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Ä,BSTRACT

Urban geography has come a I sng r'^¡¿y since the

pioneer effort,s of the European school of geography.

Techniqu-es har¡e become more refined- and t,he descript,ive

analysis has become supplanted by t'he o,uantitative anal-

ysis to a larç4e ext,ent. The discipline noi'¡ holds a pos-

ítion of academic respect,ability and pract,ical u-sefulness.

This thesis atternpt,s t,o extend t,he c.uantit,at,ive approach

t,o intra urban analysis by the modi ficat,ion of exi-sting

stat,ist,ical model-s and t'he derrelopraent, of neru compu-ter-

ized analytical processes"

The st,â'r,ist,icat examination of t'he i-irban syst,era is

based upon an exhaust,ive analysis of a dat,a matrix con-

cerning 75 measurable propertj-es in relat,ion to 87 dis-

tínct, unÍt, areas of the metropolitan sphere of i''linnipeg'

The properties requiring aeasurement are termed diagnostic

variables, and the data corresponding t,o areal units come

mainly from Census infornration,

The object of the ensuing analysis is to redu-ce

the fundarnent,al dimensions of t,he data rûatrix by assoc-

iating rrariables r+hich correlat,e highly i^iith each other"

Fact,or analysis is a statistical- ,crocedure rvhich under-

takes this red-uctÍon in dimensions by const,ructing a nev'l



matrix vrhere each factor (aggregate variable) account,s for
a dirninishíng proporiion of t'he tot,al variance. fn t,his

study t,he first, factor accounts for over a qu.art,er of the

t,otal variance and t,he fírst four factors toget,her are

resr:onsible for akrrost three fift,hs of the varj-ance. itiine

factors, amounting to four fifths of the variance t are

consídered in the subsequent, study, Hence, rabher t,han

use a 75 x 87 matri>l to represent u-rban st.ru-ctu-re, it is
possible to siilplifl the system by considering onl-y a

9 x 87 matrix r'¡it,hout-. too much generalizat,ion and loss of

detail- "

The representation of urban structure can tlse as

it,s críter"ioir t,Ìie ide,nt-,ificat,ion of natural areas ¡rithin

the comiiru.ní'l-,;v. ft is the expressed opinion t'hat such

natural aï-eas exist becau-se of cont,rast,ing relat'i-onshii:s

vrit,h ad jacent areas rat.her than 1ssat,ì on on a gradient,

r',¡ithin the tot,al urban environment, irccepting t,his prem-

ise, it, is necessary to inst'igat.e some neans of rneasuring

and rnapping the degree of contrast' between adjacent, areal

units and evolving a met,hod conducirre t,o comi:uter orj-en-

tat-,ion" Tl:e flexibilit,y of such a model is enhanced by

specific outirut techniqu€s t¡hich permit, t,he direct rnap-

ping of the extrapolated information.

Equii:ped l.¡it,h t,he factor design and the mappi-ng

t,echnique, it is expedient, t,o analyze t,he urban struct,u-re
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of 'rfinnipeg" Tt'¡o si¡stenatic rnethods are avaìlable. Either

urban struct,ure l+ith respect to each factor can be exam-

ined-: or areal u-nit, scores over all nine factors can be

assessed-" The former aitproach provid-es a rnosaic of spat-

ially differentiated sub areas and the ident,ification of

boundaries for each fact,or. The second met,hod pernits an

evaluatÍon of the health or il ls of each particuLar area

of ltiinnipeg by reference to it,s posit'i-on on a cont,inu-um

of scores, for each fact.or, iri the cit,y as a v¡hole.

lîhiIst, the techni-c,ues are progressive and practic-

ally useful, it is i-mport,ant, t,o realì ze IÍinit,ations in
the syster.r. Diffículties and rest,riet,ions relate t,o the

choice of variables, the unit, of area chosen¡ the nean-

ingful dssç¡ìpNion of t,he fact,ors, and a fel^r intrinsic
r'lr'eaknesses in the ma.oping technique, The limit,ations can

be irnproved, and the analysis inad-e aore rigoro'urs, t,hrough

greatet" refinement, of certain int,egral processes in the

rnet.hodology, Comput,er progråms need t,o be concept,ually

more complex. The results present,eci are valid t¡ithin the

lirnitations of t,he model used-, and it is possible to

improve the raodel r.uith only minor roodifications in
specific direct,i ons"

l_ l_1
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CHAPTER, I

f }ITN.ODUCTTON

J\ " ORGAI{]ZAT1O}J.

The aira of t,his t,hesis is t,o expand upon a met,hod

of urban analysis involving t,he use of diagnostic var-

iabl-es. HavÍng isolated t,hese variables, it ís int,ended

to measure t,he d.egree of associat'Íon betvreen them and-

isolate comtnon Causat,ive forces, From t,his, the u-rban

differentiation int,o sub areas, in t'erms of t,he compon-

ent" variables, is to be at,tempted usíng a system of

contrast' ¿aaPPing.

This chapt,er begins i"rit,h an explanat'ion of t'he

phílosophy of urban analysis, particularly t,he need for

research in this field" This is foll-ov¡ed by a surrülary of

developments in geographi-cal, sociological, and economic

methodology i-n urban analysis. ThÍs j-s a necessary dig-

ression as t,he subsequent st,udy involves the seareh for

concordant, and cliscordant bound.aries based on int'erdis-

cipl js¿¡y cri-teria. Such a reviet¿¡ permit,s some insight

int,o the forces at, rçork in the cornmuirity aS und-erst'ood

by practitioners in t,he t,hree disciplines"

Cì:apter fI is concerned v¡it'h t'he selection and



2

ineasurenent of the urban varÍables, The limit,ations

imposed by t,he data- and t-,ireir areal ertent, are explored,

and a pilot, st,udy is performed t,o il-lust.rat'e methods of

procedure "

fn chapt,er III t,he st.at.istical analysis of t,he

variabl-es is presented-. Lísing the resulting component

variables, a mapping techniqu-e is developed" This t.ech-

nique is discr-r.ssed ín chapter I'/. The napping att,eropts

t,o isol-at,e sub areas l';ithin ivÍnnipeg ín terms of con-

trasts vrithin variables. Th.e geographical ínterpretat,íon

and analysis of these sub areas and their boundaries is
undertaken in chapt,er tI, The concluding section, chapter

Tf , serves as a sumaary of the rnore pert,inent findings

of t,he study"

J]" THE N:IITID FOil UI¿EAN RESi]ÀR,C}ï.

tie live in an age of Íncreasing urbanizabion, and

evident,ly this is a t,endency that, r¡;ill- contj-nu-e. Faced

r¡ith the reali zal*i-on t,hat, by the year 2000 a greater

,cercent,âBê , as uel l as a larger absolute nu¡il¡er, of t,he

rçorl drs ;'roi:u-lation wil-l I ive, lrork, and exercise in
urban areas, it is necessary to question our lcnol'¿ledge

of t,his u-rban enrrironment, To e>lplain the diverse forces

operat,ing tr;it,hin an urban region it is necessary to

eval-uate e:listing condj-tj-ons" Any att,empt t,o control- and



mod.ify the urban environrnent fot fu"t,ure generations can

only be possible if the existing slrsten is fully ciefined-"

The speecL with whích t,he u-rbanization process has

proceeded has not, allor¡ed the conternporaneous analysis

and documentat,ion of u-rban phenonena' i\s a result,, common

urban t,errninology inclgdes expressions such as congest,ion,

spravJl , bl ight, , slurn, renelval, segregat,Íon, decentral-

i zation, and Socia] íriction. These eï.pressì ons of cit'y

malfunction refl ect those fields in ivhich cau-se-effect

relat,ionships are least underst,ood" Accept,ing t,hat, a cit,y

area eabraces a large dynarnic Systeiil of linkages and

forces, it, follov¿s, that to underst.and- the cit,y as a

r,,'hole, it, is necessary t'o t,ry and ident'ífy and explain

t,krese linÌ<ages and forces.

As the cit,y planner is appoínt,ed" vøit,h the tasl< of

providing the futi-i-re generat,ions r,rith bet'ter cit,iesl, it

lTIt" citv ;olanner is faced l'rith t,he probleni of
definíng lTbet,têr'citieslr. The ruhole concept, of Utopian
Flanning i" basic to hj-s mot,ives and actions in the plan-
ning prócess, and Yet, t,he citizen presents no unified
opiñí-on as t,o uhât constitut,es tire ideal enviroill'ilent. To
id-entify t,he issues involved reference shou-ld be rnade to
the fol-1or,r'ing articl-es and te:its: ttUto.cia,tt ?aed.alus,
iou-rnat of tñe Arnerican Academy of ,{rts and ffiiëã-Cõ
{,Spring, L965) ", G"A.Jellicoe, lulotopl@e
l.¡älutlón of-Ûr¡an Land.scape (tE.¡olut,ion of Urban Land.scape (Lond-on' 1961)" , I("Lynch,

dge : ii'iassaciru-set't,s Pre ss ,
ãi-m.--Tde ol o gy aq-4-!t or@

to the Sociology of Knov¡le ond.on: f aul-,
s. P "l'i .i;Ïarsha'l I (t'vashington

Sq.uare Press , L9('5T" , T"tiu-aford, Thq Sto.ry gL Utopig
(I'lei'r Tork: vi]<ing, 1962).



l+

is ímperat,ive t,hat, he Ís provided vrit,h erhaust,ive and

accu.rate inforrnaiion abor-it, the cit'y as it e:iist,s today'

i'iit,h t,his goal in mind, uhat is t,he nat-,ure of the infor-

nat,ion t,hat should be su'opj is6- t,. him? If this question

could be ansr,¡ered d-irectly then the object' of urban

research rvoul-d be clear, Unfortunately, such is the

nat,ure of an urban area in t,erms of complexity, t,hat t,he

question does not permit' a st'raightfon'rard anslrer.

fnstead. t,he research r^rorl<er must' er'plore the

urban field v¿ith fevr preconceíved ideasr lêcord- obser-

v¿f,ìons, and then attempt to explain t,krem" Such reseâreh

can be aír¿ed. in iwo directions, fírst,ly to aco,uríre infor-

mation that can be a;:plied t,o achieve particular social

objectives, and secondly to provide inforrnat,ion that,

r¡¡ill contribute t,o social science theory. Bogu-e class-

ifies t,he approach und.er three headings2:

(i) St,udies l"¡ith theoret,i-cal impiicat,ions but r+it'h

no apparent, praetícal anplicat'ion of the findings,
(ii) Stud-ies r¡ith theoret.ical implications but,

also ca;rable of providing some of the knoi';ledge need-ed

to achieve irir-mediate pract'ical ends, and

2Donald. J. 13ogu-e , ed " , J\lgecl ed 
-tirban 

gryl l.äetf opol-
it,an Research (Scripps Foundat,ion for ilesearch in
@obrems,-l'Íiami UniversitT, 1953), l$o. 7,
p,l.



(iii) studies in;ith no theoret'ical Ímpl'i cations¡

or t esearch airned sol-el-y at i:roviding a specific ansv\rer

to a specific problem, rait,hout, reference to other

c onsiderat'i-ons ,

This conception of urban resea.rch can be represen-

t,ed in rnatrix forrn as indicat,ed in T.A,BLE I, bel-ot"'.

TÀBLE f
NÄTURE OF UR,BAI.[ II,ESEARGH

THEORETICAL
IT',TPLICATTOI{S

NO THEOR.ETICAL
ï"iPLTCATI0lüS

PRACTTC,\LLY USEFUL

Pfu\CTICALLY USETESS

Roraan nunerals (i) t,o (iii) correspond t,o Boguels clas-

sífication, and the matrix is completed by t,he insert,ion

of (iv) in the lovuer right hand cell. fn t,erms of t,his

rnatrix, urban research may set goals t¡hich lie somev¡here

along t,he continuum (iv) to (ii), namely useless and

not, theoretical, to usefu-l and theoretical' The merit, of

a stu.dy r,rill depend upon holr'close t,o (ii) it' is ju-dged

to fall, Ä.ssumíng that it, does not fulfil- the conctition

of beíng completely useful and rigorou"sly theoretical it,

has t,o be judged by balancÍng íts usefulness against, Íts

t,heoretical ímp]ications. For this reason urban research

i:;'>q'ii;l
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can be assessed as objective if i-r, provi-d.es the analyti-cal

model reo,uired by the pla-nner, and also if it enlarges

the urban nodel of the acad-emician"

Urban research aims at, ident,ifying and e:<.plaining

the forces at, r.¡ork in the corn-munity" To achieve t'fiis it,
is necessary t,o inst'igat,e sone method of rceasuring t.hese

forces. The need. to measure, in order to facilitat,e
comprehension, accounts for the evolutíon of a vast range

of research t,echniqu-es. Using these techniques, the urJ:an

area can be si-rbjected to thorou-gh exarninat,ion, and the

greater the t,echnícal refínenents, the larger the araount,

of informatíon that becomes available.

The more information that' ís knoinin abou-t, the urban

a-rea, the greater is the probability of construct,ing an

urban model t,hat, typifies the city as a t^¡hole. Tt is from

sueh a rnodel t,hat, tire planner can att,empt to buíId his

Ut,opia by implenientíng t,he decision making process a.nd

siiaulating the result,s on t,he model.

This praet,ieal end to urban research has developed

through an acad-emic attempt to measure the forces exist-
ing in the urban environment. This problem of measurement

has been t,ackled from different, angles by t,he econonist,,

historian, sociologisi, and the geographer" Because t,he

concept, of o,uantification of urban varia'ol-es is t'he basis

of this st,udy, it is desirable t,o t,race t,he development



ry
I

of
r,h

urban analysis over the last cent,6ry, to illustrate

e airns and changing val-ues of the t'ir¿es"

C. TIItr GEOGR,/{P,'IITÀL APPROÀCH TO URBÄ,N R]lSEii.RCH.

Geographyhascont,ribi-rt'edagreatdealtot'he

present, knor,.lledge of urban st,ructure. The first indic-

ation of active geographic research in the urban field

can be traced back to the German school of urban geog-

raphy in the last decad.e of the }gth. century. otto

schlüter advocat,ed the need for comparat,ir¡e ntorphol ogical

st,ud_y of t,or,:ns, and. compared- the plannecl gror';th of towns

in eastern Germany r,,rith the uncontrolled grouth in v'rest-
a

ern GerrnanyJ " Diclcinson ati,ribut'es this invest'igation

t,o t,he st.imulus provided. by t,he researches of I'ieít'zen

into víllage origins&, liíth t,his beginning t'he IÍterature

r.J'as e>-pancled- t,hrough a series of comi:a¡at-,ive stu-dies of

toI,,rns. In Lgzh., Geisler at,tempt,ed to classify German

t,or.rrns according to site, plan, and build5. This contrast'ed

3o. s"t tÜ-t,er, lf iiber den Grundriss der
ZeLt,schrift der Ges. f" Erdkunde zy-,-Bsslig,aftçcW= -' Æ

and llBermerkungen zu:l. Siedlungslcunde
hische Zeitschrift, , ìJ- (L599) , prÐ ' 65-84.

Städ"te ,17
:,;iiI'i'r (1899) ,

," 9gggg

&R 
" 
g 

' Di clcinson , rtThe Scope and Stat'u-s of Urban
Geograpiry r At-Ji;;;åãdrent, " Lan{ ëgnoi,iic.s' }-itl'l ( 1943 ),
pp . ??L-238 "

5V¿. C"isler, ttDie Deut,sche . St,a-di , rr f orsgþ:r+ge4 iu
deu_t,sclren Lande únd , pÈunde. (St,u.tt,garT;-ryZl+).
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r^¡ith t,he views of l{ettner v,'ho st,ressed tÌre need for
funct,i-onal classíficati-ons of tortns tlgo decades earlier6.

He '¡ent fu-rther and emphasized t,he varying effects of

location and cultural and- econoinic conCitions on t,he

character of cities from epoch to epoch, and fron country

to country, In effect, Flettner had ant,icipated the idea

of Blanchard r,¡ho enunciated methods of urban research in

LgLz. Blanchard itemized fou-r rnethods of urban st,udyT:

(a) The stu-dy of physical and cu-ltural condit,ions

in t,he origíns of settlement,,

(¡) The analysis of t,he life and organization of

índividual set,tlements aerially¡ âs a whole, and in their
íntegral sectíons,

(c) The ¿rl¿lysis of the react-'ion of t'he nu-cl-eu-s

in functional and morphological development, to the

impact of subsequ-ent, events, ancì

(d) ?he intercelat,ion between t,he set,t,lement and

it,s territ,ory.
llis general theme of ?ÎÄprès 1rétude dans le temps,

1Tét,u-de dans I respaceï? ty¡:ifies the ideology of the

French school d-uring this period. It vJas a t,heme i:ursu-ed

6A."H"ttrr"", llDie Lage der menschlichen Ansied"h¡n-
BêßrTt .Geographigchq_rãeí-U;chrift, I (1895 ), pp.36L-375 

"

7R 
" Blu.tt.irard, Grenoble : Et,ude cÌ-e ggographie qrba:L4e

{Grenoble, L7LZ), re
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by the not,able French geographer Pírenne"

Froiti t,hese early beginníngs geographical research

pu-rsued- lines of enquiry broadly synonJrmous i'iit,h t'hose

suggest,ed by Blanchard. The int,er-'¡tar period sa14 a broad-

ening of concepts concerning t,he cit'y, and the range of

urban research papers reflec-t's a mount,ing Ínterest,.

Fu-rtherao3"e ¡ the development of urban geography occurred

on both sides of the At,lant,i c r initially vrlth similar

objectives, but, lat,er in different direct,ions"

In Brit,ain, for exam-ple, t'here rr'as the i^iorh by

PatrÍck Gedcles8 and Dickínson9, and. ín .{.merj-ca that, by

Jeffersonlo. Ä'lread'y by LgzL+ there l'r'ere su'fficient' nevr

approaches that, Aurousseau felt ju-stifiecl in reviei,rring

these eontributionslf. After l72} certain distinct,

ap¡rroaches t,o urban research materj-alized" As t,hese

approaches can be recogni-zed up to the 1950ts, it is

convenient t,o cont,ínue the hist,orical evol-utÍon of urban

geography ltithin t,his frarnel'¡ork" Basically, u-rban study

8P.G"dduu. CitÍes in Evolution (Lond.on: i'''líIlíains
and. I'lorgat,e, L9L5-

9R.8. Di ekinson , ÎîThe tìegional Funct,ions and Zones
of Influenee of Leeds and. Bradford,tt Êeogg4-!U, Xl\¡
(r93o), pp.5t+8-557 

"

lQrt"Jefferson, Î¡The Lal,¡ of t,he Primate Cityrrt
Geographícal RevÍer,', xXfX (L939), pp"226-232"

1110i.Âurousseau, llRecent, Cont,ributions to Urban
Geogra;ohl, T1 Geggrapilica-l .EelËLeg, ilÏrJ {L92h-), pp'1+4h-l+55.
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has proceeded. along tlrio front,s" The first' of t'hese

involves relationships betrveen urban areas in t,erms of

funct,ions or spat,ial relationships. The second involves

the stu-dy of a single city" Such approaches can be t,ermed

inter u-rban analysis and intra urban analysis res;oect-

ive1y.

1" Int,er Urban Analysís"

(a) Funct,ional Relationships. Functiona] classif-
ications of cit,ies d.at,e from Aurousseaurs r,¡ork of L92]lL2'

He recognized síx urban funet,íons: administrat'ion,

defence, culture, product,ion, communícation, and rec-

reation. Attempts t,o isolat,e quant,itat,ir¡elyr the dis-

f,inct,íve funct,ions of t,owns have sj-nce been made by

Kneecre ,L3 , Harri =1& , srait,h15 , staffo"¿16 , FiartlT , and.

12Þr" Aurousseau-,
Construct,íve Problem,
pp" 563-592"

llThe Distribut,ion of Populat'ion¡ A
rr Geograpþica] Rev-iqw, XI ltgZtl ,

13G.l,T,i{needIer, TtFunct,ional Types of Cit,i-es, tr

l.{anagement, I'XvII (L9b5) , pp. L97-2O3 "

Pu.bli c

l&C.D.Harris, 114 Functional ClassÍfication of Cit,íes
in t,he United St,at,es,lT Geographieal Revier,,i, XXXIIf (L9l+3) ,pp, s6-gg. 

-

15R, H. T. SrnÍt,h, rfl'iethod and Purpose in Funct,ional
Torr¡n Classíficatíoá,n A.A"A.G., L'i' '(L965), pp. 539-545"

16H .4. Stafforcl, llFurrctiona1 Bases of Small ToÌ,,ns ,tt
Ecgroiaic _Geogr-aphy, X,çiIX (L963), pp" L65-I75"

17 J ,F.ilart, ltFunctional and Occu'lrat,ional Stru-ctures
of Cit,íes in the American ,sorithrrr ri.A!!.G=, XL'V ttg55) ,
pp" 269-286.
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Por,:na1118. These norlcs u-t,ilize a st,atistical approach to

the problem a-nd depend on inultivariate t,echnio,ues" The

aut,hors are co-ncerned rrrith the distribution and structi-r-re

of u-rban functions, and as Srnith St,ates, such functj-onal

classificatÍons of urban areas prove to be ends in t,hem-

selves rat,her than iroint's of dei:art,u-re for furt,her

researcLr ínt,o the eharact.er of urban set't,ler¿eri.t-,s.

Harrís analyzes 988 Unit,ed Statesl cities Ín terms

of percentage emp'l sy*¿ in part,icular t'rades relative t'o

the t,otal enplo-'/rûent,. From these figures he ís able to

recogníze distinct funct,ional cities: manufacturing (¡'t

and lltt subt,fpes)r retail, díversified, vrholesale, t,rans-

portat,ion cenires, mining, university ¡ :rêsort,r and ret-
irement,. Stafford, on t,he ot,her hand, looks at t,he lower

end of t,he Gentral Place cont,inuum in sout,hern Ill-inois.
ilis o.¡erall irapressÍon ís that small fllinois t,oï\ins

exist, fu.ncti-onalty for the Sane reason as those exa:nined

by Thornas in Iooo*19. Populat,ion changes over tirne are

quickl-y reflect,ed by changes in t,he number of establish-

ments, and variat,ions in town size are associat,ed v¡it,h

lBL.L.Por,.,r:allc ttThe Functions of Nel¡ Zealand Tolvnsrtl
À.ri.A.G., XLII] (L953), pp. 332-350"

19n -l'd.Thomas, lîThe St,ability of Distance-Population
Size Relationships for for,''a Tot':ns frorn f900 t.o 1950,11
Lu:rd St_udies- ín_Geograp-Ð¡, Series B, iíuman Geography,
åxrr/- (196z), PP" L3-30"
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disproportionat,sl y la.rge variat,ions in the nrirnber of

functions perfonsed.

Funct,ional analysis of citj-es has become more

refined and specialized. Fei"r cities possess a single

uníqu-e fr¡-nct,ion, alth,ou-gh some have a funct,i-on uhieh

dominates all others. As soon as the u.rban area becomes

multifunc;t,ional, t,he ana.Iysis depends on the interpret'-

at,ion of dorninance. Kneedler has based her analysis on

the nrir¿ber of ernployed persons in each irartieular occup-

at,ion" From a general st,u-dy of occupational st,ructure in
nany cit,íes, a degree of d-omínance can be visualÍsed

r'.¡Íthin a particular area, This concept, can be ext,ended

by t,aking into account, the entíre occupational st,ructu-re.

Alexandersson has achíeved this object'ive for American

cit,ies by classifying jobs in t.he proportion that they

exíst to supply t,he needs for goods and services i¿it,hin

a specific cit.y comparecl -t,o the nat,ional 
"rr""ug"2o.

Gill en e:.,tended this approach by instigating a scoring

system based on t,he percentage distrib'"rt,ion of workers

in nine occu-pat,ional cat,egorí""2I. By t,his means it, ís

20G"Aluxandersson, The Indu-strial Structu-re of
i\merÍ can Citi es: 1r _Geggr y

a

ô1.LP .B " 
Gil len , TLe_ Dj.st,I:Lbutiqn pf 

. 0ccupe!,:Lgrrg_ eq_f1
City Yards_t,ick (liiew Yorkl Kings Cror,rn Press, L95L) "
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ÞossÍble to cla.ssify a city on the basis of it,s

occupational score"

The irrÍninurn requirements approacir of Ul lman and

Dacey att,empts to identify t,he minirnum percent,age of a

labour force reclu-íred in variou-s sectors of t'he cit,yrs

econoiily to maint,ain the viability of the urban u".^22.

This enables a classification of cit,ies to be made based

on their degree of specialization" This prenrise ís sÍm-

ilar to that, adopted by Al-exander in hís Basíc-I'lonbasie
aaconcept". He analyzes t,he ties lvhich bind a cit,y t,o its

regÍon, and from this classifies cit,ies in t,erms of reg-

íonal funct,ion. Clark undertakes a st,atistical analysís

of the priraary: sêcondary, and tert,iary indust,ries of

cíties in relatÍon t,o their size and concludes t,hat

cit,ies remain, and find nev¡ funct,ions, 't^;hen t,he purilose

for r,'¡hich they v,¡ere est,ablished has become part'ially or

completely obsolet,e2þ. Clarlcis analysis is based on

regional incomes vrit,h t,he object of measuring the numbers

engaged in the varj-ous industries per million d-ollars of

2t__"F,"L"Ullman and I-l"F,Dacey, ltThe idinimun Require-
ments ,A.pproach t,o the Urban Economic Baserll Papers and
Procçediirss of the Fegíona1 S.cience A-ss-ociatTõn-;T-

4ar-)J oiJ.A1exander, llThe Basíc-ltTonbasic Concept, of
Urban Economic -Funct,j-ons,11 Economic G*ograph¿, il;{X, lfo"d"
{L951',) , pp. 2t+6-26L"

zlnc "clark,Relat,Íon t,o it,s
.oir, 97-LL3,

llThe Econornic Fu-nctions of a Cíty in
size r 

tr Ecorromet,rica, ÍIII (L9L5) ,
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regional income"

This by no aeans e:<hau.sts the literatu-re on fun-

etional analysis of urban areas. The t,endency t,o produ-ce

result,s of purely academic ínterest, Ís matched by t,he

limit,at,ions inherent, in the u-se of economic base anaL-
arysis'/. Classifications of cit,ies appear to be the goals

of any such techniques" Iilelson, for e>lample, develops a

service classification of Amerícan citie u26, and at, the

ot,her end of t,he scale l/ebb analyzes snall urban cent,res

in i',iinnusot,aZ7. The conceptual framelvork of urban fun-

ctions can be seen ín the much earlier v¡orl< of Thorndike
40

and T,rioodyard¿Õ, and t.he íact, that such approaches t,o

urban anal-ysis i'¡ill con'L,Ínue, has encouraged Pfou-ts t,o

d.ocument-, techniques of urban economic analysís29. l'Jhilst

much of t,he formative research Ín t,hese fields u¡as du-e

t,o t,he geographer, it is apparent that, "t,he economist j-s

25n.*.Pfouts and E.T"Curtis, ltLímit,ations of t,he
Econonric Base AnalS'sis,tt Socigl_Ip-eqçs, ]i"TliUI (L955),
pir' 303-3LO.

26U.J "Idelson, rîA Service Classificaii on of American
Cit,ies,lÌ Econonlic Geography, liX,îI (L955) , j?p. IS9-zLO"

27 , .', ,,''.J.ii"luebb, tlBasíc Concepts ín the Analysis of Small
Urban Cent,ers in l,[i-nnesota,tt ¡."Â"ii""G" , I,LIX (L959) ,
P,û. 55-72"

28ø 
"L. Thorndike and E.iJoodyarcl, rllndividual Díffer-

enees in Á,rnerican Cj-t,i€s,tt Àmerican Journal of Sociolog-I,
l';Lf II (L%7 ) , pp " 191- 224 "

29R."r,l,Pfouts, The Te ghniques of- Ur-ban Eco:roraic
A.nalysi s (Ileiv' Jersey : Chand.'l er-Davi s , l-g60) .
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llO'r¡.J

and-

ap-íllying hís expert,ise in t,his field for practical

theoretical ends.

Poputat"ion as an urban funct,ion has encouraged

research into cÍty size and threshold populat,ion nu:rbers"

Ä.uerbackrls concept of a Rank-size rule enunciated in

L}L33O has been consiclerably nroclífied- by Zipf3l-. He

arrii¡es at, an equation Rt.SR - I'i; '¡rhere FI and n are

constants for a given group, SR stands for t,he number of

people rr¡ho lÍve in t,he Rth cit,y in the group, and R is

t,he rank of that cit'Y in t,he group.

Zipf is of the opinion t'hat' t,he rule applies

approximately in the United S-r,ates bu-t is inapplicable

in Britain, tloyt, honever, concludes that, the ru-le hardly

applies even in the United St-.u.te"32. The interest,

shown ín the cíty Rank-size relat'ionship33 ha.s served.

30F.A.ru*bach, rrDas Geset,z cler Bevolkerungskonzent-
rat,ion,tt l-et,urirren¡it r G-eographisch. , LIä(1913 )"

31G.K.Zi-pf. I'h.unan Behaviour and the PrÍnciple of
Least, Effort lCámFî@- ;-€
]Íat ty=g5i_!!Sygi3y (Bloonington Ind", 1941 ) .

32J .8. Stev,.art,, llEmpirical l,rtathemat,ical Rules con-
cerning the Distribution and.Equilibrium gf Populat'ion, rT

_ gtr"p-hjc-al_ R_""i"Tr., XliXVfI (L9t+7) , pp. ¿+6L-485,

33Su" for e><ampl-e: i3.J.L"Berry and i¡;'.L.Garrisoif,
Î?A1t,ernate Explanation of Urban Rank-Size Relationships, 1T

4."4"Ä-rG., liL.'fTIf (195S), pp. 83-9L., and Iü.Rasher¡sky,rtõãt utions to the Theoiy of Hriroan Relations: Outline
of a Fiathematical Theory of t,he Size of Cities,l'/ÏIrrr
Psychoryet,rica, TIII (f9l+3), ilp" 87-9O", C.T.St'ei,¡art,, îTThe
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to iiriii-ate and verify theory" In L9Iv7 Zipf formulated-

his hypot,hesis of the llluiinimum iXqu-at,Íonrl as a u-nifying

principl u3b " tJith the assumpti-on that v;ork Ís alnays

minimized in hu¡na-n behaviour, he reasons that, act,ual

location of persons in the terrain Ís su-bject, t,o their
du-al roles of produ.cer and eonsuÍrere the respect'ive

economies of r,rhích are ín conflict" This introduces the

second feature of inter urban analysis, namely spatia'l

relat, l- onslLl-.o s "

(¡) Spat,ial Relationshi;os, If t,he development of

J-ocatìon t,heory in geography has t,o have a beginning, it
is Von Thi.rnen T s r'¡ork ín Gerrnany r,¡hich has had a last,íng

influence. fn his Isolated- St,at,e of 1826, he portrays

t,he economics of location based on rent, j-n an agricult-,-

ural. environm unt35 . This bools remained unexamined until
relatively recent,ly, and it,s implicati-ons in t,he urban

enviroirment, are only novl being e:<ainined in detail. Kohl ,

Síze ?.nd Spacing of Cit,ies,ir Geo,qraphical RevÍet^¡, l{LVTfI
{rg5ï), pp: 222=245,, and É"Sh-ffi Size
for Citíeè, " C_an_a_cljan CÉographer, ri (L955 ) , 

- 
pp " B5-88.

34G"K .Zipf, lfThe Hypothesis of the ?ir1i-nimum Bquationï
as a Unifying Social Princi,ole: Ìrit,h Att,empt,ed Synthesis,Tr
Auielican Sociological Rer¡iew, )iïI (L?UT), pp" 62T-650"

?5 -) r J oii. üon Thünen, Iso1at,p4
of D_er f soliglte St,aat, trans, Carla I'1. i.,',iartenbef,gr ed"
P. G.FIal1 {Oxf ord: Pergamon Press , L966) ,
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in 18À"1-, indicat,ed the rel-ationship betvreen cit'ies and-

t,he natural and cu-]tu-ral environnent , paying part,icul ar

att,ent,ion t,o the effect of transport rout,es on t-,he loc-

ation of urban cunt,res36" În L89t+ Cooley emphasized t,he

effeet, of t,ransport, routes on t,he location and develop-

ment, of t,rade cent,res37. Then Haig att,empted t,o expl¿in

r.rhy so many people and manu.facturers l.trere t,o be found ín

cit'ie"38" Bobeekls v'¡ork ln L927 terminated one phase of

German geographry and heral ded a period of contrasting

thori65ht i^,ríthín urban geography3g " The city in t,l:e cent,re

of a product,ive area r.ras the background to Christ'allerr s

classic study in sou-t,hern Gennany in 193 zlu]. Frorn this
t,he r'rhol-e concept of tCentral Placer evolved and ín part-

icular the logical location of cities as expou:rded by

36J ,G.Koh1, Der Terkehr und die Ansíedl en der
l¡lenschen ín ihrer AbhanEikeít von der Gest,alt, der

37C,.H.Cooley, 1îThe Theorl, of Transportation, rr

Publ-i.cat,ions of t.he American Econoitic Assgciati.on, IX-

38R,iri.H.ig, rîTor,r'ards an Understand.ing of t,he lu1etr-
opolis: Sonre Speculations Regardi-ng the EconomÍc Basis
of Urban Concent,rat,ionrll Quj¡.rt,erly Jouqnal- of Econoruics,
xL (L926) , PP' L79-2o8.

39H "Bobeek, trGrundfrå.gen der Stadt Geographie, "
GeggraphischeJ: An-zeiger, iJiIIff (t927) , pp" ZLj-ZZh.

40it.Christaller, Central Place in Sout,hern Germany,
t,rans" C.l¡.T.Baslcin (nng 6).

Erd.obeqfläcþe (Leip zí8, 1S50, Znd edit,ion ),
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Ullman shortly aft,erl'ia"d"&l.

There r^¡as a noticeable acceleration oí research

int,o t,opÍcs dealíng r,'.'ith the city as a Central Place and

associated feat,ures of urban dominance. Ïn l-9&0 Bogue

studÍed 67 areas around major cit,ies in t,he Unit'ed

States and delimitecl- hinterland boundaries nidt'ray bet?,reen

adjacent, metropolí"u"þ2. Duncan studied- 561 unit'ed- states

met,ropol-itan regions in t,errns of fi-inct,ions and regional

relat,ionships, and deduced spheres of influence and

indust,ry profil*"43. Irr Lg3O, in England , Dicl<inson

examined t,he regional funct,ions and zorres of influence

of Leed.s and Bradford4&,

Srnailes present,ed. his urban hierarchy of England

and tr{ales ín L94bl+5" This r.ras based on an assessment, of

comparat,i,ve st,at,us and graded order of cities, ile evol-ved

a series of indices to measure urban rank, and each t,oI.;n

&18"U11**rr, rrA Theory of Locatíon for Citie srrr
American JgugJral- of S.o-ci-ology, X.Lr¡f (f94f ), ;op. s53-861+"

l+ZD"J"Bogu-e, The åtruct,ur-e gf t-he l,1!e'!Io,oolita3 C-o4:
muqity: A St,udy _of. J]ominÉrnc_e an_d Sl¿bd-ominance (Ann Ar:bor:
Universít,y of Michigan Press, I9l+9).

, b3o.T.Dufican, et,. al", l,[etropolis and. Region
(Baltinore : John Éopkins PreGiTg?oï-

l*l*nickinson, &-æ.þy"
L5"-'A.E.Smailes, llThe Urban llier"archy in Engla-nd and

'-,ia1e s , " &ggggpþy, XIIX (L9h.4) , pp " l+L-5L 
"
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r^"'âs cod-ed in terms of t,hese indices. The sphere of
infl-uence of cent,ral places ïl'as measu-red by neans of

,l
neï,ispaper circul-at,ion by Haughtorr+', and. by the provision

of bus services by Green[7 and God.Iund/þ8. Taafe carries

t,he idea furt,her by using air passenger numbers as a

basÍs for an urban híerarchybg , The associat,i-on betr^¡een

the nucleus and íts wiland r¡:as dÍscussed by Smailes

i,tit,hin t,he cont,ext of his t,enn rurban fi-eldt50. Green

tidies t,he pÍcture up by exarniníng the similarit,ies
inherent in t,he classificat,ions provid.ed by Carrut,hers5l,

)"6 --*J "P .tiaughton. IlLocal ]tlev,¡sparrers and t,he Reeional
Geograph€r,ît lle Adgg!çgr4sn--t-of--Lc¿ç¡-q" , \if J , itlo " 25
(Lgro) , plr. 4EÐ spapers: A
Geograohical Stu.dy,tt @, II , lio"2 (t95O),
pp" 52-57

b7f .u.!i.Green, r?Urban Hinterland.s in trngland and
i'Jales: Àn Analysis of Bu-s Services,tt Geggga!þipgL
JoqjF-aI, cxvl if95o), pp. 64-88.

