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In traduction 

The objective of this paper is to classify Canadian cens us divisions 
according to the distribution of manufacturing employment by 
industry. The study is motivated by the real theory of interna
tional trade. This theory assumes that each region has an identifi
able border. Within the border the cost of transportation is lower 
between any two points than it is from a point within the region 
to any point outside. Exports and imports are needed to provide 
the margin of difference between the region's production and 
consumption of particular goods. Consumption is assumed to be 
similar among regions, while production may differ substantially. 
Since trade is the difference between what is produced and what 
is consumed, the specialization of each region determines its trade 
with the rest of the world l When production exceeds con
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'An anonymous referee has suggested that "functional homogeneity" replace 
"specialization", on the grounds that in our analysis census divisions are 
grouped according to the extent of "functional similarity" across industries. 
While this wou Id provide an accurate description of our empirical approach, 
we prefer "specialization" because it permits us to stress the interpretation 
of our findings in terms of concepts derived from the pure theory of inter
national trade. 
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sumption, the excess is exported; when consumption exceeds 
production, goods are imported. 

For the purposes of this theory it is sometimes possible to con
sider the nation as a single region. In the case of Canada, how
ever, this would not be appropria te. Because of its size and its 
proximity to the United States, the cost of shipping between 
points within Canada is often greater than the cost of shipping 
abroad. Canada should be regarded as comprising a system of 
regions consisting of continguous census divisions. The determi
nation of how census divisions themselves are specialized is the 
first step towards defining and understanding the regions. To 
anticipate our results, we note that the census divisions can be 
classified into eleven clusters, four of which appear to define the 
centres of manufacturing activity in Canada. 

Methodology 

In Ricardian and Heckscher-Ohlin trade theory, the indus trial 
specialization of a region or nation is described by the relative 
(rather than absolute) sizes of its industries. If there are two 
industries each producing a single (but different) commodity, spe
cialization can be defined in terms of the ratio of the output of 
the two commodities. A region would be specialized in commodity 
1 if the ratio of commodity 1 output to commodity 2 output were 
greater in that region than in the rest of the world. When there 
are more than two industries, the definition is more complex (see 
equation 1 below) but its essence remains the same. A region is 
specialized in commodity 1 if, compared to other regions, com
modity 1 output is large relative to the output of other commodi
ties. In the present study the data base is extensively disaggre
gated over many industries and geographic areas. Specifically, 
there are 110 manufacturing industries and 260 census districts. 
Since, in principle, each division could specialize in a single indus
try or in any subset of the 110, it is clear that the total number of 
possible specializations is exceedingly large. 

The data derive from a special tabulation of the 1971 Canadian 
Census. 2 They can be arranged in the form of a 110 by 260 
matrix X. Each element xii represents the number of persons 
employed in industry i and division j (where the division denotes 

'Socioeconomic data sets have been extensively studied by oconomic geo
graphers but their objectives differ from ours. Ray's analysis [4], for exam
pie, combines a large number of socioeconomic variables for Canadian cen
sus divisions (or cities) into a data matrix to which factor analysis is applied. 
Census divisions (or cities) form the observations. For instance, c1usters are 
formed through factor analysis of a set of variables which includes the 
percentage of the population (in a census division or a city) speaking Eng

place of residence).3 For division r and division s the similarity in 
their industrial structures is measured by the cosine of the angle 
between their employment vectors: 4 

cos ers = 2: YirYis where (1) 
1 

(i =1, ... , 110) (2)Yii=Xii/P 

The elements Yij form a 110 x 260 matrix Y. The measure given 
by equation (I) is illustrated below for the case of two industries 
and two divisions. Point r indicates that division r is larger in the 
sense that it has more employment in both industry i and indus
try j than division s. However, the measure of similarity is inde
pendent of absolute size. If cos ers = 1, division r is identical to 
division s in the sense that the ratio of employment in industry i 
to industry j is the same in both. Since rand s must be in the 
positive orthant, ninety degrees is the maximum for ers, in which 
case cos ers = O. For the measure of similarity to be zero, division r 
and division s cannot both employ workers in the same industry. 
Of course, cos e is merely the correlation coefficient with the 

lish, the percentage in various age groups, and so forth [4:6J. ln our study 
the cens"s divisions are the variables, and they are grouped together if they 
have similar allocations of employment over the set of industries. 

Civen that our goal is to obtain a classification which groups together 
divisions with similar industrial specialization, the observations must exc/usively 
consist of employment or output by industry. Furthermore, conventional 
factor analysis is based on the simple correlation matrix. What is needed for 
our purposes is a measure of the "similarity" of regions in terms of their 
industrial aCtivity, and the simple correlation coefficient is not suitable 
because a negative association is not meaningfuL Consequently, we have 
employed the cosine as our measure (see note 5 below, and Joreskog, Klo
van and Reyment [2:88-901. 

