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In a recent publication Lithwick [23: xi] stated the widely-held 
belief that "the validity of the assumption that provinces are ap
propriately conceived as economic regions for which we cm effi
ciently conduct regional economic pollêy ... has not been tested, 
and remains an article of faith." The principal purpose of this 
paper is to provide such a test. 

Planning Regions 

A region may be defined as a set of contiguous spatial units which 
are simiiar in terms of one or more specified characteristics. Three 
types of region have generally been recognized [5; 7; 28; 29J: 
homogeneous (uniform, forma}), nodal (polarized, functional), 
and planning (policy, programming). Simply defined, a planning 
region is the area over which a particular set of regional policies is 
to be applied. However, if planning is to be effective it is necessary 
that the planning region he a meaningful geographical unit of socie
ty. In practice it becomes a question of whether homogeneous or 
nodal regions provide the more appropriate geographical units for 
planning purposes. 

Homogeneous regions are defined according to similarity in 
attributes, and nodal regions according to strength in interaction 
[19]. The homogeneous region consists of units which are similar in 
terms of one or more selected attributes; although there is no limit 
to the social, economic, political or environmental attributes which 
may be used to define such regions, economic criteria such as per 
capita income and level of unemployment are most commonly used 
for planning purposes. The delineation of a homogeneous region 
does not, however, signify that there is internal cohesion: the com
ponent units may have little or no social or economic association 
with each other. The nodal region, on the other hand, is defined ex-

IThe author would Iike to thank two anonymous referces for their helpful com
ments on an earlier draft of this paper. 
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plicitly in terms of shared interaction and May be defined as a set of 
heterogeneous spatial units which are integrated into a spatial 
system by reason of their interdependence for the provision and 
consumption of social and economic goods and services. The con
trast between these two types of regions May be exemplified with 
the case of a city and its surrounding rural district; in terms of at
tributes (per capita income, occupational structure and so on) the 
two areas May be so different as to preclude their allocation to the 
same homogeneous region, but in terms of social and economic in
teraction the two areas May constitute a nodal region. Although 
there have bccn attempts to delineate regions on the basis of both 

.J!omogeneity and nodality, notably the Canadian study by Camu, 
Weeks and Sametz [10], and although there should theoretically 
be interdependence betwccn attributes and flows [5], it is the case 
that homogeneous and nodal regionalizations will normally yield 
different solutions [11]. For regional planning purposes the choice 
between the two types will often depend on the policy objective; for 
example, as Brewis [8] has observed, the delineation of small 
pockets of chronic poverty May be appropriate if the prime concern 
of government is social welfare but not if it is regional economic 
growth. 

It is generally accepted that the nodal region is more ap
propriate than the homogeneous region for the implementation of 
regional economic policy [7; 28; 29]. Within MOSt countries 
economic growth tends to be polarized in major cities rather than 
dispersed. Thus the city-centred region (which has been variously 
dermed as the urban field, the functional economic area, the 
metropolitan region, the urban sphere of influence, the community 
of interest, and so on) has long been regarded as a particularly 
meaningful geographical unit of modern society by a wide variety 
of social scientists [2; 16; 17; 20; 24]. More recently, the popularity 
of the growth-pole concept, which is based on the view that major 
economic impulses originate in large cities, bas supported the use of 
the nodal region for planning purposes. Boudeville [7], one of the 
carly proponents of growth-pole planning, has arsued that the for
mation of nodal regions is both a consequence of and a prerequisite 
for economic growth and that the delineation of a set of nodal 
regions constitutes the best framework for efficient planning. 
Richardson [28; 29] also accepts the superlority of the nodal region 
and arsues that planning policy may be ineffective if regions are 
dermed without regard to the functional linkages between places; 
ideal1y, the component units of a planning region should have their 
MOst important links with nodes internai to the region. Il should, 
however, be noted that there are at least two reasons why planning 
regions need not always coincide exaet1y with nodal regions. First, 
since the implementation of regional policy requires action on the 

part of government, planning regions are often defined in accor
dance with the existing boundaries of the appropriate ad
ministrative and political units. Second, the nodal structure itself 
MaY be the target of planning policy; a1tering the boundaries of ex
isting regions or creating new regions May be a legitimate planning 
objective. 

