such as Hetro 

Toronto is a very formidabJ.e task. For example,., some Municipal governments in 

this area hc;ve spent many years and a large Slll11 of mor.ey attempting to measure 

a.nd cJa.ssify :industrJ.al space uses in their respective loeal are.:ls; so far, 

only the City of Toronto has successfully stor:::d such inforrr.ation in an 

accessible and usable form. In the presont study, the amount of va.cant .i..'1-

dustrial space estimated to be available to migrant firms at each destinatLm 

sub-area j in the test period 1966-67 is based upon seven ite!TlS of data. 

a) floor arE:a aquivalence of vac;:mt servics-d industrial Jany 
as deterr:dned :'rom air photo=- and re J.ated land use maps.
The floor area equivaJ.enr:e is cetermincd by considerL."lg the 
the ratj_o of land area to industrial floor areD. permitted 
at the incLivir}.J;;l dest.inaLioc sub·-areao.2 .. 

b) industrial f1ocr space vacr>tcd during the period 1966-67. 
Such V2C!-ltion :i.s the result of either migration or the final 
c:J..osing dot:n of a plan.t's OpDre:.t:ion .• Since it is impossib1r:, to 
ohtain the releva.nt fi~t1res foi~ a1J. plants w-hich vacated 
their floor areas, a general basis for estimate is 
cbtain"!d by coJ::puting from 2V<'.\ila:b1e ir1forr:at~o;! the 
a.verag~ flom· :::o?..c·.'l usc of a pl<:<nt giv3n its classification on 
a. t~-;c dir1ensional basis a.s defined by tl1e ten SIC and tJ:..<:> four 
EHTOT grou:)s d3.:>cussed above. This general basis is shm.;r. in 
1'ah1e 10. 

------------·-··-·----·------·· 
\oeb;ood survey Corporation Ltdo J Aer-ial ?hoto(;raph cf I·letr-opolitan 

"1'o~o~~o ··c-~-,. J ll·nch ~o 2 fJ.r• f',,e ... (mlor·)r.co· Aylrl"l ,GI6C:). and 
..4,. .:.1 v ' 0 c.-'· t. • ·~ . . .. J. v , . __._ \,.~ .,!.. v ~ L. \ c 1 '-' • 1'\. .t ' -L.. __) ~ ' .. -

Hunicip1.lity of Fet:copolitan Toront,), Exi.sting l.;>nd Use, 1~66, P1a te 1, 
s~al~: l inc1: to 5, 000 feet ( Decer.:ber-,-l§t7r:·---

.... 
"'-~c···•·h,-q1r:--,·c•h P,,,....".;I~~ ~c.,~··' TI''l''"+,.··i:nl pi-,,-.~•,..,c- ((\n,....;l ,9r.t:.)• 0 ct.._.._,...._~.-~---:,'"' .o....£-t:,J.~.,..J.~:::· L c.;....I.••J., . .L •• .\1....:-t. ... ~ •. ·...__ ............... ......._'-J..a..L ...... ~) 4•[-•-'-' .L "--"'-~ J 

Htlnic5:;:-•aUty of t'te '!'ovr1shin of s~."'-rborm;~};-;·nv:-:C.?:-;7-No. J-2096, ~ebruary 
3, 1969, sche:3u1e B j FL)rcugh of l!~tobiGOk8; Co:-:~~)rehensi,re 2.c/nins Ey-Lo.~·;' 
J. r1~ 1· 'a~; Tl .-.,. ........... rr·:.""' "'r4.... n J_ s ,. to 1 ° ~ ~ · 'Tl~ ':'! ~' ·i .;... ,., c r ,.~. o .... ~ ....... ·(· ~- c Z o .; ., -- S i .... -t e • "u. ~-''t, c...,u,· .• L.cdtR!,. u.D ., .. ,c., _,-tO· . .,_,.·,.~, -~ .1. ;..._.~,.>, n.-L::, "JS··-nl. 
A R~~;re s.~nt~~t. i ve List of Per0, ..::...~;s i'ble U ss s: C o:n.r:-:!r~iuJ_ a:nd Ir1d1J.st~cia l 
Dist!·)ct.:::-; Boroucth of F:::1~t '{orlr: CcnJso1.:i•ht~_c-..n cf 7.o:n5n£ B;,r-I..;t...- 7 iL-,. 
6..,1 r')? ""· ~ .-~, ...... ..,. .... "."1 ~,-... !l, t . .,. .... + 0 ·lo/,Q\ r~f .. , ~r ""l (.){,0, \ _[:~.~.,. ... +~nrc 9 ~-.... ,-' ., r~ • !:".··-·1·'.'.·.1 :_:·n·.·. ·y' . ..... $ .c: ... l cll 1 .u·~·:...., L1.'-•\ ;_;:,-' .J • /---~~- • ... "·""-\:J J ... -. ;_../, ~_.~~;.,..,t.•., ......... .:< ..... CJ.~!. .... l. _,_v, ~ _ 

Of. T .. ~...-,·~·jM.~ Pi'" r.,.. ... , l.'!-, .,oj/ (r~~c~·J·r··",·\.-\""" "'t("tt,t:.\ Q ... ,.,.;. .. ·0'1 t" 1 2 l.~·C0~_,_ ... '7_. _;.__/--~-'t-'!"~ l·i(..t-;- J_,,. ...... \l \L·· . ...; .• · ...... ~·~·-·t.... .... , j_)',_.\...:) 1 L·"".:Cu.L .• ) 8 <It • 
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20 
22,23 
2h,25 
26,27 

28,30,31 
32 ,3L~ 
34 
35 

36,37,38 
39 

a: 

TABlE 10 

AVE:?.AGI<~ &STD1..\TE OF FLOOR SFACE AREAa VACATED 
BY HANUFACTUiUNG PLANTS GIVEH THE SIC 

AND THE EHTOT CHARACTERISTICS 

EM T 0 T 

1 - L~9 50 - 99 100 - 199 

20,000 50,000 70,000 
9,000 10,000 30,000 

15,000 30,000 67,000 
10,000 20,000 62,000 

6,000 10,000 25,000 
10,000 20,000 65,000 
13,000 17,000 47,000 
10,000 19,000 35,000 

6,000 10,000 23,000 
2)000 1_3,000 25,000 

-------------~· 

area in square feet 

104 

Over 199 

100,000 
55,000 
90,000 
84,000 
50,000 
95,000 
65,000 
60,000 
45,000 
4.5 ,ooo 

Source of DJ.ta: l·:etra Toro11to Asses.srn·;;nt. Department; Hetro 
Toronto Industria} Corr:n:iss.ion District Ne\'iS 

Letter-s; ;md Field Sru:·vey of N:i.grant Ph.nis. · 

c) vacant inch.:.stria1 floor space available in the be3inning 
of 1966. This is an important sou:c-ce of industrial space 
vacancy in the· City of Toronto 1rrhich also is the only 1 
municipality that k~!p~ a cor1plete rocc)rd of this information. 

d) indu3tr:i.al _floo2 space c.dded by existing firms in the 
period 1966-67.-

---------------------·------·-----------
1

Ci t,y cf Toronto P.lann:i.n~ Dep3.rtment, 
rl·ty o.f. -1' t 'lo'') ~ o:::-0~1 ,o \ _ ,~oo • 

Single Line 1istin;;s, 
---·-,----·-~·-..:ooc.;-

2r . .J. ' ' t' . + "h 1 .1..' ' .(.' nCJ..Uu:.ng Ha.::'enOUSlDg_i Jl!i:'J Oav·'t a.re ~-aser Upon Lnl8 1'8COr'O.S Oi 

factory b;.lildinf; perr.J.ts for eaeh i:iuniclp<:.lity kept by the 1-::et.ro 
Tor·onto :teal t~st2.te Bo3.rd. \1he~·e figure~·~ ~~ept a:·e recorded o!1ly· for 
"Vi:lltles of bt.~i1d.ing3, the fJ.oor e.:.~ea equi.v,==tl.ence is obtained by appl;;:ir1g 
conversio:1 r;,_tios of 1) $),00 pc::r· scpor·"" foot to fqctot'ies y.,·it.h valu':cs 
of -.~l~JO,C()Q or l~ .. i[;I-.:3.2; &nd 2) ~?).?0 p·ar sclu~~~:-'·S to~:)t to f:Jctot~y b1.1ild:i.r.3s 
of loss t.hc:t.n ..PlC:O,COO. TI--1-:!5~ c.cn.ve::'S~~'-ori ra~.ios ar·e based UDo:-1 available 
observc:ttions. 



105 

e) industrial floor space] occupied by ner;ly est.ablished fir:ns 
in the period 1966-67 J · 

f) industrial floor spRees addGd to the existing industrial 
buildings by develor::ers or construction companies in 
the period 1966-67,2 

g) floor space created in new industrial buildings constructed 
by developers or construction companies in the period 
1966-6?.3 

The seven items of datC~. listed above are used to estimate the 

vacant industrial spCJ.ce in each destination j for the period 1966-67. 

However, since item a is assumed to include items f and g, it is necessary 

to use only the first five items of the data in esti!1J.ati..'1g u .• 
J 

tha.t these data are in squar8 feet measure, u. is estimated as 
J 

u . "" ( a ·- + b + c - d - e ) / S, 000, 
J 

Assuming 

where S,COO square feet are equivalent t0 one standard industrial unito 

This chapter illustrates hmv the four sets of elements of the 

simulat5.on mod.el are est~J;:ated. 
II 

It. s\J(n.::s that the element~ a., relative to 
J 

any given or:~"~in i, is derlved as a li:nt.'a!.' funct·Lon of the thirteen vari.?.b1es 

explicitly considerec in the study. The prv'::Jability pj is based on the 

~ ~ " e.1emenu a .• 
J 

The elements u.k and u. of the model are also measured. 
J 

The si:"tula·tion nm'> a.nd the ev1.luation of the r'lodeJ are discussDd in the 

ne:<t chapter. 

1 . 
Ib:i.d. 

3rt· · ):!..do 



CHAPTER V 

RUN.NING AND EVAI.UA'l'ING ·rHE SINULA.TION ~WDf:L 

In this chapter, the simulation model is operated for 

Metro Toronto relative to the period 1966~67 and evaluated by 

~ooparing its outcoue with empiridal data. It is to be recalled 

that the parameters of the oodel are estimated from data for the 

period 1964-55. 

Altogether, 119 plants observed. to Dic::rate dur.::.ng the test 

period, i.e., 1966-67, are used in the si~ulation. These plants are 

exogenous to the r:1odel. A simulation run is conplete wr:En alJ. the 

119 plants have been successfully located by the model. 

Runnin? the Model 
--·----~-------·--- ... 

The .simulation p.·cocedure W<~S desr..:1~ihed in chapter III of 

the thesis. 1 This discussion could be extended to incluJe data 

inputs and computational characteristics which are presented in 

Append.i.x G. The computer p:rcgre.m is listed in Appendix H • 

Three important questions pertaining to the application or 

the mcdel to Xetro Toronto are discussed below. First 1 there is 

the question of the nu~ber of simulation runs. Because of its 

stochastic nature, a sinulation ru~ should be repeated several tjmes 

reJativ2 to t~e same time period before making empirical verification. 

Neverthc:ess, no stan~ard nu~~er or runs has been cugge~tod. Colenutt, 



for example, performs 100 simulation runs of his model of bill-board 

diffusion.
1 

Hagerstrand performs three rfins in his simulation 

of adopters with each run going thro~gh five . 2 
generat~ons. 

There i~ thu~no standard procedure for determining 

a desired number of simulation runs. The advent of high-speed 

computers, however, has made possible almost an in:fini te numbe.:-

of runs. In the present study, lOC simulation runs are performed, 

that is to say, the complete assignment of all 119 plants under 

consideration was simulated 100 times. This number of runs:it 

perhaps necessary to level out tf:e fluctuations arising from 

individual si~ulation runs. 

The se~ond question pertains to measures of outcome of 

the simulation runs. In this regard, the outcome is measured by 

two variables: 1) the number of plants received by a destination 

sub-area; and 2) the standard industri~l urtits (i.e., the SIU 

measure) ccrresponding to these plants. Given the fact that 

individual plants may vary in their space requirements, the 

latter variable provides an additional way of measuring the outcome 

of the model sc that this fact can be better evaluat~d with ragard 

to the porfor~anre of the model. For exhmple, 11 on one run, ~~o 

large plants are assigned by the ~odel to an area where two s~all 

plants had been observed to be located, it is the S!U mc&sure, and 

not the frequency measure that would reveal this shortcoMing in the 

an Urban Setting:; 
1, 106-14. 
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perfor~ance of the model. Since a plant's space requirement level 

is assume~ to reflect its characteristics, the use of the sru measure 

indirectly allb>'IS the n:odel. to. be evaluated· as to Hhether or not 

such characteristics are adequately reflected in the simulation. 

The third question concerns model output. A wide variety of 

output is possible in the type of simulation model under consideration~ 

For exanple, it is possible to 1) output for each simulation run the 

number of plants located from each origin and the distribution of such 

plants according to destination sub-areas, 2) obtain a summary of the 

total number of plants received by each destination j on each run of 

the simulation, and 3) obtain an average estimate of the number 

of plants received by a destination sub-area j over all 100 sim~lation 

runso The same series of outputs is possible with regard to the 

sru measure. 