JOutput data are not available at the census division leveL 

'Jt is an easily verified property of the cosine measure that the same cosine 
value is obtained regardless of whether (a), (b) or (c) below is followed: 

(a) the original data are untransfonned and 

~ Xir X l 8 

cose,,: ~ ~
 

V 2: , x~ V 2:, x~
 

(b) the data are initially transfonned according to y;j: x;;l2: X'J and 

~ y~ Yi~ 

cos e" : 
,Ji;i, ~V t Yi,· 

(c) the data are initially transformed according to equation (2) and cos e" is 
given by equation (1). 
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observations measured as deviations From the ongm, but its 
properties, as a measure of similarity, are quite different from 
those of the conventional correlation coefficient. Examples are 
easily constructed where two divisions have very similar alloca
tions of employment over industries, yet where the correlation 
coefficient is zero or even negative. 5 

industry i 

industry j 

Figure 1 

If the proportions of employment by industry are nearly the 
sa me for two or more divisions, the column elements of the 
matrix Y corresponding to these divisions will be nearly the sa me 
and we can expect to replace the matrix Y with a new matrix Yof 
lower rank which, element by element, will differ From Y by the 
amounts indicated by a matrix E. Thus 

y =y + E. (3) 

It is desired to find the matrix Y such that tr E'E is a minimum. 
The solution for this problem is weil known [61, and for the case 

'For example, if in division s the distribution of employment over four 
industries (in percent ages) is given by 28, 26, 25, and 21 if the.correspond
ing vaJues for division tare 21, 25, 26, and 28, the cosine is +0.98 while the 
correlation coefficient is -0.92. The proportionate distribution of employ
ment over the four industries is nearly the same in both divisions. The 
cosine correctly measures this because it is nearly equal to positive unit y 
while the correlation coefficient ;s negative, incorrectly suggesting dissimilar
ity. 

of N industries and p divisions it leads to an N x k orthonormal 
matrix F of rank k (k < p) and a p x k matrix A of rank k such 
that 

y =FA' + E (4) 

where 

y =FA'. (5) 

The columns of F are factors, and these form the basis for 
classification of divisions.blt is useful to note that 

A' =F'Y =F'Y, (6) 

where the first equality follows From the assumption that F is 
orthonormal and the second From the pairwise orthogonality 
between the columns of F and those of E. The elements of each 
column of A are factor loadings; afr denotes the loading of 
employment in division r upon the fth column of F. Division r is \ 
classified in group f if the loading of employment in division r 
upon factor f is greater than that of employment in division r 
upon any other factor and if (as an abribtary criterion) afr > .5. 
Division r is considered unclassified if it has a loading less than .5 
upon any factor. 

The number of classes (k) is Iimited by the obvious considera
tion that the continued formation of addition al factors will even
tually generate a class containing only one member. Such a Iimit 
was reached with k =12; that is, the twelfth class contained only 
one census division. 

It is a well-known proposition in multivariate analysis that the 
matrices F and A are not unique. If H isan orthornormal matrix, 
then Y can be expressed as 

y =F*A*' 

where F* = FH and A *, = H'A'. The choice of F* and A * is usually 
decided on the basis of simplicity. Because we wished to minimize 
ambiguity concerning the proper classification of a census divi
sion, it was desirable that the air (the factor loadings) should ail be 
either very large or very smal!. In order to achieve a "simple 
structure" the matrix A was rotated by the varimax method to 
form a new matrix A *. The resulting F* is still orthornormal and 
therefore has the desirable property that it provides classifications 
(the factors) which are themselves completely dissimilar in the 
sense that cos 8 =o. 

6In the present context it might be more precise to refer to these variables 
as principal components. but "factor" is a more convenient term. It permits, 
for example, use of the conventional term "factor loading". 
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Empirical Analysis 

Table 1 displays the classification obtained for 260 census div
isions and 110 manufacturing industries. Division No. 14, Alberta, 
is assigned to the first class because the factor loading (.927) is 
greater than the loading for Division 14, Alberta, with any other 
factor. Similar data are presented for the other classes. It should 
be noted that the twelfth factor actually constitutes a residual 
class consisting of a single member (Division No. 3, Alberta). In 
Table 1, however, we have included this division with ail those 
which are unclassified (i.e., cases where afr is less than .5 with 
respect to each factor), to form a twelfth category. There are 43 
unclassified divisions (including the single member of the twelfth 
class) constituting 16.5 percent of the total. 

For our eleven classes there is remarkably little ambiguity of 
classification. A tabulation was made of the factor loadings of 
each of the 217 classified census divisions on a factor a/11er than 
the one to w.hich the division was assigned (including loadings on 
the twelfth factor). The results are displayed in Table 2. It is seen 
that 80 percent of such loadings are less than .100 in absolute 
value, and only about 1 percent exceed .500 in absolute value. 

An industrial profile was constructed for each of the factors by 
aggregating employment in each industry over ail divisions that 
are members of the same class and expressing the results in per
centage form. These profites are displayed in Table 3. Their inter
pretation is straightforward. For instance, 0.1 percent of employ
ment in Class One is in fruit and vegetable processing (Standard 
Industrial Class 103). 

The industrial profiles of Table 3 suggest that the eleven 
classes of census division can be distinguished by the extent of 
variation in the percentages of employment. For instance, as the 
last row of Table 3 shows, the standard deviations of Classes 
One, Two, Four, Six, Eight, Ten and Eleven are appreciably larger 
than those for the remaining four classes and are dominated by a 
single industry. The standard deviations for Classes Three, Seven 
and Nine are ail approximately 1.5. Divisions in these classes have 
employment which is spread comparatively evenly over the set of 
industries. These classes are for the most part made up of contig
uous clusters of census divisions and, consequently, they form 
regional concentrations of manufacturing activity. Class Five has 
the smallest dispersion (the standard deviation is 1.0). It consists 
of the high density divisions of Toronto, Montreal and Halifax 
(but not Greater Vancouver). These and other aspects of the pro
fites shown in Table 3 are discussed in greater detail below. 