&8S 
. Godlund , rtBus Servi ce s , Hinterland s and the

Location of iirban Settlement,s in Svieden, Specj-ally in
Scania,tt Lunc} Studies in CfçggæpÐ, Series B, Human
Geograpiryffi-TÇ4:

L9u"J,Taafe, rrThe Urban Híerarchy: An Air Passenger
Ðefinition,tt Ec_orioi:Ë.q_lÊçpgraphy, XïXirutI (1962) , pp" f-14"

50A.E"Smailes, lrThe Analysig and Delírait,at,ion of
Urban Fields," &ggluphy, jiilxlf (L9l+7), pp. L5L-L6I",
and trThe Urban Þtesh of England and Ì{ales,tt @æg[,:!olrs
êrrd Papers, The Insitute of l3rit,ish Geographers, Xl
lgõËp" 85-l-01.

511,,,.I 
"Carrut,hers, "A Classification of Service

Cent,res in England and i¡u'alesrtt geogrephlcql Journa},
cji];rrr (L957 ) , pp. 37l-355 "
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Srrailes, and hims .tt52 "

At, t,he loi,ier end of t'he continrlrr,il, Bracey invest-

igat,ed t,he rural servíce cent,res in southern Eng1and53,

and Bru*rr5& and lfebb55 performed síurilar tasks in sou-t,h-

.¡est I",ïi-sconsin and ir¡iinnesota" The cornparison in nethod-

o1 ogf indicates the merit, of such a- unified approach- in

areas of eontrast.ing historíeal and cult-,ural cond.itiont56.

llvidently t,his is one of the st,rikíng advantages of

tent,ra'l Place stu.die s.

i{ore specific apjllícat,ions of Cent,ral- Place con-

cept,s ha.ve ínvolved the analysis into trade relation-
shii:s r.¡ithin smaller regions" Sicìdal5l' nu= adopt,ed

52p .II "l¡i. Green, liConmunit,y of Interest Areas [Iot,es
on the Hierarchy of Central Places and theír Hinterlands,rT
llcono¡nij krogqgLplJ, XXIiI'v (L958), pp, 2L0-226.

53H"ti.Bracey, rrTor,ins as Rural Service Centres: An
Index of Cent,rality i,:it,h Specific Reference to Somerset,rl?
Transg¡stigns and_Pap_er_s, The lnstit,ut'e of Brit,ish Geog-
raphers, ,{fX (L953) , i?p, 95-LO6., and lll4nglish Central
Tíllages: Identification, Distribution, and Funct,ions,ll
T,und Stu.dies fg_SgggggpÐ, Series B, Human Geography,
ffiï

5l*J.ø.Brush, rîThe äierarchy of Central PLaces iu.,
Sout,hw'estern Ì;"Iisconsin, tt GeEtraphica_l R_e]riew, ìtLfII
{L953), pp" 38A-420. -

55J.w,I,Jebb, fgg. cit..
trL
'uJ .E.Brush, and- H "EnBracey, FRuraI Service Cent,ers

in Southwest,ern ''¡;isconsin and Southern Englandrrl
k.ographica] Regiev¿, XL'f (t955) , pp. 559-569,

57w"R.SÍdclal , rrlrlholesale-Retail Trade Ratios as
ïndices of Urban Centralit,y,li Economic Geogr?phI, liXlVTI
{196I), i)jt. LZ+-I-ïZ,



2I

rsrholesale-ret,ail trade ratios as indices of urban cen-

tralit,y; 't#eekley has examined t,he role of service eent,res

in Nott,ingharn58, vrhilst, Brown has used. centres of retail

distribution in the trast Midlands59 and Lomas similarl y

in t,he i.{idland=60. Comparisolts r'',-it,hín a large urban area

in t,erms of senriee eentres has been at.tempted by

Caruuth"*"61 and. Smaíles and. Hartley62 in Lond.on.

Berry and Barnum give a thorough explanat,Íon of

the integral factors involved ín Gentral Pla-ce syst,ems

in the Jgrrq4rl ol R"eio*g! Sci-"*.q63. The distinct,ion

betrr'een the funct,ional and. spatía1 aspects of urban

analysis is at t'imes difficul-t to i-dentÍfy' l"tlhereas

58I "G.triieelcley, lrSer-¡ice Centres in Nottinghamr tr

The, East, Ir'lidland Geoggg>he.r, {I (L956J, pp, l+L-l+6.

59P 
"A.Brov;n, 

nCent,res of Ret,ail Ðistribut,ion in the
East l,¿idlandsrn '!he Ëest lvü{i.lagd Gj:ographe-q, TT (L956),
pp" 3-9"

60G.1.{.Lomas r ttPopulation Changes and Frrnctional
Regions, tt {ou-rnal_ sg_t,h_e Tov,rn J}anning Insti , L

{L96b) , pp. 2L-3L.
61'o'í.I.Carrut,hers, rtservice Facilit,ies in' Greater

London,Il Tow$ P]-anninå-F,eview, Xl{XffI , No"1 (L962),
pp. 5-3L.

6'4"*.Smailes ancl G"Hartleï, lrshopping cent,res in
t,he Great,er London Arearît IreqqActionji and !a'€€r'Ë¡ the
Instltut,e of Brit,ish Geographers, )ïJ.fX {1961), pp. 2OL-2L3"

638 
"J"L,Berry and H.G.Barnu¡r, ttAggregate Relat,ions

and El-er¡rent,al Gornlronents of Cent,ral Place Syst,emsrrl
Journal of Regional ,Ëgþnge, IY, I\-o,1 (L962), pp. 35-68"
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classifications can be devj-zed ircespective of spat,ial

relat,ionships, it, is apparent, that, spat,Íal relat,ionships

rely upon the use of sorne urban functions" Berry and

Garrison deal with thís issue in their functional bases

of t,Ìre Central Place hierar.chy6lu. One of the advantages

of spatial relat,ionships betr,;een urban areas is t,hat t,he

method-ology is applicable irrespecti.ve of location"
Functional classifications, on t,he ot.her hand, are

subject, to t,he vagaries of location.
Any city classifícati on can only be jud.ged ín

terrns of t,he premises given by t,he compiler of t,he class-

ification, The choice of criter.Ía Llpon r,i;hích to score

citíes nay have loaded significance depending on the

country in r,,¡hich the cit,ies are to be classified., Hence,

a classification i¡hich is meaníngful and airplicable in
the United States rnay be inappropriat,e in Europe or else-
where, For t,his reason different areas of t,he r,vorld neecl

t.o be analyzed ín different systemat,ie fashions. Holzner,
Ðornmisse, and lvluell-er favol-lr a elassÍfícat,ion based upon

the regionally varying influence of cuLt,ure =65 . Such a

6&B"J.L.Berry and. Ít,L.Garrison, rtFunct,ional Basesof the Cent,ral Place Hierarchyrll Eeononi.c G-eograqþy,
XXXI',i (L958), pp. L1+5-L5t+"

65L 
"Hol-zner, Iì,J"Domroisse, and. J.E,Mueller, rîTol¡ard.

a Theory of Cultural-Genet,ic Cit,y Classification,rt
A.A_"Ä.G., T,ïII {Lg6T) , pp" 367-3sL"
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classificaiion, they stat,e, in:ould reveal a patt-,ern of

homogeneous v¿orl d regions of eity similarity. They

"on"l',rd"66,
s 6 o it, can be st,ated that any city det¡eloped in
one dist,inct cul-ture region, and ínhabited by
people of that culture region, exhÍbit, urban
charact,erist,ics distinct,ive t,o that eulture
region only. In ot,her words, all cities eryress
t'he cultures of the separate regions ín rn¡hich- th-ey
exist,. Therefore ít, rnuèt, be possible t'o est,ablish
cult,ural-genetic cit'y types and t,o delimit their
areal d.istribu-tion,

This cu-ltural ro-l e of cities ?ias recognized by

Redfield and Singer in L95l+, and they formulat,e tr'ro

t,¡oes of citi"=67,
1" Cities of orthogenet,ic transforanatíon. These
are of the moral ord-er o o o of cul-ture camf ed
fort'rard.
2. Cities of het,erogenet,ic transformation. These
are cities of t'þe technical order, r+here loeal
cul-tures are disintegrated and new int,egration of
raind and societ,y are developed o o e o

This is a problem in u-rban geography tthich recurs.

Ïioyt emphasized. the issue by v'rit,ing68:

The prineiples of city grol'rhh and st,ructure,
formulated- on t,he basís of experienee Ín cit,ies
in the United St,at,es prior to 1930, are thus

6Q{ol"n"r, et,.al., p,381"

îT\"Redfie1d and IJi"Singer, tîThe Cultural Role of
Cit.ies, 11 S:onomic Development, qnd Cultural. Chagqe-, IIT
{a95h) , pp. 53-73"

68-¡1.Hoyt,, lrRecent, Distortíons of t,he tlassical
Models of Urban St,ructuï'êrrt Land EconomÍcs, ÏL (L964),
p " 2L2,
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subject to rnodificat'ions not o41y as a resul-t of
dynamic changes in t,he United States in t'he last,
fev,¡ decades but t,hese ;or"incÍples, originating
hrere, are sub ject, t,o further revisions r,";hen it
is sought, t,o apply t,hem t,o foreign cities"

Consequent'ly, int,er u-rban st,udies have to be

evalu-ated l.rit,h a great, deal of care. Seept,icisil neecls to

be balanced by a futl conprehension of the t,erms of

reference from which t,he results are extrapolat,ed" One

possibilít,y to overcoroe t,his limitat,ion is t-,o r¿ake urban

research more specific and aim at int,ra urban researcht

as opposed to i-nt,er urban analysis.

2. Ïntra Urban Analysis"

There is not,hing intrinsically i",'rong idt,h func-
t,ional classifications per se r yet, rrit.hout' ref-
erence t,o aceessory charact'eristícs o o c, thçX
have precious IÍtt1e geographical relevanceoY.

This st,atement by Sr¿it,h highlight,s the need t,o

investigat,e llaccessory characterist'icsÎT. Inst,ead of

c'omparat,ive studies, could t'his need be satisfied by

ínvestigat,íng the forces pert'aining t'o a single u-rban

conamunit,y? Case st,udies of single cit,ies ï/ere the

starting point, of urban geography, but they have becorne

înore scientific since the second l'lar. Quant'ítatii'e

techniques becar4e an integral part, of t'he research process

and a contrast, develol:ed betv¡een the Ameri can and

European schools of urban geography, I'lhilst' the forrner

69srnit,n, å.Â-å.Ê., p " 548.
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concent,rated on economíc aspect,s and transport, problems,

t,he Europeans favoured t,he morphological approach. At the

present tirne this rift is being elosed.

I'/ithÍn the urban area it is evídent to t,he

int,ruder that t,here are na,rked areal varia.t,ions of land

use, housing quality, economic firnction, social charact-

eristies, racíal and ethnic groupings. Av¡areness of these

areas rvhieh are d:i-fferent and distinct is not, suffie-
iently object,ive if remedial actions are to be taken t,o

improve condit,íons" The need is to j-solate the factors

irhích account, for such marlced intra urban differentiation
in an objeet,íve mantler" This will allow a bet,ter under-

standíng of the funct,ioning of t,he eit,y as a i^rhole, and

might aid in isol atíng eertain aspect's of urban malfuae-

tion resu-It'ing from t'he presenee of undesirable

relationships "

Perloff drar.,rs at,tent,ion to t,hese probleias in
discussing the role of u-rban analysis for planning7O"

äe maintains that there is a mÍnimi:m requirement of

knowledge necessary for comprehensive pl anningr and in
terms of cit,y planning this incorporat,es:

(a) ltllhat, as'e the peopleîs concept'i-ons of t,he

( Scripps Fou:rdation for Research
I,{ia¡¿i Unìversit,l, 1953), No" 7,

r?^
t tl{. S. Perloff , \çSliç¡t -Urban gnd MetÍopo-l:Lteg

R_esejrrch, ed" D"J oBogue
in Population Problems,
PP. lþ-10.
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lîgood liferl in the eity?
(b) trriha-r, Ð-Te t,he effect,s of various arrangements

of l-iving on personalit,y and on the socíal and polit,ical

organi zation?
(c ) t'that effects do pooulation changes, and of

various i<índs of Î?ecologicalrr movements have on the

social system, the polit,íeat st,ructure, and the economie

system?

(d) tihat, are the most, significant influences of

the changes in population stru-cture (age, sex, race, and

occu;oat,ion ) ?

WÍth these broad objectives t,he geographer,

economi-st, and soeíologist have striven to produce order

out of chaos, ldtayer emphasi-zes the geographerss part-

icular role as an attempt, to acquire knol.rledge about the

int'eriral structure of cities and met,ropolit,air *""t=7I. It

is a concern vuit,h area; an attempt t,o rneasure t,he degree

of homogeneíty r^rit,hin areas and the degree of hetero-

geneity between areas. This measurement can be undert,al<en

using human ecology or populat,ion yariablesr the lines of

distinction being tenuous in inost, cases. Geographical

'71 _- __ __/tE"lll,lliayer, llÌj,'hat v,¡e need t,o knoi¡¡ about t,he Ïnt,ernal
Structure of Cit,ies and l.fetropolitan Areasrrl in Nesded

_ür¡an gnd I'.',St"Iopolit , ed, D.J,Bogue (Scripps
FormdatÍon for Research ín Population Problems' I'äia:ni
University, L953), lr]o" 7, pp" LL-27"
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research has at,teropted to attaín these goals by expl ¿1n1ttU

the morphology of tottrns¡ the funct'ions and linlcages

¡'¡it,hin cit,ies, the genesis of cities, and the delinit,-

at,ion and. eqrl anation of rrnique areas sueh as the Gentral-

Business District, industrial zones, residential areas,

and corununicati-on cor"ridors.

The morphotogical stu-dy of cit,Íes has been u::d-er-

t,aken mostly by Euro p"unt7z' The i-nt,rinsic qu-aIíty of

t,hese v¡orks is t,hat t,hey are e>lhaustive descriptions of

oTl.e part'icu-l-ar cit,y. Their usefulness ís c1u-estioned by
17a

BogueD viho t,hinks that each study fou-nd t,o merít

research shou-Id be perfornied in such a viay t,hat nat,ioni¡ide

Cen-r,re,i? Lund Studies in Geography, Series B, I{uman
Geography ., H"J.i'[e1son, rtTolirt-
scapes of iviexico: r\n Exari'rp1e of the_Regiona1 Variat,ion of
Tov¡irscapêsrrt trconomic Qs:pgraph_I, ,YJJ'fx.- (L963) , pp" 7l+-83, ,
P.P.Íiarä*r-ttTman Torlnsl A Study in
Urban Morpholosl¡tr ¡l_.1i,I_rP., X.XIII (L957), pp, 7O-75",
P . J . Smith, rtcaf eáryT-T-ffii in Urlcan Patte?ä , 

tt Ecojroiní c
Geogranhv, xxxYÏrr- (L962), pp. 3L5-329,, D"Lraid,Æep'ffin Cadast,er and t'he Urban Pattern of Leeds,ll

725u. for e:<ample : I'{"R.G.Conzen, ÎiÀlnwiclc, I'iort,h-
umberl-and; A Study -in Tov¡n-Plan Analysis,lt T{ansaculqnÊ
aAd LalfegÞ, The Instítut,e of Brit,ish- Geograpñ.erslffi
fffi]. , an¿ lrThe Plan Analysis of an ]Lnglish Cit,y

A .À "A " G-" , Lf I (I962) , pp. L5A-L66 " , 'r¡ "liiltiam-0lssoTr.,ÏîSt-lõõffiIin ; Tt s Structu.re afld Development, ît Geographi cal
Es_vrç:q, XXX (fg¿rO), pp" b2o-b38", E.Kant, r?Zur-Fraged-er
Ïnæ'á Gl-iederuns-de;' St,adt,fi Lund :Þ!u{üe-q in* sçpgrap}y,
Series B, Human Gãography, LfflmJ :TTSeries B, Human Geography, X.XIu Dt r¡4¡Àq¿4 uuv[]¿ey¡rJ, ¿\ÁL& v \¿/vtut, i-l./" /Þ¿ /v¿.

2a-_()D.J.BoEue. ed" i',t-eeded Urban and i.fetropolít,an
rch ( Scrlpe s Founffilõ-]f,or ffi
t)D.J.ljoque, ed" I\eeded Urban and. I{et,ropoJl-t,an

Eeqeafçh ( ScrÏppé Founffilõ-Erffition
F?ñTlæ. I*[iami- UniversÍt,v. L953) , No, 7 " 'p"2"Frãffi, I*[iami- UniversÍt,y, L953) , No, 7 , p"2"
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and. international cor:tparisons will be icossíble. For this

reason case stud.ies should gíve vray t,o comparat,Írre

re search "

Ðifferent,iation lrithín urban areas Ís one of the

comnon fields of st,udy. The reason for such different'-

iat,ion is explai-ned by lçisn7&, and t,he centrifugal and

centripet,al t,endencies are exanained by Hoyt,75. Cent,ra-lÍty

as a dístÍnct, phenomenon has been ínvest'igat,ed- by
rt /^

Jghnson/u. Beyond mere descriptive analysis of such areal

different,iatíon there are the economic circumst'ances

accounting for t,his propensit,y to segregate urban

funct,ions" Particular land u-se funct.íons have been exaln-

íned in detail, a good exarnple being the C "B,D -77 "

7 4L.Kish, llDifferentiat,íon in -Metropolitan Areas, 1r

Agreri c+n Sociól-oei cal RevÍevr, Xl)l (t951+I', pp " 388-398.
75H.t{oyt, tlForees of Urban Centralization and

Deeent,ralizât,íon, 11 Amerj-ca]r Jqufngrl of Socioþgy' XLi¡I
{tgbt) , pp. 843-852,

76L,J"Johnson, rt0ent,rality lvit,hin a Hetropolis, tÏ

Eeonomic Geoq]'aphy; xL (L961+), pp" 324-336"
77 5.. for exa.urple: J.E,Bohnert and P.F.I',iatt,íngtey,

lrDelini-tíng t,he C.B-.D.,tt Econoritíc- Geography, XL (L96k) ,
pp. 337447 ", lJ'!i.Davies,@e Tovrni s
t oB"D. : An Atteropt to Del-imit,at'ionr tt &s4et'1:-c-1GçagrapþÏ,
xxr-'uT (1960), pp: 53-69-, H.J.De BÍii@"
Structure and C . B, D " of Lou-reneo I'.{arques , MozambiQü€ r 

11

nqqry*ic q_"ogr"pl'tI, XXXiIITI (I962J, pp. 56-77.,æ-
E-"iui"Horr^¡ood and R"A."Boyee, Ðtg4iss _of-t!g_ C_"8:D=_-g!
lgþg Fgegr'€rL-Ðel'el-opggltt ( Seatt,le : Universit'v of
Ii'ashington Press, L959) " , R.E"l'{u-rphy and J.E. v'ance,
IrDelimlting the C . B " D. , " trconggi c- geogrgrphl, )(XX (L95Lv) ,

trp" 1S9-222., and P.Scott,, trThe Australian C.B.D'rn
E conomi c Geography, X-KXrf (L959 ) , pp . ZgO-3Ij 

"



The nature and condition of resídential areas has

been the subject of studies by Davís, Fu-chs, Jones, and

Hoyt,78. The increasíng int,erest, in t,he association

betr¡een residentia-l areas and shopping facil ít.ies is
reflected in viorks by Berry, Barnutn, and Tennant, Curry¡

l{abogun je, Povrnall, Proudfoot, Thorpe and Rhodes, and a

compendíum of observations in ,üSo4omíe 9eography for
Lg6L79. The areal differentíatíon of t,he functions of

t,he Baltimore regíon discovered by Lakshmatt"*80

7BJ ,T.Davis, rrl;îiddl-e Class.Ìiousing in t,he Central
Cit,y,rt Economic Geography, ÀLI (L965 ) ,-pp " 235-25L.,
R " J " FucliEffiriat,ions of Residentíal-
Uj.t1¡. Ir .uiconomi c GeograÞh.v
_ 

-" 
-!-

.tù..J . I,'uchs, rilnt,raurban Lra

Quality, " 
.@, 

XJXVI (19601 ,_pp " 3L3-325 "R.Jones, ÎÎSeþrega-tion in Urban Resi.dent'iaL Districts:
Examples and-Research Problemsrrt @ Ge,oÉi;

fpjÞf, Series B, Iir:man Geography,
bl+6", and H.Hoyt, The StrucUqre ¡

9Q

Uüa{r Lre(Jgl'dPf Iy , .¿!-¿rJ- Y \J-7Q. I , P}/' +) )'
The Structure and Growt,h of Residential

pp'

S0T.R.takshmanan, trApproach t,o t,he Analysis of
Intraurban Location Applied t,o the Baltimore Regionrî1
åc_onoryic _Gegg3j¡hy, XL {L96h-), pp. 3t+8-370.

Ne-ieúUo-rho-o¿s in',4,

79B.J.L"Berry, H.G,Barnum, and. R.J"Tennant,, rtRetail
Locat,ion and Consu.ner Behaviour,l? Papers and Proceedings,
The Regional Science Association, ;
L.Cu-rry, lrThe Geography of Service Gentres vrithin Towns:
TL¿e E1ement,s of an Operational Approachrrr h::rd Studies -i¡rGeography, Seríes B,' Hunan Geogräþhy, Xfil-'/-TT96Z)f-
Fil-]ÏÐ., A.L.&labogunje, nThe EvolutÍon and Analysis of
the Retail St,ruct,ure of Lagos, Nlgerlarlr Econornic Ggog-
rqpÀE, xL (L961+) , pp. 3ol+-i8: , LIL'Pov¡naTIfnreT''a
ffi,ial of Some Rèpresent,ative New Zealand Toltnsrrl
Econp4r_ic Geog¡i4pþy, XXXIII (L957), pp. L63-L7O",
@y Ret,ail Structure, Tr Economíc Geog-
raphy, XIII (L937), pp. Lt25-b28", D"Thorffies,
@ping Centres of- the Tynesid.e Region- and, Large Scale
Groeèi'y ñet,aíli&g,Ît Bconomic Geography, XL]I (1966), pp"
52-73"¡ S.B.Goheñ, effin Retaj-l Structure
St,udies, E_conomic Geograpþy, XllXlruI (1961), pp, L-1+7.
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indicates the morlrhological patt,e::n of relat,ionships

sought by Pred.8l. The particular ease of Chicago invest-

igated by Reinu*a*t8z, and Loganrs stud.y of sy¿ney83

Índicate the import'anee of industríal location in u-rban

studles,

The pattern of contnercial act'ivitÍes in American

cities ís t,he subject of an art,icle by rranc"Sþ, in v¡hích

he est,ablishes the 'l ocation factors in commercíal land

lrseo Brodskyrs paÞer present,ed to t,he 63ra Annu.al irieeting

of the Associatíon of Àmerican Geographers in 1967

diseusses the cent,rality of empl-oylnent ín American cít'ies

in terros of evj-dence from regression analyse=85' Whilst,

location of functions is of major ínt,erest,, the charact-

eristícs of poi:ulat,ion movement,s ín response to these

functions represents a further field of analysís, Nel son

8t^"*4,.t'red., ¡lThe Tntra:net,ropolitan LocatÍon of Amer-
i can l.tanufactúring, " &Å¡!¡þ, 

- LIi.r (!961+) , pp . 165-1B0 "

Slul.lrt.Reinemann, llThe Pattern and Dist,ribution of
Ir'lanufact,uring in t,he Chicago Area,t? Fcgqonic Geof{rql¡_þy,
5XX!,I (rgeo)l pp " L39-1,l+Lþ"

83M"I 
"Loaan. î?l-{anufactu-rinE lleeentralizat,íon in t,he

Sydney llIetropõlit,a.n Area, 11 Econõgnic 
-Ëeo€ræèy,, 

XL (L961+),
pp . L5L-L62.

8L.-*J ,}i. /ance, ItEmerging Pal;terns of Corrrnercial
Siructure in A.rnerican Citiesrll Lund- Studi_gs ln Geographyr
Series B, Hu:aa-n Geography, XXI[/

85H.Brodsky, ÎîCentrality of Employnent, in Ämer"ican
Citiesrtr unpublished paper present,ed t,o t,he 63Td A.G.l,,[.
of the Assobiat,j-on of-Lmeri-can Geographers, L967"
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indicat,es the relationship betlveen populat'ion in simíla-r

frrnct,ion citiu"86" Particular reference to diagnost,ic

features of urban population can be found ín articles by
at7c]:arkï/, Berry, simmons, and Tenrr"*t88, ThomasBg, and.

ttru.**"9o,

Transport, movernents and desíres have proved t,o

be a profítable field of urban researeh as a result of

t,he íncreasing demands made by mod-ern society on t,he

t,ransport system" The understanding of trans;oort, netu¡orks

is beyond t,he nornial specialÍzation of the geographer,

but, interaet,ions and consequences due to the t,ransport,

rnedia on the urban area can claim some prioríty and

relevance in the geographert s research" The intimate and

int,ricat,e relationships r'¡hich exist, have heen evaluated

only sporadieally" Moses has conneet,ed the variations in

BóN"l=orr, þg, g!!.
8:/'c .Clark, Î?Urban Populatj-on Densitiês, 11 Journal of

ghe Royai St,at:ist"Lca-1 Sg-cie-t,y, Series A, CXiï 1TF-5:W-
pp" l+90-l+96.

88B"J.L.Beruy, J"T;i"Simmons, and. R,J"Tennant, r trUrban
Population Densities ; Struct,ure and Chang€, 1T 9eog.rapþical
Revíew, LIII (L963), pp" 389-tv)5"

898"N. Thomas, îlAreal Associations between Population
Grov¡t,h and. Selected Faet,ors in t,he Chieago Urbanized
Area," @, X)lXËf (1960), pp" 15S-f70.

90J 
"E.Vanee, ttlabour-Shed, l&nplo¡rment Field and

Dynamic Ar:alysis in Urban Geography, tt Eg_o¡-qmiç_-Ëqog{?jlhd,xxx\T ll.96o), pp. lsg-zzo"



32

income l.¡it,hin an urban area vrith t,raffic proble*"9l t*d.

B.ao"rgz, i¡iayer93, T"af"9&, and vfeíg"nd.95 har¡e stud.ied.

various aspects of transport geography as they relate

to urban areas" I.{ost, eit,ies have inaugurated transport,

studies, and tkre pressíng demands to ease eongestion

have result,ed- in the foruiulat'ion and implementation of

plans w'ithout due consíderation to t,heir effects on the

urban environment" lJndoubtedly this is a sectíon of urban

analysis whi-ch remains sadly neglected, Tet' it is of

supreme Ímport,ance at t,he present tiure.

A salÍent, feat,ure in the urban geography of a cít'y

ís t,he growt,h of t,he built, up area through time. At'tempt,s

to formulate models for city gror'rt,h have preoceupíed the

minds of both soeiologists and geographers for sorne tittte"

As eity st,ructure j-s sueh an important, issue in t,he

9LL.N.I,.{oses, îrToward a Theory of Int,ra-Urban Wage
Ðf fferential s and t,heir fnfluence on Travel Patt,erns, ri

Papers and Prgceedings_, The Regíonal Science AssocÍatÍon,
IX {L962), pp" 53-63.

925,H.Beaver, rrThe Raihvays of Great Cit,iesrll
Geqgraphy, XåTI (L937), pp. 116-120.

ï'letropolitan
Land and Public _Ut,iliHr Econoruics,

o?
'-H.I'I,l'IaTer, Î?Localízat,ion of Railit'ay Facílíties inpolitan tenters as TvpÍfied- bv Chi-caso,11 Journal oft,u"Ë"äË-työi fied- bv Chicago.li Journal of

oni cs , 
- ilX (Lgt+Ì+t , ñ-ryTry(Lgt+Ì+) , ñ-ryF3I5.pp"

9lr1, 
"J " Taafe, î?Air Transportat,ion and. Unit,ed States

Urban Disiríbution, 1Ì Geographí cal R_eview., XL,il (L956),
pp. 2L9-238 "

95G,G.lr/eigend, rrSome tr"lements in the Study of Port
Geograph5 ll gqographiqal_.Eg:{Le.w, XLi{Il (t955), pp" 185- ZOO "
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underst,anding of the u-rban area it is desirable t,o

encluire int,o the development of this concept. Fu-nda:len-

t,a]1l it is an Íssue rnost, dÍscussed by t'he sociologistt

end consequently it is the sociologisti s role in urban

analysís whích needs t,o be examined'

Ð" THE SOCTOLOG]CAL APPROACH TO URBAN AI'üALTSTS"

Sociological inr¡estigation of urban character-

istics is of more recent, origin. Aimed at, foroulating

models of generalized urban structure from st,udies ín

specific cities, the pat,t,ern is one of Ínt,ra urban anal-

ysís, Parlc sets t,he scene vrith a stat,ement, in L9Z696z

One of t,he íncídent,s of grorrrth of t,he communi-t.y
ís the social. selection and segregatíon of the
population, and the creation, on t,he one hand of
natural socíal groups, and, on t,he other, of
nat,ural social areas.

Subsequentll the j-nt,ent,ion has been to for"rnulat,e

models of urban growth, and seeondly to describe and

aceount for particular socía1 forces at ruork in the

commwrity"

l" Present Concepts of City Structure"

These fall under three headings:

(a) The Gradient Hypot,hesis, l,rhere the pattern of

96R"E,Park, rîThe Urban Community, A Spatial
and a l¡iora1 Order,lr Ín Th.e _U.rÞ-an Commqpít,y, ed.
{chicago: universít,y or@6), p"

Pattern
E "ij'J,Burgess

)o
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distribution changes continuously ín one directìon v¡it,h

åncreasing distance froro t,he eent,re t'o t'he peripirery.

This is the Concentric Zone Theory of Burgess" The simple

model sees a process of succession and expansion lrith

the tendency of each inner z,one io ext,end its area by

the invasÍon of the ne>.,t. outer zone" Thís is reinforced

by the effect,s of concentration and decent,ralizatíon"
fiIn the eiçansion of the cit'y a process of distribution
takes place r,thieh sífts and sorts and relocates indiuid-

uals by residence and. occupat,i sn"97 .

This Concentric Zone Theory reveals a marked

si¡eí] arity to the earlier idork by Von Thünen on t,he

Isolat,ed Stat,e98" In his st,udy of Chicago, Burgess

accept,s t,hat this ideal situation is subject to diverg-

encies caused by physical barri-ers and lines of t,rans-

portation, !le support,s his conclusÍons by presenting

sociologícal dat,a in the form of gradient,s. In passing

from t,he centre of the city t,o t,he periphery, delínquent

rates, sex rat,ios and percentage of foreign born persons

tend to d-ecrease, whilst home otrnershíp increases"

(¡) The Sect,or Hypothesis postul-ates radial derrel-

opment pushÍng out from the cent,re t,endÍng to eause

97- r n-. .fLo¡.rark and E.'ri'oBurø^SSr The lity (Chicago:
UniversityofChícagoPresslL925ffiapressioñL967),
P' 51"

98 { on Thirnen , 1gg. cit,,
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certaÍn land uses to reproduce thernselves in sectors,

part,ícularly along lines of t-r'ansport. Thj-s alt'ernat'ive

model røas put fon'rard by l-lomer Hoyt as the Secto-r" Model.

He enu:rciated- t,his theory on the basis of a scrut,iny of

data provided by real pz'opert'f inr¡entories for Ll+Z

American citie "99. By consid.ering both díst,ance and

direct,ion from the cit,y centre, rent leve1s suggest that

the different, types of residential areas tend to groir

out'çuards along distinct, radi-i.
(c ) The }Iult,iple Nuelei rlypot,hesis of iiarrÍs and

Ullman implies that, sections of the ciiy tend t,o specíaI-

ize, and thís causes the city to be organized around

several nucleí of varj-ous types a.nd fun"tion"100" The

separate firnctional areas might have exÍsted frorn the

beginning of the city or har¡e evolved during recent

t,imes. As Harris and Ullman ínfer101' llEach cit.y is
uníque in det,ail but' resembles others in function and

patternrT. Thís unÍqueness implies t,hat' no theory of

urban grovrth r','i11 ai¡irly in its entj-rety t,o any one cÍty"

Anderson and Egeland suggest, t,hat both Lìoyt and

oo'/l{oyt, Tþg¡$J,r_uctuqe qlrd Growt,h pf Resídent,Íal
Neiehnorhôods

100C 
"D.liaryi-s and. E.L.Ul lman r r¡The Nature of Cities, r?

The Anna1s, of t,he American ;\caderny of Polit,ieal and

lofr@. , p. z,
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Burgess patterns exist for dífferent aspects of urban

1ife102. From stud¿Íes in Ä,kron, Dayt'on, IndianaÞolis,

and. Syracuse it v¡as obsertred t,hat t,he small families, i"¡'ith

the r,.rife at t¡oric , who líved ín apartroent bldl-dings,

declined in ímport,ance t,or^,¡ards t,he periphery of the city

in a concentric zonaL fashÍon. I.{earuq'hile, t,he presiige

areas as measured- by educat,ion and occupatíonal

st,ruct,ures !'.rere d.i-stríbuted in sector fa=hion103. The

limitat,ions Ín t,hese elassical models have been evaluated

by i{oyttgl+ , but acceptíng that t,here are these líroit-
at,ions, t,he models serve as good st,art,ing poínts for the

urban analysis of a specific citY'
Urban grotrt,h as a t,opÍc has pursued similar goals

t,o t,hose of u-rban struct,ure. Attenpting t,o find a

compreherrsirre model to e,.cplain the grol'tt,h pat'terns of

cities has t'aken a more pract,ical form of recent. Daviers

early to"t 105 and Gríffini s more recent stud.y have been

LozT.Anderson and. J.Egeland., ltspatial Aspect,s of
Socíal Area Analysis,¡r l\merican SociologicÍrl Reri_en,
lr.xvr (1961), pp" 39249-

103^ oinpare i¡;ith the result,s of a Pilot Study based on
'trjinnipeg, OO. 60-73 of this t,hesis.

101,.--"-l{oyt,@"
J-05¡1.R"Davie, lÌThe Pat,tern of Urban Grov¿th,1r Stud.ies

in th-e Scie-nce oi SogieS,J¡, êd, G.P.Iviurdocl< (Nev¡ Hããn--
Yale University Press, L937).
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basically descript,i'"106. Kíng has also present,ed a

descript,ive viet4rointlo7, but tÏre raethod.s conceived by

Garrison aim at produ-cing comprit,erized nodels of the

urban systemlO8" From such mod.els t,he science of

símulat,íon ena.bles the planner t,o avoíd t'he rhit' ancl run?

policy t,oo frequently acloi:t'ed. Essentiai-ly t,h.e effects

of planníng st,rategy can be sinulated within t,he comput,er

mod,el rather t,han on t,he act,ual population. As gror'rhh

of the urban area can be assessed from this model, t,here

ís some justífícation in claiiaing t,his as the u.ltímat,e

theory of u-rban stru-ct,ure" Possíb]y t'his is sor but, the

model reflects so many paramet'ers (associated only rçit'hin

t,he cornputer unit,) tfrat ít is beyond the conception of

the human mind.