However, a summary output of type 3 would be most useful 

for making a valid evaluation o~ the model. The distribution of 

migrant plants from each origin i will be difficult to test 

statistically since, in most cases, only one plant is observed 

to mig:cate fror:: an orit;in. The rnaxi;?Ium numbe:r- of mi.:::;ran t plants 

fro:J an orit;i!l is sb;:-i:ecn. F:Jr this reason, the outpt:.t of t:'le 

model is not considered on ~he basis of distribution of ~igrant 

oo(L;l, i .. s., .r::. sur.:mary ou:tput of type 2, will ~a~e a limited 

use for st~tistica~ comparison. for three reasons: a) indiviiual simulatio~ 
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outputs may be subject to consi,.iera.ble fluct::::.-.: .. :ms by the very no:,ture of 

the chance process invohred in the simulatic:<; ':.) the small aggre;:;ate 

munber of plants being predicted; and c) the :~:=::-':. that each s~i.Jnulation 

run does not represent a time sequence but a :""?:etition of the process. 

runs on the sub-area j basis is a. useful out;-·.::: to consider., In this 

way, the fluctuations of the individual E~=~:ation runs vill be evened 

out. 

On the basis of these argu..m.e:c1ts, the -_;:.:.:'1 outco:ne of the 

si.Jnuls.tion rnode 1· :J.s the estimated average m:': :::::.8 of the 100 simulc:.tio:·i 

patterD. This is the iJattern exp:octed a.ccc:·.-::.:.~ to the assurr~-:Ytions of 

the simulation rnode1. 1 Sym.bolica"lly, the e:::·:·-:-:--.ed pattern !:19;/ br; 

denoted as e. "' ( ~ ··) 1
"' h -" ; ''--" ., · ., "' P''tr•o··--o fo~'--. ..-::.. ej 1, ;_. , H er•~ e~. ~s , ___ -:.lela;::,e ._... ~ ,,~~ 

J k=l .L J 

destina.ticn .i, ejk is the predL::-tc;d outcot~:e :-:: dest,:ination j on the 

kth sinula.tio:·l run, and n is the nU:"'lber o: ~:..:-:-.:.at-ion runs. 

The empirical counte:t--pa':'"t of ths e··=:_:-·7 :-:.::.1 pattern is the 

observ~d pattern. s~J.c~n of i)>e patterns r·:e:-::.:··,~d abo:re, <12 ',-JelJ. ;:-,;:; the 

pattern 

already discussed. 
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the corresponding SIU measure~ Figures 5 and 6 show the observed 

pattern on these two :neasuy-es, figures 7 and 8 shmv the expected 

pattern, and fir,ures 9 and 10 show the residuals encountered using 

the same neasures of outcome. The comparison of these patterns in 

an attempt to evaluate the ~odel is discussed below. 

Evaluation of the Model ---·--....----.. ·---------
The simulation model is evaluated on the basis of the outcome 

of the 100 simulation runs performed as indicated aboveo This 

evaluation is based on the comparisop of the expected and the 

observed patterns. 

In evaluating any model, a fundamental question is the degree 

to which the outcome agrees with eopirical data. A researcher may 

be interestei in one or ~ore of s~ch ~spects of outcome as the course 

1 2 of gro~th, the overall patter~ of spatial arrangements, the 

pattern of spread ove~ space, 3 and frequency distribution per defined 

1 ~orst<c=:n 1-Iager.s trand, 11 A i-Ionte Carlo .-i.l;proach to Diffusion, n 

£.2_.__ci.~~-· i and Zv:i Grilicht~s, ''Hybrid Corn; An ::!:xploraticn in the 
Econond.cs of 'I'ecbnologic·:ll C!v:tnge 1

11 :2(~~l?::?!E_etr-~, XXV (1957) 1 501-·2?. 

2Torsten Hagerstrand, ibid. 
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1 th f . t . 1 . . t 1 eng o tlme or spa la unl • 

In this study, distribution per unit area is under 

consideration. This distribution is expressed by two measures 

(f. and SIU) discussed already. The f. is a frequency measure 
J J 

since it expresses the number of plants at a destination j. 

However, the SIU measure is not considered a frequency measure 

since different plants correspond to different SIU. This measure 

is converted into percentage proportions in evaluating the model. 

This is to say that the SIU for each destination sub-area is expressed 

as a percentage proportion of total SIU over all destination 

sub-areas. 

Another question concerning the evaluation of the model 

is the method of comparison of the outcome with empirical data. 

Methods such as mapping, graphic presentation, descriptive analysis 

and statistical tests, or a combination of two or more of these 

methods may be used. In the present study, however, the 

emphasis is placed on statistical tests. In this regard, two 

statistical tests are performed. First, a chi-square goodness of 

fit test is performed between the observed and the expected 

distributions when each is measured by f. and when each is measured 
J 

by SIU. Second, a contiguity ratio is used to test for random 

--··· ---------------·----------
1 

For example, John D. Nystuen,,"A Theory and Simulation 
of Intra-Urban Travel," in Studies m Geography, Part I: Economic 
and Cultural Tonics, edited by D. F. Marble (Northwestern University: 
Department of Geography, 1967), 54-83. 
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tc:t iu also performed with respect to the f. and the SIU measures. 
J 

The Chi-square Goodness of Fit Test 

This test is suitable for evaluating a model where a 

frequency distribution is under consideration.
1 

Nevertheless, the 

chi-square test does not get at the spatial patterns of distributions. 

This is to say that it is not concerned with the spatial arrangement 

of values. By using this test, therefore, one can only determine 

whether the difference between an observed and an expected distribution 

can be attributed to chance; it cannot be determined whether or 

not the residuals between such distributions are randomly arranged 

on the map. This limitation of the chi-square test must be borne 

in mind in the following discussion of the application of the test. 

The chi-square goodness of fit test is based on the 

statistic ~2 , a measure based on the difference between an 0bserved 

and an expected frequency distribution. The value of this statistic 

is obtained by summing over n categories the squared differ~nce 

between the,observed and the expected frequency divided by the 

corresponding expected frequency in each category, that is, 

n 
~2 = ~. 

j=l 

2 cr.-e.) 
~..J_._ ..... J_ 

e. 
J 

(5:1) 

1
see, for example, Sidney Siegel, Non-parametric Statistics 

for the Behavioral Sciences (New York: McGraw Hill Book Co., 1956), 
18-47. 
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where f~ is observ ed frequency for the jth cate gory; and e. is 
J J 

exp ected frequency for the jth cate gory; and n is the number' of 

cate gories. When data are not given as frequencies, it is best 

to obtain the value of as follows: 

2 n 
~ = N ~1 

(P". - p. )2 
J J 
P. 

J 
(5:2) 

. I 
where P. is observed proportion for the jth category; P. is expected 

J J 

proportion for the jth category; and N is the number of observations. 1 

In the present study, N is fifty. 

The chi-square goodness of fit test is best performed where 

none of the expected frequencies is less than five. To meet t h is 

re quirement, the destination sub-areas are grouped into 17 categories 

(Table 11) on the basis of contiguity or proximity. Each cate gory 

is thus treated as a class cell in the test. This grouping ensures 

that there are at least five expected frequencies in each category. 

The null hypothesis (H ) under consideration in the 
0 

goodness of fit test may be stated as follows: 

Differences between the observed and the expected 
distributions (patterns) are not statistically 
significant. 

The level of significance for the test is .05 and there are 16 

de grees of freedom. 

Formula 5:1 is used for the goodness of fit test between 

the observed and the expected patterns when each pattern is measured 

1 on this formula, see Helen M. Walker and Joseph Lev, 
Statistical Inference (New York: Holt, Rinehart and Winston, 1953), 
p. 94. 



Category 

.. ... 
2 
3 

5 
6 
'7 
8 

-9 
10 
11 
12 
13 
lLl-

15 
16 
17 

CA~EGORIES OF DES~IN~7ION SUB-AREAS FOR 
GOODNESS OF FIT TEST 

Destination Sub-areas 

1, 2' 3 
4, 12, 21, 2'+ 
25, 157, 158, 159, 161 
32, 33, 72 
38, 39 
41, 42, 43 
56, 57 
58, 61 
68, 80,85 
71, 73 
75, 90, 91 
83, 101 
99, 107 
104, 105 
114, 115, 116, 126 
121l 122, 144, 153 
128, 138, 139, 140 

Note: see Figure 2 for the identification of these categories. 

by f .• Formula 5:2 is tised when each is measured bJ SIU. 
J 
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The results of ~he two testa are stown in Tables 12 and 13. 

On both tests, tte null hypothesis is accepted since the critical 

value at t!Le .05 level of significance ir; 26.296 and the x,2 

s~atistic cooputed for tha f. measure is 8~8?9, and for the SIU 
J 

is 24.163. Judsing from these rc3ults, the ~odel performs 

reasonably well since there is no ground for rejecting the null 

hypc~hesis th~t the diffcre~c~ ~et~·een the o~scrved and the expected 

patterns is att~ibutable to chance. This concluaion, however, does 



TABLE 12 

GOODNESS OF FIT TEST BETltJEEN THE OBSERVED 
AND THE EXPECTED PATTERNS AS MEASURED 

NU.MBT<:H OF PLA.TIJTS (f.) 
J 

f~ f~ (f~ ? Category e. - e. - e.) 
J J J J J J 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Jl 
12 
13 
11.1 
15 
16 
17 

Note: 

9 7 2 4 
6 7 -1 1 
6 8 -2 4 
6 7 -1 1 
7 6 1 1 
8 9 -1 1 
6 6 0 0 
7 7 0 0 
7 7 0 0 
5 6 -1 1 
5 7 -2 )..j. 

3 6 -3 9 
9 6 3 9 
7 6 1 1 
7 10 -3 9 
5 6 -1 1 

16 ll 5 25 

f~ = observed number of plants for the jth category, 
e~ = expected number of plants for the jth category, 

J 
~2 = 8.879 (total of column 6), 

2 
~.OS = 26.296; degrees of freedom = 16. 

Source: Author's Analysis. 
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( f~ 
J 

-e.)2/e. 
J J 

.571 

.143 

.soo 

.. 143 

.167 

.lll 

.ooo 

.ooo 
.ooo 
.167 
.)71 

1.)00 
1.)00 

.167 

.900 

.167 
2.272 



TABlE 13 

G001JNESS OF FIT TEST BET\,!EEN THE OBSERVED 
AND THE EXPECTED PATTERNS AS MEASUllED 

BY SIU 

122 

p~ P. P". - p. ( P;. - p. )2 ( P'. - P . ) 
2 I P . 

J J J J J J J J J 
Category 

1 
2 
3 
h 
5 
6 
7 
8 
9 

10 
11 
1? 
13 
14 
15 
16 
17 

Note: 

5.763 6o0?8 -Oo26) Oo070 OoOll 
s.oss 5oJ58 -Oo273 0.071-t 0.013 
)o1Jl 5-337 -0.206 Oo0)(2 n.007 
6o5ll 6o598 -Oo387 0.149 Oo02l 
5o763 5.374 0.398 Ool51 Oo02G 
7o062 7o281 -Oo ?19 o.o11B o.oo6 
1!.915 SoJO)_( -OoJ88 0.151 Oo028 
5.822 5.906 -O.Otl3 o.oo6 o.oo1 
5.932 5.691 Oo2Ltl o.oss , OoOlO 
5.6So 5.112 0.537 0.289 OoOS6 
lt.lt07 5.037 -0.6?9 0.396 0.078 
).ItS? 4.751 .0.700 o.Lt91 OolOJ 
l-t.22 3 h.5o7 -0.28)! o.oso Oo017 
J(o209 Lt .577 -Oo368 o.JJ5 0.029 
8.390 7.961 o.l-1?9 0.184 0.023 
4.802 )lo))J 0.?.48 o.o61 0.013 

10.875 10.316 0.558 0.31~ 0.030 

" P. = observed percentage proportion of total SIU for the jth category, 
J 

P. =expected percentage proportion of total SIU for the jth category, 
J 

~2 = 24.163 ( total of column 6 multiplied by N which is the number 
of observations for this study), 

~05 = 26.296, degrees of freedom = 16. 

Source: Author's Analysis. 
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not get at the problem of the spatial arrangement of the residuals which are 

the differences betvreen the observed and the expected patterns on the areal 

unit basis. These residuals are now considered below. 

The Residuals 

Residuals are deviations encountered in comparing the outcome of a model 

with empirical data. Residuals of the type fj-ej may take positive or negative 

values. Where the observed frequency (fj) for a sub-area j is greater than the 

corresponding expected frequency (ej), the residual is positive, i.e., the 

sub-area concerned is underpredicted by the model. Where f~ is less than e., 
J J 

the residual is negative, indicating overprediction. 

The way residuals are distributed on a sub-area unit basis may enable 

new independent variables to be identified, ,especially where the residuals are 

systematically distributed. Such systematic distributions may occur where 

concentrations of positive or negative residuals are observed in particular 

areaso Where no systematic-patterns are identifiable, the areal arrangement 

of the residuals may be described as random. 

One measure which can be used in evaluating such a random arrangement 

is the "contiguity ratio". Certain other testing procedures for a random 

distribution, such as the Poisson, the nearest neighbor and the quadrat analyses, 

cannot be applied to the problem under consideration since these analyses are 

concerned with frequency distribution or point patterns rather than spatial 

1 arrangement of values. 