A requisite for the delineation of a set of Canadian planning 
regions is therefore the identification of subnational nodal struc
ture. However, since a nodal region can be satisfactorily defined 
only in terms of flows - of people, goods and information - and 
since flows are normally hierarchically structured, as Many sets of 
nodal regions May be identified as there are hierarchica1 ranks 
within the national urban system. Thus, it is to be expected that any 
large country will be organized into a hierarchy of nodal regions, in 
which the smaller regions of a lower rank nest within the larger 
regions of a higher rank [29]. Since differences in planning objec
tives (e.g., social or economic) and in time horizons (e.g., short
term or long-term) will often require different sets of planning 
regions, it May a1so be expedient to define a hierarchy of planning 
regions for MOSt countries. Boudeville [7], for example, has noted 
for France a correlation betwccn the length of a plan and the size of 
the planning region: for traditional year-to-year administration he 
considers the eighty-nine departements to be large enough; for 
medium-term (4-5 year) plans he advocates the use of the larger, 
twenty-one "programming" regions; and for long-term (15-20 
year) plans he suggests that no more than nine "remodelling" 
regions should be taken into account. In Canada the ap
propriateness of a regional delineation will depend not only on the 
policy objective and the length of a plan but also on the level of 
government, federal or provincial, responsible for the program. 

Data and Metbodology 

In contrast to the wide availability of attribute data (income, oc;. 
cupation, industrial structure and so on) which May be used for 
delineating homogeneous regions, there is in Canada, as in most 
countries, a general paucity of flow data at a scale. suitable for the 
aggregation of spatial units into nodal regions [36]. The most widc
ly used type of flow data in nodal structure analysis, and perhaps 
the best single index for defining nodal regions and, ultimately, 
planning regions, is that of telephone interaction (11; 12; 14; 21; 
22; 25; 26; 31]. Telephone interaction data are not available in 
Canada at the level of disaggregation necessary for the delineation 
of nodal regions suitable for federal planning purposes; however, 
for the delineation of planning regions within provinces such infor
mation is generally available [22; 25]. 
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For the task of delineating planning regions in Canada the in
fonnation on intercensal migration for counties arid other census 
subdivisions is perhaps the most usefuI. Slater [34], for example, 
has used interprefectural migration flows in Japan in order to 
derive a hierarchy of nodal regions. Ideally, planning regions 
should be derived from the synthesis of a variety of flow data [e.g., 
3; 6], but other flows are simply not available in Canada for small 
spatial units. Il is therefore proposed to use only migration flows; 
although this inevitably limits the generality of the derived nodal 
structure, it is believed that internal migration is an adequate sur
rogate t"or multifunctional interdependence among subnationaJ 
areas. Simmons [31; 32] has noted that the pattern of internal 
migration flows constitutes the best evidence we have about the 
pattern of urban-system organization in Canada. Specifically, it is 
believed that the nodal-hierarchical structure of the migration 
flows will correspond cIosely to that of the major social and 
economic connections. The potential migrant is dependent on in
fonnation about alternative destinations - infonnation which is 
filtered down the urban hierarchy, is inversely related to distance, 
and is facilitated by the social and economic contacts acquired by 
the individual. 

The 1976 Census provided infonnation on the number of in
habitants of each census division (counties, regional districts or 
census subdivisions) who resided in each of the other 264 census 
divisions in 1971. For this study the number of geographic units 
was reduced to 246 by the amalgamation of certain census divisions 
in order to confonn to the census-defined boundaries of 
metropolitan areas; a census division was allocated to a 
metropolitan area if at least half of its population resided within 
the boundaries of the metropolitan area. Also included in the 
analysis are the Yukon and the four census divisions of the 
Northwest Territories; although the primary focus of the study is 
on the provinces, these five units have been included in order to en
compass the whole country. 