Table l 

CLASSmCATION Of CENSUS DIVISIONS 

Division Province C1ass Cosine 

PoweU River 
Kenora 
Division No. 6 
Sunshine Coast 
Division No. 5 
Thunder Bay 
Division No. 19 
Charlevoix-Est 
Rainy River 
Mount Waddington 
Hull 
Cochrane 
Restigouche 
Portneuf 
Montmorency No. l 
Papineau 
Champlain 
Ocean Falls 
Division No. 14 
Queens 
Madawaska 
North umberla nd 
Gatineau 
Pontiac 
Comox - Strathcona 
Bonaventure 
Nanaimo 
Prescott 
Inverness 
York 
Stormont 
Saguenay 
St.-Maurice 
Temiscamingue 
Nipissing 
Skeena A 
Richmond 
Division No. 15 
Rivière-du-Loup 
Compton 
Saint John 
Joliette 
Columbia - Shuswap 
Bulkley - Nechako 
Temiscouata 
Division No. 15 
Haliburton 
Thompson - Nicola 
Cariboo 

Be l .997 
Ont. l .997 
Nfld. l .997 
Be l .993 
Nfld. l .988 
Ont. l .987 
Man. l .986 
Que. l .986 
Ont. l .986 
B.e l .985 
Que. l .981 
Ont. l .978 
N.B. l .976 
Que. l .971 
Que. l .959 
Que. l .959 
Que. l .938 
Be l .936 
Alta. l .927 
N.S l .917 
N.B. l .917 
N.B. l .915 
Que. l .906 
Que. l .869 
B.e l .867 
Que. l .859 
BC l .850 
Ont. l .849 
N.5. l .844 
N.B l .822 
Ont. l .800 
Que. l .793 
Que. l .779 
Que. l .763 
Ont. l .749 
Be l .734 
Que. l .727 
Sask. l .702 
Que. l .684 
Que. l .598 
N.B. l .598 
Que. l .597 
B.e 2 .992 
B.e 2 .989 
Que. 2 .981 
Alta. 2 .976 
Ont. 2 .974 
Be 2 .973 
B.e 2 .971 



5958 

Table 1 (cont.) 
Table 1 (cont.) 

Division Province Class Cosine 
Division Province Class Cosine 

Division No. 11 5ask. 3 .743 
Gaspé-Ouest Que. 2 .959 

.727Division No. 9 5ask. 3
Division No. 14 Man. 2 956 

Division No. 5 Alta. 3 .725 
Dewdney - Alouette Be. 2 .951 

Division No. 6 Alta. 3 .707 
Matapedia Que. 2 .945 

Queens P.E.! 3 .702 
Division No. 13 Alta. 2 .934 

Division No. 6 5ask. 3 .668
Division No. 12 Alta. 2 .921 

Division No. 10 Man. 3 .664 
Central Kootenay Be. 2 .921 

Division No. 8 Man. 3 .661 
East Kootenay Be. 2 .915 1 

Division No. 4 Alta. 3 .6582 .912Peace River - Liard Be. 1 Russell Ont. 3 .6451North Okanagan Be. 2 905 
Division No. 11 Man. 3 .634 

Abitibi Que 2 .895 
1 Division No. 11 Alta. 3 .631 

Queens NB. 2 .891 
Division No. 3 5ask. 3 .605 

Victoria NB 2 .870 
Division No. 13 Man. 3 .591 

L'isiet Que. 2 .865 1 Division No. 2 Alta. 3 .581 
Cowichan Valley Be. 2 .864 

Division No. 10 Alta. 3 .580 
Division No. 15 Man. 2 .863 1 

Antigonish N.5 3 .576 
Fraser - Fort George Be. 2 849 

Division No. 4 5ask. 3 .570 
Yukon Yukon 2 .848 1 

Division No. 10 Sask. 3 .565
2 .835Lac-St.-Jean-Ouest Que. 

Division No. 7 Sask. 3 .508
2 .826Labelle Que. 

Guysborough N5 4 .997 
Alberni - Clayoquat Be. 2 .822 

Division No. 3 Nfld. 4 .997 
Squamish - Lillooet Be. 2 803 

Division No. 2 Nfld. 4. .997
Be. 2 .768Capital I1es-de-la-Madeleine Que. 4 .997 

Matane Que. 2 .762 
5helburne N5 4 .997 

Central Fraser Valley Be. 2 .756 
Kings PEI. 4 .992 

Division No. 14 Sask. 2 .748 
Division No. 8 Nfld 4 .986 

Okanagan - 5imilkameen Be. 2 .742 
Division No. 9 Nfld. 4 .985 

Central Okanagan Be. 2 .700 
Kent NB 4 .982

2 .700Renfrew Ont. 
Division No. 7 Nfld. 4 .974

2 .696Greater Vancouver Be. 
Charlotte NB. 4 .973.691Hants N.S 2 
Digby N5 4 .964 

Rimouski Que. 2 .676 
Lunenburg N5 4 .944 

Montmagny Que. 2 .602 
Division No. 1 Nfld 4 .937 

Timiskaming Ont. 2 597 
Victoria N.S. 4 .927 

Division No. 16 Sask. 2 592 
Richmond NS 4 .923 

Mackenzie N.W-T 2 .579 
Prince P.EI. 4 .908

2 .559Muskoka Ont. 
Gloucester N.B 4 870 

Cumberland N5 2 530 
Yarmouth N5 4 .840523Albert NB 2 
Gaspé-Est Que. 4 .774 

Cha r1evoix-Quest Que. 2 .519 1 

Westmorland N.B 4 .744 
Division No. 18 Man. 2 .518 

Division No. 4 Nfld 4 .706 
Division No. 7 Alta. 3 .906 

Chateauguay Que. 5 .800 
Division No. 5 Sask. 3 .842 

Vaudreuil Que. 5 .799 
Division No. 3 Man. 3 .830 

Laprairie Que. 5 .770 
Di vision No. 17 Man. 3 . .812 

Peel Ont. 5 .740
3 .803Division No. 12 5ask. 