The contiguity ratio is based on the difference between the observed and 

the expected sums of join values,divided by the standard deviation of join values, 

where a join value is the product of values of two contiguous areal units. 

The expected sum and the variance of the join values for a random 

1 For a summary of the applications of these analyses in geographic studies, 
see Leslie J. King, ££• cit., PP• 41-52 and 89-109o 
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1 arrangement are known. Symbolically, the contiguity ratio (R), 

i.e., the standard normal variate is defined as-

R = (A-E)/S; 

where A is the observed sum of join values, E is the expected 

sum of join values and S is the standard deviation of join values. 

"For a test of the randomness hypothesis, the contiguity ratio 

is treated as a normal variate with zero mean and unit standard 

deviation''. 2 A~ the .05 level of significance, this ratio must not 

be less than -2 or greater than 2 for the hypothesis of random 

arrangement to be accepted. The application of contiguity measu~es 

in geographic research has been discussed by Dacey3 and Anderson4 

and a further discussion of the contiguity ratio can be found in 

their studies. 

The contiguity ratio is used in this study to test the 

hypothesis that the residual values encountered (Figures 9 and lC) 

are randomly arranged. Using the standard values of these 

residuals, a contiguity ratio of .4808 was obtained with respect 

-----------··-----------·-------------------·------·------·-----
~David ~nderson, 1:.J:!.~~~-Q-~.r~22!~r -~~.?.f::!':~ns_~:::__Qo:!.!~P.l'!~.~l. 

Measures, ~echnical Report No. 5 of ONa ~ask No. 309-lijo, 
Contrazt rro:m 1223(3_3) (Jep&rt;01e.nt o: Geography' Nort1western 
Unive:sity, 1955~, p. 2. 

2Ibi~. ~ p. 2. 

3x~ F. Dacey, A Revie'li on ~-ler._.s,.rres of Conti>'""U.it': for T·..ro and 

t~;;{¥l~~7;~:p;.~, , ? ~ ~ ~- ~. ~ ,:~~~:_-~;~~~~;:·~-::-:~-:- "~ ~~·;]~~~;~::~-~:;:;::-~1~;-~·::~ ~7~: ~=: .. _ ~;~;~~ =~ t 
_,...,,.,.t -.c . .-.. ;J,,;_,; (..Je· 1_,,_::~,_ .,l..ct1t.. .. ·:. •..leOc_ .• :-.l~·-J, _,.,,,r .... "'·\.e..;..t_ern Un~.-.~ ... "'~'-J, ~)'-'.-)• 
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to the f. or the SIU 
J 

measure. 1 
The results of the tests are shown 

bclm'l: 

Number of·Areal Units = 50 

Observed Value of R = 

Expected Value of R = 

Variance of R = 

Standard Deviation of R = 

R (st&ndard normal variate) = 

.0449 

-.0118 

.0125 

.1118 

.~808 

Since the conti~uity rutio ~ falls within the 5 ~er cent 

confidence limit, that is, the critical values of -2 and 2, the 

spatial arrangement of the residual values can be described as 

random. This suggests that, perhaps, no new variabJ.e& can be 

identified to improve the model significantly. An examination of 

the residuals as shewn in Figures 9 and 10 seems to confirm this 

suggestion since no particular syste~atic pattern of distribution 

can be identified. It ma~ th~refor~ be said that the residuals 

could have been produced by chance. 

On the basis of the goodness of fit ~fia the contiguity 

ratio tests, it can be concluded that ~he model bas performed 

ree~onably well. Hnvevur 1 one queslion which arisss is whether 

or not the space r·equirement constraint has improved the explanatory 

power of the model since, as noted earlier, the regression model 

on the basis of which the probabilitiee ~re defined, exylains only 

44 per ce~t of tte tot~l varlJ~ce. ~he contrib~~icn of the spnce 

1 
More procis~ly, the CJntiguity rat:cs for the f. and the 

SIU mea.sr;.rcs a:::-e ~hS0?6 and .L,(<)8lr :respectively. 'rhe cotJrer>;)or.ding 
obc··•'rve-1 yr·,·ue·· of" r·, '"'') c- ~ o' ',...-

:....;..... \.4. • r .. -t ·, • .c) .. ...'\ a:.:-·e .. uL~ -r ;i.) axle... 't rr.~..f:.1L~. 
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requirement constraint factor is difficult to measure because of 

the way the model is operated and evaluated* Nevertheless, the 

results of the simulation runs are so encouraging that it can be 

assumed that this constraint factor has significantly improved 

the performance of the model. 

In this chapter, the simulation model has been operated for 

Metro Toronto and the average outcome of the 100 simulation runs 

performed has been compared with empirical data. This comparison 

is based on the f. and the SIU measures of outcome. Two tests are 
J 

performed in making the comparison. First, a chi-square goodness 

of fit test is performed between the observed and the expected 

patterns with respect to each of these two measures. The chi-square 

test is used to test the null hypothesis that the difference between 

the two patterns is not statistically significant. On both the 

f. and the S!U measures of outco~e, tl1e null hypothesis is accepted 
J 

at the level of signiiic&nce 0f .05. 

3econd, a c~:ti~aity r~.tio test is performed to verify 

the hypothesis of random arrangement in the spatial distribution of 

the residuals encou~tered in the study. Again with respect to both 

measures of outcome, the spatial arrangement is shown to be rando~, 

indi.Ga~:Lng, perhaf.3J that no new v:1rL:.b les can be identified to 

explain the distribution of the residuels. An exanination of the 

residual maps tends to suggest that this may be so since the resid~~l3 



1.27 

In conclusion, the foregoing tests show that the outcome 

of the model approximates reality. On the b;lsis of this 

evidence, the model has performed reasonably well. Thus, in 

general, the assumptions of the model are verified although, 

in certain specific cases, the assumptions are not supported. 



CCNCLUSION 

Intra-urban industrial migrction, as disti:'lct from the 

general field of industrial location and development, is deficient in 

theoretical rr.odels. This study is an attempt to develop and test a 

simple, and at least theoretically consistent, simulation modal for 

site selection by mi:::rant firms in an urban area. The model i.s based 

on three asstunp-::.ions. It is assuzned that 1) the probability that any 

type of industrial plant rnit;rating from any o.cigin will gc to destinatio:1 

j depends on the attributes of destination j, which h.rge1y reflect the 

oppc·rtunities for earning external economies; 2) the probability t!tat 

any type.; of industri3l plant mi[;rating from a particula.r origin i ·..ril.l 

so to dsstinaticn j depends on t.hc:. clst2nce b•;t~·rcen i and j; and 3) 

the influence of plant characterh;tics on site s~lection for location 

is ref18ctecl throut~h trl8 spacf: re-luirunent levels of ind:Lvidu3.l planu~~ 

These spac0 requirement levels poss o. constraint in the location proco2ss 

in tha sense that a pl3nt caz:..not be located in an area '1-iher<.: the space 

ava.i.!.!>b'P is less Ui?.n i.s r"'lq•lired by the plc:r~t. 

In generc:J, the simulation model pro·.rides a f:1ir ver:i_ficat.i.on 

of the 1_md8rJ.ying a.ssu;nptions. The vut.corr.e of tb,~ model is found 

not to be siznifi.c.s.r.tly diff,erent frC;it :?muir.ical observ::Jtions 

Et the si~;nificanc;; le<rsl of ~05. Also, the spati.:tl arranger:1ent 

of the re2-:i.du~ls eneountereci can be de;-;.:~.rib<.:!d. as r·andom. As a 

··12G 
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major contrib~tion of this study, the model is seen as a complement 

not only to a general model of intra-urban mig~ation, but to a 

yet more 3eneral model of urban location and growth processes. 

The review of location theories sugges~s .certain aggreg;;;.te..: 

factors which can be used in assessing the attractiveness of a 

location to migrating industries. ~hese factors include, for 

example, accessibility to major transportation facilities and 

labour force, costs and availability of induztrial land, water 

and hydro; porperty tax; and level of industrial develo~ment. 

These factors largely represent the opportunities for earning 

external economies. Distance between a destination and an origin 

is also an important factor. In addition, the characteristics 

of a plant, particularly industry 7.ype and size of ernployr1ent, a c! 
~· 

they affect its space requirement level Eust be considered. 

The other asfect of the rc7iew of the literature is conc~rncd 

with approaches to modelling in the area of urban growth rocesses. 

This a.spect em~,h;;,siz;es the particular :ce:levan·:e of the 11onte C.:..rlo 

simulation technique to the process of site salEction. In this 

reg::u·d 1 the iterative, the stochs.st:Lc G.DJ the c.etc::r:ninistic properties 

of ttis method are considered to be compatible with the nature 

~lant site selection u~d~r c~nsideration in this study. 

The ~resent study also illustrat~s interesting approac~es 

encountereJ in the analyai3 of plant location or ~i;ration. ?hree 
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First, there is the problem of jointly measu~ing industrial 

floor space and industrial land by a comnon denominator. This 

study introduces the conce)t of the Hsto..ndard industrial unit 

(SIU)" ·which expresses all ~:.n)cS of industrial space in floor 

area equiv~lence. Any piece of industrial land is thus expressed 

in sru after due account has been taken of the ratio of floor 

area to industrial land prevailing or permissible in that site. 

For this studyi a ;:;tandard industrial unit is equal to 5,000 

square feet. 

Second, there are problems associated with handling the 

influence of plant characteristics on site selection. In this 

study, such proble~s are handled by using two sum~ory. characteristics 

to determine a plant's space require~ent level. This requirement 

is then compared nc;ainst ~he vacant .i.ndustrial s·;:ace available 

at a selected destination &ub-area at any point in ti~e under 

consideration. Where the vacant space is less than is required 

by the plant, migration to that destination cannot be effected. 

The two summary characteristics used are the standard 

indu::;t.rial classi f:Lcation (.SIC) and the total nur:1ber of 'employee3' 

These c~aract~ristics are assu~~d to ~eflect nany other 

characteristica of pl~nts such as the proportion of emrloyees 

that are produc-cion d::Jr~ers ;Jr male '!OI'ko'rs and the country of 

contrcl. A plant's spaca raquire~ent level is det~r~!ned un the 

basis of t~e SIU empirically assigned to the classifi&d gro~p to 

:our 
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Third, the use of surrogates in research is often important 

where detailed measurement of particular factors is not feasible 

because of time, ~onetary and other practical considerations •. 

Manufacturing linkages, one of the attributes of a destination 

sub-area considered in this study, constitute one example. This 

facLor is expressed by two surrogates: 1) a measure of manufacturing 

cor.centration' ba.sed upon the frequencies of randomly selected 

sample plants observed to locate in a defined destination sub-

area; and 2) a measure of product diversification, based on the 

number of different product types manufactured by the observed 

sample plants as determined by the four digit SIC classificatio~. 

It is assumed that these two measures would refledt the level of 

industrial development in a defined location and, indirectly, 

the potential of that location for urbani.zation .:·conomies in the 

form of inter-industry input-output relations. It is highly 

interesting that one of these me2sures, manufacturing concentration, 

is fourd to be the most significant variable determining plant 

site selection. This judgecent is based on the result of the 

multiple regression analysis used to de~ive empiric&l weights 

for the variables explicitly assumed in the model. Product 

diversification is found not to be significant in the empirical 

analysis. 

The variables &nalysed in this study may be discussed 

under the heading of plGnninc imrlicat~ons. ~l.toggther 1 thirteen 

variables are explicitly concidered. 
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These thirteen variables account for hh% o! the 'f:',ri:»nce 

in the frequencies of plants observed to migrate to destination 

sub-areas. It must beborne in mind, however, that the influence 

of plant characteristics is excluded from consideration in the 

regression analysis used to investigate these thirteen variables. 

The simulation model allows us to consider the influence of plant 

characteristics. 

Five of the thirteen variables are found to be statistically 

significant judging from a t-test performed on their corresponding 

regression coefficients. In a declining order of relative importance 

(based on the standard regression coefficients), the five variables 

include 

1) 1neesnre of manufncturing concentration (positive), 
2) absolute change in industrial mill rate over the 

past six years (positive), 
3) road d]stance to the nearest major highway (negative), 
4) coot of one million gallons of industrial water 

consumption (negative), and 
5) distance between i and j (negative). 

Absolute change in industrial mill rate should be particularly 

noted in view of the significance of this variable, and its 

positive relationship to the attractiveness of a destination 

sub-area which is contrary to the assumption held earlier in the 

study. These five variables may be quite important to the problem 

of urban industrial planning and, as such, deserve to be given 

further attention in future studies. 

The fact that the remaining eight variables are not found 

to be statistically significant does not mean that they are 

unimportant to urban industrial location. For one thing, ~he 
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statistical significance of the five variables above depends upon 

the effects of the eight variables being held statistically 

constant. Moreover, it shouJd be stressed that the conclusions 

regarding the thirteen variables a~e based on a limited number 

of observations since only migrated plants are used. These 

conclusions are~ the1·t:fore.> tentative pending a further analysis 

of these variables in the general context of urban industrial 

location embracing newly-established and migrated plants. Such 

a general analysis may offer a new insight concerning the 

relationships of such factors as the Toronto International Airport 

and the cost variables associated with industrial land. 

Future Research 

The present study may be extended in a number of ways. 

Three of these are suggested bolcw. 