2. Social Forces at, I¡,Iork in' th.e Communit'y"

The follol^ring statement, lift,ed from an article

by Sheila Harri=orr109, eonveys the fact,ors requíring

106T.L.c .Griffín, ÌtThe E"rvolution and Duplicqtion of
a Patt-,ern of Urban Grotart,hrTi Econornj-c GeggraËþX, XLÏ
{L965), pp. r36-L560

Lo7 L" J .i(ing , tlDi scriminat,ory ¡¡1¿l ysi s of Urban
Grovrt,h Pat-r,erris-j-n Ontario and Quebee L95L'L96Lrn
A "jL.À." c,-, Lvrf (L967 ) , pp. 566-578 "

10BI'""L"Garrison, îrToward Simulation l,IocLel-s of Urban
Growt,i:. and Development, 1r Lugt :Þ!¡;.diç,s iLGeogr+pþy,
Series B, Human Geography, XXIIi (L962), pp" 9l--108"

1095.iv1.l-larriso!: , The S.ogial Survey (New York: Russell
Sage Fou:idation, L93L), pp" 7-8"
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analysis and explanatÍon in t,he fíel-d of soeiology:

The constant, rearrangement, of element,s that rnake
up comrnunity lifer r€sulting from nev'r ideas, neïr
opport,unities, ner+ int,erests and energies at v;ork,
has t,aken many forms, a:nong t,hem t'he transfer of
individuals and familíes to nev¡ and dífferent,
physical environments or t,h.e springing up of nev,¡
envirori¡nent,s around t,heir old ho¡nes and neighbor-
hoods i the movement of racÍal, indust'rial, and
agricult,ural groups al.¡âl from o1d assocíat,ions
Ínto new and oft,en ùifficult, ones; a different,
distribution of people ín the 'rarious age group-
ings ín nany of our largest populat,ion centerst
and in ou.r rural dístricts as v¡ell, from that
obtaining ireret,ofore; the transfer of many of the
home indust,ries and functions of a decade or tr'¡o
ago t,o bakeries, clothing factoríes, and other
shops and agencies outsj-de the home; net'Ì' for:nrs of
t,ransportation and greater general r¿obilit,y of
population; increased leisure time for many peopl s
and nel.¡ forrns of reereation facilities, pu-blic
and privat'e; and a clear tendency, on the one
hand, t,hrough the great increase in hrirge multiple
dvre'l lings and offí ce buil-dings , t,oward the
concentration of larger and larger numbers of
people on smaller pÍeces of land, and on t,he other
hand, t,he apparent t,endency toward decent'ralizat'ion
in urban regíons t,oward the removal both of
factories and worJcersl homes from congested central
districts to neighboring belt,s of satellite
communÍtíes.

The necessit,y to understand sueh social forces in
terms of assocÍat,ed phenonrena focussed att,ention on

methodology" Burgess and Bogue isolated crit,ical issues

in t,hís phil osophyllO,

o o o making naps of al l t,ypes of socíal problens
for v¡hich we could get dat.a" From this began to

110l, 
"i,i"Bu-fgessto Urban Socíology

and D"J"BoEue. eds. . Cont,ríbutions
ichicago: üniversit,y @ess,
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ênierr e the realization that there was a definite
pat,t,ern and stru-ct,ure to the city, and that many
types of social problems viere comelated v¡ít-'h
each other.

Fron this emerged the concept, of tnatural areasl

and the feasíbilit,y of studying t'hese in rel at,ion to

spatia.l pa-tt,ern and cultural 1if"111" As mapping must

u.t,ilize data relevant t,o variables, it is necessary to

identify social variables consist,ent, with urban

analytical object,ives. The coT?mon idea of undertakång

Socíal Area Analysís ís to produce a mosaic of distinct,-

ive districts. The Shevlcy and Bell- syst,em attempts tÌris
exercise v¡it,h a resulting mosaÍc through time112'

This airproach,to social analysis is still i,"alid,

alt,hough considerable refínements ín t,echnio,ue have since

been perfect.ed, most'ly due t,o adr"ances in statistics and

cornputer technology. In t,heir study, She"'ky and Bell
11?st,at,e*-- i

o ê o fact,s of economic d.ifferent,iation and. of
st,atus and power had a significance transcending
in importance the significance of relat,ions
oacutrlng i-iíthin the boundaries of the loeal
c ornrnunity.

They conc'lude that areal differentiatíon is a

response t,o three factors:

111Brr*g""" and Bogue, p. 7"

112- ^1-- fl.önev-ky and i"J"Bell , Socia1 Area l\nal-ysis (St,anford
Sociologícal Sêries No. l- , 

'S

113rbid,., p. r.
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(a) Dístríbut,íon of Skil 1s. o o o As societies
incre ase in scale ¡ t,he nature of íncor¿e-
producing propert-,y ís altered; land gives r,'ray to
t,he enterprìse, and oronership of the enterpríse
becomes less signifícant, tl:an posítíon wÍthín a
gíven enterprÍse" At, the same time the occupations
v¡ithin a societ,y are regrouped: they become
hierarchícally organ$ppd ínt,o levels of skill ¡

income, and prestige"4o
{b ) ^ 

Organiza*r,ion of Productíve Aetivity. . " . ^Assocíet,íes increase in scale, the st,ructure of
productive activity changes" The relationship of
ihe population to its foõd suppi-y becomes a'lt,ered."
Priroary production decl-ines in Ímportance. The
range of relations centered in cit,ies íncreases.
The famílyrloses Íts specifíc economic, productive
fu:nctionstt/.
(c) Composítion of Population. o?o As societ,Íes
increase in scale, mobility íncreases ooo three
different concomitant,s of increased nobility;

(i) Redistribut,ion of populat,ion in space"
{ii) Alterat,íon in t,he Ð.ge and sex distribu-tion,

or changes Ín the proportÍon of supporting

(iiiI üur*Er:åff# åiiål3li;"::. isorarion of
subgrouPsrro"

The airas inherent ín t,his study are closely

analogous ur,o the geographersr at,tempts to isolat,e

spatially differentiated zones" The sociologíst is,
hor¡¡ever, able to manipulate a far great,er nurnber and

varÍety of r¡ariables ¡ âs con.siderable information is '

available from census ret,urns,

Ivioser and Scottsr anaLysi-s of Brit,i"h tovnr.sll7

Ll[srrevky and Bell, p. g.

lf5lbíd., p.10"
f16I@, p" I Àt'

r17G .A.i{oser and
ical Stu-dy of their

iI. Scot,t , British Tov.rns: A Statist-
Soeía'l and Econoinie ÐÍfferences

{Edinburgir: Oliver and Boyd, L96L}.
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integrates a nr:rnber of t,hese variables Ín arri'¡ing at

conclusions" Alt,hou-gh títled in terrns of social and

economj-c differences¡ the results indicate the tenilous

d.istinet,ion bet'û.reen t,hese disciplines and geography.

Herbert, devj-zes an objectìve approach t.o Component

AnalysÍs by bruildíng u"p the correlation mat,rix and

assessing t,he assocÍatii¡itï between the varíab1es118.

Satisfíed rrrith the correlatíon, he u-ses the component,

varíable because ít, gives a single expression to Se.¡eral

eharacteristics of t,he urban st,ructure. His final Social

Area Type is constructed as follows:

0ccupati on ïnd-ex

Education Index

Fertility ïndex

!'lomen in Labour Foree

I 
soei*r Rank

lConstruct, of
f Urbanizat'íon

Social
Area
Type

Interesting point,s concerning the use of diagnostíc r¡ar-

iabl-es emerge from llerbert,ls l'¡ork. Firstly the occupation

inde>r typifies the urban st,ruct,ure v¡ell and the fertílity
index dífferentia-tes the urban area vrith a good degree

of accuracy, The percentage of v¡omen in t'he l-abour force

is less ,suceessful-. The correlatíon betlveen the two

varíables in the eonst,ruct of Urbanization is very loirt

t18P.T"Herbert,, lïThe Use of
t,he Analysís of Urban Structure,
{L967), pp. 5-LO"

Diagnostíc Variables in
" Tij4sqþli-€!., LVïIï
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ån BrÍtain but ís high in the United St,at,es" Hence sueh

a component varíabl-e is raore valid ín American urban

¿¡1¿lyses than it ís ín Brítish coÐrt,erroarts"

The development of factor analysj-s has aided

researcl:r in these d-irections, and it is ín the tight' of

these models const,ructed by Shevky a.nd Bell and Herbert

that the ensuing st,udy of Ï*¿rinnipeg is foi:rnulat,ed" llov,rever,

t,he picture is not yet complete as development-,s ín
sociology have been mat,ched by an anrareness of the

delÍca-te econorníc forces at, work in t,he urban areas and

their effects upon t,he coirurunity as a r¡hole.

E. THE ECONO]'{IC APPROACH T0 URBAT{ AIüALYSïS"

Î?The cit,y is not,, however, merely a geographical

and ecological unit, it is at, the sane time an econornic

unít," The econornic organizat,ion of t,he city is based on

the division of 1abou"rr119. This statement, by Park

isolates one aspect of an economic analysis of the city
the location of dÍfferent, economic functions. There i-s a

second feature of economic analysis closely associated

urit,h t,he d.ifferentiat.ion of funct,ions, namely Iand

values. As lr{ei{enzie impliesl20'

119R.E.Park, 
Tlr-e. ciÍ,J, eds,

{Chícago: Uníversit,y of Chicago
sÍon L967), pn 2"

l-zo&,D,Melienzíe, igi3f, p,

R"Ë.Park and 8.1í.Burgess
Press , L925, l¡t,h ínpres-

t)"
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ïnvasions tf,rodu-ce su-ccessional stages of d-ifferent
qualítat,í.¡e slgnifícance, that, is, t,he economÍc
chara-cter of the d-ístrict may rise or fall as the
resu'lt of certain types of invasion. This
qu-a1it,at,íve aspect Ís reflect,ed Ín the fluctuat'ions
of land or rental values.

The first econoraic ín-t,erest, is in l-a.nd- use charact-

eristics, and st,ems from the theories of 1,feber121 and

J'rardL?Z, By exarnining Loeat,ion ín t,er'ørs of economic

forces they v{ere able to formul-ate premises from v¡hích

int,ra urban distribution of functions beea.&e more logreaL.

I.[c0art,y, ]look, and Knos have considered the 1ínkages

t,o be found ín the indust,rial complexe =L23. In the case

of the urban economic base rnodel, díscussion has centred

on t,he rdork performed by geographers Alexander ín part-

icu-lar. Roterus and. Calef examine Alexanderrs Basíc-

Irionbasic ratio124, Hoyt assesses t,he utìlíty of sueh

studies in measuring urban grovrthlz5, r¡,¡hi1st Tíebout, tests

LzL ^ r.Ì r-*-4.!ïeber, Thes¡ry of_location of l¡5[¡gllies (Chicago!
University of Ch

L22- , **"-'ij"Isard, Locat,i_q¡r and Srojlce Ec_o_nomy: A Gene_ral
Theory Relating @
@¿u, "r-r¿ 

u"¡"rr@ ,
t956) "

1Z3a.H"I{cCarty' J"C.Hoolc, and D.S.Knos, !þq li;ieasure-
nrent, of ;rssociatión in Industrj.al Geography fffi"_-

, i{o.j, L956)"
Lzl+'í.Roterus and- 1¡.Calef , ït\lot,es on the Basic-

I'lonbasi c llnployreent Ratio-, tr Economi c Ge-o€qaphy, I,íXXI
tL956) , pp" g5-gg.

L25H.Hoyt', trrhe
j.n Calculat,ing Urban
{196l) , pp. ¡l-fs.

Ut,ility of the
Growt,h, rr Land

Economic Base i'tethod
tconomi cs, )iit-XîII
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ít,s ercpírical methods l'¡ithin the general frameviork of

econoi:ric analys'i =" 
126

Secondly, t,here ís the economi c int,erest in land

3ent. Ratclíff Ts book Urban Land ilconornics, covers this
v¡ide topic ín a systematic fashíonl27. Cert,ain facet,s of

t,he problem t,end to become accentuated' Urban spral'r1 and

fringe set,tlement,s are such cases. Sinclair utilizes ïon

Thirnenîs mod.el in e>rplaining u-rban **p"tu1128, and. Harvey

and Clarlc implement, a purely econoiaic utqr-i"yl29. Preston,

on one hand., consid.ers transitíon ,orruu130, lrrhilst on the

ot,her hand, Teat,es takes t,he full areal extent, of Chicago

in exanining land. valuesl3l.

The strictly economic approach in urban research

shov¡s the greatest, derÍation from an interdisciplinary
attaclc on cit,y analysÍs. On];r in tire Russian conception

Land Econoniícs, )if.T.II (L956) , pp" 95-99"
L27'R.u.Ratc1if,f , (Nei,¡ Yorlc:

J'lcGrar¡r Hill , L9Lr9) "

129- ^.*--H, Sinclaír, llVon
;\.,,\.A.G", LTII (L967),

L29R"0.Harvey and. l{"4"-'f .Cl-ark, llThe Nature and tr"con-
omicsofUrbaiiSþrar,t1,''@,XLI(I965),pp.1-9"

L26C"A.Tiebout, ¡rThe urban Econornic Base R.econsidered.rlï

Thijnen and Urban SpraÍ:l, Tr

pp. 72-87 "

I 3cR.ìr.Preston, r?The

Urban tand Use Patt,erns,ri
pp. 236-260.

Zone in Transition: A St,udY of
Economíc Geography, XLff (L966),

13lÛi.Yeates, trsome Factors Affect,ing t,þe
Dist,ribution of Chicago Land ;ialues, L9IO-6O,
Geoglaphy, XLf (1965) , pp. 57-70"

Spatíal
11 Economic
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of urban geography does it, figure as the pararnount

method of analysis. Elsev¡here ít, aequíres a gror"'ting

St,ature and will be of íncreasíng u-sefu.Lness in develo.oing

u-rban methodology.

F. SUI.ßTÀRY

The foregoing observat,ions indieate the developlrent,

of distínctive methods of urban research. They suggest,

that, urbair centres ímply nore t,han just, aggregat'es of

persons. The ínter urban geographieal stu-dies render

some ínsight int,o economic fi:nctions and spat,ial dispos-

ition, frequentll in a hierarchieal form, vrhÍch also

exist, r,rrithin one specifíc urban centre' r;l'hat applies on

a widespread scale ís also arplicable trít,hin the city"

The ideal situation ís to identify all the forces

at ruork in t'Lre dynamic urban environment" Put, simply,

t,he raison dtêtre of the city ís a geographical problern,

the human interact,ions belong to t,he socÍologist, v¡hilst

t,he analysis of location ls the field of the economist,.

,{ t,horough comprehensíon of the eitl requires a comlrined

assessment from t,he point, of vievr of all three dísciplines.

The choiee of varíables must reflect, thís fact and

att,empt t,o be as exhaust'ive as is feasibl-e. The larger

t,he number of varíabl es ut,ilized, the greate:: v¡ill be

the probabil-it;,r of formr.rJ-ating a model represent'ing
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realíty" The ülagnitu-de of the taslt, coupled v¡it-,h an

imprecise knoi.rledge as t,o the lÍrnit of the fíeld of forces

affect,Íng t,he urban environment, mitigates against the

possibility of ever beÍng aJ¡'l e to define the compÏex

rrrban system complet,ely"

Expressing the sit,uation mat,Ïrematicallyr it is
possible t,o postulate three fields of knor'¡Ledge in urban

analysi s :

Geographical : Set, G

SocÍological_ Set,5
Iiconomic - Set E

The Urban Syst,em become the Unir¡ersal Set I r and assuming

that all urban phenomena can be studied in the context

of t,he t,hree set,s defined,

GUsUE - T L32

ThÍs sit,uatÍon can be represented in a rienn diagram as

shoin¡n in Figure I (page l+7) 
"

13ZS"t Theory in matheraat,Ícs enables rûany l-ogical
everyday situat,ions to be reciuced t,o a precise algebraic
form. In thís form they can be su-bject,ecl t'o analytical
treatment and deduetive ccnclusions drann from the
analysis. Fu-rthermore, sit.uations can be represented
diagrammatically by r,uhat, are called 'íenn Diagra:ns" The
syrnbolism in Set Theory is unfamiliar t,o most,, and,
therefore, the operat,ions used ín t,he surbsequent erposition
of ideas are docrxnent,ecl here.

Union of ti,¡o set,s ís índicated by U
Tnt,erseetion of tr¡ro sets is indica-ted by n
Membership of a set Ís represented by €
lnverse (ôut,side of a set,) of R is shoum as R'
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GNSNE

Gn(5uEl'

Figure l. The Urban SYsteni.

From this díagrarir, and. using set algebra, it, follov¡s

that felu studíes of the urban area are truly Ínter-

disciplinary - G n 5 n E, but, most are basícally v¡ithin

one discÍptine but using methodology belongÍng t,o the

others -G or 5 or E . Only rarely is urban research

ent,irely rest,ricted to one disci:rliner as r'¡ould be

represented bY G n ( 5 U E l' "

The purpose i-n using this connot,at,íon is to state

t,hat, progressj-ve, useful urban research needs t,o be

r.^:it,hin the ,Set G n 5 n E, and t,he maximun ut,ility of su-ch

a study l.:i11 be v,¡hen t,his Set defines the coroplete u-rban

syst,ein, namelY, when

GUSUE : GnSaE : I

The first object of this thesis is t,o select,
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variables pert,aining to llrinniireg nhich l-ie iqithin t,he

Set,s G, 5, and E, and at,tempt to ut,Íh-ze a sufficient
number of r¡ariables t'hat the Set, I has rnost of its
members represented" This choíee of variables is
rrresented in the next, ehai:ter"

Follor''ring t,his principle, the second object,ive is

to delimit urban sub areas" The trad-itional crit,eria Ín
ísolatíng ecologieal areas ínclude natural boundaries

and barriers, prevailing land use and zoning plans, value

of d.lrelt'ing unitsr and racial segregat,ionl33' Denrographic

sub areas are based on enuineration area st,at'istics, b¡r

calculating devj-ations from eit,y ratios, and soeíal sub

areas are based. on the criteria prerriously lÍsted' Ìi¡ith

these sub areas it is then e>qoedient, to exaníne any lack

of conforroity betr^¡een bouÍ.daries associated r','it,h the

different variables" As For-m, and others, stlgge"t134,

o o o some urban sociologists have contended that
the distribut,ion of social phenomena may not be
d.irect,ly dependent, on variations in land Llse )

nat,ural barriers, and other ecological crÍt,eria.

ThÍs raises an issue luhich requires examinatÍon"

The mapping of sub areas i"uithin -l¡Jinnipeg is t,he found-

at,ion of t,he second part,of this t,hesís, and the matter of

f33w.H.Forslr eto â1. 2 r?The Compat,abílit,y of Al-ter-
nat,íve A,pproaches to the Delimit,ation of Urban Sub-r|reasrlt
Anrerican- Sociological Review, XIX (L95b) , p" fú5 "

t3þto¿-u.-, o. biÌ+,
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discordant, bou-ndaries t'i1l be pursued at, t'hat point,"

Smith isolat,es t,he critical issues at, st,ake in
suclr areal mappíngl3i+ z

Ideally tr.¡o condit,ions sirould obt,ain Ín the
resul-tinE schei,re:
(a) the Fesulting sub-areas must be cont,inuous
and contigu-ou-s, and exhaust the totaL space
i¡rÍthin the corporat,e limits of the city, and
(b) the populations cont,aíned r.¡ithin t,he su-b-areas
should achieve a maximum degree of homogeneity
l.;it,hÍn each sub-area and a maximum degree of
heterogeneit,y a:nong sub-areas.

These t,wo condít,ions rnust, lirnit the development, of any

t,echnique in nat,ural area mapping.

l3l+¿*Srait,h, 
"A l,{ethod for t,he Classificat,ion of Ä.reas

on t,he Basis of Dernographically Horaogeneous Po,culationsrtl
Àmeri-can- Sociol-ogicaI. Eèvier,¡, Iif,t (L95Lt) , pp. ãAL-2A2,



CHAPTER TT

SET,ECTTON AND ITI{TTATTONS OF Ð]AGNOSTÏC TARIABLES

If one ís to accept t,hat' t,here are areal differ-
ences existing r^rít,hin the urban arear ít' is necessary t,o

establísh sorûe crit,eria upon which to measure thera. The

neasurements need t,o be in t,he forrn of data for each unit

anea based u.pon relat,ionships Ïrith ot,her unit areas lrithín

t,he urban cent,re. A set, of data relates t,o one particular

variable, v¡hich is called a rclíagnost,ic variablel as it
has been chosen objectively as an int,egral conponent, of

t,he u-rban syst,em"

Clarification is requíred concerning the tv¿o unit,s

of measure. A selection must be made as t,o t,he unit of

area from which t,o measure the variables, and secondly,

t,he choice of diagnostic variables requires explanat,ion

and just,ification. The first part' of t,hís ch.apt,er sets

out t,he factors influencing and account'ing for the final
ehoiees.

HavÍng foi:aulated tire structu-re of t,he dat,a mat'ri-x,

it is desirable t,o test part of ít in order t.o erralu-ate

its limit-,ations. This t,est ís implement,ed in t,he form of
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a pilot, stud-y. This study applies t,he method of SociaL

Area Analysis, d.eveloped- by Sherricy and Bellf , to the

data natrix of the t'trinnipeg rnet,ropolítan area'

A" SELECTION OF AREAL UI{ITS.

The largest, unit of area ís the cit,y itself , and

the smallest is that occupied by the individual. Some-

where betvreen these limits a unit, of area has t'o be

chosen l'¡hich proves sufficient,ly small- to ensure a given

degree of homogeneity vrit,hin it', but at the same time

not too small that t'he total number of such unit,s becomes

unv¡ie1dy or t,he da-ta prone to error. In elect,Íng to use

a specific areal unit. as a basis for analysís, it, is
import,ant t,o ascertain t,hat it is the most desirable

unít in terms of the availability and reliabilíty of

data. The major source of data is provided by the kg=_"g

of Canad.a and the two relevant, (for urban areas) unit,s

of area are the Census Tract and the Enixueration Area"

The snaller areal unít' is t'he Enumeration Area" ft
ranges in size from a cit,y block in the central- area of

Ivinnipeg, to about, I0 blocks in t,he periphery" The Enum-

eration Area is the area covered by each enu¡terator in
t,aking t,he censlls, For this reason t,hey Tr,,. are primarily

cit, "
lshevky and Bell, gp,"
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adrainístrat,ir¡e unit,s for the pu.rpose of conduct-,ing the

census field operat,ions" Às a result', EArs vary from

census t,o eensus both in nr:mber and in size ""u"2"
thanges of boundarj-es betr.o¡een d-ecennial censuses

rest,rÍet t,he usage of Enunerat,íon Areas for comparative

study" A second limit,ation associated v¡ith the Entxier-

ation Area ís that, statist,ical classificatíons on t'hÍs

basis are subject t,o enurnerator and respondent biases.

These effects are diminished as i:rnumeratíon Á.reas are

grou-ped to give larger u.nit,s (su-ch as Census Tracts ) "

These biases are more significant for labour force and

ethnic groupihgsr but, t,hey aÞproacl:. sizeable proportions

for other variables. The exact sígnificance of t,he

response variance for each variable ean be found in a

Bulletin issued by t,he Dominion Bureau of Statistics at,
)

0t,t,av¡a'.

Because of it"s small size, the Enumerat,ion Area

does provide a more det,ailed pieture of the urban area

than larger areal u-nit,s could supply. It, achieves ttie

minuteness and precisíon that' Ol-d considers eity blocl<

2c""q"=- of cryt-"¿.u , Lg6L, ButletÍn Ea,/PO/6L"

3ffl- Statement, on the Nature and. Ëxi.ent of
Response rlarÍance Asso€iated r¡rith EA Census St,atistics,
Census of Canada, L96L, Bullet,in EA/RV/6I"
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data cou-l-d proirid.e for spatial rcapping4. E;numeration

Area data is not, horuer/er, in published or readily

available fornt, and t,his rest,ricts it,s u.sefulness"

The second, and largerr âr€âl unit, is the Census

Tract" The definition delímiting these areas is that,
r?Census Tracts are desígned t,o be rel at,ively uniform in
area and popril-ation, and such that eaeh ís faírly horno-

geneous wit,h respect, t,o economic statu-s and }iving con-

ditionslt/. The disadvant,age in using t,his areal unit is
that, t,heir size in fact,, varies considerably t,hroughout,

the met,ropolit,an 
"""*6. 

Peripheral tracts are so large

t,hat onl-y generaliøed evaluations of their charac'ber are

possible" These peripheral areas are, hohre-¡er, the least
urbanized, and large cont,rasts are less likely lrrit,hin t,he

areal unit t,han for a sírnil-ar population in t,he cj-ty

eentre" In spite of this it, must be realized that, there

is a consíderable loss of det,ail inherent, ín Census

Tract, dat,a vis à vis Enumeration Area data.

A dÍstinctive ad.vantage accruÍng to Census Tracts

is t,hat t,heir boundaries remaÍn concorclant,, in t,he case

luE"B"Old, nThe City Block as a Unit, for Record.ing
and -A.nalyzing Urban Data,lr Journal of the Àmerican St,at-
í sti_c?l A:ssoc_iatio!, XLIi¡, Nö:-2fS_1T949T;ffi

E/Censuf; of ,QeIrA!þ, L96L, Catalogue 95-532, p" 1"

"̂See APPEI\TDïX A, page ZO7 .
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of l'Jinnípeg, for the L95L and 1961 censuse s, Comparatii,'e

studíes bet,r,¡een yeal's are, t,herefore, possible"

In $l-a-tis-Q!qa1--G.epg¡1qghy7 tt * essent,íals of Areal

Dat,a ¿n¿'lysis are formrr-l-at,ed, One of the problems in
using areal unit, d.ata ís presented- by Du¡rcan8:

Nov'r, an areal unit. is being considered here as aItsub iropul-ationtr of t,he population of item,s
incluileil in the universe of t,errít,ory i^¡hÍch
constitutes the field of st,udy. Ït follor¡rs that
dat,a on this sub-,copu1at,íon - the items llcont,aíned
inrl t,he areal unít. - may be manipulated in any of
the l.;ays that population dat,a may be nanipulated-.
The point t,o bear in mind is that, r âs a consequence
of such rnanipulations, one obt,ains a set of dat,a
for areal unit,sr or unit, dat'a, only some of v¡hose
propert,ies resemble those of t,he data on indiv-
idual it,ems in the populat,ion. o ê o t,his area'l datum
can be handled like an individual dati.::t only if
cert'ain,of íts pro,oert,ies are di.sregarded. o o o

Furt,hernore, an areal datum like the birth rat,e of
t,he populat,ion in the areal u-nit o o o has no cl-ose
analogy r,¡¡íth any' indii¡idual d.àt'l¡rû.

The problem to be resolved is v¡hether there is a

signÍfícant, difference in the coefficient of variation

for each variable between values for Census Tracts and

l$nu¡reration Areas. No statistical aeasure is possible as

dat,a for individuals are not available" In t,he case of

average income it is likely t,ha"r, t'he standard deviation

i'l"ithin a Census Traet, is larger t,han urithin an Enumer-

at,ion Àrea" Assuming an ident,ieal mean, this lrloüld cause

To.T"Duncanr et,o â1.
Free Press, I1li-noÍs, L96l:

, Stat,i sti_cql _Cre_q_gq?pþI ( tfie
)"--

pp. b2-l+3 "
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its eoeffieient of variat'ìon to be Larger also. Thi-e is

one of the sacrifices t,hat has to be rriade by generalizíng

¡¡it,h larger areal unit,s" In no v,lay can either of the

two units be consíd.ered as rand-om samples ¡ or possessing

the SaJne parameters, and hence, normal samplying analysis

is inappropriate.

After r,reighing up the r:aerits of bot,h areal uníts,

t,he Census Tract, was chosen. DUe consideratíon was gi.ren

to the loss in detail and the potentiall]- inferior
homogeneity w:it,hin t,he area. The major advant,age in
choosing the Census Tract, is the availability of easiLy

accessíble dat,a and t,he confonnit)t of boundaríes over a

t,en year period. Hol',re\rer: the premises and met'hodology

der¡eloped ¡',rould not be altered Íf t,lie smaller Enumeration

-A.rea had been chosen as t,he unit of area.

Eighty síx Census Tract,s are list'ed for t,he

tr{innípeg area. Figures for certain peripheral areas

St,, Boniface, Assíniboia, Fort Garry, and St," Vítal - are

not recorded in isolated forn" The cont'ei:minou.s urban

area íneludes ir,i=indsor Park, r'"'hÍch is the unrecorded

resident,ial area, comprísing t,he resídual of t'he St.

Boniface d.at,a. As its population (tOr7a7 ) was significant.,

dat,a r,,iere e:rtrapol-ated for tirís area and given t,he t'ract

number 87. Fort Garry had a residual population of 21981+

but nruch of thís r'¡as not locat,ed adjacent to the urban
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area. ResÍdua1 popul at,ions for Àssiniboia (e,4.OO) ,

Charlesvrood. (7O7), and St" V.ital (L692) Ì,Íere exclu-ded as

they comprised mainly rural di.'.e11."u.

The location of these 87 areal u¡it,s is given in
I''I¡P l" The major source of dat,a pert,aÍning t,o these areas

is t,he Census of Canaaa9. Dat,a from different sources are

used- Ín ¡rlaces, but the origin is recorded in a,opropriat,e

footnote s.

B. SELECTION OF TÀR,IABLES"

The choice of variables is an attempt, to gíve

d-Íagnost,ic measure to the const,ellation of forces whích

make u-p the u-rban syst,erc. Seventy firre ''¡ariables 'p{ere

chosen. Although the number of '¡ariables is larger the

eoverage is by no r¡1êâl1s fr-rll and complete. All that, carr

be hoped ís that the number is sufficient to ísolate the

main factors at v¡ork in the communit,y" As uou-ld appear

from t,hís list of vai'iabluslo an atternpt, lr¡as made t,o

compile as representat,ive and lr¡ide ranging set, as was

feasible. Broadly t,he variables can be broken dov¡n into

9gSgEf¿E-€-Su"".þ , Lg6L, Dominion Bureau of
S i at,i s tÏîÇ-Tt,tarc a .

lrì-"The full_ list of the 75 variables is girren ín
APPtrNDfX B, page 2O8. Some of t,hese variableÈ l^;ere used
to generate furt,her -¡ariables for part,icu-l-ar curtloses (in
tbe pilot stud.y, for example)" Explanat,ion of t,he stru-ct,ureof t-,he less common variables is iàcluded in a supplement
to APPENDIX B - Â.FPENDTX B (Su-pplement ).
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a ni.unber of classes:

Population, size and structure (f f va"riabl-es )

PopuJ-ation mobility (6 variables)

Et,hnic eompositÍon (12 variables)

Religíon (f variable)

Fertility ß varíables)

Ed.ucat,ion ( 2 variables )

Oecupational St,ructure (g variables)

Income (4 variabtes)

I{ousehold and housing (15 variables)

Soeia] Structure (3 varj-ables )

Retail st,ores (7 variables)

Physis¿l morphology 3 variables)

C . THE DATA þ1ATRÏX.

An it,em of dat,um is required- for eaeh of t,he 87

Gensus Tract,s pert,aining to each of t,he 75 varíables.

The complet,e supply of dat,a fornis a two dirnensional

array of 87 by 75 unit size, liacl:. unit vl'ithin the mat'rix

can be denoted by t,he value * ¡j (l',¡here i takes values

from I to 87, and ¡ frorn I to 75) " ThÍs raet,hod of nom-

enclature permit,s easy access to any i-terc of dat,rrni. The

areal unit is given by the row number (¡ value) and t,he

variable by t,he colwon nümber (¡ rralue ) of the raatrix.

The d-at,a 1,râs pif,Tlched onto IBiif cards and fed into
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t,he Uní.¡ersit,y of ivianítoþars IBlui 360/65 compu-t,er, All
subsequent st,atist,ical aanipulatíons ldere perforrned

r¡¡ithín the com,:uter and the results output, in numeric

form" The mapXring t,echnique roras also performed. v¡it,hin t,he

cornput,er" The data matrix rças operat,eci on by prograrnmed

instructions and the mapped resrilts l^rere ou--r'pu-t, by the

specific format, instruct'ions"

One of the essent,ial requirement,s in the statist'ical
analysis is that-, each value x¡j in the matrix can be

fou:rd in the dat,a declc. Some of t,he census data ís
obtained. from a ZO'fr populat.ion sarnple, and due to

sa:npling ¡¡=ariatiorir est'inates of less than 100 are not

sho',..¡n. In such circumstances, estirirates for t,he rnissing

*¡j values have t,o be ded.uced. The t,racts in whích this
Trìias necessary are list,ed in APPF.NDIX B (Supplenient,),

An added ad.'¡antage of t,his rnethod of dat,a storage

is that by increasing t,he cìiraensions of the array to

t,hree, it, becomes irossible t.o build a tnodel t,hrough tirne.

The three dj-rnensional mat,ríx r.;ith unj-t rt¡j (r^.rhere k is
a time unit) can be examined t,hrough t,ime. \'rj-t,h t irnits

of time, t,he urban syst,em takes on a dynamic conte>lt.

This dynarnisin is not, examineir in this stucÌy. T\,¡o consider-

at.ion-. control the adapt,ion to a time l¡ased model-. First-,}y,

t,he areal rrnit mu-st remain consistent, and secondly, the

computer core st,orage must, be sufficient.
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D" P]I,OT STUDY.

To e>lamine the relatíonships bett^¡een sorrte of these

variables, t,his study of fíinni-peg is basecl u-pon the Social

Area Analysis formulated by Shevky and gellll. Inherent

ín t,heir met-,hod is t,he su-bject,ive recognition of certaín

characterist,ics of a Social Area. Such an area is
ident,ified beeause it has the satlle level of living, t,he

sarrte way of life, and t,he san'te ethnÍc background' fn order

to dÍfferent,iate the urban cent,re, it, is necessary to

measure these three basic dimensions"

A listing of these eornponents, t,ogether w-Ít,h the

met,hod of compilation follo'r,vs:

1. e.. t,he sâms le.¡el- of living, Socíal-. EanE_Compo_neqtji"

Tr,¡o variables are aggregated t,o form this index.

(a) Occupat,ion Ratio. (Tot,a1 number of unskilled

r.,J'orkers as a percent,age of t.he tot,al labour foree for
each Census Tract, . )Lz

(i) Calcul-ate number of r¡:rskilled v¡orkers, Add:

I'[ale* primary " (23)

Craft,smen, prodirctíon irrocess and

relat.ed lrrorkers " (Zln)

1't*-Sher,'lcy and 8e11, g&_ cil"
L2^=**Nr.mbers in bracl<et,s refer to reference numbers in

Table 3 of Cat.alogue 95-532, f96L, Ceqsu.s of Ce¡@4q.
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Labourers, (ZS)

Fernale- Primary " (32)

Craftsmen, product'ion process and.

rel-ated r,¡orkers . (33 )

Labou-rers. ß4)
(ii) Calcu-late t,otal labour force' Àdd:

I'1ale labour force " (5 )

Fema1e l-abour force. (6 )

(iii-) Express unskil-led workers as a percent,age

of th.e total labour force.
(b) Edu-cat,iori Ratio. (The nr.mrber of persons who ha¡¡e

eomplet,ed no more than grade school as a percent,age of

t,otal school nrembers for each Censu-s Tract, )

(i) Add: Element.ary - I or more years. (68)

(íi ) Add- :

liigh School

lìl-ementary -
High School-

High School

I to 2 years " (69)

I or more years" (6s)

to 2 years" (69)

to 5 years" (70)

I
3

Universit,y - I or more years" (71)

(iii ) Express (i ) as a percent,age of (il ) .

(c ) Sociat Rank Index" The Occupation Rat,io and

trdueation Ratio are each scaled between 0 and 100 and

then added -þogether. The resul-t,ing sum is, itself , scaled

betlveen O and 100"

2" øøø t,he sane way of life. U¡lbjlniza!Íq4_Co!1pg,grl!Ê.
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Three variables are aggregated t,o forr¿ this index,

(a) Fertility Ratio" (ldu¡rber of children under 5 years

per '1000 females age 15 throu.gh /¡.i+ for each Census Tract. )

(Í) Record total number of persons lunder 51 "

AdCr : I,tales C-t+. (fo)L3

Females 0-4, (16)

(ii) Add nunber of females ín the age range L5

t,hrough d/¡-. (19 )+( 20 )+( 2L)+(22) .

(iii) lívi¿e (í) by (íi) and multíply the quotÍent

by 1000.

(b) T;'Iomen in the labour force Ratio, (The number of

females in the labour force per 1000 fenrales 15 years oLd

and over for each Census Tract" )1/u

(f ) Record number of females ¡L5 years old and overt

emp't eyu¿ as t'vlage earnersl . (1¿þ)

(ii) R,ecord fernale po1:ulation r15 years and overl.

ß)
(i:-i) Erpress {í) as a percent,age of (ii),

(b) Single Detaehed D.'telJ-ing Unit, Rat,io. (tfre number

of síngle detached dlvelling units as a percent,age of all
d.r,uelling wrít,s for each Census Tract. )15

l3Nr*bu"s in brackets refer to reference nunbers ire
Tab]e I of tatalogue 95-532, L96L, Censu.s of tanad_a.

