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* ABSTRACT b

. A :
‘In this dissertation.the locatiopsd impact of. interindustry #

. '

'linkages is examined, -

| Sl
ngethi&\with other externalities input-output linkhges ary A

characterized ah\Agglomerative locational factors and an asscssment of

ytheif importance~is‘httempted. UN"T , o ]
AT L | . ' O
L) : i
. |
Through .correlation analysis it is then established that there
' ‘ ‘ -

exists a systematic relationship for manufacturing industries in.metro
. N ' . ¢ ,4

,areés between interindustry linkages and the spatial associatidn'of

+

. . e o N o ' .
_industry -pairs. The nature of this relationship“i® further andalyzed |

. R \

through tests, of hypotheses, - : o

-

: |
' : ) Q ~ ' . 1‘\ 2 ) . . 3
. Focus of the investigation on specific industries reveals that.

many mandfacturing indus;ries are much more att}actetho their linked
\ . *

1ndu5tr1es than to a random sanle of manufacturlng 1ndustr1es

»

Us1ng the 11nkage and assoc1at10n measures of this study several

~ v
.t

QAf«i', industrial comp{gxes arQ 1dent1f1ed : These are characterized by strong

[

v~ /

.hlihﬁhge cbnnegtions and close geographlcal proxlmlty of their componsnt

RSN I3 x‘(.u i PR
1ndUStr1es,.J' . ‘_ - ) | L .

)‘ .

The usefulness for reglonal policy purposes of some of the results

obtalnea 1n'th15 study is also 1nd1cated

? ~

.‘_"\‘A.- . “,' . ' . ¢
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‘ INTRODUCTION S vyl R
: . , “‘ v . 4 o \.‘ .. N . ." l
Lo TS Y o " .

. LA ) ! v ' A

A The f1rst four sectlons of/‘hls chapter deal w1th some aspects of.
vl B Y A .t / S 4 .

’ : .

L the spat1a1 dlménsron 1n econom1cs. The 1ntent here is not that of :
. L ! N W .ll 3 { ¥

- !

prov1d1ng a comprehensive reylew or dlscu551on of’ the llterature but

,A

to sketch a framework 1n W 1ch the studx can be seen o - lw?
‘lf Dlrectlon ‘and purpo e, of this study w111 be 1nd1cated 1n the final
rsectlon of thls ohapte». . ._:j'- e "‘ ‘T;ﬁ~<y f h. |  ‘2
E 0
: Economlc acti v1ty -7 as. a11 other human act1v1ty -- takes place . ;
v in a’ contlnuum of t1me antl space f there is an a prlo\r; reason for - con—l ‘
o h.51der1ng onew amens1on to be more fundamental and permad1ng than the
' other At mdy he the fact that time 1; 1nescapably pass1ng.and thus
. D 1nherent1n dynamLc whereas space is not Mqvement through'space‘aimafs
'» 1nvolve also movement through t1me,§but£not\vice versa. The former !
‘ can bA av01ded the latt\er, cannot ‘- B ! _ \"\'\‘

_(.——-“.:

)»-1

von Thunen s model to a self-suff1c1ent




. transportat1on ex1sted and 50 . locat1ons weTe rather flxed and exchange

i'.‘technologlcal progress made possrble both the - d1v131on of labour and e
© the development‘of an eﬁflclent
‘ JRfor it. 2' In add1t10n to: the tempoga.‘optlmlzatlon of resource alloca-v BRI {

1 t1on,‘a spat1a1 opt1m1zat10n problem comes 1nto exrstence | From an

Jflast few decades.lﬂmtgf‘g
| ~Landw1rtschaft und_ Natlonaldkonomie (Zn Jed’, Jena° G Flscher \}921) ;.VT3f

‘;‘Qfotent of the Market",-in W. Breit‘and H. M, Hochman, Readings in Mlcro—' féf
‘Q‘Economlcs (New York.,Holt Rlnehaft~and wlnston,‘lnc., 1968), P PP~ I51- 159, .

M I T Press, 1968), Pp.. 83-85 ‘where_ he. points out'the- analogy between

. a transpdrt rate Of-$1NC
' *uglfrom now is. 1dent1c 1 in>e

N f . . y v 3 -
- . ' M & LN o U - \

Qagrlcultural economy ;‘1t would appear that the ava1lab111ty<of goods S

£
and, problems of consumptlon and accumulatlon were more 1mportant in,

'prlmltrve economles than spatial problems » No effic1enﬂ means of \ Yoo

'\

' v, \

~'

- OVeT longer dlstances was lnmmed Modern economles umﬂd not anse untu

-

ran5portat10n system as a prerequlslte DA w

s"'

a

abstract theoretlcal p01nt of view the two problems appear to be qulte‘

e\\ ' - . I

151m11ar 1f 1t 1s assumed‘that economrc dec151ons can’ be made over a .
"‘\ .ot ] ' . :". ' ! G
\

<cont1nuum of tlme and spate For contrary to purely phy51ca1 movements,

economic movements through t\m _also have a pr;ce, the 1nterest rate e fil‘

may be: thought of as;performlng the same purpose in temporal andﬂy51s

v N b

as the transport rate in spatlaﬂ ana1y31s However, whlle t1me has f ' l;h'

' i Qe

been 1ncorpqrated 1nto economlc theory early and “in- varlous ways ‘e. g RN

;}shortrrun vs. long run d1fferent1a1 equatlon t1me etc., the spatial /lf"rff 5}

j'fd1men51on has been a11 bu\;;gnored in trad1t10na1 economlcs before the “bfo'?

lSee Johann H. von Thunen, Der's

Flrst ed 184?.,:ju1_f

2See George‘J Stlgler, "The D1v1saqn of Labor is: leltéd by the

B

35e3 a150 Walter Isard Locatlon'and Space Econq_x_(Cambrrdge rMass,,‘fl*

ﬁ,or example with .an. interest:rate of 5%\and .
jj ile'a $100 goods ‘available hete- 2 years.
‘*the ‘same. goods avallable now 10: miles o

~time and’ space: prefe ence.
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e

s R T S, S S
s \;- '?ﬂ) cennh By . T
Ve . ' . o "‘ - | [
Ideally one wbuld w1sh for anﬁeconomlq theory that was geﬁeral ‘
[y AN [ »

d "dynam1c"‘not\on1y wlxh respect to t1me but also w1th re5pect to

Vo A
N D

space."At present there is no theg:y that treats both‘d1men51ons explic—

1t1y oo,
‘\Hﬂl,‘.' . S -

3

1.2 The Anglo Saxon‘Blas,.-'\d*‘,j X 'L'bi;" _';f“"‘ - " n"*;t“

g : “.

There were contr1but1ons to economlc theory prlor to von ThUnen ;7

.‘*‘ b

"Isolated State& that. had d1st1nct locatlonal connotat:ons, although the

.

n

B o 1, ) ‘- v
’spatlal quest1on das\perlpheral and transport costs were not exp11crt1y

'.\',

taken 1nto ‘account. 1 Smlth's pr1n91p1e of the div151on of labour,

\ .
T 2
Pr1mar11y de51gned to explaln the 'Wealth of natlons' _was neverthéless

! 2 1,
- ’ r . W g b

o t1ed to 1ndustr1a1 locatlons w1th transportatlon playlng an 1mportant "

53 prlnciple of comparatlve advantage explains\anf

g@t

i

)

V iy Lo K . - e

role.2 plven the relatlve 1mmob111ty of cap1tal and 1ahour R1cardo s,
. o A

i1nter-reg10na1 and 1nter—

(&-,,..u oty .1,..r~

.v,\ . n

1 . . v ‘ Al

’

nat10na1 spec1a11zat10n and a pattern of location of 1ndustr1es that 1s

' N . . o i
LI v I
oA .

economlcally, not merely technlcally, opt1ma1 3.' ;» L ,“',“

PR S

Perhaps von Thﬁnen s gt\eatest comrlbutlpn to gfonom1c theory is the

i . e r;v,»» Pova

develﬁpment of a spatlal model in. whlch lodatlonal questrons are ‘ana-

EER .

”_lues*of economlc varlables such as prlce an
AR Lt : w

’{ rent, are also 1n£luenced by dlstante.w Thun n s fhporetlcal and f;

.',, K . f

' ¥

5 1See Wolfgang Meyer, Dle Theorle der Sﬂandortwahl (Berlln ‘
hnd Humhlot, 1960) ; pp, 16-18. ly‘t;~ \ R Ly

'#2sep Adam Smlth The Wealth of Natlons (Modern L1brary ed.;"New
’:Rgndom House Inc., 1937), Bodk I, Chapt. 111 pp 17 21 Flrst

s

{”“iSSééfﬁ""J““ﬂ‘d} "Zahdungsbilanzt ;
ahrbt ;ﬁfur Natlonalokonomle und Statlstlk.. FirSt ed1£10n ‘of.- R1cardo'

o
[N AR .
LN w ! .‘ "»(,,"‘ .

]jed 776. Lt e
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ompiricul work was followod]hy a largo number of writin&q in the arch

w

of locatlon thoory, notnhly in Goermany and Sweden,! - o \L
W) !

. However, tn the dovdlopment of economic theory spatial considera-
r ' ‘e oA
Eions were soon avorshadowed by the profound Influence of Marshall's’

Principles,? Spatial questions are touched upon-whdn“ho considers the

\ [}

localj zation of industry as a prerequisite for the dl%ifioﬁ of labour,

or when the extent of the market 15 rolated to 9he value of the goods

“

and the trunsport costs théy can bonr 3 - Being more concerned With market

oquilibrium of supply nnd demafd, Marshall finds the 1nf1uenco of time’

il . .
' to bo more fundnmental than that of spnce .

o ’ "for the nature of e uilibrium itSelf aﬂd that of thé causes
"by vhich it is determined, depend on the length of the period

over which the market is taken to extend. nh \ S
) o B W -

It cannot be denied that,, despite (or because of?) the ‘bias of Marshall

& and subsequent generatxons of economists there exists todny a well- - °
\ - e

developed body of economic theories and analytical tools mhat can be
fruitfuié{ upplied to a great variety Gf problems. It is unnecii?ary to

; argue, Xéﬁay whether questions of productlon growth and stability of the

r

~cconomy\are more 1mportant fhgn the problems of optimal locatyén of eco-"

« ‘nomic agtivities and'populatxon 3 They all have welfare.{ypllcatigps -
-~ _L ' L3 N €

IWther Isard’, Space Ec0n0@y, pp~ 15~20 Woifgang Méyer, Standort-
wahl, pp. 19ff; Ge}hard Stavehhagen, Geschichté -der Wirtschafts tﬁeorie

(ﬁottingen. Vandenhock und Buprech; l?64) chq?t 1§ ' o

A
)

ZWnlterxisard Sgace E°°“°EX' pp. 24- 27— < ‘:' .t

3A1ffbd Marshall Princigles ogsﬂconomégs Pﬂpermac 16" (8;h,ed.,
London: Macmillan and Co. ., 1962), Book IV, Chapt, 10, Sect. 1, pp.
222-223-aﬂd Book -V, Chapt 1, Sect. 3 pp 270- 271 st ed. 1890. -

)

\
"Ibid., Book?V, Chapt 1, Sect. 6 p.; 274 a!so BookV Chapt. 15,

. Sect. I p. 411, . : , . .Q ! .
‘ sﬂhrry W. Richardson g_g?onal Economics (Londbn. Weidenfeld'and g

’ Nicolson 969) pp 22y T L ‘ <o

: i e oo . , e

l . v - '
. , * » , : ; - - Ve
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and aro thuq properly tho qubjoct of oconomic q‘“Qf‘ ,IC‘WOuld npponr

that spntinl.cconomic probloms are of groeater reiatiVQ concern today

. R
[ . ) * u

than thoy over wdré and tho groator attention they recoive ls bound tq)
: . ’ R

contributo to a correction of the imbalance:.
B A .

. N
1,3 TH¥ Spatial Dimonsion in Location Theoxy
“ ‘ ! . 'm |
Two mothods have ‘been open to economists ‘for including spaco, with
? .
tho\physicnl varinblc of distance and tho oconomic variable of trans-

port costs 1nto thc nnalysxs* the pnrtial and the genoral Cquilibrium

ﬂpproach. In partinl eqqillbrium theory, as exemplifxed bT for examplo
.

\‘

. Weber, attention As focused on a few relat1unships that are consxdered

\ ;
.

to be of primary importance and able. to eprhin a large part of the

‘ . - - -

' ‘gyest1on; "The other telationships are relegated inta the realm of the
AN "‘\ f ‘ .

'"caiéfia paribus™ from which thGJ are assumed to have no influence on

. ﬁjuzfﬁenomenon under study In a supply orlented Weberian ‘model demapd
cv«,\_;—,‘ .
". is taken as- given and then the, optimum location of a flrm or an indusnkw

WA

"

try is determined-essentially by mlnxmizxng costs, x e. by substltutln&,
. say,'transport outlays for labour outlays. There remained the need to

[

supplement, partial location theories by general equilibriuh analysis,?

A

because the part}al equifﬂbrium approach will only yield a correct

answer as long as the behaviour of one firm, does not influence that of

any other. " . T

C Ldsch primarily‘used the tools of traditional economics in’ his
- 4

treatment of locatlonal cho1ce and market areas but he attempted to

e

.

c lAlfred’Weber Theogg of the Location of Industries (2nd impression;

Chicago- University of .Chicago Press, 1957). . b

o
»

'ZWaltgr Isard, Space Ecbhomy,lpp;.31-36.

" N
I [ :
A PR /. ’) .
A . o .
. . . .
L [N , ‘ W ‘ -
. .
: . «
. .
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incorporate thﬁ\?ffOCts of th ppdtial in@ordopondence of oconomiqﬁﬁ;"

units into his locatidnal nnalysis 1 This approach has been sevcrely

pomet \

crltized primarily for tho oxtreme degroo of abstraction which cannot
oo

“yield usoful solutions to the problom.

_A more, successful attempt]nt developing a goneral location theory
by fusing location theory with general oequilibrium analysis was made by
Predohl and Isard. 3 Basically, this approach 1nvolves the utilization
of the well-known substitution principle ”by means of which a genornl
eqUilibrium approach could be systomatically applsed to ‘location anal-
ysis". " Substltutlon takes place between transport inputs and between
various types of ontléys and\reyenués. Isard's ultimate objective ig

-

to express the spatial equilibrium in an iﬁpuf—obtput model by incor-

-

porat1n%>his ‘distance inputs’inte the equation system. This involves,

among other compl1cations the decomposxtlon of the national economy

A into a large number’ of regions. The main criticisms levelled against

Jsard'z substitutiJL approach coﬁéern his assumption of a- continuous
transport plane, reminiscent of Losch's, and his treatment of transport
- i . . ' ‘- . ‘ . ‘
inputs as intermediate products;5 both create difficulties in‘general
- ! ( . . ( .

i

lAugusf Losch, The Economlcs ‘of Location (Science Edit1ons, New
York: John Wile an&'Sons 1967) pp. 6-9; Stefan Valavanis, ""Lésch on
Location" American Ecbnom1c Review, Vol. XLV, No. 4, Sept. 1955 PpP.
637- 644 : L : : :

ot .r i

2Louis Lefeber, Allocation in-Space (Amsterdam- Nortﬁ-Holland
Publishing.Comp ny, 1968), p. 3.

3walter Isard, Sgace Economy, Pp. *31-36, Andreas Preddhl, "The

. Theory of Locatfon in its Relation to General Economics", Johrnal of

Political Economy, :Vol. 36 (1928), pp. 371-390°and "'Von der Standorts-
lehre zur Raum irtschaftslehre" Jahrbuch fiir Sozialwissenschaften, Yol.

2 ugsn pp. '97-102.. )

4walter Isard, Sgpce Economy, p. 32. ,'

‘ SLouis Lerbqr Allocatlon, PP-. 3.5,

-

?
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equilibrium unulysls of locat1on d

aon

On an operation level input-output methods have been used in in-
dustr1a1 ~complex nnalyses to est1mate the direct and indxrect 1$pact of

an industry 1ocating ip the'reglon; a separate location study was used

to determine the optimal pjant location, as this was'beyoﬁd the scope .

of the inter-industry model.! These 11m1ted applications fall, of course,
, far short of the aforementloned general locatlon theory concept
In order to avoid some of the rigidities of 1nputaoutppt models,

"

eepecially,their inability to explain trade patterns‘and to optimize the

' giscribution of production, inter-regional: linear programming models

’

-

have been developed.? Some of them,‘nctably Lefeber's model, are able

- N Y “ LAY N 0 1 )
to derive -optimal locations, an optimal allocation of resources, deter-
a t ‘ . ' ' f‘ i ) N B

.’ pine optimal flows of the output to markets, and to maximize outputs for

final demand inle,welrasian‘general,equilibfium framework (with tﬁe

"

. familiar assumptxoﬁs of perfect compenltxon perfect knowledge and no

: 1n§t1tut10nal rig;d1t1es).3 The main weakness of’ programmlng moﬂels
A v

2

appears to be the tredtment of the demand-51de:r'prices for final goods

.

. . . . ' . n .
and transport services are not provided as a solution by the model, as

. o ’ N : e
optima .and equilibrium conditions are determined. '

R :
» . /
7

/

l§alter Isard and Robert E. Kuende, "The Impact of Steel upon /the
Greater New York - Philadelphia Industrial Region", Review of Economics
and Statistics, 35 (1953-54), pp. 289-301. Frederick T. Moore and James

- W. ;ﬁetersen, “Regional ‘Analysis: An Interindustry Model of Utah",vReview
L of Economics and Statistics, 37 (Nov. 1955), pp. 368-383: )

ISl s

'zFor example Louis Lefeber, Allocation For further reference see
" Leon"N, Moses, "The General Equilibrium Approach", in Spatial Economic
‘Theory, ‘ed. by Robert D. Dean, William H. Leahy, and David L. McKee (Neyw
York: The Free Press, 1970), pp 2i-28 -

» R

3Harry W. R1chardson __gionnl Bconomics pp 112- 116

"‘;. L , . ] %

_— ~

-*{hey ideally'sheuld‘be, but must be given as data on the baeis.of whijﬁ/ |
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Besides inmput-output and programming models thore oxists another
\ .

These are highly -abstract constructs which avoid the questions posed by
‘ ‘ i : . ‘ |

i . type of “mutual-interdependence models'"! which must be mcntiohedrhriefly.
P the introduction ‘of the spatial dimension and transport costs by taking. -
/

l refuge Ln formal genernllzat1one with little explnnntory value w1th

respect to spatial problems.Q‘ By regarding xdcntltal goodﬁ at dxtforont

1

)

f

' 1~ locations (and times) as ontlrely different economxc ob;ectx tho (om~
modlty space is slmply enlarged and the analysis can procecq s thoubh

¢

Pt i e . e - e
© 7. “time and space did not exist, While thlS approach allows concentration
(\"

on the determination of pr1CeS in compet1t1ve markets and thClT role

! ' . in the economx, it does not provide aﬁy insights into the workiﬁgs of,
' 4 . . ’

. . .y 4.‘.:-\ \\ .l -
the space economy. e '

b It mey be appropriate at this point to make ‘a few remarks about
. . L . .
: D L e .
two, related assumptions commonly made in general equilibrium theory
and usually upheld in spatial models:_ perfect cdmpet1tion and perfect

e lelSIblllty of factors and commodities, With respect to the mArket
’\

ﬁbrm the cr1t1c1sm 15 that the mere presence of space 1nterven1ng in

A
"the flow of economic objects (factors and commoditles), COnfers some

h\ degree of monopoly power to economic agents; transport costs reduce

1)

ecoﬁomic mohility. For this reason it-mey be contended that M. N

' theor1es of the space-economy and of m0nopollst1c campetition (broadlyhé
- N f ‘o

.. concelved) are inextricably bound ‘together. "3 'While some writers for'
Q_WE " i
o 2. . + ', . '

- ,""1m-; 1Leon N. Mose;, "The General Equ111br1um APProaCh"’ p. 15.

.

, 2See ;for example, ' Gerard Debreu Theory of Value (New York: John’
Wiley and Sons, Inc., 1959) ; pp. 29- 30. T |

.
v

-~ ' |
) i

‘3Wa1ter Isard, Space Economy, p._49.' L

A%

[}
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ckample Losch and Palander, ! have attempred ta dovelop thelr thgories
. o o ' ot
of ldfntion hy oxplicitiy recopnizim tho imporfuctd?‘cnmpvtitivo char-
! . ‘1 ) ' S . K .

. . “ ) " . .
Jacter ol the ¢conomy, others, for cxample Lofeber,” doefend the reten-
A} . v

. \‘"

o “tion ol the-pure competition nhﬁ@mptlnn in thuir‘nnulysi; by pointing
~oe s . s * , ¢
out that 1t pemmits the derlvption of an optimal or ideal system,’
' ' ) ° ' [ S "
Agadnst this optimal allocat ton the deviatdons of the real world can be
. N ot ) 0" 'v ’ i . .
appraised and corrective measuves can bo planped,? . ’

[

. ‘ " 0o L S
-~ The two assumptiong are rolated bocause of the implications of in-

divisibility for the maintépance of) perfeet cempetition, ™ Noting that
. . . . * +

most of the literature on loeation theory assumes divisibility, Koopmans

‘ b . N . . -
points out that this approach falls to grasp an essential point 4n tha

explanation of urban agglomerations., His abiew s supported by prelimin-
"~ ' \ -

[

ary ianvestigation of the properties of a locational model.®  The welfare
4
significance of these considerations ljios in the fact that a relaxation®

of the assumptions results in a departure from the opt imum,

~

With régard to dynamic adjustment mechanisms -it may be pointed out

that both partial and general cquilibrium modols employ the notion of

differential adjustments to restore a condition of disequilibrium to

t

YWalter Isard, Space Economy, PpP. 49150./ )

N

?Louis Lefeber, Allocation, p. 11,

3For a critical view of pure competition as a basis for.comparison
of welfare implications, see Edward H. Chamberlin; "The . Theory of Moh--
opolistic Competition (6th ed.; Cambridge: Harvard University Press,
1948), pp. 214-215, -Also sce Walter Isard, Space Economy; p. 50.

v l’Tjalling C. Koopmans, Three Essays on the Sfate.of=Economic Science
(New York: McGraw-Hill Book Company%.1957), pp. 150-154. Also Gerard
v Debreu, Theory of Value, p. 30. - .

4

>Tjalling C. Koopmaﬁs and Martin Beckmann, "Assignment Problems and
"the Location of Economic Activities", Econometrica, 25 (Jan. 1957), pp.
+ 53-76. ‘But see also Louis Lefeber, Allocation, p. 8. »

At ]
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. . .

equilibriym, A spatial equilibrium model would have to allow for mar-

N . 1 i~ . ,‘\ . ) N
genoral equilibrium models-~already large for the ngii-spatial variety
: ) " LY . A) \‘ .
of, say, the input-output typo--are formidable, ‘Rgcognition of all

possible” Jocations In the genoral equilibrium sys

' of oquetions adds
! . l‘ \ , '
éd&a,of industries,

: b

this plohlom may be alleviataed fop oporutiondl ;urpoqox by aggregntinh
L3 ,."

individual lOLdthHﬁ Into regions thhxn which /no lOkdthndl problcmi

"

a "bewildering' number of variables.! As in'the/

.-

and choicoe are assumed to exiﬁr, 1n fuct th( one- poxnt cconomy of

[

traditional economics may be rbgurded as the px'treme aggregatlon;

. . N A " A et
. " EX
. - ' . AR
v . . 2
[N . L
. '

.,
N

I3

1.4 Regional Hconomgi;Problemx \
Many of the present cconomic problems Frﬁ rcgional in nature, They

-

are ”problem\ of spatlal oxgannzatxon”? and their understandlng requlres
‘tho study of man's cconomic behaviour in space. The presence of such
problems is usuafly indicated by a divergence of regional per cupitar
incomes from the national avcrﬁge, While such regional income dispd;;l
it&cs may be the effect of some problem, the'causes can vary ffom in~
ferior resources,.}mperfcct mobility, or lack of demand to an econom-
’ Al

ically unjustified pnderestimationvof the development potential of the
rareé, resulting in an;ovor~all redQCtion Qf‘;OCiQI welfare.

Connected with the‘broblems of spatial organization and their wel-
fare aspects are the ‘issues of’efficiéncy and equity. Efficiency Te-

lates to the maximizing of some economic variable and the marginal

lLouis Lefeber, Location and Regional Plahning, Training Seminar

Series 7 (Athens. Center of Planning and Economxc Research 1966), pp.
15-16. - } '

2John Friedman, "Regional Economic Policy for Developing Areas",
Papers_and Proceedlngs of the Regional Science Assoc1at10n XI (1963),
P- 41 ‘ :

10
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tondltxona are extended to. allocatlon and * dlstrxbutxon An- bpﬂcé The

“equlty issue extends beyond the economic to the soclal and pOlltlcal '

byetems and reflects the normatlve concept of tho "rlghte\of people"\

\

‘Often eocxnl and: economic goals seem. to confllct :1 but the confllcts
may npot be as serlous as it appears, for many of the tradeaoffs of

&conami.c nctlons are social and polxtxcal in nature. When looged at

Ln the lxght of social' welfare maximlzatlons “such Concomxtantb of re-
. - l [
gxonal Qieparlwxes as waste of human and non-human resources personal

"\

. unhappiness! crime, tension, and'politdical unrest may render 1nva11d«

] ) , . 5
\ simple ‘efficiency considerations,

of importance to reglohal economics'is‘the fact that growth is
not only, a scale phenomenon Qith dlfﬁerentlal sectoral effects, but

'

also,with uneVEn geographic qmpact i.e. it is baslcally unbalanced. ?

Both 1ts concentrated presence in some areas and its absence in others

create problems,\and many economists aqe-therefore concerneo with the
factors determining the locetionAof industries and the transmission of

2 growth ,i . . .

Under1y1ng econom1c plannlng and pol1cy are slowly chahging and

changeeble structural elements of the economy and the econemic 1and~
N
scape. Economic and non_-econ’omic patterns tend to pers'Bt,3 and policies that

Vr

'y

R 1See also Stephan Robock, ''Strategies for Regional Economic Devel-
: opment', in Regional Economics: Theory.and Practice, ed. by David- L.
o " McKee, Robert D. Dean, aﬂa'W1lllam H. Leaﬁy (New York: The Free Press,
1970), p. 246. ; N '

2Niles M. Hansen, "Development Pole T;\ery in a Reg10na1 Context"}
ibid., pp. 134- 135 Francois Perroux, '"Note on, the Concept of 'Growth
Poles', ibid., p. 102 Albert/ 0. leschman The\Strategy of Economic
Development (New Haven and LOndon' Yale University Press, 1958), p. 184.

I 3John R R, Friedman The Spat1a1 Structure of Economlc Development
* (. in the Tennessee Valley, Department of Geography, Research Paper No. 7
:Q‘-; f (7h1cago. The Un1ver51ty of Chlcago Press, 1955), pp 94 96

{7
. &
T * . M . Lo . » R : . . ’
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,'frittered'away'on infrastructure and the unsuccessful subsidization

¢

of industries,

1.5 Purpose and"Direction of this Study |

general hypothesis is th

they imply, will induce the linked industries to locate in close:

§

1, L : ' . K
do not recognize this often result in large amounts of moneéy being

\

not enhanced but efficiency is lost.

I'
]

,The purpose of this»tﬁesis is an anaiys#s of the locational sig-

' 1

~

nificance. of inter-industxy linKages in the fanadian economy The

i

v

imity to one another, i.e. they will tend to cause agglomerations of
. o ! \
economic activity. It has'also been suggested plsewherel that the

explanation of such industrial agglomeration is of’focalviﬂterest in

.spatial analysis, . E . \

Stigler points out -that one would expect

", ..to find some relationship between the functional struc-

ture of anﬂiﬁdustry'hﬁd its geographical structure -~ after
all, reductigns in transport costs are a major way of in-
creasing thézextent afh the market.'? ‘

» "

PR

A similar view is advanced by Leontief when he says that

i

, . : . . , =
‘ "Economic,systems/(end naturally to combine the international

division of labor/with the minimization of transportation
costs. The lattér costs can'be kept down if an industry is

“located or developed in close proximity to the largest direct

customers for its outputs or the suppliers of its inputs.
Quite independently of transportation costs, however, a grow-

. ing economy derives.a considerable,. although less measurable,
advantage from developing whole families of structurally

1 ouis Hgféber, Allocation,.pngSO; .

e

2Georgefﬁ.'Stigler, ""The Divisiontbf Labor", p. 158.

%

| ! e ‘
Then the damage is double in that not only equity is

at input-output linKages, because of the tech-
nical relasionships they represent and~the’spatial flows of commodities

prox-

"

12
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related industries rather than isolated’ industries that X

depend .on forelgn trade: for supplles and markets ol “' i ‘ﬁ\ﬁ

It is Lnterestlng to note that Ieontlef does not only refer to the

0 n

exlstlng spatlal structure of the economy but also to the development

aspect of inter- 1ndustry relatronshlps Thls poxnt Wi

“in greater detarl at a later stage,

'

The model used 1n thé ana1y51s 15 part1al it conoentrates on the |

‘ t \“Qm . \\\

role of llnkages in the explanatlon of 1ndustr1a1 aggl

W
|

‘are, of course a number of other factors contrlbutlng
- U, ¥ "
t10n of economlc act1v1t1es in certaln places. Some o
' ' SN
. “mentldped below. One of the analytlcal probdems 1s th
; dlfflcult if not imp0551b1e, to separate and quantlfy
LU
thbs is restrlcted to an analys1s of the locatlonal im

In order to prov1de systemat1c 1nformat10n on the

e RS

' ®
between 1nput49utput linkages and the geograph1c assoc

\

tr1es a number of hypotheses will be tested They are

- +

theseq and\relate to a11 manufacturlng 1ndustr1es take

‘,?
[ ‘

1mportance of 11nkages to spec1f1c 1ndustr1es w111 als
\ ‘
051ng the, fﬁ%ls of ana1y81s applled 1n thls study an a

"

ﬁﬁa thep beéﬁgﬁe to de11neate 1ndustr1al‘comp1exes

! S

bt i

\ T ”\‘ . h‘»,
wtll be noted and posslb111t1es for further research w111 be 1nd1cateﬁ
bt H\ \\ . ; ) ‘ . . ‘ o "t J”h - -ﬂ"“ \ . ‘
' N ) - Sal
B 1Wass:.ly Leont1ef ’"The Structure of Development" in’: . Input-
. Output Economiés (New York Oxford University Press, 1966), p.-65;
1ta11cs mine. . The reference ‘to the international scene does not de—; "ﬁrb’lf

11 9e dealt with
r\“v‘~ v ‘. \7 "\.‘

\ b
Y . o it

omeratlon There“

to & concentra- @ “

A

,\. A

£ them w1lgybe SO
N s

at they are ‘f;;" o

Thls study
npact of. 11nkages.
relatlonshlp

1at10n of indus-
> ! i
general hypo—

n togetherﬁféThe

&)

o be 1nv§£tggated

ttempt wiﬁl ::%.,;p?iqt
L i ‘ A

-t 4‘."

Flnally,\ln the conc1u51on some . policy aSpects of the ana1y81s Aok

“ tract from the appllcablllty of the quotat1on,,for th§-d§§tinctlon

. between 1nternat10na1\and interreglonal is less one
5 . }

' conven1ence. : \\ o
. At

A S, o U

nd~than one of.
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.2, . AGGLOMERATION AND THE LOCATION OF INDUSTRIES ~~° = = ro

v . ~ P ! . L

.CaSual observation suggests,that;‘infthe process of economic
development, countrles do become hoth more 1ndustria*gzed and 1ncreas-

1ng1y urban1zed Indeed, 1ndustr1allzatlon and,urbanlzat10n-appear to
. . i \ ' '

be dlfferent aspectsﬂof“the same.process.1 It is obvious that the

forCes at work ‘are hlghly complex and 1nterrelated and the dlrect1on of-
¢ ,‘ " '
causallty is not always clear . While 1ndustr1es produclng flnlshed
Id ! } \
products may be attracted to centres, of popuﬂatlon because these centres .
|

not only constltuteeready markets for labour*lnpuusbut also marker for
noc the1r output the locatlonal optlmum for 1ntermed1ate producers may . be

less apparent Their productrgg -too, however, ‘appears to be concen-

Ve

trated in large urban centres.2 N S "
PR . Lp-
S In th1s chapter a number of aggfdmeratlve faétors w111 be dlscussed
after a‘dkflnltlon oﬁ the term has been pnovided Tﬁe works of several -
n“ \ * ' B

‘v~ wrlters in the field of agglomeratlon w111 be mentloned and character- L

. N
» 4_ L oo '. v SR (- . !
¢ R , L N v L R
. . . :

v iz d." ' R T , o

-, s < ’ R : .
. : . . F o [
e . S " voe

J?g‘ ‘2.1lfDef1n1t1on and Descrxptlon,of AgglOmeratlon -‘ - [;,

s 77[u:» Following Weber, an agglomeratlve factor may be deflned as. "an
‘ h'lﬂendricus €. Bos, Spat1a1 Dlsper51on‘of Econom1c Actlvay ﬂ.»;‘vf‘
(ROtterdam- Rotterdam Un1ver51ty Press, 1965) p. 4. ' RN -
',;‘Aﬁtv o 2See Table 1. 7‘1;¢;= o .‘,';j“i,-.,ﬁ,7g L
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i TABLE 1 \.ylf.\" o
w r.‘ o “‘\\\I ‘(‘,
3 EMPLOYMENﬁ TA AND POPULATION CORRELATION COEFFICIENTS BY <\\; :
B i INDUSTRY. FOR CENSUS METROPOLITAN AREAS, 1961 "
‘ k ’ / ,‘ .:‘ " \ I 'lhr
N .+ "' 'Percentage Ry
- e . CMA of Total . Population™
¢ Iorc-L . -« IOIC-L b s . .Employ- Cdn. Indus- Correlatlon k
: Tﬁf?ﬁ \‘u[/a\ Industry o ' o 'ment tTy Empl ‘Coefficient
' T2 Slaughf&rlng‘& Meat: Processors ‘ 22,787 ‘ :77¢40‘ " :827i‘;f>2‘
13" Poultfg Processors . 693 ' 25.72 ' ,5624 .,
> "14 '‘Dairyi Factories : 16,869 44.69 * 9827 -
©.. 158 Proce§s Cheese Manufacturers 1,048 75.07. .7628
.16 | "Fish Products Industry Tt 3,572 17.46! .0961
\17 FrULf & Veg. Canners § Preservers 5,190 - .37.39 .7724”v[H
18' FeedMills ' 3 . 1,490 '20.39 .8109 .
19  Flo q Mills o0t 2,673 48.66 .8644 ,
.20 Breq fast; Cereal Manufacturers o 983 .© 49.52 L0491 -
“;;1 , Bls¢ et Manufacturers ' - .5,883 ' 85 73 .8821 7
722  Baké! %e 0 24,210 62.79 g2 . .
A Confé tlonery Manufacthrers 6,948 ' 83.73 8866
g 24 Sugar, gqflner1éb {f 2,292 78.33, 6734 Co
25 Vegetible 01l Mil 379 66.84 L7857 T
ro26 MlscelgqﬁedUS Fodd . Ipdustrles 8,873 .75.00" .9691; Lo
.‘l“ .'\ " o - 'l}. T '
"ﬂ *27 . Soft Drlnk ‘Manufacturers i .7, 902{’ 57. 07 9735
g2 Dlstlilenle§ Co $,583 ¢ 74.15 .5864
A 29' Brewegles & Winegles . . 7,431 67.22 . 6792 .
i Leaf‘Tobad q-Progessing 106 . 13.68 . 75720 .
& 31 Tobaﬁco Products Marufacturers ﬁ 970 . 86.50 ‘- .7631 .. - ‘
, \@32‘ Rubber Foouwear Manufacturers SR 920 ' 43,73 . . '1898;
- "3 Tire! %6 Tu Manifacturers 7,513 83.24c” .5079
34  Other’ Rubb T Industrles K 3,192 ° © 58.82 .,. .8561 {
- 38 Leathq( Tannerles "‘,f-_,‘l 595°  43.63° 6807
36 Shoe Fqgtorles : 13 422‘.&'63 20 7575 Tos
'1 \‘ Y ; KA .5» l‘
37 Glove g Bdkgage Manufacturers v 6 218».:}75 18 9283
38 . Cotton'Yarn §.Cloth M1I15 .0 7 5,996 32,28° 6414, g
o 39“}Wool Yarn a.c1oth Mills ' - 7 v 42,398 < 29.19 1.4048 0 .
v, 40 Sygthetlc T Qtlle Mills’ "j .‘;AL;588f‘”~10 57 7633}f‘ o
;ft;[j'Carpet ratr HRug Industry ,uJ;§732 41 40 80&8 AR
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! TABLE 1-Continued j C g
_ ’ S | o ) ~"“';\'.z““‘? ~
| e g Percentage . . .+ % S o
oo T iR of Total Population |
I0I1C-L s I0IC-L ;*  + . - ' Employ- Cdp/Indus- Correlation
Number - ' - Indus"try W " ment y Empl. ‘Cd'efficientq' i
', L W . ’ . m"l H ) ~‘I i " \‘ r ' [ '
.42 Linoleum § Coated Fabrics T . 1,872Y._84.63 ' .8758
43 . Text. Bags & Canvas Products I. «~2,114 ~. 80223 - ,9610 X
= 44.* ‘Other Textile Industries . .. 79,208 | '57.49° - ' .9240
45 Hosiery Mills - T N 191" 7.05¢  v-.8404. "
- 46 Other Knlttlng Mllls - a5, 659\ 6 2. 21Q‘;' .9618, . - .1 '
\ ‘ e, ! ‘ ! ‘i\y .
47 Clothlng Ipdustrles ST 72,503_},7?@.87 Co.9084 .
48  Sgawmills CS. ot 11,008 18,93 . 1390 ‘§'~‘~V?H
49  Veheer-§ Plywood M1115 . '5,004" 47.86 ' TN1820 - L
50  Sash § Door and Planing Mll}% - 7,3127 :38.43 9616" S
©. . . 51 Other Wood Industr1es Lo 4,767 42,46 - 9229 .
e o i oy [ R
.. 52 "Household Furnlture Industry 13,353 '56.15 ', .9752 . °
© 53 Other Furnituré Industries  , 8,964 75.24 o l9541 _
54 Pulp § Paper Mills - . 11,277 15.63 T 3967 A.~//ﬁ/
55 " Asphalt Roofing Manufacturers ~ 1,756  68.33 - '\.7718 - -
v 56 Paper Box §. Bag Manufacturers-~ 14 149 81.95- = - .9617‘..QN3:;”3i
. .57  Other Paper Cﬁnvergers SR 7 1041’f?7§)52~~;\57.‘.soso‘,'_f ~k
3+ 58" Printing, Publ. & Engraving . D i§8s03F U 77.17 0 .9295 "
59 . Iron, § Steel Mllls e - +856. - 53.80 . - - ..1327 .7
160-’ Steel Pipe: § Tube Mills L 1 267‘Q¢E36;43' 0. 7568
6l Iron Foundries -* .. . 4,761 1 48.61 - - 8457, 4. -,
{62  Smélting & Refining . * 5,839  ‘22.81 ' :3001.