1. The model can be tested for the same study area 

relative to other time periods. In Ule light of such tests, the 

validity of the simulation model can be evaluated further. 

2. The m~del can be used as a basis for predicting choice 

of plant ~ites for a given tico period for which empirical data 

are not available. In this connection, ho~ever, changes in the 

attributes of potential destinations, and in their potential 

industrial vacancy should hqv~ to be predicted or projected. 

A_ppropriat0 techrd.ques for making such projections constitute a 

major research tnpic. 

3~ The i>ri'sent st·1cly is 2. p.c·rtLal am~ly_s:Ls o:f the probl(;m 

of intra-urben pl~nt migration since tte migrant plants and their 



respective origins are given. Only the choice of plant sites is 

predicted. The development of a model to predict origins from 

where migration takes place is a research challenge. Such a model 

and the one developed in the present study can be combined into 

a generalized model of intra-urban plant migration. 

One important limitation in conducting the types of research 

suggested abo~e has to do with availability of data. As illustrated 

by the present study, there are three aspects of this limitation. 

1. Certain data are non-public or difficult to obtain, 

for example, municipal assessment recards are non-public records. 

Ye~ these records contain vital data relating to space utilization 

of individual firms. It can be suggested that such records can 

be collected from individual firms directly • Ho-...;ever ·, it has to 

be remembered that this is a tedious, ~ten unrewarding procedure. 

Most firms have definite regulations as to the amount and ty~es 

of information that can be disclosed, even for research ~se. 

Data pertaining to certain aspects of industrial linkages such 

as the volume, the type, or the value of products bought and sold, 

and the names of the firms involved in the transactions may be 

difficult to obtain. This difficulty adds to the rroblem of 

obtaining sufficient capital to conduct such an investigation. 

2. Nost type;::; of data canr,ot b-" collected fro:~• a .:;ingle 

source. For this study, information on industrial water rate, 

hydro rate, and lahd use regulations is obtained from the sevsral 

municipalities in the study area. The source of certain d2ta 

was often unknown unti! four o~ mo~e departments were contacted. 
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3. Certain data are available for areal units too large 

for research usc. The Metro Toronto Planning Board data on vacant 

industrial land and on acreage of industrial development, for 

example, are tabulated for sixteen ~lanning districts. Other data 

are tabulated according to r.mnicipalities. 

The limitation associated with the data problems above 

riwkes. n'.,cessar·J -the use of secondary sources in estimating 

some of the aggregate measures used in the study. Examples of 

such sources are illust~ated in the measurement of manufacturing 

linkages and vacant industrial spaces. 

The data probl0ms encountered in this study s~ggest the 

need for a comprehensive collection of data for the purpose of 

indust1·ial location and other types of urban research in the Metro 

Toronto area. It is, perhaps, not irrelevant to suggest here that 

a location data hank would be of great utility. ~resumably, such 

data bank should be undertaken by a University Department to 

facilitate its use for research. 



APPEKDIX A 

FIELD SUnVEY QLIESTIONNAIRE 

~hnufacturing Migration in· Netropolitan Toronto 

Answer the following questions in the spaces provided 

l. £.Jante of Firm ----------

2. T~ypes of product produced ·-----------

3. Address of present location -------

4. 

6. 

7. 

Area of site occ."J.pied at your present. 1·-:>cation_ 
total floor space 

tote.l parking space 

( => c~"'" \ -~- J. ~~·I 

(sq. feet) 
(acres) 

Address of previous location -------------------------
~rea of site occupied at your previous location (acres) 

total floor space -----(so. feet) 
total parking space ---------- -(acres) 

Date of re1.ocation to p::'esent site 

8. Length of tirn.e oet":mer.. acquisition of ycur present site 2.nd act.m.l 
occupat1on of the site ------ (years), ------· (months), __ ( weeks) 

9. Hethod of acquisition of your present sHe or purcha:;e) 

10. Is relc.::at.icn due to expropr.i.a.tio-:1 of :your old site? ___ (yes or no) 

11. If not, what is th:;; rnajor re2.son for y:;ur relocation? 

·-----------------·--·------·------·----··---------
12. Name t'ti0 other important reJ.sons for your relocation 

I) -----.--.. -----~ TI) 
..L ---·-·-----------------------------------------------------·-

----------.. --. 
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APPENJ D: A ( contd. ) 

13. Ho1.1 many other industrial sites were com;idered before selecting 
your p:..~esent site? 

11~-o \'las any serious investigation conducted before your fin:J"l 
selection? (yes or no) 

15.. Do yo'.l intend to relocate in the nearest future? ______ (yes or no) 

16. If yes1 give tl:e major reason----------·---------~--, 

17. Hithin hovr ::w.ny miles radius do you draw 75 per cent of you.r 
permanent em;,loyee:;? ------, 

~fark with x the S(1Uares corresponding to any of the foll.oHin8 re3sor.s 
favouring the choice of your present site. 

L clos•mess to residences of empl9yees 
2. closenes::> tc parent firrn in Fet,ro Toronto 
.3. closene::;s to the Torcnto International Airport 
4. closeness to the Toront-0 Earbo\.1!' 
5. '::losener,s to manufacturinf.:f, firms in your previous location 
6. milration of fo:r-n1er neir;llbo,.:,ring In:~nafe,8t.ctrirjg fi.);'llis to this are:a 
7. attraction of firms exi 3tinG in t:·Lis ?.rea 
B* good contact Hith retaiLi.:ng firms 
9. advertisint; value of the site 

10 • .:x':<:d1ab5.lity of servic.ed industrial land 
lL ava.ilability of industrial floor sp<n:;e 
12. favoura.bl.e cost of land per c..crc 
13o f8.vourabla hydro 8.nd \'later :-ate 
ll;.. favourahl0 ta..xe.ti<;.n rat2-
15s availabil5.ty of special :ir1dustrial facility, 

for exampJ.e, _ ... ··-.. -- -------~---- ----·--

16., access to a major hi[.:hHay 
17. closene:ss to ma,:r·ket are:~.s served frcm the prevlous location 
18. central location in Hetro Toronto 
19~ better e.c~ess to m1'ourban m2.rket 
zo. better 2.ccess to sm.tthern Ontario market 
21. plea3:_::~t cJ.J:n.:'.te 
22~ attract.5.Ye naturpJ. ::::urre,mdin:;s 
23. person2.l prE-f'i:'r<:.nce 
24.. p.!.~est,J.se reaso:n 
25. adv1se o:L J, f:cier;J.y firm 
26o I .. e.~.d. of si~ .. ,e froi·,.l a t1e1\,·,::;~:;ft,per 
27. de\--;;isio~1 ().f yo!_;r· ; ... e.s9a.:r~c~l t:if"!l):~1~t.rc.f.:n:t 

23~ local re . .:::t11a.U.or:;:; not tc-::: restrictive 



APPENDL'\ A ( contd.) 

Mention aP..y other reasons not llsted above which are import.ant to the 
choice of your present site. 

Part C 

1.38 . 

From the reasons listed above, choose the most important five and li.st 
their numbers .:i.:£ a de.dini!!f~rder of imEQ.rtance in the square spaces 
provided below. 

1st. 

2nd. 

Jrd. 

4th. 

5th. 



APPENDIX B 

Sl.iltVEY Of MIGRANT PLANTS 

The survey of migrant plants whose pu!pose and methodology were 

expla.ined in chapter IV of this th;}sis may be discussed under three 

general headings: 1) factors motivating firms to migrate; 2) reasons fo:-:-

choice of' location sites; and 3) other el1'3ments 1-!hich do not fl.t into l 

or 2. Before discussing these 'larious aspects of the survey, certain 

general observations m.;~.y b-:: explained. It 'was pointed out in chspter IV 

that 85 firms respoltd~;d to the quesUonnaires cut of a total of 200 firms 

interviewed. Ho,.rever, not a . .ll the 8:; responcent firms ans-Yrt:red every singl.e 

question in the q'J.estionna.ire, for exa.rnple' eo of the firn·,s state a primary 

rea.son for migration, and 6C state secondary raa.sons. This then exp1a111S 

the reason why the total numbe.r of fir,ns indicated at the foot of eacl·, 

surn .. l'TJary- table does not eq,Jal t35. 

Fact ~r"' Mot l. w·, r ··l r· ·:r ~,J . .,..~·~·~ t" vl· "'ra,~."" v' ~ . ,1 v v. .. . - l,~_:: __ :..:..::_.::__:_:' __ .. ~ l l ~j v c; 

Eighty of the 3) ::-e::.po:-.dent i':Xm.J state a prire~~r.r :-eason for nigration. 

Of these ei,~hty fir·r~,s, 72.5 per cnnt (TabJe l) rrention the need f·::.>r rr.ore 

space as the priillary reason for their migratiorr. This need for addhion'3.] 

sp9.ce is related to expansion of J:YrvdlJ.ctio:r., larger premises, future 

expansion, and the like. Cost-reb.t.ed reasons, such as high ::-ent, hit:h 

taxe~;, and high p:.~oducti0n cos:s, r:;r.~~- as the sec0~1d r,,;,jor n~ason for 

migration. 



TABLE 1 

PERCENTAGE PROPORTIONS OF RESPONDENT l<,IRNS 
ACCORDLTIIG TO THE PRINARY REASOHS 

FOR MIGRATION _ 

Reason 

Need for additional space 
C est-related reasons 
Lease expired 
Outmoded facilities 
Destruction of property by fire 
Expropriation 
Property sold to free c&.pital 
Change of ov.mership 
Consolidation of operation 
Desire to Hork at home 

No. of respondent firms '" 80. 

Proportion 

72.50 
7.50 
6.25 
2.50 
2.50 
2.50 
2.50 
lo25 
L25 
1.25 

Source: survey of migrar.t firms ( q11estionnaire, Appendix A). 

The secondary reasons _for migration·' dted b~r the respondent 

140 

firms are more varied than the primary reasons (Table 2).. Cost-reloted 

reasons, cited by h6.,67 per cs:1t of the firms, conr.t:LVJts the most 

import&.'1t cf the seco:.1cary rea3ons, cor:~pared ~lith 13.33 per cent 'ilith 

regard to parking p~oble;ns, cited mostly by do;.rntO"t~n manufacturers .. 

The need for better 1oco.tion, jn_creasing p1·opeF:-y values, the need to 

be closer to customers, a.nd thr; need to expand are the other 

secondn.rJ r%sons, respectively r:mldng in the t!1ird, the fourth, the 

fifth an~l the sixth positions 2.s sto:.rn in Ta'Dle 2.. The other reasons 

listed in the Tab1e are less fre~_~_u:.::ntly citedG 



PERCENTA~E PROPORTIONS OF RESPONDENT :'{u..lWFACTURING 
F'L'tHS ACCORDJ.NG TO TPJ<: SECONDAJW 

REASONS FrJR HIGRATION 

Reason Proportion 

Cost-related reasons 
Parking problems 
Neerl f"nr better lCJca.tion 
F..ea1 estc:tte value 
Need for closeness to custorr.ers 
Need for expansion 
Need fo:c fernale er:,ployecs 
Corporate policy to rn~-n properly 
Uneasy relationshi.p Hith lancUord 
Hizh risk of fire 
Prest,ige 
Expiration of lease 
'l'o qualify .for governm3.r:t inspection 

No. of respondent firms = 60. 

----------· 

46.67 
13.33 
10.00 

8 • .33 
6.67 
3.33 
1.67 
1.67 
1.67 
1.67 
1.6? 
1.6? 
1.67 

Sou!'ce: survey of m'igrant firms (quesUmma5.re, Appendix A)4 

All of the rea.sons for mfgra tion discu:.:;s;Jd above are hardly 

startling. Thi3 sa:nc rcasans e.re often discussed in most empirical studies) 

1 ( ) ? .for example, KelT and Spe;lt (19j7, l96J., 19-55) , Logan 196.t)-, and 

1
nor.ald K'Jr·r ;lnd JB.cob ~::::-Jelt; !t;.I,:.nufac::!turing in Do,·mto"m Toronto,'' 

Geogr?.pr' ical B~JlleU.n, X ( 1957), lt-20; .!_~~du.~'::_ry_!n~_:::ax:_~~~~:._~_ir:: _.!-~:.e c:rty -o;::·•roron.t5·-·(c fEy of Toronto PJ.::;nn::i.ng Board, April; 19bl), 10--11; 
a!1d TndusTrT3:T-Prospects in th'3 Gi+ .. y of 'Toronto (City of Toronto Plannj.r:g 
Boa!·d, ,J o.ri,~ ,-19"iS'::l-:;-2r~J2-: ·----- ---- ·------- · ""-···-·---

2~~·1 T T,!"l<:'"'1.,... 1' >::u~'1''~"'ba·" -~,'·,~~1 ?<>c+,r·;·.~::r• • _., o -·' c-... c:t...J..l' LJ L, #~..._ L.l. l(_, ... ......... v-.t- .L.i.J.0• 

~-t~~!E~~-j:~~r; __ q.? :~~!.:"~l?l~:T, IX ( Sep·ce:::oel r·, 1961_~), 1-t 7 

A Case Study,u 
?2 3-3h., 

'The 



Hoover and Vernon (1962).
1 

NeYertheless, the distincti.on between prirnar-.1 

and seconda.ry rea.sons as rr;ada in this study should be- noted. 