141¡ia.r, Table 3"
I5rbid., Table z"
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(i) Record t síngle det,ached occll¡rj-ed di,rel1 i-ngs.t

ß4)

ii-i ) Record- t,ot,al lHou-sehold.s (occupied dr,;ellings ) "

(1)

(iii ) Erpress (i ) as a percent,age of (ii ) "

(d) Urbanization Index. The Fertí'lit.y Ratio and the

Single detached dv¡elling u-nit Rat,io are each scaled-

beti..¡een 0 and 100. The \r,Toroen in t,he labou_r force Ratio

is scaled betv¡'een lO0 and 0. The three aYe then su¡rmted

and t,he resulting Urbanízation Ïndex is scal ed between

0 and 100,

3, o ôo the same ethnic background. Segl:egalilgt Igdex.

In calculat,ing i;he Segregation fndex some deviation is
necessary from t,he method adopt'ed by Shevky and BeIl. They

were concerned, in part,icrr-lar, v,rith measuring t,he i$egro

fract,ion wit,hin American cíties" Such an a,otrroach is
inapplicable in t,he case of ivinnipeg.

irvinnipeg i-s a cosmopolitan city and there are

agglomerations of distinct ethnic origin içit,hin the urban

^r.uL6 " A method of measu-ri-ng this segregation is to

cor'ìipare t,he ethníc eoiîposition l.¡ithin each Census Tract

with the coaposition of the ent,ire i{etropolitan area"

ÀssÍmilation: A
esregation of

eIe ct,e etropolit,an nnl_,û e
unpn shed versit,y o ianito

-L96L" ,
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Ä resu-ltant score, Índicating et,hnic dj-ssimilarít'y

can be calculat,ed- as follor¡s:
(i ) Calculate the percentage of each of the Lz

ethnic grou-ps (gritisfr, French, German, Italían, ltlether-

lands, Polish, Russian, Scandinavian, Ukrainian, Ot,her

European, Asiatics, and Ot,hers- not stat'ed) represent,ed

in the total l.'iet,ropolit,an area" This can be represented

by the colunn vect,or:17

xB
xF
xG
xI
xl[
xP
xR
-q
xU
-¡Tl

rLA
x0

: P erc entage BrÍt-,i sh ( 3 4 ): Percent,age French (35)
: Percent,age German (36)
: Percent,age It,alian ß7 ): Percentafe Net,herlands (38 )

= Percent,age Po1ish (lgl
: Percenta[e Russian (L0)
: Percenta[e SeandÍnavian (+f)
= Percent,afe UkraÍnian (l+2)
: Percentafe Other i:llropeä.1ì (b3)
: Percent,a[e ]isíatic (4/+)
: Percentage 0t,hers (l+5 )

Check : xB*xF*xG*xI+xI1-rxP+xR+xS*xU*tG*x-q*x0 : 1O0

(ii) For each Censu.s Tract, calcu-]ate t,he percentage

of each et-,hnic grou-p, An array of values est'ablished at

this stage can be represent,ed by t,he rnat,rix:

ftxgr z>:.Br 3xB, c.. ldxB, ooo BTxB
Itx¡', 2xF, 3xF, .øo NxF, øoo 87,-,F
Itxc. o ooo
Il"t"
lrxor zxo, 3xo, ooo Nxo, eoo BTxo

TiJhere N denotes the Census Tract, nrrnber.

L7 __*'Nurnbers in brackets refer t,o
Table 1 of Catalogue 95-532, L96I,
Percent,ages calcul-ated" fron Total

reference nunrbers
Census of tanada.pffi

r-n
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(i:-i) Calculat,e for each Census Trac'h t,he differenee

ín each ethnic grou.p betv¡een the l,'let,ropolítan value and

the Census Tract, value, This amount,s t,o subtracting t'he

colurnn vect,or 
l:tl 

from each eolumn of roat,rix 
lt:t, " 'B7xE

l;rl lr*o,..B7io
(iv) For each Census Tract, sum t,he absolute

differenees for each ethnic group" For Census Tract N this
becomes: N : I(l¡¡xel + lmxr'l + ooo + lirixol)

(v) Complete dissimÍlarity viil-L be represented by

a value 20O-2p, l,ihere p ís the percentage in t.he t,otal

liinnípeg area of t,he minority etimic groupi and eomplete

sírnilarit,y 1,1111 have a value of 0,0.

(-¡i ) The resulting values are scal-ed between

0 and 100.

The Results

Scaled rralues l'rere ealculat,ed for t,he t,hree indices

Socíal Rank, ürbanization, and Segregat'iorrl8. In ord.er t,o

¿p¿lyze the relation betlueen t,he variables, a series of

correlations rrere contputed for conponent, variables of eaeh

group" The correlat,ion betv¡een Occupation Ratio and

Education Ratio is shovnr in T¿\BLE II , and t,he correlations

betw'een Fert,il-ity, Woroen in t,he labour force, and Single .

lBS"* irP?EirlÐIX C, pages 2L5-2L7 "
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Det,ached û1.¡elling Units are shoi,v:t in T;I'BLE IIf "

TABLE II

C ORRELATÏ Oi'] BJI"TIÅJIIEI'I C OI'IPOI{ENT
='.IARIABLTJS OF SOTTAL R{NK TI..ÍDNX "

o"R" þ1"R.

0"R. 1,O

ll"R. o"75 1"0

TABLE I]I
C Oiì,llELATI 0l\r BElx:iL¡EN COiliP0l\iEt[T

TIAR,]ABLRS O}' URBAI.IIZATIOl\ TND]¡X..

F"R" f,ij.L"F"R" S"D"D"R"

F"R" 1.0
T¡r"L"F.R. -0,68 1"0

s"D"Ð"R. O.3g -A"63 1"0

Secondly, a furiher set of correlations l¡¿ere

computed for t,he three indices. The scaled ïndox valu-es

for each of t,he 87 Census Tract,s are i:lott,ed in FÍgure 2

and t,he correlation coeffieient ís recorded. llith 85

Ðegrees of Freedorrr, a correlation Ín excess of 0.28 ís
significant at, the L% Level. The betr,veen variables

correlations Ínfer a subst,antial (O"4OJ to high (0.70)

rel-at,ionshipr v¡hÍlst t,he betrveen indices corcelations are
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CORR,ELATION BEIWEEN

UREANIZATION INDEX U

AND SOCIAL RÀNK INDEX SR

r = 0.04

CORRELÂT¡ON BEfWE€N

SECRECATION INDEX S

AND URBANIZATION INDEX U

r = 0.0ó

CORRELATION BETWEEN

SOCIAL RANK INDEX SR

AND SECRECATION INDEX c.

r = 0.09

Figure 2

Between lndices Corr elot ion.
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indifíerent or negligible" The lack of significant
correlat,ion betw'een tire t,hree indices suggest,s that,

Shevky and Bell vrould have been ju-stified ín using t,hem

as cornponent factors Ín the case of WÍnnipeg.

Extending t,he st-,u.dy further, it ís possible to
compare the urban st,ru-ct,ure of i.iinnipeg by mapping these

three indiees. A map of t,he Metropolit,an area is compiled

for each index. 0n these maps each Census Tract, is
presented by it,s scaled value for the particular Índex

portrayed- by t,he nrap. I{AP 2 shov¡s the u_rban st,ructure

measured by Social Rarrk, lqlAP 3 Índicates t,he Urbanization

struct,ure of the city, and MAP 4 represents the cit,yl s
segregat,ion structure .

The Con-clusio¡:.s

Each of t,he three maps present, different, pictures
of the urban struct,ure. The Urbanization st,ruct,ure, ÞAp 3,
has the clearest patt,ern. The method of scaling gives

the percentage from complete urbanization. rn other words

0 re.oresents total urbanj_zatíonr rahilst 100 indicates
t.he 'iowest degree of urbanÍzation in the cit,y. The

st,ruet,ure corresponds closely i^¡íth a Burgess Concent,ric

zone mod-el" A gradual gradÍent, e>lt,ends ín all directions
from the Fort James (jl+ and. 35) and Fort Rou-ge (3s) areas"

One reason r^ihy these ti^ro areas have t,he irighest degree of
urbani zat,ion is that one of t,he cornponent,s, number of
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Single Detached Dr,¡elling Units, has an e:r-treme value in
these tv¡o areas due t'o ihe preserrce of a large number of

apartment buildings. This is partly reflected in the lol,r

corcelation, O.39, between the Single Det'ached Diare1líng

Ratio and t,he Fert,ility Ratio" This suggest,s one v;eakness

ín thís met,liocì. of Socíal Area AnalysisS one component,

can overç"rhelm the ot,hers.

This fact, ís reit,erat,ed by t,he Segregation Index

in [i;tP b" Highest degrees of segregat,ion occu-r ín the

French o,uart,er of St. Boníface r¡hích is accorded the

value of 'ì00, lvít,h no clear pat,t,ern emerging it is,
horarever, noticeable t,hat, large contrast,s exíst between

some adjacent, t,racts, I{oreoverr t,he city cent,re has the

Least segregated populai;ion struct,u.re within the city"
This must, be almost unique for a cit,y the size of Ï*linnipeg.

The t,ypieal west, Iiuropean and l{orth i\merican city has a

high degree of segregatíon v,¡it,hin the city centre "

The Social Eank Jndex produ-ces yet a different
st,ructure. Expucted high values in the city cent,re are

matched by símilarly high '¡alues in Transcona and the

northern areas of the cit,y" The sou"t,hr,,:est,ern area of the

cit,y, betrueen t,he Assiniboine and Bed ri.¡ers, has the

lowest values for t,his index- (see ir'{¿rP 2)"

The differences between t,he t,hree maps can be

expected from t,he resi.rlts of the corr"elatiorl. The utility
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of t,his method- of analysís is Limited by -r.he su-bjective

sel-ectíon of the coinponents. Fu-rt,herr:roï'e, one variabl-e

can doütinat,e the final Índex if it' has ext,reme values.

These limit,atíons apar-r,, this stu.dy does indicate t,he

potential use of diagnost,ic variabl e analysis" What needs

t,o be d-one is, rather t,han seleet, cornponent,s intuitively,
t,o subject t,he dat,a rnatrix t,o stat,ist,ical analysis and

isolat,e the factors (sinilar in concept, to t,he indices of

Shevlcy and Bel-l-) at r,.rork in the urban syst,emr ârrd then

to map t,hese fact,ors.
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THE AI,üALYSÏS

The arbitrary choice of variables list'ed in chapter

ff is ainred at embracing the cont,ro] led and uncont,rolled

varial:les that lqi-l-l- best test t,he hy¡rothesis t,hat,

definit,e sub areas result from a few fundament,a'Ì forces

at, v¡orlc Ín the environrnent," The l''ray adopted by 'Sher¡l<y and

Bel-l of intuit,lr¡ely selecting ihree such forces ís not,

sat,isfact,ory. Fact,or analysi-s does not accellt, a subject,ive

choice of coi,tponents bu-t determÍnes the degr"ee of assoc-

iation, and picks out t,he essential l'¡holes among the

infl-uences at, vrork"

To perform t,his analysís it is first necessary

t,o calcu.lat,e all possible coruel-ations arnong the 75

variable s to see,to içhat, extent, they covary. This

correlation mat.rix is presentecl in ,A.PPEI'üDI}a Ð1. I{ar,'ing

produced the correlation matrix, t,here are a nunber of

't

'ThÍs requires (ZSftS-t) ) /2 coefficient,s t,o be
calcu-Iated. À Factor Ànalysís can not begin until t,hese
2775 correlations have been cal cu-lated. The magnitud-e of
su-ch a task prohibit,s the analysis 't'¡ithout t,he
availabil-ity of computer time,
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methods of fr-rrt,her statistical analysis"

Fact,or analysis shows hort¡ soae r¡arlables can be

grouped t-,ogether because t,hey behave in the same l^lâf , and

it proceeds t,o del ineate nev¡ independent', underlying

factors ¡¡hich may be responsible for t,hese groupings"

Unt,íI t,he significant-, variables, betr';een l,¡hich regular

relationships exist, harre been chosen, there is no Ðurisose

ín formulat,ing preeise latn¡s governing t,he relationships"

Factor analysis has as its first' goalr the isolatíon of

the real ind-ependent, factors.
Partial correlatíon aims at, elirainating the effect

of one or more eontributory influences t,o a correl-at,ion

to see to l^;hat, extent the remaínder is due t,o a part,icular

influence. Factor analysis achieves t,he sa-Tne end but,

w'hereas, part,ial correlation holds variables const,ant,, ít
holds r'rhole factors constant.

Iv1ultílrle coryel-at,ion attempts t,o obtain a i''reight'ed

composit,e of t,he ''¡arj-ables that, tríll give t,he best

possible prediction of the criterion" Fact,or analysís is
more systematíc in t'hat, it first groups the varÍables to

give esiimates of independent, funct,ional entitiesr and t'hen

predict,s the criterion of these,

The discriminant, fr.l¡rction t-,el-ls how t,o combine a

set, of variables to give a iotal v¡hieh l'rÍ11 shotv the

maximr¡¡¿ difference bet-,v,r'een the groups. It, is arbit,rary ín
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it,s coi:rbination of variabl-es.

¡¡¿lysis of variance can handle several independent

¡.¡ariables and cornplex interaction effects'at' once, but,

factor analysÍs can indicate both hor¡r many are ín act,ion

and r¡hat the raagnit,u-de of theír act,ion is.
Although t,he defj-nÍt,e interpret,ation of a single

correlatÍon coefficient Ís impossíble ¡ the sources of

varíation (fact,ors) which account, for t,he correlations

can be made more det,enainat,e as more and more rtariables

are taken.

Usíng t,he conr¡ention that the correlatíon betrnreen

any ti.ro i¡ariable s can be repre sent,ed by the scalar product

of their vect,ors, it ís por,;sible t'o slrow the relat'ionships

between a number of varj-ables diagrammat,ically" From t,his

diagra-m it ís po-ssible t,o Ídentify clusters of vectors. A

nur,lber of problems are associated with this method of

identifying clust-,ers. First'ly, clust,ers may be highl-y

eorrelated among t,hemselves so that, they do not, offer
independent coordinate âxe.-q by which the variables that,

do not fall into clusters can be brought, ínto a corumon

scheme of represent,at,ion" Secondly, the level of mean

intercorrelation by r'.rhieh a variable can be deerned. a

member of a cluster is arbitrary, l\ t,hird re strictj-on on

this ¡lethod is that whilst two factors can be represent,ed

in tr"¡o dimensionsr more than three fact,ors necessit,ates
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the use of a hyperspace vrhich can not, be committed t,o

visual representation" From t,his it, becoi?es clear t,hat

u¡hat, factor analysis ínplies by fact,ors is the dimensions

of the space required t,o contain a cev'tain set of

correlations rçhen they are spat,ially represented,

The met.hod of factor analysís is relat,ively new

ín statíst,ics" Init,ially deve'l oped by t,I'i.e psychol ogists

in t,he stu-dy of intelligence, it is only in the last,

d.ecade that it has been adopt,ed. by a fev,;' geographers,

Eerry rr:s€s factor analysis in a L958 paper on regional--
2izat,ion", and expands íts ai:plication in the Atlas_ of

2
Ecslïom-ic_ De.v_eloPm-e$t pu-blÍshed in L96Lt. fn urban geog-

raphy the L965 study of IndÍan cities undert,ajren by Ahmad

relies upoïÌ fact,or analysisL, as does the more recent rçork

on u-rban struct,u-re by Lierb"rt5. The full development of

t,his branch of siat,istics in geograirhy as a. basic research

technique is still, hotrever, in its Ínfancyo

2B.J 
"L "Berry,Uniform Regíons, T1

pp, 263-279"

1?A I',Iet,hod for Derivíng }.{u.lti-Factor
Przeglad GeoJrra.fÍczny, XliKf II (1961) ,

3Nort:on Ginsburg, At1as o.f E-c-onornic Dgvel-opgen3,
(University of Chieago ,Ðress, Chieago , L96L) , artie]-e by
B,J.L"Berry, pp. 110-119.

t.+Qazi Ahmaci r J,ncli_an_ Citie-s : Charact,er.i sJ,!ç.s. ?nSL
g-oqæ]at,"_Ê (University of Chicago, Departrirent. of Geoø-
raphy Research Paper }io" LCz, Chicago , L965) "

Ã/Herbert, , 1o-c. cgt,
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I{aring ou.t,lined thre nain principles and aims of

factor ¿n¿¡'lysís in cornparison r,'rith o-,.,her analytical
raet,hods, indicat,ed some geographical v¡orlcs r'¡hich utilÍze
t,he t,echnieu€r and present-,ed t,he start,ing point of the

analysis, namely the 75 x 75 correlat,ion ma-r'rix, it is
rIo't"r necessary to discuss the subseqìlent mathema"r-,ical

t,reatment. Fact,or analysis, as a multivariat,e t,echnique,

takes tlvo forurs. Principaj component analysis and pure

fact,or analysis have a dist,inction w-hich is not alr^rays

readily apparent, but the roathematical treatroent, Ís spec-

ific in its application"

Idultivariat,e analysis ís concerned r"¡ith t,he relat-
ionships exi-oting betr+een set-e of dependent variables.

This relationshii: ean be measured eitirer in t,erms of

dependence or independence. In dependence one, or more, of

t,he variables is select,ed,, and invest'igat,íon of t'he v¡ay in
i+hích it, depends on the other variables is underta.ken.

This is the model of pure fact,or analysÍs" Principal

cornponent analysis is eoncerned. ttith independence in
v¡'hich relationships irithin a set of variablesr tlo one

being seleet'ed as a specia.l case in the sense of an ind-

ependent, r'ariable, is measu-red"

Þ'fÍth pllre factor analysis it ís neeessary t,o begin

l¡ith a mod-el and test it for a¡5ree¡:rent, w'ith a set of data,

and thu*c est,Ímate its pararneters, Each variable x¡ (where
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i takes values froni I to il the total nr;r¿ber of variables

in t,he data rnatrix) can be raeasured from t,he ecluat,ion:

x¡ : å",nfr* b¡s¡ + e¡€¡

luhere fk are k factors v¡hich mAy appear in more t,han one x

s¡ is a factor speeifÍc to x¡

€¡ is an error term.

Principal component analysis breaks dor^rn a eovar-

iance or correlation matrix int,o a set of ort,hogonal coro-

ponents or axes equal to t,he nunber of varíables concerned,

These are the eigenvalues (atso cal-led lat,ent, roots or

characteristj.c roots) and eigenvectors (lat,ent vectors)

of t,he mat,rÍx" The correlation mat,rix is the bet,t,er

start,ing poÍnt, as each variable f s st-,andardized" This ís
not the case r,çith a covariance mat,rix and should the

variables not be aeasured. Ín the same unÍt,s, cez"taín

difficulties occur as the components are not invariant
under sueh changes of scale.

The roet,hod of princil¡a] component, analysis as enun-

ciated- by llot,elling6 is used ín this study since the For-

tran IT computer language has a number of scient,ífic sub-

rout,ine packages i";hich permit, relativçiy easf prograrrl

compilation and rrrnning. Eigenvalues are extracted in

6H"Hot"lting, ttÀnalysis of a Complex of Statistical
Tariables ínto Principal Components,rr Journal of Educat,ional
Psychotog{, XXIII lA%3 ), pp.' bL7 -t+4L
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descending order of magnit,ude. The eigenvalues indicate

the total ¡rariance accounted for by each factor. Cr¡nul-

at,ive percentages of the tot,al variance ín the corcelation

matrix removed by an increasing nurnber of factors are also

calcu-lated" Eigen.rectors, which are mutually orthogonal ,

are derived froi:r uncorrelat,ed- factors, and from t,hese

vect,ors and the eigenvalues, the fact-.or matrix is
obtainedT. This factor mat,rix gi.ves the wei-ghts (toadings)

for each r¡ariable pertaining to the individual factors"
The basic equat,ion for thís component analysis is:8

x¡ : Ë *,r",.

v¡here zr st,ands for the rth factor
w¡r is the r,.reight, of the rt'h factor in the

¡t'h varÍable

This r¿ethod r{as applÍed to t,he correlatíon matrix

of A.ÐPENDïX D. An eigenvalue of 1"0 l"¿as chosen, belovl

v¡hich no furt,her fact,ors l'¡ould be extracted. For eigen-

values greater than 1.0, the analysis produced 1l¡ fact,ors"

These factor-q are líst,ed in TÀBLE IV" From these values it,
is found that the first factor contribu-tes about, 27"7f'

of t,he variance, the second factor a further L7 "7f'", and

Tsirr"u the met,hod i-. an Ímport,ant part, of t,his
thesÍs, t,he mat,hematícal analysís ís presenteci as an
Ad-dendum at t,he end of this chapter, Þages 104-105.

BTh" Fortran IV prograrn effect.ing this calculation
is document,ed in APPENDIX 11, pages 228:230"
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the t,hird about 8"L%, making about 52"8"i1 for the t,hree"

TABI,E IV

FACTOR ANALYSTS

Factor

I
É.

3

f+

5

6

7
a

9

10
1t
L2
1?

Ll',

Eigenvalue

20 "797
1_2.77 5

6"o53
5 "O85
3.782
3.672
2.66L
2"IO9
L,g7B
1. 4,41

L" 287

I "Lg3
L"Og3

L"052

Pereent,age of.
Tot,al Varíance7

27 "7
L7 .O

8.1
6"8
5"O
1+"9

J')
2"8
án)

L.g
r"7
1"6
L"5
1,4.

Cumulative
Percent,age of
Tota'ì iIariance

/1. (

l+l+.8

52"8
59 .6
61+.7

69.6
73.L
75"9
78 ,1+

90"À-

82"L
g3,6

85 'L
96,5

Half t.he variance existÍng in the correlat,ion

matrix can be accounted for by just three factors. This

implies that, rrrithin the urban syst,ern three forces exert a

pronounced effect, on the overall pattern. The first factor
it,self accounts for over a quarter of the variance and

98"*o"* in 1ast, decimal- place due to rounding.
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r./ould aptrear t,o be tTre most donj-nant, force at, Ì'rork in the

ilinnipeg urban area" .A,l-l- Lt+ factors account tor over 86%

of t,he tot,a1 variance but, some of t,he lov¡er factors

aceount, for only a small percent,age of the r'¡hole. Ït is
necessary, therefore, to select a cut, off point, belor"¡

r'rhich t,he faetors are of too l-itt,le significance for this
st-,udy" Four nrajor factors account llqv ¿'lmost three fífths
of the t,otal varianee, and a fu-rt,her five factors cons-

titut,e a further one fifth. Tkrese nine fact,ors are Listed

ín TABLtr 'LI, and t,he coinplete sítuation represent.ed diagrant-

matica].ly in Fígure 3"

TABLE f
SELECTED FACTORS

Iuîajor Factors
Cumulat,ive

Percent,age of
Total Variance

1 27.7
2 l+l+"8

3 52"8
l+ 59"6

lvlinor Factors
Cumu-lat,ive

Percentage of
Total Tariance

5 64"7
6 69.6
7 73.L
8 75"9
9 7B"b

An exarnination of the struct,ure of t,hese fact,ors

is present,ed later as the principal conponents do not

have an ident,ifiable separate existence t,o which a narûe
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can be

of t,he

only be

aÞpl'ì ed, but,

orígÍnal 75

consÍdered

rather conprise a rveight,ed roíxture

variables. For this reason they can

as useful r,rathernatical expressions.

Mi nor

Foctors

to
tt

t2
l3
14

Un resolved
Componenls

Mojo r

Fo c tors

Figure 3" Factor Structure

The next, ste.Ð in t,he ana'ìysis is to examine each

of t,he fact,ors (zr) ín t,erms of t,he original 75 variables.
Thís is rnade possible by t,he fact,or matrix (w¡r) r¡hich

record.s the r.,reightings of each variable for t,he . th

factor" Sone variables cont,ribute a positive influence to
the fact,or z, rçhilst others have a negative effect. It is
t,he nagnit,ude, rather t,han the sign, uhich permit,s sone
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conclusions t,o be made regarding the nat'ure of each of

t,he fact,ors, The vreígtrtings aprolied to each of t,he 75

variables in reconst,it,ut,ing the factors are given in t,he

fact,or matrix of APPET{DIj{ F' page 23L"

Before exaraining t,he st,ruct,ure of each of these

factors in detail, it is useful t,o descríbe a met,hod of

scoring eaeh Census Tract loased on t,hese nine factors.

This is a necessary corollary as t,he urban st,ructure is
based on spat,ial diversifj-cation whiJ-st, the faet,or analysis

has been concerned iuit,h the rrnified sit,u-ation" The act'ual

spatial pattern v¡it,hin 1,{ínnípeg is the basÍs of chapter T,

but some of the source data is corepiled at this stage in
t,he analysis.

The basic equat,i-on in princiiral comloonent analysis

has been used as a foundation for the ext"raction of

factors, Repeat,ing t,his eq.uat'ion Íllustrates t'hat each

variable is t,ransformable int,o a sur¡matÍon of vu'ei-ghted

component,s (t,tre full comìrlement of conjlonents ¡,,¡hieh

constit,ute 1007á of tÌre t,ota1 variance ) :

X¡ : !wi, z,

Conversel-I, *,nr" eguat,ion can be transformect t,o

give a component, score in terms of the variable score !

zi : å,*,rNir/ x,
¡'¿here À¡ is the eigenvalue"

ancl t,he other parameters remain as already

defined earlier in t,he text,.
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The next-, step is; t,o apply t,his conponent score to

each one of the Census Tract-q" Beeause t,he variances

e>risting betr"reen variables in t,he original data raatrix

are not constant, it is necessary t,o st,andarclÍze each of
t,he varíabIes" This can be achíeved by expre*ssing the

Census Tract readíng for each variabl-e as a standard

deviat,e and then applying t,he ri'eigÌrt,ings t,o these values.

The origínal 87 x 75 data rnat-,rix is t,ransformed t,o

another 87 x 75 mat,rix in luhich each o, ¡ value ís expressed

in standard form. Thj-s matrix is t,hen mult,iplied by the

fact,or raat,rix w¡¡ (din'rension 75 x 9 i',rit,h nine fact-,ors

chosen for t,he stud-y) t,o give a final ¡latrix v¡itir dinen*síons

87 x 9, in v¡hich each column vector gives the factor
score for each of t,he 87 Census Tract,s.

As the object of this study is to interpret, spat,íal

contrasts in terms of t,hese fac'uors, it, is evident that
some means of mapping these mat,rix scores ís requi-red.

This aspect, is pursued in t,he next, cl,apter and a

combination of the maoping t,echnique and t,he data int,er-
polat.ed Ín this ehapter forms the basis for chapter V,

The matri-x giving the factor value for each of the S7

Census Tract.s forirsthe basis of an exa¡nination of t,he

urban stru-et,ure of Hinnipeg. This ¡r.at,rix is presented in
chaÞter T, alt,ilough it,s sfnt,h.esis is the cuknj-nat,ion

of t,he factor analysis und-ert,aJ<en here.
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The fact,or rnatríx enables an assessnent of the

st,ruct,u-re of the factors t,o be made " Ïn t,he case of each

fact,or, t,hose variables ïrith a high ueigìlting (irrespect,lve

of sign) in the r:ratrix, have a significant influence

wíthln t,he factor struct,ure" In t,he case of factors 21

and 22 v,reight,ings greater than +C"5 and less than -O.5

are isolat,ed, vlhilst for the remaínj-ng factors z3 t,o zs

t,he corresponding values are +O.25. The variables

signifícant, ín t,he st,ructure of each fact,or can be rep-

resented diagrarirnat,ically as in Figures & and 5.

Àdopt,ing t"hese criteria, it, is possible to examine

t,he struct,ure of each of the nine factors.
FACTOR T

This factor account,s for 27,7'i, of t,he t,otal

variance" From Figure 4. it is apparent, t,hat, a number of
variabl-es are associated beyond t,he f_0"5 línits. These

variables are lísted Ín TÀBLE VI"

ïhe dominant, feature of this fact,or is that Ít
reflects a set of variables closely associated l'¡it,h

average income. ïncreasing average income is associat,ed

with Íncreasing car and t-,elevision orrnershi,o" The occupatÍon

struct.ure sho'r"¡s increasing icercent,age of rnales skilled and

a decreasing percentage of males j-n the labouring category

and unenployed" The percentage of females enployed, and of
these the percent,age employed in urrslcil-] ed t,radesr is
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TABLE VI

STRUTTUN,E OF FACTOR 2.1

xi

?

5
1¿r
18
3B
44
b5
lr6
l+7
50
)¿
53
56
5e
6a
63
64
73

Diagnost,ic Variable

PercentaEe born in Canad-a
Percenta[e aged 15 or under
Percentage raoved froro fringe area
Percentage Brit,i sh
Occupat,ion of males - percent,age skiLled
Average income of head of household
Average family income
irrlage and salary income of head of household
Ivage and salary income per family
ItÏumber of children per household
Percentage of det.ached dvgellings
llurober of roorns per dwelling
þ.ledian value of propert,y in dol-l ars
Average contract rent in dollars
I'lurober constructed since L9f+5
itlumber of automobile s per household
Nr:¡lber of t,elevisions per Ìrousehol-d
Acce ssibility

POSTTTi/E

I+
a,

9
10
I3
T7
2L
3l+
39
40
¿þ1

43
61

57
6T
6z
65
66
67
69
7o
7L
72

Percent,age aged 65 or over
Index of AgÍng
Percentage single over 15
Percent,age inmigrat.ed sínce L9l+6
Percent,age moved from central cit,y
Percentage fronr abroad
Percentage ït,alian
Percentage school dro;oout,s
0eeupation of nales percent,age labourers
Occupation of males percent,age unenployed
Percentage of feraale labour force unemployed
Percent,age of female workers unskílled
Nr¡:rber of households v¡ith 'l odgers
$lurnber t,ennant, occupied
Number of apartrnents
Popul-ation densÍt,y
Degree of Social disorder
Total st,ores
Number of food st,ores
Nurnber of automobile grou-p stores
Nri¡ober of apparel and accessories stores
Nunber of hardr'¡are and hone furni shing store s
Number of ot,her retail st,ores

}trEG,A.TÏi/E
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inversely relat,ed t,o the famÍl¡r incone level-"

ïncreased ineome is reflected- ín housing character-

ist,ies" Greater i,¡ealth finds ex,oression ín a higirer

value of property and contract rent,, a higher percent'age

of det,ached dvre]lingsr and more room.s per dv;elling. 0n the

negative side tl:ere are less households l^¡it,h lodgers and

less t,ennant occupied dvrellings and a l-otçer percentage of

alrartment,s. The wealthíer areas are charact,erized by a

J or¡,Jer population density and a greater percent.age of

dvrellings const,ruct,ed since 1 91v6.

Thís increase Ín v¡ealt.h is distribu-teC in peri-irheral

areas v¡here a lor.rer level of aeeessibilÍty t,o the dor,¡nt,or¡m

area ís available. This ties in r.:'it,h t,ire neïrness of tÌre

buildings compared t,o t,he cÍty as a rnrhole.

The people involved in this cont-,inuum of rcealth

show an increasing percentage born in Canada of British
ext,raetion" Fei',ier of thero have immigrat,ed since L946"

T,ocal mobÍlit,y índicates that the wealt,hier groups favour

movelnent 1,.¡ithin the fringe areas, and a lor.;er ¡rercent,age

have moved out, frorn the cit,y centre"

The Íncreasing wealth is to be found in t,he married

families tçit,h children under 15" ïn these areas t,here are

fer,,'er old people over 65, and the index of aging is low"

The 1:ercentage of single people over 15 is lov¡ also. These

facts ere as-sociated r'¡itl: t,he larger percent,age of



q'ì

child-ren t-,o be found in the v;ealt,hier groltps of t,he

pocula-t,i on.

As rrright, be e)ipected, increased r''reaLth í-s connected

t;Ít,h a lot¡¡er i:ercentage of school dropout,s and a l-ov¿er

number of crÍme-s as indícated by the degree of socia'l

di sorder .¡ariable.

The siiuatÍon wit,h respect, t'o ret,ail or-rtlets is
complex" A broad generalization ís t,hat, in those areas

where the higher Íncome grou,Ds live, t,here are ferver shops.

This is a feature of this fact-,or as t,he i-nfluence of t'he

C . B, D, control s t,he balance of t,he shopping faci 'l it,Íe s :

and t,he t'r'ealthier grouÌls do not, live in t,hai area of the

cíty" The implicat,ions of thís relat-,ionship could merit

a more rigorous examination"

}-ACTOR 2

TABLE fII would imply that t,his fact,or, rt'hieh

aceount,s for a further LTIL of the variance, is more

eoncerned rrith the structure of t,he ilopuLation in terms

of age and edu-cation"

l'la','ing accounted for the associat,ion betrnieen youth-

ful sect,ors of societ$, and greater i,,reâlt,h in fact,or 1, ít,

v¡ould apilear that the sítu-at-,ion here ís reversecì." In the

case of this fact,or t ãfr increasing aging is accompanied

by a lor'ver percentage of chíldren, r'r.hich ín t,urn lov¡ers

the percentage of d.ependents" This Ís intrícaiely
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TABLtr 'rf]
STN,UCTURE OF FÂCTOR 2,2

x¡ Ðiagno st'i c rii'ariable

Percentage aged 65 or over
fndex of aging
Percentage Brít,i sh
Percent,age populatíon who att"ended i:niversity
Occupatio¡r of males - ,oercent,age skilled
Äverage fanily income
Wage and salary income of head of household
triage and salary incotne Ì?er family
l"{iedian value of ,oropert,y in dollars
Ar¡erage contract rent in dollars

b
Õ

1B
35
3B
l+5
1+6
l+7
56
58

POSTTI',/E

5
6
7

2t
33
3Lr
39
4z
l+3

5o
5l+
55

Percent,age aged 15 or u:rder
Percent,age of dependent.s
Percentage number of males
Fert,ílity of 25-l+l+ age grou-p
Fertility rat,io as defined by Shevlcy and Bell
Percent,age school drolcouts
OccupatÍon of males percent,age lal:ourers
Numbêr of male workers unskil-Ied (.Shevicy and BelI )
Number of female workers urrskíIled ( Shevky and BelL )
Number of chiLdren per household
Nunber of persons per room
Percentage of crov¡ded dw'ellings

connected rrÍth t,he fertil-it,y ratio of the over 25 age

group in particr¿lar,

The ol-der, more educat-,ed- and skilled groups occujly

the more expensive households, v,¡hilst, the younger groups ,

wíth a higher ;cercentage of school drocout,s, and a less

skilled male and female labour force, tend t,o occupy t,he

overcrolvded dvrellings.