.. 63 Aluminum Roll., Cast. & Extrud. 2,602 ° . 34.33 " 8331

B 64 “Cu § Alldy Roll Cast. § Extrud. 3,541 - 87.37 962;/ 'T’;g"

; . ™65 *Metal: Roll Cast § Extrud.ne.s. 1,475 i ﬂ .8663 P

66, :Boiler.§ Plate,WorkS’f. L sms0 Ceoo7s08: T

T . /r !: . \q\ ~, -4 " e o o, . :

,‘ﬂy',§7 Fabrlcated Struct Metal 1. ‘h M, 292‘f1¢k”. LT .9591

. *'% '68 | Orn. § Ary hltec; Metal Industry 6,757 178.84 . 9800 o
e 9288 I

6332 " L

| 69’ 'Metal Sta «y-Press.. & Coat I 17 821 LB ey
ﬁp ‘-./, 70'-. Wire § Witk Broducts M. T35,
A 71 Hdwe., Tool & Cutlgry. M-» - ix - 6,4297.
", 727 ‘Other Metal, FibFicdting. I. 33*21 4;37*7” :
773 . Machinery & Equipment M. 127 017 5.
e 74 o Refrig. ,. OffICS“G Store Mach M. :6,983"" /84,
V0. 75 Mreraft § Parts M, Rl 024,728
E ‘?ffj76,‘ Motor Veh & Traller M E ,\'“f 119,605;
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47°" Motor Vehicle Parts M. ; - 6,821 41 54*; .ﬂ).5636‘
78  Other Transport. Equip. ‘{,23,273\ _64’62 » w_;6861
. 79 My of Electrical Appllances 14,537 .°62.02. ' 5108 -

80 " Mt of Communication Equip. ;21,543 , 74:.71 ' ' .9238 -
81 M. of-El. Industr1a1 Equlp'_ ~} 10,142 75,53 olT428

. 82 Other El. Products M. Q( o . 14,929 ©77.670 L .8928 L
83 Cement § Lime Products M. 2,208 . 47.39 7537 . .,

84 Concrete § Gypsum Products M.- | 8,627 '56.01 . 19306 . e

: 85 . Clay, Stone'§ Refract. Prod. M. ! 3,753-" ‘41,77 . ' .7068. '
»386 ‘Glass -§ Glass ProductS“M 8 030 . 70.93 - .9029(7
) - g L R | o
87 Other Non-Met. Mineral Prod I 2,683, 40.32 .9567" .
88 . petrol. § Coal Products I. ='12,oso 7111 . <8941 ¢ s
89 . Explosives .§. Ammunlzlon M. oo 11,328 . . 28.05 . .3754 '
90 "M, of Mixed Fertilizers - . '|. 733 = 32:15 .. .8704 .

L91 M. ofrPlastlc Re51nsa“ ', c.o12,134 . 41.57 ..7992

8,560 ~77.05 - ° .9568 . ¢

92» M of Pharm. G Med1c1nes ;
‘ 7,041 - '90.73 9607

ey JA:kW*QS' Paints § Varnishes'M, ' |

© 7,94 M, of Soap.§& Cleanifg Compounds 5,010, © 92.50 7390, % \fV ¥
A s %dkof Toilet Preparatlons ““{ 3,712 65.71 " .9398,- L
%6 dustrfﬁl 8§ Other Chem I. 13,528, 49, qg-. ' “’;9656. n o

;f 97}} M1sc Manufacturlng Industrles ; 37?702ﬂ |74 20 ' ,.:8833 ; O )

v : R e Y
‘ o '_w v . " .A“ Vo “
‘ ) Calculated from" Canada D B S., Census of Canada, 1961 Labour Force
Industrles,.Vol - I1T, Part\2 ’Cat No 94 519 el R f
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with the locational juxtaposition of diff;gbntﬁi

\ -

t one place, while a doglo ordtive factor is 0 chenpening of production
\

f hich results from the decéhtrnllzntion of«produd@ion (production in ‘

/

&ote than one plnce) ”11 It 15 noteworthy that ! Weber meant his‘thqory of

‘\ QJ

tE%i‘amorntlon TR denl with 'purc"or 'tachqical‘!ﬁﬂglomeration only,

- i 2. J(th those nspectq of cOncentrations of econohic activxty that aro

”due to the influonce of spatially passive fnctors p Technical agglomer-
) K

ative economies or diseéonomlcs 9re dependent upon xhe maggxtude of

e ‘,» N ' ‘\i""' :
transportation facilities and gosns 0 1hbo T mackets As theﬁlines of

act1v1ties carried oht‘atzlcertaip‘loc tion 3. ﬁot upon theyinfluence of
it ‘j’ ,
' ﬁw.' \!

dlstxnction between pure and, for example tranépbrt agglomeratxon are

4

not only fine but also appear to be s?meWhat artificial thls clas$i~

,.
l

ficatfom has not’ been upheld in later writings * The conceptaof-agglom-

eration used 'in ;hig_study is also the wider one, embracing, in partic-

i
3

[y

) " .ot - o R S~ .
ular, also the effects of tranSportaEi::J on the concentration of indus-

tries.> It is then~possi$1e to distinguish between at least two types
of'qgsgomeration economies: transfer eanomies4andexp§;nalities.

-

L] .

lAlfred Weber, Theory of the Location of Industfggs, trans. by Cartl

J. Friedrich (Chicago: University of Chicago Press,, ), p. 126,

., pp. 134-135. 3' C

1 ' 9,\,-‘

alter Isard Space Economy, pg. f39 .9

&l ,H

~ ‘4See, for example Bela Balassa, The Theory'gf Economic Integraion
(Homewood, IIl1nois. Richard D Itwin, Ing., R pp .

SThe term ‘concentrauion', as used here, refers to.cqncentrations

* of economic activity in space and not to the degr&é of Eopcentration in

any particular industry in the sense of market fgzﬁ;{ the’ ‘concern is
rtes. A -

-
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,son, gggional Economics PP 420 421,

.2.2 ‘Transfer Bconomies

Transfer costs may bc'dcfincd to include not only tgnnspdrﬁntion
costs‘(the ;osts ofkmovemcnt through space of:tsam;dizies) and storage
costs ktho costs of ‘movement through time of cohmodifieSS'but also
communication coét;,:i.e.»the costs of transferringfinformation'ﬁrom
one location t? another, 3 Florence poinis out that "juxtaposition
alfows lower transport cost and e351er communication (a) from the

suppliers to the demandérs of materials or products and (b) between

one specialized process id3pfoduction and another; and (c) allows spec-

ialized auxiliary services on the spot to be fully utilized."? Examples

'

may be as varied as reduced transportation costs on intermediate mater-
ial inputs and outputs, being able to talk to suppliers and clients
S * ‘

, ' B
quickly and in person, discussing business problems over lunch, close

contact to banks ‘and other financial institutions, immediate access to

. Tepair services for.ﬁachinery'and equipment. By locating‘in close geo-~

graphical proximity to one another, inte%related industries are thus

able to take adv ntage of,aggléﬁerative_economies-through the reduction

of transfer costs, The field of transportation contéins several aspects

. A"*.

some of which shbuld berq;patea in more di?nxl ‘\

i N \'})

2.2.1'Fundamenta1 Role of Transpbrtétipﬁ. The production of transporta-
s ? . . .

tion services has chgrac}eristics‘uncommon to other industries. These

’ ‘i- : -‘ ‘ A

1See Edgar M. Hoover, The Location of Economic Activity "(New York!
McGraw-Hill- Book Company, Inc., 1948), pp. 117-120 and Harry W. Richard-

2p, Sarg nt Florence, Investment, Location, and Size of Plant
(Cambridge'“ Uriversity Press, 1938) P. 52. .

.
N (S

-
¥
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 services are genorally ot

_Alfred Weber Location, p. 18.

i L : * -
3 .
. s .
) .
Ty : h) \ t
’\ \ L S 7 ) . A v .
' ot . ' . . .

bring together inputs

,ﬁfg/g;, &f~‘
. _) g ’P ‘;*',,ui,

RN {7 : >
LI T

transport costs apﬁb‘fla%{%
R

related to overcoming th@

i Sector,1$1fuhdamental in that .
i o
}i relevant locational factor?

tries. The rolevdfd?

P

ic{ioq of space they vary systematlcally

with distance and impart a regularlty to the spatial setting of eco-

- nomic activities.? All other locational factors may be 'considered to

receive their locational significance through their relationship to

movements through space i.e. transportation costs determine the
»

degree of mobllity of inputs and ,outputs.. The greater the ease of Vi

mobillty, the. lowér the transportat1on costs and .the lowertthe'polar-

.
1. v

‘izing force of a commodity, v.v. Complete iamobility; for example in

- » A

the case of mines, is equivalent to infinitely high traneportation

A

sosts,“ and the location is imperatlvely flxed Fihancial‘capital

a

on the other hand, is highly mob11e because of 1ts low transportatlon

costs. Ubiquitous materials, as an extreme, have no locational - sig-.

_nificance at all. Labour inputs may be cited as a f1na1 exampLe

their mobility, relatively high for short distances, decreases rapidly

beyond a certain distance.® ‘

I

Thus as a result of differing degrees of mobxllty or, econmmcalhu

varying transportatmn costs, loumonal factors have assoclated ‘with them

n . . L
L - ‘ ' *

1Except for "joy rides" in the field of passenger transportation.

2yeber defines a locat1ona1 factbf’as a monetary advantage
realized by locating at a certain point and not elsewhere., See '

»
.

SWalter Isard, Space Econoay, p. 140.

‘ “See also Hendricus C. Bos, ' Spatial Dispersion, b 13,

SThe difference between long-run and short -run beh801our w111 not
be cons1dered here.

20



centrifugal or centripetal forces, i.e. they tend to dispérsetdr'gon-
) . L Lo o

céntrate economic activity. ‘ f(
o v , « ‘ ‘ E ‘ 3,

PPN

_2.2.,2 Level 'of, Transportation Costs. The level of transporté{ion costs.

génerally is‘an iﬁcreasing function qf‘ihe w§ight of th éoﬁmodity aﬁd
the distance over which it is to be transpofted.‘ However, disc;imipa-
tion aga;nst cértaiq‘commoditf%s, subsidies, andﬁnoncdmﬁétitivg Qgree~
. R ° Lo iz .
“ments créqte éctualﬁtranspSrtation rate schedules that do not onl}
reflect economicAcircumstanceS. As a result rate schedules are not
nly very compiex; bét only a smail propof;ion of ﬁhe total volume of
‘ﬂfreight‘;s‘traﬁséofted according to posted rates fof claES;fied com-
ind‘di'tiesf1 The "tyo most cdmmén featurés of raie schédules are the
downwarh—sliding scale of block rateglas distance~and wéight iﬁcreasg
and lower rafeSvfor low Jalue/high‘volume TaW paterials as oppésed to
high value/low volume manuféc;ured prdducts.2 ‘While the former. is
hainly'due to fixed terminal charges that can be spread over a larger
,Qariable.cost gharé, the latter appears to be'only‘partially due to
cost d1fferences The main reason may be ‘found in the h1gher ‘trans-
'poratlon cost elast1c1ty of low-value bulk products. Both tend_to

favour a concentratlon rather,than a d15pers1on of manufacturing

N : | . cL
industries. ~ ' ' s ‘ ’ \

~

IMoreover, this proportion has ddclined in recent years. See
Canada, Board of Transport Commission®s for Canada, Waybill Analysii.
Carload All-Rail .Traffic: 1965 (Ottawa Queen's Printer, 1966), p. 35
ana'ibid., 1969 p. 43 ‘ . S

s

25ee Unlted Natlons Department of Bconomlc and Social Affairs,

'Econom1c Commission for-Europe, Economic Survey. of Europe in, 1954 (Gen-

~eva:’ United Nations Publication, » P. 153; Archibald W. Currie, :
Economics of Canadian-Transportation *(To¥hnto: University of :Toronto
Press, 1954), pp. 195-198. Benjamin Chinitz, "The, Effect of Transport-
ation Forms on Regional Econom1c Growth Traffic Quarteggl 14 (1960),
pp 136- 138 , » ,

21



Bosides the various influences of the transportation rate struc-

ture on the level of transportation costs and, theroby, on the‘ngglomf
L . . ! W
eratibn‘tendencios~0f industries, there are a-number of thfdkt@Plﬁthﬁ

v._.‘ i

of the production process itself that affect the agglomoratlve behav-
jour of 1ndustr1es, for example welght 1os> of the produgt in the
course of productxon ﬂnd use of ublqu1t1es thle ehe former tenda to
attract qﬁ\xndestry to th? location of ;ts weight~losing input, the
latter tends .to puii an“}ndustry towards a.market locaeion beeause“
. : { h “
transportation costs can be reduced. ' If a% industry is footloose, ji.e, .
. / : | . :
| the proportion of material inputs to toteliinputé is very low, it wi{i
" not be transpertéoriented in its 1ocationa% choiée at all; external

-

economies or non-economic amenities may determine its location.

The level of transportatlon costs i3, ceteris paribus, also‘

.

affected by the avallablllty and quality of transportation fac1litles

Indeed, many cities owe'therr existence to the presence of npatural

a

»

transporiation'routes. Changes in-transportatidh tecpnology and costs

4 v

can have a profound 1mpact on a city's hlerarchxcal rank in a reglon by

L3 .

dlverplng economic activity e}sewhere,1 Barrlng exceptlonal cases, an

~ .

urban-metropolitan region may be viewed'as a network of transport

interconnections? with strong agglomerative effects.

" ».. - The case of transportation'facilities may serve as an example for

the d1ff1cu1ty of keeping apart agglomeratlon economles due to trans—

i
1

portation costs from those due.to externalit1es. Transportat1on facil- .
ities are usually lumped together with gas, electricity, water supply,',
. . L

. ' [ . ¢

1See "Hugh 0 Nourse Reg10na1 Econom1cs, p 223,

. .

2See Walter Isard Space Economy, p. 11. e AR




[
'

ote,} under the heading of infrastructure or oconomic overhead capital?

.

and the agglomerative oftfect is taken to accrue via pecuniarvy external

. ' , ] I ) ‘
ccopomies,’ This point will be discussed in somo more dotail bolow,

2:2.3 Transport lnnovation and the Importance ' of Transportation Costs.
. -‘ ' ' : ) 0‘ I |
Tochnologicul.progross in the transportation sector can have two .

N '
i

dxifdrunr effocts on d&glomurdtlon. Assuming the extreme of infinitelyi
high transportdtxon oosts the result would be self~sufviciency in all

foéionﬁ. In this abstract caso ocopomic nctivitiOS.vbuld’be distributed

afcard{ng to the distribu%ion of population. A reduction in tréﬁsportak
tidn’;arés would fuéilitate polnri;ation of the cconomic landscape by
,frecing industrics from their previously\fixed 1ocntfons nnd~nllowing
them toltake advantage of scale ecoﬁomies and other iocationalvfactors;
Lowe; transport CoSts enhance thf importance of other 1ocat10ndl fac-

tors and the market for both inputs and outputs is wxgcned“
A
However, stdrt;ng with a given uneven distribution of ¢conomi ¢

rosource5~and activities, lower transportatlon costs may lead to greater
relative specialization of regions .in those activities in which they

have a production advantage.  This ability of distant production centres

to ,compete in large central markets constitutes a depolarizing g%fﬁct.

~Through a reductlon of economxc distances lower transportation'rates

¢

. .x
1Bela Balassa, Economic Integdration, p." 195. )
2FQT a definition of economic. and soc1al ‘ovérhead capital see
‘Nlles M. Hansen, 'Unbalanced Growth  and Regional Development", in
Regional Economics, ed. by David L. McKee, Robert D. Dean, and William
. H. Leahy (New York .The Free Press, 1970) pp 231-232, .

-
. . - . 1 . Al '
¢ o : ) . ' :

i
¢




‘ . / ' /
Onlnrt% tho setrof foqslblo locatjons in the economy, "because a
given vaol of .profit may now be reached at a greatcr pumbors of spatial

!

polnts."}  Already theso simple oxnmples show that no unequivocal

;tntﬁmonts can ba.mudc about the locational impact of a rcduction in

transportation costs, Tho matter, becomen even more complicated if

the docrease s not'goneral but applies onlyanns it likely wouldaato

ccrtaln modes of transportutxon and, thereby, to Lbrtﬂln industfies.
ln the absence of a detailed study.it’ ts ulmo:t 1mposs1b1e to

make genernlxzatlonn on thHe 1mportance of tran5portat10n costs for the

i

location of industries. Some parﬁs of thl\ questlon the agg}omeratlve
aspects will receive more detailed study below. An examlnatlon of the
relevant 1nput coeff1c1ent5 of the Canadian input- output tables rnad11y
reveals the greatly differing proportions of transfer costs in the total
value of productxon among the various industries, 2. Moreover trans-,

portatlon costs are, of course, but gne of a large number of locational
" factors and, as some writers contend, one of dec11n1ng 51gn1f1ca;ce 1nk
the Selection of industrial locations.3 Nogwithstanding this assertlon,
it has been shown that past trends in the transportation sector héve‘

\

encouraged a greater market orientation of industries.

lHorst Siebert, Regional Economic Growth: Theory and Policy
(Scranton, Pennsylvania: International Textbook Company, 1969), p. 40.

2Canada, Dominion Bureau of statistics, The Input Qutput Structure'

‘of the Canadlan Economy 1961 (Ottawa "The Queen s Printer, 1969), Vol.
2, Table 14, .

3Marvin J. Barloon, "The Interrelat1onsh1p of the Changxng Struc-
ture of Amerlcan Transportation and Changes in Industrial Locatlon
Land Economics, 41(1965), pp. 169 170. ’

¢
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v Infgeheral one may point out that technological advances‘have , \]

. W

changed consumpt1on patterns in the past and will probably cont1nue to
do%so in the future.l With 1ncreasing affluence the trend is to more
" complex and soph1st1cated consumer goods whose trensportatxon costs

.

form & 1ower proportion of the total vhlue of the product than‘those

of,10W~price staple products.l The'iocational impact of a'reduction'in

Al

the welght of transBortatlon costs on the total costs of a product is

N .

. "and 1ncrease in the 1mportance of other locatieonal factors, This

trend may be weaker in the Canadlan economy than in, say, European

2

countries because distances are relatlvely 1arge ‘and markets compar- .

. [
) f ! v " -~

g'atively narTow,
. i

i |

2 3 External Economles‘

.~‘ N , . .,

The second group 'of agglomeration econom1es to be cons;dered com-

prises_externalities. Whlle undoubtedly of 1ocat10nal sign1f1cance

external economies and dzseconomles so far have escaped direct quantl-
tative measurement because of the difficulty of separating'individual

- r.

A external econom1es as 1ocat10n factors and measurlng them under n

N

-~

. ceterts parmbus conditions. These ‘data problems ‘have ' prevented a

systemat1c ana1y51s of externa11t1es beﬁore and no attempt W111 ‘be made
* r.

here to take, ﬂhem into account dlrectly It 1s poss1b1e however, to
characterlze these agglOmeratlve forces and to 1nd1cate ‘how they tend

. to affect the locatlon of 1ndustr1es. :

.

The follow1ng brlef list. of frequently c1ted external economles

. - "\

N -

.

1See Louis Lefeber Location and Regional. Plhnnlng (Athens. .
Center of Planning and Economlc Research 1966) pp A;?l27. W

\"’ .
[ [ . . . ; .
. N .
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illustrates the diverse nature of thesellocatienal factorsl: the

'

existence of infrastructure such as gas;, water, and tranSportat1on

\ O

fac111t1es, output or costs of a glven fixm are favourably affected by
an 1ncrease in activity. of other firms, creation and utillzatlon by
many f£irms of ,a common, pqol of skilled labour, and the ex1stence of

Specialized service facilities o,
. 1 Con ' B
In the followrng section an attempt w111 be made to classxfy ex~
[ N " A
ternalities, to relate them to the spatlalnvarlable and to indicate a
‘ ‘ " e,

common denominator,

2.3.]1 Classification of Externalities. Externalities may.be classified

'\-.
by placlng them into a somewhat wlder framework and relatlng them to

the scale of economic actrv1ty External economies are then, in es~,

o

sence, one type:- of scale economy The reference p01nt is the f1rm and
ec0nom1es ‘are character1zed as 1nterna1 oT external to the flrm The

K former comprise the well-known cdses of returns toﬂecale e5pecia11y'

(4

1ncrea51ng returns -to' Sca{j%Wh1Ch result in decreasrng long-~run average

v
o

costs. »The: reasons commonly advanced for the existence of these in-
ternal scale economies are specialization through d1v151on of labour

and the ablllty to use a more eff1c1ent technology 2

.

External economies of scale may be subdlvrded agaln by taklng the

. 2
1ndustry as an addltlonal criterion and dlst1ngu15h1ng between scale*

* B
) g )
, .

1The ‘focus on ‘external economies is merely a matter of convenience
here and does not mean to imply that external dlseconomles are of
lesser importance . .

- a
- -

2R1chard H. Leftw1ch The Priece System ahd Résourée Alloqaplon
(4th ed.; Hlnsdale Ill.. The Dryden Press Inc., 1970), pp- 162-163

e %

.
>
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-‘caused and recelved by the firm, scale economxes external to- the f1rm

-

_the characteristics of productlon functlons, these are. the "sp111 over

. ’ ! Lo
. ' .

: - . \
. Ve .
N . .
1 « ANEEP \T ~— ' T A .

_ economies external to the firm but internal to the industry andfﬁcale

o .

economiee'extefhal to»the‘firm\esd to the 1ndustry (but intérnal to the

\ . !

nat10pa1 economy) Contrary to 1nterna1 scale economles which are both

. ¢!

but 1nternal .to mhe 1ndustry accrue’ to the. flrm upon an }ncrease in

‘1ndustry output whxle econom1es of scale external to f1rm aniglnéustry,

]
[ [

'are caused by a general inoxease An economlc ac%lu;ty, i.e, 'an- inqrease

s.N
s .

in the output of all 1ndustr1es Both types of external economles may

-
" my

\~Lbe plctured as downward shlfts of the long TUn aVerage cost curves of r

-
Lo

the 1ndividua1 flrm

N
]

‘While- both type& of externalitles are transmitted bec?ﬁgejié inter-

dependencles among productxve unlts, it is necessary to point out one

1 .

fundamental dlfference in the origin of the 1nterdependenc1es Follow~'

"“f}}ng Sc1tovsky's term1nology,¥ we may d1st1ngu15h between technolog1cai

v ~ L)

and pecunlary externailtles Technologlcal externaltt1es are based in

effects" that cause problems in the stat;e model of optimum resource

ailocation:, They are present g1ven outputs X, output prlces P, 1npute
v, and act1v1t1es 1, 2, 3, ..., n, if output xy is'not only dependent -
upon 1nputs into that act1v1ty v, but also upon the scale of operatlon

of other activities:

-

‘ X} = xl(vl: .v2: ---:'Vn: X2, o0y X)

The functlon 1nd1cates that technologlcal external1t1es are non- market

‘ interdependencies, 1;e.‘they»are physical 1nf1uences.that are not

1Tibor Sc1tovsky, "Two Concepts External Economles" The Journal

of Political Economy, 62 (1954) PP 3 151
\

27
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accounted for through prices. Examples‘are for eXternal diseconomies,

‘ the adverse effects of pollutlon caused by one producer upon another

l
LI .

or a reductlon in agr'cultural output due to'a 1ower1ng of the water

.f‘ ) B

"table because of.striprm ,ing.l‘\The beeforchard case may serve as‘an
. K ‘} ' v “ X “\ ' ! " ‘ R ' O ' v o Lo
.example for an external ecoRomy.'' o ‘

ist whenever the profit of one producer

[

1nputs and output but also upon ﬁum

Pecuniaryvexternalities

does not only depend upon‘his o

'endenc1es are transmitted through
the market mechanlsm via, pr1ce changes resultlng from a change in the h
I B * :

scale of economiC‘act1v1ty: o "\\\,|

N
' ! TN . ' : v

Ty = TTl(Xl, vy rx2:"'v2: “esy Xu‘, VNNX o "

those of other f1rms These inter

“for profrts m outputs X, ‘~1nputs v, and activities 1, 2 3 cee, n;szn?l

+

like technologrcal external economies, pecun1ary external € onom1es are'

a dynam1c phenomenon ana occur in the process of economic grow

v

While a more detalled dlsdhssron of thelr 1mp11cat1on for opt1ma1 re-

g . !
: source»allocation would 1ead~too far Kfleld,“ it’ may'be noted that\\hgm'
. ! : . , L \ “\ :

¢ ' LT . no

existence requires modification‘of private.profitability. as a soleu}n-th\'
, . v Y o . th '

oo

: -

1Y .

. I . . ' \,( N ‘ . .
L n

1Horst S1ebert ggglonal Economlc Growth: Theory and Polrgx
(Scranton, Penn. :: Internatlonal TextBo'k Company, 1969) p. 125.

. 2Thls formulat1on whxch follows Sc1tdvsky S, appears to be prefer-
‘able to that of Siebert whose function gives the’ m1sleading 1mpre551on
that price changes cause output changes ;. -the correct 1nterpretat10n is .
‘“that scale changes of one producer result in changes of his'prices (in-
~ put and/or output) which,.in turn, ‘cause proflt changes for. another

: producer ‘This may .or may not. result in’ output changes of the affected;,

Y

'producer-'hls profits w111 be affected 1n,any case.p~

3Paul H. Cootner, "Soc1a1 Overhead Cap1ta1 and- Econom1c Growth"

hlanhe Econom1cs ‘of Take-off into Sustained Growth, ed by w W, Rostow'ﬁ

(New York: - St Mart1n s Press, 196‘), pp 262 7 v"vy e T

“See T1bor Sc1tovsky, "Two Concepts", p 248 250 ﬁ‘ t_v f : i”:; 1Pt

LN
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',1b1i1ty of ‘an’ entire 1nterdependent group of 1ndustr1es.

, econbmlc overhead cap;ta“such as roads mun1c1pa1 serv1ces ra11ways.AV

'

vestment crlterion and p01nts the way toward an analysis of the feas—vf e

“I‘I.

[T

KY "‘lvl“.‘,

Dxrect 1nterdependenc1es through pecuniqry external econom1es
15 T : ,I » . ' .tnl oo

are!lmportant and occur frequently, examples aré’ reductxon 1n input
l ! l‘i

pr1cés for a producer because of economles of scale rea11zed and

i

passed on by his~suppl1er, or cost"reduct1ons due to improvements of»‘

.l v 'J,"‘

WL
{
[

!

2 3. 2 Relatlon of Externa11t1es to Locatlon " Sor far externalltles T

¢ .
iy ,i: \*

were treated wrthout part1cu1an referenCe to the spat1a1 dimension.

In. order to dlscuss the locatlonal srgn1f1cance of external economles

Wt N - N

it 1s necessar to relate them to space. For onlj if, in order to -
Y P Y

appropriate the external economles, it is neceSSary to locate in the

constltute an agglomerat1ve force Roblnson's distinction. between
v'..

Some external econemles, such as certaln technologlcal advances are

“ " B h* -
1mmed1ate1y dlspersed world—wlde becomlng, as 1t ‘weTe, common g% o

perty These are perfectly mob11e and cannot be cons1dered°10cation-r

al factors Other economies, such as the' ava11ab111ty of 1nfrastruc-

i

ture)fac111t1es the exlstence of a’ sk111ed labour pool or ‘the . {:'

® B -

.M

Thus only 1mmob11e economles qualify as agglomerat on economles.‘“

! . ! a LR S

ca

S 1B A. »G Roblnson The Structure of Co et1t1ve Industry,{wf"”
Cambridge'Economrc Handbooks CEH' 6(Ch1cago

he- Unlversrty"F S
Ch1cago ress, 1964) pp 124 126 ~ Lo Noo

T

- same place in wh1ch the industry generat1ng them is located will they *

Iy

' mobile and 1mmob11e external economles is frultful in thls context.? K
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Incdrpbratlng spat1a1 conslderat1ons Hoover has - advancad the fbl~ .

. \» ) '; .'; N ‘. i N , ..‘-
low1ng classxficat1on of agglomeratlon econom1es. ’ 3 -?§¢~w‘“ L T

a *'r"

"(a) Largp—scale econommee w1th1n a firm, consequent upon A;f
the enlgrgement of the f1rm's scale of productlon at one ' - =
point.s .. o Coy ; o o

{;‘ A ;‘ ., . " ‘\’ ) Y .‘ ! ‘.‘.. " Y © X
. e N K i . : ‘o to b S }

(b) ‘Localisation economies for all” firms in. a\51ng1e 1ndus- SRR
f'try at a single location .consequent upon the‘enlargement of

the total output of that 1ndustry at that locat1on

PR (.

, (c) Urbantzatton~eponomtee for all firms in all 1ndustrles Do v
.7, i at a single. ‘Yocation, consequent upon the enlargement of the I
w .+ total economic size. (populatlon, income, output, or.wealth) S
s ~ of that locatlon, for all industries taﬁgn together woo RN

LI A el

i 5 i
il

,’The relatlonshlp between thls c1a351f1cat1on and the above ment1oned

‘,

T dlst1nction between 1nterna1 and external economles of scale can be' . IER S
. , D e

seen by notlng that the three types of economdes a 1a Hoover correspond '

) n o A
g \ '

+
to the 1mmob11e components of the1r scale econOmy counterparts g
5 o ‘ . - o ST o
2. 3 3 The Cause'of Externallties.. It has been pointed Out above that AR B

'both 1nterna1 and external etonomies ’ are ba51ca11y economies’ of scale

~ . TN i

A common denomlnator for and a fundamental cause of these scale econ- - Lo

M

(R
. ‘.rV P I
e S j!

o om1es may be foundJin the exlstence of 1nd1v1s¥b111t1es.' gk
" = At %he level of the f1rm 1ncrea51ng returns may result from the o

SN use of a more eff1c1ent but 1nd1v151b1e productlon technology or the L lf .
: x o

‘?h"g'use of more eff1c1ent but 1nd1v1s1b1e 1nputs, such as a blast furnace.?g‘
R , o ‘.“ . -‘ . ,," " ) ‘ X V‘ . ‘. TN B ‘ :
- B - * ’ ks ! " - .
Vf;ﬁg“'fpj External economles, and agglomeratlon economles in partlcular, are
e g 1,,. B ) ¢ ‘

———————sgmu}arly rboted 1n 1nd1vis1b111t1es The trelned labour pool ‘the 33'

2

1Wa1ter Isard, pace—Economx, p‘ 172

s

v

‘ 2EdW1n Mansfleld MlcrOeconom1c5'* Theo:§ and Apgilcatlons (New e
iYork' W. W yorton and Company, Inc., 1970) p |138 '

N _v
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lspecrallzed aux111ary serﬁice the '1ndustrral cllmate', or the p1ece

of 1nfrastructure? w111 only be poss1ble at a certaln s1ze of‘operatron pt,
"r;yk There 15 ghus a deflnlte relationshlp between 1ndlv151b111t1es and the"‘; l~¥ Q:
‘ W o S ‘ S R
factors that affect the locatlonal declslons of flrms. Indeed ':;‘k,ﬁ 1[3

. v, : . ?(n ‘

T ",.. w1thout recognlzlng 1nd1v15rb111ties-~1n the human person, ‘
‘ '; in residences, plants, equ1pment and in transportatlon—-urban‘ oo
location problems, down to those of'the smallest v1llage, can-. A L
'N;' not be- understood M2 W RS R S

i
: 4

) ) A SR IR
While, the’ theoretlcal 1mp11cat10ns ofj&he w1despread exlstence of 1nd—v.pl, o

A

v151b1l1t1es cannot be further explored here 1t may be p01nted out\how o
¥ ‘

both the exlstence of space and‘therex1stence of End1v151b111tles lead o lf}

1

O ’ . .
.np ,' * } o

to aldeparturewfrom perfect competrthon and contrlbute to a concentra—

tlon of econom1c actlvxty.‘ The flow sequences may look as follows (the
~ arrows 1nd1cate "1f then") 'l,F'T‘ v T - 8 - AR B

. . '
NL \

‘a) space Spat1a1 separation - market power - t\End\towards 1ndustr1al
e ' and geographical concentrat1on SRR . : \ y .

e, y“"a' [ et
v

=

. b) ind1v151b111t1es > scale econom1es > market power > trend towards .
‘1ndustr1a1 and geographlcal concentratlon. - :‘_‘9 oo e T

N :
3 "( ~ ) ’ ' B o
= ' :

Wh11e these sequences ‘are only a very rough and 1ncomp1ete 1nd1cat10n o

A

‘ wfj“ of the processes 1nvolved they may part1ally exp1a1n the stress placed o lg@

v

upon market structure and '1ndustr1a; climate' by proponents of the i
v R UL ‘ o s A . - . :
growth~pole approach to reg1ona1 development ‘ ‘ :

, ”f?f‘ 1leor Sc1tovsky, “TWo Concepts" p 247 B ?ff*tffg‘ET“fp:f:§i:xtﬁt'f
RO 2Tja111ng c. »Koopmans Three Essays on. the State of Economic ?“m...‘l“ |
| ‘SCIGHCG (Nethork MCGranﬂll% Book Compapy, 1957), p. 154 N e
ot 3Walter Igard Space Etonomy; pp 49»50; 158 159 h; | |

15;\ l’Franccus Perroux "Note ‘on the Theory of Growth Poles""trans by |
Llnda Gates and ‘Anne Marie.: McDermott Ain Regional” Economics: Theory and ]

Pract1ce, ed by Dav1d L McKee, Robert B.,Dean, and W1111am H Leahy




3.4 Assessment of Importance. Given the prOsont state of the arts
&uv . . . , . \ [ ‘ ,
N ! p ' '
. with regard to the mcnsuf%moﬁf of external oconomios, it is not easy to

.

T  makg any definitu ‘statements about their importanco as a locational fac-~

-

. Lgn]

!

'tor.: Whilo some of the authors tgq bo ﬁontioneﬂ addross themselves more

)

to ‘external cconomies in gonornl and- thoir devolopment cffoct tho

qtntcmbntg would appenr to aoﬁly a fbrttorz to agglomeration ecopomkes
i.o immobrla extérnal oconomies and their locational effect.
e co

The difficulty in incorporating extérnal econiomiesdnto the anal-
ysls phrtly stéms from, the fact that their estimation requirés a ceteris
parﬂbus wqud where éverything which can\possibly iﬁf}uenCe output or

L

o profits‘remaxns constant excépt.the factor 'external economxes'.

Horeoverglpecuniary external economies are so broadly defined-Athey ‘in-
% ? .
clude, for example, the effects of technical-progress~1that quantifica-
. h ,
~ tion becomes extremely difficulr.l 4 , o , .
- ’ H . s :" v oy
As in the case of transfer Cogtg, the opinions also differ widely
! : . ~ » .t :
‘with regard to the importanée of external economies as a,locatiqgax
factor. One extreme posxtionn1s occupied by Rosenstein Rodan’ 2?? sug—
’ 5

‘ gests that underdeveloped reglons should invest 70-80% of tlHe caﬁ)tai
needs‘of that region into social and economic overhead capxtal in order

to reallze the agglomerntlon econOm;es needed to attract other indus-

trles.2 While these figures are-considered to Be oxaggerated by Balassa

n’? .
he novertheless ascribes an important role to infrastructure as a

' 4 - R \*‘}'L R
o K] . s : )

: ”;5
& : lHorst Siebert, .B_glonal Economic Growth, p. 126ﬁ* o '
2poul N. Rosenstoin Rodan, "Les besoins de capitaux des pays gous:
developpes" Economie Appliquée, ° (January—June '1954) p‘.82~ "
' ¢x

“ * t ' T ] ‘ ,:

*
. . . . . S

a

’

32

'

ol



) . ' ‘~ \
\ ¢ . S N
) " . N
" \

locational fnctOr;1 Commenting on tho dxfficulties of measurement and
L v ' AR
the inconclpsiveness of cmpirical studics, Sercernnscn nevertheless

* »

fcels that '"these agvantagos and disadvnntnges (c?nnected withi agglom-
r \ ¢ ‘ ‘

erntions) are real and important."2 This view is shpred by Hansen who

points out’ that new 1ndustry could not, be attracted to a designated

growth pole "because - -of,. the presence of vastly greater external etono-
“y o ;,,,«"{" !

mies in other: regions "3 Thése ngglomeration economies Apparehtly were

i

'of a sufficient magnitude,to;compensate for*the_ensuing increase in.

. o

2L .
transport costs’ L § . ) .
! ne L U
% AR },‘ - .
Hipschman contends that the external economies that- producers can’

N t

appropriate by locating at centres of economic activity are consistent- .
N\

ly overestimated by them.* While Hirschman's view‘does not amount to a

. negatxon of the importance of external economies, he conslders the

s

agglomeration econom1es that can be generated by investing. in economic

[}

overhead capital as an unreliable stimulus for the 1ﬂﬁhcement of direct-
ly productlve activ1t1es in geﬂerai and an unreliable locational fac-

tor for the attraction of these\actlv;ties to certain localities 1n

a
A

paf{icuiar. Thls 1ed to his formulation of the perm1551]e and the com-
. { : " V4
pulsive sequences of 1nvestment 5 Robock is in substantlal agreement

" with ‘this view and points out that any 1pfrastructure_investment must -
be related to identified potentials for investment in directly produc-
) . ——————"—‘—‘ * . ' Lot

]
-3

1ela Balassa,, Econemic Integration, p. 195, .

' 2Jan Serck-Hansen, Optimal Patterns of ‘Location (Amsterdam: North-
Ho\land Publishing Company, 1970) Pp. -12-13. : :

\3Niles M. Hansen; "Development Pole Theory", p: 132

“albert 0, Hirschman,_ Strategy, pp. 184-185. - o

4
i3

. Sibid., pp. 81 £f. . . \ R y

¢
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‘tive activities.? This again amounts to a discounting of the cfficnéy '

of the 1mmobilo oconomies spun off by economic overhead capital
Examining the role of infrastructure in a_slightly different context
Cootner cohorudes ohatithe‘argoment withjregdro to the importance of
pecuniafy‘external eoonomieg-—hnd,infrasiiugiurd ih“paiticular~—de—
pends on the assumption of lack of forésight on the part of the invest-
ors.? For if ﬁhore was no uncertainty brlvato profit opportunities’
would not be undorestiQ:ted. v ‘,}

Examining external economies ‘other than inirostructure, Robinson -
reachoo the conclusion that the proportion of mobile to immobile ex-
ternal economies is steadily increasing. 5 The tendency tohard a geo-
graphical concentration of industries would consequently be lessened

Wilkinson has observed that the adoption of mass production techniques

for standardized products results in a decreasing 1mportance of extern-

al economiés created by the ready availability of spec1alized auxiliary'

i

services." As these advantages are localized the 'mature product
I

stage' involves a decline in the role of agglomeration economies as a

! B -~

locational factor.