Reasons for Choice of DestL~ations 

It is to be recalled that destinations, as defined in this study, 

include all of the sub-areas where it is possible for a plant to be 

located. To some of thA migrant plants, the saFi€ areal units are both 

the orlgins and the destinations, since such plants migrate within the 

same areal units. The reasons for tha choice of destinations as discussed 

here should, therefore, be seen in the context. o.f nanufacturing areas as 

a i-:hole, that is in tho ccntext of comparati..-e utility. 

P t B d C f tl + • . (A ' . A) ' . . h f . -. d ar s an o. w q_ues "'1onmure ppen;:nx usee. 1n t. ,e J.e .. t 

survey deal •,rith the reasons for the choice of locat1on sHes. These 

reasons can be grouped into foJ.r catt~gories aD sho~m in Table 3. 

c~.tegory 1 is related to opportunities for realizing external 

economies (part B, l-16). Tr,ia catcgo:t:r includes a !>ride range of factors 

such as indudri8.1 li:nkag·?s, urban faci Ut:i.es ~s reflected by ava:Uability 

or cost, etc. CateE_J;ory 2 (part B, 17-20) is re1a.ted to n:arkei: f<"!.ctors, 

tb;;:.~ :is, accessibj.lity tc the Hetro Torc)r~to market <> .. nd the rest of soathern 

(I.ntB.:'io. CategorJ 3 (part B, 2' ~~) .1.-t'(' includes physical entrironmental 

f2.CtOT-S • C0tcgor-,y- 4 ( ')"r~-.t C• V B, 23-28) inf~J.ude::; rnir,cel1ancous fc.c"!:",or.s such 

as presU.f~C location ;md other personal considerat.io!'ls. 

H. Foover ;.md Ra:,rrr.ond Vernon .• op, cit., 
-"--· .... ·-. 21-57 ... 



a Category 

TABlE 3 

PERCENTAGE PROPORTIONS OF RESPONTjENT F'IRNS 
ACCORDING TO CATEGORIES _OF REASCNS 

FOR THE CHOICE OF LOCATION-
SITES 

Overall Major Reascns 

first second third fourth fifth 

~--~-·---------· 

1 
2 
3 
4 

~-·--·-·- .. --.. -·~ 
Totai _ 

53.09 
22886 
4.97 

19.09 

frequencies: 503 

69.87 61.71 
20.48 2L05 
1.21 l.J?. 
8.83 15.79 

83 76 

59.72 58.?3 
25.00 26.98 
1.39 o.oo 

13.89 1Lio29 

-----· --- ----
72 63 

a: 1. opportunities for earning external economies 
2. accessibility to market 
3. physica.l envir:lnment 
4. other reasons 

39.58 
20.83 
12 .. 50 
27.08 

48 

source: survey of :Yiigrant firms (qu2stionnaire, P.ppendix A)o 

Table 3 su.rrunarizes the proportional distribution of the overall 

freqt1encies cf t:i.r,.es factors in each category c:tre cited and the 

proportional distri!::mtion of the respcndent fir.PJ.s unrier each of the first 

to the fifth major re2.sons. A strict comparison of the relative importance 

of the categories of reasons as revea.led bJ" the Table i.s rendered 

difficu:i.t becD.1JSe of the ur.cqual number of reasons i1'1cluded under each 

catego:t-yo The surnmary shou1d,,therr~fore_,be interpreted as broa.d tendenc).es, 

The ove:c,rh'31ming i.·nportaLce of ~,xter:c.al aconond.es is obvious" In the overaJ.l 

and undc.':::' eac:. oi' the first to the fifth 



Ha.rket availability ranks in the second position when the overall 

and the first to the fourth rr.ajor reasons are considered., It ranks in the 

third position as the fifth major reason for site selection. Miscellaneous 

reasons rank in the thi.rd position in the overall a.nd i!1 the first to 

the fourth major rea.sons. They rank in the second position under the 

fifth major reason. Physical environmental factors are the least 

important reasons for site selection. However, this statement should be 

qualified by the fact that the nlllTi.ber of reasons included under this 

category is very small. 

In surnmary, this aspect of the survey ilh:.strates the ovei'\<;helming 

importance of the desirz to earn external economie•> in selecting a location 

site Hhen all or many of the factora revealing this desire are combined as 

single factor. Indirectly, some of these factors may be regarded a::: crudo 

proxies for other factcrs; f'or r.xempl:: J closeness to a major highHay or 

the Toronto International Airpor.t reflect regional access., It trus appears 

that the compara.tive uU_lity of a location site is largely de:tern:ined by 

opportunities for external ecor:omies at that site. 

Othe~~_J.e:-:ents in the F~eld Surv~y 

Four other elerr.ents in sit~ selection process are investigated 

in this surve:r. These are time lag betwe13n decisions to l'lli~rate al! .. 1 

C!Ctual rliE;ration, n:cothc:3.s of ncqutring location s1tes, the degree to 

which alternat•:J site:; ar;:; in':estir;ated before mak:ing the final selection; 

and tho nah:.rc of the investigatj_on. 

The -t.ime la.g beL-ween decis::i.ons to migrate <Uld actual migraU.on is 
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found to var-y considerc:bly (Table 4h h5.5 per cent of the plants were 

located tdthin the first thirteen v.;eeks after sites were acquired, compared 

with 14 to 26 weeks for 12.99 per cent of the plants, 27 to 39 weeks for 

7. 79 per cent, 40 to 52 weeks for 16.88 per cent and over 52 wc,?ks for 

16.88 per cent. 

With regard to methods of acquiring location sites, three methods 

are spe~ified. These include purchase, lease and rent. The majority of 

the respondent firrr1s (59 per cent) purchase their sites (Table 5). 

Rentir.g is the 1-:!ast popular method of acquiring location sites. Only 

nine per ~ent of the respondent firms rent their fleer spaceso More 

. i.TJ.teresting is the fa.ct that all of these fr1.rms located their plants 

within t.he first thirteen weeks of acquiring their floor spaces. Perhaps, 

this suggests that renting me>y speed up migration because renters may be 

satisfied Hit.h using less than iceC>.l space. Leasing is a moderately 

popular method of acquiring a location space. One thi:rd of the respondent 

firms lease th8ir property. 

The degree to whi_ch alternate sites are investj.gated in terms of 

the nu:nber of location sitss considered besides the final selection is 

also anquired in the survey. An overwhclmil~g lr,ajortty of the respondent 

f . . ' ' "' . t 'T ' 1 6') ~nn.s ccr~sJ..aerea ovner Sl es ~ ao e • Only t'r1elve per cent did not 

consi.r.iar other sites. The murber of' oth8r industrial sites considered 

by the rE~r:JE:ining firns ranges fro:Jl one to more tha.n ten. 

Although mr;ny of the respoPdcmt fi!""rn::> state the fact.. that they 

invsstignted more than one site before waking the:i:r f:inal sel,::Jcticr,, it 



TABLE 4 

PERCENTAGE PROPORTIONS OF RESPONDENT Y1ANUFACTURING 
FIRHS ACCORDING TO THE TIME LAG BETvJEEN ACQUI

SITION OF SITES M!D ACTUAL MIGRATION 

Time Lag in Weeks Proportion 

1 13 
14 - 26 
27 - 39 
hO - 52 
over 52 

45oh5 
12.98 
7.79 

16.88 
16.88 

--------------
No. of respondent firms : 7? 
source: survey of .. m'igrant firms ( questiormaire, AppendiJc A). 

TABLE 5 

PERCENTAGE PROPORTIONS OF RESPONDENT HANUFACTURING 
FIRMS ACCORDD:G TO METHJD OF ACQUISITION OF 

SITES 

Nethod Proportion 

------------- .. . ···----------
P'"J.rchaEe 59.26 
Iease 32ol0 
Rent 8.6h 

----------- ----------------
No. of responded fir:ns: 81. 
source: as for Table L.. 



TABLE 6 

PERCENTAGE PROPORTIONS OF RESPONDSNT :t-lANUFACTURING 
FIR!1S ACCORDING TO THE NlJ:HBr.:R. OF O'lHER TimUSTRIAL 

SlTES INVE:STIGA.TED 
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Number of other Industrial Sites Proportion 

0 
1 
2 
3 
4 s 
6 
7 
8 
9 

10 
over 10 

12o35 
3.70 

12.35 
14.81 
4.94 

11.11 
13.58 
3.70 
o.oo 
o.oo 
).70 

19.75 

----- -----------··--·-------·----- --------------
No. of respondent firms: 81 
source: based on questionnaire, AppEmdix A. 

analysis. For exampl':l, only fi.ve per cent of the respondent fi:::·n1s 

state that the decision of their research departments was :involved in 

choosing th<J ir sites. 

The ba.sie findir.<~~s of the survey carl now be suwxn.arized. 

The :::\3a.so;:>s ~or migra t).or; as given by the res?ondent fir;11s, are 

quite variedo In gs:neraT;; the pd.:T•,:.>.ry !'easons for rr:i"cration are the 

ne1.'ld for r.10re space; cost-related re.s.sons such as high nmt, high taxes, 

E!n•:l .h i~h costs of ~n-oduct ion; exni!·at ion of lea.s~'; and ou+,modnd facJli ties" 
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The re:'son::> st;,ted as secondary include co;;t-rel !ted reasons, parkin~ 

pro"blems, nec-i for hatter locatio-:1_, increas.i :>c, proprn·ty value And the 

need to be clcser to ~ustrn~lrs. 

Th.e re.":;o·1s for choc:_;in~; par.,:~ .. ,llar lc,_:r·Lion sites are 

overwhelmingly due to opportulli t.i ::.; for reali.zi;.;; external economies. 

The::;e '::c-:lude a variety of urban and industr-ial facilities, industrL. 

l \ :1:~ages and the like. The fine' hgs from the survey '~oncerning reasons 

for mip:ration as well as rr.Jasonf: for choos:ing particular locat.ion sites 

aru largely confirmed by empirical studie3 on the subject. 

On the other eleme::t,s or the site S?lec+,:;on precess, cerL<dn 

facts are estab: i.shed. First, the time lag bet'veen decisions to migrate 

and aetu~l migratj on is founc'1 to vary considerably, ranging from less 

~.ha;1 th:i rleen w .. Jks to mN·c ~-han 52 weeks. Second, the method of 

acqutring a loc ;, , · · 1 ~ .1 te is specified to be either purchase, or lease 

or rent. More t c:n half of the respondent firms pnrcnase their p:;:-operty, 

conpared Hith one third Hith resper.t to leasing and one third with respect 

t,,') renting. The majority of the respondent firms state th.:;~.t JT.Ore thar: v::1e 

site wc~s i.nvcstii~ated before they selected their final sites. Hm;ever, 

such investigar.. ~ :.~ns are not ;encrally based on ·'DY intensive analysis 

judginp; frorr. the fact that onl:y five per cent of the 1' :·pond~.. ;.t firms 

state that their -.~. )_;~artrr;ents wen! involved i;, the'dr decisj_ons. 



APE~NDlX G: LI~T OF VARIABIES USED IN 'I'HE NUL'riPLE m:,~GRESSION HODEL, 1964-65 
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15tJ87~~ 
( ' (\J '7 

·'- '~ ._J ; 

o.oon 
0. (;8'( 

lJiJO 
2"?l.JB 
2 ,_ ?lle' 
) oeJ(1 
0,6W? 
J" 7J)l 
O.C'OO 
o,. 3Lt3 
L1 .sn 
Oo.Jji3 
LOJO 

3 

), • 7S? 
), . 7)? 
)j .752 
lt.?77 
!t .277 
1 • .., '7 ··~ 
! tot'. I ; 

i.J.277 
3 .~;61~ 
? o ~~?S 
2 ~37) 
·2 .CS1 
?.fl)l 
2.8S:.. 
1.18? 
n ll07 
"} Gl ./ ,' I 

o. ~)9? 
o. 9s:o 
1 (;}~?~) 
l. t3CJS 
1aJ.U'(' 
l 'i' 7 ·- •. .l..); 

0 ,/;97 
0 ~ 80~·~ 
1.01!) 
l.OI_:S 
2~91.:6 
2 • 1!70 
2).(70 
2 ?"r: Iii_,!_.,.' 

? .1:70 
2 ~ 9)! s 
] • (i(<' 
l.,t:6? 

L~ 

0.?711 
') 7\ " 
- 0 I ' ' ( 

2. 74? 
2.197 
2.19'1 
?.197 
2.197 
2 ;J 71.~7 
, -,'71 
.l ~ _); j 

LJ?l 
S.J,?!~ 
) .119i~ 
s .1.~9)-t 
o. ~~L19 
r\ l')nj 
Uo < { ci 
,.., ?'"' ·J it·- 0-+ 
l ')7-
... • _/ I _5 
i <'"J'.l 
..!..'J} .I 

l ()') ':\ 
..... 0/ ,_-

l ·n? •j•-' 
, T7'~ 
. ..t,."" -·. -~ 

?.197 
l v 09(~: 

o.B?it 
0.8?!~ 
3y8h6 
.'3 .• ?96 
3.'296 
lt. 1.20 
).?96 
1.9?3 
LJ7J 
2.'fL7 

5 6 

0.907 2.167 
0.907 2.167 
0.907 2.167 
0 J~-02 2 .. 167 
o. 802 2. 1.6'7 
OJW2 2.167 
Oot)~J~: 29~{;7 
J..?3? ? ol67 
0 .r)07 2 '16? 
o.:lo? ?.lh7 
3 .1!h9 lo99'i' 
3 .h/19 lv99? 
3.4119. 1.61L. 
0.713 } • 7'18 
O.h20 J.. 7?8 
0.1;20 J.. 773 
2o/l(:l~ 1.778 
L7SO L77B 
1 o 7tS0 
1 

• S'l6 
1jJ91~ 
I1 ~o:~7 
2.?99 
1.261 
1 "{.1 -...oL,_)-.. 