NEGÂTf ]IE

A possible explanation of this factor is t,hat, it
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reflects t,he balance betrueen an Anglo-Saxon retirement

noventent into ,oarticular areas, against, a less skilled
class of labourers of mixed ethnÍc origin moving into
other distinct, areas of t,he met,ropolitan region. As such

it ranks as a force reflect,iirg age and social different.-

iation wit,hin t,he urban area"

FAÜTOR J

This factor is the least, satisfact,ory of the major

fact,ors. This is due to t,he influence portrayed- by four

variables. Population, number of famílies, number in the

male labour foree, and nurnber of housekrolds are all-

measured Ín absol-ute units" If each Census Tract þJere of

equal population, covariances betrn'een these variables

lrrould be meaningful. How'ever, because there is such a

i¡¡ide dísparit,y betvieen po;,oulati-on sizes in the Census

Tract,s, the correlation betr"¡een t.hese four variabLes is
bound to be high and account for a sizeable amount, of
the tot,al variance" This híghlights one of t,he ,oroblems

in factor analysis" ïf too many varíables reflect, a si-ng1e

eommon feature they lrill give rise to an uTr.reasonably

large amou¡rt, of t,he t,otal varíance and, hence, beco¡ae

upgraded in the posit,ion of facior import,ance"

TÀBLtr 'III1 su-ggests that, this factor is a good

indieat-,or of grorvt,h in the urban area. Those areas

experiencing t,he great,est growt,h of populat,ion in the
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TABLE -/T]I

STBUCTURE OF FACTOR Z3

xi

1
t

10
L7
20
23
27
30
36
37
töüro
62
1'-7U(
7l+

Diagnost,ic dariable

Popul-ation
Percentage change of populatíon, L956-6L
Percentage immigrated sínce L9b6
Percent,age from abroad
Percentage Gennans
Percent,age Poli sh
Percentage Other European
Percentage Jet'ri sh
Nr¡mber in ma]-e labour force
Number ín fenale labour force
lJumber of households
Populat,ion densit,y
Number of food st.ores
Land use

POSTTT-\|E

l+

7
B

9
1B
2B
/+0
75

Percentage aged 65 or over
Pe¡'cent,age number of males
Index of agíng
.Ðercentage sÍngle over 15
Percent,age Briti sh
Percent,age Asiat-,ic
0ccui:at,ion of rnales percent,age irnemp'] oys$
Potent,ial strengt-,h of bou-nd-ary

NEGÀ.TÏTM

period L956-6L are t,he large Census Tracts. This indícates

the inabílity of administrative bor¡ndaríes t,o kee,o t,rack

wit,h urban expansion" These faster grolring areas have a

higher percentage of recent, írnnígrants. They also have a

irigher percent,age of German, Pol1sh, and ot,her. European

inhabítant,s, possibly as a result of ru.ral depopulation"

These expansions appear t-,o be purely residential
and the higher rat,Ío of food shops suggests a t,endency
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t,oward neighbourhood developrnent" The nega-r,ir¡e variables

infer t,hat the hígher growt,h rates are associated t^rit,h

younger married people moving Ínt,o t,he area. Unemployinent

is lor.¡r ãs also is t,he Briiish and Asia-t,ic component of

t,he population,

A,s t,he rate of growth in the area Íncreases t,h.ere

is ]-ess l-ike]-ihood of strong physical bou-ndaries

restrÍct,ing t,he growt,h. This is a feature of suburban

development, as a whole. No longer do t,he ohysical and

cult,ural rest,raÍnts manifest, t,hernselves as frequently as

Ín the cit,y cent,re 
"

FACTOR 4

This fact,or illustrates t,he et,hnic segregation

r,uit,hin lr'iinnipeg, Those areas rrith a high perceniage of

Britislr. and Freneh occupants t,end to be in t,he larger
Census Tract, areas where there are a large nLrmber of

households w'it,h fewer rooms and a high ratio of persons

lf,er room. These are the newer areas with a higir percentage

of dwellings construct,ed since L9l+6 and fev¡ occupied- more

t,han IO years (either due t,o mobilit,y or age of dwellitg).
i{ost, of t,hese persons are Canadian born and mobilit,y is
quite high wít,h moveaents Ínto t,he area frorn outside

t,he netropolit,an area" These t,endencies correspond to

an increasing fact,or score for the particular area.

Aecompanying a tendency to segregation of t,he
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TABLtr ]X

,STRUCTURE 0F F:IGTOR 2,4

x¡ Diagno sti c ',Iariable

PopuJ-ation PO$ITT VE

Percent,age born in Canada
I'lumber of families
Percentage moved from fringe area
Percentage from or-rtside the net,ropolit,an area but
the sâJne provinee
Percent,age from out,side t,he metropolit-,an area and
a different, provÍnee
Percent,age Brit,i sh
Percentage French
Percent-,age Scandinavian
Nurrber in male labou-r force
Nunrber in female l-abour force
Number of households
Rooms per person
Percentage const,ructed sínee I9l+5
Tot,al st,ores
iilumber of general merchandíse st,ores
Number of automobj-Ie grou-p stores
Number of apoarel and accessories st,ores
Nr:rnber of hardrrare and horae furni shing store s
Number of other ret,aÍl st,ores

1
)

11
1/L
L5

L6

1B
10
25
36
-11)t
la,+o
5lþ
60
66
68
69
7o
7L
72

10
L2
23
2h
26
27
3o
l+3

53
59
ñtt+

Percent,age íminigrat,ed since L9l+6
Percent,age non movers
Percentage Polish
Percent,age Russi-an
Percentage Ukrainian
Percent,age ot,her European
Percentage Jev¡j-sh
Percent,age females unskilled (Shevky and
Rooms per dr.reIl-ing
Percent,age occupied more t,han l0 years
Land use

NEGATT\IE

Be}l )

British, French, and Scandinavían i-s a

fraetion of Polish, Bussian, Ukrainian

reduction Ín t,he

and other European"
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The Jewish sector Ís also diminished in percentage

The increase Ín the number of all t,ypes of retaiL
outlet,s vií-r,h the larger sizerreflects the t,endency for
such segregation to be in dist,inct, areas of the cit,y

r'.,'hich have t,heir or"¡n service centres and aut,onomy. The

cit,y of St. Bonj-face would seem to epitomize t,he type

of segregat,ion inferred by t,his factor.
In suÍrrflary, the four major fact,ors, nhÍch aceount

for almost. three fífths of the spatial dist,ribut,ion

in ÏtIÍnnipeg, combine a nu¡aber of variables ín intricat,e
fashion" !{híIst-, many of t,he relationships are comp}ex, it,
is possible t,o generalize t,o the extent of saying that
four basic forees can be recognÍ-zed in the environment"

The most, important-. control on spatia'l dífferent-
iaiion is a difference in income level vù'it,h ít,s assemblage

of a-ssocíated charact,erist,ics, The second influence is
in terr¿s of t,he age and educat,íona1 st,anding of various

areas, This can be caIled a social foree in t,he saine þJay

as that ado¡rted by Shevky and 8e11. Thirdly there is a

facior r,vhich reflect,s groriri-,h in the urban area, Contrasts

are rranifest,ed by differences in expansion and declj-ne.

last,ly there ís a dissociation of the population into
et,hnic groups, an urban fea-r,ure of some significance in
t,he case of l¡jinnipeg. It nol.,' remaÍns to investÍgat,e t,he

form and frinct,ion of the five minor faciors.
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F4croR 5

From TÀBLE X, t,his mínor fact,or is difficult t'o

int,erpret" It, presents a reLa-tionshíp betr'¡een ethnic

groulls l"/here an íncrease ín Asiatics is acconrpanied by

a deerease 1n Genaans, Net,herlanders, and ScandinaviaÌ?.s.

i"iíth increases ín Asiatic inhabitants there is a lol,J'er

mobility" This vJas a feature of the Chinese sector of

trdinnipeg at the tirne of t,he L96f census. The Jer¡rish

TABTE X

STRUCTURE OF FACTOR ¿U

xi

7
L2
27
28
3o
l+o
l+5
66
67
6s
70
7L17t

Díagnostic Variable

Pereent"age male
Percentage non movers
Percent,age other Europeans
Percent,age Asíatic
Percent,age Jewi sh
0ccupatíon of males percentage u:remployed
Average family income
Nurnber all st,ores

POSTTT VE

Nr¡mber of food store s
Number of general merchandíse st-,ores
Itlurnber of apparel and aceessories st,ores
Iluraber of hardl,rare and home furni shings store s
Nr.m.ber of ot,her retaíl stores

L5

17
20
))
25
37
¿'-1

Percent,age from outside the metropolítan
t,he same prorrince

area but

T{EGATTVEPercent,age from abroad
Percent,age German
Percentage l{etherlands
P ercent,age Scandinavían
Percent,age in fenale labour force
Percentage of fernale labour foree
l^rage earners

employed as
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section of t,he community has símilar prevaí-líng

condít,ion s "

These increases are aceompanied by a great'er

nu¡nber of ret,aíl outlet,s, and t.his l'¿oul-d as-sociat,e l'.¡ith

t,he thinese occupat-,ion of the dovmtorvn area and t.he Jev¡Ísh

concentratíon ín the North End.

}-ACTOR 6

TN.BLE XT

STRUCTURE 0F FACTOR 25

X¡

L2
25
59

Diagnost,ie i/aríable

Percent,age non movers
Percentage Scandinavian
Percentage dr.rellings occllpied more t,han l0

POSITTVE

years
4

7
10
L6

L7
27
2Q

3o
))
]+lþ
1+9

53
56

Percentage change of popu-lation
Percent,age male
Percentage imnigrat,ed since L9l+6
Percent,age from outsíde the met,ropolÍt,an area and
a different province
Percentage from abroad
Percentage other European
Percent,age ot,hers and not
Percentage Jevrí sh
Fertility ratj-o by Shevky
Arrerage income of lr.ead of
Persons per household
Rooms per di¡relling
MedÍan valu-e of property

NEGATT.úA

st,at,ed

and Bell
household

ín dollars

The main charact,erístics exhj-bit,ed by

{ see TABLE XI ) are the forces of populat,ion

isolat,es a strong relíance upon non mol¡ers"

this factor
mobility, It
ln areas of
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higher ínnrobility t,here are a greater percentage of

dr^¡ellings i"rhich have been occu-;oied over ten years, a
snraller change in population as a v¡hole (tfre older areas

of tovrn), fevrer nevrcomers from abroad or outside the

province. These areas are associat-,ed v'i'ith lotver Ínconres,

fewer person-. and rooms per household, and a lower rnedian

value of t,he property. The factorr âs a vrhole, indicat,es

a force of stagnation and possibly of decay in the urban

renewal areas of the cit,y

FA_CJ]0P, iz

Once agaÍn t,he ramificat,íons of et,hnic relation-
ships are apparent in TABLE XÏÏ for this fact,or, Or¡er-

lookíng t,hís aspect, the remaining variables signify t,he

TAELE iIfT

STRUCTITRE 0F FACTOR 27

X¡

lq
27
3o
6r

Diagnostíc Yariable

Percentage French
Percent,age other European
Percentage Jein¡Í sh
Percent,age of apartments

POSTTT\fE

18
20
2L
25
<.o
DÕ

3z
/,o
5I
53

Percentage Brit,i -sh
Percentage German
Percent,age ït,alian
Percentage ScandinavÍan
Percentage Asiatíc
Percent,age other and not st-,at,ed
Fert,ilit,y of 25-l+l+ age groufl
Per"sons per household
Percentage househol ds i¡rith lodgers
I'ir¡uber of rooms per dvlelling

NEG,{TI1,T
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impact of apartrnent dr¡el]-irrgs in the city" Those areas

t'Jith a hÍgir percentage of apartnent,s have a lov¡ fertilit'y
Ín the 25-l+b age grou,Ð, a lov¡er number of persons per

household (fevrer chíldren), and a lov¡er percent-,age of
lodgers, and fev,¡er rooms per dwelling, This factor is a

good indicat,or of a force cont,rolling a dlvelling type

preferenee in I'iinnipeg.

FATTOR 8

Although this factor eonst,ítut,es eight basíc

varíables of minor significance, there is a nint,h,

dominating, variable measuring the French Ínhabitants in
an area. This factor reflect-. a tendency, exhibit,ed ín
other factors, for spatia.l differentiat,ion based on French

concentrat,ions" Fertilityr agÍ-ng, and size of dlrellÍng caxl.

be ínterpreted fronr TABLE XIII.

TABLE }í.III
STA,UCTURE OF FACTOR z, a

X; Diagnosbic Variable

I ïndex of aging
20 Percent,age Gennan
22 Percent,age Net,herlands
25 Percent,age Scandínavian
73 Aecessíbility

POSTTITE

19 Percent,age Freneh
3Z Fertilit,y of 25-l+b aee group
l+9 Persons j:ey' household
53 Rooms per dv;ellÍng

i{EGATII/E
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FAcpO.R- 9

As factors account for less t,ot,a1 varíance, it
becomes roore difficrllt, to explain the fact,or structure,

Thj-s fact,or involves ethnic relat,íonships and housíng

charact.erÍstics (see TABLE XIV).

The housing charact,eristic is of greater interest"
An inereasíng nuriber of netr houses is associated v,r-ith

oeeupation by a Ior,¡er income group, This contrast is
particularly difficult to interpret,. ïn assocÍation v¡it,h

the lower value of the propert,y and less crovudíng, ít
tvould appear to indícate movement int,o nev.rly developed

areas of uniforîrïr, cheaper housÍ-ng. This is a far from

sati sfact,ory fact,or t,o explain.

TABLE XTf

STRUCTURE 0F FACTOR ze

X¡

7
L6

29
60

Diagnostic ilariable

Percenbage of males
Percentage from out,,side the met,ropolit,an
a dÍfferent province
Percentage ot,her and not st,ated
Percent,age constrrrcted sínce L9l+5

POSTTTiIE
area -_

L5

L9
22
l+z
l+4
l+5
55
56

Percentage from outside t,he r:retropolitan
t,he sarfle province
Percentage French

area but

NEGATI'V.8.
Percentage ldetherlands
Percentage males unskilled (Shevky and BeIl)
Average income of head of household.
Average family íncome
Percent,age of crowded dl^,iellings
Medían value of propert,y in dollars
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Unlike the najor factors, t,he minor factors are

diffÍcult, to interpret" They repeat raany t,rends indicat'ed

t,¡i-thín the roajor factor st,ruct,ure and also produee new

t,rends, t,he force*e of r-rhich are Íntricaì;ell iritertvrined

and praciícally ímpossible t,o define"

To si¡nmarize t,he st,ructure of these minor factors

Ínvolves drastie generali-zabion. Factor five implies

variance as a result, of Asíat,ic and Jev¡ish segregat,ion,

the second minor factor is eoncerned vsíth mobílity of the

populatíon in givíng rise to regional ídentity, The seventh

faet,or Ísolates local differences ín ter:rns of dvrelling

types, urith apartment buildings Ín opposition to single

unit, di'rellings. Factor eight, Ís devoted t,o French isol-
ation and reinforces t,endencies shov¡n in ot,her factors.
Lastly, factor ni-ne Ímplíes some trend of moveärent into
part,icular types sf housing r,¡hieh are dístinct from the

area as a whole"

The consequences of t,his analysis lú11 be t,aken

up at two later st,ages" First,ly, the mappÍng of these

factors mÍght, throy,r further light ont,o their stru.ctu-re

(see chapt,er 'l), and the valídity and int,rinsic
difficulties of t,he interpret,ation of factor st,ructure

wÍll be díscu-ssed ín chapt,er irÏ, as a conclu-sion t,o the

entire stu-dy"
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ADDEI{DUII,T

A farniliarit,y v'rit.h roatrix algebra ís a prereq.uisit,e

t,o understanding the systernat,ie explanat,ion of t,he linear
t,ransf orrnatíons.

1. The unit mat,rix ¡. has element,s o, j = O r,¡hen i f J

and o, j:1 r^¡hen i - i
2, The t,ranspose of matrix A is A' r{here ["t¡]= F'i,]
3. An ort,hogonal matrix A satisfíe*s AA' : A'A: I

l+, The Inverse of A is A-r where A.r : ["t¡]= Aj¡ lnl
The Inverse sat,isfies t,he equat,ion A-rA : AA-r: ¡

5. The eigenvalues of roatrix A are the values of À

sati sfyÍng In -¡.ll - o

6, The Component Analysis st,arts wÍth the data matrix

of p varíables and n observat,ions. The ob'jêct is t,o

economize in t,he nu:aber oí variables needed t,o describe

t,he inh.erent, re'lationshíps r¡rithin t,he orj-ginal data

matrix. This is effected by t,racing a linear t,rans-

fornation of the tyìle
p

zi : ì,*,j x¡ (¡ :1, 2, p)
J=l

r,,¡here the coefficients of w are chosen so that
first, of t,he ne'hr variat,es, zt , has as large a

as possi.ble"

Then z, (uncorrelated with z, ) lvith t,he next,

largest variance Ís isolat,ed. The llrocess is repeat,ed

for zJ, 24 , oø o z¡ ¡ 11 being chosen in such a iiJay

t,he

variance
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that the variance (or cumul-at,ive percent,age of t,he var-

iances) reaehes a desired level for t'he r.uhole correlation
matrix" In t,his l,Íâl a transformatÍon to ner.r variables

z t - n, v,rhich are uJrcoruel-ated and possessing variances

ÀrrÀz , ooôooo Àrr, is performed-. These variances are the

eigenvalues and. v,iitl: t,he eigenvect.ors, u'k , sat,isfy the

relat,ionshÍp

u'kA : Àkt'k

In other v;ords the eigenvect,or roult,íplied by t,he

correlat,ion matrix gives the eigenvalue multiplied by the

eigenvect,or, It, should be remembered t,hat, matri x nulti-
plication is not commutative"

The kth ;orincipa'l com,oonent, (fact,or) is obtained

from
I,zk : Àui-z u'¡. x

Ïn ord.er to obtain t,he fact,or mat,rix r.¡hích re,oresents

t,he v.¡eight,s of each variable under the heading of cornponent,

21., it is necessary to multiply each of the eígenvectors

by t,he scalar Àku, (rr,k ,ui",
A more rigorous treatment, of this subject, ís

avaíIable in 4 C-ou-r-qe jg-'i.,1üigqli-?te én@,
and Factor LqalLsis es a .qta.t,ist,:Lcal lllethod þy .lreqley and

l,Iaxvrell.10

lqtf. G.Kendall, A. Course in i¡iu]-ti-va-rialg A-nalysis
{Charles Griffin: London, L957).

D"Id.Lawley and A. "E.ii[¿içF¡'s]], Fact,or
-ÐtatÅqllqall'{eT,hpd ( London : Butt,err',¡orth s,



CHÀPTER ÏV

ÐETULOPI].ffiIüT OF A ]VIAPPTNG TECH}JIQUE FOR TLIE COI,1PONENTS

The problem in spatíal ma;oping of a contínuous

variable resu-Its from the necessity to formulat,e some

boundaries w'ithin the complete eontinuous field. The

success of t,he map depends, to a large ext,ent, upon t,he

judicious selection of boundaries, fn terms of a bivar-
iate fíeld, t,he bound-aries are usually dravnr at some

convenient, positÍon along the l-ii:.e of regressíon. In
considering t,he scatter diagrai:r for t,he xy bivariat,e

field (Figure 6) it, is apparent that, given a significant,

degree of correlat,ion, the regression equat,ion y= mx + c

provides some meaningful measure, A choÍce of boundaries

along the Iíne AB depends upon the number of segment,s

recluired, Given that the Liraits of t,he contínuous

variable are x1 and xA , t,hen t,he boundary interval is
(*e - x1)/n , tr¡here n is t,he required number

of divisions of t,he continuous variable. ft fo] lov,¡s t,hat

each boundary occìrrs su-ch that, Íts abscissa value is
*1 + kix. - >1)/n, r,,rhere k t,akes values fror¿ O to n"
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This presupposes that, the ånt,erval remains constant'. fn

using thís method there is no reason to assurde othertrise,

and thÍs ;oropert,y must rest,rict the ut,ilíty of such a

model.

The limítat,ions of this net,hod can be il1u.st,rated-

by the case of the concentrÍc uo31e theory of Burgess. One

of t,he erit,icísns of such a model- is that t,he boundari-es

marlc part,icular values along a gradient], and t,he line ín

t,he rnodel is noi,vhere as abrupt in reality, For this
reason lines can be drarm arbit,rarily at any radius from

the eentre to correspond to any valu.e along the gradient"
-!fhy have just, five rings ín the Bu-rgess model rather than

ttrenty-five?
The quest,ionable valid.it,y in basing value judgements

upon such a subjective approach inrrítes an exarainat,ion

of alt,ernatíve t,echniques" The regression lÍne fulfíls
t,he condítion that t,he point,s are distríbuted about, it
suoh t,hat t,he sun of their distances (residuals or

derriates) from the li-ne squared, reaches a rninimum" In

the case of the y on x regression, wit,h y as t,he dependent
k

variable, I (u:_ yì2 takes a mi¡rimua value, The yr
i=l

lE.'t^J"Burgess, ltThe
the Groi,rt,h of tire Cit,y,Tr

Ðet,ermination of Gradient,s in
Fubl-icati.ons- of the Ameri,can

Sociolosical Society, ffiI (t927) 
"
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lralue Ís t,he point on the regressÍon line v¡ith t,he saae

abscissa valu-e as yi, and k fs the nr.imber of poínts"

The line of best fit, can, t,hu-s, be determined in the form

of least "q"r.r"""2. A st,raight, líne v¡ill- frequently irrove

to be a less sat,isfactory fit than a curve. A curve ís a

general expressÍon for the desígnatÍon of both linear

and non-linear functions. Ivtoreoverr correlation is t,he

tendency for tlrro observed variables to be related in the

for:n of a single-valued mat,hematical functíon" A curve

frequently satisfie-s -r,he least squares condition more

adequ-atell: but, the difficult,y of curve fítt,ing and- the

].imit

Since

But T

Ànd

t*

"t
v

Usíng t,he calculu-s: 4A-
dm

=

"n. m - (Zrqxry)/(zt*

2t1ri" can be dedueed. mathemat,ically. To find, t,he

is at it,s nJnímum:

: Iviz - efvrr" +Lvrz
: Iyiz - 2rnf rrx, + n2f*r2

2D2
k n U* - Zcmr n *n y -¡ þnt" d;ç

A ( say)

-2ta-,c., f ho*2
JIJ

0 for minimu¡i values of A

2): r(tu/a*)
.oo y = r (r 

U/ 
n*)rc; r'¡hich Í*s the regression coefficient,.
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su"bsequent, algebraic analysís restriets it's usage"

The superinrposition of a series of regression

straight lines ean somet,imes satisfy t'he least squ-ares

condit,ion better t,han one st,raÍght l-ine. To demarcat,e

separate field-s within the overall *iÏi scat,ter diagram

demands an initial identificat,ion of boundaries to these

fíelds" Once this has been done a serÍes of regression

lines can be drarm t,o fit, the point,s in each field. This

has been undertaken for the same points shotrn in Figure

6, and. the resulting Iínes possess d,ifferent gradient,s

and, therefore, interseet each other (Figure 7)" At t,hese

Íntersect,ions bound,Aries can be drav¡'n" The advantage of

such a method Ís t,hat, t,he sum of the residuals squared Ís
lor,¡er than for a single regressÍon line. trlit,h the change

in gradient giving rise to t,he dist'inet, boundaries, the

int,ervals are rrnlikely to be of equal magnitude.

One disadvant,age that result,s from thís subdivision

within the scat,ter diagram is t,hat the number of point,s

in eaoh subdivision is fewer t,han for the v¡hole field.
This means that, t,he degrees of freedom for each measure of

coruelat,ion are redu-ced and. a higher correlation coeffíeíent

is required t,o maintain the sane level of significance"

There is thus a limit, to t,he number of subdivisÍons

possíb1e to remaífi lv-it,hin a desired level of significance"

This level is prescribed by t,he nature of t,he analysis"
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f (vi LUr,7

Figure 6

Sum of Re-sid.uals Squared for a Single
Regres-sion Line ín t,he Bivariate Field
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f(rr-r*)2
: 29"5

jf trr-r" I 
2

: L9"9
f(ri-r")2

: l+h "9

Figu-re 7

Su¡r of the ResiduaLs Squared

for Three Regression Lines
in the saüte Bívaríate Field

fI(rr-r*)2 = gt+"3
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These dífficult,ies inherent, ín selecting boundarÍes

are problematic" Ït is pert,inent, to questíon the whole

valídity of such an approach t,o mapping urban phenomena

íf the object,ive ís to isolate sub areas in t,he city" The

pÍlot, study based on the Social Area Analysis of Shevky

and Bell maps areas whieh fall v¡ithín certain segment,s of
a continur.¡m for the rçho1e city (v¡it,h index values from O

t,o I00), llence, each area falls w'Íthin one of a possible

ten elasses relative to the cit,y as a v¡hole" Ts th:is an

ideal lrrâ.f of ident,ifying sub areas in a city? À social

sub area exists as a di-st,inct entit,y by virtu-e of a

contrast, r,rith its neighbouring areas. ff this is t,he ease

Ít ís desírable to isolate these cont,rasts and formulate

a completely new method of nrappíng t,hern,

The ímmediat,e consequences ín acceptíng thís
premise can be ilIu-st,rated by a simple exarn;cle" Assume

t,hat 30 areas are neasured- Ì{-Ít,h respect to one variable,
and that the resultíng areal rueasures are plot,t,ed- on an

Íncreasi-ng scale (Figure I ) "

66 Eø øøø
cl

@6øq 6øAøø | s6ao 0rÐo I
A
@66

B
ø

I

Y
I

Xo loo

Figure B

The Ä.rea]. Unit, ir,ieasure r.¡it.h Respect to One liariable
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'Shoul-d it be desirable to divide t,he continuulß

lnt,o three separat,e classes, bort::daries might' be erect,ed

at X and Y (vísual breaks in the continuurn occur at these

points, and ten areas t,hen const,ít'ut,e each class)"

Extendíng t,he example further, assume that t'hree areas 4,,

B, and C reeet at a poi-nt,. B and C trill be mapped ín t.he

sa.rne class rvhilst A rvj.ll 'be v¡ithin a different class

{Figure 9)" A greater contrast exists, however, betl'¡een C

and A or B than betv¡een A and B" For this reason C should

be nral:ped as dist,inct, from eit,her A or B.

Actual Mapping tont,rast iviapping

Fígure 9. li{appíng of Three l"l-eighbouring Areal Units

The conclusj-on t,o be drawn from this exanple Ís
that rather than identify areal differentiation vrithin

the cit,y by comparing each unit area r.¡it,Ìr t,he city as a

trhole, it is necessary t,o develop a syst,ematic method of
identífying contrasts betr¡een adjacent areas.
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Tn t.his example, it, is probable that, in other

locat,j-ons r^rj-t,hin t,he urban area contrasts between adjacent

areas t¡iII exist at different, values, Consider t,he case

of a transect, through eight Gensus Tract,s (75, Lt 4, 5,

10, 11, 18, and 49 ) in met,ropolitan llinnÍpeg for wh:ich t,he

rnedian salary is measured (Figure 10). The measure of

medían salary can be plott,ed on a frequency polygonr and

Medían Fa¡¿ily
Income

#bazg
$¡rgr
{i381+7

Ðzaa
Ðaza
ûtzzg
8t+L99

85326

Figure 10. iuledían Family Salary for B Census Tract,s,

from this, tlo extreme changes ín gradient, are visíble
(Figure 11). Although the contrast exÍ-sts in t"r¡¡o different
placesr it ís apprecÍat,ed t,hat t,hey are at dífferent
levels in each case. By isolat,ing the act,ual contrast,

irrespect,ive of t,he actual range in v'rhich it occurs, it
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Income
a

5000

Census
Tract

Figure 11. Average Fa.r,rily Income of Census Tract,s

i s possible to plot' t,he positive or negative deviation

r¡-etween each srjrccessive areal measure (Figure I2). In

this wa¡r the tr"ro pronoirnced contrasts along the transect

are readily vísible" If t,his process ís repeated for a

much larger ni¡nber of areas í1; is necessary t,o specify

sorne limit,s beyond vih:ich the contrast asslrnes signifícance.

A pair of parallel lÍnes, at' a díst,ance of x standard

deviates from t,he zeyo contrast axis, indicate the limits
beyond whieh t,he contrast is sufficiently large t,o be

consídered as a natural boufidary for the parF,icular

variable (in tfris particular ínstance t,he two significant

boundaries eoincide i'rith ii[cPhillips St,reet and the Red

Eiver, bot,h strong physÍcal divi.des). The main problem is
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ín ascríbing a partícu-'l ar val-ue

lr¡hen a contrast reaches a level-

boundarf betr+een natural areas.

1000

(75)

1000

Contrast,
iD

l_1.. D ,

,S.0 
"

(b9)

Nunbers in brackets
are Census Tracts at

límit,s of transect,

Figure 12" Cont,rasts in Average Family ïncorne"

This prÍncípal can be ¿¡rplied over a vrÍde area if
eertain nodificatíons are made" Assume that areal

contrasts pertinent, to one varíab1e need t,o be locat,ed in
the trl'innÍpeg area. Furt.her assluue that values for the 87

Census Tract,s are normally dist,ributed. By calculating

the mean and st,andard- deviation for the variable ít, ls
possíble to represent ea-ch of the Census Tract, measures

in the form of st,andard deviates. Any one Census Tract

can be isolat,ed and the deviate cont,rast l,¡ít,h aLl other

Census Tracts calcu-l-at,ed"

t,o x, that
t,o just,ify

is, in deciding

calling it a.
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This process r"rou'ld be laboriou-s and t,Íme consuming,

so the nethodology is reworded- to permit fast' computer

analysis" Essentially t,he process is to scan the normal

díst,ribution field, stopping at, a serÍes of values and

calculating and nrapping t,he devÍation of every Census

Tract value from t,his arbitrarily chosen standard. In
det,ail the process is as follolrs:
(a) Erect an arbit,rarl pivot at the value îlmean 2

standard deviat,Íonsrr for the particular variable"
(¡) Calculat,e t,he devj.ation (in st,andard devíates) of

each of the 87 Census Tracts from this pívot.
(c) Code these devíatíons by t,he follovring nunerals:

< i 0,1 standard deviat,e : 0
.!o"z : I
<* n ? : c

- 
vo) ç

.i 0"4

.i 0.5
<1 0"6
>i 0,6

This means that any area v¡ith the value 9 ís at least, 0.6

st,andard deviat,es avray frorn t,he pivot, and at, least O" 5

standard deviat,es al¡Jay from any area vu-ith the value 0"

This sit,uation ís shov¡n ín Figure 13.

{d) I',Iap t,he ca] culated values for each Cen*eus Tract.
(e) The pívot is then moved along the norrnal distríbu-tíon

by a -step of 0.2 standard devÍat,es and t,he calculation

and mappíng is repeated at each such posítion.

:3
:1, ry

:5
:9
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5+9
Prif0T

I

0

4 3 21 I 4 5 6
St,andard Devia-t,es (tenths)

Figure 13. Deviatíon about Pivot

A, movement, of O.2 standard derriat,es causes each Cen*sus

Tract value to fall- ín'r,o t,he O category (i O.t S.D.)

oncer and only once, during the scan of the díst,ribution.
(f ) The irrocess contínu-es unt,il the .civot, reaches a value

of ttmean * 2 stand-ard deviat,ionsll. A, series of 21 maps

re,sults¡ and covers values from -2.6 S,D. to +2"6 S.D..

If t,he original measures for each of the S7 Census

Tracts: are nonnally dist,ributed, the range covers 994t of
the cases and only ocaasionally ?,É11 a Census Traet value

lj.e outside this range (see Figure Ll+), and such

excLusions ¡rill- simply irrdicat,e a non-nornral dístribution
for the part.ieu-lar variable r:nder consj-derat,ion, In fact,

t,he following example possesses thís propert"y at, t,he

positive end of t,he dístributíon (lshere Tuxedo averages

too high a family íncome to be ineluded in the nonual

dist,ribution curve for t,he city as a whole)"
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Lowe
Limi
-2. 6

j

r
À
Lr

Upper
Limit
¡ Á.o LJ

inos " zøtí, ;
i* gr . +4f' ,i

99.72/I

Figure 1ll. Location of Pivot Points and LiinÍts of Scan.

(S) Using these maps it í-c ìoossible to dralu in the

boundaries betv¡een areas irhich díffer by at, least O"5

SoD,, by locating areas where 91 s are adjacent to 0Í s.

These boundaries ean then be transferred t,o a master map

r"rhich shov¡s t,he fuII quota of such boundarÍes t,hrou-ghout

t,he range (5 
" Z S. Ð . ) of the parti cular variable 

"

(h) To give an illustration of the results from this
proeess, the varíab1e laverage fa¡ril-y incomel (l'rhich ilras

used in the previous exa.mple) is chosen" The series of 2L

computer maps are reproduced- (¡llpS 5-25) i,'¡íth the pivot
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value recorded and the O"5 S"Ð" contrast' boundaries dra¡¡n

in" A' final map (t'.'Up 26) collects these boirndaries ont,o

one map and t,his serves to ident,ify the sub areas

(referred to average family income) in t,he metropolit,an

area of r,irinnípeg.

One import,ant, premise adopted in the development

of this techníque is t,he choice of t,he value 0,5 as the

critical devíation necessary t,o,signify a dist,inct'

eont,rast betrtreen tv¡o adjacent areas. There is no st'at-

istieal reason l'rhy t,kr-ls particuLar value has been adopt,edt

and the comput.er progran eoul-d be rev¡rit,ten r.¡-ith any other

chosen va1ue.

Flo¡rever, if t,he individuals l'¡'ithin each Censu-s

Traet are norroally distributed about, their mean (ttre

value of rvhich is t,he d.atl:m measure for t,he r¡¡hole area)r

then ít, ís likely t,hat there v¡ill be some over] ap betv¡een

the two norroal curves separat,ed by a distance of 0"5

st,andard devíations" The exact, a:rrount of the overlap

depends on the coefficient of variat,íon of each of the

areal units, ïf horaogeneíty is dominant in a Census Tract,

(as the Census d-efinit,íon implies) t,here l.rÍtl be

consíderabLy less overlap than for a ra¡domly chosen

sample as a fiIeasure of the Census Tract area ( see Figure

L5). 'r'lit,hout a measu-re of the coeffícient of r¡ariation

relevant t,o each variable, for each Censu-s Tract, Ít, is
ími:ossible t,o give a mat,hernat,ical expression for the area
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coíåmon to both cu-rves"

Hence, it is necessary to ascribe sone arbit'rary
value as a level, above v¡hich a significant contrast

exists. The d-ífficulty is analogous to that of defining

the x value Ín Figure L2" A value of 0"5 iras been chosen

for the purpose of t,his study" Furthermore, in t,his

Low Coefficient,
of Variation

High Coefficient.
of ifariat,íon

\t¿irriduals corl¡ii1o1l to /
both groups

Separat,ion betlveen rleans
standard deviat,íons of total

: CI"5
distribution

Figure 15. IndivÍduals Common to Adjacent. DÍstríbutions"

exaraple, as the standard deviation for average family

inconres is 6Ztl*g (r*ean of $5756), a deuiation of 0,5

standard de-'riatj-ons inplíes a contrast betr¡een median

salaries of areas amounting to at least, .9107&.
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Thi-s method of rnapping embraces the entíre Lirban

area for r.¡hich source data i-s avaílable" The spatial

limits are immat,erial and only control the initial devel-

opment of the compu-ter output nap, Beeause every Census

Tract, value Ís considered at each stage Ín t,he analysís,

the resr-rlting contrast boundaries reflect the overall
picture for the city area"

The result,s satisfy t,he conditions laíd down by

Sinith in outlining prerequisites of areal mapping2. The

sub areas are cont,inuous in the sense that, they grade u-p

to a contrast boundary" Should t,he continutrm of values

for the 87 Censu.s Tracts have few marked cont,rast,s, t,hen

the resu"lting sub areas might be extensive and permeate

throughout t,he urban are,a and even cont,inue to t,he cit,y

limits. This is acceptable if the postulate concerning

the role of a contrast boundary is valid. The sub areas

exhaust the total space vrithín the cit,yrs corporate linrit,s.
Jirherent in the stat,istical analysis is the coTl-

dition that Census Tract,s conrnon to a sub area possess a

desired d-egree of homogeneity, The basic premíse adopt,ed

in the ext,ractíon of boundaries between sub areas ensures

that there is a large degree of heterogeneity among the

sub areas. For these reasons t,he mapping technÍque fulfils
t,he necessary prereqllisites of areal mapping.

Loc "
2J 

" 
s*ith,
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The object, ín developing t,his map;uing t,echnique is
to anaLyze the spat,ial structu-re of urban itinnipeg" Th-is

could be undertaken for each of the 75 variables select,ed

and t,he resulting contrast boundaríes compared, However,

the relatíonships between these 75 variables have been

exar¿ined in chapter ïIT and certaín dorninant factors have

been ext,racted r^;hich elcpress these relationships. Rather

than produce contrast maps for each variable, it is rnore

desirable t,o map contrasts for each of the nine seleet,ed

factors" This lr.ill indic:ate the diversificatíon of
I,'linnipeg in tenns of t,he major forces Ínfluencing the

metropolítan area, Such an examination of the urban

structure ís att-,emptecl in the next chapt,er"



CHAPTIjR V

T}iE UB,BA}'] STRUCTURE OF -IVfNNTPEG

lfíth the aid of the factor mat,ríx it is possible

to compile a new mat,rj.x r¡¡hích gíves the Census Tract

scores for eaeh fa-ct,or, scaled between O and 100. Thís

stage was the culmination of the analysis undertaken in
ehapt,er IïI" These scores form the basis of any subseo,uent,

stu-dy tnt,o the urban st,ruct,ure of T¡.iinnípeg. Such a study

can have tv¡o obJectives, The first, pat,h is t,o apply t,Lle

mapping t,eehnio,ue and produce a mosaie of sub areas as

díet,at,ed by t,he fact,or structure" In terms of eaeh factor
it becomes feasÍble to identífy areas of lovr score, and

tsolate boundaries ¡¡hieh provÍde natural breaks betv,reen

atypical areas. Proble¡o areas can be sought and their
limits de¡aarcated"

The seeond direction ån whích the analysís might

proceed is by assessing the nature of each wit, area ín
t,errns of tts seore for eaeh of t,he fact,ors under eonsid-

eration. The Census Tract areas hold a particular position

on a cont,ínuum of seores for each faetor" Some areal unit,s

have a lov¡ posit,ion on many fact,ors v¡híl--st, other units

are ín t,he upper quartil-e for most factors. Each
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situation poses dístinctive problems to t,he planner trho

ínt,ends t,o unravel t-he complex ínt,eract'ion rrithín the

u-rban envíronment"

Before embarkÍng on such an analysis for t,he

I,'/innipeg met,ropolit,an area it is essentíal to record the

fact, that t,he analysís Ís not, comprehensive" The fnfomn-

at,íon associat,ed r.¡ith the faetor design and mapped results

is vast, and ühe irnplicat,ions íntricat,e" Therefore, t,he

ensuing observations ean only be regarded as cursory, and

systerûatie only to the extent of docr¡nenting rnethodology.