*

i

Florence may be‘cited as a final reference on the importance of

external economies, His extensive investigations into-the structure of

y B

1Stefan H. Robock, "Economic DeVelopment", p. 255

& . 2Paul ' H. Cootner; "Social Overhead Capital ‘and Economic Growth"]
ﬁpﬂ 263 265. Cootner's article deals with the role of uncertainty in
Hecision maklng . :

-
Al

3E A. G. Roblnson Competitive Industry, P- 124

" YBruce W. W11k1nson, Canada's Intemational Trade: Analysis =
of Recent Trends and Patterns (Montreal: Fr{vate Planning Assoc1ation ,

of Canada, 1968), pp. 116-117.
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Brltish and American 1ndustries led him to conclude that much of the

Spatlal juxtaposition in British metal and textile 1ndustries was due
\
to the immnobile external economies resulting from a high degree of
spécialization of 1nterdependent plants.} -
\ .

tn

}\Before concluding thﬂs section a few remarks should be made about
the heasutemeht of{external economies. For ahy»particulat industry

backw;rd'and forward ;inkaées may be used as a guideiine for the pos-
siblelegietence'of external eoonomies.z.'The effect of a price change

in this \industry (on the output of linked iﬂdustries)‘would have to be

| \

\ ' . . -
folloWed\through successive rounds. 3 For a group of industries taken
together\\sard and Schooler have attempted to take account of external
. economies éy perfbrmlng an 1ndustrlal complex analysxs 4 Being ‘con--

'cerned w1th the fe351b111ty of the entire complex and stre531ng4the

an

A
)

quantlflcatlon‘of varlables 11tt1e attention is pa1d however, to

\ B

econom1es external to the complex " Thése wider effectsocould be*1n~

%

vest1gated in a\growth poIe analys1s which concerns "itself not only

| A

with developmente at the location of the growth centre but also in-

oo \ ‘ e \
volves the surrounding 'ﬁintegfand'g ‘However, the various. obstacles

1Philip Sargant Florence, ‘Investment, Location and Size of Plant;
Pp. 69, 53,66. Florence's orig1na1 study Ts now quite outdated;  But
'see also h1s Post-War Investment, Location and Size of Plant, The Na-
tional Institute of Economic and "Soclal Research, Occasional Papers 19 |
(Cambridge Cambridge Univers1ty Press, 1962)»

Zalbert o. H1rsch\man Strategy, pp. 103- 105. ' T
3Horst Siebert, Reglonal Economic Growth p. 126, ' .

~ YWalter Isard and Eugene W. Schooler, "Industrial Complex Analys1s,
Agglomeration Economies,\and Regional.Deveropment" Journal of - ‘Regional
Science, I (Spring 1959) pPp. 19-33. -




. to the application of the growth pole'appfonCh appear to havo

'

hampered‘prégrcss in this direction,

2.4 Interindustry hinkngcﬁ \

o,

@ o .
omies as Jocational factors, it is now necessary to relate them to .

After briefly discussing transfer ecopomles and oxterpal econ.

oAy
va,

interindustry linkages and to indiéate‘in which manner these

A

linkages can be utilized as proxy measures for a tendency toward

agglomeration of industries.

2.4.1 .Locationa

. “
! . -
fae Ty

1" Aspects of the Division of Labour, As an economy

|

develops; a greater degree of specialization and a division of

¥

functions among industries will substantially increase inter~firm .

transportation of commodities. Spatial separation from complemen-

tary and auxiliary industries becomes a costly 'luxury', giving rise

to transport agglomeration as a locational consideration.}

However, greater specialization does not only lead to agglomer-

ation via 'transfer economies; the process of growth and maturation

of industries is accompanied by a 'farming out' of functions that
. + A . ‘

#

weré\all carried out in one firm before.2 The resulting technolog-

a

- ical interdependence-of activities carried out in different firms or

industriés may lead to technological and pecuniary externalities of

i

the immobile;type. As mentioned above, their appropriation requirés

P

spatial juxtaposition. Both types of agglomeration economies,

# s o=
P

Ce
P

*2Ibid., p. 154.

IGeorge $tigler, "The Division of Labor", p. 158. . .

-~
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transfer ecomomies and oxternal cconomios, can thus be viewed as a

result of speciallzation and division of labour--the rosult of the

development of the cconony.

2.4.2 Reflection in Input-Output Table, lntorindustry lipkages can e

be.computed. from a square, i.e. intorindustry, input-output tabloe,
Such a table shows, in matrix torm, tho values of commodity: flows be-

tween producers and users, Linkages are “goefficients that relate

-

" the size of particular input (output) flow to the total size of the

input (output) flow of an industry., While a more detailed discussion

of intebinduxtry analysis, as it.relates to this study, and, of varp-~ Vv
) A"' » .

. . . A e C o
"ious linkage measures may bo found below, it-i% sufficient to point A

i L)
»

out here that linkages are percentage figures ‘that give an indica~

tion of the relative magnitude of a commodity flow between two

industries either as a proportion of totgi inputs¢of the purchasing
industry (backwurd(lipkpgé) or as a proportidg‘oflthc total éutput
of Fhecbroduc%ng industry.(forward linkage), fhese iinkages will
exist only in a’devéléped economy where divis&onfof LJbour has led

to an abandoning of certain functfons and the establishment of new,

.
4

specialized industries that are structurally related.to the’original "7 - ..
ron . X . . . f '
industry, Linkages are thus numbers which indicate the existence of

multi-faceted interdependencies in an economic system.
, \ -
|

'

2.4.3 Linkages, Transportatioﬁ, AggIomeration; While input-output

- 4
‘linkages express structural relationships between industries and

thus indicate the channels along which we can expect immobile ex-

ternal economies to flow, their primary locational significance

/



"

appears to dorive from the fact that tho oxistence of strong linkages

implies large flows of inputs or oﬁtputs and thus, with some quali-, h
fications, High transfor costs, uigh trnnsfer ébsté menn‘g;eat !
ndvuntugbs from ngglomcrdtion. A direct, systematic ;glntionshiﬁ -
between industrial linkuges pnd the locations of xhe.linked inddstrios. :
}Would ostgbliﬁh these linkages as Lc)‘cnt"lonnl‘fﬂctor%\1 or more prq-l S

ik ) ,
cisely, as agglomerative locational factors, e

v

. -
i .

2,4.4 Assessﬁeqt of Importance, Dealing with interdependencies in

B

the locational decisions of firms in a theoretical context, Koopmans

has pointed out that ",..there is no doubt about the existence and

importance of transportation cost or of intermediate commodities."}

[
[ .

As the empirical test of this statement ié‘\he subject of phé‘sub-

-h, -, .
of the importance. of linkages as .
P K ! ’

.

sequerit analysis, an assessment’

N

agg&oﬁeration economies will havé to await the results of the tests.
However, in the survey of the literature below the' findings of = |

Qf other studies on linkages and location are reported and disScussed. . ' .
. . o i ‘ "

.

. [
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3.. EMPIRICAL FOUNDATIONS OF THE ANALYSIS \

[ ! B
\ ' C e
'

P
Thls chapter, falls 1nto four major_ parts. ¥ characterlzat1on

and dlseusslon of the data) a dlSCuSSIOn of the measures of llnkage

and spatiql conceptration, an outline.of the methodology employed
1n the analys1s and a brief survey 6E“Ehe litegature on agglomer-

‘

atlon in general and llnkages and aggkpmeratlon im particular.

5

.. R ,
3.1 . Interindustry Data . . ¢
. . ,
3.1.1 Data Source and Comments on Data, " The interindustry data used
/

1n thls study are ‘based- on the publlShed 1961 input-output tables for

a

Y

"

" the Canadian economy.} The 1961 1nput output tables differ from

convent1ona1 1nter1ndustry models in that a dual c1a551f1cat10n of

*1nputs and outputs accordlng to 1ndustry and eommodfiy is employed 2

a

Moreover the one- to- ‘one correspondence between an industry #nd its e

» Y B PR

pr1nc1pa1 product has been abandoned, allowlng .for.more than one

¢

characterlstlc product for each 1ndustry " Hence the ba51c trans-
action ‘matrices, listing intermediate commodity inputs into industries

s

N
Vo 1Canada Domxnlon Bureau of Statistics, The Input-Output
Structure of the Canadian Economy, }961, Vols. 1 and 2 (Ottawa: The

~Queen' s Prlnter 1969) ‘ . rﬁ””] ' ‘ * "

) . '

. 2These .remarks are based 6n Canada,’ D. B. .S., The Input Output -
Structure, Vol. 1, p- 34. e . . . . S

rd . . » B v ) g

. . . -
R ’ . R . ) :
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and industries.’ intermediate‘outputs of commodities, ‘ahd the coef--
f1c1ent tablea derived from them, are rectangular rather than square,

the number of commodltles exceedlng the number of” 1ndustrles. Yn-
. \,x ,.
puts and outputs of ' the various industries are shown, in separate

f
A.‘

t8b1€SL This arrangement advantageous for many" Qn&}ytlcal uses of

th tables, ) has some technxeal implications for this*study.

The calculation of 1inkage coefflclents requires,.as a starting '

polnt an 1nter1ndustry flow matTix, The procedure for obtaining

this matrlx will be outlined after a dlscusslon 'of the 1ndustry and

commodi ty classifications used and of the importance of the aggre- .

gation level. N A ‘ . o
', . A ) { -

3.1.2 The Degree of ‘Aggregation. The inputhoutout industrial class-
ification at the worksneet detail IOIC—w, is an aggregation on the ‘“5”

. i s e
vbasis of tne Canadran’étandara Industrial Classification (S‘I:C.)‘z‘
There are 187 inputéoutput industries at the level of detail of
I0IC-W; man} of them eorrespondlto "Khree-digit“\and "fger—digit" : :
S.I.C. industries while others are aggregations of S.I.C. industriesx
From the worksneet detail 1ndustrres were further aggregated into
IOIC L (110 1ndustr1es), I0IC-M (65 industrles), and IOIC S (16
-1ndustr%es, for these_classlflcatlons certain tables have been pubﬁv,' .

" lished. o e I

A S N
1See Canada, D.B.S., The Input-Output Structure, Vol. 1, chapt.
' 3 and‘App B. ' o - L

A 25ee Canada,~D.B.S.,.Standard Industrial Classification Manual
wi(Ottawa The Queen's Printer, 1960), Cat, No. 12-501 and Cahada,

BD.B.S., The Input-Output Structure, Vol. 1, p. 97, pp. 113-114, and
p. 119 , ' AN T Co _

-
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With few exceptions the'inputiohtput commodity.classification_

at the worksheet detail, IOCC Wy represents an aggregatxon of com-~

L A

‘modltxes from the %tandard Commodxty C1a551f1catron. COmmodltleS’

i 4
are also. cla551fled accord}ng to the Import Commodity ﬁlassrflcatlon

"

and the Bxport CommOdity Classiflcatron 1 The 1nput output commodity
l

« [

' classification number consists of a sequential,lxstlng of the com- .

, ‘ o0
modltxes, each commodxty number is preceded by the number of the ﬁi?

A

prlnC1pal produc1ng industry. 2 since a. commodity may be produced by

~_more than one 1ndustry, a grouplng of commodities may not -correspond

. -~

to any -one partlcular industry.. 'From the detail of IOCC W commodxtles.

' were further aggregated into 10CC-L (197 commodlty groups), IOCC,M

‘ (65 commod1ty grgups), and 10CC- s (40 commodity groups).’

In thls study the industry detail of TOIC- L, i.e. lfD inglstries;

s used. The reasons for this choice are threefold flrstly, this

. aggregation is the one w1th the 1argest 1ndustr1a1 detail for whlch ¢

-

-published tables are dvailable or obtalnable, secondly, it is the
v

s
0

“smallest aggregat1on that can be made to’ conform with the geograph1031

a
Y

‘ data dlscussed below; thlrdly, and most 1mportant1y, it still shows

2 i
1mperat1ve--1n 11nkage analysis, espec1a11y when the 1ndustr1a1 data

are, to be c0mb1ned w1th geOgraphlcal déta for the purpose of a loca-

g'tlonpl study. Greater aggregatlon 'leads to heterogeneous industry ' . .

‘f f
' . S ' . Y
.

1gee Canada, D.B.S. Standard Commodlt C1a551f1cation Manual
(Ottawa The-Queen's Prlnter, 1959), Cat. No. 12-515, Canada D.B.S.
Import. Commodity Classjfication (Ottawa: ‘ The Queen' s Printer,. 1964),
Cat. No. 12-524, Canada, D.B.S., Export Commodity-Classification  ~
Ottawa 'I'he Queen' s Prmter ¥961), Cat. No 12-521. ., o

- ! ’

-

2See Canada D B S., The Input-Output Structure, pp, 119-120.

k
.
A L -

t

‘ industrles as relatlvely homOgenous bodies wh1ch is 1mportantr-1f not .



LoAm

-output table typ1cally*1ncreases from the early to the late stages

of product1on

. P . .
I . B . N

groups or sectors with the result that 1nter1ndustry llnkages

S .
. N Y .

may te’ created or, elimlnated merely by v1rtue of p0011ng inter- .

.

'medlate commodxty flows 1 This ciearly would be an undesirable‘

4
" . . \

‘ ‘situation. The greater‘the degree of aggregat fon the~1ess meaninga‘

*

ful wlll be ‘any statements on the agglomeratLVe effect of inter—
1ndustry 11nkages D R L E

e
AV

“The analyst must also be aware'og.the fact‘that both backward K

and forward Iinkages are-affectedfby the deé%ie of aggregation

A i

. This applies particularly to linkages emanatlng from prlmary in--,

'
L |

_dustr1es and having the1r destlnatlon in the manufacturlng Sector

,
B "

or vice versa. Espec1a11y forward linkages may be dlstorted early

in the productlon ssqwknce slnce the industrial detall of any 1nput—

2 v

Thug a forward linkage, from say, a prlmary 1ndustry to. a seconda‘

. aTYy- manufactur1ng 1ndustry\may dlsappear when this latter 1ndustry 151

sp11t 1nto two in a way that also d1v1des the commod1ty flow 1nto
*equal parts Ne1ther flow may then be of the requxred s1ze relatlve

to the total output of ‘the prlmary 1ndustry to constltute a 11nkage

The: 1ncrease in the number of 1ndustr1es w111 not usuallyucompensate

o

’for the dlsaggregatloh 2 Wh* thls&ﬁroblem is. 1nherent in “the data,

- 1E. g-, for industries i, J, k 1: L1nkage eliminated: i Just has.
forward linkage: (f) to k, j has no f-to k, (i+j) has no f to k; . -
llnkage estab11shed' i has no f ‘to k i has no-f. to 1 but i has f to .

o). S

2A backward 11nkage (b) or.a forward 11nkage (f) _may be deflned ‘ 11;_2
to exist if b, f 2 1/n, where n'is the Jumber. of industries in the ... - .:
input- output table. See the dlscu551on o£ 11nkage meaSures for ‘more
deta11 .

BRI . * - . . . ' N P
. S . , L . O . P R N “ a
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e

t

f
o

I

-

‘transact1on matrlx. , S oy

1t 1s not as serious here because thrs study, for reasons expla;ned o

below conf1nes!1tself to linkage relationships w1th1n the manu- .

‘;“ ! . I
facturlng sector ; ‘ N L \i .

R . . s
| . '
' (N '

~While 1t is beyond the sc0pe of this study to treat problems of

»

aggregatlon 1n deta11, it. may be p01nted out that the degree of

aggregatlon greatly affects the accuracy of an 1nput output analy51s

", ,4 * t

' -‘"The hypothesis that the inputs of industries willl be pro~ v

 portional to their outputs 1rrespect1ve of the commodity L
-"comp051t1on of these outputs becomes less tenable as the
o def1n1t10n .of industries broadens.. When 1ndustr1es are ' “
" defined ‘larrowly so that each produces only a few commod-
ities which have similar inptit structures: the industry
technology assumptlon is more Justlflable ol k K

These remarks apply not only to one of the fundamental assumptlons of
\1nput output, the invarlablllty of the technological 1nput coeff1c1ents,

but also to other coeff1c1ents that can be computed from the ba51c »

i [ R . '
i . . # . L . . . .o

'3.1.3 ‘The"Interindustry Transaction Matrix. In‘order to show how'the

[

.pa51c 1nter1ndustry flow matrix was obta1ned 1t is necessary to make

.

tture, Vol I, pp '157- 164 See also the remarks on p,<134

-8 ! ( N 1. ;
a few remarks about thexi961 Canadlan input- output model Slhce'the )

’
-

R}

Canadlan 1nput output pub11cat1ons conta1n an excellent and deta11ed

"‘::’ e

out11ne of the 1nput output models the dlscu551on here may be kept .

! . 3

-lqu1te br1ef 2 The D. B. S notatlon w111 be used 3 A was‘noted above

N . A o KN w0

vy : o - . ) i o T e uh . DA “’
iy R . . . B - S . b AN 4o
: S e . " . N e

'1Canéd'a",' D. B S., The Ingut-Output Structure vol.- 1., p- 95 e

\ ;-

ZThe following d1scu sion is based on Canada, DB, S.,‘The input-,
Gutput Structure Vol.

v

3Por a lnst of symbols 'see Canada, D. B S., The Input Output Struc-

- éppen ix A which' prov1des a detalled account'*
-of. the 1961”Canad1an 1nputaoutput framework S R :

oy oAl
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- after the: follow1ng dvscu551on.

. example,.ln Holhs B Chenery and Paul G (}Iark Interindustry Ecnnomics,

I :
o . N ] . [ . . '
. WP e et Y ! . fy ooy AL
B ' . : . , . [ s R} " . Vo .
. ¢ . K .o R i .
“ ot

fa -

3 .

in Sect1on 3.1. 1 the 1961 1nput output model dlffers 1n several re~

spects—fromvthe cdnv

v l
4 Y,

between the tw0\£ramewo

Leav1ng 331de the assumptlon wh1ch rules out externa11t1es the

“two fundament assumpt1ons of Leontlef models are: '. I P
"(1) Each commodtty (or ‘group of aommodzttes) 18 supplled
. by a single industry ‘or sector of production. Corol- . _
, @jlarles of this assumptlon are (a) that only one method
+ . 13 used.for producing .¢ach group of commodities; .and h
‘ (®) that each sector has only a- 'single primary out-’
put, ‘ :

. . N ; . N

(2) The 1ﬁputs purchased by ea&h seator are a functzon : ‘
only of the level of utpu of that sector. (The® ' i’
stronger assumpt1on ﬁg usually made that the input L
functlon is 11near, but this: 1s a matter of conven-,
‘1ence )"2 BN tlE\ \ ’

S
\ .

The adoptlon 1n the Canadlan mgﬁil of the dual\tlass1f1cation 1ndus-‘

tr1es/commod1t1es results i abandonment f the f1rst ass tion above.
n g umP
. . ‘)‘ )

‘_N‘ only may a certaln commod1ty be supplled b% several 1ndustr1es

A
us1ng dlfferent technolog‘/su but each 1ndustry may havg more than one .

‘I’U

\

prrnzf\al product or out; ut The secdhd assumpbion above has a’ d1rect

o

parallel -in the Canad1 ; 1nput output model,.thlsb

’11 become clear

.ﬂ The ba51c 1961 1nput output model 1nvolves two’ fundamenta\ assump-‘

ot

t10n5' the market share assumptlon and the 1ndustry tec’nology\aSSump—

)

t1on. The market share assumpt10n~ wh1ch~may be glven mathemat1ca1 m

¥

expre551on as

S
N_;;IA.A
<
1
!t
s
{
$
d
P

1\\descr1pt10n of the conventaonal Leont1ef model ‘may be‘foqnd for

chapt 2y

\’f

2Hollls B Qhenery and Paul G Clark Inter1ndustry Econom1cs, pp

;,33 34 L

L

T




‘.‘ | [ . " o - ) . vt w l LN
R ¢ "‘ v Vl , ! ] “l “‘v4‘ivs". '
A} ' q‘

. (3.1) . g = Dq ‘ N -

: - 2 o \

‘ ’ N b " ' o .
.+ wherel: g - column vector of total 1ndustry outputs cla551fied
S L lby lndustry v R - o . :

‘ B q‘—‘column vector of total commod1ty outpmts c1a551- .

! R e ‘f1ed by commodlty o Lo , e -

' v -gmatrlx contalnlng the oytputs of 1ndustr1es class~,i"‘vf

: .
' ‘cates a dlagonal matrlx). . This assumptlon states that 1ndustr1es w111

B i}/’: used in, Igds study, .. The aboye symbols have been defined ‘in’ Canada, ﬁ‘] 2

;__--———the’inter1ndusEﬁx;framework maykbe found on p 136 of thxs'volume.

‘ ‘j‘\'.f.‘ ~ ified by 1ndustry (rowsj and by commodlty (columns)

L T D - market share matrix of domest1c productlon obtalned
VL L RN .‘by d1v1d1ng each element in a column of the ' output -

. matrix V by the correspond1ng total commodlty outs, ‘f Ll
! put ’ ‘ S PR Gt
: ) o o AR
X : , ' C . i Stz el g
®, . R t N -] v " Ve "W . ' ‘."‘
C : D =V(q)™, ' o P
' * '_‘ K I 1 vm._',\ ] i

; B allocates the productioq of commod1t1es among 1ndustrxes (" n 1nd1- - rjf[ .

| Lo t I +

e ‘preserve the1r observed share of the manket for each commbdlty at any

;}f?“. JQVel,of commodity productlon. The 1ndustry technology“assumptlon, "bj7'~,
y i M ' N PRI o ’.l‘ : L e N
L wh1ch may be expressed mathematlcally as. ,d:-»"] o "  -:' AR

+

(Y ' b N

: R , " . S B B
’ : Ve - ' P ' o R o 5
. . v - ; . : ' : g . W © e g '
‘ ARSI R . ‘ ; R TR S oo ! LR Y
y - . Ve \ . . . . . a e , . i A ' + i P

) ‘ e {3-2)U1 = Bg \ : - ' : W Tt el :~'i",‘;§"'i:'
' - 'r.‘} O
v - e )

I3}

-to,

)

Ea 13
+ -
S

. Lo .
v b
S
.

U - matrlx cor}tammg the 1ntermed1ate 1nputs' of &
by,

o f'[fg_l_.ﬁ,v ~industgiés. c1a551f1ed by commod1ty (rows) and s
“‘ o v, ‘ l“n‘,«‘x : . lndustr)' (columnsa # \ ) M‘“ r”! . : ,L R % = “\‘
‘.} S ‘iL AR : : . i V ‘e At . ‘;; o ,,". o .‘4;> T ’_ \ H

‘.}x B N Lo o e N L . . :

1See Appendix 1 fbr a complete 115t and;def1n1t1on of symbols

D.B. S., e Input-Output Structure Vol. 1, pp 157 164 'a; dlagram of

fo
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l

B -~ technology matrix.containing the intormediata in-
put cpefficients of industries obtatned by divid-_
ing dRch olement 4n a columh of matrix U by tho

- corroqpondin//potal industry output, i.e,

~1

»

. B AU(g)

" specifies the production functionﬁ of industries. This form of ﬁro~‘

ductkon functxon statos that "tho vgluos of commodity lnputs of each

EIEY

indust are fi od roportions of tho valug of tho total ou ut of tho
Ty xPP tho valug, QP

industry and are thus xndc endent of the com oqitioﬂ of this out ut nl
Ty 3 p p p

" It should be noted that a combination of the xnduatry technology aqsump~

. , '
tion and a modxflee version of the market sharc assumpt;on are equiv-

‘alent to the céh&entional assumption in interindustry models which

states that the flows from producing industries nrg‘propoftional,to the
. > < e

, ; . .
levels of output of the purchasing industries.2

* \
A-modification of the market\izgze a§sumpt10n is required because

interxndustry models aisume that industries. and impdttixj;}}ﬁaizfzn
their share of the market for each commodity sold to each industry and -

each category of final demand while the market share assumption of the

1961 médelefnteS that industries and imports will preser?ﬁ*thein over-

all sﬁare of the market for each cbmmodity 3" &his latter assumption:

N
L] T s

‘appegrs to be much more flexible and realistic, -«g' e .jg‘ .

By' combining the above equations. with the accounting balance ‘be-

twoen commodity production and intermediate plus fina} demand less \

-
% N

lcanada, D.B.S., The Input-Output Structure, Vol, .1, p. 137,

2Ibid., p. 146, S

" 3bid., p. 147. i
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imports, the basic 1nput-output\modols may be defined,? The account-

ing cquation may ba'writton as ' .

(3.3) q=Bg+e'

!
o
s

whore: q - column vector of commodity outputs

B ~ technology matrix
.,\'.‘ . Co
g -~ column vector of industry outputs

' e * column vector containing‘total final demand for
' competing commodities classified by commodity, less
wo competing imports classified by commodity

Substitution of (3.1) into (3.3) ylolds

\\ -
~

(3.4) q = BDq + e

-

\\‘

which states thatvtotal‘commodity output is equal to intermediate com-
modity use plus final demand commodity use, The matrix product BD may
be tgfmed thé’dir;ct'intercommodity coefficient matrix in analogy to
the matrix of direct infétindustry input coefficients. Coefflcients
of BD specify commod1ty inputs per unit of commodlty output The di—‘

mensions of this square matrix are thus equal to the number of com-
. -

modities (e.g. 197 x 197 for Aggregatién L) By contrast, the matrix

6f direct 1nterindustry input coeffxcxcnt3wwould have the d1mensxons of
the number of industries (e.g. 110 x 110 for Aggregation L); this would
: -

-

. 1Por further detail see Canada D.B.S., The IgputLOutgpt Structure,
Vol. 1, p. 138, ‘

[ ¥
-

4
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be the matrix product DB, . ‘ '

Modification of (3,4) yields the folloWing'exprossions

) TR
\ : q’“Bane
q(1 - ?D) = e
*}34 R ‘ | : T
and finally : | R - :
~1
1 3.5 = (I ~8BD) 'e

which may be called the commodity inputhoutput'hodel. To obtain the .
industry input-output model (3.5) may be substituted into (3.1) to

yield
3.6 g = D(I - 8D) e

or, alternatively, by substituting (3.3) into (3.1)
’ i
i

3.7 o ! g = (I -08)"

4
LY

4‘ o e e, e 7 e 1 e

Héving provided the basic assumptions and equations of the 1961 input-

a

) output model it is now necessary for‘fﬁ"purpUsB*Uf—this;sfbﬂy“td‘prur—*—“~—~———"-

““ceed to an endogenous treatment of competing*impox:swli~This is desir-
i ' : ‘

* © N
‘ 1Eor a more detailed treatment of'competing 1mports in the input-
output model see Canada, D.B, S The Inp;;-Output Structure, Vol. ‘1,

pp. 141-144, . - .

.
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b

"Uable bocauso 1t makes the Interindustry flow table and the coefficient

matrix comparablo to those of other studies and to the 1949 Canadian

f - \ . f . \

interindustry transaction matrix X and the direct coefficient matrix A,
The endogenous trcatmcntyof'compbting impofts in the 1961 model in-

volves an extension of the market share assumption to competing im-

ports, i.e. the imports. of competing commodities will constitute a ‘

fixed proportion of the total supply of each commodity; mathematically,

\
~

3w

3. me= (g +m)

~

where: m - column vector of competing imports classxf1ed
by commodity

po- dlagonal matrix of coefficients indicating
the ratio of total imports to total supply
for each
and the vector sum (q + m) denoting the total supply of commodities.

rThe incOrﬁoration of (3.7) into the model formed by (3.1) and (3.3)

results in the interindustry model
. T !

My e e e i s

3
.

(3.8) g [I - D*B] Tprar A

where: D*= D(I - qi)
e*= e + m. | /
- In this model the market share matrix is D* = D(I u) which expresses
» the market share of 1ndustrles as a pr0portion of the total supply of

each commodity rather than as % proportion of .the domestic production
A
.I[“ - B



P

of this study.

of oach commodity, i,c. import leakages are built into the market

{
share matrix, \ '

9 It may be pointed out that ﬁodeIﬂ?ﬁCB) is comparable with the

~ v ¢
h
V '+

conventional input-output model’ ™. *

|

X = (1~R7Y.

+ "

Comgarable to the interindustry transaction matrix X is thus the

0

matrix produét'DfU (where U is the matrix of intermediate inputs of

industries classified by commodity and by industry) and D*B is equiva-

) . - \
lent to the interindustry matrix of direct input coefficients Al
. 4 ' t . o

These matrices had to be obtainéd as the starting point for the purpose

- ) .
For Aggregation L the published tahles include the matrices U and

\

B. Matrices D* or D and fi are not published‘because of confidential~
ity requirements. ‘However, the matrix products D*U and D*B were made

_available by Statistics Canada.? They form the basic interindustry

»

data. @ ‘ .f\" .

. . 4 <
{ " : : ’ i |
v B e S N g
. . - e )
. : ‘ -
|
.

N -

- il

‘ 1p*e* becomes the final demand vector of a dimension equal to the
number of industries. ‘ ) ' ‘
"2The matrix products were made availablé in magkétic tape form by
Mr. C. Gaston, Input-Output Research and Development, Statistics Canada,
Ottawa in November 1971. r ‘

o



3.2 Spatinl Data - ‘ o , :
‘ ’ O
) N .: N ’

3.2.1 Dutu‘SouPCu and Comments on Data, Tha spatial Information is
Quppllcd by data dorived trom the Census of Coapada, 1961, =l;xtors

industry data and spatial data aro thus based on tho same yﬂuP; Tha
datn show the nhmhop‘of émplnyod,li.e. labour forco fifteen yourS of

age and oyer,” by threo-digit 5.0.C. industries for Census Metro-

politan Areas (CMAs) in Capada, Tho employment figures, as all 1961

Qepsus data, are based on the place of residence rather than the place
[}

bf cmployment, As this study is concerned with the latter, i.e. the

location-of the firm, which is not necessarily coincident with the

place of residence of the émploycd, a bias might be introduced into

L
i

the analysis. The choice of areal units, however, mitigates the

. ‘.' B o, ‘ B
problem; this Issue will be'discussed further below, The employment .
data thus are taken to cxpress the magnitude of an industry's opera-

tion in a particular.geographical area. It should be poted that, to
the extent that regional differences in productiyity'exist, employ -
ment data will mnot Accurately reflect an industry's capacity or value

‘added, It is assumed that this problem will not seriously affect the
results of this study.- T , ‘

o
~
»

‘.

. fﬁ% regjong.include the eighteen Canadian

' " 1anada, Q.B‘S.,'Ccﬂsus of dﬁhada, 1961: Labour Force: Indus-
tries, Vol. III, Part 2, Cat. No. 94-519, .

» 3.2.2 Types of Regions

v

-2This excludes a few persons seeking work who have never been
employed. L , . . :

)

1
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By

]

Y

Consus Metropolltan Areas, ! Jlixcopt for two arcas thelr populatlion lis.

well over 100,000, While minuto in area compared to the rest .of the

'
\

settled part,of Canada, thoy contain almost half of the total Canadian

!
"l

‘population (45,83 per eént), Their share of mahufacturing employment
7Y ' . . ) )

is even larger: almoft sixty per cent of all Canadian manufacturing

B . '

is lofated in thoso centres (58.45 per cent). Clearly, manufacturlﬂg

1ndustriqs are concentrated in these urban fegions and a study of

»

‘agglomeration must be primarily a study of these areas,
The spatial extent of the study areas themselves is disregarded

and a. location of two industries iﬁ/tho same CMA is.considered to be
a locatjon at the same point, The industries are then said to be
geographically associated,

. [ :

\

The detrimental effect of the aforementioned divergence between

place ‘of residence and location is minimized in this study. For con-

VN

{ o, - . :
trar{ to the houndaries of munfbipalities or counties .which are d;;er~

‘ minéd by polifical.jurisdictions, the boundarles,of CMAs arg drawn
: . ,,/,,
" according to economic criteria.? Theoretically two possible biases
could.result, Firstly, two linked industties i and j may be'logézgﬁ
in the same area; the emp]oyées‘of i aiso live in the area while’

1Y

those of j do not. Analysis would show i“arfd j not to be geographic-

o oFL

ally associated while in reality~tﬂ;y are, Secondly, theféﬁployees

e

. of both i and j, live in the area but j is locatéEVbutside’the area.” -

1See Table 2, p. 53; . there are a number of M.U.A's with a popu-
lation of over: 100 000 but the required. 1ndustrlal detail is not avail-
able for these urban centres. :

2See Canada, D.B.S., Census of Canada, 1961: Population: Intro-
ductory Report to Volume I (Part 1), Vol. I, Part 1, Cat. No. 92-540,
P- X1. , R S

oy L



- Montreal

. Edmonton -

a

W

TABLE 2

\ *

.
4

POPULATION AND ‘MANUFACTURING EMPLOYMENT DATA

"' FOR CENSUS METROPOLITAN ARBAS, 1961°

Tensus
Metropolitan
Area
Calgary 1,
Hamilton 'y
London
A

Ottawa

_Quebec

. ’I
Regina ‘.t
Toronto-»
Vancouver

* Windsor’

Winnipeg

"Halifax

" Kitchener -

. Calculated from: Canada, D.B.S.
Force: Industries, Vol. III, Part 2,'Cat. No. 9
Censs of Canada,~ 1961: Population: Geographical Distributions, Vol.

- T, Part 1, Cat. No. 92-535™

St, John's
Saint, John
Sudbgry
Victoria

Tétql

1

"

Population

279,062
337,568
395,189
181,283 -

2,109,509 .

429,750

'357,568

112,141
1,824,481
790,165 .

193,365
475,989
183,946
154,864 -
+ 90,838

95,563
110,694
154,152

8,276,129

0 T
Population as

Percentage of

Total Cdn,
Pop,

1.53
1,85
2,17
0.99
11,57

2,36
1.96
0.61

10,00

. 4,33

" 11,06
2.61
1.01
0.85
0.50

.52
.61
.85

o OO

45.83

Manufacturing
Employment

13,065
. 17,574
61,035
18, 328.
254,697

17,845
23,780
4,537
233,681
57,725

24,597
~38,439
74,720 7
29,343
2,808
6,744
" 4,998
6,412

890,328

, Census of Canada, 1961:

4

Manuf, Empl.

as Percentage
of Total Cdn.
Manuf, Empl. °*

0,93

1.25"

4,34
1,30
18.10

1.27
1,69
'0.32

16.61

4.09

.75
.73
.33
.09
.20

ONO N>

.48
.36
.42

v
58.45

O OO

Labour

4-519; Canada, D.B.S.,.

L.

/

53

)
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The result would show the linked industries to be geographically

» ) :
. )

associated while in reality they are not“ﬁ Casual observatlon would ' -
! . N

suggest that the former case is more. 1mportant, it would result in a

conservatxve bnas .¢,'in an understatement of the relationship beﬁ

tween lnterinduetry linkages and the location of 1ndustries This

. B )
is preferable to.the opposite case whieh would 1nvolve an over- -~

+
“

statement of the results. Moreover, the boundafy eonsiderations for ~ .
metro areas suggest that the problem would be of 1ittle 1mportance

It W111 therefore subsequently be ignored.

-
1]

3.2.3" Comﬁarability of Aggregatione. The industrial detail of the.
Cehsus material for CMAs is greater than that of IOIC-L." As the ¢ .
industrial breakdown in the Census is also based on the-Standard : o
Industrial Ciaesification, it was possible to eggregate Census data
further-ahd-arrive'at an industriel detail equivalent to Aggregation

L with'110 industries, 86 of which are manufacturing'indu‘s‘t‘ries‘.1 The,
Census category "Industry‘unsPecifiee or undefined' was iganedtfor .k\. »

?

the purpose of this study., o -

" L

.3.2. 4 Alternatlves to the Use of Employment Data. -The. selection'of
the var1ab1e that w111 measure the phenoménon to be 1nvest1gated is 4 ' : <\
an issue requ1r1ng brlef dlSCUSSth. The magnltude to be measured 15 .

the volume of manufactur1ng in the varlous 1ndustr1es. G1ven two ,"

11nked 1ndustr1es, it is this volume whlch determlnes the 1nter1ndus—

.

..

k try flow of commodltles between them. o

s . b . >
.

lsee. Appendix 2 for a comparison of industrial classifications. S
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.

-~

From the above it is obvious that the "number of persons

IS .

employed" by the various 1ndustries has been chosen as--the varlable'

‘An alternative variable, judged superxor by some.authors A is the

+

15 a yarxable more directly assoexated with the phenomenon under

'
{ , (I A

investigation, Howeyer, as is so often.the case in ' social sclences,,ﬁ ‘:!

[N o 1 .
also here data availability forces adoption| of the second-best,

» [
varlable 2 This 1s not a ser10u§ matter because studies have shown

a high degree of é@rxelat1on between "number of workers employed"

.\ "t Y N

and "value"aldded”‘3 ,ThlsnreSult is relnfori?d.by Fuchs: who ‘found-~

studylng‘xhe 1mportance of manufacturlng among industries and geo-
I

ygraph1ca1 areas 'in a somewhat different context-~that both varlables

‘correctly indicated the locatiqnal changes that had occurred;“

a
.

A final variable to be mentioned is the number of firms. This

! variable»must;be disqualified on two grounds: firstly, no sufficient

data are avadilable; secondly, and more fundaﬁen;ally, the mere

number of firms does not reflect great variations in the size of the

&

firms "and 'is therefore not a suitable measure for the volume-of

manufacturing.

-

lvictor R. Fuchs, "Changes in the:Location of U.S. Manufacturing

S1nce 1929, Journal of Regional Sc1ence Vol T,No. 2 Spring 1959)p 4.

2Canada, D.B.S., The Manufacturlng Industrles of Lanada, 1961: Geo-
gg_phica}»Distrlbutlon Ottawa: The Queen's Printer, 1964), Cat. No. 31-

. 209 and Canada, D.B.S., General Review of the Manufacturing Industrles
of Canada 1961 (Ottawa The Queen s Pr1nter }965) Cat. No. 31- 201

"3gee Harold H. McCarty John c. Hook and Duane S. Knos, ' fhe

Measurement of Association in Industrial Geograghx (Towa C1ty State

Un1vers1ty of Iowa n d.), p. 17 ,

l*V1c1:or R' Fuchs ".s, Manufacturlng", Table 6.

¢

."value added in Aanufacturing”‘, It may be argued that value added ;/.'
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3.2.5, The Matrrx of Employment Figures. ‘Compilation of the employ-

ment data by industry (rows) and. geographrcal areas (columns) yields

the matrix of spatial data L of the dimension 86 x 18 with the, typlcal

[y}
f"n

elemenr denoting the employment in 1ndustry i in’ reglon k A

TOW Sum 1 e, summlng over the columns, gives the total employment
A

A
'

t
in 1ndustry i, where g = DR A column sum shows total mafiu- .:

k ik’
facturlng employment 1n Tegion k where ' x - Ek k t is the bas}c
. 1 :
matrlx for the calculatlon of measures of spatlal assoclat1on between

. Rl .

manufacturing industries. ,‘ ' | : o -
\l oy ‘ "c“' \
3. 3 Measures of Industrlal Llnkage

7
(

In thlS section a number of linkage coefficlents w111 be dls-

-

cussed and some propertles of the’ linkage measure adOpted will be

A LI v

1nd1caged o : . SR o
L. -

e i

3. 3 1 Types of Llnkage Measures On the basis of an imterindustry

v
Y

transaction matrlx, oraon the basis of matrices derlved from 1t

~1nd1ces may be dev1sed that measure the strength of the relatlonship'

)

between one 1ndustry and one of more other 1ndustt1es

,

Constructlng the 11nkage toncept in an. economzc deve10pment con-

f,text leSchman has defined backward and forward 11nkage effects as
AN ‘ . . ’ . N .
;follows. ' e
A v :, A . L a e @ ‘
41, The 1nput prov151on derlved demand, ‘ot backward Ztnk-
age. effects, i.e. every nonprlmary activity, will induce’
Lemtemp s to supply through domestlc productlon the . 1nputs‘
+ needed in that activity: B
"« 2.\ The output- -utilization por fbrwand Zznkage effecte, i. er,
SN\ T reve act1v1ty that does not by its nature cater echusively
o to final demands, ‘will induce attempts to utlllze its out-

. f~puts 1nputs in some new act1v1t1es w0t o

- . » . ’ ‘ ' o o

§ . Xl - O L) N L ‘. Toar N
\ A _‘_f'\ @ b o , . . - ;
l \ . . :
. . + v .