Toronto Ont. 5 .714799Division No. 8 Alta. 3 1 
York Ont. 5 .712781Division No. 8 Sask 3 
Hastings Ont 5 .710.757Division No. 1 Sask 3 
Leeds Ont. 5 .698

Division No. 13 Sask 3 .745 
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Table 1 (cont.) 

Division 

Simcoe 
I1e-de-Montréal 
Chambly 
Ottawa - Carleton 
Grenville 
Halifax 
Soulanges 
Durham 
Ontario 
Essex 
Kent 
Elgin 
Niagara 
Halton 
Terrebonne 
Perth 
Deux-Mon tagnes 
Huron 
Middlesex 
Victoria 
Oxford 
Parry Sound 
Arthabaska 
Berthier 
Wolfe 
St.-Hyacinthe 
Nicolet 
Frontenac 
Montcalm 
Lotbiniere 
Division No. 1 
Division No. 20 
Keewatin 
Beauce 
Sudbury 
Kootenay Boundary 
Chicoutimi 
Kitimat - Stikine 
Division No. 16 
Division No. 18 
Lac-St-Jean-Est 
Frontenac 
Drummond 
Lennox and Addington 
Missisquoi 
Maskinonge 
Brome 
Lanark 
Huntingdon 
Shefford 
lberville 

Province 

Ont. 
Que. 
Que. 
Ont 
Ont. 
NS. 
Que. 
Ont. 
Ont. 
Ont. 
Ont. 
Ont. 
Ont 
Ont. 
Que. 
Ont 
Que. 
Ont. 
Ont. 
Ont. 
Ont. 
Ont 
Que. 
Que. 
Que. 
Que. 
Que. 
Que. 
Que. 
Que. 
Man. 
Man. 
N.WT 
Que. 
Ont. 
BC 
Que. 
B.C
 
Man.
 
Sask.
 
Que.
 
Ont
 
Que
 
Ont
 
Que.
 
Que.
 
Que.
 
Ont
 
Que.
 
Que.
 
Que.
 

Class Cosine 

5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 

• 

.664 

.664 

.650 

.600 

.549 

.508 

.505 

.967 

.963 

.947 

.927 

.921 

.852 

.842 

.803 

.783 

.762 

.676 

.664 

.611 

.590 

.590 

.836 

.778 

.757 

.709 

.697 

.695 
648 

.579 

.574 
552 

.526 
502 
.979 
.966 
.934 
.929 
926 

.877 

.752 

.654 
881 

.777 

.763 

.704 

.594 

.589 

.586 

.571 
535 

Table 1 (cont.) 

Division Province Class Cosine 

Sherbrooke Que. 9 .535 
St-Jean Que. 9 524 
Carleton N.B . 10 .919 
Fraser - Cheam B.C 10 .871 
Division No. 6 Man. 10 .869 
Prince Edward Ont. la 748 
Division No. 7 Man . la .736 
Napierville Que. la .667 
Kings N5 la .632 
Norfolk Ont la .516 
Aigama Ont 11 .930 
Wentworth Ont 11 915 
Division No. 5 Man. 11 913 
Cape Breton N5 11 .871 
Haldimand Ont. 11 .736 
Vercheres Que. 11 .708 
Richelieu Que. 11 .635 
Division No. 3 Alta. 12 .504 

Table 2 

DISTRIBUTION OF "MINOR" LOADINGS
 
BY MAGNITUDE'
 

Class Frequency Relative Frequency 
(absolute values) (percentage) 

< .100 1900 79.6 
.100 -200 256 10.7 
.200 -300 113 4.7 
.300  .400 67 28 
.400  .500 30 1.3 
.500  .600 17 07 
.600  .700 4 0.2 

Total 2387 100.0 

• "Minor" loading means the loading of a census division on any factor (including 
the twelfth) enepl for the factor ta which the division was assigned (i.e., except 
for the factor with which the division has the largest loading). The above 
compilation is based upon aggregating a frequency count combining factors l 
ta 11. 



Table 3
 

INDUSTRIAL PROFILES FOR ELEVEN CLASSES OF CENSUS DIVISIONS
 

S.I.e. Industry Percentage Distribution of Employment over Industries 
2 3 4 5 6 7 8 9 la 11 