Iviuch further analysis i-s pertínent, but, falls outside

t,he scope of t,his particular t,hesis. Specific extensíons

to the analysis are ].ikely in two dírect,ions. Firstly,
a more exact rrnderst,anding of one part,icul,ar sub area in
the city míght be required" Alternative'l y, a more exaet

interpretation of t,he relat,ionehips ínherent in a fact,or

structure night be wanted, To cover both contíngencies all
numerieal output,s are included ín annotated Table form or

as referenced Appendíces Ín thís thesis.
The first, fact,or, whÍeh represents the dominant

force in t,he city, has a dist,inctive patt,ern. Ïndividti.al

Census Traet se'ores are tabulat,ed in TABTE XV and plot,ted

in Figure L6. Areas characterized by lov¡ scores are

locat,ed in the dor.,mtoi,¡"n area of t,he citf urith Census

Tracts 3 - L3, 18 22u and 36 having below avera"ge scores.
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TABLE X1,,'

CIINSUS TRACT SCOR]NS ON FACTOR 1
('["/ea]th in the Urban Area)

C ensu-s
Tract,

1-
2-
3-
t. _

5-
6-

8-

I
5a
26
1?

53

h,3

65

7z
63

76

60
'lo

1B

33

39

50

79
8t
6o

3

l+9

45

35

38

63

55

69

59

o4

l+

3B

49

33
90

66

59

79
60

75

5

20

l+9

,q

2l+

78
67

7l+

6L
17)

6

3T

5L

5o

5

79
63

7l+

60

6b

78
l+8 ]+2

609
5z 6L

29 36

70 79
60 100
6L 5tv

67 55

7l+

90
28 17

0¿þ
53 5L

62 5B

5a h6

57 7t+

7a 61

67 69

All these areas are Ín the older part of the cit,y. Lowest

values are to be found in the zone eentred on the Portage

and luiain intersect,ion, Some of these lov¡ wealth areas

(11, L9, 20, and 22) have been redeveloped. in recent,

years, or are no'û\¡' subject to redeveloprnent, scheaes. A

sect,or of beLow average scores is found in the area

between t,he li.ssiniboine river and Port,age Avenue (Tract,s

33-37) " Once again thís area has been subjected. to some

rejuvenation i"i'ith t,he development of apartnent, dwellings

in recent, years.

Figure 16 indic:at,es that above average scores are

corirnon to the higher numbered tensus Tract,s. These

suburban areas are more affluent tha-n the downtor'vn core.
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Iiíith one exception there is no great, i.rariation in values

between the peri-oheral zones. The except.ion ís Tuxedo

(58) v¡hich heads the list of scores by a wid-e margin.

This resident,ial area is unique in t,he lvinnipeg metropolis,

representíng a high class, new development cat,ering for
the higher income groups of the populat'ion.

Turning to the act,ual- sub areas associated rcit,h

thís factor, cert,ain basic features are displayed ín I'LAP

d7. Transitions in fact,or values occur i^rith a movement

avüay from the city centre (Portage and Main)" A typical
concent,ric zone pattern is manifested" Lov¡ values exÍst

in the centre i.¡ith Íncreasing valu-es as the suburbs are

approached. Certain anomalies exist," In the older part of

the city the Red and Assiniboine rivers fomn dÍstínct
cont,rast boundaries, but ín t'he perípheral areas they

exert, litt,le Ínfluence.

Based on these boundaries, cert,ain sub areas can

be isolat,ed. North of Portage Avenue Íncluding the North

End as far as 0hurelr Avenue, bor.mded ín t,he r,¡est by

Arl-ington St,reet and in the. east by the Red river, is the

fírst, such area, Lovr scoríng, it, represents the poorer

central core of t,he cit,y, A second ring surrounds t,his"

It,s limit,s are L{cPhil-li1cs Street and Ingersoll St,reet ln
the r',rest, the Assiniboine river, St,afford Streetr and the

Red river in t,he south, the Canadían Pacifíc Railv¡ay Iíne
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in the east,r and t,lee boundary vrith t,he Ciiy of trvest'

Kíldonan ín the north.

Beyond t,hls ring are t,he suburbs" Líttle contrast

is to be found in t,hís peripheral belt w'Íth the exception

of Waverley St-.reet v¡hích provides a sharp break betv¡een

River Fleights (l+5, b6, ancl &B) and Crescentwood (lt3 and

bU). Tr^¡o srall sub areas stand out. Tuxed-o, in the sout,h

u'est-, has already been mentioned, but, in the north is t,he

new der¡elopment of Gard-en Ciiy QZ) r,¡hich is atypi-cal in
relation to the surrourrdíng areas.

Ïn su.rûaary r the domi-nant feature of factor one i s

ít,s simplicity. Gradat,ion of scores ariúay from the citY

eentre is mat,ched by the lack of marked contrasts through-

out t,he cit,y as a whole, Dist,inctive areas can i¡e

isolat,ed and exolained, and the entire pì cture fíts in
wít,h the customary explanat,ion of city structure,

The second factor cont:rols the social structure of

the environment,. Census Traet, scores are recorded in TABLE

.{VÏ and plotted in Figure 17. Unlike factor one, t,he

distribut,íon of values is not regular, A sector of high

values t,o the south v,rest exists betrr'een Broadway 3Z and

35), through Fort Rouge (38, h2, and- t+3), into Ríver

tieight,s (l+5, Ì+6, l+7, and 4-8), and t,erminating at Tuxedo

(58)" This sector is counterbalanced by one of lorr val-ues

to the nort,h east, of the cíty st,artíng frorq t,he centr"al
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TABLE ,.".-ilf

CE¡ISUS TRACT SCORES OI{ FACTOR, 2
( Social Structure and Age )

C ensus
Traet

1-
2-

3-
lþ-

5-
6-

8-

I
33

3L

67

63

57
6l+

l+3

18

65

t

39

37

36
63

B5

56

36
r+9

5L

3

35

5B

2L

75
Q9

35

)o
5B

5o

l+

3l+

53

6Lt

75

5b

37

7T

58

69

5

33
l+3

69

8g

92
0

44
20

bz

67
h4 50

37 LvL

6l+ l+5

7L 100

9L 74
28 l+

56 5L

hL 39

30 t+2

90
42 ?2/þ /æ
I+A 67

57 73

69 58
t+5 5L

2L 3A

36 3z
7z 65

B

59

35
55

B5

75

92
l+b

5o

l¡usiness district, and passing through Tracts lB, 1l , L5,

L6r 691 7Lr 5br 55r 56, and 57" The lov¡est, values are at,

t,he extremity, in the City of Transcona. This is a

resídential area establíshed arorrnd t,he Canadian National

Railvray yards and servíng a s¡:ecific social class of the

populat,ion,

The suburbs do not score highly in this factor"
T,iost, of the cit,y core has below average scores and. moving

away from t,he cent,re sees an lnitial rise in the faetor
seores v¡hich in t,urn gives i'J'ay t,o a subsequent declíne

i n the neríphera-'l areas.

The subdivislon of the cit,y in response to t.Lris
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fact,or is illustrated in I'4AP 28" An i¡nraedi-ate contrast

exists vrith t,he factor st,ruct,ure prevíously examined, The

socía-I st,ructure is fairly homogeneous in the do!.tr¡rtol.m

seetors of t,he cíty and present,s its greatest contrasts

in t,he su-burbs, The nort,h east,ern cit,y limits are subject

to eonsiderable varia.tion (Transcona and I'Tort,h l(ildonan)"

Crescentr,¡ood (l+h and 4.1) together raith part of Riverviev¡

(¿rO) form a dist,inct sub area. The hígh scoring l"redge,

ment,íoned earlier, ís delirnited by the Crescentr,,rood area

to t,he sou-th east,, Tuxeclo to the sor:-tl: r.rest, and the

Assíníboine river t,o the nort,h" Tuxedo forms a distinct
natural area" The lfest End, between Port,age Avenue and

Notre Dame (2O, 2L, ZLpt 25, 26, 27, 28, 29,78,3L, and.

32), forns an above average scoring isl-and ín the cent,ral

area. Further urestr -Çt. Ja.mes (SO, 81, 77, and 79 ) and

A ssiníboía ( 60 ) combÍned v¡it,h Charl e swood. ( 6f and 62)

form separate groupings,

The factor as a v¡hole faíls to oortray any dístinet
urban pat,tern but comes nearest to characterizing a sector

struct,ure, Areal r¡alues tend to reflect t,he social strueture

of the occupång persons vrit,h int,eresting relations
especially noticeable in the peripheral areas of the

met,ropolit,an areao

An urban analysis of -ltiinnipeg for factor 3 ís
fraught with danger, The domination of Census Tract size

has been alluded to ín chaicter IfI. Unfort,unatelyr so
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TABTE }"VfI

CEi'lSU-c TRÀCT SCORES OiiI FACTOR 3
(Grov¡th and l.{obility)

C ensus
Tract

1_-

t-
a)-
t,-

5-
6-

B-

I
6l+

33

6z
liO

69

l+O

35

27

83

2

6L

55

)t
7z
4l+

l+9

-o)o
7L
1+Z

3

7b
oo

+¿

56

)t
l+9

39

9o
l+Z

6

9l+

58
l+5

0

39

5o

44
L2

56

7

72

5L

68
21,

4.0

20

84

to

7l+

I
58

o

3l+

l+7

85

27

55

6l+

45
t+9 81

t+3 5L

4,6 loo
t+7 59

6L 39

70 27

4z 55

5z 36
35 b9

9o
66 66

3B 29

¿rO l+l+

Lþ6 59

33 5L

53 Iþ4

64 75
25 49

severe is this dsmínat"ion t,hat ot,her varj-ables represented

ín t,he factor structure are hidd-en, The analytical results
at,test to the limit,ations of t,he Census definition
relat,ing t,o t,he coneordant, size of the Census Tract u¡rit,"

TABLE XVII records the appropriat,e scores which

are presented diagramnratically Ín Figure 18" The heaviiy
populated areas occur in the lJorth End of the met,ropolit,an

areaô Gross densities increase Ín the larger populat,ed

u-níts" The extreme peripheral areas have lortrer densitles

and snaller populat,ions per unít area, Some indication of
t,he extent, to whieh popuiat,ion size cÌomínates gross

densitíes is gíven by tilindsor Park (S7) r.rhere lov{

densit,i-es are offset by a numerÍcally large population"
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Ït, is interest,íng -r,o 11ote that most autonomou-s

titÍes r^rithin the metropolitan area have at least one

Tract, which is large and possessing a high density"

St. Boniface tr.as liJíndsor Parl< (87), S-r," Jæaes has an area

to the v,rest, of Silver Heights (Sf ), Ïíest Kíldonan has the

i:redomínantly non-British areas (72 and 73), Itrort,h Kildonan

has springfíeld Heights (7L), in East Kildonan it, is
Tract, 8l+. Conceivably this is connected vrith the location

of suburban retail servíce cent,res. Densely developed

areas appear to clust.er around t,hese local cent,res.

It is possible t,o say somethíng abou-t other

features of the fact,or structure" The larger areas are

associat,ed 'r,.rith greater mobílÍt,y and fewer elderly people,

This is a reflect,Íon of cj-ty locat,íon (central) rat,her

than unit area sj-ze" The index of aging upholds the

assertion that a greater percentage of elderl-y people

live in the low scoring areas v¡here nol¡íIÍty is also less,

The cont,rast boundaries (l"mp 29) are not very

significant. The main impression is of frequent cont,rast,s

in all areas of t,he city, Peripheral zorTes in t,he south

are rûore akin t,o each other, but thi s has no useful

connotat,ion as the exact property being ueasu.red is open

to disput,e. Thís factor ís controlled to too large an

extent by mere popu'lation size. A more thorough examín-

ation coul-d relat,e these feat,ures to the irist,oric devel-

opment in t,he city"
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Factor fou-r reilresent,s tvro characteristics" Fírstly
t,here is the natu-re of ethníc segregation, and. second.ly

the pattern of mobilit,y" The scores of TABLE X-fJIf axd

Figure L9 receive the follor,'+ing ínt,erpretation"
High scores correlat,e wit,h abo.¡e average repres-

entat,lon of Brit,Í-sh, Frenchr or Scandinavian groups a¡d

belorr average represent,at,i-on by Polish, Russian, Ukrainian,

and other European, and Jer.l"ish groups. For t,his reason

the Nortkr End (Tract,s 2 - 13) has belohr average scores,

whílst St" James (81) r.'rit,h it,s large Brit,ish conrponent,

and St, Boniface (l+9 and 50) v¡.Ít,h íts large French

component have high scores.

High scores also imply a larger nunber of Canadian

born inhabitant,s, fewer reeent ( since L946) immigrants,

and fewer norr movers. The greater mobílity associated

with iuigh scores is connected wíth a larger movernent, of

nev¡ inhabitants from outside the met,ropolitan area r.rho

fall int,o t,he more skilled group of t,he occupat,ional

category. Fígure L9 prod.uces no d.íst,inctive traít, except

t,o ídentify the lov¡ scores made by the central areas of
the cit,y"

Beeau-se t,he et,hníc mix ís so diverse, the contrasts

might be expecbed to be large t,hroughout the area. iliAP 30

supports this postulatle. A mosaÍc of sub areas connects

small groups of Census Tracts t,oget,her to proride fevuer

t,otal unit,s" The effect of the Red river in the oId centre
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CEiüSUS
(Ethnic

TABLE] }.\TI1Ï

TR.A.CT SCOR,ES ON
Segregation and

FACTOA, 4
I"iobilit,y )

C ensus
Tract

1-
r)

)-

5-
6-
7-
8-

1

50

3

6l+

36
53

l+O

l+5

1"o

90

2

)a

0

34
LÞB

37

59

5L

32
i+8

t
26

11
2Q

?.I

41
l+l+

51

35
l+B

Lr

l-¿r

20

3l+

38

56
qa
lL

l+9

27

LvZ

7

1t
5o

5l+

52
l+5

39
6B

5l+

9o

ó.()

7

l+0

l+6

l+6

5l+

3a
20

69

56
53 27

33 bL

7L 35

6L r.00

Llþ 18
t+L 47
66 27

28 73

59 63

90
937

81 79

5t+ 27

l+3 )+6

6t+ 7Z

50 67

5S l+S

rú 5b

of the cÍty focuses at,tention on the early segregation of

t,Ìre French int,o St-," Boniface" The southern half of the

cÍt,y presents great,er horirogeneity, vrhilst ít. is the

central area that const,itutes t,he bounded, lov,r scoring

sub areas.

Suburban grovrth accounts for t,he lack of peripheral

contrasts" LackÍng the segregat,ion reserved for t,he older

areas¡ they possess similar mobílity characterist,ícs.

The fast, grourÍng areas, such as lfindsor Park (57), score

highly on accorrnt, of the influx of new residents. Census

Tract 36 owes its highest score to the combination of all
the et,hnic feat,ures t,ypieal of this factor.
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TABLE XïX gives t,he Census Tract seores for factor
five. The faetor structu-re indicat,es t,hat the high scores

are associat,ed vrith a number of causes, The rreight,ings of

a eertaín grollp of retail out,lets, especially those con-

cent,rated in a downt,own l.ocatÍon (nrerchandising, apparel ,

hardware, and furnishings), eause high eentral area scores,

High scores also reflect the longevit,y of the buildings

and the imraobility of the inhabitants. Ï.{uch of the North

End can ascribe its high score to t.his cause. The high,

pereent,age of Asiati.es just north of Portage and Þiain is
fnstrr-ment,al in bolstering scores in that area"

Low scores betv¡een Pofi.age Avenue and the river
A.ssíniboine are connected i¡¿it,h t,he high percent,age of

fencales in the area who are employed as Írage earners. Low

scores in subu-rban areas might be expected, but Tuxedo

{5S) and Sout,h RÍver Heights (¿þS) cont,radict, this gener-

ality" This anomaly is due to t,he high inc,ome in these

areas, and íncor¿e is a sígnificant variable in the

const,it,ution of this factor structure"

Figure 20 port,rays the ent,ire situation, Above

average scores in t,he cÍty eentre virith peaks in the

dov¡ntov;n shopping core, lolu localized scores along t,he

northern ban-ks of the Assiniboine river, and average

scores in the peripheral segments of t,he cit,y"

fn I'IAP 31 the centra'l area is shown borrnded on
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TAtsLE XfX

CENSUS TRri.CT SCORES 0tü
(Reta:-l Location and Asiatie

FACTOR 5
0ccupation )

C ensus
Tra.ct

1-

t-

5-
6-
7-
8-

1

l+Z

r+7

¿)
¿)

25
1,)

b7
23

l+9

2

U+

5z
18

2l+

L6

36
36
67

l+7

3

54

59
/-)

5

5s
tõ4ö
a11)t
69

l+3

1+

50

36
11

o

LþL,

4s
56

59
l+6

5

76
Lt].

35

L6

7l+

2l+

b6
50

38

6
Ë"

37
2l+

8B

t)
]+L

4B
1+

37

7

55

3z
l+z

L3

l+6

l+6

be

25

l+5

890
55 t+6 67

9z 100 65

37 59 28

L7 t+o 39
65 51, 50
B/+ l+Z 3l+

50 29 23

60 36 47

al.l sídes" The ret,ail area arou-nd Portage and Main con-

trasts v¡:ith the isolated comrnercial core between the tvJo

roads (20)" Bounding t,hÍs core t,here is t,he tvrilight zone

of lov'¡ scoring areas t rttost pronouneed in the south and

west,¡ â$d fimited by the Red ríver in t,he east" To the

lvest, of the eity, high scores isolat,e the Polo Park area

(Zg and 75) " These scores reflect the hígh incidence of

aentralized shoppíng in t,he area wít,h provísion of those

groups funda-nental- to the factor st,ructure" This Ís the

reason ruhy high scores j.sol-ate part,s of tiest Kildonan
It1 O -n'l t/2 \ .i- .{-1'^ -na-*'1^^-^h a^ar-aø aF a-t^^ a-i+-tz rnìâ^
\ I Ê d,ll\¡ I ) I .Llf \'IlE ¡1,\JI l,rl.\tJ.¿1, Èttvl.rv¿ \,.L LrIl.Þ l--LLrJ o J.J.I\'

physical boundaries (rívers and railways) exert only

local influ-ences in ísolating sub areas for this factor"
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Domicil-e inertia is the major feat,u-re of fact,or

six, High scores in TAI3LE XX correspond to those areas of

a low rat,e of population increase betri¡een J.956 and 1961"

Such areas are characterized by a high level of irainobilíty

l+ith below average percentages of recent, immigrants and

people who have moved int,o the area from outside the

province, or from abroad" A. stage of stabilÍty, through

equilibr'ïu.fir r l'¡ould descrj-be these areas"

Fígure 2L shows the v.ride disparity betrreen areas,

r¡rith no apparent t,rend for t,he city as a t¡hole" Four areas

stand oui because of theír ext,remely 1ow scores. Tuxedo

{58) , Sou.th H,iver Fleights (1+S) , Garden cíty QZ) , and

areas adjacent to the airport, //6) in St. James are net'r,

developing regions receíving an Ínflux of new inhabitants,

These circumst,anees favou-r l-ov¡ scores. Nei'¡Iy developed

Springfield Heights (7O), Windsor Park (87), and- North

Transcona (55) display simílar characteristics,
iill these areas are identified on i'tiAP 32, They are

dist,inguÍshed by being bou-nded by cont,rast bou::daries

l,¡hich exist as evidence of the differential grov'rth rates

and mobilit,ies in rel-ation to neighbouring areas. Areas

of marked hornogeneity are discernible in the city fabric"
The core of the cit,y is typified- by large t,racts having

sÍmilar factor scores. Set,tlenents along t,he Red river
show remarkable siinil-arities in grovrth and mobility
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TÀBLE ,iX

CEI'ISUS TRACT SCON,ES O}I FACTOR 6
( Doni cile f nert,ia )

C ensus
Tract

t-
2-
3-

5-
6-

8-

12
6L 62

53 Ì+5

55 33

7t+ 77

72 l,I
82 7b
83 69

7L4
l+5 I00

)
9z
56
l+L

57

5a

lo
55

63

97

Lç

86

75
l+9

1+6

65

65

73

75

79

5

65

B6

76
68

63

36

50

7l+

68

6

73

B5

B7

6L

57

66

72
o

t)

7

7L

56
86

73

6r
6L

7l+

70

3L',

o

48
l+6

B3

53

t5
18

9o
99

90
l+3 l+6

l+6 6l+

8t+ 65

81 84.

82 83

69 53

47 37
80 80

values, The I'test, Iìnd of the city present,s few contrast,s

and appears t,o be in a stat,e of equ-ilibriura l.¡'ith respect

t,o human mobility. The I arge su-b areas are those r¡¡it,h

high Census Tract scores. This ürorr-ld suggest that stab-

ilit,y comes lvhen the inhabitants cease to rnove around and

t,he area ís not subject to rapÍd changes of population,

Such areas are fully developed and not líable t,o future
ex¡:ansion, unless through comprehensive redevelopment"

The propensity towards apartment, lÍving and ti:.e

ethnic mix are tÌre tr'¡o characteristics of fact,or seven,

High scores in TABLE ïXI are a response to a high incid-
ence of apartment dwellings and- the at.t.endant, associated
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TABLE JßT

CEI,jSUS TRACT SCORES 0¡l Fri.CTOR 7
(Àpartroent Lívíng and Ethnie i'Iix)

C ensus
Tract

1-
)-

3-
l+-

5-
6-
7-
B-

t
u8

h7
l+6

33

3l+

!+9

40

57
l+3

L

62
¿þ1

L9

28

59

73

KL
Õ,o+

l+9

3

56
64

L5

l+Z

1+3

66

5CI

86

5o

l+

57

38

37
l+6

5o
l+9

4o
6z
l+3

5

b7

39
4)

6B

l+5

B1

b3

þ1

49

c)

78

32

þo

t¿
59
tc

5a

37

67
59 69

39 I+l+

32 t+3

69 100

28 37

57 78

37 50
t+9 52

57 56

90
77 t+9

068
35 29

39 36
89 87
l+1 40

52 2t+

56 hB

varíables, or can be the result of part,icular ethnic

groupings" High ethnÍc scores indicat,e Jer^ri-sh, French and

other European concent,rations, whilst 1ol'i scores reflect
the occurrence of Asíatie, German, Ïtalian, Scandinavi-an,

and Brit,ish groups" The irregular pat,tern caused by t,his

dual factor control ís exhibited in Figure 22.

High scores in the central areas (Census Tracts 2O,

ZLr 35,37r 38, and 42) result, from the very higir density

of apartment, dwellings" The hÍgh scores in St,. Boniface

{49 and 50) are due to the French proportion

inhabít,ants¡ âÐd sirnilar values ín the North

result of Jer.rish occu-pation" The distinctive

of

End

the

are a

zero value
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of Census Tract, 19 can be accounted to t'he high level of

Asiatic occupat,ion. ThÍs area is the Chinatown in the

city of t,iinnipeg"

i'4AP 33 gives visual evilpression to the downtown

varÍations resulting from the two aggregat,e component,s

of et,hnic origin and apartment liring. They both present

t,heír great.est fluídity in this central area. The apart-

ment living area is ident,ified around the Assiniboíne

river at, it,s oonfluence v'rith the Red river (2O, 2L, 35,

37 , 38, and 42) " The North End of the tor..¡n unfolds a

mosaic of sub areas caused by ethnic groupings" Census

Tract, 70 has a lov¡ score because of the concentrat,ion of
Germans in the area; St, Boniface remainS dist,inct due to

the French occupation; Tract,s 72r 73, 8, and 9 cont,ain

the dominant areas of ot,her European concent,ration" The

sul¡urbs remain undÍfferent,iat,ed. This is on account of

t,he general usage of single unit, detached dnrelling units

as opposed to apartment, unitsr âRd due t,o a less

heterogeneous et,hnic cross section.

The dominant, feat,ure of factor eight, is the

large factor matrix value for variable Ip, the nr¡nber of

French people in eaeh Census Tract,, Lo!'¡ scores refer t,o

those areas of French concent,ration. TABLE ,{XIï emphas-

izes t,his fact,. St" Boniface has extremely lor^J' values

for Census Tracts &9 and 50, and below average scores for
Census Traets 5I, 52, and 53. Fígure 23 shov¡s that most
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TABLE Y'JI]T

CEI{SUS TRACT SCORES FOR FACTOR B
(French Dor¿ínatj.on )

C ensus
Tract

1-
2-
3-
ry

5-
6-
7-
8-

T

6L

b3

5l+

63

5o

37
66

100
6a

2

6B

l+8

27

57

6l,¡

2Q

loU()

68
LþB

3

53

)¿
39

58
l+5

27

66

6L

b9

b
64

7L
Ì+I

5)+

53

64

5l+

52

5l+

)
55

7A

60

62
q2

6b

5B

62

6o

6

62

62

63

88

5L

55
Ão

1)

6z

7

62
62

49
8¿þ

5L

55

6a

57
63

o

63

6o

62

6a

&8

57

59
Ivg

9CI
67 t+9

5L 87

67 62

56 t+6

0l+
59 72

78 85

53 t+B

areas Lie just, above the average score and disperse t,o

only a small ext,ent. Not,iceable deviat.j-ons are the St.

Boniface areas and Census Tract 76 ín St. Ja,ines. The last,

area ovJes its 1or.¡ score to hígh values of persons per

household and rooms per dv.relling, variables v¡h:ich also

have a significant negatÍve effect Ín t,he factor structure"

At t,he other end of the scale, Census Traet 7L in North

Kil donan receives its hígh ra-n-king l¡eeause of its high

proport,íon of persons of Netherlands extracti-on, a group

q,'hÍch has a positive ínfl-uence in t,he factor structu-re.

i'{AP 3+ id-entifies t,he grouping of the St," Boniface

areas, but el-sewhere t,he boundaries are of miscellaneou-s
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interest only" That, there are so many cont,rast, boundaries,

rvhen the scores are so clo-se together, is due t,o t,he

small standard deviat,Íon in t,he Censu-s Tract, scores,

r.flhích ín turn causes small differences in Census Tract,

scores to have quite large devi-at,ion differences.

The st,ructure of factor nine inch,rdes tv.¡'o díariet,-

rically opposed forces. Negati.ve weightings appLy to

variables 41", 45, and 56, implying a close connect,ion

betv'reen income and value of property, The factor also

renders a st,rong relationship betv¡een unskíI1ed workers

and age and condítion of crowdj.ng of dwellíngs, Bot,h

these relationships are ín t,he -saxte direct,ion but, are

clearly unrelated, Resulting from this, the lor^r score

att,aehed to Tu,-,edo (58) in TABLE XXI]I is due to the

income characterÍstie, v¡hilst, the 1or,,r score of lüort,h

Transcona (Sf ) arises from the high rat,io of unskilled

r"¡orkers" The except,ionally high score of Censu-s Tract, 76

in St, James is a result of the large ni:mber of persons

whose ethnic origÍn is not st,ated (variable 29), a
variable v¡ith a high posit,ive loading in this factor.

The remaining areas have a snall dispersion in
seore and like the preceeding fact,orfs sub areas ffiâp, the

contrast, boundaries (tlnAp 35) are too frequent, consìdering

tire snall dispersion of the scores. I'[aturally t,he ext,reme

values ment,ioned are confined r¡¡ithin st,rong contrast
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TABLE XXTll

cEi'üsus TRATT scORES Otf FA0TOR 9
(Income and Level of Skill)

Census
Tract

1-
2-
3-
t, -ry

IL)-

7-
B-

I
56
EA))
3B

5o

h.0

l+3

l+8

22
l+9

a

5b
l+z

35

36

39
2Q

5L

59
tÕ+o

a)
50

55

l+2

38

3L
l+L

,.o+./

6o

55

L

5L
l+5

L!+
rta
4)

52
4,L

bz
5b

5t

7

53

62

53

55

59
,o
l+7

58
l+6

oo

53

57

6z
l+6

5l+

0

4.8

50

56
l+Z l+L

b6 t+6

35 57

3t+ lþl+

t+4 32
)+ 36

43 47
t+7 100

39 29

9o
50 1+7

l+6 l+9

I+A 4O

50 50
29 25

43 b7
l+5 l+l+

5t+ 5L

boundaries, but, there are many other areas whieh receive

síinilar treatment on account, of t,he interpla-y beti",reen

other component variables and the snall st,andard

deviation for the factor as a whole (see Figure 2l+) "

A brief survey of t,he urban st,ructu-re vrith respect

to eaeh of the nine factors has isolat,ed certaín advant-

ages and li-nit,at,ions in t,he ruet,hodology. I'Jhilst these v,rill
be discussed at some lengt,h in ehapter Vï, it is pertinent

to observe that. r¡¡hilst, each Census Tract score for the

rnajor factors is sígnificant,, and thre sub areas iso'lat,ed

are neaningful and useful, these scores are less valid
for tiie minor factors" fn the case of the minor factors
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there is an increasing tendeney for suceessive factors t,o

select. only anomalies frorn the whole area, I¡JhiLst the

bulk of t,he scores cluster around a mean value, it is the

fer¡r r'ridsly dispersed Census Tract,s lvhich íncit,e att,ention,

Unfortunately, t,he sroall deviatíon of the scores as a

t¡hole, gíves rise t,o a cont,rast, ma;c which identifies both

the areas of rnarlced difference frorn the norrnal, and also

t,hose areas di-st,ingu-i-shed by only slight differences.

The second met,hod of studying the urban area is to

review a single areal unit. ïts stresses and strains can

be understood from it,s scores on each of the factors
select,ed for t,he study. To give an example of this t,ype

of analysis consider the comparÍson betl.¡een Tuxedo (55),

a first, class residential area, t,he dol¡ntonn area (19)

i^¡hich i-s part of the old v¡ho1esale indust,ríal area

adjacent to the C.B"D., and part, of an area reviewed for
urban rener,ral, and t,hirdLy, part of the city of Transcona

(56J vihícìr owes its origin to t,he Canad.ian l$at-,ional

Railvray yards and workshops there" At the out,set it j-s

evident that strong differences exíst betr.¡een the chosen

areas, but hov¡ are these differences reflected in the

factor scores?

In Figure 25 t,he scores for each of t,hese Census

Traet,s on the nine factors are graphed" 0n factor one,

which is a measure of inconre and vrealth, Tluxedo heads the
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list, for the v,¡hole citl whilst, the dor',rntov¿n Tract, support,s

-r.,he column, Traïscona occltpies a posít,ion above the city
average. Tu--,edo maint,ains it,s high score on factor tv¡o

which is a measu-re of social st,ructure. Transcona in this
case falls belorr t,he dov¿ntor,qn area, but both l-ie belor',¡

t,he city average" The poor socíaI structure score of the

Cit,y of Transcona has been ment,ioned earlier in this study"

There is no inarked difference on factor three, but

t,he difference Ín mobilit,y is reflected in factor four.
The extremely high value for t,he dovrnt,or,n: area reflects
t,he t,ransient natu-re of ma::y of its inhabitants, 0n

fact,or five, the high income leve1 provídes Tuxedo r^rith

its high score, and the incidence of central area shopping

facilities is t,he cause of t,he doi'nrtovn:lr s very high ranlc

on t,his fact,or, These ïrere t,he trn¡o areas selected t,o

íllustrate t,he tr,'uofold nature of the factoris structu-re"

Tuxedo has a very low score on fact,or six, a sign

of housi-ng and population expansion. r,l¡'hereas Transcona

approxiraat,es to the nean valu.e¡ the downt.ov¡n area falls
below j-t in spite of suffering a sroall population decrease

in t'he períod L956-6L. The dor¡¡nt,own area occupÍes bottom

position for fact,or seven because of the concentrat,ion of
Asiatics in the area. lúieanwhile, Tuxedo faíIs to score

mueh hígher l¡ut, this is due to its et,hnic tnj-x, trihere a

1or'r percent,age of French occupants Ís,rrratched by a high
percentage of BrÍt,ish inhabitants.
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Itlo marked differences e¡list in factor eight li¡here

the patt,ern ís siinílar to the city normal, The high inconre

of Tuxedo once again differentiates it in fact,or nine. The

lor¡r level of slcil-l in Transcona causes its score to be

belov¡ the city average"

This type of analysis can be performed- for any

area of the city, but, the task ís made difficult, because

of t,he complex structu-re of the factors (especially the

mj-nor fact,ors). Census Tract scores can only be under-

stood Íf reference j-s made l¡aclc to the oríginal dat,a

matrix, and varíables l'¡hich have a high factor weighting

are examíned. Thís is especially the ease where factor
structu.res possess tr¡¡o distinct, and unrelated associat,ions

of variables,
Thís brief exposítion only serves to pave t,he vqay

for rnore rigorous analyses. It provides an exact present-

ation of met,hodology but, reserves the right. t,o delve into
the resu-l-ts Ìrith i.nfinite exactitude. The facts are

presented and a few deductions drawn, but the vast, a¡nount

of incoc'porated infoirnation necessitates analysís along

a narroÌr front, Its benefít,s are more readily visible if
th.e objeetives of the study are cLearcut and simple ín
design, Becalr.se this st,udy is more concerned ¡¡it,h nethod,

a limit to enquiry has t,o be est,ablished and, t,herefore,

much must, remain as purely nurûerícal dat,a"
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CO}ICLUSTOIIS

l¡Ihat lessons can be learnt, from t'he preceeding

analysis? Accept,ing that the component analysis ís more

objective in its approach t,han t,he method of ,sociat .¿Lrea

Analysis formulated by Shevky and Bell, it, is interesting

to compare the results" The three indices (Social lì'anku

Urbanization, and- Segregat,ion) they use as indicat,ive of

urban stru.cture are analogous to three of the factors

clerived by t,he component analysis" Whílst, t,he present,-

ation of t,he data is different, similarit'ies ex-ist in

t,he areal distribution of values. Factor one, the distrilc-
ution of wealth in the commr:nit,y, has t,he sane concentric

zoÍ7.e st,ructure in the urban area as the Urbanization

Index in t,he Social Area Analysis. Fact,or tv'¡o cornÌlares

favourably v¡it,h the Social R.ank Index" The napping of

t.he Social Rank rndex in chapt,er II produces t,he same

strong visual contrasts as shown in the contrast

boundaries for fact,or two" The Segregation lndex devized

from concepts propounded by Shevky and Bell i-s comparable

with fact,or four of the component analysi-s, The two maps

and Table of Census Tract scores have noticeable
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similarities, but, because factor four al-so incl-udes

mobílity in its *ctructure there are some deviat,ions"

Because the factor st,ru-cture ís based upon the

linear transfornatíon of a1l 75 of the original vari-able-s,

it is inappropriate to píct,ure the urban stru-cture in t,he

sarûe vrray as nortrayed by t,he three maps resulting from

the Socia1 Area Analysis. In the latt'er case the com-

ponent,s are well defÍned and comprehendable ' and t'he

relatÍve shadíng has tangible meaning" In t,he fact-,or

st,ruct,ure there is a good case for using contrast bound-

aries as the Census Tract, seores are values based on a

conrplex mixt,ure of 75 variables" Reference to índividual

Census Tract,s is possible by investigat,ing the actual

basis upon r,rhich these scores are compiled.