T : e R SN e R
,lAlbeft‘Q{ Hirschman,'Strategy,“ﬁ; IOQ. Ca e Y

o ) A
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I ’ ':' | " ’\‘, T oo
;‘.?:' v ;l/ : ' ' l' ' . . . ! ; \ v
‘\ N‘ : }' X ‘, v:)-.“!‘ . . \‘“. ‘ | . . . '
o \: 'fl !'“ E “r.‘: . .‘ A v ' ‘ ’ | A '
‘These Vllnkaﬁe'effecte have beeq‘given quantitative expression by - -
. " [‘\ "‘ ( ( et ' Wooe
f ‘Chenery and Watanabe 1n a comparative study that sought to determlne \
(J ' o o [ ' -
‘ how t&e'varlous sectors.”scored" w1th regard to the development _ SR
R ?qlmulus (via 11nkage effects) that can be expected from them, 1 The
R back'ard linkage of 1ndustry J may be deflned as )
. l'f.fV}" SER R S O ! | '
S R R 1 15 '
R U5 SR B ek e R
i '.U\"‘ l"l " f\‘ . \ J : ‘J‘ .
Ay S ‘ ‘
'Ujpvd!%he forward a1nkage of 1ndustry i as - _
A S 8 ' ,
41/\'."“.1 b | E « , h
! /f" -"‘["“' ' I‘ i j 8 ' : ' , o
Dl T Wy i—— - L . A
' : "."I,,I:‘v‘! ‘}’ \ hl[: r ot . ] 'v_ . . ,
”*N@' o R IR R
: whe f’ U; - total.use by industry j of inputs purchased from other
) f)"“:k[" 'g C : - ! - ‘ ’ L
h;ﬁj% ! .industries (i.e. column sum j of flow matrix) ,
f:‘""!*"," .: ‘ . . T . ' ' . ‘ '
ejﬁéiq | Xj,-'total production by industxy .j; xj‘= Uj + Vj’ where Vj
o e
.'§g|l‘ ‘ © is the total of primary 1nputs, ox value added of J S
g SR
:?ﬁ f xij” 1nter1ndustry flow from Lndustry it to 1ndustry i, w1th
} l.‘ 1,3’ 3 = 1 , 2, .., n : . .w" o, L .
.i ,‘n' ,’l . " v ’ A
A ’wi~' total use by other 1ndustr1e§»of the output of 1ndustry
NS B o . R
",rﬁ | © 1@ e. ToW sﬁm A of flow matrlx)kb R .- ‘
| ‘.‘ i_."" J " . . . 4 .
o . Ly - tota ‘of commo ts'M
mi?ﬁ‘ 4 tal supgiy f‘ ‘dlty 1, ﬁor 1h€et s‘ and flnah
"ia"‘ o, demand Y z = W + Y M + XA A . ," L “"A‘- '_'}
o ‘ v

i - .
L)

Tius uj shows the extent to whlch 1ndustrye3 draws dlrectlyaon the
!

/ 'ﬂf stem by.relatlng the Sum of 1nﬁhts purchased by 1ndustry j- from all

b [ "
1A e
' ¢§J{i

-2
o

O

JHollis B. Chenery and Tsunehlko Watanabe "Internatlonal

. ‘ ,vd"omparlsons of the Structure of Production" Econometrlca, Vol 26,, e

FLyNol 4 (Oct. 195'8) p 92y T e
"‘ . v"! “ ' * h i \l.‘r 4‘ N ot - ’ / " V‘AV "
P b 2For a more deta11ed 1nter1ndustry accountlng system see H°1115“E‘
; ] ‘Chenery. and Paul .G, Clark, Interindustry. Econom1cs (New York: - . , P
7 John Wg.ley’ & Sons,, Inc ) PP AL e e L

T v.a, o ) s ) v o e\l o
. ‘l," ) 1l
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other 1ndustr1es (includlng 1tself) to the total value of 1npﬁts o Fh

. '
;o ;
N . f_

The coeff1c1ent w1 1nd1cates the 1mportance of 1ndu§try 1 to the B

o v Q O“’ (-

! system of 1ndustr1es by express1ng the proportlon of the total supply

o
of commodlty 1 that, constitutes sales ‘to, other 1ndustr1es (1nc1ud;hg
L

2. industry i 1tse1f) These 1nd1ces reflect only d1rect relatlonshlps
" " K [\):'

_“;between one" 1ndustry and 1ts 11nked 1ndustr1es . . ‘(

Lo ward 11nkage) But 1nstead of be1ng based on the transactlon matrlx

e
\ '

" A more complex set of 11nkage coefflclents has been deyeloped by

K Lo

RasmuSSen Xt These are the "power:of‘dlsperslon" (ana10gous to back— v

-

. u" 1]

ward 11nkage) and "sen51t1v1ty ‘of dlsper51on" (correSpondlng to\for—l ‘y‘ﬁv

v

X they are based on, re5pect1ve1y, the £olumn and gow sums of the ,

. 1nverse of'the d1rect and 1Qd1rect coefflcient matrlx (1 A) .: Both

1nd1ces are expressed in the form of. normallzed averages in order tor "

make them suitable for 1nter1ndustry comparlsons CA pQﬁEr of dlSper— "e o

o

++ sion coeff1c1ent DJ > 1 1nd1cates~then that 1ndustry j .draws heav11y

.
<

)
£

[ S , . N

pn the system aboth drrect@y and 1ndrrect1y A sen51trv1ty of d1s-

- e
S o 5

, s‘pe;rsmn coeff1c1ent S > 1 shows that the putput of 1ndustry 1 w111 ‘%f

'
~ ' . i

have to be 1ncreased more. than that oonther 1ndustr1es 1n response
‘bl & h ,‘t 4 N
to an. 1ncrease in demand fOr the productyéf'any 1ndustry It has been

. I t

shown that there 1s a hlgh degree of c01ncydence 1n the presence of g

. . N -~ ¢
o o e F N . ‘ L

, uJ and DJ 6én the ‘one’ hand and of W, .and S on the other hand 2: %

- Lo “ ; :
. by . R . ot PR ! : h
. . - . . . o . .,v o ‘ . : L C
r PP Y R ..,. . - e P o ‘ ) .

IThese: remanks are based on Paul N, Rasmussen, Studies in Inter-g

: sectoral Relat1oﬁSC(Amsterdam *North Hblland Publxshlng Company, .Ang;,' N

' 1»"‘..( ., 4 . o .
N . Lo R

,

1957) Pp. 133-140.

t 2See D1m1trr Sakellarlou, "Industrlal L1nkages A Case Study" ‘“ e,
(vnpubllshéd Ph.D. dlssertat1on, Unlverslty}of Alberta 1972), P 95 C
4 | v;-i° 'V“L‘n:-i;' h‘”g ‘”'Afv ,sz”aseéi..? s 7." ) "ixT, e
i ; N 5— :l"' 3 . ‘ : N 's‘ "

r e
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It w111 be noted that both sets of 11nkage coeffiC1ents are o
N l summary measures, relatlng one 1ndustry to all of xts l1nked 1ndus~" '
i . 4 N . ! . L L |

ﬂtrles. They are, as 1t were, multxlateral 1nd1ces wh1ch conceal the‘

Strength of the technolog1cal lxnks between any palr of 1ndustr1es T

| - o sl )
lThe summatlon of the 1nter1ndustry flows whlle perhaps establlshlng
" * i -
an 1ndustry as' a key 1ndustrx,"destroys detalled 1nformat1en on the " IS

"“nature of the relat1onsh1p between any two 1ndustr1es~ 1t is thlS ;

ln‘

m.: 1nformat10n that is of 10cat10nal s1gn1£1cancet nNeeded then 15 a set v

e
‘ . »’“. . ) ” R e
i N o e *

of bllateral llnkage coeff1c1ents o oy o R

t "o -

Follgw1ng a. suggestion by Leont1ef oY an 1ndustry q may be cona h

v
'

vs1dered to have a backward or supply llnkage to ;ndustry 1 1f iﬂ an’
1nput output\table of 51ze n x n the purchase of 1ntermed1ate 1nputs\;L‘

“\,

o of J from 1»are at’ least l/n of the total 1nputs of J Correspond-. N\

”1ng1y, 1ndustry j- may be éald to have a forward or demand llnkage to :"Q‘

' 4

¢ "

1ndu$try k- 1f in an 1nput output table of dlmenslon n x ‘n, the sales
‘of J t0'k are equal to or larger than l/n of the‘total output of J |

' “ ‘\

“leen the llO 1ndustr1es in the Canadlan 1nput—output table ‘two .

~ ' "

“.1ndustn1es are con51dered to be l1nked if the linkage coefflclent is .

T 0 4,

S o ;at leastwo 0091 (blj, J.'. > 0. 0091), ile, 1ndustry j has a backward + <) .

*Jllnkage/gp 1ndustry 1 1f 1t buys at least 91 per cent of 1ts 1nter—

’ “‘fﬁ‘»ﬂmedlatebinputs from 1” Jt has a forwafd 11nkage to i if 1t sells at
R Co .

+ . a -

least‘ 91 per cent of 1ts output to rndustry,; Whlle the b351c 1dea R
T 1 Q o
v of Le0nt1ef's proposal 1s retalned ‘a modlflcatlon 1s made W1th regard ggg
‘ g.};to the 'Bezugsgrdsseh i e., the denomxnator, 1n the def1n1t10n of the

Ve [ . ERA L T : R N . o

" s ch [ . e <0 '»‘y . C ' v' \" , N | L
S 1Wassny Leontlef 'Whe Strucﬁﬁre of the U S Bconomy", in T fj;{_
:lf;‘wasslly Leoht1ef Input Output Econqmi__y p 163 T “; .f'\‘ﬁ,dff fsf;:;bdﬁf?
R ‘;T{_"‘-, ,‘ ‘._ -‘.’*»“.‘ » -.':&ﬁ.' ’A‘c. - . “, S ;‘ .;,“: i ,". ‘ o " . .-" “-v . ‘- ,,.‘ "';- ': :‘
"£"5f1*°fﬂ;f. S R B R TP I

Low




N - : = 25 , '

f
\
. \
v 2 -
N ] \ .
' ' .-
! l . .

v .
\“\l ' "‘»l

pbgulxnrltiOs ln the primnry input field.’p [\ oxtromoly high or

bngkwﬂrd Llnknho ‘ld‘urdor not to have, this, coafficient diqtortod by

-

low lnbour lntcnﬂlty, thoadonominntor choson 1s tho sum of all inter-~ .
mgdln\o inputﬁ Uj,‘rnthor than total of all inputs XJ Tho bnckwnrd
llnkngo coefficlcnt of induﬁtry J to induqtry { may then bo dcfinod as

A '

\

.,

l

}“wn of$ S%al output including

®
eypressed as

These tuo indices, used to measure interindustry linkages in
this study, may be briefly contrasted with two ofher types of bilat- -
eral linkage coefficient;. Richter adgpted coéff}éi;nts that relate
the size of an interindustry flow to gross inpuﬁf .OT gross outputs 2
In fact, these coefficients are simply the direct 1nput coeff1cients

and the percentage figures showing the distributlon oq grpss output.‘3

.

1This adjustment'hns also made bf Manfred E. Stréitc, der dik
Bedentung des rHumlicheén Verbunds im Bereich der Industrie (K61In:
Carl Heymanns, Vertag Kf 1967) P- 48 ,

2See Charles E. R;chter, "The Impact of Industrial Lmkages on
Geographic Association' (unpublished Ph.D. dlssertation University .
"of Nlinois 1968), pp. 19 and 22. '

L X .NT o
3See Morris R. Goldman, Martin L Marimont, and Beatric N,- -
Vaccara, '"The’ Intenndustry Structure of the*United States", Survey
of Current Business, XLIV, (Nov 1964) Tables 1 and-2, R

~ -
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This approach {s judgod less preforable on a number of grounds,

Firstly, both.backward and forward linkages are affocted by not hhving

jmports trontodiondogenbusly, %,e. by not: having impogt loakagés bullt
into fho input~outppt matrix; this méy seriously distort’ the éoeffi—
cients for industries with higpiimport shares, Scé&ndl}, the back-
“ward linkage coefficignta, hoiné the same as the diréct‘input coof~
ficicnti, are related to xj rather than Uj "This leaves @en open,

as was mentioned above, to unpredictable distortions due to industrial

differences in the relativo size of primary input items, e,g. wages
and salaries, taxes and subsidies, profits, etc, These influences

may grentiy impair interindustrial compnrability of the coefficients.

L]

It would appear preferable to express the 1inkage measures in a

i»

/
- manner which confines thelr _component parts to magnltudes that have
ﬁignificance as. locational factors and attempi to exclude as many
non-relevant influences 8S’posslb1e The coefficients adopted for

‘this study meet these req&lrements.

.,

. ‘ i
A final linkage cocfficient to be mentioned is the one used by
o \

Streit.! This is a'symmétric‘bilateral coefficient that ﬁgyﬁbe
| ) :
! B

. o :
RS T S ST e
SU"T[B_jlfUi")")qlfii—] A &

) writtén as

/
{
It was adOpted in order to parallel the symmetric qoaffic1ent measur-

-

ing(geog}aphic association (to be d1scussed below) This type of

weighting is of course’ very arbitrary and it is not altogether clear .

~

what.impact it may have on the summary.valges of Sije given various
. oy *‘ P } N " - ) - '-. -
" b N ]

—
IManfred'E. Streit, Verbunds; p: 49.-

\ . sy .
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] - l
combinations of backward and forward individual linkage values. In
.t \ » ‘ v, ‘- . v
any case, the woelghting will alter and conceal the truo magnitude of
oach individual linkage relation. ~‘ R
) B i.{l"‘)" o ! ) " |

) s " . R '
3.3,2° Some Comments on Properties of the Linkage.Measures.. A number

. : ) ' Y '
of remarks on linkage properties weke made above, These related to

the meaning of linkage coofficlents and the effocts on them of aggreg-
a;ion.lb The final part of Section 3,1.2'alluded to the invarisnce
pf input coefficients under scale‘éhaﬂge§'due to the specialized .

fundamental input-output technology assumption. The invariability

)ﬁ%}% extends to the backward linkage coefficients bij This mean§“
\\

L

‘that if a commodlty flow le increases because of a sgale change in

“industry j, industry i will appear as having a stronger forward lihha

by

age f.. to industry j while the strength of the supply linkage rela-

1]
tion appears unchanged; it is sblely determined by the production
fuvction. The increase in xij can be effected by in;ustry‘i in two
ways: firstly, industry i raises‘its output and sells the 'additional
6utput to'j and/or secondly, industry i, keeping its output constant,
sells.more to i and less to its other customers. Static input-output
assumptions allow, cet. par., only‘for ;he first possibiity. The

point to be noted is that an increase in xij raises the relative size

of this flow for industfy i, oet. par "This chaﬁée should be, and is,

" reflected in an’lncrease in the forward linkage The' scale change in

‘ /-

industry i, however leaves the relative magn1tudes of its various

input flows undxsturbed. There is thus no reason for the value of
4

i to changef

1540 Sec 7ions 2.4.2 and 3.1.2 resp

{
i

2

——

Ed
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Two points must be made regarding the accuracy with which link-
| A |
age coefficients can express the locational importance of particular

commodity flows."1 Rirst, since the entries in'the transaction matrix

' dre expressed . in value tomms rathcr than ‘in terms of weight or volume

)

~
tho linknge measure’ may misrepresent the agglomeratlve importanca

. of any flow,of commodities that differs with respect'to its oafe of
trgnsportation from an '"average'" or “standard" commodity; Under-
ésu&mation will occur in fhe case of weight-losing materials, low-
value‘commodities, and bulky or fragile goods*requiring relatively
high transportation costs. On the contrary, agglomeraéive tendencies
Vmay be overestimated in the‘cése of lighq;wéight, compaét,‘or high-~,
value commodities. Second, i; ﬁay be possible that a comparatiVely
weak link of an industry seems to exert ; much greater locational

pull than that ipdustry's stronger linkages. The reason may be found

. _ ‘ Q
in certain characteristics of the production technology that,require

[}
[

spatial proximity wiéhout primary regard to the value’flow of com-
modities, This may be the case for satellite industries in a‘pétro—
'chemical coniplex.2 These problems were not.jgdged to be serioug for
the purpése of this studf.“ln any case, they could pét be avoided

because their solution would require consideration in the analysis of

IThese remarks aré based on Manfred E. Streit, Verbunds, pp. 50-51.

2See Manfred E. Streit, "Spatial Associations and Economic Link-
ages Between Industries', Journal of Regional Science, Vol, 9, No.'2
(August 1969), p. 179. u )

sy

L
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' " .| . .
transport input data! and of data-on the transport sensitivity of

DN ’ ' - .
industries, 'Sg@h data do not exist, | v
G

LRI
I

3.3, 3 Reﬁtriction of Ann1y51s to Manufncturing Indusrrles The

anﬂlysls of the 1mpnct of inpuﬂ/gatput linkag;s on tha agglpmornt{on -
of:industries hﬂd;to be restricted to manufacturing industries, The .
_.primnry sector k;s exciuded because the i?oation oé’its industries is
‘brd-deterﬁined—~industriés are perfectly immobile and their location
is tied to the source or locafion of the natural. resource,
‘While the location of service jindustries is not fixed by physlcal

.necessity, as is the case ﬁ?r_agricultural or mining activities,

their Iogation may be con;{dered pre-determined because of economic
factors. Compared with primary and secbndary industries, the_g?ysical
input - output flows of tertxary 1ndustr1es are very small2 ahd inter-
industry llnkages will be of little locational significance for them.
These 1nsttries are strongly market- or population- -oriented. To-

gether with the dOnstruct1on industry the tertiary sector was excluded

from }he.analfsis. Dummy indlistries wére, for obvious reasons, ignored.
. g

4

f T " TN . )
1.3.4 ‘Measures of Spatial Association of Industties

. After a brief description of an alternative measure of spatial

association the measure adopted, and statistical issues connected with

-

- -
L

1published input-output data on transportation costs cannot be -
useéd because they merely reflect, in aggrégated form, the actual trans-
_ portatlon costs incurred by the variou$ industries during a particular

- year in the production process. They do not provide any information on

the transportationcharacteristics of commod1t1es or the transport
" sensitivity of induStrles. : v . ) .
. ' [ S
2See Canada, D.B.S., The Input-Output Structure, Vol. 1, pp. 264-
265. - S : - ' '

14

it.‘Will be discussed in -greater detail. ° : St s
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4.1 Types of Spatial Measures. While a groat number of coof-

i et

flcYOntS havoe beon dosigned to ,measure the geographic distribufion

of cconomic ﬂCthlthﬁ i tho only possible altormgtive to tho MOASUTO .

ndopted here is tho coofficient of geographic unsoglntxon.

- Tho coefficient of goographlc association (g) was doveloped by

P, Sargont Florence in 1939 and applied in ipdustrial location studies
"y ~ :

by Florence as wall as by other authors.? 'The coefficient of geo-

graphic association, intended to show the locational closeness between -

pairs of Industries,. may bo talculated as ‘

| lJ "l? }\ ’\ , f
g ' ' - j
where: dk = R‘K - —jh—-xs the difference in employment
IR, IR
. K 1k K Ik Vi

. pfoportions fér indusfries i and j in region
; * e t
! k (k = 1, 2’ A oAy m)
Ly ~ employment in(industry i invregibn k

. 3o é)k -~ employment in industry j in region k.

[y
‘.

The range of the coefficient of geographical association is

0 < gij <1, with O‘indicating'complet? absence. of association and }
s Y, '

indicating perfect association. There are various-ways of stating

this coefficient, res“ting in differences in ranges and po

»  1See Walter Isard, Methods of Regional Analysis: an Introduction
to Regional Science (Cambrldge Mass~~ M.I, T Press, 1960) PP 249ff,

2Polltlcal and Economic Planning, _¥port on the Locatlon of
Industry (London: Political~and Economic Planning, 1939), pp. 292-293;
Florence's study will be commented on in the review of the 11torature
below This coeff1c1ent will not be employed here .

,ﬂ
13



’;FOVOFSH] of the maximum value to zero; the essential feature, howeVGp,

the comparison of the porcentn&e distributions of employment by
: ii}ons for pairs of industries, is common to nll

" McCarty, " Hook, and Knos, in a thorough study on the measurement

'

of goographic assoeiﬂtion; ﬂevanced several criticisms of the coef- |
flcient of geogrnphio asseciation Y Pirst, this coefficient neithﬁr
measures the extent to which the employmeqt proportxons vary together
noxr does it'%ndicate'the,degree of assocjation between them,

"Contrary to its name, the coefficient of geographic
association does not measure association as such; it is
simply a value which indicates the rec1proca1 of that

. portion of one variable which would have to.be moved -
across statistical unit boundaries in order to make its

‘distribution identica}.with that of the other variable.'?

McCarty, Hook, and Knos show that even if two series vary in an
: ! :

.

unsystematic manner, a high coefficient mayvbe obtained, Second,
while the value of the coefficient should not b¢ affected by differ-
eﬂeeSﬁig\the absolute sizes of the varlable, a/higher coefficient can

Y
.

in fact'befobﬁained by adding a constant to egach variable of one

series, e.g. to the employment in industry 1/in- all regions. Third,

_the coefficlent off geographlc association cannot indicate inverse

4

nelatlonshlps between the two series, Fln 1ly, fourth, the authors

list an objection|raised by Kendall.3 He/pointed out that no statist-

P

N 1The sibsequgnt discussion is baSed/en Harold H. McCarty; Johri
C. Hook,. and Duan¢ S. Knos, The Measurement of Association in Indus--
trial Geography (fowa City: ~State Univprsity of Iowa, n.d.), pp.31-44.

-~

21bid:; p. 31. B OO

., o ' L . . .
. 3See Maurice [. Kendall's comment on Florence's '"The Selection of
Industries Suitablp for Dispersion into Rural Areas', Royal Statistical

. Society Journal, Vpl. 107 (1944), pp/¢93-116. e '

[
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jcal inferences could be drawn using g becaube nothing was known about

i

its sampling distribution. A further criticism by Kendall~-that any -
value of g could be obtained by shifting the boundaries of regions
covering a countiy--~should be discounted since such boundaries "

uéuak&y remain»fixed over long periods of ime. McCarty, Hook, .and

“.Knos conclude that the coefficient of geogrhphxc associatxon, while

performtng well under cextaxn circumstances is’ def1n1te1y-1nfer10r

as a measure of locatlonal closeness and‘covariability to the Pearson

product moment 'coefficient of correlation.

i

' ) ,
As aned above, the objective is to measure the extent of

spat1al association between pairs of industr1es. The cla551cal tool

> \

for determlnlng the association between two sets of variables i3 the

correlation‘coefficient In this study the correlatlon coefficient

‘expresses the locational afflnlty between pairs-of 1ndustr1es by

|
)

measuring the degree of covarlabllity 1n industry employments1 over

the metro gegions. Whenever employment in 1ndustry j 1is large when -

-\
1t 1s large in 1ndustry i, and low in j when 1t'1s low in 1, the
correlation ‘coefficient w111 be' large and p051t1ve. The correlation' o
?coeff1c1bnt between industries 1 and j (r'ij) may be calculated as 4; e
‘ 2 (2., - L. D o - |
o ik jk -~ j)é- MY ,
1 ):(z. - 1.2 L (L., - 232" o o ~
ik i jk 737, L. R.
k k ; ' ’ ‘1 J ’ , ) /

~where: 2., - employment in industry i in region k

%

lFor ‘Teasons expla1ned below employment proportlons rather .than
,absolute employment flgures will be used in the analysis.’

° . .
» * ! . .



Amean employment 1n 1ndustry i g

xjk - employment in industry j in reg1on

~

xj ~ mean employment in 1ndustry j

N -
L
1

=

Am
[

: . J .
C g . . L . n
h " "% - 'standard deviation, ' - -

*
PRI J o

The range of't correlation ooeff101ent is ~1 < Fi f " 1 with +1

’1nd1cating complere associatlon 0 show;ng no assoclation, and A1

expressing complete inverse associatlon _ The correlatxon coef£1c1ent

does not heve anﬁ%&ast under favourable’ clrcumstances any of the

weaknesses connected thh the coefflclept of geographic assoclation
Given the numhex of regions (m = 18) and the type of data used ‘

the quesolon of the distribution must be\raised, for '"much ‘of the

stat1st1ca1 theory concernlng the coefflcient of correlatlon is based

. on the assumptlon that the dlstrlbutlons 1n the problem are normal, '}

K

McCarty, Hook and Knos discuss this issue at 1ength 2 fheir con-

¢
\ '

clusion ds that practical consxderat1ons often p01nt towards proceed~
1

“'ing with the analysis as if d1str1butlons were normal, even if the

distribution curve indicates skewness. The problem is lessened if it

is possible"... to consider the coefficient of correlation only as a

. Eal
LA

0

means of describing the observed associations in the universe immedi-

"ately at hand "3 ThlS can be achxeved if the entlre unlverse enters

1nto the Calculatlons ,In this study it is, however, des1rab1e to -

’
v

s ¢

‘ 1Haro’ld H. McCarty, John'C. Hook, and Duane S. Knos, Measure-
mseszpizl . L o .

. * . ' ) : : Y
2Ibid., pp 21- 26 - These remarks are based on their discussion,

3Ib1d., p.‘22 : .

a*. , , o
' gikj” covariance between“gi and R . . AR
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" make statistical inferencses by submittifufthe correlatiod coefficients

drawn very cautiously. The analy51s will proceed then, on the

N . v . v
. . . \

1

e oo '
ta tests of significance, Any‘inferences for other areas must . be

\

'assumption that the correlation coefficients measure correctly the

strength‘of the 1ooational association between.pairs of industries in
- [ 4 ,

N

- metro areas, | ‘ . o : \

".‘

3.4.2 Some Comments on the Correlation Coefficient as a Measure of

i ,

Spatial Assoc1ation. It cannot be avoided that the boundaries of .

. statisticadl area units are, from any single aspect, of -an arbitrary

. , h
nature. The effect of this arbitrariness on the correlation coefw
I‘ “P '

‘ficients has to be touched upon To the extent that all industry

employees within the metro areas are considered in the calculation

whereas those immediately outside.are not, the correlatiqn coeffi-
a . co . , ’/l

cient would tend to understate the degreejof spatial association .’

M .
* '

between two industries. In princlple the smaller the area units the

( »

'ﬁreater will be the chance of cutting through natural commodity flows

¥

|
of agglomerated industries On the other hand the larger the regions

the less meaningful will it become to oon51der locations within that
reglon as locatlons in the same’ place The former may be the case
when county or mun1c1pa1 dlstrict data are, employed the latter: would
occur when prov1nces are used as geographlcal un1ts The adoptlon ‘

!
of Census Metropolltan Areas minimizes this problem fon these areas :

;ana as was noted above delineated accordlng to economic as- well ds

‘adm1n15trative cr1ter1a . ' Q ‘ . S Lo

T —_— .
It does not seem p0551b1e to make any a’ prior1~statement5rabout

t -
'

7.‘*

e !
the effect on the correlatlon coeff1c1ents of varlatlons 1p th Ievel '

\
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of aggregation 1In the rather unlikel? event that 1ndustry 1, to be -

.

"aggregated w1th lndustry j» would have the same number of employees

. "in every7leglon,/xhe coefflclent would be lpvaf1ant In generaly,

however he correlatlon coefflclent could chédnge elther way dependalh

-

s
»

vt 1ng upon the magnltudes of the 1nd1v1dual employment figures 1nvolved

) i
Al

Contrary to the llnkagé measures the correlatlon coefflclent 1s~“ A

symmetrlc, i. e.'r'13~= 51., The coefﬁmclent thus tends to under-

state the 1mpontance of locatlonal prox1m1ty 1n certaln cases.;onr

. " N i

example, satelllte 1ndustrles because of the nature of thelr economic

or technologlcal relatlonﬁhlps w1th the 'master 1ndustry may be found A -8

e : 1

* wherever the master 1ndustry 15 located but not vice versa 1 This .,
.. ,

i/

Rroblem could not be avolded , . L . ) TR
] . . o i . ) ;

3. 4 3 Coefflclent Matrlces and Statlstlcal Problems ' By correlating
! K

absolute employment flgures for pa1rs of 1ndustr1es over the metro. - iy
‘reglons an 86 X 86 matrix of coefflclents is obta1ned Excluding B

the dlagonal elements this matrlx contalns 7310 1nter1ndustry corréla—

".\. A'\.'

tion coefficients r'ij The coeff1c1ents 1n‘th15 mqtrlx were generally

i

-

very large w1th pnly a few negat1ve ones. ThlS upward tendency has to

' ! o
! \
be expected 1n cross- sectlon‘;n;l;zze when un1ts of Observatlon of :

substantlally d1fferent 51ze are con51dered. bIn th1s case the cor- - 3

A N

.relatlon is art1f1c1a11y 1nc}eased because generally, large Values of

N . -

the varrables w111 be assoc1ated with the’ large unlts and small values
v ' 1
‘ w1th small unlts ‘ The expected valge of the-correlatlon coefficient .

I N . : ot d '
. : . /'i‘l ‘@ . ¥
Ve /

| ‘ISee Albert O.. leschman, Strategz p 102 and Manfred E Strelt
Verbunds pp 45~ 46 S .

4 a,
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! tor and testlng for spurlous correlation. o « ce D Tt

‘ able w1th similar propértles from an economic aspect, the analyst e

) (LN ' ' »
for non assoc1ated 1ndustr1es w111 not be zeto anymore as it should

' ‘4 ¢

| be. Tho - common 501utgon‘1s to elim1nate the 1nf1uencen6f size by “ y £

selectingan'appropriate's¥ze variable as a defiator.1 Thls.procedure
N \ .
may have the- undesxrable effect of 1ntroduc1ng spur1ous correlation

into the. ana1y51s because now the Correlated var1ab1e$ are ratlos Co

vy N “~ | i Y

Th? 1mplicat1ons of correlatlng ratxos have been examlned in detail

by Kuh and Meyer,zk The1r results will be used here iP ‘chosing a, defla~
4f Al

N L ".
v ‘ :

Important for thlS study is that' Kuh and Meyer derlve the result

-

N
that."unger a wide range of, c1rcumstances the ratlo estlmates shoufa

not be greatly blased in apgllcatlons to cross- sectlon data "3 More

spec1f1cally, the apthors ‘show that, everal»deflators are avail-‘

R

)

' o I

should select*the one w1th the $ma11est ratlo of. standard devlatlon to

' . ]

the mean (V) in. order to m1n1m1ze.the p0551b111ty Af spurlous results. 'Q\
Ny D

The two varlables that offer: themselyes as.deflators are popula- Y

Al ¥ .
- , .

tlon (p) and employment (2) of the metro reglons 4 For both df these e

"4«<; x B - aﬁﬂ} @

, 1The deflat1on process was adopted by Rlchter and reJected by .
- Streit; see Imgact p- 23 ahd" Verbunds, P. 44 resp : . e

o 2Edw1n Kuh and John R* “Meyér, "Correlatlon and Regre551on Estlm- o
ates when the Data Are Ratlos[ Econometrica,’Vol. 23; No. 4 (October N
1955) Pp. 400- 416 s'& o ce . R s

3Ib1d., P 406, . ".- R R RS

¢ . S ‘ - a, ¢

bt may be p01nted out that R;chter obtalned 1dent1ca1 reSults-

| u51ng alternat1ve1y, popul%flon and total. manufacturing employment of '

th’/teg1on as size variabl See Charles E. Richter, Impact, pp. 24- )
257and Charles E: Richter, *The Impact of Industrial. L15Eages on.’ L

-Geographic A550c1at1on" Journal of. Reglonal Science, Vol. 9, No.'1 -~ [ " .

(1969) PP. 22-23: Thls 1s an extremely unlikely result ‘]1 o
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adopteg as the deflator Varrable.f A second requ;rement to'be met is J . ‘i‘”
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\ \ . b3 N o
et | 5 o b AT i | 4 ' ‘ '
o o o ’l\ R ‘ e : : e N : ‘Yi’ ;{15 Y e \ o .
nt 91ze var1ab1es\the coefficrent of varlatibn V) wes computed result—
. ‘,. .. . Y ' ,(‘ - ' 3
' ‘ A-,‘ o 4,\' .
1ng in a Vp, 1. 21 and\a \/ '1.58. Consequently.populat1on wds. o

i N

N \1 /, . 'n n AU . v
that the varlables deflated here employment in 1ndustry 1 1n reglon
~A '»“ “ A
. s DN L \ o
§ 'k (1 =1, “2‘,"..., n; k = 1; 2, iy m), be homogeneous functions of the
AN B w7 e ¢ . o ‘
\slze varlable p- HOmogenerty checks were performed by calculat1ng
T b ¥ ' ‘ -
,;\ the regre551on functlons of the employment var1ab1es on the deflatof ,
: ‘The hu%1~hypotheslsi e, | f,‘ R '.“w‘. .~
A : . . ' ,‘ ‘ o - " - o -t T ' Coes ' ' o ol L e ' x " . N
Hita=0" R S ' ‘ -
‘No ! o :. 4 M e ot - o'
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. was tested agarnst ‘the alternatlve 1n a~§wo ta11 test
V! N : i ,
. ¢ C : L ) o , s .
N ‘.", + 1 5 Ve 8 # 0 t’\\ e l..‘ . il" ) = o R ‘
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T If H is accepted ile. the employment varlable 1s a hqmogenous func~, T
a ANl - ) . .
) : tion of the size varlable spur)oﬁi correlatfon is not a preblem.in EE .
\ ““““ \ ! . r . - o
r the analysis The' t- test at the” 1% revel of s1gn1f1cance for n =18 = g
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‘;” " Fw sheag\tﬁ§t~78ﬂx£4ﬁ'860fthe constant terms'are not s1gn1f1cant1y :A‘ R

o R
dlfferent from zero Thus the regre551on 11nes are generally homo— .
o _f genous and themnull hypthesis 1s accepted «Spurlous correlat1on w111 K ‘A“;ﬁ}~:
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= of slgnxflcance r1J >.0.400, at the O 05 level r=j > 0. 468 and r ij R

Lo T P 1n 1ndustry i P

. geographlcally assoc1ated.

¢ a

Sy o ' ‘-'f . '

ol | Py = prOport1on of populatlon»gg region k employed

A} 0 t 1

. . o~
" P - . "

\ e

s R

ylelds the .86 x 86 matrlx off correlat1on coefflClents R, The{7310 :

' |
' ‘
' \ !

non diagonal elements of thls matrlx, i e. the correlat1on coefflc1ents
; .

T4 (1¢J), measure the geographlcal assoc1at1on between 1ndustr1es i

andJ ) B "“"‘» “ S ) ! . ‘," ‘» . \v“‘\J.“

T
il : ' ' \
) P R , , ' W
i e - - f [ . .

'
1 ‘ *

The correlatlon coefflclents are 51gn1f1cant 1f at the 0.1 level

. L wea

'

> 0,590 at the 0.01 Slgnlflcance level If the correlationafoeff1q1ents

oo

[

\- .o
are equal to or greater than 0 400 the 1ndustr1es are defaned to be *

;"
) .

T A \ T

oy '

3. 4 4 Rank Cprrelatlon Coeff1c1ents. A method&ﬁometlmes employed to

n

ﬂ\x \

measure the degree of assoclatlon between two varxables 1s rank
Q '

. .n . 4 ‘. u ‘,
-orderocoeff1c1ent (r ) and var1at1ons of. the K ndaIlfrank corgelation.

) T

. correlatlon. Two coeff1c1ents are most common. the Spearman rank L

.t
LS

coeff1c1ent (r ) These are nonparametrlt statlstlcs 1Je{ﬂthey do, "

o .
. )
\ v et " '

not depend on any spec1f1o d1str1but10n of. the var{ﬁfles;l Both r'.and

S
' l

varlants of rT were computed These were compared with the product

',moment correlat;on coe!!;01ents 1n order to determ1ne thelr su10ab111ty,

. N " .

PR : . L - . P i
i [T s
\ . N v A . o ’

“

‘ ¢ ' . .

1‘-The"\nk—eorrelat:lon coeff1c1ents may be calculated i

" B - «n.

*:: o Eead S
5 ezd.\) P-Q

g * -] - e and for example,, $ & ——— where d denotes ,
: - n(n2-1) | U idam-ny - :
differences 1n\the ranks of the’ var1ab1es .and P, Q are pos1t1ve and s
negatlve scores, Tesp,’; sée Maurice G., Kendall, Rank Correlation’ - .
Methods (London Charies Gr1ff1n ‘and Co.thd., 1962) p 8 and pp

a“

At
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for the purpose of .this study.. Visual inspoction of tho ®ank cor-
L) .,,\ R
relation coefflciemt matrices and comparison with matrix R reveals.

that tho rank coefficients generally show much Nigher valuos and in
many casos sceriously ovorstate the degree of spatial association,

they show a smallor rango of valuos, According to

Except for T,
” h " ' ; \

- MeCarty, ot al, this should bo oxpected bocauso the rank cq{rolmrion
\ . ) | o : . ) . ) ot
method does not takq into account the magnitude of difforencos‘betweon .

. o
the units, ! chnuso of thelr inforior prdperties rank coefficionts A

yore not furthor considered in t is study,

[} * +

3.5 Mcthodology v

[ -~
A \

o While the results of other studies will bo rgviewed in greater
v ‘ . v '

‘ _ detail below, a few words may be in order about the approach used to ‘.

determine the agglomerative impact of intérindustry linkages, In this

study the main part of the stntistical nnnlysis‘ZOntnhns a series of -

. hypotheses designed to. test the 1ocntion importanie of input- output

' ¥ 4 linknges to the manufacturing sector as a whole,? followed by an invest-

‘
. i

-1gation into their effect on indivtdual secondary. industries. 3

The a?proach of using hypothebes to test propositions with regard

to locatiOnal factors or tho locationul characten&stics of industries

- IS
' "

, was first used by Nchrty, Hook, and Knos. Theg tested three hypo-

’

theses relating to the mnchlnery industry This method was also

- . ]
' . 1See Harold H.GMECarty, John‘C. Hook, and Duane S. Knos, Measurg-
o oment, p. 27. . . . I
—— S A . s B [ B
27 \"uu l ) \ . .
See Chapt. 4. . ‘ X 1 ",
3see Chapt 5., o X‘ C :
. . v I : N )
et Ysee Harold H. McCarty,’ John C. ank, and Duane S Knos Measure-
R 'meht' pp 67:68. - ¥ oa A ~f
r’”,' . . . L’i *
' 3 ' a‘ ¥ A ’ \“=:‘? " L]
- * z . . RERIS S
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* 0 'ndopted by Richtor whoso hypothesoes concentrate more dn the locational
. y !

factor than on tho specific industry,! Tho 'same approuch is used in
A . B

v :

this study. Howovor, 'while tho hypothesos are essentially similar to
' - ’ ' ‘

those employed by ﬁ!zhtor, tho results of the tosts aro not diroctly

compardble because of soveral modiflcations madey The di flerences 1ie

mainly in the greator degree of disaggregation, the improved backward

1inkhage measure, and a moro ‘sujtable classification of manufacturing

industries for test purpgscs. K
‘The six ﬁypothcsps of ghe general approach, to bo introduced in :

t- . ) ¢
‘juafblldWing chapter, always involve a contrasting of the input-output
‘ ‘ R
V.
linkage coefficients with the corresponding spatial association

measures. . These bypothese are tested using bisic statistical tech-

4

Viqug!. The industry-speciflc approach examines the locational affin-
ity between the subject industry and all its.linked industries in

s " 1+ “ N
chapter five using corrclation analysis, ;Aiso provided in Chapter S
’ 1 . *
\ , . ! . . .
are a determinatjon of the population attraction of the various manu-,

- IR

facturing industries through correlation analysis and a &lineation of

I3

industrial complexes using input-output finkageS'aﬁd coefficients of

spatial associatior.