The methodology which is to be employed in the aggregation 
of geographic units into nodal regions is based on factor anal)'sis, a 
technique which has for some time been used both in delineating 
homogeneous regions [3; 4; 27; 35] and in nodal structure anaiysis 
[1; Il; 12; 13; 18; 21; 33]. Reviews of alternative methods for iden
tifying nodal structure from an interaction matrix are available [9; 
19]; this method will not be attempted here. Two important points 
about the utility of the factor-analytic transfonnation of an in
teraction matrix should be noted [19]: fust, factor analysis is a par
ticularly useful technique if the research objective is the identifica
tion of distinctive regional subsystems, especiaUy when the flows 
tlisplay complex, dispersed patterns; and second, factor analysis 

provides a comprehensive output of useful infonnation (including 
eigenvalues, loadings, and scores) about the nodal structure of the 
total system. Moreover, although few studies have used two or 
more methods of transforming an interaction matrix, alternative 
procedures such as factor analysis, cIuster analysis, dominant-flow 
analysis, and transactions flow analysis have been shown to yield 
very similar nodal-structure results [12; 13]. A further advantage of 
factor analysis over other methods of transforming interaction 
matrices is that, as Holmes [19: 487] has noted, in most factor 
analysis studies "the output appears plausible, information-rich 
and yet readily subject to meaningful interpretation, with results 
being easily communicated because of the familiarity of a wide au
dience with the basic method." 

In this study higher-order factor analysis will be used in order 
to overcome one of the principal shortcomings of previous at
tempts to delineate nodal regions by means of factor analysis. Or
thogonal rotation, which has hitherto been employed in factor
analytic regionalizations [25], is particularly inappropriate when a 
multi-tier or hierarchical structure is present [19]. Because or
thogonal factors are uncorrelated, they can only be used to 
delineate one-tier regions. In order to overcome this limitation the 
oblique rotation of factors has recently been employed in nodal 
structure analysis [14; 15]. The most important reason for extrac
ting oblique factors in the initial transfonnation of the interaction 
matrix is not that the substantive results will be significantly dif
ferent from those derived from an orthogonal rotation but rather 
that the results of the oblique rotation may be generalized further 
to produce higher-order factors which will reflect the higher-order 
associations among the interacting places [14; 30]. Since oblique 
factors (regions) may be correlated, they may themselves be com
bined into higher-order factors (regions). Given the hierarchical 
structure of the Canadian space ecoilomy and the diversity of 
regional economic programs, it would appear appropriate to defme 
not a one-tier set of planning regions but rather a hierarchy of such 
regions; federal planning programs, for example, currently operate 
at subprovincial, provincial and supraprovinciaJ scales. 

The factor analytic regionalization procedure need only be 
briefly noted here. Figure 1 iIlustrates four of the matrices 
employed in the factor-analytic regionalization. In the raw data 
matrix each column indicates the number of migrants from one 
origin to each of 246 destinations; it should be noted that the in
tranodal score, that is, the number of migrants from a census divi
sion to itself, is always zero. 2 The correlation matrix indicates the 

21n interaction studies the occurrence of zero scores in the diagonal of the raw 
data matrix could have the undesirable effect of reducing the coefficient of cor· 
relation between any two places which interact substantially with each other. and 
could possibly lead to interpretation problems. On the other hand, the inclusion 



122 

correspondence between the destination patterns of pairs of 
origins. The factoring of the correlation matrix and the oblique 
rotation of the significant factors (usually those with eigenvalues of 
at least 1.0) will yield a rotated pattern matrix wherein each column 
(factor) dermes a group of origins with common destination pat
terns and each row indicates the degree of correspondence between 
the destination pattern of the particular origin and the composite 
pattern of each factor. Finally, the factor-score matrix specifies for 
each factor (column) the relative importance of each place as a 
destination for migrants trom the group of origins dermed by that 
factor in the pattern matrix. In combination, the pattern and 
factor-score matrices derme a nodal region: the pattern matrix will 
derme the set of origins with a common destination pattern and the 
factor-score matrix will derme the major destinations of these 
origins. 