101 Meat and poultry products 1.2 2.0 10.8 1.3 1.7 .9 6.1 .8 1.0 42 1.5 
102 Fish products 1.8 1.3 A 52.2 .1 .2 .1 A .0 .3 1.2 
103 Fruit and vegetable processing .1 1.0 .6 9 .5 2.1 A .1 .9 23.7 1.1 
104 Dairy products 2.2 21 5.8 2.0 I.I 1.2 23 1.9 3.0 5.1 1.0 
105 Flour. breakfast cereal products A .2 I.I .1 .3 .7 1.1 .1 A .0 .1 
106 Feed .3 .7 1.7 .7 .2 .7 1.0 .1 .4 204 .1 
107 Bakery products 2.2 2.9 4.7 3.4 2.6 1.6 3.4 2.6 1.3 4.0 1.7 
108 Mise. food industries 1.1 1.5 2.0 1.4 3.0 .8 2.1 A 2.1 29 .8 
109 Beverages 1.9 2.1 3.5 1.9 2.0 1.9 2.4 1.3 1.3 lA .8 
151 Leaf tobacco processors .0 .0 .0 .0 .0 .2 .0 .0 .0 1.1 .0 
153 Tobacco prod ucts 1 .1 .2 .1 .9 .2 .2 .0 .3 .5 1 
162 Rubber products .8 .2 .9 .3 1.3 1.8 .5 .1 3.1 .5 1.8 
165 Plastics fabricating 3 .5 .7 .1 1.6 1.3 1.0 .1 2.2 3 .3 
172 Leather tanneries .1 .0 .1 .0 .2 .3 .3 .3 .0 .0 .0 
174 Shoe facto ries I.I .1 .1 .0 1.3 .6 1.0 .2 1.2 .7 .7 
175 Leather glove factories .3 .0 .1 .0 .0 .0 .3 .0 .0 .8 .0 
179 Luggage, handbag, smailleather goods .2 .1 .1 .1 .6 .2 .1 .0 .1 a .0 
181 Cotton yarn and cloth mills lA .1 .0 1.2 3 .5 .3 .0 3.8 .2 1.1 
182 Wool yarn and cloth mills A .3 a .2 .1 .2 .7 .1 2.7 .3 A 
183 Man-made fibre, yarn, cloth mills 1.2 A .3 .1 .5 A .5 4.5 14.0 1.3 .1 
184 Cordage and twine 0.0 .1 .1 .0 .0 .0 .0 .0 .0 .1 .1 
185 Felt and fibre processing mills .1 .0 .0 .0 .1 .0 .1 .0 .3 .0 .0 
186 Carpet, mat, and rug industry .1 .1 a .0 .2 .2 .1 .0 1.4 .1 .5 
187 Canvas products, cotton and jute bags .1 .3 .4 .1 .2 .1 .3 .0 .1 .0 .2 
188 Automobile fa bric accessories .0 .0 .0 .0 .1 .8 .1 .0 .0 .0 .5 
189 Mise. textiles .6 .3 .4 .0 1.6 .5 1.0 .1 4.2 .2 .4 

231 Hosiery mills .1 .1 .0 .0 .5 .3 .4 .0 1.2 .0 .2 

239 Knitting mills (except hosiery) .2 A .2 .1 1.0 .5 1.0 .0 .6 .3 .2 

243 Men's clothing 1.7 1.0 2.1 .2 29 .3 10.5 1 2.5 1.3 1.2 

244 Women's clothing 8 .7 6 .1 4.5 .5 5.0 .2 2.9 .9 .3 

245 Chûdren's clothing .3 .0 .0 .0 .8 .1 .5 .0 .3 .0 .4 
246 Fur Goods .0 .0 .0 .0 .4 .0 .3 a .0 .0 .0 

248 Foundation garments .1 .2 .0 .0 .3 .0 .3 .0 .2 .0 .0 

249 Mise. clothing .1 .1 .0 .0 .4 .1 .3 .0 .3 .1 .1 

251 Sawmills, planing, shingle mills 6.6 25.6 .7 3.7 2 .4 1.6 6.9 1.1 3.7 .9 

252 veneer and plywood mills 1.4 5.8 .3 .1 .1 .1 .8 .0 .0 .0 .4 

254 Sash, door, and other millwork plants .6 1.7 2.1 1.7 .6 .6 2.1 A .5 .8 .2 

256 Wooden box factories .1 .2 .1 .2 .1 .5 .4 .1 .1 1.3 .1 

258 Coffin and casket industry .1 .0 .1 .1 .0 .1 .5 .0 .1 .1 .0 

259 Mise. wood industries .7 1.1 .4 .9 .2 .2 .4 .6 .5 .5 .1 

261 Household furniture .6 1.6 1.6 A 1.7 1.2 4.6 .5 2.6 .8 3 

264 Office furniture .0 .2 .2 .0 .3 .2 .1 .0 .2 .0 .0 

266 Mise. furniture and fixtures .4 .6 .9 .3 .9 .3 .9 .3 .7 a .3 

268 Electric lamp and shade manufacturers .1 .1 .0 a .2 .0 .1 .0 a .0 .0 

271 Pulp and paper mills 42.3 6.2 .4 6.2 .9 1.9 .7 12.3 13 1.1 .9 

272 Asphalt roofing .1 .1 .1 .0 .1 .0 .1 .0 .0 .1 .0 

273 
274 

Paperboxes and bags 
Mise. paper converters 

.8 
1.0 

1.3 
.5 

1.1 
.2 

.3 

.1 
1.9 
lA 

1.3 
.6 

1.4 
.8 

.2 

.3 
.5 

1.1 
.2 

la 
1.0 

.6 

286 Commercial printing 1.1 2.1 32 .7 404 1.9 2.6 .9 3.2 .8 .8 

287 Platemaking, typesetting, trade bindery .1 .2 A .0 .7 .2 .3 .0 .1 .0 .2 

288 Publishing only .1 .3 .3 .1 .8 .2 .2 .1 1 2 .1 

289 Publishing and printing 2.0 4.1 6.1 2.2 2.8 1.8 3.2 1.9 1.2 3.5 1.5 

291 Iron and steel mills A 1.0 1.6 .7 1.1 3.6 .5 .5 .6 .1 38.6 

292 Steel pipe and tube mills .0 .1 1.9 .0 2 .8 .0 .0 .0 .2 .9 

294 Iron foundries .5 .6 .6 .3 .2 1.5 .6 .2 .9 .2 9 

295 Smelting, refining, aluminum rolling, ete. 3.2 .7 18 1.1 .9 1.3 .1 52.4 .6 .2 8 

297 Copper, copper alloy rolling, ete. .1 .2 .0 .0 4 .2 a .0 .0 .0 .1 



Table 3 (cont.) 