2 .. 19)1 
? e?:119 
2~2h9 
3.0L1J 
2Q21J9 
lo()~~2 
l --0/.. 
~uJcU 

2. 8)~7 

1.778 
1. 77fl 

.1. 77R 
1,.7713 
L77D 
1.77e 
l.T/S 
l.9T'--
l o·r: .• 7' 1.. 

-, ()'7 -, 
~-. / t ·-
1.971 
l.9TL 
1.971 
1.971 
L97J. 

Variables 

7 

?.233 
2 ')-:>? 

•~..J..J 

2.233 
2.?33 
?.233 
2.233 
2o23J 

8 

2.023 
2.023 
2.023 
2.023 
'2.0?3 
2.023 
2.0?3 

2 .. 233 ?.023 
2.2033 2.0?3 
2.233 2.023 
2.39t: 1.811 
? • 3?)1 1.811 
2. 1321~ 2.023 
1.620 1.979 
1.6~)0 2 ·'165 
1.6?0 1.979 
1.620 J .• 979 
1.6?0 1.979 
l.fi?O 1.979 
1.620 1.979 
1.620 1.979 
Lfi?O 1.979 
l.t.?O 1.979 
l. 620 1.979 
1.620 1.979 
2. ()) ,~; 1.. 979 
1.506 1.979 
l.SO!S l. 979 
l.SOf. 1.979 
L)n() 1.979 
2 .Oi.J5 1.9?9 
2. ())ic) 1. 979 
2 .. 01;) 1.979 

9 10 

:1...900 l.l192 
1.9oo o.soh 
1.9oo. o.~so 
1.90o o.81l1 
1.900 1.702 
19900 2.721 
1.900 2 .1h4 
1.900 3 .~:47 
1.900 1.:.9.56 
1.900 ? .ld.!1 
2.)+1~5 3.032 
~! .h!6 l. 899 
1.903 1.979 
2 .059 . 1.182 
?.0')9 ?.1!.52 
? .059 1.553 
2.059 0.93? 
'2.059 ] .226 
2.0')9 2.500 
2.0;)9 ?.220 
?.059 2.367 
2.059 .0~ ?)iO 
2 .or;9 J .• l\79 
2 0;._,9 -.., ,..,, 7 

;, ·). -
1
- oLLl. 

2.DS9 Lj)J 
1.911 l. 793 
L9U 1.202 
l.91l 0.~73 
1.911 LJ~o:; 
1.911 lo68_3 
l.9J.1 OQ990 
l.91l 0-517 
1.911 l.2t\2 

11 

3..22.5 
3.225 
3.225 
O.L;vU 
o.ooo 
o.ooo 
3.225 
o .. u0o 
o.ooo 
o.ooo 
o.u00 
o.ooo 
o.ooo 
3.225 
3.225 
3.225 
3.225 
3.225 
3.225 
3.225 
3.225 
3.225 
3.225 
3.225 
3.225 
3.225 
o.~xJO 

o.oco 
3.225 
3.225 
3.225 
3.225 
3.225 

12 

2o79h 
2~56[( 
2 .1+56 
2 0 71+3 
2.867 
3.918 
3.256 
3.665 
3.049 
?.h22 
2.285 
LB?O 
2.890 
2.189 
1.856 
1.5!.10 
1.319 
1.1~98 
2.0tl6 
2.)76 
2.1.56 
1.059 
0.97.5 
1.235 
1.J56 
3.106 
2 0 379 
2.315 
2.164 
2.171 
2.631 
1.959 
1.GL~l 

13 

1.332 
0.711 
o.L~28 
1.227 
1.911 
0~729 
0.366 
o.soo 
1.216 
0.652 
0.575 
1.165 
2 .001-t. 
S.:t66 
2.727 
0.776 
0.316 
1.83.5 
1o627 
1.241 
0.985 
2.611 
l. 703 
0.213 
2.931 
1.351 
l.d27 
1.540 
2.426 
2.922 
2.518 
1.305 
2.119 

14 

3 
" ) 

h 
5 
1 
1 ., 
.I.. 

1 
1 
1 
1 
1 
3 
1 
1 
1-t. 
l 
2 
1 
1 
1 
2 
1 

':l 
3 
h 
2 
2 
]_ 

1 
2 
1 
1 

..... 
~ 
'.0 



1 n.-'asure of ma:nufaeturin~ diversification, 
!':'?i:lf':ur:~ of 1nanufacturing coneentrat.ion, 
~ost or serviced industrial land per acre, 

8 industrial hydro rate, 
0 

? 
~' 
\ 

'" 

r; 

6 
7 

9 cost of one million gallons of' industrial 

abso] 11 t.E d'Fo.D§:C in the cost of serviced industrial 10 
lend pn r nere ovc r the post six yea:('s, 11 

rc~ Jat:i '!(:; chanw., j:n i he cost of service C. j_ndustria!. 1? 
J.;::,nd per ncrc over the past six yef'rs, 

indwob•ial miJ.1 rDtt:, 
ab~;o:lute ch;cnge in i.nclustriaJ. rdll rate over the 

r~a::rL s l v: )'""ear~3, 

13 
..,, 
-Li~ 

vrater consumption, 
road distance to the nearest major highNay, 
access to the Torbnto International Airport, 
labou.c· force potential, 
average dlstance (air) moved by plants 

received at dr~st.ination j, and . . . 
nu~nber of plants relocated into destJ..natlon J Q 

1-' 
\Jl 
0 



APPL~JTliY D: 'I'PAN.SGSNE'LA. l:~D V ~.l1I~JJIJ~S AND ~1EASURE OF INDUSTRIAL VACANT SPACE FOE SOB:..AF.EAS, 1966-67 
\r.f_"!_l.!- ---~-------"-------- ----~------

;:3,::-·::a 

:l_ 

" c 

3 ,, 
12 
2~ 

?'· - L• 

r:• c: 
L_/ 

32 
")') __,·_; 
~ ;) 
:i(..J 

39 
I·; 
l.~-L 

!:? 
i ~3 
5t) 
I .•,~, 

;.- .' 
~II"._) 

:; ~ ... · 
Gl 
(::,s 
71 
n 
73 
'7r; 
RD 
hl 
Q,' u/ 
90 
9l 
90 

lOl 
lGl1 
:L05 

1 0 
L 

? • 1;L~~ 3 • 9Co 
1. ?B3 1;. ~ 200 
3o2hli ,l_t.6?0 
?.9Ji~ ?.6lJ0 
0.001) 
lo '(11 
LJd~o 
1.9f;;:~ 

2 .93)1 
1.833 
?.59) 
1.99? 
O.CX:lO 
l.BJJ 
?.161 
:~.J.:n 
i ')•)'\ 
_,., 0 t: .1.. (J 

L7JJ 
L79:J 
?.095 
3.667 
3.667 
~). 200 
1 .lt60 
?.031 
)i.L~01 
o.c:oo 
o.ooo 
l.h66 
2.567 
?.Sll~ 
1.692 
1.099 

0.0(10 
l.9BO 
0._330 
0.990 
?.9?0 
?.6.1.~0 
l: .?90 
3.fiJO 
o .. ooo 
?o6:~C) 
6.?69 
0.660 
J .• 650 
j,(JO 
?.970 
L.62o 
0.660 
0.660 
1.9130 
O.JJO 
,, .290 
0.990 
o.ooo 
o.ooo 
0.060 
1.3?0 
(1 • 310 
h.?90 
1.3?0 

3 h 5 

h.J..J06 
)~. !.t06 
l_t .J.~06 
!~.)_:06 
I. '"'nc. w. 0 'v"\_•\) 

3.?0) 
~.Soh 
3.(06 
?.Soh 
? .Bo1 ~ 
1.96? 
1.202 
1.40? 
1.1~02 
1.60? 
1.122 
o.Bol 
l rJpl 
---r~J~L 

1o?8:L 
2e68)j 
2 ~BOi\ 
? .L;.Olt 
2~ool-~. 
2.80h 
2o684 
1.602 
?.Bot 
2.00-~ 

2.003 
1.602 
1.21\1 
1.1~02 
o.Bi.tO 

2.306 o.Blt7 
?.JotS o.Bh7 
2.306 0.847 
2.229 1"235 
2.076 0.838 
1.729 o.B76 
?.306 1.!!13 
)~.6lL~ 2.1~22 
3 .t~S9 2. 311 
).459 2.}ll 
3.3liS 3.S6? 
, lc~ 1 t9'·' 
·' 0 - :J _; 0 l) ~ :_.: 

?.306 3.191 
o.S76 o.6S2 
::...037 1.074 
1.729 3.100 
0.807 }.. 79rl 
l.l.;99 2.160 
1.;~99 ? .160 
2.190 l.hOl 
3 .1.1)9 ? • 311 
2.306 1.69~; 
3.459 2.311 
J.L59 2.311 
l.3t3h 0.83!~ 
l. 729 L956 
!~. 611-~. ."3. 391 
2.8D3 2.826 
2 .. 883 :?.826 
1.153 . 1.210 
0.)?6 Oo74J 
2 •. 1.t22 3.632 
0.80? 1.t"·95 

·variables ·-----

6 

2.133 
2.133 
2.133 
2 .. 133 
2.133 
2.]33 
1.965 
2.133 
LG93 
1. 70J 
l..t396 
1.1~96 
1. FV}6 
Lt)96 
1.896 
1.89/S 
1.396 
1.896 
1.896 
1.9S9 
1.959 
1.959 
1.959 
1.959 
1 Ql~Q .J-. / ___.•" 
1.99 
1.959 
1.959 
1 .. 9r;9 
1 (>L<Q 

./,.../ 

1. 95~) 
1.959 
1.959 

7 

2.216 
2.216 
2.216 
2.?16 
2. c'16 
2.216 
1.'(81 
2.216 
1.801~ 
1.628 
2.0)0 
2.0)0 
2.050 
2.050 
';!:~050 
2.0)0 
2.0)0 
2.0)0 
2 .0)0 
2.023 
1.803 
1.803 
1.80'3 
1,80] 
2.02.3 
2.02.3 
2.023 
2.023 
?.02J 
? .023 
? .()2 3 
2.023 
2.023 

B 

2.038 
2.0]8 
2.0J.G 
?.038 
2.038 
2.0]8 
l. 768 
2.038 
1.1321~ 
2.0}3 
1.99)+ 
1.99\.~ 
1.99/.j 
1.99.1 ~ 
1.99.1~ 
1.99~. 
1.99h 
1.99)r 
, ()C'} 
.L. / j,~ 

L~9L 
1.99!+ 
1.99)-t 
1.99 1~ 
1.99L~ 
1.9?4 
1.99h 
l.99h 
1.99).1. 
1.991+ 
1.991~ 
1~99h 
1.991-t 

1"99lt 

SIU measure 
9 10 11 12 of u . _;..._ _____ ------ J-

1.905 1.494 3-448 
1 .. 905 o.so5 3,.448 
1.905 o.LBl 3&448 
l.9J5 o.815 o.ooo 
~ ooc · 1 ~s·' o ~~oo j_e)' J . o,.... ) ol- · 

1.905 3.L~os o.,ooo 
2.313 3-93h o.ooo 
1.90) 3.?6h OoOOO 
? .1!)2 1..902 OoOOO 
1.908 1.982 0.000 
2 .o6h 2 .!.66 J.t~h8 

f) , ~cJ ' I 8 
2.0~+ .1...~~5 3o4~ 
2.064 0.?39 3~448 
2 bo6!.r 1.228 J.L~48 
2 .o6Lt 2 .5o4 3-448 
2.064 0~7~1 3.448 
2.064 1.4A1 3.448 
2.064 1.249 J.l.d.:8 
? .061, L555 3.4!~8 
1.916 1.796 3c448 
1. 916 l. ?04 0 .coo 
J .916 1~136 0.000 
1.916 o.S?h o.ooo 
1.916 1.685 3.448 
1.916 0.992 3~448 
1.916 1.284 3.448 
1 91/ 1 l,) l, ? J 48 --. {) --·'··!'-·· ..J• ·~ 
1.916 0.778 3.448 
1.916 0.852 3.448 
1.916 3~100 3.448 
1.916 1.13( 3.448 
1.916 2.19~ 3.448 
1.916 1.260 3.4h8 

2.959 
2.683 
2.573 
2.866 
3.35) 
3.839 
3.366 
3.367 
1.9~5 
3~0L~4 
1.9)1 
1.6?.3 
1.390 
1.573 
2.191.+ 
1.115 
1.02) 
1.301 
l.?lB 
;.267 
?.510 
2.563 
? .U.-~.2 
2.?9h 
2. 77l.r 
1.941 
2.53? 
2.126 
1.7613 
1 .. 792 
1.1~24 
1.025 
1.115 

1]9.5 
306.2 
207.2 
157.7 
137.2 
?21.6 
15.3 

l?0.8 
98 .1.; 

186.9 
136.2 
609.9 
)8/:.6 
Lt)l.;.2 
J(q .5 
Lt94.h 
600.5 
.556.8 
279.)~ 
125.7 
298.2 
283,1 
2w4~B 
293.1 
493.1 
4?.1 
26.0 
25.2 
60.] 