The hierarchy of nodal regions in Canada will he delineated as 
follows. The 246 x 246 raw data matrix win be subjected to prin
cipal component analysis and a direct oblimin (oblique) rotation 
will he applied to ail factors with eigenvalues of at least 1.0. The 
resulting pattern and factor-score matrices will he used to delineate 
rrrst-order regions. The highest loading for each row of the pattern 
matrix will define for that particular origin the factor whose com
posite destination pattern is most similar to its own; accordingly, 
cacb origin will he initially allocated to the nodal region represented 
by that factor. In this manner a set of "dependent" places (i.e., 
those with common destination patterns) will normal1y he assigned 
to each factor. In order to complete the nodal region the principal 
destination (the place with the bigbest score in the factor-score 
matrix) for each factor must he added to the set of dependent 
places dermed by the pattern matrix. In the case of regions 
characterized by binodal or multinodal structure two or more 
destinations may bave 10 be added to the set of dependent places. 

This two-step procedure for derming a nodal region is 
necessary because the principal destination for a nodal region will 
not normaUy load bigbest on the corresponding factor of the pat
tern matrix; since the principal destination receives no migrants 
from itself, the destination pattern of its own migrants will be 
significantly different to the composite pattern represented by that 
factor. For example, calgary's highest loading is not on its own 

of intraDodaI f10ws could abo nduce the Ievel of COrrelatiOD betweeD luch places 
Iince the mqnitudes of these (local) f10ws milbt teDd to be excepticmaJly 1arIe. 
AlthOlllh there bu been DO CÜJl:ullÎOD of tbis problem in factor anaIyàs Itudies 
(19], it does Dot appear to bave an apprecIable effect aD the intcrpretatiOD of 
DodaIltrueture. Perba.. the mOit sipificaut dfcct il to procluce very low coeffl· 
dents of correlation betwceD the principal Dode of • rqion and ilS dependeot 
pllœl. However, u diIcIwed in the foUowlD8 parqrapb, tbis problem ÎI euily 
overcome in the intcrpretadOD of DodaIltrUc:tun'!· 
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factor but rather on the factor which defines the Edmonton-centred 
region; similarly, Edmonton's highest loading is on the factor 
defining the Calgary-centred region. The resulting frrst-order nodal 
regions May be aggregated into second-order nodal regions by fac
toring the correlation matrix for the frrst-order factors. Specifical
ly, the first-order factor-score matrix (Figure 1), which indicates 
the destination patterns for migrants from each of the sets of 
dependent places defined by the factors, becomes the raw-data in
put for second-order factor analysis. Using the pattern matrix, each 
first-order factor (region) is allocated to the second-order factor 
(region) on which it has the highest loading. The second-order 
factor-score matrix will accordingly indicate for each second-order 
region the major destinations for the set of first-order regions 
which constitute that region. The first-order nodal regions are 
therefore the building blocks for the second-order regions. The 
procedure for defining second-order factors may be repeated for 
successively higher-order solutions until the derived factors are un
correlated or a single factor is defined. 