An i-rportant, difference Ís that factor analysis

is general in its a,cplicat,ion but specific in its resu-lts,
-!,Iherea*q the rnet,hod is equally applicable to any urban

area, given the original sou-rce data, t,he factor stru-cture

and ar¿ount of variance accounted for by each factor ís
unique for each urban area, Social Area Analysis is based

on fixed corilponents r^¡hich enforce the sane rigidity on

each urban area t,o which the method is applied, Yet the

components may have a different significance in each of

t,he st,u-dy areas. Generalit,ies are sought by u.sing such a

met,hod, but, if more precise knowledge is required about
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the forces at, worJe in t,he communit,y, it, is necessary t,o

use nore sophist,icat,ed t'echniqu-es'

Although ít has been suggest,ed that fact,or analysis

is a move in the right, direct'ion as far as u-rban a::alysis

is concerned, it, is im,oort,ant to appreciate cert,ain

liäiit,at,ions in the procedure adopt,ed in this thesis.

These límit,at,íons are of tlto t¡>es, those accountable to

the theory of fact,or analysis, and secondly those

result,ing from specific applications of this analysis in

the preceeding st,udy, Systernatically these 'l íilit,atj-ons

can be discussed in the order in v¡hich tl"rey are encount-

ered in the ma jor part of the st,udy:

(i ) Choice of units of area

{ii) Choice of variables

{iii ) Factor analysis as a met.hod

(iv) Rest,rictions in the computer rnai:ping

(v) InaCequate interpret,ation of bhe urban

st-,ructure of i,Iinnipeg from the results.

fn order t,o formulat,e some crj,t,eria upon v¡hich subsequent

st,udies can be nade, it' i-= r.¡'orthr'¡hile expandÍng upon each

of t,hese firre recognized limítat,ions.

The choice of areal unit,s l,1¡'as based upon t,he rival
merits of the Censu-s Tract and the Enumeratíon ilrea. For

a ni¡r¿ber of reasons the Census Tract, !ìras adopt,ed but,

evidently it,s large size mit,igates against, its usefulness
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in sorrle areas of t,he city. Becau-se it assuJlies honogenej-ty

ruit,hin its boundaries it ís inevit,able thai a large a:aou-i-tt

of detail- is lost. This is especially t,rue in those Census

Tract-,s içith a large popu-laiion and areal extent,, The

-dnumerat,ion Area overcomes t,his liroÍtation as it is based

on an administ,raiive unit, of area- r¡¡hich has a reasonably

constant, pooulation size, Furtherrûore, as it,s size ís so

much smaller it does not generalize t,o the saûÌe ext'ent, as

the Census Tract, does, and for thís reason might satisfy
the requirements of a workable unít better'.

Furt,her st,udies along these l-ines might i^rell be

devized in terms of t,he Enr-uneration Area fÍgures if they

are avaiLable. Once adopted they cause changes in the

technical level of the analysis. The dat,a mat,rix becomes

too large for computer storage and the use of some

transj-tory form of storage (ot,her t,han core) during

computer runs ís necessary. This ís best provided by a

scrat,ch tape and the progra$ rev¡ritten to assimílate t,his

refinement. A.lso a number of the va.ríables v¡hich rely
upon inter census corûparisons have to be excluded as the

Eni.:meration Areas do not, retain concord.ant boundaries

over the ten years, 1951-1961.

Cert,ainl$ âs more and- more census r¿at,erial becornes

avail-able in comouter t,ape form, it is desírable to use

t,he smaller Enumeration Area st,atistics st,ored in this
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raanner" Hitir data for t,he L966 sample eensus becoming

availa.ble, it should be possible to reconstruct' t.he model

so t,hat the type of results;orod-u-ced in -r.his thesis can

be upgraded in a matter of minut,es. trvid.entty it is a

matt,er of convenience in deciding whích unit area i,s

t,o be adopted"

Probably, first st,age analysis of an urban area

should be undert,aken at. the tensus Tract level to obt'ain

a general picture of t,he urba:r dyna:irics, then, if more

precíse and specific results are required, t,he Enuueration

Area can be used as the areal unit," t'tith the likelihood
of collecting cen-qu.s mat,erial based on grid coordinat'es

in the future, a better method of storing data l.¡ill
become avaíl-able" Grid coordinates map into matrix

st,ruct,ures easily, and these can be used flexibly by

com¡rut,er storage systems.

The subject of choosing variabl-es is T{rore

disput,able. Ïn ret,rospect, the list, used in t,his study ís
consÍdered cornprehensive in the socio-economic fields.
Perhaps argument,s can be put fon,¡ard for including some

of the following variables: birih and death rates, age

pyramids for each area, infant deaths, lrelfare, íllegÍt-
imate birt,hs, ment,al iIlness, library book circu-lat,ion,

different,ial property insurance rat,es, retaíl purchasing

power, and retail trad-e in monetary value, The reason
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they have not been included is du-e t,o lack of nr:rnerical

data and t,he neecl to maintain some sinplicity in t,he

model. The index of agÍng adopted as a variable, for
exarnple, is a good replacement for the eleven variables

necessary if t,he age pyrarnid of t,he populat,ion is to be

used.

The rnajor limj-tation is the laek of su-fficient

geographícal variables. There are certaÍn dífficulties in
represent,i-ng qualitatíve eharact,erj-stics ( such as land

use) in numerieal t,erms, vu"i-th t,he major problem of

reducíng geographical characterÍstics of the townscape to

rneaningfu-I numerical representation, Land use, accessib-

ility, pot,ential strengt-,h of boundâryr and gross densit,ies

have been incorporated, but featu-res of sÍt,e, situation,
plan and morphology, eommunications, buÍlding t,ypes, and

t,raffic and pedest-,rian florø's, have a signÍfÍ-cant role to
play in intra urban dynamics. Su-ch manifestations in the

t-,ownscape have been ignored, Assessment of t,hese influ.ences

involves the sort of t,irne consumi-ng fieldir,rork a'l ien to
the speed and object,ivit.y critical to fact,or analytical

met,hods in urban geography.

In ot,her uriran areas t,he list of variables coi-:-ld

be pruned, The et,hníc míx of ltinnipeg is conducíve t,o

the incorpora.tion of tv¡elve variables denoting ethníc

cornposit,ion, Tn other Àmerican and Canadían cities t,he
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ethnic com;oosition is not so in;:ortant, and in t,he case of

Euroi:ean cities is of only nriní¡'na-l significance' Evid-ently

the choiee of varia-bles ivill depend, t,o a large extent,

on the parti-crilar city rrnder investigation"
The aetual analysis is convincing but tv,lo proper-

ties require closer examínatiolt" Fírst,ly, the, use of

principal components analysis can be quest'íoned. Is it
more suitable t,han a pure fact,or analysís? In ret,rospect

t,he components analysis and it,s st,udy of relationshi-ps

l,rithin a set, of variables proves highly satisfactory.

Alt,hough a pure factor analysÍs has greater noise

redu.cing capabilit,ies, it,s Ísolat,ion of single variables

and the measurement of other variablesl dependence on

them, is not, ideal for t,his particular study,

Certain aspect,s of principal components analysis

prove t,he close interpl ay betueen t,he analytical theory

and t,he data mat,rix structure" As is evidenced by fact,or

three, growt,h and mobilit,y, it is possible t,o generat,e

fact,ors because of cert,ain pro;oerties in the origi-nal

coryelat,ion matri-x" The crit,icism does not concern t'he

fact,or" analysÍ-s of the covariance existing Ín t,he

correlatíon mat,rix, but rat,her t,he selection of u:rits
(absolute or percentage values) in v,¡hieh the variables

are measured. If t,oo many variables represent,ing a

similar relationshÍp are included., it, Ís inevitable that
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this relationship will produ-ce a high percentage of the

t,otal trace, lJr"hilst t,his is t,he object of the exercise, it
is necessary to select variables r.rith care so t,hat certain

relationships are not overemphasized. The correlat,ions

betr','een absolute values in eaeh Census Traet, (for house-

hotds, po;ou'lation, and labour force numbers, for example)

are liicely to be very high and t,hey will reflect, a sig-

nificant amount of the t,ot,al variance"

F1ence any criticism concerning the factor analysi-s

is directed tor¡ards its implementat,Íon rather t,han

t,oiorards its theory. The stru-et,ure of t,he d-at'a mat,rix and

t,he choíce of variables and the units of measurement

assume a real Ín'rportance ín t,he use of this analyt,ical

techniqu.e. Given these satisfactory condit,ions, the

methodofogy t'üoll-ld appear to be ideally suited to t,he ty-pe

of analysis undertaken in t,his stu-dy"

The development of a rnapping t,echnique to ísolate
areal contrasts proved satisfactory, The coneepts j-nvolved

in the output, are st,raightforrr¡ard, but, t,here are a number

of ways ín which the out,put can produce inconsist.ent

results. Throughout the mat,hematical analysis t,here is
no spat,ial configurat,íon gíven to t,he 87 Census Tract,

areas, As a result, t,he cont,rasts exist vrit,hin the 87

cel-ls of a dimensioned array, The actual s;cat,ial location

of these cells is not, a;oparent, unt,il the results are
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ou-tpu.t under specifÍc format instruetions to give 1,he

fina-l cont,ra-st, ma-ps"

Ït, is conceír¡abl-e t,hat, t,he ídentifíeation of

contrast borrndaries could be out,put as one coroputer map

rather than 21 maps show"ing t,he contrasts at particular
positions throughout the distribu-t,ion curve of the entire
variable. This ioould save soine t,ime in interpretat,ion but

would necessitat,e i.dent,ifyiirg the spatial d.isposition of

the Census Tracts Ín the computer mode}. This would make

the method too specific in its applícation"

Furthermore, as t,he contrast, boundaries are

measurements between groups into l'¡hich areal values

fall, t,hey vary to a snall extent betlr¡een individual
j-t,ems. Consider the example w'here A has a valu-e L7"O

and B has a value 19,0 and bot,h lie in the group r,uhose

j¡ou¡rdaries are 15.0 and 20"O. Bot,h Ti and Y vuith respective

values of l1,O and jlç.O líe in the group bound-ed by

values J0"0 and 35.û. Assu¡ring t,he contrast beti,,¡een the

tv,ro groups exceed.s the A"5 standard deviat,ions useC j-n

the st,udy, ít is clear that t,he contrast between A and Y

is greater than t,irai betvueen E and li, Deviations of t,his

form are observable in the nrapping technique but detract

to only a small degree fron the ;oracticalÍt-,y and precisj-on

of the method as a lvhole,

A furt,her refínement, in such a t,echnique ís the
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opportimit,y to change the standard devíat,ion value selected

as ident-,ifying a contrast boundary, i+oreover, this change

ca.n be effect.ed during t,he compu-t,er analysis of t,he data

and based u-;oon some specifíc inst,ructíons concerning'the

level of different,iation requ-ired" In order to prodr-ree a

simpler mosaie of sub areas, this deviation valu-e coul-d

be increased unti'l the required degree of generalizatÍon

is achieved in the output, maps. As a method of stru-ctural

analysÍs based on contrasts, the process offers extensive

flexibility and is easily manipulated to the requirenrents

of t,he operat,or"

The use of 'che factor anal-ysi s and th.e urban

mapping is illustrat,ed by t,he exposition of t,he urban

struet,ure of lrtrinnipeg. The u.se of trvinniileg as an urban

area on v¡hich to t,est the methodology has not been

elucidated-" Other than its complex ethnic st,ru-ct,ure, it
presents no characterÍstÍes vrhích favour it over any other

urban u.""u.l, The benefit,s lie in the fact, that, it is
conveníent, to undert,ake research in an area where values

and judgements can be easÍly verified, Results deduced ín

this rn¡ork are enhaneed by personal sat,isfaction in their
value, either by conversation with local inhabitants or

by direct observat,íons of t,he city" To st,udy an area ín an

't
-Frorûson, ].oc. _cit.
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empírical fashion benefÍt,s from being l,rit'hin the environ-

mental cl imate of that area" li.n added reason for stu.dying

lJinnipeg is t,hat, apart frorn tkre current, prograrn of the

Social Audit, lit,t,le has been undertaken ín u-rban work ín

tne cit,¡r or it,s surroundings2.

The actu-al results ext,rapolat,ed in the analysis of

ï'línnipeg have been list,ed in t,he preceeding ehapter" It
is pert,inent t,o rej-terat,e the fact, that t,he expositÍon is
brief because t,he ínferences are nr'lmerous and complex"

The act,u-al urban analysis could forra the basÍs of a

setrarate thesís, and as t,his '1,;as not, the object,ive accepted

at the ou-tset,, only broad generalizatÍons have been

suggested. fn attempt,fng t,o devel-op methodology, it is
ínevítable tha.t, descriptions and resul-ts are precíse and

not encr.mbered rrrit,h urrnecessary asídes" Geographica]

descríption is kept to a reasonably lov,i level when it
fails t,o conform to the ínt,egrated mathematical descrip-

tíon of circumst,ances, In slulrûary, the Looseness and

brevity inherent, ín t,he urban analysis is íntent,ional

but at the sarle time the core of the problem ha-s been

solved and present,ed, and ext,ended researeh is easily

undertaken from thÍs established pat,t,ern"

2An irr.Ítíul stage in this st'u"dy is present,ed in the
unpublished boolclet, SiircÍal Audit: Socío-Eèonomic Stu5[y. j€
I{e !,ro. lg-l-itan $j-n¡i p e
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Having evaluat,ed the act,ual analyt,ical proeesses

and results, it, ís desj-rable t,o consider the overalL

ímpJ-ications of the stu-dy" In the introductory chapt,er

a wide backgroi-urd to urban analysis vüas reviewed" Hor^¡

does t,his analysis fit into the context of accept,ed

patterns of investigat-,ion? To r"¡hat ext,ent does this v¡ork

help to solve the dilenna of a universal set. theory for
all urban research? lE-hereabout,s in the matrix of practic-
ally useful and t,heoretically useful can t,his type of

analyt,ieal approach to the urban environment be placed?

These are vital quest,ions r^¡hÍch need ansv¡ering if the

usefulness of t,he method is not, to be vitiat-,ed,

This st.udy fill-s a particular role in the geograph-

ícal appraisal of cities" As a method it sat-,Ísfíes the

second of Blanchardes objectives, na.¡nely, tire analysis of

the life and organízation of Ín.dividu-aL sett,lernents

aerially¡ âs a whole, and ín t,heir integrated sections3"

From the inter urban viel.rpoÍnt, it offers lit.t,le. Hotr^.iever,

the use of factor analysís as a geographical method is t,o

be foirnd in functional elassificat,íons by Airmad4 and.

I,loser and. Scott,5, I,lan)- of the firnctions ut,ilized in t,his

3Blanchard-, loc, -ËiJ--, see page B in t,his t,hesis"
4Àhmad, 

J-9-%. cit,
5__'i'+oser and Scott, ]-eg-" gffu"
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study of !',Iínnipeg (occupat,ion for e:tample ) are used in

the many city classifications based- on the crit,eria of

functional im;oort,ance and domínance.

Population size in cÍtj-es has assumed a separate

import,ance" The absolu-t'e population of Winnipeg could be

examined in reLat,ion to ot,her Canadian or American cit,ies"

ldov¡here in this particul-ar y¡orl< is thís relationship

examinedr yet, population of areal unit,s v¡it,hin the cit,y

figu-res very hÍghly as a controlling force in the envir-

onrnent," St,abilíty of population refl-ected in immobility,

appears to be a particular feature of some areas" Since

the areal units are contermínous, and the Census Tract

bou.ndaries do not separate dist,inct urban entit,ies, there

is no merit ín postulatíng intricat,e relationships betv,¡een

the .oopulatíon sizes of t,he iirdívidual areas"

The spatial aspect, wit,hÍn t,he cit,y ís of paramount

import,anee. Urban geography has consídered spat,ial relat-
ionshÍi:s as relat,ionships existing betl.reen cít,ies but

there is evidence t,o conclude t,hat similar hierarchÍcal

arrangement,s exist u¡-it,hin a city" The provísj-on of retail
outlets is a good exa:'nple" The sphere of influence of the

ü"8.D. and suburban shopping centres gives rise to
concept,s of urban cent,rality and this is recognizable as

a distinct, characterisiic of the cit,y. The irnportance of

ret,ail pattern is brou-ght out in factors one, four, and
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five, and the close interplay ïi:it,h ot,her variables in t'he

factor st.ructure is clearLy visible.
One advantage of this approach to urban analysis

Ís that it satisfies many of the crit,erÍa raised by

Holzner ejt, al-, in considering relationships betv¡een citíes
of different cultures6. Faet,or analyt,ical nrethods are

applicabLe in any continent v¡ith the one provision that

t-he choice of initial variables must reflect the cultural

forces pert,Ínent t,o the urban environment of each specific

city. Ïf this condition is satisfied-, it answers t,he

rhetorícal question raised by Hoyt, about. dynamic and

cu-ltural changeT,

In it,s concern for just one city, 'r',Iinnipeg in this
caser the preeeeding study shoul-d compare v¡ith the intra
urban ap;croach to urban geography" Perloff assesses part-

icurl-ar usages for urban analysís in the planning field8"
The building of a descríptive model of the urban syst,em

helps to anslrer some of the enquiries he rnakes of the

urban environment, as a prerequisite to comprehensive

planning" Certainly the model is geared toivards e>lplaining

t,he internal st,ructure of cities and rnetropolitan areas

6.""Hol zneY, Donrûi sse , and

/ Hoyt , Lal1d. E.con_olni e s,
ooPerloff , &_ ciI,"

i"iuel] er, þ_c:lt.-
see page 23 of t,his t,hesis"
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cited by l"'iayer as t.he role of t,he urban geogra-ph 
"r9 

.

Furt,hermore, because of its adapt'abilit,y to any cit,y,

factor analytical rnet,hods overcome Boguet s criticisln of

case studieulO, Alt,hough uniqr-re in its application, the

method of a;oplicat,ion i s unit¡ersal.

Like the sociologíst, the geographer i-e interested

ín cLifferentiation within the city" Contrast, bou::daries

produce differentiation and although each particular zotae

for each factor has not been exa¡nined, such a st-,u-dy Ís

not i-rnpossible. In t,he case of factor one, for examPle,

the gradation of scores avday from the centre of the cit,y

is a.ssociat,ed llith roughly concent,ric contrast boundaries.

Because t,hese boundaries exist, it is implied that t,here

is a shar,c break at, particular points along the gradient-,,

vrhich find visual representat,ion on the ground. In this
way fact,or one gives rise to three zoiles in t,he cit,y of

i¡Iinnipeg, First,ly t,here is the inner corer t,hen an

extended frame area, and fínally a suburban zone' A general

picture is accompanied. by this overlying rratt-,ern of

siruilar zones. A similar invest,igat,ion is possible for the

other factors isolated in the analysis, but such a simple

patt,ern fails t,o emerge.

o/i'[ayer, f9c " glt,.
1oBogr.", Joc. ciJ,-,
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In tot,ality the thesís t,ypifíes the objectives

for.md ín sociological analyses of urban areas" It uses

t,he Socíal Area Analysis of Shevlcy and Be]I as a st,arting

point and invol-ves a cornplex of socÍological variables j-n

the act,ual factor analysis. Parkl s aim in isol-at,ing and

exi:laíning natural sub areas is funda-raental to t,his part,-
l1Ícular study--, The concept,s of cít'y st,ructure are

explored and some analogy to Burgessr concent,rie zone

structure has been observed- for fact,or orr"12 and- traces

of a sect,or struct,ure for fact,or trrol3. The lack of an¡r

unifíecl st,ructure to explain a1l features of the cÍty Ís
in accorcl v,¡ith the observatíons of Anderson and Egelandl4'

The uhole patt,ern of urban forces found in lVinnipeg,

reduced to faet,or structures, is associat,ed v'¡"Ít,h spat'ial

dífferentiation. As Burgess and Bogue implied, tto.. began

t,o eruerge the realizat,ion that t,here r^ras a definite
pattern and structure t,o the city , ø o øu15. The early part

of thís study, based on the SocÍal Area Analysis of Shevky

and 8e11, validifies this statement and reinforces the

remarks t,hey make about, the distribution of skills, t,he

llPark,@, p'
12P""k and Burgess, &gj3jy, p,
't?-'i{oyt, The Structule_and r$ro¡q[þ

i\-_eí ebþ erooggq_¿4_ ery€g:- cpn C i3is.q .

I4Arrd""*or. and Egeland, l-o.c-. cit.,
16_*'Burgess and- Bogue, 19c. gi!., p. 7.

3"

5Lt'.

of Residentíal
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organízation of productÍve actívity, and the compositíon

of the populat,Íon wit,hin the urban commr.inít yL6,

The economíe variables included ín the data mat,rix

provide a strong economic fra¡revrork t,o t,he stu-dy, The

fact t,hat the first fact,or depends upon i,'¡ealth ín the

conmunít,y is a sure indícatÍon that economic forees

assr:rne a supreme import.ance in urban structure. Building

values and rents are closely connected vdt'h urban location

and it would be Ínterest,ing t,o examine the trends in these

values over a 50 year perÍod to see t,o r+hat ext,ent declines

in the city core and increases in peripheral areas are

manifested" There are many economíc and hist,orÍcal aspects

of a city structure whích renrain unexplored by the method

of factor analysis.

Inherent in this type of analysis ís a desíre t'o

identify all the forces at work in t,he dynamic urban

envíronment, The choice of variables embraces the geog-

raphic, sociologi-cal, and economic fields, and aims at

being as exhaustive as is pract,ically feasible. The

degree to r,uhich the research is directed along an inter-
disciplinary pat,h is subject, to opinion, but the dat,a

matrÍx itself ean make some clair¿ t,o embracing a mixt,ure

of interdi-sciplinary relationships" The methodology is

16srr",rky and BelL, lgc. gig*, see page 40 in this
the si s.



205

rßathentatícal bu-t, the resuLts are frareed. ín socio-economic

t,erms rr¡ith the geograithical influ-ence represented"

If t,he va::iables, xi , belong t,o one of t,ire three

sets G(geographical), 5 (sociol-ogical), or E (economic),

t,hen the factors, z, , transformed from these 75 variables

rnust l-Íe in the set, formed by the íntersect,i-on of these

three sets, In set, t,erminology this means:

x¡=GorSorE

e (GuSuEl'
but, ,i € GnSnE

Ïf the entire urban system i-s accurately represented by

the mod.el const,ructed from the 75 variables (an ii:rprobable

situat,ion ) then:

GnSnE : GuSuE : I

and zi € I

fn thís case the factors are measurement,s of t'he overall

character of the community, and t'he desired goal of

achíeving urban research on a broad interdisciplinary
front, has been achieved"

The complete impaet of such analyt,ical procedures

in geographical analyses is diffícult t,o ascertain"

l4ovíng furt-,her ar¡r'ay from the cust,omary morphological

approach, they achieve a greater degree of utility ín

thei-r results" The theoretical usefulness of fact,or

analytical met,hods rests in the usefu-l-ness of the r.rhoIe
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aethod and a case has been given to just,ify its merits

on this account,, Subsequent uses of a method- do not, in
general, advance the t,heoret,ical usefulness or under-

standing of the method itself, but, help in isolating

advantages and disadvantages in pa-rticular applicatj-ons

of the met,hod" Ï'Iit,h respect to practical usefulness it
ís beyond d-oubt, that factor analysis is a progressíve

technio,ue" It gives to t,he city planner and urban analyst

a met,hod t,hat, once understood, ís flexible and object.ive

in it,s applicat'ion" By íts use, t,he research worker is

able to reduce the co¡rplexity of u-rban intera-ctÍons t'o

more basic and meaningful patterns" From this plat'forat

he can ext,end the analysis ín a more rígorous deductive

fashion: or break away and use t,he results to furnÍsh

the start-,ing point of a prediet,ive model for the urban

system. The r.rhole field of statist,ícal interpret,ation of

human behaviour is nev¡ and excit,Íng, and thís example

of it,s application t,o t,he human environment of a city is
bu-t, one of its possible out,let,s"



2A7

APPENDÏX A

POPULATTON OF CEI,I-SUS TRACTSl

Tract, Tract Tract Tract

1 6972
2 Lv29I

3 7399
l+ 3h,95

5 890t+

6 9200
7 6b66
8 3262
g t+2L8

10 5796
11 1688

12 3857
L3 536t+

14 32L6
L5 t+788

16 6088
L7 I+7U+

IB L55b
L9 5927
20 3925
2L 7 t+gO

22 t+57 6

23 2Lt+5

2l+ )+2L5

25 L3Lt+7

26 l',1+96

27 Bt+95

2B 3L54
29 tþLL7

3O l+21+2

3L 365L
32 8308

33 598L

3b 46L3

35 866U

36 L576

37 t+4t+7

3B 5669

39 5863

bo 765L
t+L 8189
t+2 b459
tþ3 7 595
l+l+ 7786

tþ5 38Lg
t+6 3967
1+7 l+5O5

48 LLt+85

t+9 lþbL5

50 7BL2

5L b52t+

52 5272

53 bB60

5t+ 9Il+3
55 L25

56 L4B9

57 \.9r
5B l-627

59 t+369

60 36s8
6t 27L0

62 2826
63 2545

6t+ 5tL9
65 69B0

66 3893

67 11660
68 5365

69 6387

70 8206

7L 682

7z 4894
73 Lo969

74 l+zLl+

75 1327

76 Lo39

77 LLþ3t+

78 83t+9

79 237l-
B0 6e3z
81 L3952
82 438r
83 t+338

8b l+0l+6

85 t+537

86 8275

87 TO7L7

lFor location of Census Tracts see l'[AP 1, page 57 .
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APPEI{DÏX B

TLIE DIÀGNOSl']C i¡Å,1ìTABLES

lopglation . sí Ae- a4-d _ st,rl-lc$u-re

t Popu-lation
2 Percent,age change of population, L956-L96L

3 Percentage born i-n Canada

b Percentage aged 65 or over
5 Percent,age aged 15 or under
6 Percentage of dependent,s

7 Percentage nurnber of males
I Index of agíng
I Percentage single over 15

10 Percentage immigrat,ed since 19Iþ6

11 Nr¡nber of families

P gpul at-i o$- poÞi li t,y

LZ Percentage non movers
L3 Percentage moved fronr cent'ral city
Ll+ Percentage moved from fringe area
1"5 Percentage from outside the ¡net,ropolit'an area

but the sa-tne province
t6 Percentage from out,side the met,ropolitan area

and a different, ;orovínee
17 Percentage from abroad

Ethnic_ comi¡gsition

18 Percentage Brit,i sh

L9 Percentage French
20 Percentage German

2L Percentage ït,alian
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2? Percentage I'letherlands
?3 Percentage Polish
24 Percentage Ru-ssian

25 Percentage Scandinavian
26 Percentage Ukrainian
27 Percent,age ot,her European
2B Percent,age Asiatic
29 Percent,age ot,hers and not, st,ated

Rel=i_Stoq

30 Percent,age Jei,^ri sh

LertÍ]it,y
3L Fert,ilitY oi L5 2l+ age grou-i3

32 Fert,ility of 25 && age group

33 Fert,ility raiío as defined by Shevky and tleIl

Education

3+ Pereentage school dropouts
35 Percentage of population r+ho at'tended university

O c cupati onal S3,ructu_re

36 }dumber in male l-abour force
37 I'iu¡sber in female labour force
38 Occupat,ion of males - percent,age skilled
39 Occupat,ion of males percentage labourers
]+O Occupation of males ;:ercentage unemployed

4L Percent,age of female labour force employed as Ì^Iage
earners

\2 Percentage of male l.uorkers unskiltred as defined
by Shev-ky and Bell

43 Percentage of female v.rorkers unskilled as
defíned by ,Shevky and llell
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ïncome

l+l+ Average income of head of househol d

45 Average family income
l+6 'l/age and sal ary incone of head of household

b7 I'íage and salary income per family

H ou s-e h o I 4_ _44|_h o-u Fa,n€

Ie} tïumber of household.s

bg Persons per household
50 Children per household
5L Percentage of hou-seholds v¡ith lodgers
5Z Percentage of detached dvrellings
53 Rooms per drvelling
5l+ Persons per room

55 Percent,age of cro¡rded dwellings
56 l{edian valu.e of property in dollars
57 Percentage tennant' occu;cied

58 Average contraet rent in clollars
59 Percentage occupied for more than l0 years
60 Percentage constru-cted since L9l+5

6L Percentage of apartments
62 Populat,ion densi-r,y

Social struct,ure

63 }lumber of households lnrith automobi'l es

614. idumber of househo]ds lrith t,elevisíons
65 Degree of social dÍsorder

Retail stores

66 Total- nrunber of stores
Ar7 irT'.- tr- ^ * n € 4^ ^ 'n cJr nmn c\-t I r!Làlllr(tJ. vI Ivvu 9LtvI go

6A Number of general merchandise st,ores
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69 Nuiirber of autornobile grou-p st,ores

70 Ni.irsber of apparel and accessories st'ores

7I Nr:mber of hardt¡are and home furnishing st,ores

7Z i'trumber of ot,her reiail st,ores

Physícal Inorphol-ogy

73 Acce ssibil-ity
7l+ Land use

75 Pot,ential strengt'h of bound.ary
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CO]'.[PILATIOI''I OF J]]ITA FOR VARIABLES

Unless lísted belolu, the dat,a for each variable is
d-erived fro¡n the same heading in the Üensu-s. i'lumbers
are el:anged to percentages wit,hin t'he comput,er" Those
tracts in v¡hích estimat,es had to be made are list,ed
agaÍnst, the appropriat,e tract number for each variable 

"

?.L2

Number 65 and over plu-s nrrmber 15 and u¡der as a
percent,age of the total popuJ.at'ion.

Number over 65 d-Ívided by number under 15 x 100.

Estirnat,es for tract, 55.

32 Est,imates for tracts 18, 55, 57, 7L, and 76"

Shevky and Bel} Fert,ility rat,ío. See page 62"

School dropout.s" See page 6L, Ed-ucation Ratio"

Managerial * ¡:rofessional and teehnical- * clerical
as a percentage of the total male labour force"

Labou-rers as a percent,age of the male labour force '

43 See page 6O-6L, Occupat'ion Ratj-o.

t+5 2O/" sarnple. Estimates for 55¡ 57, 7L, 76,
and in the case of variable l+5, 18 also"

Estimates for 18, 2A, 36, 37, 55, and 76"

Estimates for 8, 11, lb, 18, 26,29,30,3Lr 33,
36, 39, l+2, l+3, Lv5, 46, b7, 5L, 55, 57, 58, 6L,
6l+, 66, 7L, 72, 75, 76, 77, 79, and 8Å," It is
questi-onable whether this is a valid variable in
the light of t,he large number of tracts r.r'hich have
t,o be ést,imated. The nimber of missing ulít,s
accounted for by the above tract's is snaIl, however,
in relation to the v¡hole metropolitan area.

Estirnat,es for 18, 2O, 36, 37, 55, 57, and 76"

6

ôo

L2.L7

3L and

))

3l+

3B

39

42 and

44 and

5z

55

56



57

58

6a

6L

59

2L3

Estimates for 28, Lv5, 55, 57, 58, 60, 6L, 62, 63,
66, 69, 7L, 72,75,77, a:rd 95.

Est,imates for 28, 45, 55, 57, 58, 60, 6L, 62, 63,
66, 69, 7L, 72, 75, 77, and 85" I'ledian contract
rent may be based on only a few of the dwellings
in the Census Tract and, therefore, ríay be quite
at,ypical of the rest of t,he dviellings in the t,ract.
Est,i-mat,es for 38, l+5, 55, 57, 58, 60, 61 , 62, 63,
66, 69, 7L, 72, 75, 77, and 85.

Est,Ímates for B, 10, 11, L2, L9,20,22, and 23,

Estimates for 2, 3, l+, 23, 28, 29, LÞ5, Lv6, 55, 57 t
58 , 59 , 60 , 6L, 62, 63 , 6Lþ , 66 , 69 , 70 ' 7I , 72,
75, 76, 77, 78, 82, 83, 8l+, and 85"

Populatíon densit.y. Nurober of persons per gross
u.nit are¿, major enclosed areas of ojlen space
excl-u.d.ed.I.

Est,irnat,es for 55 and 7L"

Estimates for 55 "

Social dåsorder. Nu¡rber of juveníle delinquent,s, -lÍquor offences, and adu1t crínes per 1000 persons¿.

trstimates for 58, 59, and 75 "

A,ceessibility, DÍstance by road frorn t,he centroid
of the Census Tract to"the junct,ion of Portage
and j,iain in the C.B.'l).),

Land Use" SocÍal sub areas nere compared with a
land use rûap" For the st,atist,ical analysis an
art,ificial scale vras devized. Three divisions
'i,J'ere used as vreight,ings: C.iJ"D. (2), Industrial
(O), and Residentia.l (10). These v;eights rlere
multiplied by t,hp percent,age of ea.ch l-and u*se in
the Census Tract,¿+.

62

63

6l+

65

66^72

73

NTt+

t_--ljata calculated by pl animetric measurement,s"

Data from Socio-Economic st,ud,-v of i¡Iinnipeg by the
Departrirent of I'Ielfare, L967 "

3Datu. from d-irect, measurement,.
&Dut,". com;oiled- froro land use nap in the Eç,o4om!c

Atlas of i4anit"oba {Plate 36), Department, of Inffindffi
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The irotential of Census Tract boundaries t,o form
physical bou-ndaries ln¡as measu.red as follows:
(a) Ea-ch t,raet v¡as isola-t,ed in t,urn and its
adjacent, t,ract,s ÏJ'ere ascribed a score:

10 if separated by a river
6 if separated by a raili^¡ay Line
3 íf separated by a maín road or open space
1 if separated- by a minor road
(these scores are purely subjective).

The sum of t,hese scores vras found for each tract
and divided by t,he nirärber of tract,s adjacent, t,o
the tract, in question.
This ra.íses t,he issue of lueighting Census Tract,s
but, as t,his variable was so irnprecíser flo
mathematical adjust'ment, beyond that explained,
uas perforrned).

Ã/The problenr of weighting valu-es is v¡ell documented
ín Ä"H"Robínson, t?The itJecessity of l'Jeíghtíng \ialues in
Correlation Analysis of Areal Datartt fu\..J!¡þ, XLi¡T
(L956) , pp" 233-236"
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.{PPE]'IÐIX C

(i)
SCALED JJALUES FOR SOCIITL RÀNK IIi]DEX

Tract, Value Tract Y-alue Tract "ia1ue Tract falue

I
2

3

l+

)
6

7
Õo

9

t0
11
L2
L3

1¿r-

L5

L6
L7
I8
'lq

20

2L

22

66"48
58,79
76,49
75.O3

79 "32
67 .66
63,r+6

38 "64
66.o3
83.92
85 'bl+
92,L5
55 "32
63"22

7L,32
73.97
58 "78
87 "38
92.86
63.7t
7r,o7
85 "64

88 "23
L,6"l+L

59.L3
59 "21+
67.91,
t+6 "99
35 ,52
27 "02
bL"85
56,37
38,89
49 "6a
l+O "66
60,gg
3L "3L
39 , h.5

33 "4r
l+9 'Oz
6r"95
33 "L?
11"07
22"95

23

24

25

26

27

28

29

30

3L

3z
33

3l+

35

)o
37

3B

39

À.0

¿fl
l4+a
Iv3

l+Lv

0"0
5.27

L6"87
lL 'll*
57 "L2
5l- " 08

32"LþL

50 " 
l+l+

68 "26
6I+"A3

92"60
6a "5L

100.0
3.92

7\"61+
6L "O9
)+g 

" 67

Lv9 "3L
l+2" 56
10.8¿r

39 "L3
33.63

45
l+6

47
¿FB

49

5o

5T
qt

53

5Lv

55

56

57

58

59
60

61

6z

63

6l+

65

66

l+9 "6a
63 "26
5l+ "9O
67.7L
oÃ Ão

15.88
3l+.89
4A"22
83 "29
TB .66
l+9 'LLþ
)1.¿¿.
28 ,ZIp

2g "68
20"63

55 "4L
t+g "67
Lb "30
33 "98
92,16
3l+"87

67

6B

69

7o

7t
7z
73

7l+

75

76

77

7B

79
O\J

81

o¿
Õ^o)
oto+

85

86
87
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PPEÏ.{DTX C

(ii )

SCALED -"TALUES POR URBAI,rI-IZÀTfON TI',IDEX

Tract. Value Tract rlalue Tract, Value Tract 
"Ialue

I
2
a)
l+

5

6

7

B

9

10
11

L2

L3

Ll+

L5

L6
L'7

18
10

20

2L

65"76
60.65

58 "95
56.7L
5L,98
L3 "za
53 ,66
bl+.59

32"72
39 "Lþ6

37,78
l+3 "6L
bl+.91+

53.58
66.70
62" 60

58"49
52.L9
39.50
30 "92
LL.Iþ5

33.O5

53.89
Lb.25
35,87
l+9,1+2

56 " l+2

62"2Ì+

60 " 
t+6

Le7 "29
50,73
38,33
L"7L
I "7L
0"0

27 "96
L7 "9L

7 "82
53 "32
59 "25
LÞ7 .26
Ll+'07
4A"58
of "o¿

23

2l+

25

¿o

27

to
2Q

30

3L

)t

33

3)+

35

36

37
3B

39

4.0

41

4z
t,?