605.7 
lili9 .L 
1~99 .4 
566.1 

,_. 
Vt ,_. 



APPENDIX D contd. 

-----
S1~b- Var::.ab1os 
:?Jre.-s~s -

1 ') ·~ 1r r, 6 7 8 9 L ) 
·' ..._.., ______ , ________ ,-----~-

- ------ ------

107 ?.,9Jh o .. fcro l 0 Jt~l 2.306 J.S32 1.959 ?.023 1.991+ l.91G 
llLt 2o9).l_t o.r;r.o l.OSl LJSL~ 2oJ.:2~2 ?.091 l. 9L~9 2.050 2.024 
~!.IS loJ~66 0.)30 1 ? 1

• l --:) ,_. ~-'- L268 1.82? 2u091 1.9h9 2.050 2 .02)-J. , ., ,(..,_ 
....... .L.___. ? oJ.! (j 5.2£lO Lfl03 2.8f3J J.~60 ?.091 L9h9 2.050 :?.02)~ 
1?1 3,.911 0.990 0.601 0.807 2.579 2,091 1.9h9 2.0)0 2.C2h 
1 t"'J-") 
·'·· (, [_ O.OCJO o.ooo o.6ol. 0.807 " c:'., () 

L 0/ I/ 2 oOS,l l.9h9 2.050 2.02h 
1 'j:: - ( \.} 2 Q ~;l ~~1: 2J,Lo l"8tJ3 ? .8i3J 3.260 2.091 l.9b9 2.050 2 .02)-~. 
12C 2 .l:l.tS; 1 o9Zl0 J.202 1. ;n1. 2.119 2.091 1.9h9 2.0)0 2 .02L~ 
ne Ll.166 0.330 0.601 o.2~n O.fO) 2.011 1. 9L+9 2.oso 2.021-J. 
}_J:> 14~:66 J 0 9i\Q l 1 r,·l 

...._ Q ...... ~~·-·- 1.%5 3.229 2.091 1.9)19 2 .oso 2 oC)24 
l):O l ~l,66 0 0 330 1.122 1. h~'') 2.5'62 2.091 1.9h9 2.050 2. 02l! 
lltl! O.OC(l o.ooo 0,,801 o.em 1 .. 798 2.091 1.91.~9 2.0)0 2 .. 02L( 
1 ~·J 
-'·/j o.coo O .. GCJO o .. Aol 0.8()7 l. 79.8 ?.091 1.91.~9 2.050 2.024 
1)7 3.6()? o.c=so l.803 1.1:99 l.).:Jl ?,OJC 2.1?·7 1. 881 2.168 
1q; ? (.200 1.3:'0 l.ElO? 1.1!99 1.431 2.010 2 .1.~7 l.fWl 2.168 
, r:q 
~.L..! / ) (/ 10 ~ ,:, o.:no 7 .• COJ l.L~99 L4JJ. 2.010 ?.137 1.881 2.168 
J(,]_ O.CClO o.noo J .• 803 J.499 Li.d2. 1.909 l.9tl l.99h 1.850 

~)Ot1:c-ce of c1ata: p_s for fl.ppend:i.x C 

Nota:- }!ames of variables are indice1ted in App8ndix c. 
Var5.eble 13, 1,rhich is not shmm in this Appel•dix, 

0 
• ' ' ' f T '+ • • 1 (') lS Slr al6~ance ro~ suo-area J vO an Orlgln suo-area l 

llrldG r· cons1derat:i.O."l. 

10 11 '12 
- ---- -------- -· ---- -- -- - ---- --

3.9?6 3.1-t48 1.386 
4.593 o.ooo lo878 
l~. 358 o.ooo 2.282 
3o556 o.ooo 2.306 
1.815 o.ooo 0.511 
2.371 o.ooo 0.682 
3.161 o.ooo 2.168 
1..950 3.~h8 1. n~s 
1.110 3 .l~lt8 0.959 
o.Bh6 3.448 1.267 
0 .. 629 J.hhB 1o_S07 
2o50J· 0.000 0.581 
J.D16 o.ooo 0.70? 
2.934 o.ooo 3.231 
J. 722 o.ooo 2.319 
J.85J o.ooo 1.959 
1.85? 3 .ltuB 1.511 ' 

SIU measure 
o.f uj 

552.0 
56.3 

lh9.6 
112.? 
l96J\ 

45 .. 0 
150.9 
426 .. 1 
299.6 
Li95 .. 9 
2!~8 .) 
80.0 
So.o 

157.5 
321.6 

39.6 
5'.5 

,_. 
\.Jl 
N 



Origin 
Sub-a.rea ----

1 
2 

3 

4. 
7 

10 
12 
13 
14 
15 
19 
20 
21 
22 
23 
25 
26 
27 
37 
38 
39 
42 
43 
ti6 
53 
58 
61 
68 
69 
72 
'7-j.:> 

80 
88 

APPENDIX E 

ORIGINS AND DESTINATIONS OF OBSERVED 
l-I!GRANT PLANTS 

1964-65 

No. of Destination 
P1ar:.ts Sub-area --- -------

1 61 
11 1, 2 (two), 3 (two), 4, 

42, 71, 75, 128 
14, 

10 1, 2, 3, 11, 104, 116, 121, 
158 

5 33, 68, 74, 137, 140 
1 128 
2 4, 31 
2 3, 23 
3 21, 68, 158 
2 2, 4 
2 43,44 
1 15 
1 121 
3 4 (two), 105 
1 127 
2 28, 139 
2 33, 156 
1 99 
1 2 
1 39 
3 39,46, 107 
1 r::l" 

.,10 

2 39, 41 
5 1, 39, 42, 104 (two) 
1 61 
1 57 
1 58 
1 127 
5 38, 68, 82' 107, 158 
1 104 
2 80, 139 
l 128 
5 56, 61, 68, 105, 139 
1 1.39 

1.53 

139 (two), 



Origin 
Sub-area 

104 
113 
114 
115 
116 
126 
155 
156 
157 
158 

-----

1 
2 

3 

4 
12 
+P 

.lit 
15 
19 

I 21 
22 
25 
29 
31 
32 
33 
34 
35 
38 
~Q 
J/ 

L~2 

43 

No. of 
Plants 

1 
1 
3 
5 
4 
3 
2 
1 
1 
1 

7 
16 

15 

2 
2 

"2 
1 
1 
3 
5 
2 
1 
1 
1 
3 
J. 

1 
1 

4 
2 

2 
~ 

..1.. 

APPENDIX E contd. 

Distination 
Sub-area ------------ --------------

117 
128 
32, 73, 1·27 
73, 114, 115, 138.(two)' 
37, 99, 127, 138 
71, 128 (two)' 
80, 105 
83 
33 
104 

12, 38, 39, 43, 80, 126, 128 
2 (four), 25, 33, 39, 43, 72, 80, 83, 
90, 115, 116' 128, 140 
1, 3, 42 (t·.t~o), 72, 75 ( ~ \ <-WO), 99 (two), 
101, 115, 122, 128 ( b.;o), 158 
71, 85 
33, 139 
75, 107 
2 
157 
3, 73, 105 
21 (two), 80, 107, lllt 
4 ' 

1-Q ;J., 
159 
139 
144 
107, 138, 139 
140 
21 
39 

39 (three), 61 
47. 

""'~ 43 
Ll-J., 58 
41 



Origin 
Sub-area 

56, 
57 
58 
59 
61 
68 
71 
72 
73 
75 
80 
83 
97 
99 

101 
104 
113 
116 
126 
139 
157 
158 
159 
161 

No. of 
Plants 

1 
1 
3 
1 
5 
2 
1 
2 
1 
2 
4 
3 
1 
1 
2 
1 
1 
3 
3 
1 
2 
2 
1 
1 

APPENDIX E contd. 

.56 
57 
57 (two), 99 
56 

Destination 
Sub-area 

58, 61, 80 (two), 104 
68, 161 
73 
32, 139 
2 
58, 115 
91, 99 (two), 126 
57, J.OL;., 105 
61 
73 
101, 105 
104 
121 
72, 121, 138 
128, 140, 153 
128 
2i.J,' 102 
58, 157 
71 
105 

15.5 



SIC 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

APPEKDIX F 

STANDARD INDUJT.i.UAL CODE 

DIVISION D - 1-'IANUFACTURHiG 

¥.:aj or Group 

Ordnance and accessories 

Food and kindred products 

Tobacco manufacture 

Textile mill products 

A.pparel and other .finis ned products rrB.de from fabrics 
and similar materials 

Lu.i11ber and v;ood products, except furniture 

Furniture and fixtures 

Paper and allied products 

Printine, publishing and allied industries 

Chemicals and allied products 

Petrolet1m refinine and related industries 

Rubber and miscellaneous plastics products 

Leather and leather products 

Stone, clay and glass products 

Primary metal indust.ries 

Fabricated metal product,s, except ordr;ance, machinery and 
transportation equipmel"}[, 

l56 



35 

36 

37 

39 

APP.J;:NDD;: F (contd.) 

:V.1achinery, except electrical 

Electrical ~achinery, equipnent and supplies 

Transportation equipment 

Professional, scientific, and controlljng instruments: 
photographic & ()-_fltical goods, watches and clocks 

Miscellaneous manufacturing industries 

157 



APPENDIX G 

THE SINULATION MODEL: DATA INPUTS AND 
COMPUTATIONAL CHARACTERISTICS 

Data Innuts ------·---
Data "inputs into the shnulation model are of three categories. For 

convenience, the computer program notations (Appendix H) are used in 

describing these data inputs 

1. Pro5ram control parameters. 'I'hese pa.r&meters provide the 

e;.:aneral controls for the simulation pro~ra.m and they are the first set of 

data to be read into the program. These control para1r:eters include: 

a) -Nu = the number ·Jf o:rigin sub-are.?. i. There are h6 such sub-

areas for the time period under cons ide ration in this study:·. It 

should be recalled that these sub-area.s are determined frcm observations. 

b) ND = nurrtbro!r of destil1nticn sub-ar·3a j. There are So of these 

for the time period under consideration. They are those manufacturing areas 

.,.,here it is pos::dble for a Ill3nufnctudng plant to' be locat-ed in the study 

area as expl~ine:::! in chapter I of this thesis., 

c) ~IP .,. tf,e r:.umber of plants to be loc.::tted by the model. There are 

119 of these plants for the perio::l. under conslderationc 

d) NS -- the nu.mber of s imulBtion runr; .• For the test under con-

sideration, NS = l80o 

2. Hatrix: A(I, J) which cont.ai:ns the ebments ~. relative to 
J 

each zi,;en or:izin sub-e:.r~a :i ~ This n:e2ris that the ;::ler~ents of each it,h ro"..r 

158 



159 

(j columns) to a particular orie;in sub-area_ i$ As mentioned earlier, the 

A 
elements a. for any given origin are estiJnated as a linear function of 

J 

the thirteen variables as expressed by the multiple regression model 

discussed in--chapter .. IV. 

3. A set of vectors including: 

a) Vector r(Jn conta:inine th~ origins for the 119 plants to be 

located. 

b) Vector UP(K) containing the elernents ulc. 

These elements are the standard industrial units assignsd to the 119 plants 

to be located. 

c) Vector TU(J) containing the elements u., that is, the standard 
J 

'industrial units assigned to the 50 destination sub-C~rea.s a.t the beginni.ng 

of each siJTlU.lation run. This e.ssigtiinent represents the total vacant industrial 

space, measured in SIU, estj_n;ated to be available to migrating plants at 

each destination sub-area j over the test period (1966-67) - see Appendi.x D .. 

ComvutationA-l Char<'!cteri,;tics. --=-----------------···---· 
Four steps in the computational characteristics of the r.10del may 

be described for a particular sinmlation r·un. These steps are describBd belo-..r., 

L R<mdom sa:r:pling of a plant k for loca.tion. The 119 plants to 

be located b;r tr.e model <~re n,:mbered consecutively from 1 to 119, each 

number corresponding to each plant. A random number 1s generated to seler..:t. 

any of these plants and. the ple.n~.:. sel~ct.ed :ts tbe one having the generated 

random nu~~!tJer unless th'J rary·]c;r. number wa.c generated earlier in the part.icu1ar 

.si.!T..tlation rnn being performed~ 1'f,·wnever a generated r~mdom number is 
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as many times as are necessary to successfully sample a plant k for location .. 

2. Computations for sampling destination sub-area j to receive the 

selected plant k. These computations include a) assignment of probabilities 

to the destination sub-areas j oro the basis of their attractiYeness relative 

to the origin i under consideration. Each probability pJ. is, thus 
n 

computed as Pj = ~ 1 .L a , where there are n j destinations; b) the 
j j~l j 

assiv1ment of random nurnbers to each destination sub-area ill proportion to 

its probability. This me<:ns that in tne SaJripling procedure, the d·3stination 

sub-areas do not have equal chances of being selected since they vary i."1 

their probabilities on the basis of l-rhich the random ::J.u,-nbers are assigned. 