Several decision criteria regarding the number of factors to be 
abstracted in this study and the allocation of spatial units to regions 
should be noted briefly. There are no universal criteria which can 
be used to determine the number of factors to be abstracted, and 
several "rule of thumb" procedures are common [30). Despite the 
fact that an eigenvalue of 1.0 would account for as little as 0.4 per
cent of the total variance of the 246 x 246 raw data matrix, it was 
decided to abstract ail factors with eigenvalues of at least 1.0; that 
is, each factor would account for at least as much variance as one 
of the original variables (destination patterns). Since the intention 
of the study is to use higher-order factor analysis to derive suc
cessively fewer and larger (higher-order) regions, it appears inap
propriate to limit sharply the number of defined regions both at the 
first-order level and at subsequent higher-order levels. Where an 
orthogonal rotation is used to define one-tier regions, an eigenvalue 
substantially higher than 1.0 will normally be necessary in order to 
eliminate regions ofminor importance [25). It is clearly desirable to 
a110cate every area of the country to one planning region or 
another, so each spatial unit will be assigned to a region regardless 
of the magnitude of its .highest loading or of its communality; 
however, as Table 1 indicates, communalities and highest loadings 
derived from the raw-data matrix were on the whole very high. 
Finally, since it is intended to delineate non-overlapping regions, 
each spatial unit will be assigned to only one region. J 

30verlapping regions could have been defined by simply a1locating a spatial unit 
ta every factor on which it had a "high" loading. 

Table 1
 

COMMUNALITIES AND mGHFSf LOADINGS FOR FlRST-oRDER AND
 
SECOND-oRDER FACTOR SOLUTIONS
 

Flnt-Order Secoad.()nler 
Comma- Hlabelt Comma- IfIPeIt 

Commaullty/ uIIty LoadIaI uIIty Loadlal 
LoadJa. No. No. No. No. 
0.9+ 110 59 4 
0.8 c 0.9 83 60 2 7 
0.7 c 0.8 28 41 8 5 
0.6 c 0.7 14 25 4 5 
0.5 c 0.6 7 33 6 4 
0.4 c 0.5 3 21 4 
0.3 c 0.4 1 6 3 2 
0.2 c 0.3 1 1 1 
Total origins 246 246 
Total first-order 
factors 28 28 

Fint-Order Nodal Regions 

A principal component analysis of the 246 x 246 raw data matrix 
resulted in twenty-eight factors with eigenvalues of at least 1.0; 
together these factors explained 85.8 percent of the total variance. 
The oblique rotation of the 28 factors yielded the loadings and 
scores which were used, as described above, to group the 246 
spatial units into first-order nodal regions. Before describing the 
regionalization scheme a few points May be noted about the com
munalities, loadings, and scores. The communalities were on the 
whole very high; in only four cases did the communality (i.e., the 
proportion of the variance of a destination pattern which is ex
plained by the 28 factors) fall below 0.5 (Table 1). Generally speak
ing, a low communality indicates the existence of a nodal region 
which is smaller than those defined by the 2S factors; for example, 
the lowest communality, 0.32, was achieved by the county of 
Bagot, for which the principal destination of migrants was St. 
Hyacinthe, which was itself part of the Montreal nodal region. If a 
loading of at least 0.3 is taken as an indication of substantial 
similarity between the destination pattern of an origin and that of a 
factor [14), only one origin was not identified strongly with at least 
one factor (Table 1). Moreover, the origin in question, Winnipeg, 
whose highest loading was 0.28, was itself the principal destination 
of a nodal region and was not therefore allocated to a region on the 
basis of its highest loading. 
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Although the intention of this study is to define non
overlapping regions, it is possible to examine the reasonableness of 
this procedure; ideally, each dependent place should have a high 
loading, sayat least 0.3, on only one factor. For the large majority 
of origins, 194 in number, there was only one loading above 0.3; 
forty-eight origins had two such loadings, three had three such 
loadings and one (Winnipeg) had none. The origins with more than 
one high loading (that is, those with dispersed migration patterns) 
were either large metropolitan centres which constituted the prin
cipal destinations of nodal regions or dependent places located 
within the sphere of influence of two or more metropolitan centres. 
An example of the latter is Swift Current (Census Division 8 in 
Saskatchewan), which is more or less equidistant from Regina, 
Calgary and Saskatoon and had loadings of 0.53, 0.34 and 0.32 
respectively on the three factors representing the nodal systems of 
these cities. If an alternative criterion for allocating a dependent 
place exclusively to one nodal region is that the highest loading 
should be at least 25 percent larger than the next highest loading, 
only seven dependent places would not be allocated exclusively to 
one nodal region. Swift Current, for example, may be safely 
assumed to he part of the Regina nodal region despite its high 
loadings on the Calgary and Saskatoon regions. 