.

.
\ . A ) = R
N :
1 * ~ 3

3.6 Survey of the Litoratuﬁe onkA gléyurat1on
S Lo
_bty}nedsbyxogher 1nvest1gators will

- In this section 'some resu}t;

be briefly cxted Thc survey 15 not tompr\hensive

)
i

I 1See Charles E, Richter, Impact, pp. 71 ff.



"

3.6.1 Wrfiters on Agglomorntion in General . Somo of tho earliest
émpiriqnl studios on ifdustrial location were carried out by Florenco. 1

In his more comprehensive lator study he found that many struqturnlly

]

1clntcd induﬁtrlos tond to ngglomorﬂto in the same geographical aroa,?

Florence cited the common utillzation of a lnbour pool and Structural

intorrolations botween industrioq as the main reasons for 1oculizntion

In his study on the shoo and leather industries Hoover determined

that linkage through the complementary use of labour was an importang

agglomerative lbcationél factor.? 'Isard and Schooler attempted to
oy

take into account economiés obtuxned from spatial JuxtaﬁbsitZ&n by

N

posing the locatjonal problem for 1ndustr181 complexes rather than

individual indastr{es.”ﬁ FoiloWing the traditional Weberian{approaéh
“to ]ocational analysis ghey 1ncorporate scale econonmies, localization
econom1es ‘and urbanizatxon/regionalization economles into their com-
"pnnani‘e cost study. However, while\some agglomeration economi;s may

b; quantifled especially those. arising from technxéal 1ink's be:Leen
industries many -spatial juxtaposition deantages are of an, 1ntangible
nature which 4im1ts somew?at the effectlveness of the ‘industrial-
! .

compqu approach »Neyertheless, the guant%fgcation of seyeral U

\ _
A . "

lPolitical and Economxc Plannxng, Regort p. 292

o

h 69, 53, 66 and P. Sargant- Florence,,”%he Selectxon of Industriés, Suit-

able for Dispersion into. Rural -Ateas", Royal Statistical Society
Journal Vol, 107 (1944), pp. 100- 103, - R )

K

) . 3Edga;§M Hoover .Ldcation Theoxy and the Shoe and Leather Indus-
tries (Camb idge, Mass...Harvardfunivetgaty Press 1937), chapt 8.

[

: Ywalter Isard and Eugend W Schooler ";ndustria! Complex Analysis

3

Agglomeration Economies, and Regional Developﬁent" Journal of Reglgnal

2P Sargant Florence, Investment: Location and S1;e of Plant pp.

Science, I [Spring 1959) PP. 19- 42 ~esp. p. 33..

L) L . 4 N .
. f E . . e .
-
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ngglomeration economies is a positivo'step;l these cconomios are, of

. 3 . " '
course, location-'and complex-specific.

[
‘

- 3.6.2 Writers on Linkuges, nnd hocatlon. In an early qtudy Hoover

“a

drew attention to the locntional lmpnct of interinduscry 1inknges by

I~

noting tpat location in claso proximipy to suppliers was a domipant,

factor in the.localization of the leather industry of the'United
e x ,
States,? In order to mxnimizo transportation costs the leather indus»

'
", .

try tended to concentrate in ports and meat—packing centres. As it
ST . .
was HooveT's objective to develop tools of analysis, the 1mportance

-

. of linkages to the manufacturlng sector in general" was not “investi-

A

.
-

gated, . o )

-

McCarty, Hook, and Knos3 investigated locational issues of one .

H

industrial sector, the ma;hinery“grodp. Of particular interest in this

context is their‘"relaued—inddstries hypothesiSQ‘which states that the

‘\achlnery lndUS‘tr)' w111 be more closely assoc1ated mth technologically

- - .

.\.

)

\"llnked 1ndustr1es than with non 11nked 1ndustrles Industrles are

W) \

split 1nto metals 1ndustrﬂes and non- metals inddstries the group of

: :related 1ndustries was formed by elimlnatlng the less 51gn1f1cant

'
\

‘.varxables (1ndustr1es) from the group of metals 1ndustr1es ; The

-

authors then performed multlple correlatan and regress1on analyses of

R

the aSSOC1at10nS between the mach1nery hrOUp Qnd the non~meta1§ group

N LT

1Walter Isard and Euﬁene'w Schooler "Complex Analy51s" -Table 4,.

"
» &

©op. 315 but note also, the quallflcations*on p. 29. R .
: 2Edgar M. Hogvef "The’ Measurement of Industr1al Locallzation"
.Rev1ew of Economics and Statistics, Vol. 18 (November 1936) p. 167.

-

3Harold H. McCarty, John C. Hook and’ Duane S. Knos Measurement
chepts 4-7. . oo S e

* . .
‘3 = ° ’ - " M [N

.
~
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.

on che(p{ﬁbr hand, The calculatlions -were made for various rvegions of

ho United States and . npan. Tho results of the analysis, whilo not

'

very strong in some cases,} .lead tho authors to dcccpt tho related-

'

xndhstrios hypothesis,
In-his analysis of thoimpact of industrial linkages on tfie

location of manufacturing sectons Richter nsccrchined,thﬂt thera eoxists

f

A qiqnxfigant relatxonshxp betweon llﬂkﬂgOs nnd 5cogrﬂph10 association’

Using' linkage coeffxcientﬁ as discussed 1n Section 3.3.1 above, Richter

found' that manufacturing sectors tend to cluster in the metropolitan

Areas,of the Unitcd'StthS“énd that linkages appear to induce cluster-

€
.

ing. About 'double as many linked sectors are geographically associated

than are non-linked sectors. Also double as many geographically

: ' [ : 2
associated sectors are linked than are non-assocxatcd sectors. The
S }

resuylts of further tests regardlng the, effects of linkages on manu-

facturing 1ndustrles ‘as a whole generally agree with results obtained

2

in this study and will therefore not be repeatcd here; any deviations

Ca 4
in the'pesults and in the definitions will, be noted below. fRichter,
then determined ﬁow closely each sector'is associdted with all of it}

\
M

-»

.

linked sectors by comparihg,the correlation coefficient of employment
proﬁgrtioné,betweeﬁ subject sector and the sum of all linked industries
ith that between the subjett secgor and an equal number of random

b 0*

* ﬁpdustries. The results. 1nd1hﬂt& that' the manufactur1ng sectors are

i r‘

w ,
’\ ¢ Co

! frequent}y found in.the same locatlpn with sectors to J%1ch they are-

'lgpked

\ o

N

o

. a - a *

.
2
w.‘mw e

b 1See Harold H. McCarty, . John C. Hook, ‘and Duane S, Xn‘s,,Measure-
o p Table 72, p 138 .for numer1cal resu!ts e N
w, i
. 2See Charles E Rlchter, "Impact",'pp 24 26. :WH;L, }‘
‘ . . e S N B ~
o iL," " : .':' g ) ey ®

N
'

i w.:_‘ "
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,cant,z Given the fa

- much

_that ni

* A Ll
. 3, . . . ' . .
\ Streit's rosults are loss immediately comparable to thoso obtained
5 " Yor R '
here than the rosults of, the preceding author. By corrolating his
b ‘ ‘ : .
symmetric linkago Cﬂeffiéiunpﬁl'with the spatial udsocintion coeffi-
, L ‘ y
clents ovor all governmental districta of West. Germany and dépnrtements

' B

[runce, Stroit ohtnxncd a low but aignitxbnnt voofficient forx Weet

Gormuny (1 per cont lovcl), ‘tho oootflcxont for France was not signifi -

that. Strett used undoflnted employment data and
2 . <
Inivorses were comprised of regions of groatly varyipg size,?

gher correlation coefficients would have been expected, Two
, APES

: t
[N ' \

expldnatinnsﬁde[be,offorcd; fipst, as mentioned above, tho arbxtnary

nature of the l)nkngo coefficient may haVCQanflucnced the result:-

second the inclusion ot immqblle prlmary 1ndustries may havo o8 ﬁ

.

. tributed to the reductlon of the gorrolatxon coefflcgents, In dealingx

a

.. gression models. ThT dependent variable is the spatial association

'f L

with the explanation of Spatial associations of scparate industries“

-

Strelt uses his llnkago cooffi xent as an explanatory varxable in re-

LI

[ '

i . - . . s
coefficient and for n ipdustries the regression.is based on n-1 observ-

. = -

ations. For 26 industries he obtains ffiver significhnt coefficients for

West Germany and onc for France (lpvel of.significnnce befheen‘o.l and

0. 01) The explanatory power of the\regrcssion model must thus be

.

‘!
FY
i

lgee Sect. 3.3.1 above. L o ﬁx ' . SR

\ .
. . ' .. .

]udged as qu1te small, 'In in/;xpandéd model Streit uses in addition -

2SeeiManfr‘ed R. Streit, '"Assoc1at10n5" RpJ 178 181
'=3C0Eb1npd in the respéctive universes. weré bargely agrlcultural
reglons

AP v
YR - ar
- “§e¢ Manfred E. Streit, "Assogxatlons%;ﬂp; 187. Y Cod
oty - . ‘ \ " -, - ) {éé B . ) . . - . K
- Ct ' ‘ - *
‘ .h . " EER T '? ..‘
o * < - v ' ’ ,-%

ith.such heavily 1ndustr1a112ed areas as the Ruhr and Paris. ,.

79
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Be !

5\ -

aiy agglomoratjon va

. [
inble ns an okogenous variable, ! This goneral

agglomeration varighle iﬁ.somewhaL‘tautologicnl as it includes again
RN ' »

the\influence of Ilnkagos; by not identifying any scparate agglomera~

factors it is

tivo also very ponqtransparent and thereforé of ‘limited -

usofulnesy, Howover, tho modal dontaining this catch-all agglomeration
N “ ' .

.

variable produced-gooﬂ results forlﬂ number of iniustries in West
Germany and FrhnCe‘z Méro coﬁpl]cqfed models did not yield any better
results, Tﬁe weakost elcmentg‘i+ Streit's analysis Wijf appear to be
_thé extfeﬁ¢1y high degree of ;dgfeéation (6n1y 26 secgbrs)ﬁ the érbin
tTrary ﬁatpre‘of his linkage coef%icient,'and the generality of pﬁe

7 i‘5 agglémeéﬁt}on vafiablb. "

!
1 ' o
: W A

’ i LA

. ' v ',\ N ) v . A.“ . ‘ “ " . Co IA
.. 1See Manfred E. Streit, “Associationms",  p. 181. .. .- 1

+

_...2Sec ibid., Table 1, p..18¢. - - SN G

. ’ R o v
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A, TFSTS OF HYPOTHFSF% e, GPNbRAL APPROACH T " a o

! 3
" ' ay
. oo
= A * [ . - a - .
. N . ' [ . . | »
‘A ’ ' -

The matrices Jf backwardelihkagé eoefficients»B and of forward

LI N . . . "

linkage coefficients F were ‘calculated according to the linkage

"
-’ t

definitions set out in Section 3.3,1; to the matrices thus obtained,

théllinkage’critérion . '

‘?“ L. r'\ . A-" ) I* l' .
e gy 009

¢

‘was applxed to yleld the llnkage coefficient matFlceS

The\matrlx R of spatlal coef"c1ents -was obtazned by flrst cor-"’
’relating'the employment proportions of‘industry"pa{rs.over the e1ghteen
o . ‘ . L , ' . S . ;‘”E"r
) metro areas~and then accepting as geographical assbciations only those
coefficients’ for which, at the.0:1 level of significance,
VUL Tgy > .A000. - ‘ -
. REIT R . W

. ’ ) N
e ' ‘ . '
. ] . .
LT . N . )

4.1 Importance of L1nkages s"

.

LA [
]

: The data provided in Tahle 21 indicate that the maJor share of

Canad;an‘manufaeturlng tékes place in the large urban areas fheoret-

s

“ical con51derat10ns p01nt ‘to 1nter1ndustry lznkages as one p0551,“

.

) agglomerat1ve factor. ,If 11nkages 1ndeed contrlbute 'to a concentratlon
»

" °

of manufacturlng 1ndustries in c1t1es then there must exist a -

-~ r. ,.,.
- - D . ' N n,.n

IR A ¢ . , /.. ot B L . o W n L3
v E f ¢ . i PRt
it '1 X R s PR ) ) . .Y .
;o ‘See.Table 2, p.yS38 L e S, o
* = F - ‘ ; ' K
[N . .
4 B Iy T ) . : : . -(‘
] . o i
C e T ‘ "» . PN . oo !
: . sl " e
. . . - LB - ; e
N 2. A f AT 81 . / .
N } . [ - )
e N v - N i iR I!
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. significant relatiqnsﬁip between the two attributes of industry‘pai{s:
L ‘ _
.'linked' and 'gebgrnphlcally associated!',
\ . ' "

Of the 7310‘spatia1‘ceefffcients 1744 are large enqugh to con-

stitute geographxcal aésocxatxons 1 ‘There arc 2587 negative coeffiH'
cxents. At the Sl sxgnxfxcance level 731 geographical assoclat1ons of

industry pair% would bq expected even if the 1ndustrles located com-
Loy
pletely Lndependently, S1nce the number of signichant 5pat1a1

coetflc1ents'ﬁs mora, than twice as high, the hypothes;s that they are

™~

X

due to chance 15 rejected \

) | “The number of backward and forward linkages is 1101; 85 bndustries "
SO ‘

W are,. connected to one another by double linkages,? glving 1016 11nked~

\“;‘ {'.1\ ~n

! 1ndustry palrs 3 Sevén hundred and ten of the 11nkages are forward

Lo

S : : |
11nkages and 391 are backward llnkages - ' 5.

Out of the’ 1101 11nked industries 397 industries are also geo- -
" graphlcélly p550clated or. 36. 06 per cent .t Héwever only 1347

21.69 per cent, of the 6209 nonkllnﬂed 1ndustry paxrs are geographlcally
. ;m ’,\ 3.

associated. Clearly, linked 1ndustr1es.are mrch more likely to be -, .

’ ! \

L oy v

L)

-, . —

1At the .05 sxgnlflcance level there ar

1438 coeff1c1ents t N <r

€, > .4638) and at the .01 level thereare 9 1 51gn1f1cant coeff1c1ents
&iq'> :589) given d.f. = 151' 'R : :
-, R . ‘

* 2Twa 1ndustr1es may be connected by as ‘hany as four llnkages thlS . H"
happens when 1ndustry i is linked backward and forward to, 1ndustry~3 R
and 1ndustry j has a backward and forward 1i kage to 1ndustry i. Thls BRI
*'is thé case, for example, for industries 39, ool, 'Yarn § Cloth_ Mllls ) L
ghd 49#Sy3;23t1§nge2t11e Mlléisghere b3940 1044 £3940 ‘ ;033“>. ; : !\ji

- 174039 N 4039 a 1 ‘ y fﬂ’i‘ . | |
3In the subsequent test . of251gnif1canc tgese double llﬁkages will' “”._,éﬁf

be counte? separately, this: does not 1nf1de ce*the . fesﬁkts 51gn1f1cant1y .

! \

MtSee Table 3 £or a 11st1ng of backward llhkages, forward llnkages f??
. »and geographical assoc tions by 1ndustry L BT

' il S ;:ﬂ;--.._...
wd i
~d

AL

“
s

‘,
e s
)

L, - T Loy

A
f s e .

&
R .




S o .. TABLE3 " IR

FREQUENCIES OF BACKWARD LINKAGES; FORWARD LINKAGES
‘ " AND GEOGRAPHICAL ASSOCIATIONS FOR "
INPUT-OUTPUT ‘INDUSTRIES

‘
bR

. v

Backward lLinKages Forward Linkages | Geographical .
IOlC~La -, Geogr, ! © ' Geogr, Associations '
Number” - Associated . \Total - Associated Total. Linked  Total

12 . 26 |

D I 24 .
Coewm s o)
15 oY b \

16

W= O
<OO)-7)--*‘O'

. 17
LI .18
’ © 19
.20
21
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TABLE 3 -~ Continued

9 Backward Llnka&es

IOIC L

- Geogn,

"

"
1

Forwérd‘Linkages

r
, )

\l
B S
oo f

Py
NP

e

q

,

.
)

~Geographiéhl

Number Assoclated

gl . 8

ST
85 « . 2. \
86 1

N~

a

B \s 14 Yo

‘ — e S
To'tal 243" . 710 . "+ 154.-
< ;'- : " , ! IR B L. ‘ ‘\

For Complete 1ndustry Tiames see Appendxx 2 ‘-7' <'  R

b

The flgures i pareﬁtheses
indicate ‘the number of, ddqble .linkages'..
m1nps~0he number of do ble 1inked" 1ndustr1es glves‘the number of "
353\*' A T

Linked'.

linked. 1ndustry palrs

l"', N '
L
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geogréphically a550ciated”nhhn‘nenalinked'industffes.,.Loekihg at*the?

¥ : V
'

data from the asPect of Spat1a1 assoq1at10ﬂ 1t 15 found that 397 of .
" the 1744 assoclated 1ndustr1es are llnked whlle only 704 of the 5566 |
N non assocxated 1ndustr1es are 1;nked "the gespecteve pexcentage ! .

. EYIN
.
(I

N\ i 1ndustr1es.

L !“,‘-_‘

,bg; factors ylll not be further investi gated here. » ;.~|.,a' .

. ' i
Lo , \ s l:_, v ' “ ! Yy

r P . »

flgures are 22 76 per eent and HZ 65 per cent, 1 e, spat1ally asso~

B} .

0 c1ated 1ndustr1es are almost twice ‘as: often llﬁkeu‘as non-~ assocxated O
i ' o f
There thus appears to. be a def;n1te relatronsh1p between :

r, ' BT "' <'\l. i |
v R bl ' .v" . ) ) i

e 1nter1ndustry 11nkages and geographlc assoc1at10n .l /|

A

‘. \ I ' "

After subtractlng the llnked and geograph1ca11y assoclayede;ﬁdUSn,«

A

R .
Q. ‘

try pa1rs ‘from the total number of geographlc aésoc1at1ons, there Lt ,1‘ “’T
b 1 1 ' ! "“‘ * “‘
AR \
"/ remain 1347 spatlally assoc1ated\1ndustry paars that are not Jofhed by 2.

¥l “ N
(. o ’

an inter1ndustry llnﬁage

- . |‘}

Voo
]

‘g’ the 1hdustr1es located compietely 1ndependently y However, many of Y

Thls figure is not too large' to result 1f

these aSSOC1at10nS may also be due to other agglomerat1ve factors such-‘ R

’
o . . .

as t1es to, cqlpon ‘markets or supplr%rs, attraction to a 1aﬁge labour

. \ ‘\ "y 4.,

., :market 'approprlatloq of urban externalltles; etc.2 These 10cat10na1
:'l‘ ‘ o N . DR ?‘ , [ '
\1 ) ; oo o :
i l‘3 In order to: provlde a more rlgorous testtof the relatlon;hlp be—.,’fcg" )
..',« ; P ‘.. ) e \ L . "..
_ tween the attrlbutes '11nked' and geogxaphlcally aSSQC1ated' of in- EEL
_,l 3 ‘

. ! 4.

gustxy pa1rs, a x2 Statlstlc has been computed for a’ test of 1ndepend-
| , ' B . RS IR
R -t ,x.‘ N

vThe x -test as a. measure! of assoc1at1on may be appropr1ate1y l.xj'ﬂ'¥,

wi

/
’ence
| o o ST
i applled here becauSe 1t {...provides a Gechnlque for 1nvest1gat1ng '
. B : b . !
'\} " . L a AL &L X . ,‘“ -, - : Lo . S
A S L . . " R Cem . .

tn . " N ‘ . .
2 . ! R o . L ' .

\%f \ 1See Table 4 below. ' }FT R “]f‘=; R o e, "bf*

I ' '

b

. 2See—S ctlon 2.3 above. ° ERAE Lo -];' - | o ?pij~u IR
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~of dlsease Or the relatlonshlp between*defects 1n manufactured

‘. .
v ! ', - A . A ' .
" A s . ' ; o +
' ! A t
| \ ‘ .
4 Do
. . oo # \
} - ) N
” . v - ) ]
A " . .
- v VL
to ' : . " *

g suspected relatmnshxps."1 The theoretxcal basls for th1s test was

. |
Lo [ . . \ !

' i

developed by Karl Pearson who proposed a test crlterl?n whlch

approxlmates the X2~ dlstrlbutlon.é These tests utilize a cbhtln—

gency table and h;;e been w1d;19 used for a-gmeat varlety Of Prob}ems.

1n many flelds of re§earch «Bxamples are as varfedva;i‘che reaction.
* of menland women to a eertalh‘polltxcal prOpOsal ;he her1tab111ty

¢
. a

. '\ '
" products arid the underlylng cause(s)h3'vlt may also be- neted that“

v N
poat , - . . I

v B T .

\ jﬁi&n these aSsdelatlon tests ‘are non Qarametr;c problemsq in whxch the

.“ 'b

appllcatlon of the X -statlstlc due to 1ts stat15t1Ca1 pr0pert1es

lﬁf,'”‘ 3Ib1d., p 274\ "“«- 3“.-11f

IR TR A . \.( Hw‘
o i N -
.

does not requ1re any assumptlon regardlng the d15tr1but10n of the
* \ o T . \\ 1

classlflcatlons 1nvolved S 'The hypothesls to, be ﬁested has been fbrmw
«“K'\ L o o ! W ': v /',

ulated as (o _" e @2 L S S F 'Q.

e : . : h [ 'y O
: “y Ly

. O H'ﬁ 11nkages a#%“hepgraﬁh1c associ tlons fytp' o
S 'j .are 1ndependent o ]> , -{f "p

‘r A

w’ . ‘ . “,‘
4 1Alexander M\\Mood Introductlon to the Theory of‘Stat1st¥£s
(New York. nMcGraw»Hlll Book Company, Inc., 1950) “Ps 274 '

2Ib1d., p 271

e i

. A :
A ) LU “

"Q i : ’ : ’ "
‘ “Maurlce G Kendall and 'Alan Stpart The Advanced The r
Statlstlcs Vol 1:"iInference: and RelatlonshlpAa}ondon-r

Gr1f?1n ‘& Company Limlted 1967); p, 537 C

e
lFI

'BTaro Yamane St tlSthS'; ‘An Introductory Analys‘s (an'ed.,k
New Yerk Harper and ow,‘Pﬁbllshers, 1967), p 625 .

¢ , ,““




4 N
(K, shown in pﬂrcnthogqsf)1 fot tho four possible combinations of -

. . ! - L™ .
i - N
S o . . ‘v !
et ‘
[ . \ N .
) ; : . .

- H s

4

charactoristics.. The x2—sﬁnti§tic is computed according to'the o

forfula ‘ N ) » 9 "\
. ‘2' r 0 _ B 2 .
&5 ETTE

L]

tho summation being over the possible combinations. "It can be seen
" o ‘e . . [

-

, A
' ‘ - 1KBLE 4
CONTINGENCY TABLE FOR TEST OF INDEPENDENCE
BETWEEN INDUSTRY PAIR ATTRIBUTES

, " Linked  Nonlinked . Total .
Gebgraphically " 397 - 1,347 Y 1.744 g
Associated (263) - (1,481) -1
- i “ 7‘ <
Non-dssociated 704 . 4,862 O

o 838) O (4,728) 5,568
Total ¢ 3 1,100 6,200 o~ 7,310 . .
> ) . PN . - o~
“ : ; ' ' . ' ‘ N N )
N

tha‘ﬁ‘x2 is a measure,of discrepancy between the observed and the eX-

pected frequencies.? If there is no discrepancy x? = 0; as the dis-
vl s

crepéﬁcyvineréasgs, x? begomes larger. The value obtained for 'the,

. : § . '
test statistic is.x? = 106.21.% Given d.f. = 1,% for the 1 per cent

|
t

IThe theoretical frequencies are apportioned‘acco£;ing:to row -

“(column) total--grand ‘total ratios. See Helen M. Walker and Joseph
Lev, Statistical Inference' (New York: Henry Holt and Company,'19§3)h

p- 96. For example, Ej) = (0.3/0,.)(01.). . ‘
2Taro Yamang, Statistics; p. 617. F .

3The x2 obtained by netting out’'double-linked associations is
x2 = 82.64, 'Note thdt the Yates continuity correction has not been
dpplied--as is recomménded when d.f. = 1--because, with the frequen-

cies as large as in the above case, its effect would be negligible..

“The degrees of f;eedom_fét an T x sitqblp is (r - 1) (s - 1).
O o L o .

H J ER-.

3 1
i, - .
N % . 5
g Uy i c. e
Y A . »
N = . i ey



4.2 Empirical Tests

§o.
!

level of signifidapce

v ' P(6.6§ < x2'< w) a .01 .
. . /
and the rejecfion region is x?2 > 6,63! Hence x% = 106.21 is signifi~

a

« cant and the nu}i hypothesis that the characterist;cs 'linked' end

-

'spatially associated' are independent is rejected, ’

n

It\@gi; be pointed out ghat the x? - test only shows whether' tho

two attribu ©s are independent.or; not. It does not measure the

strength of the associatlon nor does it indicate the direction of de~

pendency .} In thxs case, however the direction of dependency can

" only be froariinkages to geographical associations. Notwithstanding

.

the two qualifications it can then be stated that the data analyzed

support the hypothesis that imterindustry linkages are locational

. » B . . . R N .
“factors contributing to an agglomeration' of manufacturing industries:

LY .

in urban-areas,

\

S

In this section an attempt is made to determine the IOCatiohal

efficacy and 1mpact of input-output linkages in greater detail For

-

this purpose six hypotheses are 1ntroduced and tested 2\ All hypotheses

relate to the manufacturing sector as a whole.

¢ | C ) e
4.2.1 H1: Symmetry Hypothesis I

 Backward linkages and forward linkages are equally
powerful agglomerative ‘factors. !

S L I

Lo X B . LY 3 .

lTaro Yamane, Statistics, p. 625.

a ‘!

- nghese hypotheses, while formally similar to those employed by

_ Richter, do not -allow an immediate comparison with his results because

" of substantial éhanges in definitions and classificat1ons.

\

-

89

-
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' There do not appear to be any a pr1ori reasons for suspecting that

~y

elthég backward llnknges ot forward linkages are more effective in

/

pulling industr1es into. locnt1ona1 proxlmity to one another. It~1s ,.

therefore éxpected that the data will support the hypothe51s

] I

‘For all manufacturing industr1es taken together there/are 710
/

backward linkages of these 243 or 34.22 per cent, are geographlcally

”

- assoc1ated Of the 391 forwnrd 11nkages 154 are geographlcallx asso- + 'y

ciateqj or 39. 38 per cent. As the percentage flgures differ only by
. about S per cent, 1t appears that the hypothes1s is supported How-

. ever, a firmer dec151on criterion 1s ‘neede 'ngfx t@?t may be

t

app}hed to these data to ascertaln whether the—ogserved d15tr1but1on

I

of/frequenc1es corresponds to the dlstribution that woyld be expected

' 1f the . agglomeratlve impact of backward and forward linkages was equal’,

From Table Sa x = ‘2,68 -has beern obtaxned w1th the. continu1ty.correc~ o
‘ tion appf;: With ~ - Wi e ' . ’ .
;o -‘ L
™ //, 54 . / ) P[x2 >2.71] = =1 ' -
/ o | TABLE S
. 1. ‘
: / o OBSERVED AND EXPECTED FREQUENCIES OF SPATIAL ASSOCIATIONS
N / - FOR BACKWARD AND FORWARD LINKAGES .
. ; ] 'y ' «
;/ ) Backward “ Forwardrx ' : T N
. ¥ - Linked Linked +Total = °
&‘A_ Geograph1cally ) 243 b ' 154 ' | 397
AT Associated (256) | (141) :
/ o : : = . ‘ : ,
/ ‘ :,Non33250ciated ” 467 | - 237, S 704
/ T (454) ,. ’ (280) N
/. , - R ] - . / ‘ § .
?ﬂ ‘ {Total R o . 710 ; L ;391‘~‘ —_ 'I,IQh‘ K
o /'" -+ the'x? 15 riot significant atfany'of!the comuonly accepted levels of
| T - " | R -r-rljﬁvx LY o o ot ¢
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v e ‘.(.':I"",‘ o ' "‘ ! . : ‘g : "
51gnificance and therefore the symmetry hypothesis is accepted R A

g N ey \

supply and demand llnkages are equally likely to induce lrnked {in- Y

- B U o

pustrles to locate close to one another. \;“ . : . v* '/
oo ¢ ' e ‘ ‘\‘

4.2, 2 H 2: Production Sequence Hypothesi 'V . %
Industries in the early stages of the productlon e
chain are materials-oriented; indu Jtrl?s in the - /;
late stages of the.production Chi/f are market- . o
oriented. ‘ j S o

) . ‘ ) . » ) ) e{. ] ) . j\ f . . 7 . /.’
Testing of this hypothesis require$ classification of\manufacturing ,
industries into 'First Stage Resource Users' (Group I), 'Second Stage
.‘ : N : ] . Q 1)
~’Resource Users' (Group IT), ‘and 'Third Stage Resoqrce Users' (Group
I11); industries are then further classified into those heavily linked 5.,

" most raw: material intensive and -often- weight losses occur at the refin-u

o r\

5
vt

o . - - * . . [ . . . w . b S
o Co T : . A N .
! . L N i z oy . v ,. - .l V: \ — y f 5 ‘
g L . N L S + . RS R ‘ . o
“ak REE ‘ - Lt S E % AT RHE SRS T (A :

to final consumption (Group A) and those not strongly linked to f1na1

consumption (Group B) 1 o £ - e

This hypothe51s finds its rationale in the nature of trénsfer

costs at the variots stages of‘production Group I 1ndustries are the

., o
bt\

s &
ing or proceselng stages. This would f%ﬂd to mové Gﬁbup I 1ndustries
» .
close to the1r supplﬁers ’ While linkages to primary industries for

.

reasons mentioned earlier are not explicitly considered in this study,

*

~one would expect supply re1§t1onship§ to be of greater locatiodal im~
portance ‘at this stage than demand side relationships. Group Il in
dustries on the other hand would be expected to locate close to

markets in order to realize transfer agglomeration and pure aggl&mera-l‘f

tion economies.. These linkages through transfer ecpnomies were imp11ed ' S
by Hoover when he stated that Waﬂi \e«;%*;;;;¥~4e/ A
1See Appendir 3 for deteils'of the classification. N ;



. : "...in general the earlier stages of a productlon
-
' . .. . sequence are unlikely to be market-oriented.and

. the-later stages ‘aré unlikely to be material- ' ¥

, oo _.(/\Jl orierted-while intermediate stages are generally q
A - . less dependent on either procurement Qr d15tr1bu~ th
. o ' ' . tionh factors in thelr location."l o é ‘

- o cessing, thrs powerful locat1onal factor does not apply as etr ngly

~ . effectlve - . )

. ' ] - P ' )

Cooe Hypothes1s 2 is tested by caIcuIatlng, for Grpups I IT;-
: C A T . -
the proport1on of employees work1ng in the metro areas. T e figures g

for thlS test are taken from Table 1. The above ° location 1 consxdera-

tions would lead one to expect an increase in the employmgnt propor-

“tions as ‘one moves from Group I to Group III The resu ts shown.ln

-

Table 6 bear th1s out. The welghted mean of the emplo ent share 1nf 4

ki
Vv

metro areas for Group I 1ndustr1es 1s 38 8 per cent " for Group Ir
!

- Lo 1ndustries it is 54 3 per cent and for GrOUp-III ind tries. the RN

' P

weighted mean is 63 9 per cent" These Tésults tend Z; support the

s ,’ | hypothesis. However, a f1rmer test of s1gn1fioance needs to be ap-

R L S R

I ,9, ‘,x e In order to determ1ne whether the difference in the group means ;‘




Weighted Mean

TABLE 6

AREAS BY INDUSTRY GROUP

\

II

——

54.0

544

54.3

[

NT PROPORTIONS IN MBTRO

LI

groups must be con51dered as belbnglng to the same population. The

null hypothes1s is

with the weighted means X as estimators for theln;

[o]

14

- H oty o= oprros oupg

\ »Hlii ux < vII < NIII

.. tested against the one-sided alternatiVe

This hypothesis is

: 1h1s hypothes1s may be tested u51ng an F- dlstrlbutlon

-

\

, Similar tests,

app1y1ng thlS dlstrlbutlon, have been conducted in various fields of

study, for example ‘the absorptlon of d1fferent cook1ng fats by dough-

on grades of different teachlng methods.2 Snedecor's and_sochran s

| vant 1n th1s context

*a

that cover a range

-

1George W. Snedkgor and Wllliam Ga Coc
(6th ed; 3" Ames, Iowa"

and 262

m"j'

2Taro Yamane,

Statlst1cs,

'g .

pm 667

ER. .

&

BN

PR

remarks concerni.' departures from yhe normar1ty assumptlon are rele-'

Of the, three potent1a1 cases for non- normality

Txtend1ng nearly to zero or 100%", is of 1nterest N

L]

W

'nuts, the efﬁect of d1fferent v1tamin levels on plgs, or the 1nfluence |

~i}mentioned by them the second dea11ng "wlth proportions or percentages :

D

¢

hran@ Stat;stical Methods '
The' Iowq State Un1versity Press 1933) pp 258

\
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X ,hore.l A check of the employment pprcentages of industries in metro . B
o A Y ; ,
: nareas reveals (Table 1) that there 15 no proport1on below 10 per cent,

t A

o Wlth only five below 20 ‘percent and only two sl1ght1y above 90 per

.cent thls is favourable for the appllcatlon of the test. It ShOUld

!

also be noted that the magn1tudes 1nvolved in the test are aggregates s

\-‘wh1ch tend to be normally dlstn1buted Moreover, as Kendall and o —

-

Stuart have po1nted out with regard to.the robustness of Ftandard

A"normal theory" procedures 2 tests on means are robust, i.e. theéy are - .

rather 1nsens1t1ve to departures from normality of the populations.
B

The F- statlstlc is’ constructed as ' ' ' T .1 | .

oA »
. N . R a ' ~ K
. 1 s . ,_' .: - 2 '
I'n,{xX,7. - x . SR
oF = 31 1(,1:= ) N estlmated variance from "between" -
. . - T est1mated’var1ance from "within" . . o
- LONIE I S R ,
1j § P R ' <5 o °
’ , - . o ‘ .n, - 3;‘> . ) N ~ ‘ .» :
Lo - : Sl : ' #
. ; . !
. \ (‘v i
. R ) ‘ B . i . . ., . A aa

f -

+ ~ The calculation yields ‘a variancé ratio of

S s ‘ e S g
SR 5;2324211.150.93‘ A -

" The degrees of freedom are d.f. .1 = 2 and d. f 2 = 83, 51nce 85 is not o
S \ S i
s glven in the table as a degnee of ?}eedom for the smaller varlance the ‘

\_' i

7. more conservat1ve (larger) value for 80 is used For the One per cent

. e e Sl e

1George W. Snedecor and W1111am G Cochraﬂ Methods P 276,
D

2Maurlce G Kendall and Alan S uart lnference Pp. 465-466. . In
~addition separgte t- -test’s for the dlfferen’e between any two of the
eans were. carried out; the results confirmed the conclusion. of the '
Siitest below. - (The. t-test was mentioned espec1a11y by Kendall and Stuart
";é;for robustness.) , .




95

" CRR B :
ﬂ TABLE 7
.. " ANALYSIS OF VARIANCE TABLE "
| . ¢+ FOR'GROUP MEANS | o

Source of \“} Sumlof ‘ o Degreee of = | M%an
Varlation g - Sguares Freedom -;’ Sguere R
Between o 109998.41 a~1+< 2 - 5492221,
. ' ‘[ O .' ) . , : L. ' .
Within ‘K 30245.04° ' 'n-a=83 ' 364.40 fq
Total =~ | . 140243.45 . ' n'- 1 = 85 1164992

. ‘\ * ) . . L

\\v‘. (f‘l ‘ —
. level of significance o \:‘ e L | ‘\\\‘ )

(. ‘ ' - co , . '
.. P[F > 4.88 | 2;80]'=-.01. R o et
}Since)Fo = ﬁrO.QS > ng' 23 the null hypothesls is- reJected and it

A
that the group means are;different; ‘Group I industries <=
AR . . R o R

' ol [ 'y . | <, . -. 3
, are less:likely to locate in major urban areas than Group III indus-

I I

4 [

is concluded

. tries. ‘ i
ll\ ’ ' ! .t L
HypotheC1s 2 received additional . support from a comparlson of the "

‘. .

‘number of backward ‘and fonward 11nkages that are accompan1ed by. geo-

. | - l . L a‘f ' . B
“graphical assoc1atlons at the three stages//é manufacturlng )Th loca-

'tlonal con51derat1ons above 1nd1cated that 1ndustries in the early

+ ] ¥

“stages of manufacturlng generally would tend to be supphz or1ented

v thls leads one to expect that for these 1ndustr1es there would be

o uztally associated: linkages' br 'spatially assoc1ated linkages?! will also

‘:relatlvely more backward 11nkages than forward 11nkages geographlcally ;'\ ‘
77 assoc1ated 1 ’The }everse would be predlcted for 1ndustr1es in the final

. . . . . L

1Henceforth ﬁor 51mp11C1ty of language the express1ons geograph~- e

f;%be used, "Strictly speak1ng 1t is of course the industries whlch are
-Hepat1ally assoc1ated PR

r' LI A
-, . . Lo oo v, [y

.
b

B e
LY
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) ! ’ | \,/" ’ . "96““. |
, : £ . .,j" ‘ . l‘.
' W . 25 » ! ol
o i“{ ‘ ’ ‘f!. \ a \ R " . ““'
stages of manufacturlng Intermediate stage industries 1 ef Group II, )
for reasons outlined above might be expected to %how ‘a hlgher per— , .
. 4 ¥ s q‘vl i "
‘centage of forward 11nkages to be geographlcally assoc1ated than of ‘;
wt o Ao : X oo -
s back&drd llnhhges SN R ‘ N
ﬂ;:l‘ { ) \ : . ' ‘n‘ ""
' )‘I o . “, ‘ "' ' | ’ v-’ ‘ TABLE 8 \ i" 4 j‘:“‘l)‘ l | . ‘! . ,' .v. : : "\\- A .ll: '
C b : N R LI o - -
R ’NUMBERS AND' PERCENTAGES OF GEOGRAPH CALLY o
T U ", ASSOCIATED' BACKWARD AND FORWARD - -, | '
ey R LINKAGES BY INDUSTRY GROUP L
.\‘]‘"'ﬁ Yoo ‘,”” *1 f
' -Backward Linkages Jng'ij :,-:Forward Linkages
“ ,uMmmerl ’ ‘ . Number T
e L  Number Associated Per Cent . Number ‘Assoc¢iated Per Cent s
. “/-‘ B N ' 'e © B ' ! v ‘ : : ' v,"
Group (\44 .37 9 24.3 + 36 4 11.1
Group *II 137~ 32 . 21.9\. 135 ~  S1 ~  37.8
Group TIF  53&, = 202 577 a6 e a2t
' . o ' . \ v . i o ‘f\ .
\ 1 : ‘ . “" ' . ,f, ‘,‘v ’ \ o ' "" R ‘ ' e - .‘
Exam1nat10n of the percentage flgures 1n Tdble 8 reveals that for v
,1ndustr1es in Group 1.24.3 per cent of the backward 11nkages are geo- :

o N - v,

s graph1ca11y assoclated wh11e only 11 1 per cent of the forward 11nkages

.are accompanled by spat1a1 assoc1at1ons For both Group II and Group g

' l T, V

S ITT 1ndustr1es the proportxon of geographlca} associat1ons is’ h1gher ‘

‘}{among the forward than among the backward Ilnkages' the percentages

of spatlally assoc1ated backward and forward 11nkages are, respectively,

21 9 per. cent vs 37 8 per cent for Group II and 37 7 per cent vs. 41 2

,.\ N

per cent for Group III 1ndustr1es.i Thus backward 11nkages appear to- Q}rz‘

.‘!r: e

LR, . e
& Lo i xS




e -
_»ﬂgyl be of greater agglomeratlve 1mportance to Group I 1ndustr1es whlle : %

‘ 'forward 11nkages are’ more 11ke1y to be geographxcally assoc1ated for qu‘

:;;'5 . ,Group II and Gr0up III 1ndustr1es The éomblned ev1dence leads to ‘an’
L ‘ acceptance of the product1on sequence hypotheszs \
[ . o , . Lo . \‘ . ‘
ro . T e e N R S S L
' 4.2.3 H 3:  Linkage Strength'Hypothesis '«A T
R \,“V X s “ ” , \ X Lo ' »

‘ Sgrong inter1ndustry linkages are more&ppwerful ‘
. : o * locational factors than weak 11nkages ' R ‘ .
SRS Lo s . \ o .