To sample a sub-area j, a random number is _generated a"ld it is the sub-area 

j having the fenerated random n1.:.;~1ber that is sampled. Ha..;ever, before the 

selected ple.nt k is finally located, the model would compare the space 

required by the plant ( ~) a.gainst the vacant industrie:.l space at the sa.r.pled _ 

sub-area (u.) • The location ~a11 be effected at this point provided that 
J 

uj is greater than, or equa.J. to, uk. Otherwise, another sub-area j is sampled 

by gen8ratin;:; another r<'l.ndorn !JU111ber. 

Adjustment computations follov-iing the successful location of_ a 

mlh"'f'>'·~ COmpu~.at.ionS iftClUrJP "i;mnlro """b"'"r"'C+~On~ 0~ ad-ll·+-~On~ fQ't" c;;..... L .. I _..._. ·--J'Jt··-·- _.~..... """'I.J '"""' ..,.J.,. ............ u V..i .... v,. ...... 

exa.mple, 

a) removing the located plant fron1 among those remaining to migr2.te o 

ln this reg.:Jrd, the probability of 3ampli."1g the located plant is zero 3 e11d 

b) substra.ctin..; u
1 

from u. to take iJ1to accolmt the vacant industri::1l 
c ,i 

plant remaining .?.t the recen·:.ng sd..:-a:-0a ~i. 



APPENDLX H:: THE COi'-lPUTER PROGRAM 

*STOREDATA "HS UA 
*ONI~·~-roRIHNTEGBRS. 

EHAT 

*LIST SOUH.CE PlWGH . .~\1>1 
C THE COHPUTER PROGRAN FOH. SIHTJL,\TING PLANT SITE HELOCATION 
C THE PIWGR.AH IS HIUTTEN FOR IBM 1130 

SUBPOUTINE VECT(I:,NP, ND) 
C THIS SlfBH.OUl'I:t-:·:s IS USED TO Dl;TERNINJ~ PP.OBABILITIES ASSIGNED 
C TO J DlcSTINA1'IONS FOH .ANY GIV1~N ORIGIN I 
C CP ( J) = VECTOR CONTAINING SETS 01<' H.1-l.NDOH NUHBERS ASSIGNED 
C TO DESTINATIONS I'OR AJ:::Y GIVEN OI::.IGIN I 
C ALL OTHER ELJ!;I'IEIJT.S APJ-il.J;ARING IN TIIlS SUBIWUTJ.NE ARE 
C DEFINED IN THE I'-L4..IN PROGRAH 
c 

COMNON E(50), I(l20), CP(_?O) 
SUH =~ 0.,0 
DO 10 J = 1, ND 
SUN ::: SUN+E(J) 

10 CONTTNlJE 
CP(l) :: E(1)/SUH 
L=ND-l 
DO JO J:: 2,L 
CP( J) =CP(J-·1) +E( J )/SUN 

JO CONTD·;Dl.; 
CP(ND) == 1.0001 
RJ<.:TUR..."I\f 
El'-11) 

*STORE WS UA VECT 
-K-}Qr'S(C:,\fJU) 11r;,'.::>-J)DT"?' .. :'"'"'t'-'·r.~ r;JcJt) 

'-"' -- , .. _}h,._._.\....,l... ... t .• .L .. ~ .... ,.1 w .. 

*LIST SOUHCE PTIOGIL\H 
C PROG'!.\}·\ TO :C:>DnJLAT't~ PLAN1' SITE mtLOGATTON - H.:\Ii'T PIWGP.AH 
C DATA INPU'"L'S 
C NO ::: f...rtJH13ET?. OF OIUGIN SUB~·-<'\.!U:::AS = lt6 
C ND :::: :!'·P1l'·JJEi1 OF DES'.CI~·TATIO.i:J ~-l.'B-AREAS :.::: .50 
C Nil = NDl'-1B.LH CF PLANTS TO BE RELOC.i\.TBD = 119 
c 
c 
c 
c 
c 
c 

Ns; ~- :N"'"u""?-:13E.!:. OF ~::HIULATION P.UNS DE.SlPED = 100 
UP(K) ,., STD UNITS OF PLANT K 
'\'Tc) - c-mr~ ..... NT OF." l.lL.'?.r·-n I' ....... ... ... - _ " Lr J. _ ..&.. • l .. , .1. ~ 

TU(J) = TOT.AL STA.ND;I_ED UI'rrrs AVAILABLE AT J 
TTp' ( J) ""'OT 'L •''T. ,.~- \ ,.,D u-.---rr .. -· 'l I or: '·T•nn .-.,o J <- ~'-> ::: l . .:c ~ .c'--t~lJJ,_c·c· l~J.J.~:' .·l. -~ ...,...-l_Jc,LI i 

LND~J) :::: ID:~NTIFICATIUN I'TlJ;\_B~~R 0.1?' DESTHL\TION 
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c 
c 

APPENDIX H conto o 

E(I,J) = }L\TRIX OF .AT'.fT!.ACTIVENESS OF J GIVEN I 
IX OR IZ = INPUT P.A.P..AlLi.DTER l''OR IL-\NDU 

C OTHER PARAHETEH.S OF TliE SDfULATION PIWGRAN 
C NPS(K) = SEQUENCE ~IJ!'-IBER OF PLJ~.NT K 
C R~U{J) = TOTAL H.EI:·lAINING STD. UNITS AVAILABLE ~'\.T J 
C YFL = RANDON NIDTBER GENERP~TED BY RANDU 
c 
c 
c 
c 
c 
c 
c 

NRE = :N1JNDER. OF PLiL~TS RENAINIKG TO BE RELOCATED AFTER 
EACH SUCCESSFUL RELOC.l .. TION 
UPA$ ( ~\, ~):::: STD. INDUSTRIAL UNTTS ALLOCATED TO J ON THE 
KTH Sli'lT.L\.TION HUN 
JSUE(K,J) = 1'-HJNEEH. OF PL:\NT.S Rt~LOCATED TO J ON THE KTH 
STHULATION IWN 

DilffiNSION L(l20),UP(l20) TU(50),UPA(50), 
l"RTU(50) ,LND(50) ,NSRR(lOOJ ,UPAS(lOO, 50), NEHJ(50), 
2JSUM(lOO, 50),NPS(l20) 

CONNON E(50),I(l20),CP(50! 
DEFINE FILE l(46,100,U,IR) 
IX ::.: 10001 
IZ == 30001 
NSS = 0 
NN == 0 
NSH. :::: 0 
NN = 0 

C RE~\D Il': CONTROL PARAH1~Ti.-£:RS 

REAI!(2,5) NO,ND,}~P,NS 
5 FORNAT(hiJ) 

C I~EAD IN DATA 

c 

R.E.AD ( 2 , 10 ) (UP (E) , K= 1 , NP ) 
1 0 I<'OE?·f;\.1' ( 6:X t F[~. 1) 

READ(2, 12) (I(E.) ,K=l,l'TF) 
12 FOln-0\. T ( 2 5I3) 

READ ( 2 , 1 5 ) ( LND ( J ) , J = 1 , ND ) 
15 FOin:.AT( 25IJ) 

READ(2,16) {TU(J),J=1,ND) 
16 FOR}!AT(16FS.l) 

IR=1 
DO h4l~ Kl\:= ·1 , NO 
EELD ( 2 , J 0 ) ( E ( J ) , J :.~ 1 1 ND ) 

·~r, l:'r)Tr·.:;)rf'( 0.'<'10 ,-) _v "-J"-l .... \._ U.J..~ -'...' 

~""".,I'r·;" ( 1 1 --p) -,_ ~· .... t. .!...J .LA.\. £~ 

4hh CON L'I?·;GE 

C START Sii~ULA'J'ION 
DO 111 I~TI~:.::l,l1;S 

DO 18 .J~-=1 ,ND 
""PTU ( J ). :~ '"":'U ( -. 'j •'- .. '\.. ' - '· '\._;· 
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c 

APPF~NDIX H ·contq. 

NH = NN+1 
NSR =NS11.+1 
NSS :: NSS+1 
NSRR(IJK) = NSS 

C SET ALL L(K) INITIALLY TO 1 AND ASSIGN SI~QtTENCE NUllBBRS TO 
C PLANTS 

L(1) == 1 
NPS(J.) = 1 
DO 32 K = 2,NP 
L(K) = 1 -
NPS(E) = NPS(K-1) + L(K) 

32 CONTrruE 
C S~~ UPA(J) TO ZERO AND NEWJ(J) TO ZERO 

DO 33 J=1,ND 
UPA(J) = o. 
NE\lJ(J) = 0 

33 CONTIKUE 
C SELECT PLANT K FOR HELOCATION 

PN=NP 
360 CAI . .L IU.l'JDU (IX, IY, YF'L) 

IX::TY 
C GENERATE ANOTHER RAKDOl-l ~nJNDER TF' YFL TS ZETW 

IF(YFL) 360, J60, 361 
C GENEHATE i\NOTILBH RA.NDI)?·~ NUiiBER IF YJi'L IS GH.EATER TH;UJ .PN, 'PN=l'IF 

361 IF(YFL-PN) 362, 362, )60 
C SELSCT PLANT K, THAT IS PLANT l-lii.VII-JG GEX:CIL\.TED YFL 

362 DO 363 K = 1, NF 
PSN = NPS(I~) 
IF(YFL-PSN) 364, J64, 363 

363 CONTI:NUE 
C GENCH--'\T.J~: ANOTTU;H HANDm·I NUHB:2H. IF PL\NT K IS ALl1EADY RBLOC;\TLD 1 

C THAT IS, IF L(E) = 0 
364 IF(L(K)) 360, 360, 365 
3 6 5 TD -- { }") . • -'--"· :;.:: J.. \ -~ 

READ( 1 1 I:-<.) E 
C CALL SUBPOlT~'TNI~ VECT TO ASSIGN PH.ODABILITIES 'i'O J FOR THE 
C GIVEN ORIGIN I 

C '\.I J .. \"~'Cr'' ( '' i''l) ~rr-) .... • J.~ L ..t. .!\.,.) 1"t J .L.·, ... .) 

C SELECT J DY G'~·:,;ETL\TT?~G RAl'JDmi I'll'.P·J.B.::~R Y'l''L AND CmiP.;\ __ 1<II..-G ~.I:i:TH 
C CP(J) 

c 

c 

40 CALL RA~DU(IZ,IY,YFL) 
IZ ·.::: IY 

SSJ_,ECT "u;v;.'TILR :KAl:nx;:I NU~ GJl:~R IF GENCRATED Y:F'L ::::0 
IF(YT'L) 40, lp), 390 

390 DO 50 J=-·1 !l:D 
IF(Yl'L-CP~J)) 55 1 55 1 50 

50 co;.; .cr.\TJE 
IY ,--,'lT'( T) J---- .... r ,;·.·.·,;: ·;•,Y•\'' T'l'\'·-\ c·-··,T--rv" \"'·~-" , ~,.J.. ··' '- _,) .:_.._~ .. u ..: . .:..-~: ... t'v U -- n.J ~>L.-~_.L ... ~..~i .r. .i-;\.l;_~El-t ,_T 
55 IF(II.'.L"U(,J)-UP(l-1:)) L~o, J9l,J91 

J9l co:ri'T:wE 
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APPJ.<;{JLliX II contdQ 

C INCREASE UPA(J), :r;.TEHJ(J) /1.ND DECREASE NHE, RTU(J) AND-L(K) 
UPA(J) == UPA(J)+UP(K) 
NE"\\T j ( .)" ) ::. NE\J J ( J ) + L ( K) 
NTCE = :t-mE·- 1 
RTU( J) = R'i'U ( .. r) -UP (K) 
L(K) = L{:K)-1 

C CHECK IF PLANTS REHAIN TO BE RELOCATED 
IF(NRE) 8Q, 80, 392 

392 (iO TO 360 
80 DO 90 J = 1, ND 

UPAS(:t-:ri-I,J) = UPA(._r) 
JSUN{!-rH, J) = NE1lJ ( J) 

90 CONTINUE 
C EN1) OF A SIHULATI ON R1JN 
C START A NE1v SIHULATION RUN 

111 CONTINUE 
c 
C END OF ALL STHULATION HUNS 
C OUTPUT OF INDIVIDUAL SIHULATION RUNS r·IAY BE PH.lNTED AT THIS 
C POINT IF DESIRED 
c 
C COiiPUTE THE AVET0\GE OUTGONE OF ALL SDIULATION RUNS AND PitTN"T 
C THE RESULTS 

113 

117 

1lh 
112 

II X.EQ. 

DO 112 K = 1, ND 
NPR:::O 
TUR=O 
DO 113 IJK = 1, NS 
NPH. = NPR +J SUH ( IJJ~, :rq 
TUR :::. TUR+UP"\S(IJ"J<:,K; 
CONTI:NUE 
SSN = NS 
RNP ::: Nl)R 
AVEP = RNPISSN 
Av"EU = TUUISSN 
lTHITE(j, 117) 
FORNAT (.)X, 1 DES TN 1 , J.X 1 'AVJt PL.\NT 1 , lX, 1 AVE tJNIT r ) 

WRIT .. E ( 3, ll4) U·TD ( K) ~ AV::.::P, AVEU ' . ' 1i'QJT" f • rp ( rnr It:"' ') ""'] 0 2 _ . .. 
-'- . ·,~ .'~L'!..J. \ _)~'\. J ::>, .:;,j:< .. • 

CONTHJUE 
C~-i.LL EXIT 
END 
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