Table 2 indicates the factor scores for the three most important 
destinations of each factor; only factor scores of at least 3.0 are 
shown. The higher the factor score the more important is the 
destination for the dependent places of the corresponding nodal 
region. Moreover, the ratio between the highest and second-highest 
scores indicates the degree to which the nodal region is dominated 
by a single node: the higher the ratio, the more uninodal is the 
system. Twenty-seven factors had a score of at least 9.0, indicating 
the presence of at least one major node in these regions, and in six
teen cases the highest score was more than double that of the next 
highest. 

Ordinarily, each factor should give rise to a nodal region con
sisting of a set of dependent places along with their principal nodal 
centre(s); however, several defined regions may in fact share the 
same nodal centre while a particular factor may not even result in a 
geographically defined nodal region. In this study there was one 
factor, number 28, which was not represented geographically as a 
nodal region; Vancouver was the only origin which had its highest 
loading on this factor, but since Vancouver was itself the principal 
destination for another nodal region, there were in fact no depen
dent places defined by this factor. In effect, this factor represented 
the unique destination pattern for Vancouver migrants; this ac
counts for the dispersed destination pattern indicated by the factor 
scores (Table 2). 

Tllb1e2
 

FACJ'OR SCORF3 FOR THE THREE MOST IMPORTANT
 
DESTINATIONS OF EACR FlRST-ORDER FACTOR·
 

Factor Fint Second TIIlrd 
1 Montreal IS.29 
2 Winnipeg IS.16 
3 
4 

Vancouver 
Quebec 

12.82 
13.66 

Kamloops 
Montreal 

4.13 
6.8S 

Prince George 3.12 

S Halifax 14.06 
6 Ottawa 14.68 
7 
8 

St. John's 
Edmonton 

Il.34 
14.90 

Toronto S.63 Labrador City S.31 

9 
10 
11 

caIgary 
Regina 
Fredericton 

13.48 
12.83 
10.01 

Lethbridge 
Saskatoon 
Saint John 

4.31 
S.OS 
9.0S 

Edmonton 
Calgary 

3.82 
3.S0 

12 Saskatoon 13.06 Edmonton 4.06 Prince Albert 3.62 
13 
14 
IS 

London 
Toronto 
Vancouver 

Il.S6 
9.0S 
9.76 

Toronto 
Hamilton 
Victoria 

S.39 
S.38 
8.49 

Kitchener 
Burlington 
Nanaimo 

4.12 
S.16 
6.20 

16 Sherbrooke 12.71 Montreal 7.81 
17 
18 
19 

Montreal 
Toronto 
Sudbury 

10.08 
9.44 

Il.3S 

sept Isles 
Belleville 
Toronto 

9.62 
8.49 
8.41 

Rimouski 
Oshawa 

4.28 
S.26 

20 Halifax 10.88 Sydney 8.S8 
21 Moncton 14.26 
22 Brandon 12.82 Winnipeg 6.98 
23 
24 
2S 

Thunder Bay 
Charlottetown 
Toronto 

9.87 
13.87 
12.22 

Toronto 
Toronto 

6.30 
3.89 

Kenora 
Halifax 

4.S0 
3.20 

26 
27 
28 

Yellowknife 
Kingston 
Kamloops 

11.78 
11.79 
S.31 

Ottawa 
Preseou 
Prince George 

3.98 
4.94 
3.94 

Edmonton 
Cornwall 
Victoria 

3.27 
4.61 
3.88 

·Only scores of at lcast 3.0 are inc1uded. Destinations are named after the 1argest 
urban centre within the census division. 