5.I.C. Industry Percentage Distribution of Employment over Industries 
1 2 3 4 5 6 7 8 9 10 11 

298 Metal roUing, casting, extruding 0 .2 1 .0 .3 .3 .2 .1 .1 .2 .5 

301 Boi[er a nd pla te works .2 .2 .4 .3 .2 .4 .1 .1 .7 .5 .2 

302 Fabricated structural metals .6 1.6 2.3 .5 1.0 .7 1.1 .7 .3 .3 .7 

303 Orna mental and architectural metals .3 .6 1.5 .2 1.0 .8 1.0 .2 .4 .5 .4 

304 Metal, stamping, processing, coating 3 1.1 1.6 .2 2.3 1.6 1.5 .1 1.1 5.3 2.1 

305 Wire and wire products .1 .7 .3 .1 .9 1.0 .2 .1 .5 .3 1.9 

306 Hardware, tool and cutlery .1 .7 .1 .0 1.1 1.7 .3 .2 1.2 .8 .8 

307 Heating equipment 0 .1 .2 .0 .s .3 .5 .0 .1 .4 .1 

308 Machine shops .8 1.5 3.0 .7 1.0 .7 1.1 .7 1.0 1.2 .7 

309 Mise. metal fabricating .5 .8 .8 .5 1.3 1.7 1.1 .3 .6 1.3 .6 

311 Agricultural implemeilts .1 .1 1.5 .1 .4 .7 1.9 .0 .2 2.4 1.7 

315 Misc. machinery and equipment 9 2.0 2.0 .8 3.2 3.9 1.7 .2 3.0 2.3 2.6 

316 Commercial refrigeration and air cond. .0 .0 .1 .0 .2 .2 .2 .0 .1 1 .1 

318 Office and store machinery .2 .3 .8 .3 1.7 .6 .3 .3 .7 1 .4 

321 Aircraft and aircraft parts .s .4 .8 .1 3.0 .8 2.7 .0 .6 .3 .2 

323 Motor vehicles and parts .2 1.3 .7 .3 2.4 28.2 1.0 .2 .3 .5 1.8 

324 Truck bodies and trailers .3 1.2 3.1 .1 .3 1.0 2.2 .0 .7 8 .2 

326 Railroad roHing stock .1 .0 .2 .0 .2 .3 4.6 .2 .0 .1 1.5 

327 Shipbuilding and repair 1.0 1.5 .0 2.2 .s .2 .2 0 .0 .3 1.8 

328 Boat building and repair .3 .7 .1 .9 .1 .3 .5 .0 .1 .5 .3 

329 Mise. vehicles .6 .1 .2 .0 .1 0 .6 .0 4.6 0 .0 

331 Sma!l electrical appliances .1 .2 .2 .1 .7 .4 .2 .1 .2 .8 .8 

332 Major appliances .1 .3 .1 1.1 .6 .6 .1 .0 .8 .1 1.3 

333 Lighting fixtures .2 .1 .1 .0 .s .2 .4 .0 .2 .0 .0 

334 Household radio and television sets .0 1 .1 .0 .7 .1 .1 .0 .1 .0 .0 

335 Communications equipmen t .5 1.2 .8 .2 5.0 1.9 .5 .3 .9 1.5 2.2 

336 Electrical industrial equipment 1 .4 .5 .1 1.4 1.2 .9 .1 1.1 .9 2.4 
338 Electrical wire a nd cable .2 .3 .2 .0 .6 .2 .2 .0 .9 1.5 .1 
339 Misc. electrical prod ucts .2 .3 .3 .0 1.0 .9 .7 .2 2.4 .2 .2 
351 Clay products .2 .4 .2 0 3 .4 .2 .4 .5 .2 .4 
352 Cement .5 .5 .s .2 .2 .3 3 .2 .0 1.5 .~ 

353 Stone products .1 .1 .2 .1 .1 .0 .1 .1 .0 .0 .1 
354 Concrete products .7 .7 1.7 .4 6 .6 .7 .5 .2 8 .4 
355 Ready-mix concrete .4 .8 1.3 .4 .3 .3 .4 .4 .1 .7 .2 
356 Glass and glass products .2 .7 .3 .6 1.1 1.1 .2 1 .2 .3 1.2 
357 Abrasives manufacturers .2 .0 .0 .0 .0 .7 .0 .2 .0 0 .3 
358 Lime manufacturers .1 .0 .0 .0 .0 .1 .1 .0 .0 .0 .0 
359 Mise. non-metaUic mineraI products .4 .5 .8 .0 .5 .5 .5 .1 0 .4 .7 
365 Petroleum refineries .4 .9 42 .5 1.4 .5 8 .1 .2 .3 .4 
369 Mise. petroleum and coal products .0 1 .1 0 .0 .0 .0 .0 .1 .0 1 
372 Mixed fertilizers .1 .1 8 .1 .1 2 .1 .1 .1 2.5 .1 
373 Plastics and synthetic resins .6 .1 .6 .0 .3 .2 .0 .0 .2 .3 .0 
374 Pharmaceuticals and medicines .1 .2 .4 .1 1.8 .s .3 .1 .4 .2 .1 
375 Paints and varnishes .1 5 2 .3 .8 .4 .4 .1 1 .0 .2 
376 Soap and cleaning compounds .0 .2 2 1 .5 .2 .2 .1 .0 .0 1.0 
377 Toilet preparations .0 .1 .2 .0 .7 .1 .1 0 1.0 .0 .1 
378 Indus trial chemicals 1.6 .6 2.0 1.9 1.0 1.5 2 1.4 .3 .3 1.7 
379 Mise. chemicals .4 .7 .8 .2 1.0 .7 .4 .3 .2 .3 1.0 
391 Scien tific, professional equipment .4 .7 1.4 .4 2.2 .7 1.0 .4 .9 .4 3 
392 )ewe!lery and silverware .1 .2 .1 .0 .7 .2 1 .1 .4 .2 .1 
393 Sporting goods and toys .1 .2 .1 .1 .9 .3 .5 .0 1.8 2 .1 
397 Signs and displays .1 .4 .8 .1 5 .1 .4 .1 .1 .1 .2 
399 Misc. manufacturing 1.0 .s 6 .2 1.8 1.0 1.1 1 2.8 .6 .6 