Examlnat1on of thls hypothesxs requ1red a grouplng of the lin ages @

l the

e ¥
l‘l

are.

°

' 'accordlng to thelr size The f1rst group 1nc1udes 11nkages frc

minimum value of 0.91 Per cent to a value of 4 99 per gént thes
: K o
con51dered to be weak 11nkages The group of ﬁedlum llnkages extende‘ .
ar

» 4over the range of S 00 per cent to 9,99 per cent A11 linkages equal_V
\to or larger than 10. 00 per cent are cons1dered to be strong Llnkages;

For reasons exp1a1ned below ‘the group of strong 11nkages has been o R

\ .

subd1v1ded agaln into the intervalls 10.00 - 49.99 per cent’ and so 00, L
100 00 per cent. . a 7f  ‘. 3 R “.“.‘ o , " 'Vﬁi>‘}ﬁ

Lo L | TABLE 9.

)

FREQUENCY OF LINKAGES AND GEOGRAPHICALLY S . .
" ASSOCIATED LINKAGES. BY LINKAGE, - ..~ .
v3“. ’ SIZE GROUPS “f'_'_n o ;‘.u f"xixf‘;ﬂ L-fff:jf7~
o » ‘l’:,f'>n : ;J Number of . Percentage of\ e " k
Llnkage cotoo Number of 'Assocxa;ed“‘* Associated © . ° "
sze L ‘f‘l‘ . Linkagds .- " - _Linkages' Lo Llnkages ‘j’l;J3 I

.'3,5aoo.-?? 9 gg;fi;?fffji;14f

AT ;41,.2. UL

gy

Qso oo - 1oo ooff




\' assoc1ated 11nkages and the pr0port1on "of. assoc1ated 11nkages by "53

. .
o~

- subd1v1de as shown in Table 9, the 11nkage strength hypothe51s fa1ls

\ ! . .
Table 9 shOWs the numﬂereof llnkages the number of geographrcally
. /

.in feyour of the,

: tance.

! ' i / i i

11nkage size groups The group of weak 11nkéges has . frequency of

, 886 of which 301 llnkages are accompanled by geographlcal assoc1a-\ t-‘_f,f‘l

tlons thls-amounts to 34.f per cent; In the medlum strength group

’ b

t

47 out of 114/11nkages e’ geograph1ca11y assoc1ated or 41 2 per cent

Cons1der1ng the group dé strong 11nkages as one 51ng1e group 1t is. .

N L]

found that 49 out~o§/101 strong lmnkages occur w1th geograph1cal assoc-‘~'ﬂ;
J . o
1at1ons,’a percengpge of 48 5 These pesults prov1de strong ev1dence

-

! [
\ P
!

ypothe51s and m1ght lead to 1ts unquallfled accep-:'

e . “ - BN
’ R . . T Do
. o, . [ B | .

b

reveals an nterest1ng phenomenon. If strong 11nkages are further - 'ﬁ

qu1te d f1n1te1y for the 50+ per cent group The result for the.' o

‘e
oy

group 10/00 -~ 49 99>per cent 1s strengthened w1th 50 5 per cent of the fie

,s‘rongest 11nkages are accOmpagied by spat1a1 assoclatlons._

N

A ' o,
by geograph1ca1 ass T#at1ons while none of the backward 11nkages are.

LRSS

SR ,
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N _J// B ~.,f o TABLE 10-; -f;'ﬁ“-  o “
o e "“ - e MLRTI : ' ~ \
; / y ")ﬁ e T INDUSTRY DETAIL FOR THE GROUP ' h
b o Lot OF STRONGEST LINKAGBS ’ S .
LR  ‘ o e A ‘ . ‘
o ' .\ i \ ' '.‘ . E : . ' . o X . .‘ , : ‘ [y \ . “,' : ' : .“‘v .
. VoL S - " S B N S
o IOIC E’-- - linkage - JOIC-L « Linkage - ~ Type and Size a“‘
L Number Originb t Number Déstination _of Linkagea ¢ '

. . © 1*\.

_30 ;Leaf Tobacco RIS

Tob Products M;

36 - Shoe Fadtor1es"

'Cﬁ;?'\ .35 Ll&ther Tan

o SRR ,,f 56 Paper Box & Bag f, f54» Pulp & Paper Mills

S 60 SteeerIPe & Tube: . §i;f*lr°n & Sté?‘*Mills'rk55g5\

N R S \
. 63 'Aluminum R.C.E." 62

‘64 Copper R C. E : ‘Smélt. GTRéf.
\ -

nes.

(7 -:f62 *

65 Metal’ R C.E. Smelt. § Ref: .

Smelt. § Ref. .,

f3p31 =

‘ fasas;

(,kézéu'ﬁ;

6T Fabr Struct Met 59 " Iron'§ Steel Mills

v Y

. ‘b See Append1x 2 for full 1ndustry names. M'p¢

L1nkages 1dent1f1ed by "*" are geographically assoclated

k5q55= 6406 o
+Keze3 =

Kezes = 6061

kige7 = .5640

6873*'~“”

_6128* e

t

7820

7276 Sk

8124 7 \51

"
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» N
\ ! i - "\n !{J
- ' IR -
L \-\‘ PRy



: K |-~‘ \ fo . [ ‘- . PYs v '- ‘ y
' ’ AR [ : 2 100
[ f" :‘. ' \." ! M (:l“] S ‘ LN ‘ . ' ~ \
y ' i [ ' - \ ! .
) , ° . \ N L | N ' T . |. \
o ‘ (."\ : T "‘ s ‘ ‘f‘ o
\ ‘1ng stage would appear to bé the maJQr reason for this onxent W e
. Sy ) . 4 l"\ . . ' “ \ ""‘,f,r‘i - .
s For reasons dlsqussed above\ the 1ndustr1es from wh1ch the b' kwérd ce
»\ . ' ) \ . \ \ v, (“. : ' \ \f: ot v
llnkages orlglnate are severed J,ncatlonally from, the1r squrces of - s L B
< ' K . . . I ; Vo . \' ‘ _‘ - .v. . q" L I“ s ,“."‘:;1 L : _.‘ I i
i Wl SUPPI}’ '\ ' ;‘ ,ﬁ', o \.'_.;"f_ o ‘_M" o SR L ; L 3«" .
'}n'g"":ﬂ" Thqs the,llnkage strength'hypothe51s is accepted w1th thegprs'aso o ;
‘d\‘ o that the strong backward 11nkages from Group III industrles‘to prlmary S
'X'T."“ . manufacturlng 1ndustr1es of Group T (Smeltlng and’ Ref1n1hg, Pulp and -
g Paper MlllS) and roup II (Iron and Steel Mllls) w111 generally not'v' ‘PLf‘f
o - : I . A o T
(. TR T P
Yoo be ’ accompanled by spa al assoc1at1on of the 11nked 1ndustriesl.{ Lo
l o ‘. ‘;O _-.".« o L “ \ '.‘ Lo~ ,ooe ) PR v'.“"l, . :‘.\ A “\:,‘. ,'H\I in ‘ ; ‘_4 a -’:
- K . ' R I IR S
(‘\“' Sl 4.2.4( H»4‘ Fmal Demand Impact Hypotheses "‘; :.‘3»- R S o w

Two hypotheses are tested regard1ng the 1nfiuence‘of flnai demd%d ST

.\ e \

_ U ® o
A consumptlon sales on 1nter1ndustry 11nkage3‘and @eographlcal aSSocia:*‘tnu‘ ”»k‘

_ S . L NN S e
AR {¢ ‘H14.13 Industrles hé%vxly 11nked to flnal demand show T T jﬁ@i x
e en! average; fewer" geograph1ca1 @Psoc1at1ons B R
N ot - than. 1ndustr1es not heav11y 11nked to. f1na1 = r"‘ﬁ,v.‘ R
B S - qdemand S e S _'.",‘ N R T

The output of any 1ndhstr may either flow' back 1nto the’ 1nter1ndustry N e
}'\ }‘ by

. L R \t" bt
S If the ﬁfﬂ'd“ "
yv};oﬁif‘ snare of output destlned for the f1na1 demand sector 1s large oniy q
R ;£“ffﬂ*ﬂsma11 ptoportlon w111 rema1nifor tntetlndustr; trahsactton;.‘ Cone?,e-e,:'-‘“"~
1f€ﬁ}" quentiilthete“w111 be fewer 1nter1ndustry 11nkages connectlng thls }‘ ““}{h ot

1ndustry to the system.= Th1s, 1n turn,
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" For the, purpoéo of %his study ndustrie_ 1avo beon dofined to be
A T
strongly linked to final demand if thoy sell at least fifty per cent ¥

|

of their output fo final demand consumption (FDC); industries in this
cntogory are called Group A industries with the remainihg industries--
) | o ~ ‘ A
those not ‘heavily "linkéd to final demand--falling into,Group B.

4

\

The hypothesis is tested hy comparing the averdge number of .geo-
grﬁphicnl associations in Group A with that df Group B, Group A con—,

taips 26 ‘industries and Group B the remnining 60, Group A industries
4

show a total of 98 spatial nssecidtions while there are 299 in Group' B.

] -

The average number of geographical associations for Group A thus is -
3, 17 while Group B 1ndustries average as many as 4.98. The d&{ference
of l 21 between the two figuren amounts to almost\ZS per cent of the

1nrger figure and to admost 33 per cent of the .smaller one. ThlS large

¢ )

difference i the number of geographical assochnions between Groups ‘A

and B “industries points to an acceptance of rhe first final demand\im—
’ . : . . : "vi?:\‘ ’
pact hypothesis. . : ] R

. ‘H 4.2: The strength of the final demand link does not,
v . " on average,%nfluence the number of 11nknges
that are geograph1cally assoc1ated

‘While one would- expect Group A indus&ries to be tied into the inter-

' industry system hy a smaller number of input- outpdt 11nkages, there
does not * appear to be any reason to suspect that the linkages that' do
exist ara>systematically of a smaller size, - The backward" linkages are

‘ determined te%hnologically and the forward linkages, while Eewer in. ¢
’ A

0 numbe§~ may be juSt as strpng as those of Group B 1ndustries
E; Bv{dence regarding this hypothesis is provided ap calculating,
xfer Group A and Group B; the proportion of linkages which are accompan-
~ .(.‘ Fr;" . /, R '.... R : ‘7‘

a ! . . . . \ . R R N .o VoL
N . - 4 P
v * L » . N d -
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‘{t“mfght have on the share of linkages that are also geographically asso-

L]

!

Toa
-

* .
W v
§ ,.‘\\‘

[ /‘ . ' h \

ied hy'spatlal nssocl:fions. For Group-A thdro arq 273 linkngoq and
1 . + \ '

98.goographical nssoéiﬂtions. Thus on'nvorago 35, 80 por cont of the
n / . , ‘
llnkagoq are uccompanIOd by spatial associations for Group A industries.
/ . L
“For Group B industrics thoro are 299 geographical aswx;iations for 828

W

backward and fbrrar linkuges this amounts to 36.11 peér cent The

/

df!ferenc@ of 0, 22'@etweon the two figuros is less than 1 per cent.
This difference is considered to be insignificant and 1:&95 to an

i T~ i \
acceptanco of the'second final demand impact hypothesis. \

- H
1 4

\ 4.2.8 H S: Proéesging Stage fmpact‘hypothosis ',b \
- A e ‘ S
: The processing stage at which industries. \.
operate has no influonca.on the proportiorf \

« of interindustry linKages nécompanied by ‘o

,spat1al associations. -

) . . Y
'

: Thia hYpothesis expressly examines the impact the ﬁrgaessing stage

»

ciated, The, hypothesis is tested for the three stages of raw material
* users, i.e./Group I, 1I, and II] industries;} Group I industries are

closely tied to the primary sector while for Group III industries Taw
’ .. i . ‘ \ ' ‘-
materials jare of relatively little importance.. . ‘

' There exist% some prior information, both of a theoretical and an
4]

C empirlca{ kihd that would lead one to dqubt whether the hypothesis
4
I\(‘"

" will be confirmed As was outlined above, locatlon theory. predlcts

that early raw material users will show, because of weight loss of the

- .

- materials in processing, a greater affinity toward their sources of

supp}y than toward their forward industr1es.‘ Theoret}cal con51dorat16n§'

| 1see Appendixls for details on industryggroups:

@
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also suggest that,footloo§o industries, “i.e. thoso for Wh¥°b‘§?“ﬁsf ‘
,pertntien cests are not a major 1ocaéionnl fector, will gra&ifate‘to-' . ' 
wards a market location.” The eﬁpirigp} elues‘mny‘be derived from the
tests of earlier hypothoses,:especially H 2 and H 3, which‘indicated
that theré‘existed deviations from a‘sﬁfictly ptOfofbienal dtstributiop
of associated linkages. ™ \ -
The test of the érocessiné stage impact hfﬁothesis is”egain'baEGd‘

on the xz-statistic'which compares the observed frequencies-of the
cells with the tﬁeoxetical frequencies ‘and exgresses the degree of

LY
correspondence between the two. .As before, a X2 = 0 would indicate

that there.is no discrepancy between the observed and expected fre-.

-

o

quencies and would, in this ease; confirm_the' hypothesis; a large x2
would result from a great diserepancy. WObserved and expected fre-
quen§ies are shown in Tables 11 and 12 respectively.} o
For this test the theoreticel frequencies were not calculated by

t 1ng the marglnal totals of the observed frequencies and calculating
_ the proportxons. The erce551ng stage hypothesis itself specif1es the
. distrlbut1on of cell frequencies and this a pr1or1.1nformat10n was

. o \ ‘
»used in the calculation of the expecged frequency table.l_ If the pro-
cessing stage hed‘ﬂo impact on the preportion of linkagee that are also
spatielly associated, then the frequeﬁey.of associated linkages for .
each ihduetry groee shoeld be proeortional to the number df industries

!

in each gfoup OF the 86 manufacturing industries 14 or 16.3 per cent,

fall into Group I; thus 16 3 per cent of the 353 11nked and associated

= lSee G.'Udny Yule and Maurice G. Kendall, An Introduction to the [
fTheo§; of Statistics (London: Cﬁarﬁes Griffin § C Company, Ltd., 1946),{_ /.,

. EN
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Linkage Origin

- Linkage Origin

. L i
j
- o

b ‘ i

4

‘TABLE 11 | )

OBSERVBD FREQUENCIES OF GEOGRAPHICALLY

'ASSOCIATED INTERINDUSTRY LINKAGES
/o BY INDUSTRY. GROUP '

-,

a3 : Linkage Destination '
/ Group I  Group II Group III Total
‘ / vl ‘ , )
Srowp 1. 6 2 5 13
Group II \ 3 3. 23 29
Growp 11 - 7 22 % 282 311
‘ K : ' AN
Total - - 16 27 310 353"
\\‘\\ O >
N
w3
TABLE 12
EXPECTED FREQUENCIES OF GEOGRAPHICALLY
ASSOCIATED INTERINDUSTRY LINKAGES .
BY INDUSTRY GROUPa
. . L1nkage Destlnat1on
i . Grbug 1 Group IT ' Group III Total
Growp . I ©+ . 9.3 . . 6.0 42.1 57.4
Group .II ‘6.0 - 3.9 27.1 37.0°
Group 11T 421 - 27.1 189.4 - 258.6
‘Total . s7.4 ~ 37.0  258.6 353.0

? Snedecor and Cochrpn point out that it is not necessary to combine

/

cells if none of the theoretical frequencies is smiller than five, ,
See George W. Snedecor and William G. Cochran, Statistical Methods

« (Ames, Iowa: The Iowa State University Press 1967) pP. 235.

,/
;

£y

. Aindustry pairs were entered as the marginal total for Group Iin the *

expécted frequency table.

tries are 10, S per cent and 73. 2 per cent respectlvely

The proportions for Group II and III indus~

The marg1na1‘

e

totals appear in Table 12; from these totals the individual cell

™~

.

!

-



.confirmed,

.reJected,

N

b \ . )

)

frequencies were calculated in the usual manner,

" The x2-test yields a x2 = 114.32, The critical value is
X

] . ' *

) ' - P[x? > 13.28] = .01

TR
i' b Y

for d.f.'= 4. The result thus shows a' substantial discrepancy between )

the observed and the theoretical frequencies and the h&pothesis ds‘not
N v - - -

A comparison of Tables 11 and 12 shows that there appear to be

\

'two‘major sources for the discrepancy; these conform very well with the

\ \
theoret1ca1 con51derat10ns above. One source may be found within the

" Group III 1ndust§1es Only 189.4 associated linkages were expected but

S N

;282 were observed. ' This large number of spatial associations between

linked industry pairs of Group III may be partly due to other agglom-

_ erative factors and the greater degree of footlooseness at the later

LI

stage of productlon. The other source for the discrepancy lies 1n the

number of assoc1ated 11nkages between Group I industries on the one

‘hand and\Group II and I1X industr1es on the other hand " For linkages‘

- .

emanating from Group I 6.0 were expected to ‘be geographically\assockﬂed

with Group II 1ndustr1es but only 2 were observed 42.1 were expected :

to be assoc1ated w1th Group III 1ndustr1es but. only ) were observed

" For I1nkages emanating from Group II to Group 16 spatial associationsk

i;‘were expected but only 3 were observed.‘ Between Groups III and I-42.1

were expected but only 6 were observed. In all other cases observed, .

N

'm“f?~fand theoretical frequenc1es correspond well. These results indicate

that the processing stage does influence the proportlon of 11nkeges

t.

! . . .. . ® I3
Kl i . b 3

D
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‘accompanied by spatiql assoc1a ion of industry pairs. H 5 is therefore _



" 4.2.6 H6: DlspersionVHYpothesis

" ation of finding the employment proportions of Group A industries --

_variance ‘for Group A is 303. 19 p01nts Group B 1ndustrieS>have ”on the

e

The proportion of the industries' final demand . ‘
sales has no impact onthe industries' dispersion . |
\ of employment proportions. .
oo ‘ t L

The final hypothesis regarding'all manufacturing industries to be

) tested is the dispersion hypothesis. Rather than being concerned with

some aSpect of interindustry linkages this hypothesis sets out to ex?
amine the 1nfluence of forward final demand consumption linkages on '

the distribution of manufacturing employment proportions in the metro .
K - T K

‘areas. T ‘ : . ;rﬁ P P

IS ‘ : l

Theoretical locational con51derations tend to lead to the expdht-

3

S t
-

" those.heaV11y 11nked to final demand consumption -~ mote concentrated

A
1n the metro areas than the employment proportions oﬁ Group B 1ndus-

by | -

-tries. The figures for industry employment in metro areas as' a per-

_centage of total Canadian 1ndustry employment are provided in Table 1.

For Group A 1ndustries a mean of 56 23 per cent is calculated ‘The'

I

.average, only 51. 13 per cent of the employee§ in metro areas, with a .

variance of 537 16. c1early, the diSper31on of employment percentages

)
!

in metro areas for Group B 1ndustr1es is much larger than'that for

,Group A industries. The coefficient of variation,1 a relative measure

‘of disper51on yields 3157 for Group A and 4571 for Group B again a

sizeable difference. However, w1th a ratio of the larger variance to.

Y

=hthe smaller variance of 1 77 the difference is, in a statistical sense,

| “15806 Taro Yamane, Sté&iﬁfiﬁﬁé‘p; 76.
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.‘}l.s(H l) and the Pro&uction Sequence Hypothesis (H 2) were definitivehy \\gyv

L O CON e

Group B industries may have been 59t rather hig

E relationship were probed The results of these tests of hypotheses
'ntend to confirm the prediotions made on the basis of 1ocation theory

:!Of the interindustry linkage hypotheses both the éymmetry Hypothe51s \\ '

not very strbng Only at the 0. 1 leVGl of s gnificgnce Could the ‘ ,'("

: ' K
iariances be conSidered different 1 A few re sons may be advanced to

A K

"explain this result On. the one hand thea}imi between Group A and

1

with 50 per cent of

"

total output destined for final demand consumpti)n This . may have ‘

- put many heaVily consumption;oriented lndustriesiinto Group B, thus

weakening the result - On the other hand, a Significant number of Group '

'B industries may have agglomerated in metro areas, because of linkages

\ Al
and other reasons, resulting in Similar means and variances Overall

_the evidence would appear strong enough té conclude that final demand

sales have some 1§£ﬂuence on -the disperSion of employment proportions

[

The disperSion hypotheSis is therefore tentatively rejected

[y

4. 3 Sumnary'and Evaluation of the Results i~ . r N

The empirical analySis has shown that interindustry linkages are

*

important agglomerative locational factors The result of the inde- oL

+

' pendence test indicated that there ex1sts a statistically significant .

%

- relationship between input-output linkages and the spatial association

.
of industries This result is important as it lays the foundation for

4

Lw

- further analysis and policy suggestions

jl In subsequent hypotheses various aspects of the linkage/assoc1ation E

i

.:'\

e 1At the 10& level of Significance F25 = 1. 59 “h'_ﬁf.*“f%"
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i

. %

accepted  the’ Linkage Strengqh Hypothesis (H 3) was accepted with ‘the

qualification that the very., strong backward linkages to primary manu- :

facturing industries are generally not combined With spatial associa—f

tion of the linked industry This result is of particular interest

w

_in the Canadian ¢ontext for it indicates that there appear to exist

"

?

'strong forces pulling back proceSSing and refining industries to. the

\
non—urban raw material location, these were discussed above It also-

]

/

suggests ‘mutatie mutandts that the non urban locations would tend\pi\

fgnd it difficult to attract the forward linked industries into their

geoﬁraphical proximity The last interindustry linkage hypothe51s,

%

the Proce551ng Stage Impact HypotheSis (H S) was Teéjected as expected

Hypotheses 4~an7 6 explored aspects of a special type qf forward

' "

linkage the final emand consumption 11nk.' Both Final Demand Impact

‘ Hypotheses (H 4. l nd 4, 2) weTe accepted while the rejection of the

'DiSperSion Hypoth sis (H 6) was somewhat less definite than had: been

o

ant1c1pated. Po sible reasons for this result were given above.'
These res
+

' 11nkages affee _the locational patterns of the manufacturing indns-

tries as a w le. While the regions considered in the ana1y51s are -

(=

restricted

able to su gest that analogous results would be obtained for other

1neated aCCOrding to economié\c?iteria f’;" P ‘
R X ; \ “ tt .
, ‘ , A . A

i, . 3 “ v _’
R ‘ \,.‘ . : .

regions d

-

ts provide in51ghts 1nto the way 1n which input-output

“the Canadian metropolitan areas, it would appear reason—
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“5. JiNDUSTRYr~ SPECIFIC APPROACH AND INDUSTRIAL COMPLEXES
..\l ' P } . i "‘ : -"‘ : . vy
o » T ‘ / " ¢
" In thls chapter an attempt is made th shed some llght on the
b . )!
1mportance 'of interindustry llnkages to $pec1f1c manufacturlng 1ndu§~

|

trles. The chapter also contains 1nformat10n on the population eren-

. tation of individual manufacturing industries. A special section deals
with industrial complexes. T -7

4 . . ! . W . . ' ; D et ! ot
. . S . . SRR

5.1 Affinit} of Manufactur{ng Iﬁdustries to Their Linked Industries’

' Correlation coefficients for each industry were computed in order
to ascertain how’closely associated eabh industry is with all of its

' linke? industries taken together e : ;-

N \

. The correlat1on is over the elghteen metropol1tan areas (k s 2, ",

vevs 18) between the employment proportlon of an 1nd1v1dua1 1ndustry

Pj k and the sum °f the employment prOpOrtions in all of its 1inked
' ‘ iR e .
‘ 1ndustries I N , .

[

| . . —.. j,— ) : [ / .
S where J represents all the 1ndustr1es to which’ 1ndustry i 1:\ﬂihked.
The* rasults of the cOrrelatlon are shown in Table 13 - o
| It should be noted at the outset that the Speclfic 1ndustry coef-
bf1c1ents cannot be expected to be very high ‘for several reasons.‘ o

Firstly, since the correlatlon 1s with a summary/measure of a11 11nked

B . v /
S )
o . . L s
: . .
' - M . g i .
R P . . e - . N . . . P . ' g i
st =~ s i T T 5 - - Do A - . . . B
.. p L e R . i 3 s N . i .o .
ISR R . 8 o It - P , - LR 9 § R LN : - i v
[T T S S SR ot ST R -“'J N s Ll -
B,
[
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TABLE 13 R SRV A

\

CORRBLATION COBFFICIBNTS 'FOR - INDIVIDUAL MANUFACTURING

. * INDUSTRIES WITH LINKED INDUSTRIES AND. N
WITH RANDOMLY SELECTED INDUSTRIES | £
. o \ Co
LI ) o L , o W . e .

Correlation Correlation
Coefficient Coefficient

"I0IC-L - . Thdustry | ‘Linked . Random

Number . ' "Ti‘tle ' : _Industiies ",Industrie's

Vo

12 - Slaughtermg & Meat Processors : l,,i 1574 ‘1‘605, o
13 Poultry Processors - 2038 . -.0075 éggp
14  Dairy Factories . o .1459 1015

1S = Process Cheese Manufactu!‘e s - _.0866 % 1289,'"’ .

16  FPish Products Industry v -L.4161 $f,. - 1119“ ) ,
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oy
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'industries there may bexmany nonhassociated but linked industries ' .

¢ L )

I whlch 1ntroduce dlsturbances Secondly, as the foreg01ng ana1y51s has

shown, some of the very strong 11nkages are, not accompan1ed by geo-

. C |
graphlcal assoc1at10ns and thls fact\w111 tend to- depress tthe coef-» o

P

I
|
|
1

e f1c1ents for a number\of 1ndustr1es Thlrdly, whlle the analy51s of

l
the previous chapter has shown ‘that strong 11nkages are more powerful

2 l N N

!

ot agglomeratlve factors than weak ones, all employment proport1ons of ‘ EHY
linked 1ndustr1es are entered at 'face value 1nto the correlation -K\, S
L ) o ' (. .
"‘;welght1ng by the strength of the. 11nkage mlght have produced hlgher

L)

coeffic1ents. Fourthly, there ex1st d1fferences amongJCanad1an metro— RN

' .
oo

p911tan aréas in the’ rat1o of manufacéurlng employment to populat:.on‘1 “‘ L

\ 1

.\Moreover, the dlfferences also!extend Eo the employment proportlons

R ‘ w1th1n the metro areas. Th1s unequal hlstrabutlon of employment shares

o
. L
G l I At

wrll tend to reduCe the correlat1on coeff1C1ents.. - ' ' »-3J"

/Iln any case, of prlmary 1mportance here are not the absolut‘e values

of the correlatlon coeff1c1ents but a comparlson of the1r 51gns and Rt

ty .

magnltudes w1th another series. of correlatlon coefflcients that pro-

)
K

SR v1des a standard of coﬁparab111ty.. Thls ser1es has been obta1ned by ‘p:‘hgié L
‘ _f correlatlng the employment proportion of 1ndustry i w1th the sum of

YA employment proportlons 1n randomly selected 1ndustr1es. For each 1ﬂ- FUN

:”’ L K3

dustry the number of random 1ndu%tr1es 1s equal to the number of 11nked

ol \‘
' ‘\\

industrles.‘ The results of th1s correlation are shown in column 2 °
X B S .". ,"\\\

Table 13 One would expect the correlatlon coeffic1ents w1th random "é;_

v

.
0 s

LR ‘r~

‘“ﬂ‘industrles fo be on the average, 51gn1f1cantly ower than the correla-4~ -
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WY ' " o ‘ . ,\
b ~ o - -
ﬁ;ﬁk in a gréntor numbor of riegative ‘coefficients, o o (.
g - Y , ' .
e §9‘ o Rxnminntion of Tnble 13 revonlq that most of the manufacturing

AR 't

KA

qﬁi : industrios are 10cntionnj£¥ orientod towards their ‘linked industries.

% Y ’

§b° In’ column 1 for' 1inked i ustrieq 45 of 86 coefficionts are slgnifi~

\

cant at the 0.1 level. " For random 1ndustries¢ in column 2, there are

,ﬁff

{tza nly 25 qignificant coofficients The numben~%f negative cooffjcients
. ;i
o is 13 for linkod industries or 15 1 per cent*ﬁand is 20, or 23.4 per

A II‘-“

cent, for randomly selected industries The mean of the coefficients

+

. for 1inked 1ndustribs 15 0.3508 as opposed to* 0‘2585 for the set of .
.\ at ;’ ln v Ar\’ , | y . '
tandom industriesﬁ i e ‘3’ ”,v ‘ \
4 g m 3 ‘ 3 .
The t- tesz has been a%p S the’two Ehries of qata in order to

* ¥
determxne whether ' the dxfference betwéén tbn'means is signxficant Thq

"vnlue of the t- statistic is t's 1«8990 with np o+ - 2= 170 ﬁegrees
) e
of £xeedom. .The~clo§est approximation in the published tables with

regard to the degrees of' freedom is d.f. = 120, with the table showing -
that - .. . M -~ .

P(t > 1.658 | d.f, = 120) = .05 .
and o : '. .
TR Y
2 - P(t>l980|df .120)"0? S .
Thus the computed t-value is significant at the Seper cent level and

almost i 1ficant at the 1 per cent level This evidence is cbnsid-

\

In .

-

» ”.
g

associated with their linked industries than with randomfy selected

+

.

industries. -




Compounds“and #96, i.e. the linkage to #96 is a double linkage.

Vo ' [
. ‘ v’f,:. ‘ . \

+

the means, nlthough stntistically significant,‘wds not more pronouncod.
Firstly, a number of industries, especinlly in'the‘te;tile and the
metals eector, possess a(relatively'large number of interindustry
iinkagoe. The randbm selection process 'then picked in many cases

several industries that are in fact 1inked Secondly, the attraction
: {

of many manufacturing industries to centres of population results in a

,similarization of the correlation coefficients. ‘In the light of these

»

consideratigns the t-value obtained assumes even grenter'significance.

Of the industries in the food processing sector interindustry,
linkages are of locational importance. to #17 Fruit and Vegetable Can-

ners and breservers and #25 Vegetable Oil Mills. ‘In the former case
the linkages are backward to suppllers such as #57 Other Paper Con-
verters, #69 Metal Stamping, Pressing & Coating Indust;y, and #86 ‘ ‘
Glass and Glass Products Manufacturers; in the latter case there are
supply linkages to #69 and #96 Industrial and Other Chemical Indus-

tries and forwarﬁ linkages to #94 Manufaéturers of Soap and Clenning
~N v . » .

»

o

. Input- output linkages appear to be og great locational importance
: ™
to the textile secto;&j‘fhe’basic textile m111§} #38 Cotton Yarn &
, )
Cloth,Mills #39 Wool Yarn § Cloth Milisﬁmgnd ¥a0’ Synthetic Textile
. ~

116

Mills are closely linkod and geographically associated with one another '

' and with many of their forward textile industries, e.g. #44. Other Tex—

tile Induptries. 045 Hosiery Mills, #46 Other Knitting Mills, and #47

Clothing Industries. This sector will be examined in more detail be-

[ ' * + v ']

low, .

In the wood sector #51 Other Wood Industries and*#53 Other.
L ; . ' e

-
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v Furnituro Industry%areq ularly orlented towards their 11nked

:féw{=ﬁj \
while. for the: ] %

_\f ;' e
linkages Inff’";

~‘tied to its linkedwindpstrleén albelt it is not usually found in foca-
y tional proximity to its major supplier, #54 Pulp and Paner Mills
The 'largest number of industries to which interindustry trans-
actions are 'of locational significance may be found in”tﬁéknetals
sector 1nc1uding many of the meEal using industries in that production

chain. Table 13 shows that for industries. #59 to #82, with only four

exceptions,‘the locational affinity to 11nkedvindustribs is strx

than to random industriés. For several industries, eig. #65 Meta

-

Rolling, Casting and thruding, n.e,s., #71 HardWare; Tool & Cutle
Manufacturers, #73 Machinery and'Equipment-Manufacturers,.and #79
Manufacturers of Electrical'Appliances, locational proximity to their

linked industries appears to be of very great importance The metals

sector will also receive further attention below )
i . f . : ,
of the industries in the non—metal sectors the correlation coef- {

’ ' ‘

ficient with linked 1ndustries indicates a part1cular closeness to
these linked industries for #85 Clay, Stone & Refractory Products
Manufacturers, #86 Glass G Glass Products Manufacturers and #87

i

Other Non—metal Mineral Products Industries For’industry‘#SS the :égt

o 1See Appendix 4 for a 11sting of linked and associated industries
by industry : R A

} 2Although the backward 11nkage to #54 is only .4547 the: reasoning
of Section 4 2.3 appears to apply also' in this case. - . .
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;xesplt in the drawing up of indust profiles of location. This is B

a‘tbeyondfthe scoﬁe of the presént stully.

gommodity fiows of prcdominant“iocational importance tppeaf'tﬁ'bc té
#59 Iron 6 Steel Mills, a double linkago with #81 Manuﬁpcturorﬁ:of
Electrical Industrial Equipment and the ‘inputs from #87‘ . Industry
#86 has ‘an assoc1ated backward 11nkage of medium strength to #96
Industrial and Other Chemical Industr1es and five spatially associated

forward 11nkages to a varlety of industries.] o

However, many manufacturing industries are not attracted into

:' geographicallproximity to their linked indﬁstries. tInto this'group

fall especially the early refining and processing‘industries that seek
a location--away from forwata linked industries and centres of popula- -
tion--near Their ﬁringipal suppliers. #16 Fish Products Ind;stties,'-
#48 Sawmills, 554\Pu1p § Paper Mills, #62 Smelting & Refining, and #83

Cement & Lime Products Manufacturers may serve as examples. In addi-

. tion there are those’ industries whose distribution largely follows the

T distribution of ‘population regardless‘bf linkages, e.g. #22 Bakeries

and #27 Soft Drink Manufécturers, and industries that aﬁbearttd‘be"

heavily concentrated'in a few centres, e.g. #41 Carpet Mat & Rug

~ Industry, #60 Steel Pipe and Tube Mills, #75 Aircraft & Parts Manu- ;

~

facturers, and #77 Other Transportation Equlpment Industr1es
|
Furthern d1scuss1on of the locational patterns of 1ndividua1 in-

dustries would requlre cons1deration of ‘other locat1ona1 factors and

»

PR

5.2. Population Attract1on of’ Manufacturing Industr1es

‘For each industry a population correlation coeff1cient was
~ 2 e

LT

[X] :
4

: -kISeeﬂ Appendix. 4 fof‘industry dotail,

- : L}
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'computed between the employment in 1ndustry iin region k. and the
population of region k over all regionir These coefficients 1nd1cate
. the extent to which the distribution of a manufacturing 1ndustry cor--

|
w.
The population correlation coefficients appfar together with

responds to the distribution of populatiOn ‘ - \

, other industry data in Table 1 1 They are generally high because
many manufacturing industries are attracted to ‘centres of population

It should be noted, howéver that these coeff1c1ents appear to have

A}

an upward bias due to the dominating influence of the large metro

regions The overstatement of the population attraction may have been
enhanced by some degree of tautology in the correlation Since.every

employee is also a member of the population and to the extent that

’ [

‘ many of the employees are heads of families hthere will exist a cer-
'tain factor of proportionality between the two series. This wou1d
.tend to raise the coeff1c1ent . Despite these reservations the popula-
tion correlations would appear useful in shqw1ng relative differences
in the'population‘attraction of‘manufacturing industries.
I‘S.3 'Delineation‘bf Industrial Complexes
The results ohtained in the linkage ana1y31s of location of‘
: manufacturing industries encourage further application of this approaﬂr
‘:‘in a more policy-oriented direcd‘@n. In this sect1on an attempt will
i‘be made to 1dent1fy 1ndustr1a1 complexes., This constitutes an exten-

szon of the bilateral aspect under which pairs of linked industries

are viewed in isolation from the rest of/the economic system. "By
. . l i - H “ 7 | “
,'l‘sge Table 1, pp. ,15717- o
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. taking cognizance—~even if only modestly-—of multilateral interde-

/

- pendenc1es and 1ocat1ona1 aff1n1t1es in production chalns or round-

. about SYstems it is possiblo not only to show better the intr1cacy‘of
a developed economy but also to suggest avenues for pollcy action in ~
‘the area of: reg1ona1 development ‘ |

Isard.has‘defined an industrial complex es
", a set’ of activities occurring at a'glven
location and belonglng to a group (subsystem)
of activities which are subject to important -
‘production, marketing, or other 1nterre1ations nl
W1thout intending to stress unduly the dxchotomy of productlon chains
and roundaba ut systems, ‘it may be noted that Isard implic1t1y stresses
the former wh11e the analysis below 1eads to. the conclusion that the
latter are of prime 1mportance | '

- . )
[ . + .y
.

5.3.1 Complex Criterin. 'nhe industria;fconplexes identified here

have been dellneated solely on the basis of 1nterindustry 11nkage and
spatlel assoc1at1on relatlonships This is, of course, a restrlcted
view but the purpose of this invest1gat1on is to probe the agglomera-
tive efficacy of 1nput-output 11nkages rather than to present a com--v ’

plex analysis that takes account of- a large number of locatlonal

i

‘factors.a e '.‘
' Notwithstanding the oritical Temarks regardingvthe.symmetricf

linkage measure sig‘made in Chapter.3, this,coeffieient will be use& -

. [}
.! .

iWalter-Iserd Methods,‘pt_377g‘

2Ibid., Pp- 377 378,
: ' Gt T IR
. 3See, for example,,walter Isard Eugene W. Schooﬂ§§, and ‘Thomas . |
' Vietorisz Industrial Cogplex Analysis and Regionak Development (New .
".York John Wlley 8 Sons, Inc., 1959) S \ SR

& Lt
. ‘7 oo

e



‘R and S- secondly, the more trrnsparent linkage coefficient matrices

B and F allow a constant cross- checking to ensure that interindustry

- text, a search for symmetric square ‘submatrices of size: 3 x 3or

%assoc1ation ‘(top) and the linkage coefficient (bottom) The 51gnif-.-

¥ prroach see also ibid.,{Associations, p. 182.4

\', 'l‘n 121

' .
' e \ . |

here in the‘compler analysisr Its°use may be. defended on' two grounds.‘
f1rst1y,land rathef pragmatically, it is convenient to employ S, 1j
| :

because these coeff1c1ents permit the distillation of symmetric and

square 1ndustrial complex submatrices from the large system matrices’
Q

' flows are properly 1dentified by . the symmetric measure. . N S .