The amalgamation of several factor-dermed regions into a 
single nodal region may he illustrated with reference to Toronto, 
which was the principal destination for three sets of dependent 
places, factors 14,25, and 18, located respectively west, north, and 
east of metropoütan Toronto. While the three sets of places shared 
a centripetal orientation to Toronto, the importance of other 
destinations varied significantly from one set ta another, thus giv
ing rise to three composite patterns or factors. This phenomenon is 
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to be expected in major metropolitan regions, the peripheries of 
which may be 200 miles or more apart and their only common bond 
being their dependence on the same metropolitan core. Since cross
metropolitan interaction is of little significance, the metropolitan 
region may function not as a single nodal region but rather as a set 
of pie-shaped nodal regions extending outwards from the 
metropolitan core. Toronto, Montreal, Vancouver, and Halifax 
were the four destinations with more than one nodal region (see 
Table 2). Accordingly, the twenty-eight factors defined only 
twenty-two nodal regions (Figure 2). 

The most striking point to be noted about the frrst-order 
regionalization is that, with only two exceptions, the boundaries of 
the nodal regions are contained within provincial boundaries. One 
exception was the southwestem corner of Saskatchewan, which had 
its highest loading on the Calgary region (0.57 against 0.32 for the 
Regina region), while the other was the Ottawa-Hull region. In the 
latter case this is to be expected since the Ottawa-Hull metropolitan 
area itself straddles the Ontario-Quebec boundary. It should be 
noted that the migration links between Hull and Ottawa are so 
strong that they would almost certainly have been assigned to the 
same nodal region had they been considered separate communities 
for purposes of this study; however, no attempt was made to verify 
this. The existence of an Ottawa-Hull region is a fact which is ac
cepted not only at the federallevel but, for some purposes, at the 
provinciallevel. Apart from the above two instances there was one 
marginal case: the Kenora district of northwestern Ontario had a 
slightly higher loading on the Winnipeg region (0.61) than on the 
Thunder Bay region (0.55) but was allocated to the latter because 
its factor score was significantly higher for the Thunder Bay region 
(4.50 against 0.41 for the Winnipeg region); Kenora was clearly a 
major destination for migrants from northwestem Ontario, exceed
ed in this respect only by Thunder Bay and Toronto. The Kenora 
district does, of course, have very strong links with Winnipeg. 

Generany speaking, the first-order regionalization supports 
the use of provinces as economic regions. Newfoundland, Prince 
Edward Island, Nova Scotia, and British Columbia, for example, 
are single-centred nodal regions, although in the latter two pro
vinces there are subdominant roles performed respectively by 
Sydney for Cape Breton (factor 20) and Victoria for Vancouver 
Island (factor 15). In Quebec, apart from the Ottawa-Hull region, 
Montreal is dominant throughout the province except for two 
regions centred respectively on Quebec City (factor 4) and Sher
brooke (factor 16); of particular interest is the dominance of Mon
treal rather than Quebec City in the Gaspé and lower St. Lawrence 
areas (factor 17). In the remaining provinces there are clearly defin
ed nodal regions. In New Brunswick the two nodal regions reflect 
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the well-known ethnie duality of the province: an Acadian region 
centred on Moncton (factor 21) and a Saint John valley region cen
tred on Fredericton and Saint John (factor Il). Each Prairie pr~ 
vince has two regions centred respectively on its two largest cities. 