Standard deviation 4.1 2.6 1.5 5.0 1.0 27 1.4 5.2 1.6 2.4 37 
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It was pointed out above that membership in the groupings 
shown in Table 1 is insensitive to changes in the number of classi
fications formed through our analysis. Our experimentation en
tailed using 6, 8, or la factors as alternatives to extracting 12. 
With varimax exactly the same divisions cluster in Classes One, 
Two, Three, and Four whether 6, 8, la, or 12 classes are formed. 
Consequently, the content of the classes formed in Table 1 from 
the first four factors are very robust to changes in the number of 
rotated factors. The sixth class in Table 1 is unchanged in content 
but the divisions included in it always cluster on the fifth factor 
when fewer than 12 factors are extracted. Except for one division 
which becomes unclassified, divisions in the 7th class with 12 fac
tors cluster as the 7th class when there are la factors and typi
cally as members of the 6th class when there are 6 or 8 factors. In 
the case of divisions in the eighth class, it emerges that the same 
ones clustering when 12 factors are extracted continue to cluster 
on the eighth factor when either 8 or la factors are extracted. A 
majority of divisions that are members of the ninth class continue 
to cluster together when 6,8, or la factors are extracted. Ail but 
one member of Class Ten clusters on the tenth factor when only 
la are extracted. The divisions forming Class Eleven continue to 
cluster together whether 8 or la factors are used. Approximately 
90 percent of the divisions which were unclassified when twelve 
factors were used remain unclassified when 6, 8, or la factors are 
used. The upshot is that, with few exceptions, classifications are 
robust in varimax experiments based upon using alternative 
numbers of factors. The results obtained From oblique rotation 
with 12 factors are virtually the same as those obtained from 
orthogonal rotation with the same number of factors? 

Industrial Specialization and Location of Divisions 

It was noted that employment in seven of the eleven classes is 
dominated by a single industry. In ail but two, employment can be 
explained as location near resources. The profiles in Table 3 indi
ca te that Class One is dominated by pulp and paper mills; Class 
Two, by sawmills, planing and shingle mills; Class Four, by fish 

71n some instances the following type of phenomenon was observed: a set of 
divisions assigned to Class Five with varimax will be assigned to Class Six 
with oblique rotation. The conspicuous difference in results, ~owever, lies 
in the third factor: many divisions which cluster in Class Three with 
varimax form a new cluster (in which ail but one are prairie divisions) with 
oblique rotation. Despite this, the results were very similar to those 
obtained with varimax, and provide little rationale for giving up the conven
ience of decomposition of sums of squares which is provided by orthogonal 
rotation. 

products; Class Six by motor vehicles; Class Eight, by smelting; 
Class Ten, by fruit and vegetable processing; Class Eleven, by 
iron and steel milling. 

The geographicallocations of the classified divisions are shown 
in Figures 2-12. Divisions in Classes One and Two are located in 
the forested regions of Canada. Class One includes divisions 
located in central Newfoundland, southeastern Nova Scotia, west
ern Cape Breton Island, central and northwestern New Bruns
wick, and the southeastern Gaspé. It also includes much of north
ern Quebec From James Bay to the Gulf of St. Lawrence, divisions 
extending northwest From the St. Lawrence, and two divisions 
From the Eastern Townships. Much of northern Ontario is found 
in this class as weil as a Manitoba division adjacent to Ontario, a 
division in northern Saskatchewan, one in northern Alberta, and 
divisions in western British Columbia. 

CENSUS DIVISIONS 
CLASS '1' 

Figure 2 

The second class includes several divisions from Nova Scotia 
and New Brunswick, the western part of the Gaspé, divisions in 
northern Quebec, and in central and northeastern Ontario. Sev
eral divisions From northern areas of Manitoba, Saskatchewan 
and Alberta are included, along with most of British Columbia 
and divisions from the northern Territories. 