L?It

66 "33
61+"93

57.L9
69.1+O

l+L " 6l+

32,?ü-
53,14
h2"27
58 "O9
75.71
99 "LL
7 5.48
91,10
7L'l+9
80.72
92.L5
7L"39
84"10
7L "85
65 "O8
7 6,37
65 "48

l+5

l+6

l+7

l+8

l+9

5o

5L

5z

53

5l+

55

56
rñ)t
58

59
6o

6L

6z

63

6L',

65

66

64.57
63.89

75 "9L
B0 " 4.4

89,5!
8/+" 88

60 .6L
58 "5L
92"36

45 .66
70"10
65 ' l+6

l+6,67

52"09
7L"28
6h," 5g

6L,29
59 "l+2
77 "78
7L"Ol+

100"0

67

bö

69

7a

7T

7z
73

7l+

75

76

77
nõ(o

79
80

81

82

0)

BJ+

B5

86
ónol
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,A.PPENÐI]T C

(iri )

SCALED \T"ALUES FOR SEGF,EG¿TïON ïi'iDEli

Tract Value Tract Value Tract ïalue Tract 'iialue

I
2
a)
l+

)
o

7
ti

9

t0
1t-

L2

L3

Lb

L5

L6
T7

1B

L9

20
21

22

2L,89
4Y")1
53 "22
6l+ " b2

46"85
56"90
50. rB
38 "25
L?9 '23
5L" 1+9

59 '31+

7l+"38

35.75
16" gg

LCI "4h.
10, 61

L0. 86

37 "70
30 "91-

6"1+O

o.75
25"5L

24"87
6"a7

lÀ" " 1¿r

22.71+

5,83
L8 .52
23 "39
18. O0

20 " 1,,5

LL,7 2
2,75
L"7g
2"9?

19.06
L8,96
10"30
27.83
2]-,77

5"59
9 "ll+

26.r3
Ll+ "7O

23

2l+

25

26

27

LO

29

)v
3L

)4

33

3h

35

36
37

38

39
l+O

l+I

bz
l+3

l+l+

bl+"23

41"a3
39,73
33 "94

100"0
86 "L3
2L02
36"99
37 "7L

5 "3A
36"91+

22"47
26.88
23 "06
0"0

L8 "L2
28.3L
25 , LvT

L2" Lþl+

b2"bo
L6")+l+

9 "L9

l+5

l+6

l+7

+a
l+9

50

5t
5z

53

5r+

55

56

57

58

59

60

6L

62

63

6l+

65

66

8,70
Ll+ "77

9 '28
LrB.22

53.LO
Iv6"03

4T,L3
L5,63
25.69
30 .28
22"96
32"30
l+7.96
l+5 "73
36,L5
c2 tc

?3 "53
38 "O3
L2"A8
LL"63
r4,7 t+

o1

68

69

7o

7L

72

73

74

75

76
77

7B

79
BO

81

B2

83

8l+

85

öb
óñol
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-26 -L9
-25 -5929 7z25 66
-19 -59
-L7 -43-16 -bz-08 -25-08 -30
-L5 -32
-Lg -UL-L5 -31,,28 5409 -o2
-o3 04-

-06 -o224 -36
-o2 -o7
2l+ -Lz
5L -4-o52 -73

-o7 18
L6 -0¿þ-L9 L2

-06 02
-20 L5
-13 07
0t -o7

-75 79
-81 gO

59 -65
-50 5a
-23 L9
-t+7 5B
-32 l+5

-18 04
60 -68

-Ll+ Oz
3h. -23

-74 66
66 -7t+
53 -69

-/,t1 ?{
YV Jl-61 5z
t+L -39
48 -bL22 -L6
32 -2O
36 -32l+7 -l+3
41 -37
5L -1+7

-63 7 L,

-L5 Lt+
20 -L2

-2L -A6-b7 27
-b6 oo
5l+ 1¿r
l+6 l+l+

-2a 5716 -r1
38 0?

-26 -r7-26 -08
-26 -r7
-33 -11-
-32 05
33 -77
b5 -72

-O5 t+5

L5 -39-]0 -41t+3 -37
37 -26-2L -100L 67

-30 -08-o7 01
11 -L7

-22 7l+
-38 47
-L9 -22
-3L -5520 39
L5 3900 07
28 26
L3 36L5 t+3
22 28
f4 Lv7

10 -52
-25 -3t+
-o5 16

2Lg

10 11

L3 952L 67
-t+7 L7
50 -29
36 -?8
33 0¿+-

27 _A2
65 -01

-llr o¿f
-41 05
-52 11
-52 L3
06 96
01 -o7

-3A -1068 -o5-6o -c5
-08 -01r0 -ob07 -32
4A 02
L{-1 'Lz

-38 13
02 -11

-52 L5
¿l1 -O257 29

-67 03
-5r 20
58 -2O
30 ?L
40 5h10 05
26 20
L7 00
3h, L6
18 02

-39 -0607 33
-L2 -L5

I(J

-r^ÌO
-39
-l.5
o2

-20
-77

26
08
03

-03
o7
00

-11
65
79

-56
54
11
)(
l+9

-11
-6L
-10
-08

l+5

-66
-7o

22
))

-)o
-26
-06
_04
-2L
-30
-26
-33
70
11

9

-L2
25
1Õ

35
55
74

_L3
o3

-22
-L6
-30
- /,o
-1I
'5o
-53

63
-59
-2?
-?8
-1/+
-Olr

83
-1 ?

a2
-53
7b
5L

-36
-62

5o
Lþ3

08
27
39
47
38
5L

-65
'38
10

( C orre ct to 2 decìmal places)



220

L2

1
2
3
1,,

5
6
7
o(J

9
l-0
ll
T2
13 -28
Ll+ -11
1 5 -1,9
L6 -t+6
LT -t+6
18 17
L9 -10
20 -L7
2I -2222 -10
23 01
2Ì+ 01
25 05
26 09
27 -l-1
28 -L5
2Q -?'ltu/ /ù

30 -o33r -o7
32 t7
?? -2?) ./ Þ¿/

34 -o7
35 08

L6 L7 1B jgt514L3 22

-3306 09
-o5 ?L -14
-L6 L9 08 -o¿h
-22 09 14 -18
-35 L3 09 01
-L9 Ll+ -O/+ 10
-o7 -07 01 -2703 01 32 -L5
-o7 02 22 -11
-20 -a7 -16 -2L
-04 Lt+ -11 L5
3tr- -08 -11 10
07 LZ -14- ¿rA

L9 22 33 ZLv

-18 -23 -23 -23

_83
TB -0401 -o2
5L -t+L

-2L 09
-25 22
2t+ -06
36 -35

-23 32
35 -2828 -28

2L -1823 -0918 -22
Lt+ -2618 -CI6

-L2 2L
-t+6 37-ho 59
18 -L602 -ob

2T
25 10
01 bgL6 -11-L2 -2L27 -10
32 -L2

-1¿l -t+3
-L7 02
2l+ L5

-L3 -46
-30 -0¿p01 -10r0 34-33 a7
-16 -O7
-?l -17/--o7 -09L7 -56
-2O /r8

-.1
-10 -3L
32 -2t+
59 -L5

-26 -t-0?7 -7623 -L6
-o4 66
05 -7227 -t+509 -1¿þ
3L', 03
11 -26

-L2 -L7
-26 -09
-22 -2L25 -6L
-L4 5t

{Correct to 2 decimal places)



1_2

36 -11
37 -L7
38 25
39 -r7
40 -t6
ta^ô+t - /.o
bz 03
t+3 -O7
bt+ 11
r+5 18
l+6 2L
h.7 2b
48 -o7
49 -08
5(^} -oq
5L -25
52 35
53 L9
5t+ -Lg
55 -o7
56 -11
57 -t+7
58 01"

59 57
60 -116r -436z -L363 11
6t+ 25
65 _28
66 -2067 -016t -L269 -29
70 -2O
7L -11
72 -22
73 06
7t+ 25
75 08

20 -11
32 -21,,

-L7 L6
22 -2327 -27
L',A -5L00 a5
b0 -32

-26 28
-22 2L
-29 27
-26 23
2L -11-

-39 39
-57 58
57 -58

-56 5L
-22 L2
-L5 26
-20 25
-22 3A
55 -50

-f ¿þ Lz_o5 -22
-50 5e
6z -t+760 -58

-52 50-36 3z,,o _t,q\/ -/ad 11,o -))
?, -90Jfu fu/

L6 -1Å"
30 -2532 -?,633 -32
3l+ -28-55 62

-08 08
-T5 OB

03 L3
ta nÃkJ v/

-3L 3807 -3606 *28
36 09u -5001 -53

-Lg 38
-27 36
-31 r+O

-30 3907 tl
-10 -o2_L7 06
38 -11

-3t+ -O3
-27 28
06 -3603 -30

-O9 Lþ6

35 L7
-09 50
-35 -32
-L5 30t+Z 09
30 -06

-2t+ 43
-20 24
10 -1822 -0900 -26LZ -01+
3l+ -Oz23 00
L7 -Ll+26 o¿þ

-L5 07
-26 00
-11 06

28 0335 oz
-3?- 66
3t+ -662L -hL52 -o705 *1,,9

bt -76
-29 5A
"30 5L
-38 62
-37 6t+
22 0B

-o5 -19
-32 -ag
6t+ '27

-6L 33
-10 28
-o2 -4-B-os '36-L6 4z
50 -21+

-2L 56
-o7 -04-37 29
Lþ7 -L666 -L7
-5L 6z
-36 37
5z -393L -2238 -39
Ot+ -13
32 -L518 -09
3r -2L20 -O7

-47 2L
-03 a3
-L3 32

-o9 14
oL', 17

-22 -2L18 02
L6 -o711 1r
L6 2L

-03 30
-L9 -L6_L7 _2L
-2L -2L
-2L -24
-o7 09
06 23
18 -0301 22

-19 02
-2,0 10
26 18
2r+ 02

-11r -1022 -I9
-27 -og
-01 -o3
-L2 -O216 -o9
-0¿L 1B
-11 -16-og -og
06 11
L7 -a709 10
Lt+ -L520 -04
LLv -Lz1t -o?1& -11_Lg _o2

-28 Ll+
-01 -01+

22L6'i5LLr't? 11
-f

18 T9

22L

l_8 -2827 -L9
-?l -22
33 01
35 -08l+2 -l+311 29
33 -01"

-30 -06
-29 -L2
-35 -09
-3b -11,rL -26
-O2 3r+

-29 t+O

66 -22
-55 L9
-09 -o2
03 33

-03 LÞb

-)1 -ñ"7vt

39 -2t+
-28 -01'-05 -2L
-¿rO L7
39 -2L
52 -33

-53 04
-1,1 -O3

ts4)J -¿¿3r *25
29 -2607 -t6
39 -221B -I7l+L -2L22 -18

-/+0 46
-08 07
-06 05

( Correct to 2 decirnal places)



^1Èt

I
,
3
4
5
6
7
I
9

10
11
T?
L3
1¿f
L5
r6
T7
1B
1q
20
21
D.)

23
2t+ 3L25 -5r+26 89
27 29
28 03
29 02
30 L6
3L 20
32 01
33 L5
3t+ 56
35 -t+6

21,

_L5
L7 -47
2¿+ '4'9
06 06
05 t0
L9 -3805 _1_2

-L3 -10-09 -r3-o2 -1820 09

?7 ?825

L900 05
-o9 -11I0 9t+23 -o502 -232t -08
5l+ -L2

-46 L7

(Correct to 2

28
-o9 -L703 -08 -o701 -09 -26
-01 -08 -0927 tro -31
-L5 -L5 32

decinral :olaces)

222

38
49 62
L5 22 26

-2O -3L -¿{-0

3Oto26 333231,



23

36 -o237 -o7
38 -5639 63/+0 29I+L 05Ì+2 4043 77
1+4 'l+4
Ì+5 -b5t+6 -53t+7 -54/p8 -O5l+9 11
5A -O1
5L 23
\) -tQ/tu tu/

53 '2t+
5t+ 3255 29
56 -[157 20
58 -5359 07
60 -2961 L2
6z ?o
63 -6L
6t+ -2665 3766 L6
67 ¿po

6a L2
69 04.
70 02
7L 1-6
72 00
73 -Lt+
7l+ 10
75 -3L

)1,

-04- 03
-o5 12
06 23
L7 -Lþ3L2 -26og 0B
06 -20to -totu¿l tu/

03 14.
05 L2
05 22
04 23

-o3 05
-'ì'ì -1 1,,

-21', -L52lç O0
-2t 2qtu/

10 01
-11+ -L7
-L6 -32-o7 11L7 .2L
"o9 27
Lt+ 03

-21+ L7
L2 -L2
Ll+ -01

-L3 30
-22 0g
L7 -L2

-o1 -0606 -L9_04 _a6
-o2 10
-o2 -0102 -03
-o5 -01
-23 10
20 -1600 L5

-08 L7
-14 01
-5Ì+ 0ó
58 L2
29 15

-oB -024o -o3
7L 26

-38 03
-39 05
-t+5 -03
-l+7 -Ol+
-11 12
Lb -1005 -r510 07

-08 -20-22 01
33 -0630 -r2

-37 0505 Lh
-46 06
11 a3

-L7 -09
-o3 16
06 18

-b9 -L5
-23 -0427 11
09 0B
32 17
0l+ a5

-o2 -o2
-01 ol+
10 0l*

-06 ol+
01 -1805 20

-28 -26

-o2 -08_04- _01
-2b -26
32 27
6L L3
2t+ 3903 -lt?8 10

-2O -21+
-L5 -2h.

^t ^^- 
/lt 

- 
/ 1tut tu)

-25 -26
-10 -L2
-L6 02
-L5 03
40 ZLv

-2t+ '27
-L9 -0908 03
00 -olr

-L3 -a735 43
-23 00
-01 -o7
-2L -O7
29 20
08 l_0

-3k -L7
-59 -26
55 27
51" 18
16 03
56 Lb
55 L5t+8 L7
57 22
53 L9

-33 -3L
aô ôô-)á '<.4

-01 L2

18 -10
-01 -?t+
2l+ -L9

-10 12
-o7 -0t
-L3 -3L-r4 20
07 22
L7 -o3tq -oLL5 -O215 _08
L6 -11

-o9 32
-10 39
-1 I -2?tuJ

-0¿'- 27
11 03

-L7 32
-20 L9
L5 -o7-o3 -2525 -2203 -020l+ 14
03 -3206 -2906 -o716 01

-09 05
-06 -0107 08_03 _0r
-r7 -L3-o7 00_13 01
-o7 -04
-o2 3529 09
-25 -11

tt)

-Ll+ -10
-¿¡.1 -39
-16 -3307 1B
-13 -o5
-l',9 -6820 3A09 L7
02 -o8

-o2 -L705 _oB
-o2 -18
-18 -L6
58 71,,

70 85
-39 -13
1.1 ?g
Lb 05
t+9 6A
35 6L

-I2 -11
-t+6 -U3
-18 -22L4 -28
30 t+b

-56 -53-56 -63L2 11
20 Lg

-08 -L5
-11 -r905 -o706 -01
-o9 -10_L7 _22
-o9 -L5
-2L -26
38 66

-01 01
-o2 -11

30292',7.LLU¿) ?1 33

(Correct, t,o 2 decj"mal places)



31+

35 -86
36 -1437 -o7
38 -86
39 72
4O 5t+
/+f Ll+4z 5zLþ3 7L
l+l+ -72]+5 -73
b6 -80
t+7 -81
t+B -L7t+9 Lz
50 07
5L 3t+
5z -26
53 -535h, 63
55 50
56 -7057 27
58 -7b59 10
60 -386L 20
62 L6
63 -69
6b -¿PB65 4766 3567 33
/r, ^^o() áá
69 3L
70 2l+
71, 38
7Z 2l+

73 -L5
7t+ -2675 -08

o6
CI6 7LB6 13

-51? -ZL
-31 -L7
-o9 L5
-5r -20
-59 03
78 01
83 02
81 06
Bl+ 08
l_0 95

-27 -r3
-27 -18
-r¿l, 07
OB -L6
57 -o5-76 -a9

-t+9 -31,,
73 03

-o7 02
7L 08

-01 -1310 0B
û0 1I

-a3 39
5t+ -0423 08

-27 -O9
-21 ?2/Þ
-26 57
-18 07
-r8 29
-13 10
-26 28
-L0 14
01 -L626 27
L3 -16

a3
-L3 -77
-03 -5L
52 -22

-03 -56
-06 -7L_L3 82
-11 86
-L3 92
-o7 95
76 L6
1ô alt

-)(. -4+
-41+ -1837 -37
-t+l+ 3L
-L7 53
-20 -70
-3b -55
-o2 73
30 -3503 75

-o7 00
-2t 35
l+l+ -?O
6t+ -16

-L9 72
-!3 t+3
06 -t+7
32 -35
49 -3601 -26
33 -3LL5 -2328 -3620 -23

-36 L5
11" 35

-o7 23

ho

70
ad õr1IO r. Irú 28
7Z t+6

-56 -b5
-56 -¿rO-67 -52
-70 -53
-26 -L9
LLv -2006 -2L
b6 50

-t+L -38
-?1 -?gl+l+ 25
56 34

't+7 -37)+9 56
-65 -5t+
-o? -otvJ

-5I -t+929 t+9
L7 22

-73 -6L
-51', -7 56o 63
39 5z34 L9
30 37
34 4t+29 52
37 b929 5t+

-27 -37
-38 -39
-L7 -a5

l+2

_o5
L5 b8
-36 -t+3
-33 -46
't+3 -5O
-36 -5LL7 -05
-44 2L
-6b L5
69 Lt+_63 _08

-33 -28
-r), 41,tua /a

-39 t+3

-2O -t+5
70 01

-L9 -1506 -o2
-45 -18
7L -01
70 01

-b3 -t+Z
-41 -22
45 2L
¿rO 10
23 L9
16 L7
38 L2
35 02
36 11
39 00

-7 t+ 05_23 -l-0
0l+ 'L5

t ¿,+

LpLt

-59
-58 97-66 93
-68 92
-a2 -0105 06
-o9 06
t+Z -36
-3L 3 t+

-37 7L
t+3 -532L -3L

-58 9o
2t+ -39_65 80
L5 -13

-Ì+Ì+ 39L7 -32
2B -3O-78 65

-t+9 4O
55 "b5
&o -365b -3425 -2b
32 -28
,? -)'7fuJ H'

42 -3622 -27ô, ô/ì-)+ )t
-06 28
_21," 0B

7635 )o,( 39 l+314.I

(Goryect t,o 2 decimal places)



Iv5

36
^ît)[
38
39
l+O
l+L
hz
b3
h,l+
l+5
t+6 95
47 9L?
&8 02
t4.9 -O75o -035L -3652 3t
53 67
5U -6255 -3856 88
57 -3358 80
59 -o46o 316L -256z -2763 63
6t+ 3365 -/+166 -2967 -3068 -rg69 -2t+70 -2L7L .3L
7z -1973 2t+

7t+ 28
75 10

9906 10
00 -080B -o2

-l+9 'l+5
b5 t+Z
66 Ar

-57 -63
-37 't+3
82 81

-l+6 'bl+
79 Bo

-06 -o3
b5 41

-t+O -35
-36 -29
75 75lv7 r+7

-5L -5L
-/r-O -40-3s -37
-26 -27

a) ))')) -))
-30 -30
-40 -À,1
-30 -29
3t+ 27
3L 3LL3 L6

-¿o
-21,, 8l+
01 -20-L7 3z

-1¿þ A.6
-LZ 5l+
-36 56
0r_ 05
06 -Iþ8t-0 -04._L3 _18
05 41
18 -6b
t+0 -b9

-01 10
07 39

-L3 -r2
3Z 'l+l+
5a -16a7 -2226 -24't ? -Lq26 -36L5 -52

-L6 53
25 10*13 -L2

-57
1'S -7L20 -06
6L .L2
6L -r-1ob -2b

-t+6 6L
-o2 -33
-26 10
60 -68-63 6n

-7It 7Z29 -6939 -59-27 68
-35 41
-2L 30-r1 25
-27 5z
-3t+ 30
-33 t+3

-37 36
6a -66-01 -L7^L2 02

26
L2 -4105 -L3L7 6b

-80 -b726 56
08 L2
60 L5

-82 -52
-69 -23
58 ¿l0
l+9 l+4

-52 -28
-1,,2 -l+9
-¿'-f -28-L7 -29
-À,0 -30
-28 -l+B
-42 -l+z
-33 -Lv9
61 25
07 37
06 lt

,2q

7L
-52 -29
-08 00
-51+ -l'"2
-2h -30L9 -01
-18 -11'
-28 -29
-30 -21+
-06 -01a6 L2
07 *o8
1&. -0311 00
0B -o902 -o709 -0¿'.

-o2 -1125 36
^/ ^/r-/.O -¿O

-26 *23

L,6 L¡7 4s b9 51+53 55qt5T5o

{Correct, to 2 decimal places)



36
aÕ)t
38
JY
¿r-O

4.1
Iv2
Lþ3

r+L

b5
L,6
l+7
¿rg
l+9
5o
51

5z
53
5Ì+
55
56
57 -2a
58 80 -28
59 -28 -L660 41 ^5t+
6L -L6 9L62 -22 5763 59 -536h 28 -6165 -33 5966 -3r 5567 -36 28
68 -22 3L69 -2L t+6
70 -22 53
7L -29 &e
7z -2L 56
73 27 -6Lv
7 h. L7 -3775 05 -05

-L2
t,1 -1,2Y+ Atu

añ
-/ 

/ 
-t 

Ita

-2L L26s -r3
1+4 -04

-4.e 07
-4.0 01
-37 L7
-27 -04
-?1 -ng
-3L -O2
-l+1 07
-rQ -n/,k/ \/Y

23 -25
2l+ 20
08 L3

60 61

'51+
-61,, 66
69 -4850 -6r-b9 52

-t+7 57
-Iv5 29
-)? 2q

fu¿ H¿

-3O LÞ5

-39 55
-t+6 b7
-39 5963 -6310 -27
03 -01+

-51+-3s 6o
t+z -7O -66
b2 -61 -61
5L -57 -3L02 -36 -38
3" -t+7 -l+629 -t+7 -594e -59 -59
3L -4-B -5a

-6e 5t+ b809 19 28
-r_B 20 *o5

¿ ¿()

65 66

5o
35 67
35 7Lt+5 73t+Z 9L
bB 8l
t+2 gt

-r+9 '5O
-¿'.0 -29
-a7 -L6

6Lþ6362595a5756

(toryect to 2 decimal places)



?27

67

36
37
38
39
¿ro

4.1
l+z
l+3
lþb
l+5

46
b7
l+8
,.o+./
5o
5L
52
53
5Iþ
55
56
57
58
59
60
6L
62
63
6Iv
65
66
67
6s 3569 4L
70 39
7L 59
7z 36
73 -36
7t+ 07
75 -30

68 /-O

63
61 53t+8 5A
7L 65

-26 -t+3
-?2 -?lJ_*o3 -o5

80
9t+ 77

-¿lr -t+6
-38 -Lg
-'t 1 -1C

7z 73 71+

-1,4-r/
-35 L5
-08 -o5

717o 75

o2

{Correct, to 2 d.ecírnal places)
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,{PPEùTDIX E

FORTRAN Iï Pil0ciìAili
FOR FACTOR ANALYSTS

Dri,iEi'{-sroN T( 87 ,75 ) ,,'{BAR (75) ,s(75) ,rt(5625 ) ,R(3000) ,
LB(7 5),T!' (7 5 ),D175 ),T (7 5)
cALt cORP.E (e7,75,0,x,x841ì, s,v,R,D,B,T )

IIRITE (3,2) (XBÄR(J ) ,J:1,75 )

2 FøRI\,IAT ( 6HOl"ItrAi\i s/ (eFl-s 
" 5 ) )

URITE (3 ,3 ) ( S(J ) ,J:L,75)
3 FøF¡,IAT ( 2oilosr.tllDARD- DEtif rtTroNS/ ( sF15 .5 ) )

D0 12A I:L rT 5
D0 110 J:Lr75
rF (I-.1 )toz,1.o4,1o&

LOZ L:I+(¡'t,l -J ) / 2
G0 TO ltO

104 L:J+(!,yT-I)/2
110 D(J):it(L)
t20 i'rRITtr(3 ,5)T, (D(J ) ,J=L,75)

5 FøR]îAT (4Honot'¡r 3/ ftost?"5) )

C'0N:1 .0 ( ffii s i s the lowe st value of ei-genval ue
requíred in the extraction of roots)

Iviï-:0
OALL EIGEI{(R,ir 175 rr'ri)
CALL TRACI' (7 5,R.,Coll,K,D )
D0 130 I:I,K
L=I +i T:,I-Tll / z

L3O s(I ):R(L )
IJRITE (3 ,6 ) ( S(J ) ,J=l ,K )

6 FøiìlIÄT (tllo/tzY, Ef GEÌ{VÄLIJES/ (ro¡'r2.5)
T,,¡RITE (3 ,7 ) (O (,1 ) ,J:l ,K )

7 FøR].,IAT ( 3THOCUÏ''IULATIVE PtrRCEtiTAGtr 0F
(ro¡'r2"5))

I,iRf TE (3 , S )
8 FøRJ{AT (LHO/L3H ETGEI\I\¡ECTORS )

)

EIGEi'tr]/ALVE/

T-^!-\J
D0 150 J:l,K
D0 140 I=L 17 5
L:L-i-1

1/+0 D (r ):v (L )

150 IïRITE (3,9 )J' (D(I ),I:L'75)
9 FøRi,iAT (7Hor,uctoRJ3/ (ropr 2" 5 ) )

cALL LOAD (75,K,R,T)
I,IRITE (3 ,10 )tt

1 ^ ttrl,,s¡.¡,i m7i¡rn /1 ltr rrir ñrnflÐ Ì5^ r|-lÞT\i I Ta Ôu n,,tn'i.npq\ I
-!-u I')¿Jlì.rut.l{l- \Ir}v/ IL)rl I¡lvlvrL J-'ll'tlLLJ-r\ \ rJ-) r7tt r'ãvf vr\w l I

D0 180 T=L 17 5
D0 170 J=lrK,
L:75",1.(J_l)+I



L7O D(J ):-'i(L)
180 TTRITE(3,r1- )I, (D(J ),J:1,K )

l-t FøRr.iAT ( 9H0 iARr t\BLtlr3 / ( 10Fl 2 " 5 ) )

rF(K-t- )L85,185,r88
185 HRITE (3 ,19 )K
t9 FøR].I"AT (5ttOONl,y ,r2 )AH FACTOn, RET]\INED N0 ROTATTOI{

G0 T0 100
188 CAIL 1,ÍAR}I]( (7 5,TI,V,NC, T],¡,8, T,D )

i{V:itic -¡1
i;JRTTE (3,L2)

t-z FØRtfntiÍso/lon r1E'î,AT]ohT,7v-,9Hvt\lìfAt{ctrs/sn crcr,n )

DO 190 ï:l rNV
llG:I-l-

190 i,rRITE ( 3 ,13 )NC , TIr(I )

L3 FøRidAT (16,T2O 
" 6)

ÌJIaJTE (3 ,1¿l )K
11' FøfiiuAT(tHO/z4H ROTATED FAcrOR IJL\TRIX (13,9n FAOTORS) )

D0 22O I:L ,7 5
D0 310 J:l-,K
L:75. ,1.(.J_f )+I

310 s(J):1,'(L)
220 ITRITE(3,15 )I, ( s(J ),J;J,l{ )

u FøRiiiAT ( gHOVARTABLEI3/ (10F1 2" 5 ) 'l

irR.ITE (3,L6) 
.

7X,8H0RïGINAL
1 ,12X , 5HFINAL ,10X ,IOHDIFFEIìENCE )
D0 23O I:L'75

230 iíRrrl(3,L7)r,B(r ) ,t(l ) ,D(r )

17 r@niirlr (I6 ,3F18. 5 )
lOO CALL ÐiIT

Ei\ID

224

CORRE calls upon the Subrou.t,íne D¡\TÀ in order to
;oerforrrr the correlat,ion" The data nairix must be
read into st,ore ,'i. The following program vJ'as used

SUBROUTI}]E DATA
D0 2OO K:1 ,75
nEAD (L,ZO2)N, ( r(r ),r:1,15 )

2A2 FøRM,AT (r 2,L5Èt+)
rfRrrE (l ,zoj )}[ , ( t (r ) , r:1 ,15 )

2A3 FøRtlAT (titO , I VARTABLE t , 13 ,5X ,L5Èt+)
READ (L,2Ol+) (X( J,K ),J:I,87 )

z)t+ FøntiAT (10F8. O )
20o'tIRrTE (3, 2A5) (Å ( J,K )J:l,87 )
t(\tr, r"ofPt"innl¡ r lnf'ln f ìÞvJ ¿ P¡b'¡¡Èr \

A,ETURIS
END



i-,ri.YOUT Otr' DATA CiilìDS

I0 cards for each Variable:

á)v

Title card
Census Tract data carcls

I
9

2:3 Vorioble Nome 2:

c)
_o
E)
z

C)

-o
.g
o

¡llf

rl â

ll

dl0

I

I ll

rlt

lâ

I

rl

I

û

I
t,

åt
tl c ¡

0t cÊ

slet
N¡

,

I

¡l

I

Dat,a forlO Censu-s

Arranged in blocks
Tracts on each card
of eight columns"
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ÀPPEitlDIií. F

FACTOR J',{ATRIX

xi

1
2

3
l+
Ã

6
7
Õ

9
10
1t
L2
L3
Lb
L5
L6
17
1B
3-g
20
2l
tt
23
2l+
25
26
27
t0
29
30
3L
)á,
33
3l+
35
)o
aì1tí
3B

Aê.
oo1 ,7u6)4l

LL
z.)¿

A^

-026 2L4
3t+b -LL7
78L -o33

-6b9 500
6r+I -680
t+97 -7L3

-L29 -5t+4
-565 5Lo
-66L t+23
-666 -r09
o27 2L8
246 02L

-630 289
608 -337

-306 067
262 t+52

- 585 LzL
500 555

-L22 -183
-LLz -166
-51+lv Ol+7
2O7 -t+29

-l+5a -Ì+73
-188 t-08
18ll. 283

43r -5?L
-L55 08¿þ

-t+7b -o20
-295 032
061 L76
I39 -t+bg
3L+6 -601
35h. -803

-606 -655
l+10 7 59

-o97 282
_ ? 2'l t.2.)') ).L Ll) k

632 705

856 377265 Lt+z
-106 1+69

-287 -L78238 161
1l+0 111

-269 096
-336 0&0
-1133 07 5
29b -357879 299

-060 -377
L96 -209

-O29 29t+

-066 t+zl
-06l+ 3Ot+
322 -098

-235 3L5
-L75 3t+L
332 -L79LL5 o4o
-r5o ot+6
27L -¿!,81
068 -t+62

-140 336
L3Lþ -l+52
332 -l+OLþ

-259 243
-224 L55
355 -&08
086 -007

-015 L77
115 Lg7

-05t+ 003
-o59 -L69836 33L

tr Aq. cn Ë,
)vv kl.,)
oL5 -081

062 070
062 -t+zz

-1r3 0BB
181 205
001 -108
L82 or3
360 -270oo7 057

-o73 -168
-L69 -3 4L
061 L29
287 737

-091 -170ob3 _089
-533 -131
-L36 -501
-29b -37L
-aæ 189o33 o77
-372 -o73
-2L9 -130
-309 -o43r27 -o77
L39 -163

-3CI4 269
!65 o1l+
îÕn , 

^1)o I -Ltv)
b03 -185

-1S1 -3L6
360 -3t+b
208 -081246 LLg
069 -265

-OBB T77
2L5 -221+o74 037

_atr,c 1?O
-a)k ¿)./

rB7 -OO7

-o2B -061 006
l-58 190 096
Lbt, -191 0OB
o03 ogL -LO7

-056 -oL7 019
-o97 a8 -o7z
-23O -062 322
226 253 -008
o9o -L66 018

-227 L25 -o93
-o3t+ -o37 o27
-LOg -1¿11 -O22
-ot+3 23L 080
lBB O?9 -207
o82 200 -288

-o27 -084. 259
-228 -I?7 060
-27L o95 118
363 -62L -301

-36O 37Lv -O49
-393 -237 -Lt+3
ot+5 t+o6 -363LLz 080 061

-L72 0l+6 0¿rg
-1,7 6 320 L53
L37 198 026
38t+ -Oh,7 L62

-35r 061 076
-286 -198 52O
l+Ot+ 0&S 2L6

-2O3 L53 'ot+4
-264 -367 ^o42_ogs ogg _066
-060 ot+g -o73
ooo -o24 -L53

-o5h. -o53 066

^^q, -ñ8,) --t L l,vvJ v/þ ¡YT

-017 O25 -A6Ll

{Correct to 3 decimal ,rrlaces)



)c.
t-

39
l+0
LÞL

lr2
)+3
14-Lv

!+5
l+6
+7
tô+ô
,,oÈ? ./

50
6'l
)¿
53
5Ll
55
56
57
58
59
6o
6L
o¿
63
6h.
65
66
67
6B
69
7a
7!
7z
73
74
75

Z.)
o.1,

Y
o2uL

-665 -5L8
-69t+ -L96
-682 t+29
-277 -56t+
-650 -503
67a t+82
622 555756 5rt
726 582

-098 33L
418 -66L
5t+3 -7Og

-785 2o3
736 -239556 225

-11À- -s65
-031- -7 5L
560 505

-787 263
6It+ 58o

-o97 065
739 -1À-9-76L L01

-69Ì+ Le3L
863 zBL
7 60 aLz

_7 t+3 -097
-7L7 085
-54L -a62
-t+33 -01+5
-586 a79
-602 L33
-680 036
-626 L7g
72O -t+Oz
309 L3Ì+
L20 185

L-)

-L57 -L36 LL5
-3L7 026 27Lv

-oÌ+2 091 *327
0s9 -056 -o77
236 -281 160

-036 -082 22L
-060 -106 3Lr+
-o20 -a 6 250
-oLz -065 22O
B1r 352 O53
L25 -Ot+6 -L92

-011 2L5 019
-015 -13r -225
-og4 061 206
o3B -355 03r
090 ?53 -083

-188 Ol+2 -083
-o52 003 to8
-Lg7 L35 -080
011 -A28 -005

-065 -b20 2A8ro5 299 -o4o
-089 141 -110
328 -L?O -2t+8

-LO7 118 -038
236 -048 -168

-L37 -053 068
o98 t+t+o +4L
581+ LzO 271+

-o97 397 1+93

063 t+67 2O2
-r¿|0 b36 4?6
o95 3t+7 36L

-L37 t+66 þ'Lt+
oo7 o82 -013
t+85 -39Ì+ A27

-3L6 002 -rr9

-L96 -oo7
-130 O?L
o23 016
L45 058

-or7 -138
-26L -L32
-L96 -L29
-L32 -r&0
-o7o -LLz
Lt+z O57
4r5 -278
-2t+5 -O36
-l/pl -287
233 -1oo

-265 -t+38
-038 O87
-T46 L5L
-Ì+l+8 -O77
-28A 23L
-232 -O52
565 -23L

-2L6 067
-L66 295076 oo7
-o22 088
108 L33

-2L7 -232o33 _06T
165 -o85

-o23 -o75
-o73 -190006 or3
o58 -L79

-017 -003
-o78 O25
081 -08&L75 -L96

t)t

o4(\

-L53 -o7 5
o2B -114

-A7 L LBg
100 -29t+o93 01+6

-oo2 -293
-008 -277
011 -L5L
oo9 -1&8
01r 013

-269 -o78
-L87 O42
-rlt_ -L7 5
2t4-8 L7L

-260 -2t+5
-004- 04.8
-086 -263
-016 -262
-L37 031
ol+7 -oLz

-22L 106
L36 268
abL -109

-o78 -A99
ot+5 L37

-L87 L5O
-073 -OzL072 -O70
-L45 -o95086 005
-019 -119L96 -o33
o3o -061
L79 -O4 Z25s -116
00þ -ro3008 075

^6 zão"7

{Correct to 3 decimal places)
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