.. : . . ‘
The search for industr1a1 complexes 1nvolves then in this con- | -

P

a

larger with no or few empty qells ' Fulfilment of th1s criterion en-

sures that there is substantial often mutual, 1nterohange of com-

pes

fmodities among ‘the 1ndustr1es of. the subSystem The complex matrices

- are obtained by exchanging TOWS (columns) of the large 1nter1ndustry ‘ ‘”\‘ o

)

matrix in the apprOpriate manner. Each cell of the submatrix contains oy

4

tvo numbers: “the correlation coefficient measurlng geograph1cal vy

i ' N

[

icance . level of 0 I has’ been retained for the' spatial measure while

the industry average might be suggested ‘as a criterion for the linkage‘r
4

measure.« However the latter criterion was not adopted and smaller

sij were recorded 51nce as was noted above it is possible that

-relatively small flows are of locational 1mportance to certain 1ndus-

vtries.‘ Usually the s j between associated 1ndustr1es of complexes are‘

well above the average size for the industry In ‘some ca@es espe- ’

l

5acially where strong linkages are present non-significant spat1a1

- N A : : B
i ¥ Y ,
-

L,
coefficients ‘were- also entered these are enclosed 1n parentheses.

N ," E S

" ISee Manfred E.: Strelt Verbunds p 65 or simlar criteria and
i . :

[N -_ . o . o
R N OIS « .
? B {5, i K G .
AN ! RN s Do "in . . . "
g L : . W [ . .
TP i . - [ s B R
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'/'\\“ It may be argued that the requlrement for a complex 1ndustry to

be . JAn substant1a1 exchange relationsh1ps with a11 other industr1es in
:t K o\ ’

the complex 1s too stringent A somewhat looser and perhaps more -
»‘ -

{ reallstic criter1on might' be to requlre an industry to be t1ed
‘:l technologlcally and locationally, to one complex industry only lWhlle
L this approach may be useful‘for a more‘deta1led study of one“speclflc
d‘ complex it has.not been'adOpted‘here because it detracts from the

£

aturebof the commodity flows of the
LR
\'complex core. Moreo er, the l1st1ng of product1on chains in the

interconnected and roundabou»p

X .the lndustries often tend to‘"loop back" at some stage of the se-

quence.! * - SO S e, X ‘ ,

5. 3”2 Identlficatlon of Speciflc Complexes Using the large system

: matrices R and S as a startlng point a total of elght 1ndustr1a1 com-.

f !
plexes were 1dentif1ed The 1nterindustry submatrlces for these

~o

complexes are presented on: the follow1ng pages For conven1ent refer-u D

‘ence the relevant industry titles Aare reproduced below each table

S~
" o '

Wood Complex The wood complex (Table 14) {s of the minimum redu1red

s1ze 3 x 3 Its industrles are #51 Other Wood Industr1es,‘#52 Houseg‘

hold Furniture Industry, and #53 Other Furniture‘lndustries. Thef .
! spat1al coeff1c1ents are a11 51gnif1cant at - the‘l per cent level and

the 11nkage coeffic1ents between the complex 1ndustr1es are substan—‘

‘.\
%

| t1a11y above the complex average w1th a11 manufacturing 1ndustr1es

@

G e

( 0035) 11 three industrles are‘heaV11y backward linked to industry

1See hppend1x 5 for a partial Izst of iron- and steel-using pro-7‘7
duction sequences.le_ﬂ; > : N o '
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principal diagonal all complex
full to emphasize th
the relationships invo\lved.- ‘

produced in

-

TABLE 14
" .‘
Waop COMPLEX?
'l“
’ "
51 52 53 -
51 8454 .8198
.0109 .0058
5y | -8454 .9522
‘ .0109 .0114°
‘53 .. 8198 .9522
' .0058 - .0114
o SR v
C Y S " #51 Other Wood Industries:
R ‘ - #52 Hqusehold Furniture .Industry.
L g #53 Other Furniture Industries
. } " (:". ‘\ . '
A " %Rather than showing only the entries above-the .

lpa-trices are |
he' mutuality of
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48 Sawmills but ‘none of these linkages are geographically assoc1ated
The main complex connections ‘are backward linkages 85152, b5153,

b5253» and the forward linkage f515z

L | Paper'COmplex 'The paper complex (Table lS), also of size 3 x 3,

‘consists of #56 Paper Box G Bag Manufacturers, #57 Othe “‘aper Con- '

verters, and #58 Printing, Publishing & Engraving The';ndustrieshin
this complex are highly interconnected through double linkages (i. e.

}-backward and. forward) between #56 and -#57, #57 and 156, #57 and #58,

. and a backward linkage of industry #56 w1th ‘industry #58 All sym—

}
i
metric linkage coeff1c1ents are above the complex average’ﬁj:y all

:q\ o {»,nmanufacturing 1ndustr1es and all correlation coefficients are 51gn1f1 (
N [ A S
Lk | ,

iy, cant. As in the prev1ous case, all complex 1ndustr1es possess a very

strong, but non- associated backward linkage to their principal sup-
| p11er;1ndustry,#54 Pulp G»Paper Mills.” I
Textile Complex Thls complex appears to be the most closely knit of
- - all the complexes.exam1ned CTable 16) .. it has been delineated as a -

-

7 X 7 subsystem con51$t1ng of the ba51c text11e mills #38 Cbtton Yarn: RN

-

§ Cloth Mills, #39 Wool Yarn & Cloth Mllls and #40 Synthetic Textile

/‘

Mills, 1n add1t10n there are #41 Carpet Mat G Rug Industry, #44 Other :
Textile Industrles, #46‘2:?er Knitting Mills, and #47 Clothing Indus-
a

tries The 1ndustr1es connected through a large number of. double e

and 51ngie 11nkages and both the 11nkage coefficients and the spatial

'“7 s o coefficients are generally high - Due to the large number of geograph-il“ ; ‘

N
5

ically associated 11nkages not eyery connectlon w111 be named separ- h'

tf~< ately here‘but the bilateral 11nkage deta11 is readily obtalnable from o

’[;;§¢f;fﬂf Append1x 4
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TABLE 15 X
PAPER COMPLEX

56 57 . 58

56
© 57

58

4007  .5944

.0452 .0126
4007 0. 7523
©.0452 o .. .0082 -

5944 - 7523,
0126 - 1,0082

S
.
N

s

#56 ~ Paper Box § Bag‘Maﬁufactﬁférs

'

',ﬂ #57. Other PaperConverters ' .

#58°  Printing, Publishing § Engraving
o ;.-\ -““ o 1= ! ! '
R AR o

& S

had
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. 'TABLE 16 °
1] f v '

L]

 TEXTILE COMPLEX

126

TERTH I 39 f 40 Ay L c4d a6 ) a7
| - T”] ) . n . - - ) - : " — ‘ - -
| j L7282 ' (.3977)¢ .6577 6744

44

e 3977i7g

\ /6744

'(;3793);
L1181

‘7437 |
0152.,‘. .

, l Lo
7282

©.9729
.0828";

.0369
[}

6197

0482 ? 0392

Z/

10622/

Other Textile

;sézsf'.
0733,

.8339 -1

.0828 -
.9729

.0369 Z‘.0392

2 6288
| 0487

.0312

1 .8105

- .6270 .
v; 0021

tlle Mllls fwfg"-’

Rug Industry
Industrieg

*'Other Knitting Mi

Clothing Indus; s ; A

.6197

.7501
" 9537
0198~=

.0482

..0020°" ¢ .

L0695 . ¢
.8223
.0733

9016
.0425

;7501
L0312

6903

i0622..
.8339
0438

8781
L1062 -

0537
.0198

v

( 3793) A
L1181 N+
(.2865) .
.].{17" oo
4391 ot
.0859 L

L8105 L6270 .l
110020 "

0021 L0
6903, o
.0724 ' -},,‘.:“ N

.6909 . .
o7z4f e

g .6909 //’/.
9727 e

e
e
Ca I
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w1th 1ndustr1es 46 and a7, are above complex averag ; however these ‘

B '
.,

two ‘are accompanled by very 51gn1ficant correlatlon coeffic1ents ‘and

'f (have therefore ‘been recorded It w111 be ?A;gd that r38n7 1s some- h' L
\ ' \ S

. i ’ , e )
j what below the minlmum s1ze for s1gnif1cance and q3947 substant1ally
- so (these coeffic1ents are enclosed in parentheses) Yet, the lrnkage

" ties are extremel§ strong, and it WOuld appear that the 1ndustrlé;\}8 AN

h»_f 39 and 47 would stand to galn greatly/froqtcommodlty exchange 1n

and Wire Pr"duots Manufacturers (Table 11} As ‘can be seen 1n the S ",‘ A
o | " TR
Table, feveral of the symmetr1c'llnkage coeffic1ents are‘helow or. f 9s.:a_vj

around the complex 1ndustr1es' average w1th all manufactur1ng 1ndus-*’ B

~ o - n“\. R

tr1es of 0088 However th1s fact should no¥ be over-empha51zed be-v.'i‘

’ ‘ s
cause the relatively h1gh average 1s ma1n1y due to a small number of

et :
‘..’l ~ .

o Wstrong 11nkages 1nvolv1ng indusfrles 59 and 62 The spat1a1 coeffl-w

l

B ' : ! Sl

'W‘* Q\ihents between 1ndustr1es 59 and 68 and between 68 and 7@ are below j"‘""'

5
Whlle a weakness 1n the subsystem matr1x, the small
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S TABLE 17

METAL COMPLBX I

59 . 65

S

) ,“‘ }\3"3 |‘

68

o

,"'\.
' # "

69

P

" 70

.65

L7 68

al)

70

" #59
. R65"
o #68

. #69

C#70

'.7840

o .0049

'.7840
-0049"

¢ 2330)1 4646
.0586°  ,0033
5980 . .7946 .
,.1563+  .0095 -
8891 | .7992
©1.1208, . .0014

S

K
N i
N
dwo oy ;
LRI
IR
A
1
. G
[

( 2330)

0586 ‘

\
';4646y

.0033

.4941

© (.2861)
$ L0077,

Iron & Steel Mlllé
‘Metal ' R0111ng, Castlng and. Extrudlng, n. e s."
‘Ommamental § Architectural Metal. Industry

‘Metal Stamplng, Pressing.§ Coating: Industry
W1re and ere Products Maﬁufacturers s

“: .

. .0086 .

)

i
'

© .5980

1563

.7946
;0095'

ﬂ;4941
0086

\

oo
L

7813

- 0059, .

'.,

C

BN

-';1208.

. ?;7992
.0014,

©"(.2861)

1.0077

.7813

.0059

y

.8891

e
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\ A
case for rgqgg, tho linkage being a strong supply linkage of #68 Orna-

'Q«:{',:I' . RN ¢ : . L

‘ mental § Architoctiral'Metal Industry with #59 Iron § Steel Mills. '+ .
|Mq§t of tho linkagos in this complex are single linkages.?
i , ’ R " ¢ ¢

v &)

- Metal Complox I1. The subsystem matrix of the second motgl compiex is
.

of the dfmcnsions 4 x4 QTublo 18) Contrary to the Metnl Complex I,
the early industry hero is ﬂ6l Iron Foundrias which is joined by 166
Boiler' § Plate wOrks W69 Metal Stamp1ng, Pressing & Coating Industry,

and ﬁ72 Other Metal Fabricnting Industrdes The spatial coefficients

A

are Significant at the 0.1 level, 1nd¢ed except for r6972 which s

significant at the .05<Ievel, all othq§ correlatidn toefficients meet

: » .
i the 1 per cent level of significance. The linkage coefficients in-

-

i T

'y dicate a large amount of'intcrcnnng? among the complex industries with

S

R ] . . : .
. only Sg1g9 somewhat below the average. :Industry 72 is particularly
. . s

tightlf connected with the complex through double linkages emanating
, {
to it from industries 61, 66, and 69. Industry 72 itself has a- back \

ward and forward linkage with industry 69; all other 11nkages are
£ ' . L
sxngle linkages. . ‘ - .

-~

[\

s .o > ’lﬁ&@ Iy

.Machinery Complex I. With a subsystem matrix of size 6’&,6
Machinery Complex I is relativsly large - (Table 19). Its industries
drg #69 Metal'Stamping, ‘Pressing § Coating Industry, .#71 Hardware,

' Tool § Cutlery Manufacturers #72 Other Metal Fabricating Industries,

173 Machinery and Bquipment Manufacturers, #74 Refrigeration, Office §

itorc Machinery Manufacturers , and #81 Manufacturer* of Electrical
P

Industrial Bquipment The coefficients of the complex>na§rix indicate

s
P

* . lgee Appendix 4. . } " » , I °



" TABLE 18

METAL COMPLEX I1:

#72

-

L4

L
v’ 61 . .66 69 72
61 .7373 .6361 .7488
) .0053 .0030 .0184
66 .7373 .6191 .6279
.0053 ’ 20093 .0368
69 .6361 '.6&69 .4969
,0030 .0093 .0208
72 .7488 .6279 .4969
_ .0184 .0368 - .0208
- ~' ,
. #61 Iron Foundries
#66 Boiler § Plate Worky
#69 Metal Stamping, Pressing § Coating
- Industry ,
Other Metal Fabricating Industries

[a)
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€ ' ‘ TABLE }9

.+ MACHINERY COMPLEX I

. .“
' 1
.
. . . , S
. \ ' f}
’ 3 ' .

69 3 U 72 73 74 81
69 . 15843 .4969 .9025  .5562  .7035
\\ 0084 - .0208 .0189 .0058 .0220
n .5843 - ©.7641 . .6078 . .5185  (.3889)
.0084 ' ‘ .0220 -0091 0043 ~  .0035
bp | 4969 7641 T .5481 .5191 ' .5848 .
' .0208 .0220 L, .0444 - .0076 .0145
4y | 9025 60781 5481 . .4653 6832
: .0189 0091 .0444 0 .0076 .02%8
. 74 .5562 .5185 - * .5191 .4653 , . 8060 -
.00S8 . 0043 .0076 .0073 - . .0152
) o
" g |- -7035 (.3889)  .5848 - .6832 .8060
T .0220 .0035 .014Ss ,0228 .0152 .
#69 Metal Stamping, Pressing & Coating Industry
#71  Hardware, Tool ] Cutlery Manufacturers
#72 Other Metal Fabricating Industries
‘ #73' Machinery and Equipment Manufacturers.
o #74  Refrigeration, Office § Store Machinery
: ' Manufacturers

o  #81

Manufacturers of Electricql Industrial Equlpment
’ \



. ” .
f ‘ !
’

Ethat the commodity flows among the industries are quite strong and
that the degree of locational affinity is relatively high There are -
twp exceptions Firstly, r7181, while only slightly below the minimum
" SLie of 4000 is nccompanied by a below average linkage coefficient.
'Since.the flows are not of sufficient size‘to constitute a bilateral
linkage, the relqtionship between these two industries must be’ de-
scribed as quite loose; secondly, the entries for industries 71 and 74
show that S7174 is somewhat below the complex average of 0054 how—
~ever, she spatial coefficient is significant Lt the S per cent level,
All other coeffic1ents are well above the critical values The rela-

\

" tively la ge number of double linkages in this c0mplex1 Points to.a

-2

particulardy high degree of roundaboutness

[
C .

Machinery COmplex II. ThiS'complex also has the dimensions 6 x6
(Table 20)' \Due to the great variety of products manufactured by the 3
industries in) he machinery complexes2 four of.the industries in this
complex were also part of the Machinery Complex I i e. #69 Metal
Stamping, Pressing & Coating, Industry, #71. Hardware “Tool § Cutlery
Manufacturers, #73 Machinery & Equipment Manufacturers, and #74 Refrig-

\

eration, Office &\Store Machinery Manufacturers. New are the indus-
tries 61 lron Foundries and 70 Wire and’ Wire Products Manufacturers
.Apart from significant coefficients for industries 61 and 72 the
-relationships betwee the indﬁstries particular to each machinery

complex are weak Th s fact would tend to justify the. delineation of.

1gee Appendix 4.

f‘iZSee'Canada, D.B.S.\ The‘Input§0utput Structure:‘VOI. I, pp;,i§57

T .256.



TABLE 20

MACHINERY COMPLEX 11

e

facturers

®

61 0. 71, 713 74
61 ' 5911 .8929  .6423 . (.3689)
.0023  .0027  .0258  .0011
6 6361 7813 .5843 °© .9025  .5562°
.0032 .0059  .0084, = ,0189  .0058
0 | 59U . 5343 .9088. (.2711)
.0023 .0041 0060 ‘ﬁ0012
71 .8929 .5343 .6078 .5185 ",
1 .0027 .0041 .0091 .0043
05 | -6423 .9088  .6078 .4653
.0258 .0060 .0091 .0073
2a | (3689 (.2711) .5185  .4653
.0011 .0012 .0043 .0073
~#61  Iron Foundries
#69 Metal Stamping, Pressing § Coating Industry
#70 VWire and Wire Products Manufacturers
#71 Hardwaré, Tool § Cutlery Manufacturers.
#73 . Machinery & Equipment Manufacturers’ :
#74 Refrigeration, Office G Store Machinery Manu-

133



X ‘
two separate mach1neryrcomplexes With two sets of coeff1C1ents be-

low the required size 1ndustry 74 is not ‘very strongly tied to the

lcomplex It may also be observed that several of the symmetric 11nk—

1 !

age coefficients are below the complex average of .0051. This is
especially so for the linkages 1nvolv1ng industry 61. As' a result the
Machlnery Complex I1 appears to be' less cohesive than the other com-

plexes 1dentif1ed. - o

Electrical Complex. The final complex de11neated is the Blectrical

Complex of size 4 x 4 (Table 21) comprlslng #64 Copper § Alloy Roll1ng,p
T

Casting and Extrud1ng,.#80 Manufacturers of Commun1cations Bqu1pment,

imcluding Wire, #31 Manufacturers of Electrical_lndustrial Equipment,

" and #82 Other Electrical Products Manufacturers. The coefficients of

“the . subsystem matrix show that this complex 1s t1ght1y connected

Except for 36k82 wh1ch is only slightly below the complex average of

' OOSSQ)all other linkage’ coefficients are relatively large Consulta—
f',tlon of Appendix 4 reveals that several industries are tied to one
.another through both backward and forward linkages In add1t10n to

"the double linkages there. are a comparatively large number of single

.

backward and forward linkagps W1th the exception of rgyg2 which %s

.

s1gn1ficant at the ".05 level all other correlation coeff1c1ents B

' measurlng the ‘degree of spat1a1 association are s1gnif1cant at the. \01

level It may be noted that it is the weakest linkage coefflczent :

| . that ;s accompanied by the lowest spat1a1 association coeff1cient

?viewed as an. attempt to identlfy, on a theoretical basxs,'subsystems

LY

S 3. 3 Comments. The analysis of the preced1ng sectlon should be

-~ R
~

N e
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" TABLE 21 <
L} f"‘\
.. '; ‘ . . . h . ! .
' ELECTRICAL COMPLEX .
'p ‘ , :
64 80 81 , 82
64 .6862 .7254 .5085
‘ h » :1201 0137 . 0045.
‘. g0 | -6862 f6219 a1
; .1201 - 0534 .0899 |
g1 | 7258 6219 S 37533
b .| -0137° (0534 . ' 1 l.0257
' . gy | -5085 Y .8a21. .7533 ! o
.004S .0899 - ©.0257 .
,-‘y\ ! ’ { "“;;"l
AT “, . . ' * o
‘ . v . _ﬁ' .
Ve
#64 -Copper § Alloy R0111ng, Cast1ng and
: Extruding - . / .
. #80 Manufacturers of Commun1cat1ons Equ1pment,
- including Wire g
., #81 Q'Manufacturers of Elactr1ca1 fndustr1a1
Equipment . . S . .
g #82 4 Other Electrzcal Products Manufacturers - ooy
- i ",i
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A

whose industfies arekconnected by relatlvely large commodlty flows

and therefore stand to, benefit by locating, in close prox1m1ty to _one
another. Wh11e qu1te naturally the degree of cohegiveness of the com-
plexes varies, nearly all the industrles of each complex are closely

- tied to oné another Spatially'and technologically + This is especielly
SO for the Wood Complex, the Textlle Complex ‘and- the Electrical Com-
plex. 1In many instances complex 1ndustr1es have been shown to be
Jo1ned by double llnkages, i.e. both 1ndustr1es sell to and buy from

one another signif1cant amounts, 1ndicating the highest degree of ,]

roundaboutness. It is understood that to be operational this type of

analysis would have to be complemented by a full locational study which '

mouldwendeavour to take account of other.economic and non-economic

_externelities, labburicosts; actual transpoftation c05ts; and other

locattonal factors.. | ‘ |
- The goal has-been to accept as members of a subsystem only‘those v

geographlcally associated 1ndustr1es among wh1ch a h1gh degree of

, mutual 1nterchange exists.' It could be argued that firmer criteria

»

should: haVe been 1mposed but one must realize that this’ would haVe prob-

+

+ ably e11m1nated several ‘actual complexes from be1ng identif1ed More- :;T‘

- over, one of the advantages of this method is that it po1nts out d1rec- ’

itions and pol;cy possibl1t1es for metro and other reglons.
Requir1ng roundaboutness is actually quite a strong demand lt
Lmight have been more realist1c to speclfy that an industry must be- t1ed

‘to at\least one industry of~the subsystem There ex1st usually a large

£

e number of Industrles that are only in a one-way relat1onsh1p with the L

R

fixlg‘complex and it may be partzcularly these (§ﬁtellites, serv1ces) "that’

-
: Py

T R



make a complex a dynamic force in the regional economy. However, the

interest here was in the structural core relationships without which
a complex cannot exist.: For these it appeared appropriate; especially
in the light of the production sequence findings above, to require

LM v L

mutual exchange of commoditles - C

[

There exist - other complexes ‘e.g. petro chem1ca1 complexes,1
which have not been mentloned here. This may be due, at least in
A part to the data problems* these were dlscussed above. It appears
that at the present time 1n the Canadian context the choice is between
»@any all-inelusive regions and‘feﬁ industries on the.one haneland

fewer regions with. relatively great industry detail on the cher'hend.

'For this type of study. the latter choice, adopted here, would appear

to be much preferable, especialiy when it is recalled that a large vol-

ume of total manufacturing is included in the analysis: .The alterna-

‘tive, dealing with broad jndustrlal sectors must leave quest1ons.
4
regarding spec1f1c industries unangrered 2 This problem has been

avoided here, ' . [
v : ' 0 ,/
".554 Summar& and Evaluation of“thezResﬁlts
In the f1rst section of th1s chapter the aff1n1ty of each manu-

‘facturlng 1ndustry to its. linked industrles was" 1nvest1gated By

’ comparing, for each\tﬁdustry, the correratlon coeff1c1ent with employ-

. ment prOportlons in 11nked industries with that in randomly selected

1These have been, examined in great detail 'by Isard et al.; see
' Walter Isard, Methods p 412 for further references.., ‘
' 2See for example, Manfred E. Streltv Verbunds pp 68 ff

. »
‘ -
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: (
1ndustr1es 1t was determrned that thg ma;orlty of 1ndustr1es show a
} .
stronger locational afflnrfy to their 11nked 1ndustr1es than to ran-

dOm industrxes- The~means of the two serres of correlat1on coeffl—'

b (

~

‘c1ents were 51gnif1cantly different at a level between 5 and 1 per

. »

cent Several industries to wh1ch 1nput output 11nﬂagesfappear to

- be e1ther of part1cular1y great or bf part1cu1arly 11ttle locat1d§§l

1mportance weiﬁ‘brlefly surveyed By 1dent1fy1ng 1nd1v1dua1 manu-

facturing 1ndustr1es,the\results obtalned in thls section ampllfy

those obtained in the previous chapter for the manufacturing sector as

B . .
\ R

!

t

a whole. o )
. . ‘

The . sect1on deallng w1th population correlat1on coeffic1ents—— -

somewhat of a dlgress1on from the malnstream of thought--e£§ included
'
in this: chapter in . order to. provrde some 1nformat1on on the relatlve

p0pulat1on attractlon of manufacturlng 1ndustr1es Although thevcoef—

’f1c1ents for~ early processing and ref1n1ng 1ndustr1es are generally

low, h1gh populatlon correlation coeff1cients should not necessarlly

4

be taken to mean that a large share of those 1ndustries' employees

work in the metro reg1ons. Keeplng in m1nd the Tematks about the gen-.

" ! * :,‘ !l

‘eral upward bias of the pOpulathn correlatlon coeff1clents 1t may be .

El

';;stated that higher coeff1C1ents 1ndicate that he 1ndustr1es' employ-
f ment ‘in metro regrons varies more in unlson w1th the varrat1on 1n
‘onpulatxbn of . the reglon R |

The 1ndustrlal complex ana1y51s represents an attempt to 1dent1fy“

fclusters of - 1ndustries us1ng the tools and approaches of thls study.

!

The geograph1cal extent of the complex would be the area of the metro

-

‘reglon. Elght complexes w1th subsystem matr1ces of a size equal to orf‘-x

5
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darger than 3 x 3 were de11neated Apart from locétional ptoximity aE
the sole requlrement for an 1ndustry ta be accepted as a part of a :

cdhplex was' a substantlal degree of 1nteract10n w1th all other 1ndus— '

" .
‘ B . . » »

tr1es of the complex. In evaluating the results of . the complex anal-
o '
y51s 1t must be remembered that the. intent here has not been the in-

" \. . o

depth ana1y51s of certain 1ndustr1a1 agglemeratlons and their economlc .

feas1b111ty, th1s would requlre conslderathn of. all other locat1ona1

-

factors (be51des agglomerat1ve econom1es f m Ilnkages), comparatlve

cost studies, etc The objectlve was to prov1de on the basxs of the

Ji
more theoretxcal 1nvestlgat10ns of earlxer chapters, Stepplng stones

Kd

: that could serve as startlng po1nts for detailed analyses of certain .

: projects and locaéQUhs.‘ As such they may aid regional planners by

A \
reveallng nuclel of economic act1v1ty Policy aspects will receive

A

- some further comment in the following f1na1 chapter.



.

..

B the spatlal assoc1at10n of manufaotur1ng 1ndustr1es

r .

CONCLUSION. -, .. "~~~ = R
o SRR

ThlS flndi chapter con51sts of some concludlng remarks wh1ch w111 '

.

‘ *

summarlze,;ln a broad outllne the ma1n points of the study These

a @ \

will be followed by a section on the potential pgllcy content of the
ana1y51s. Flnally a few words will be sa1d about data requ1rements and

|
p0551ble avenues of future research in thls area of locat1on theory

' . W
Ve . - . . . .

6.1 Summary Remarks R . .
K ~ o al ‘ ' ’ " b '

. The. two main ob;ect;ves of this study were an exp051t10n of the ,',

"» °

theoret1ca1 background regardlng the locatlonal factor involved and

.
)

[

[

|

The theoret1ca1 discuss1on was undertaken in Chapters 1 and 2. .

¢

The study was placed 1nto a’ larger ff;mework hy sketchlng the role of

l_~on1y belatedly d1d spat1a1 phenomena §ﬁ economlcs rece1ve the attention

. nature of agglomerat1on‘@conomies by exam1n1ng more closely the under-g:gf'

SIS
. o *

the Spat1al d1men51on in. economlc theory It was ment1oned here that

. s
g1

' 't they would appear to deserve. Then an attempt was made to clarrfy the'”

* [y

\e

‘,»‘|( NS : \ _‘,,‘

“y

Ty N

- an 1nvest1gat1on into the relat1onship between industr1al 11nkages and """""" '

‘ 1y1ng locatlonal factors. Transfer economies external economles, and5 3j?
S 1nter1ndustry llnkages were dlscussed- 1t was noted that llnkages, p~V;tH

Gl whi e'poss1bly 1nd1cat1ng channels along whlch*pure external economles'{éﬂ{f:ﬂf;V
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The ascertalnment of a def1n1te relatlonship between 1nput output "

0o

' linkages and geographlcal\assoc1at10ns of manufacturing 1ndustries
"perm1tted a more detalled study of the nature of the }ocatlonal impact

”Tof these 1nter1ndustry 11nkages in Chapters 4 and S./ Since the 1d‘"“‘<;ifﬁf

'"results of the analyses were presented and summar1zeL 1n those ehapters o .

¢ ~ . . .
. / . o

it may onlyjbe p01nted out here that manufactur1ng ndustrles appear

to be attracted/to and tend to cluster in metro Te ions partly because

\

— 2

vfof 1nput output l1nkages. That there are other—- d for some 1ndus— S

‘tr1es more powerful—-locatlonal f;%tors that-attr ct 1ndustr1es to or

grepel them from urban centreg is undé stood \

Several techn1ca1 problems were ncountere and dealt with for .ff:’“ﬂlp‘
\, "ﬂ ‘, s “.,'.‘.
example the upward b1as of the;correlation coef, 1c1epts, d1fferences S e

\ .
N *} .
1n aggregation, or the de51gn of the llnkage c eff1 xents. These and Coo

s

\

other top1cs relat1ng to data and methodology were treatgd‘1n/Chapter o R
IR ‘.,‘ ‘,u . oo v ’ .’ ‘.—,\l' . '

. 3

M : .
»

ol ,/.‘» .
i Growlng out of - the study of the llnhkge asso at1on gelat1onsh1p\ v\gq

an 1nteresting appllcation suggested 1tseln; the ,e11neat1on of

1ndustrlal complex cores. Thls t0p1c was included 1n hapter\S\as 1t

addresses 1tse1£ to spec1f1c industr1es rither than to the manufac‘-‘”

L N

turlng seCtor”as a'whole.. A number o:.‘fmplexes 1n varlous flelds of

\

activity were 1dent1f1ed The complex industrles are charactprlzed

- " @ -

1nput and output flows.~ The use o§'1nter1ndustry 11nkages as a sole
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Q" economlc'crrterla or, for that matter, on etonom1c cr1ter1a alone.»§§herggr‘ﬁ o

reached here., However the 11m1tat10ns set for thls study did not o

r"‘."‘“\‘ AR N
1 ) OFE AT S

o ‘a w1den1ng of the analysrs to’ other locatronal factors and dlfferent

' \ “.

reglonal boundarres may mod1fy or even alter somie of the conclus1ons . ;}

t |

'

permrt con51derat10n of factors other than lrnkages T G

i [ ! .
\,“ ' K |, . . “‘\

Before turnlng to pollcy 1mplicat10ns of the analysrs 1t may»be ",

A L

po1nted out that over. t1me there w111 be changes 1n the 11nkage/asso- o

v i
4 i

c1at10n relat1onsh1p for certaln 1ndustries.\ These may be due to

X \

N CU ay e
changes 1n technology and transfer costs as‘in the case of . #22 IR

. N AN ‘I “ PR i i ' s
an ! .

Bakerres and the'orl ref1ner1es of #88 Petroleum and Coal Products

v
LIRS
s

Industrres for wh1ch a trend toward further concentrat1on appears to”

e LR \U,', \.\H‘_W"1 .
be dlscernlble?\‘Other non structural factors causrng changes may
be alteratrons'ln such industrral 'env1ronmental' cond t Ons as taxes,

vy ‘ '0

1ncent1Ves etc.. However such factors do not, appear to change very

O ' »
! N

drast1cally and would tend'to take qu1te a 1ong t1me to man1fest them-y
T a\ “

W

selves 1n a\dlfferent geographrcal drstrlbut10n1of economlc actlvitles._f
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6 2 Some Pollcy Aspect of the Ana1y51s 'g;1h1€”_ S e L ng».-*

Thls'sectron ds not meant to suggest that reglonaﬂtgconomlc ‘h“*j.'.ﬂl

pollc1es should be based exc1u51ve1y, or'even pr1nc1pa11y, 1nter-5‘ -

iy

1ndustry linkage relat1onsh1ps.‘ Indeed 1t appears that the fau f‘ ?3‘:”

x4

« 5" \‘» K B
many past poerres has begn that they were based on only one or a. few i

& J .‘» N N
agglomeratlve tendency through 1nput output 11nkages 1s of course,ivzguff;

. 5
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ad hoc appranch to tha problem ‘at hand. ’ o

The intorest hora@is thon not so much in the locational configurf

v
ntion which has dovolopcd historically and exiﬁts now, but in what

coulq be or whiF nppenrs feasible and advisable in the llght of 1nfor—

mation about the relationship botween interindustry lipkages and the
\

spatial nssoéintiqn of industrios. It may boar pointing out again at

this jungture that. tho’ analysis qbovo has bcen porformed for metro

2

regions only, any conclusions darived from'it apply therofoxe strictly

’

Speakipg, only to thesc types of #reas. It is tempting, however and

would not appear to' be altogether unreasonable, to extend the polfcy -

implications to other regions. Statements concerning other regions

"

are, hdwever, much more tentative. . #
The appllcation for policy purposes of bilateral linkagesgﬁight

utilize a prlor survey of the existing dlstrlbution ofmindustrxes in

the region If it is found that one component industry of an otherwise

always linked and as§ociated industry pair is nOt\ﬁbQ\af the 5ub—

ject region then this particular industry may be designated as a

>

deva10pment candidate ‘The set of 1ndustries thus obtained could be

-

subjected to further study as mentioned above, i.e, mark‘ﬁ studies.
compnrative cost studies, etc. may be ﬁsed to distill a sugsef of most
suifable industries. Regional economic policy cauld foster those
industries with the goal of reaching regional solf-sufficiency for the

outputs in question or even to pake the region an exporter pof thoso
. b

3

outputs while with regard to the outputs of less suitable industries . °

C ) 5
the region could purposely remain an importer.



I a new. induqtry has' locntod in the region a linkage/association

Nt

study might be used to dotormine not only the¢ ensuing commodity flows

~of this industry to backward and 'forward 1jnked industries but also to

reveal whether the location of. the new industry may have led to new

poles and currents in the fiold of 1ocntiona1 foggos This informafion

[

could then be utilized by the policy authority.

¢

Some remarks rcgarding thd policy application‘of industrial com-

plex studies as used here have already been made ih Section 5.3 nqove.

‘The utilization of industrial éomplexes as an effective policy tool

would appbar‘to feqdire framework conditions which are less fixed byl

laissez faire tenets than those that exist at-'the present time. One

A

might think in this cohtegt of a national industrial st}ategy with .

P

regional locational specifications However, on a lbsf ﬁhbitious level

+

comp lex studies might be used as indicated above. The number of de-

s1rable complexes may be Pared to the number of feasible complexes by

cgnsidering the region's factor endowment (including such items as

special labour skills, pollution effects, eté.), market conditionmns, dnq,

othér-relevanf factors in more specific and detailed region-directed.

*’ complex s;pdies.

+

. These remarks indicate that the utilization of the linkage/asso-

.ciation relatidnship‘for policy purposés cannot provide more than -

partiaf assistance in the initial stages of planning. Howeve;J whether

for a few 1ndustrios or wholbd complexes,’ ‘the study suggests a method of

agproaching a policy problem that may help to eliminate a significant‘

amount of uncertainty,

It may provide answers to some.questions and

EY
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‘Information Canada, 1972), «Cat. No. 11'306 PP 24-25.

pose questions thnt otherwise might not have been asked. In this way

it may help to avoid costly mistnkes

6. 3 Possibllities for Further ResearCh

The comments of this section will be restricted to the immediute
topic of the linkage/association relationship Even within this area
the possibilities fog further research hinge to some extent on the
availability of ade:;ate ‘data. The two areas of prime concern are,
flrstly, the provision of employment figures by place of work rather
than by place of residence only and secondly, the publication of
value added data at a greater industrial and éeographical detail, The
former would increase the accuracy of the méésurements of association.
Biases of the type discussea in Sgbsection 3.2.2 would bde eliminated,
While these may not have been larée for Census Metropolitan Areas they
may be significant for other regiohs of relatively small erea 1 The

value added data might be a desirable alternative to the use of employ-

ment figures because employment data will not accurately reflect the

v

‘volume of industrial activity if there exist regional differences in

145

technologies and productivity. AA industrial detail of the comparable |

" employment series (or slightly less, e.g. that of I0IC-L) wéuld appear

to be sufficient for linkage/agglomeration studies

_In order to discover 1ntertemporal changes in the linkage/asso-

.

ciation relationship a similar study could be perfonmed fpr a different

‘point of time. Obvious choices for these points of time would be the

<

T may be pointed out that the relevant data of the 1971 Census ‘
not yet published, will 1list the number of employed also by pldce of
work. See Canada, Statistics Canada, 1971 Census Catdlogue (Ottawa:

»
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full consus yoars for which new spatlal data become available New

‘ jndustrinl information cannot be expected. nt the same frequency. In

intertempozal comparisons a problem arises if the specification of

‘industries»has chdnged, Any changes would tend to detraciﬁfrom the

degree of intertemporal éomparabilitx of the results, lit would, for
example, appear quessionable whether thé i971 Standard Industrial
#lassification{(used for the 1971‘Census) can bé reconciied with that
of the 1960 S.1.C. Manuglyon which the 1961 Census and' the 1961 Iﬁput~

Output Industrial Classification are based.

fn extension of the analysis to regions which cover all relatively

"densely settled areas of Canada might be desirable. In this endeavour
'ﬁroblems must be expected in the Canadian context that may not exist

. in more compact and/or more evenly populated countries. The great

areal e;tent of Canada makes it difficult to achieve complete coverage
(even if Northern fegioné are excluded) with area units that can still
reaéonably‘be considered as the same locatign. Moreover, apart from a
lack of economic boundary criteria for.these reg1ons, the degree of
industrial aggregation for them would be quite h1gh given the present
state of data availabil;ty. ; |
Further extensions might be made along three lines: Firstly,
profiles of,indi&iduﬁl industries in wﬁ}ch other looatiénal'fa;tors:are?
considérgd alqni with,interindustry lipkages. Such an analysis mdy

proVide ipformation. why, in specific cases, iﬂput-output linkages do or

do not tend to be locationally effective. Secondly, a similar analysis

fox specific industry pa1r§ Th1rd1y, and as mentioned above com-

~

»

#
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. ' Co '
~ prehensive region-directed industrial complex analyses. These types

of studies would, however, appear to be more oriented fowardé'dealing

(-

with specific problems.
) :

h . ‘ \
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‘, + APPENDIX 1: = ,
IR LIST OF, SYMBOLG——ANMEFINITIONS L
A backward linkage of 1ndu§try j w1th 1ndustry 1, calcul ted as . |
b.. = X5 /U L .
:_IJ . ,
- matrlx of backward lqlkages < R S
. 't ;' . !
vo- forward 11nkage of 1ndustry j w1th industry k~ calculated as’
f X, .- . :
Jk ( Jk/ " * L B ‘ <.|"‘ . S
- matrix of forward 11nkages O b”" R
- coeff1c1ent of geogxaphlcal associatlon between 1ndustr1es 1-
and j ‘ . )
, _ B S
- employment in 1ndustry i+ in region'k (i =1, 2, ..., 86;.
k = 1 2, ..., 18) o S "i ‘ L
* : : . . \ ’ : SRR N
- matrix of absolute employment flgures \c13551f1ed by 1ndu§try
and by reglon } o :
- p0pu1at10n of regaon k o % . E L
- eleoyment pwopegt;on in 1ndustry i in reg1on k, normallzed by’
pOpulatlon -of reglon k; calculated as p1k k/pk : ,
-~ matr1x of employment proport1ons, norma11zed by populatlon C
- (symmetrlc) éorrelatlon coeff1c1ent measur1ng the geograph1ca1

_ association between 1ndustr1es i and J;‘obta1ned by conrelat1ng,
/“bver the metro regions, the empioyment proportlons of 1ndustry ;
i w1th the employment proportlons of 1ndustry Js- r1
matrlx of corf‘Iat1on coeff1c1ents measur1ng spat1a1 assoc1a-s

+ Y

A tion between palrs of 1ndustr1es SN :
"‘. N Lo - " L3 .
- correlat1on coeff1c1ent obta1ned by correlat1ng undef&ated
employment flgures for 1ndustr1es i and i (not used in the
analys;s) S C e :

. S
,’ .

aNote that the D B é .1nput=output symbols have been deflned

'end1x 1o o e . :
} ’A ' L : L » ‘“-iw“ %
e LT . R |
T \.f 5 ’5.
. e""“ a » B
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)

D.B.S. input-output symbols™:

D* =
D(1-5)

L]
”

-‘.c’olum'n vector of total industry outp’ﬁtg classified by industry

APPENDIX 1--Continued Co
symmotric linkago coefficient oiprnksing the linkages between
;nd?;trioa I and j; calculated nc’ﬁij - 1/5(xij!uj + X“/Ui +

XyyfXy s X/

matrix of symmctrtc linkage coofficients

bR )

backward 1inkage summary measure for industry ) cnlculated as
u, = E X, /X SN .
TRV L I
totnl use by industry j of input\ purchnsed from other indus-- )
tries
QL

forward linkage summary measure for i try i3 calculated as
Y ,f 5 Y.

w - x x j . -\‘A t[
i Y va-\‘, tt
B J . *bg | 'r}h “‘{\ 4 d “

.\af’i .’h AnE
e-gutput of industry 4

1nterinduqtry flow f}om=4ndustry i to industry j
final dcmnnd for the output of industry i
total supply of commodity 1

§
~

technology matrix containing the intermediate input coeffi- -

-cients of industries obtained by dividing each element in a

column of matrix U by the corresponding total industry output

mdrket.share matrix of domestic préduction obtained by divid-
ing .each element in a column 6f the output matrix V by the
corresponding total commodity outgut

matrix of coefficients represcpting the market shares of- . e
industries in the total supply of co odities classifi
industry and by commodity ‘ .

column vector contaihing total final demand for competing T
commodities classified by commodity, less competing imports
classified by commodity ' ~ . '

-

®For a complete list of D.B.S. symbols see Canadé, D.B.S., The

* Input-Output Structure, Vol. 1, pp. 157 ff.