Our findings concerning Classes One and Two are consistent 
with the results of Marshall's analysis [3J of 1961 Census labour 
force data for 28 industries and 108 cities. Marshall determined 
that "the northern portions of [Ontario and Quebec] closely 
resemble each other" in terms of allocation of the labour force 
over industries [3:48J. 
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CENSUS DIVISIONS 
CLASS'2' 

Figure 3 

The fourth class (which is dominated by employment is the 
fish products industries) is made up entirely of divisions from the 
Maritimes along with one from the Gaspé. The eighth class, 
which is dominated by metal smelting and refining, includes two 
Ontario divisions centred upon Kingston and Sudbury, the nor
thernmost division of Manitoba and its counterpart from Saskat
chewan, and the Kitimat and Kootenay regions of British Colum
bia. The fifth resource-dominated class is Class Ten, where 23.7 
percent of employment is found in fruit and vegetable processing. 
It includes eight divisions, drawn from Nova Scotia, New Bruns
wick, Quebec, Ontario, Manitoba, and British Columbia. 

T wo additional classifications are iden tified with a single indus
try but not one whose location can be explained by the presence 
of resources near the division. In the six th class, 28.2 percent of 
employment is found in the motor vehicles and parts industry. 
These divisions consist (apart from two Montreal area divisions) 
of southern Ontario divisions which, with one exception (in cen
trai Ontario), stretch from the Oshawa area to Windsor. In Class 
Eleven, 38.6 percent of employment is in iron and steel milling. It 
consists of a Cape Breton division, two divisions from the Eastern 
Townships, the Hamilton area in southern Ontario, the Sault Ste. 
Marie area in northern Ontario, and a Manitoba division adjacent 
to Winnipeg. 

It was noted a bove that Classes Three, Seven, and Nine have 
low dispersions of employment. Because of this, it is more diffi
cult to describe these divisions. Class Three, Table 3, is relatively 
concentrated in the manufacture of farm produce related to grain 
(flour and breakfast cereals, feed, bakery products, and bever

ages), meat and poultry, and dairy products: 27.6 percent of 
employment falls into these categories. This class also contains a 
larger percentage of employment in publishing and printing than 
any of the others. Its location, with three exceptions, is the Prairie 
provinces: sections of southwestern Manitoba, most of southern 
Saskatchewan including Saskatoon and Regina, and most of Al
berta south and east of Edmonton and Calgary (and including 
those cities). 

~~"... 

CENSUS DIVISIONS 
CLASS'3' 

Figure 4 

~)(>J'" 

CENSUS DIVISIONS 
CLASS' 4' 

Figure 5 
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GENSUS DIVISIONS 
GLASS' 5' 

'OO~'IOO"" 

Figure 6 

GENSUS DIVISIONS 
GLASS' 7' 

'~XlO"" 

Figure 8 

GENSUS DIVISIONS 
GLASS'6' 

'~~" ... 

Figure 7 

GENSUS DIVISIONS 
GLASS' 8' 

'~JCXI"" 

Figure 9 

Marshall found that the Prairie cities as a group "are signifi
cantly more diversified than those of other regions" [3:47], Our 
results shows that manufacturing in Class Three (primârily Prairie 
census divisions) is more diversified than in most of the other 
classes (measured by the low standard deviation for the allocation 
of employment over industries in the profile for Class Three). 
Nevertheless, Class Five (see below) is appreciably more diversified. 

The dispersion of employment is also comparatively low in 
Classes Seven and Nine, which differ from Class Three in that 
these contain more divisions from the East. The cens us divisions 
which cluster on the seventh factor are mainly in Quebec, and 
most are located in the Eastern Townships, although two extend 
north-west from the St. Lawrence in the Montreal area. This 
class also includes Winnipeg and an adjoining division, The ninth 
class, made up mostly of divisions located in the Eastern Town
ships of Quebec, also includes two from eastern Ontario, 
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GENSUS DIVISIONS
 
GLASS' g'
 

~VJl)." 

GENSUS DIVISIONS IN 
GLASS '10' 

00(: ft on XlO )(JO." 

Classes Seven and Nine also differ from Class Three in that 
they are less concentrated in the agriculture-related industries 
discussed above in connection with Class Three, and more con
centrated in the textile manufacturing industries. The earlier 
stages of tex tile production form a concentration of ~mployment 
in Class Nine. Employment in the milling of man-made fibre, cot
ton, and waal accounts for 20.5 percent of total employment. 
Class Seven has a heavy concentration of employment (16 per
cent) in the manufacture of clothing and in the manufacture of 

Figure 10 

Figure 11 

aircraft, motor vehicles, truck bodies, and railroad stock (10.5 per
cent). While the latter industries do not predominate in Class 
Nine, 4.6 percent of employment in that cluster of divisions is 
found in the manufacture of miscellaneous vehicles. 

IOCJ~." 

GENSUS DIVISIONS 
GLASS '11' 

Figure 12 

Employment in Class Five is the least dispersed of ail our 
classes. As seen from Table 3, its allocation of employment over 
industries has the lowest standard deviation. It includes Toronto, 
Ile-de-MontréaliIle-Jésus, Chambly, and Peel (which rank first, 
second, fourth, and eighth, respectively, in population density), 
other divisions from the Toronto and Montreal areas, Ottawa
Carleton, Halifax, and two divisions from eastern Ontario. 

Conclusions 

The methodology used in this study ta classify divisions according 
ta their manufacturing specialization is successful. Most divisions 
fall into one of the classes without ambiguity. Census divisions 
cluster together because they have similar indus trial composi
tions. Future research might be directed ta determining whether, 
for example, such areas in turn have similar resource bases or 
have other features in common. By the same token, future 
research might determine the extent ta which those industries 
which predominate in any given group of census districts have 
common characteristics. Finally, alternative data-analytic methods 
such as correspondence analysis might usefully be brought ta 
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bear on the original data set, and the results compared with those 
presented here. 
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