- f
- . ‘
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APPENDIX 1--Continued

column vector containing ¢ompoting imports classified by

commodity
: . ‘ '® ' .

diagonal matrix of coefficients reprosenting, for each

commodity, the ratio of total -imports to total supply

t

column vector of total commodity outputs classified by com-
modity o .

.\ \"\
matrix contalning the intermediate inputs of ind“itrios
classified by commodity and by industyy

mattix containing the outputs of industries classified by
industry and by commodity '
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APPENDIX 2

101C- L Input-Output
Number 110 Industry Aggregation Title
1é Slaughtering § Meat Processors
13 Péultry Pfocessors '
14 Dairy Factories
15 Process Cheese Manufacturers
16 .Fish‘Products Industry
17 Fruit § Vegetable Cannexs and
o Presérvers
- 18 Feed Mills
;>¢&§?9 Flour Mills
t 20 Breakfast Cereal Manufacturers
- 21 Biscuit Manufacturers
/22 Bakeries |
23 Confectionery Manufacturers
24 Sugar Refineries l
25 Vegetable 0il Mills
2€ Miscellaneous Food Industries
27 Soft Drink Manufacturers
2§ Distilleries
29 Q{Bre‘weries § Wineries
30 Leaf Tobacco Processing
31 Tobacco Products Manufacturers
32 Rubber Footwear Manufacturers
33 JlT{re & Tube Manufacturers
34 Other Rubber‘lndustries_
35 _Leather Tanneries
f36‘ Shoe Factories .
37 Glovei& Luggage Manufacturers
38 Cotton Yarn § Cloth Mills
'39 Wool Yarn § Cloth Mills

.1'"1
N

.

159

el

Compariéon of Industrial Classifications

Al
.

1961 Census 1960 S.1.C.

CMA No. “No., .
2-)0-45 101

- 2-1-46 103
2-1-48 1os
2-1-49 107
2-1-50 111

©2-1-51 112
2-1-53 123
‘21154 o124
2-1:8% 125
2-1-57 128
2-1-58 129
2-3-2 131
2-3-3 133
2-3-4 135
12-3-5 139
12-3-7 141
2-3-8 143
2-3-9/10 145, 147
2-3-12 . 151
2-3-13 153
2-3-15 161
2-3-16 163
2-3-17 169
2-3-19 - 172
2-3-20 174
2-3:21/22 175, 179 -
2-3-24° 183
z-§426/z7 . 193, 197,

Ay



I01C-L

Number
e et s,

40
a1
42
43

N 44

'S
45,

46
47

48
49
50
51

52
.53

54
55
56
57
58

' 59
60
61
62

63

[}

‘Input-Output

[

. APPENDIX 2--Continued

3

110 Industgy Aggregption Title

Synthetic Textile Mills

Carpet,,Mnt § Rug Igdustr -
Linoleum § Coated Fabrfglendustry

‘Textile Bags § Canvas Products

Industry .
Other Textile Industries

"Hosiery Mills

Other Knitting Mills
Clothéng Industries

Sawmills

Veneer & Plywood Mills

Sash § Door and Planing-Mill§
Other wOodAIndustries

Household. Furniture Industry

Other Furniture Industries

Pulp § Pape} Mills

» Asphalt Roofing Manufacturers

Paper Box § Bag Manufacturers

~ Other Paper Converters
Printing, Publishing § Engraving ‘

Iron § Steel Mills
Steel Pipe § Tube Mills
Iron Foundries
Smelting § Refining

Aluminum Rolling, Casting and -
Extruding

Copper § Alloy Rolling, Casting o
and Extruding

' 297

" 1961 Census 1960 S.I.C.
'‘CMA No. No.
2-3-28 201
2-3-38 ' 216
2-3-37 219
2~3~39/40 5&1;‘223
2-3-30/31/32/ 211, 212,
33/34/36/41 213, 214
2-3-43 231
2-3-44 239
2-3-45 242, 243, 244,

245, 246, 247,
248, %49 -
2-3-55 251
2-3-56 252
2-3-57 254
2-3-58{59/60 256, 258,
: ¢ 259
2-5-2 T 261
2-5-3/4/5 264, 266,
: 268 :
2-5-7 271
2-5-8 272
2-5-9 273
2-5-10 274 )
2-5-12/13/14 286, 287,
o 288, 289
2-5-16 - 291
2-5-17 292
| 2-5-18 294
2-5-19 295 )
.+ 2-5-20 296
\ .
2-5-21
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j /APPHNDIX 2+-Continued

1961 Census

101C-L, Input-Output. 1960 S.1.C.
Numher, 110 Industry Aggreggtl 1t1e q CMA No. ' No.
65 Metal Rolling, Castlng and ',2-5-22 298 "
Extruding, n.e.s. .
66 Boiler § Plate Works 2-5-24. 3010
67 Fabricated Structural Metal 2-5-25 302
‘ Industry ' st ' '
@ o8 . Ornamental & Architectural Metal 2—5-26‘ R 303
Industry '
~ 69 Metal Stamping, Pr0551ng & Coatlng -+ 2-5-27 304
Industry : . )
70 Wire § Wire ‘Products Manufacturers 2-5-28" 305
‘71 Hardware, Tool § guclery 2-5329 306
N Manufacturers : _
72 _Other Metal Fabricating Industriés = 2-5-30/31/32 308
73 Machinery § Equipment Manufacturers 2-5-34/35 - 311, 315
74 Refrigeration, Office § Store 2-5-36/37. 316, 318
Machinery Manufacturers /
75 Alrcraft & parts Manufacturérs 2-5-39 321
76 QQIIOtor Vehicles § Trailer . 2-5-40/41 323, 324
" Manufacturers v ' " )
77 Motor Vehicle Parts Manufacturers 2-5-42 325 )
78 Other Transportation Equipment 2-5-43/44/45/ 326, 327,
Industries 46 328, 329
79. Manufacturers of Electrlcal 2-5-48/49 331, 332
Appliances . »
80 Manufacturers of Communications 2-5-51/54 335, 338
Equipment, including Wire - _
81 Manufacturers of Electrical 2-5-52 - 336,
. Industrial Equipment L
82 . Other Electrical Products 3-5-50/53/55°, 334, 3372
Manufacturers . , - . 539
83 Cement § Lime Products 2-7-2/3 341, 343
: Manufacturers ' ,
84 Concrete & G}psum Products - 2- 7 4/5/6 - 345, 347,
C Manufacturers . 348~
85  Clay, Stone § Refractory Products 2-7- 7/8/9 351, 352,
Manufacturers ’

358 .
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APPENDIX '2--Continted .

1961 Census

Input-Output " * 1960 S.I.G.
Number . 110 Industry Aggregat1on Title CMA, No. No. .
86 Glass § Glass Products 2-7-12 356
: - Manufacturers , )
87 ﬂ‘Other Non-Metal Mineral Products 2-7-10/11/ 354, 355,
Industries 13/14 357, 359
88 Petroleum § Coal Products 2-7-16/17 . = 365, 369’
R Industries .
89 " Bxplosives § Aﬁmunition . 2-7-19 371
Manufacturers " : :
90 Manufacturers of Mixed Fertil1zers. 2-7-20 _ - 372 !
91 Manufacturers of Plastic Res1ns 2-7-21 373
92 Manufacturers of Pharmaceuticals 2-7-22 374
- -and Medicines - : :
93 Paints & Varnishes Manufacturers 2-7-23 37§
94 Manufacturers of Soap and Cleanlng‘ 2-7-24 N 376
-Compounds - , B ~
95 Manufacturers of Toilet 2-7-25 | 377 )
. Preparations '
./'96 Industrial § Other Chemical ~ 2-7-26/27 . 378, 379
' Industries '
97 Miscellaneous Manufacturing 2-7-28 381, 382, 383,
384, 385, 393,

Industries’ ,

- 395, 397,

399

© 162



, APPENDIX 3

FORMATION OF INDUSTRY GROUPS .

4

Several of the tests of hypotheses require a further division of

th&vmanufactur1ng industrxes 1nto more homogeneous groups A glance

.

at the 1ndustr1es contained in the manufacturing sector makes it clear

that, they are of a vexy different nature: some of them receive the
R

major share of their inputs from the primaTy sector while others have
no connection with primary industries at all; some industries sell a

Yoo T , . ,
large proportion of their output to final demand while the output of

-

‘others is largely destined for other industrial customers as inter-

mediate inputs. A dual classification is employed, the criteria being,

firstly, the relative size of material inputs received from the primary

sector, i.e‘, for 10IC-L, the inputs from industries 1 to 11 as a per-

\

Acentage of the 1nputs from industries 1 to 97, and, secondly, the share,

'-of total output go1ng to private consumption

-
L]

Group 1 1ndustr1es or 'First Stage Resource Users', receive at

least S0 per cent of the value of their material 1nputs from the prlma .

.ary sector. Group II 1ndustr1es, or 'Second Stage Resource Users',

_receive 25 per cent or more of the ‘value of their material inputs from

primaﬁy industries. Industries whose inputs from.the primary sector

a

" amount to less than 25 per cent of the value of their material .inputs °
. ! . . I's . - ) . .

' are furthest femoved from resource'extractors and fall into the Group .

‘III of’ 'Th1rd Stage Resource Users'. 1

ot

" Harvey S. Perloff, et al., Regions
f‘tnmore Johns Hopkins Press,

‘r\
1
¢

‘.
N

P .
! Al v .

1A somewhat sxmllar c1a551f1cat10n was employed by Perloff et al.
although there are substantial differences in the definitions. See
Resources,

J.PP- 677 ff ; . . o T

L S ,
A .

=

and .Economic Growth (Bal- -
Table

o

o



" manufacturing industries. It-Should also be noted that a few of the

l ‘ . . | \\// ' " i\ l- ‘ B f
~’ APPENDIX 3--Continued . - 0

N

' t

one suggested by Statlstics Canada for c1a551fy1ng manufacturing indus-
tries into prlmary and secondary manufacturlng industrles 1 Group I
largely corresponds to prxmary manufactur1ng 1ndustrles and Groups II

and III would make up the secondary manufacturing 1ndustr1es However,

Loy

due to dlfferent data 'bases the correspondence is not complete While

.the industry data of this study are based on the 1961 interindustry

. / ' by
 tables, the value of‘énputs‘in the Statistics Canada'ETassification‘is
that-reported to t e Census of Manufactures As a result the number of

1ndustrLes 1n Group I is slxghtly smaller than ‘the number of primary -

Stat1st1cs Canada 1ndustry de51gnations are somewhat atbitrary. 2

A‘s,

Industries were then ‘further c1a551f1ed accord1ng to the strength

of their final demand (FDC)3 11nkage into "heav11y 11nked to final de-

A

' mand" and "not heav11y linked to f1na1 demand"' The former group de51ga

,
o

nated Group A is comprlsed of 1ndustr1es se111ng at least SO per cent

'of their output to f1na1 demand (FDC) All other 1ndustr1es are in .

'GrouP B. . : , ' o
¥ O
The 1ndustry group1ngs are provxded in the follow1ng table.

‘

1Canada Stat1st1cs Canada, "Pr1mary and Secondarx}Manufacturl;g

in Canada", (unpub11shed d1scuss1on paper, n.p:, n. d P P. 3.
. )

. 2Canada Statistics Canada "Pr1mary and Secondary Manufacturlngn
1n Canada", p: 12 ‘

’» 3FDC - final demand private consumption.

This classifxcatlon is formally 51mrlar at least*in part, to the

164



I0IC-L
Number

12
13
14

15
16

17

‘18

19

20
21

22

23.

24
25
26

27
28
29
30

31

32

.33

34

35

36

37

38

- 39
40
,41

APRE§D;X,3—~CDntinued'

INDUSTRY GROUPINGS ACCORDING TO INTENSITY

Industry '

Carpet. .

\
1. W
. )

"

OF RAW MATERIAL .USE AND

~ FINAL DEMAND SﬁLES

Percentage
of Material

P

"' Percentage Percentage

Industry  Inputs from .of Output of Output
Name? - Group Primary Sector '+ to FDCb to, FDXS -

51aught§M I-A 76.0 63.3 5.3
Poultry/ ™ I -A- 75.3 72:1 0.0
‘Dairy I~ A 83.0 ¢ 71.3 2.7
Cheese ‘j§§ I - A " 2.4 73.3 1.3
Fish. -~ " 1-B 80.1 17.2 65.8
Fruit = IT - A 25.1 72.5 2.8
Feed . I B 55.9 4.5 2,0
Floor ' 1 -8B 91.5 . 18.1 28.0
. Breakf. IT - A, 42.7 \ 78.0 2.7
Biscuit III - A - 1.1 \ 80:1 2.5
‘Bakeries 111 - A t2.1 | 80.6 0.0
Confect. IIT - A 2.5 84.7 0.0
Sugar I.~B 57.0 39.6 0.0
0il - 11 - B 36.0° 1.9 24.2

Misc. Fgod 11 - A 29.0 56.3 5.5 °
. Soft D. III - A 0.0 74.8 0.0
Distil. '~ - II'~ B 291" 35.5 47.2
Brew. III ~ A . 14.0 90.3 2.0
Leaf Tob. I -B ©97.5 0.0 26.7
Tob. Prod. III'- A 15.2 98.4 , 0.0
Rubber IIT - A 0.0 . 92.7 1.3
Tire - IIT - B ‘1.4 . 24.7 2.9
Other R, IIT - B 1.5 - 16.9 4.1
Leather S III - B 5.6 0.0, o 19,2
Shge. ' EHII - A 0.2 l95.1 1.8
Glove < IIT .= A - 0.0 68.0 2.3
‘Cotton =~ - IIL - B - 0.7 11.6 4.5
Wool III - B 13.0 16.8 27.8
‘'Synth., - III - B 0.1 9.0 7.7
IIT - A 0.0 62.1 7.3

1165
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APPENDIX 3--Continued

.

»

Percentage
of Material

.~ I0IC~-L | Industry. ‘Industry Inputs from of Output of Output
Number ' Name Group ' Primary Sector  to FDC  to FDX
42 Linol. 111 - B 0.9 4,1 2.3
43  Bags . I1I.~ B L0000 20,1 K 1.2
44 Other T, IIT -*A 0.4 28,3 4.7
* 45  Hosiery ' III - A 0.0 0.0 . . 0.0
46 ' Oth. Knit. III « A - 0.2 137 1.1
*47  Clothing III ~ A I . _,;,,,—ggfé 1.0
48  Sawmills 1-B 81.4 | 1.8 51,9 :
49  Veneer I+ B R4 0.0 20.9 ‘
50 Sash CIII - B 2.4 3.1 10.3
‘51  Oth. Wood ' II - B 27.7 5.4 10.7 -
52 " Hh. Furn.  III -~ A 0.6 . 74.7 0.0
53 Oth. Furn. - III - B - 1.0 45.9 1.2
54 Pulp §Pap. -+ I - B 65.2° 2.2 67.4 .
S5+ Asphalt IIT - B 7.7 2.0 . 1.0
56 Pap. Box  III -.B 0.1 6.3 % 1.0
57 Oth. Pap. = III - B 0.3 21.5 3.2
S8 Printing II1 -~ B 0.1 20.4 " 1.9
. 59 -Iron § Steel II - B 33.7 0.0 '14.0°
*# 60 Steel Pipe IIT - B 0.1 0.0 . 3.3
61 Iron F. | "III -~ B 2.7 1.0 3.6
'62  Smelting Il- B 62.1 0.0 60.3 -
63 'Al RCE ., III - B 0.2 1.3 32.9 .
‘64 CuRCE |, 'III - B 0.3 0.0 18.2
65 Metal RCE  III - B ;0.7 " 1.5 24.4
66 “Boiler . III - B 0.0 - 0.0 3.2
.67 * Struct. M. III -'B 0.0 ©.0.0° 3.5.
' 68 Orn.'§ Arch. III - B~ 0.0 1:8 2.2
69/ Met. Stamp. TII - B 0.2 6.5 C 2.5 =
.70 - Wire - - III - B C 0,27 2.5, 2.7 -
- 71 .Tool IIIr -8 0.0 .. “1.5 8.1 .
, S . g : : . oty ‘ '
.72 Oth. Metal '~ III - B .5 3.0 5.6 )
© 73 Maghinery ~ III -.B ' *. "‘.4, 3.9 ., . 19.4 '
74  Refrig. ITT®B . - .- 0.0 6.4 . "a13,7
- 75- ‘Aircraft  III - B - 1 0.2 - 2.1 26,3
.76 * Motor Veh. III'- A 0.7 4 1 636 ¢°3.0
. i"E C . )

L 166 .
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. APPENDIX 3--Continued
. \ ) . | » | “.“r | , ."“.‘, o
X t ] . ' ' Percéntage L C
! L “\ S of Material Percentage Percentage
IOICj " Industry , Industry Inputs. from *. of Output. of Output
" Numb .Name - Group . ;Primary Sector ~ to FDC to FDX
' I . ERE e ' e
77 Veh. Parts'. III ~'B . 0.6 9.4 S
78 Oth. Transp. TII. -~ B 0.3 6.6 B3
79 El. Appl. | III -~ A ~ 0.3 59.2 3.8. .
80 ,.Communic.. | III - B 0.1 3.0 8.9 '
.81 El. Indust.|III .- B" 0.2 2.6 6.6
82 Oth. Bl. ' III - B 0.2 39.2 3.2 °
83 . Cement 'IT -'B 31.1 " 0.0 / . 3.6
-84 ' Concrete IIr -B 17.0 . 0.0/ 0.0
85 . Clay ~II - B 32.6 13.3/ 7.1
86  Glass “IIX - B 6.0 22.0 1.4
87 'Oth.Non-Met. II - B 42.2 3.8 24.3
88 Petrol . I -:B 87.0 - - 37.5 4.5
89 Explos. = III - B 2.6 ' 8.6 6.9
90 Fertil. - ,III - B 8.5 2.0 6.3°
91 Resins "IIT - B . 0.9 2.2° - 20,4
92 Pham., - III - B C1s 43.4 4.9 !
f‘\; 93 . Paints ~ IIT - B 1.5 7.3 1.4
. 94 Soap . . I -~ A 0.8 56.1 1.7
95 Toilet P. IIT - A . 0.7 79.0 . 1.5
! 96 ' Oth. Chem. IIT - B 12.3 6.6 -24.6 '
/97 Misc. Manuf.:IIT - B 1.4 3.9 8.1
<! %For fdllsinduefry titles see Appendix 2. ‘ w A
‘ ;J} behe Final Demand Matrix was also made available. by, Statlstlcs Canada
s ¢ in November, L971‘ FDC ' - F1na1 Demand Consumptlon ‘ o s
: f3; FDX - Flnal Demand Net Expdrts ’ o
L | K P ;‘i
‘ . e \
il S
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‘ APPENDIX 4 ‘ e \ |
GEOGRAPHIC‘LLY ASSOCIATED INTERINDUSTRY v ot
S LINQAGES AND FINAL DEMAND : A
LINKAGBS BY INDUSTRY ! \; .
AR Backward Llnkages Forward Linkages '\‘
10IC-L ~ . TOTC-L. .Linkgge Correlation * I0IC-L Llnkage Correlation
Number  Number - Size Coefficient ‘Number - Size Coeff1c1ent
12, SR o . FDC. ,6327 o
13 12 .0236 .7503 FDC 7211 N
14. . 88 .0101 - .4317 "FDC 7126,
15 - ‘ : e FDC .7325 .
16 , . . - FDC = .1717 a
17 57 .0137. .5707 FDC  .7254 ,
- 69 .2183 ' .6340 Co i
86 ..0287 « .8647 - I
18 " 12 0 o392 . , .5813 * 'FDC .0449 .
24, .0137 .  .4788 ' . . ‘ v
.26 " 20289 .6090
56 , .0097 .4839 '
. v 69 0123 .4364 e ’
19, A3 .0254 - 7368 © FDC , .1812°
20 ., - 56 .1354  7N.7402 FDC ., .7797 .
21 56 - 1517 . .7150 ©. . FDC 8011
co22 "S6  '.0589 .4854 FDC - .8060-
. 23 N - . . FDC = .8473
24 .18~ .0250 4788
~ b 26° .0564 ' ...5180"°
SRS ' o , 'FDC .3961 o ,
~ 26 69 . .0182. ...7702. 94 . .1043 4E§’.gg§6
- 96 | .0248 . .S535 96- . ..0319 ,5535
i o ! ' FDC . .0187 i
26 24,0305 .5180 . . 18 - ,0159: ..6090 .
- 56 ¢ .0761 - 4806 29 .. ..0387 -
y 69 .0264 . .4033 FDC . .5632 -
27 . »\ : CFDC . L7483 |
28 - ‘tjﬂn" Lo h B FDC . 3546 1
9y . 26 '.1367 . :4020 . - RN o
R 56 . .1030" - .5544 " .- FDC .9034" oo
.. 30 . S 3 ~31« © 6873 6415
SRR 3 "30. - .4665 . . .6415- " FDC - .9838 R
.32 34 .0382 %) /5616 ~ . FDC 9272 1 .
e 35 -.0385 - .7019 L ‘ :
S L3700, L1284 8570 -’ : |
: 38,0453 ... ..7047 " P
o -39 700597 C - ,9903 . \ PR
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101C-1,
‘Numb'er':

N

' . Backward Linkages ' .
IOIC-L Linkage -Correlation
Number. . Size - Coefficient .. Number Size

38
70

56,

35 .. iz

36 34

37 35

33 . 34 0 10443
L L2128
.. .0330
91 ..
34 39
‘ 40
44

3275

- o3
7.0194 - .

-+ ...0149

.5095
.8122
.6339 ,
. .4800
.5513
.5750 ..
5049
16744

.0169
.0191°
+0214

. .0227

©.0313

.0735
.4207
.0848
.0270
.0095
.0246
.3.2039

.0113
.0209 ..
0941 -

©.2186
.0508

“.0439.

' APPENDIX 4-~Continued

. 10IC-L ' Linkage - Correlation
~ Coefficient
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v

', . Forward Linkages

73 .01s -
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33,0232

.36 -0503
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53 L0276
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, .0092 ., -
T40°0 ) ..0133 .
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, S Backward Lii%ge‘s "’ PRorward Linkages
101C-L I0IC-L Linkage Correlation. . ,I0IC-L "Linkage Correlation
Number = Number = Size - 'Coefficient - Numbér'. Size Coefficient

40 .- 38 .0306 = .7282 38 v 0676 ;17282
o0 39 Leiuls . 9729 39, 0183 .9729
- 44 . .0163 9016 . 41 - . .0112. .6289
T 47 0211 . 4391 .. a4 . .0378 ".9016

| 91  .0180 '  .6136 - 46 .  .0987 +  ..8781

ot . 47 - 21903 o+ 4391
~ o RO . .82  ,018 . ,8797
A % 0149 .. .9469 "
Lo ; K : 97 . .00968p .4490

Lo . FDC 0904

13276197 ~ FDC, , .6208 .

11070 ©.9016: ' .. . b o .
.0861 .44 ' .0647 |, .4966.
0266 ' .4407 "4%§‘ 0770 . .7989:
.. 58 . .0113. .4139 .
- 97 '+ .0162 .4407"
4797 FDC" . .7.0408 ' ' "»
S 19 L1256 .7368
St 47 - .0097 ' .4704
- o o : ‘ " EDC. + ..2004 0 ¢
44 34 /4;0152»j .s049 88 L0210 .65%7 -
.38 . 11496 . ".6577 .39 . .0476 .8223
39,0225 . .8223 . 40 . _ .0097‘ . .9016
tLor 40',-  .1064. .9016. , .46 Dy .0203 ., .9537
P 42 0271, 0 . (4966 . - 47 ' 1025 0 .6903 .

47 . Q148 . .6903 . . . FDC. = .2826

" 4s " 'se ' .0340 ~  .8098  ~ FDC.  9001" | ..
46 038 L1870 . .6744 . 47 v 1776 ..6906 1
' ‘ ' Vo ' gDCs‘,;;;7369”\ S

P

48 v
;49 v 4B
L5049 S
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r
A
v

RnckwArd Linkages

101C-1, 101C~L Linkago Corrolation
.Numbor Numbor Sizo Coefficient
51 70,0148 .6083
. | '
52 L 0363 .5298
y 38 L0199 .6081
40 .0491 .8797
44. .0125 .8729
51 0180 .8454
71 - 01583 .5629
.97 70410 .5856
53 34 10206 .5199
‘ ;38 - .0311 L6575
k40 .0529 . 9469
44 .0237 .8961
51 . :0114 .8198
.+ 82 .0248 .9522
[69. .0092 .6308
. 71 .0206 6111,
82 .01;6' .8468
97 .0283 .5319
.54 . . e
55 59 .0273 ©.4197
56 57 .0620 .4007
= 58 .0208 .5944
97 .0270 .460
~ LI
P . K : ,
5% 56 .0388 4007
S8 ..0095 .7523
63 .0349 .8633
96 . .0326 . .5887
97. . 7436 °

Forward Llnknénk

[01C~L [Linkaga Correlation
Numbgr, Size -.Coofficioent
13 ,0097 .7809

44 L0135 ", 6851

52 L0184 .. ~ .8454

69 .0137 ¥ ' 5578

97 L0487 409
FDC .0538 !
82 L0302 .8629
'FDC .7473

EDC 4590

¢
[ 3

EDC 0223

FDC .0202 \

20 .0096 .7402

21 .0204 .7150

22 . .0326 .A854

26 . .0833° . .4806

29 .0370° ' 11,5544
S7 L0118 .4007

79 - gg; .5397

94 .02a3 .4257

9s , 10099 ,4468
‘97 L0196 © . .4600
FDC .0632 ’
17 .0144 .5707
56 .0680 .4007

58 .0144 .7523 -
FDC .2151 *
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APPENDIX 4~-Continued |

I
Backward Linkagos Forward Linkages

[10IC-1, [I01C-1. Linkage Cdrrolation I0IC-L Linkage Corrolation
Number | Numbor = Sizo Coofflcient Number  Size Coofficient
58 4 FNC .2038
59 85 ,0214 7722 69 . .1320 .5980
70 \ .0600 . .8891
73 .0471 7325
79 .0240 .8779
60 . x ‘
61 72 L0175 © 7488 72 .0356 .7488
73 ' .0714 ,6423
76 .0208 4778’
“ o 77 .0491 .6246
. FDC .0103 ;
62 s . ' N
63 65, .0164 .5472 57 .0327 .8633
96 \0p95 .5628 . 68 ©.1038 .8065
‘ 69 . .0720, .5687
72 .0275 .4629
73. .0314 .5312
.79. .0224 ©.4404
¥ 80 . .1008 .5665
81 .0152 .9278
82 * .0147 .5721
97 - .0398 .7879
' FDC .0132 :
64 | . 72 . .0605 .5392
80 12928 .6862 .
81 '..0237 ',7254 .
82 -+.0095®  so8s
. ' - 97 .0532 .5763 |
. 65 69 .0095 7946 59 .0143 .7840.
‘ . 63 .0180 .5472:
69 .0211 .7946
, 73 .0184 .8016
| L b 79 , » 10182 . .7314
. A T IR NN .0229 .5872
Sk L epe 0154 . -
‘ T s FDC . ‘
66 61 0144 47378 00725 ,0295 .6279
69,0241 SSILHT s S Jos26 L L5782,
<72 L0976 "7 6279 . WA . e
73 L0271 ° .5782
81 - .0130 .4960
1 67‘ . . . . = » ‘ * .
68 63. - .1767 .8065 72" . .0093 .4097
‘ 69 . ,0237 .4941 73 .0135 4690
- 72 L0313} 4097 ; - FDC .0181 ,
86 .0249 .6504." : ‘
97 = " ,0135 .5869 ' . :
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>

| Backward linkagos ’ Forward Linkages
[QIC-L 10IC-L Linkage Correlation 10IC-~1. Linkage Correlation
Numbor ‘Numbor  Size Coefficient Number Size Coofficient

69 v 59 4899 ~.5980 12 0127 .5281
63, .0384 .5687 17 .1060 .6340
72 0 .0242 A969 26 .0159 4033
_ < 72 .0142 4969
: , ‘ 73. .0256 .9025
. o . ’ 79 .0211 .6401
= ‘ 80 . .0102 .A709
o 81 . .0160 .7035
96 .0187 4525
97 . 0236 6736
S o FDC .. .,0683 )
70 . 59 .4174 . .8891 . 33, .08%6 .6339 .
© 69 .0108 - .7813 .73 0111 //.9088
. .~ ., FDC , = .0247 ",
71 51 . .0093 .6083 s2° ' ,0123 © .5629 .
.69 .0241 - -'5843 53* . 0123 - 1 ec6120.- O
- .70 .Q110 , 5343 73 .0108 .6078
72 . .0736 7641 | 76 .0126 .6838
73 0187 - -.6078 FDC 1508 .
87 . .0103 4222 '
.97 .0169 . .5071 : .
72 61 - .0185 .7488 69 .0134 .4969 ° .
© 063 .71 7, . .4629 . - 71 - 0100 7641 °
64 ' 1.0406 . ° ",5392 C 73 ©.0628 ‘45481
66 0112 .6279 77 20281 . .5898
, 69 - ..0314 .4969 y  FDC . .0301 S
.73 . .0148. . - .5481 . )
+ V80 ° -.0094.  .6343 RN e
81 . ".0113 - ,5848 - L .
L 97:  -0107 " .6520 o L
73, © 59 T .1471 - -.7325 " FDC 0396 ! '
oo 61" 1.0269 .. .6423 LI
63 .0141 5312, . .
66 . .0145 .5782 - o o
69 ,0412 .9025 T '
70 . .0Q98 ., .9088 . v :
72 m " .5481) s L
79 . v 8590 . - A oo .
' 80 . .0206 . .4700°° : Lt e

. 81  .0368 ' .68%"
- 97  ..0156 - .5785



174

) \ - !
-
' APPENDIX 4--Continued | | o
D )
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Backward Linkages R Forward Linkages,
101C-L 101C~1, Linkage Correlation I0IC,L Linkage Correlation
Number Number Size " Coefficlent Number Size Coefficient
. !
74 S8 -,0232 1370 FDC .0642
64 . 0169 . 5770 ,
69 _ ,0165 .5562 : "
72 20192 [ .5191 ‘
73 . ,0128 .4653
) 81 " 10412 .,8060
. 97 .0094 " .8385.
7S 80  .0459 .5566° FDC . .0214 . .
76 77 .3860 /  .,9655 FDC - .6361 -
77 261 . .0298 .6246 76 .. . .4664 ©,9655
72 .0613 .5898 FDC .0939
, 76 .0148~ 1.9655 ‘ .
78 o ! FDC L0659, .
79 34 .010S .4015 73 .0106 ' ,8590
56- .0300 “ . .5397 81 .0125 .5083
59 1315 .8779 ~ FDC .5925
63 - .0176 .4404. e
69 .0596 . .4289 - ‘
.70  .0124 .6401
73, .0363 . 8590 o
.- 8 .0626 ..5083 , o \
. 80° 34 .0169 L7713 73 .0111 .4700
© .63 .0594 /5665 75 ".0128 - ,5566
‘ , 64 .1868 6862 81 | .0238 6219
69 .0216 . . .4709 82 .0828 .7533
72 .0100 .6343 ~ FDC’ .0298 ‘
T 3 .0388 - ;6219 ‘ .
82,  .0146 7533 ’ S .
91 .0263 .4341 . o o
YA .0140 .6024 - . .
81 63 - .0182 9278 73 .0407| " .6832
64 .0307 .7254 . 74 o011 .8060
~69 ,0684 - ,7035- 79,  .0394 .5083
72 - .0303 . .5848 80 - 0327,  .6219,
73 ",0119 . .6832 82 . .0320 7533
.79 .0365 .5083 FOC |, .0260
© 80 .1182 . .6219 | b »
. 82 . .0178 '+ 7533 | . TR
> 85 . L0113 - .4436" )
.97 . -.0141 . .8402 ' -
82 - 34~ .0267 ¢ 7994 | FOC ¢+~ .3915
. 527 . ,0409 .8629 ot -
- 856 - ..0182 4726 - - . :
. 63 .0109. . .5721 © ., o \2
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. ﬂéckward Linkages Forward Linkages ’
10IC-L . 10IC-L Linkage Correlation I0IC~L Linkage ‘Correlation

Number Number  Size ’Coefficiqu: Number Size Coefficient

80 .2533 8421 . Ty
: 81 - ,0476: .7533 ’ \
91 - .,0173 .4929 ‘
97 0175 ,7218
83 88,0412 -7191
84 -
85 81 | .,0178 4436 59 .0742 7722
C 0 V87 L L0127 .7005 . 81 .0125 4436
\ S , ! FDC .1334
86 - 96 ,0873  .5762 .+~ 17 0480 .8647
~ : , 68 .0141 .6504
( 92 .0353 + 4175
‘ 94 .0102 . .8581
ds .0210, .4210
: ‘ " FDC .1197 |
87 .S6 . ,0277 .4123 " FDC L0385 )
70 .0116 .7330 -
9% / .0282  .5072
88 - - FDC .3750
89 ' ‘ FDC .0861
90 = ‘ ' FDCa = .0201 ‘
91 40  .0275  .6136 12 .0137 7467
96 . .3060 .5245 - 33 .0093 4800
S " .t 40 .0169 6136
N . 80 ° .0426 _  .4341
~ S 82 .0223 §  ,4929
.96 .0364 - - '.524S
- FbCc © .0222 . . .
92 §7. ,.0137  .4703 . FDC = .4341 .
86, .0477 4175 : .
¢ 97 .0320 .6307 - R
) 93 % | 97 0145 .. 5355
. - ~ FDC .0731
.94 25 ..0694 .98 ~ FDC .5606
- . 56 .0883 .4257 :
- YA .0117 - .8354 -
A 69" .0157 7197 ..
" 86-« .0125 .8581 N
96 . - .1616 .  .5854 ° , :
97 .0336 . .5420 . '

%705 56 . .0844 ..4468 . FDC. .7903
o 57 ..0141 Y. .7215 ., . . v
e 69 .0393" .4827

:é; 86 . "~.0605  .4210 ..

97 .0822 . .7941

. .
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Backwax’jd Linké‘g/cz/s o - €orward Linkages
©I0IC-L I0IC~-L Linkage Correlation JI0IC-L Linkagé Correlation - ‘
Number Number Size  Coeffitdent Number  Size Coefficient:
. o - R B i
96 69 .0283 L4525 '91- " 0231 5245
91 . 0161 .5245 94 .0228 .5854 '
FDC .0665 |
97 51 .0166 " .4409 : FDC .3194
56 ,0253 *. 4600 : : \
63’ .0166 .7879 o
64 .0241 ~ .5763 '
‘ 69 .0382 . 6736 .
“ ]
LY} . ‘{
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L APPENDIX 5

PARTIAL. LIST ' OF IRON-.'AND.STEEL-USING
PRODUCTION SEQUBNCBS

159 % 69 +79 481+ 80 + 81 +

59 -+ 60
59 +60
59 » 60
59 + 60
59 + 60
‘59 + 60
59 + 60

~n

>y2m69 ...

> 66%+ 73 >

> 2% 73+ FD

+ 66*+ 72%»
|

> 66%> 72%»
R ,

FD

-~

73 + FD

+ 72*+ 71*» 73 + FD
71%+.73 + FD i{ et

(A

+ 66%> 72%+ 69 ....

59 » 61*+ 73 » FD

L]

Vo

59+ 61%+ 72%> 69 ...

U234+ 59 61% 724 73 > FD .

177 -

80 + 82 + FD

i
!

.1, 4Px 59%x 69%+ 17 » FDC |
2, 4+ 59%» 69*+[73)» FD '
3. 4 > 59% 694+ Tdr+ 73 > FD
y 4. 4 > 59*» 69*+ 79%» 81%+ 82 - FD-
‘. {& 5. 4 59%% 69% 79% 81*+ 73 + FD |
U 6. 4 59% 69%4 79%> 81+ 80*» 82 - FD
7. 4+ 59%» 69%+ 79%> 81*» 79*> 73 + FD
8. '4 » 59%» 69*+ 79*» 81*» 80*» 73 + FD K
9. 4 + 59%» 69%4 79% 81%> 79%» 81 ... Lo
10, . 4 » 59+ 69%+ 79%» 1%+ 80*+ 81% 73%+ FD !
4‘11_ 4+ 59% 69*17\‘ 79*—;;.';;‘4f$ '?3‘0*&“8”1?:4 80*+ 81 + FD. }'
12, 4~

*y
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APPENDIX 5~—C§ntinued

23. 4+ 59 » 61%% 72%» 71%+'73 » FD

]

% For industry titiésm5eé‘Appendix 2.
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