For the six Ontario nodal regions an interesting comparison 
May be made with the province's five official planning regions. The 
Thunder Bay (factor 23) and Sudbury (factor 19) nodal regions are 
respectively identical to the northwestern and northeastern plan
ning regions. If the Ontario part of the Ottawa-Hull region (factor 6) 
is combined with the Kingston region (factor 27) to form an eastern 
Ontario region, only minor differences remain between the two 
classification schemes. In fact the only differences concern the 
Toronto nodal region, which includes Bruce and Grey counties 
(whieh are part of the Southwestern Ontario planning region) and 
Hastings and Prince Edward counties (which are part of the 
Eastern Ontario planning region). It is probably the case that the 
Central Ontario planning region underbounds the Toronto-centred 
region; in terms of their spatial associations a strong case could be 
made for the allocation of each of the four counties to the Central 
Ontario planning region. For each of the counties the number of 
migrants destined for Toronto was at least twice as Many as that for 
the nodal centre, London or Kingston, of the adjacent region; 
moreover, Grey County not only sent Many times more migrants to 
Toronto than to London (1,660 against 400) but is also 
geographically closer to Toronto. Finally, with regard to the 
amalgamation of the two nodal regions to form Eastern Ontario, it 
is interesting to note that this is the only one of Ontario's planning 
regions for whieh there are two officially recognized nodal centres, 
Ottawa and Kingston. 

The regionalization of the northern territories May be briefly 
noted. The Yukon, as expected, had its strongest links with Van
couver and formed, together with British Columbia, a Pacific 
region. The four districts of the Northwest Territories formed a 
single "nodal" region centred on Yellowknife, the territorial 
capital. The extensiveness of the Northwest Territories is such that 
the concept of a nodal region May be inappropriate. Moreover, for 
migrants from the area there are Many major destinations (defined 
as one with a factor score of at least 1.0) in southern Canada in
cluding Ottawa, Toronto, Montreal, Vancouver, and the five 
prairie metropolitan centres. 

Second-Order Nodal Regions 

Principal component analysis of the twenty-eight first-order factors 
yielded nine second-order factors with eigenvalues of at least 1.0; 
together these nine factors accounted for 59.2 percent of the total 

variance of the 246 x 28 factor-score matrix. It is to be expected 
that a higher-order factor solution will explain a lower proportion 
of variance than will a lower-order factor solution. For example, 
since first-order factors result from the grouping of origins with 
similor destination patterns, the correlations between the pairs of 
origins (i.e., the individual destination patterns) will generallY be 
higher than those between the pairs of first-order factors (i.e., the 
composite destination patterns). Thus, at successively higher-order 
levels the amount of common variance will decline as a proportion 
of total variance. This is consistent with the concept of a nodal 
hierarchy: the higher the rank (and, usually, the size) of the nodal 
region, the higher is the proportion of its total flows terminating in
side the region. As Table 1 indicates the communalities and highest 
loadings for the second-order factor solution were proportionately 
lower than those of the first-order solution. The second-order 
results were, however, on the whole acceptable: only three frrst
order factors had a highest loading below 0.5 and only eight had 
communalities below 0.5. The three first-order factors with highest 
loadings below 0.5 were in geographical terms the MOSt isolated 
regions: the Northwest Territories (factor 26), Newfoundland 
(factor 7) and Prince Edward Island (factor 24) whieh had second
order loadings of 0.28, 0.35 and 0.39 respectively. 

The second-order nodal regions (Figure 3) further validate the 
use of provincial boundaries as planning regions: British Columbia 
(plus the Yukon), Alberta, Saskatchewan, Manitoba, and New 
Brunswick are second-order nodal regions; apart from the Ottawa
Hull region which straddles their common boundary, Quebec and 
Ontario each forms a second-order region; and Nova Scotia and 
Prince Edward Island, which were first-order regions, combine to 
form a second-order region. The only province for which there is a 
debatable allocation is Newfoundland, which had a communality 
of only 0.22. Since it had formed a single first-order nodal region. 
its second-order association had to be at the supraprovinciallevel. 
The province's loading on the pattern matrix indicates a stronger 
orientation to Ontario than to the Nova Scotia-Prince Edward 
Island region (loadings of 0.35 and 0.24 respectively). Both 
loadings are low, suggesting a dispersed pattern for Newfoundland 
emigrants. This is probably to be expected since it is the MOSt 
isolated province in Canada; in a sense, there are no short-distance 
opportunities available to Newfoundland emigrants. Thus, the 
greater economic opportunities available in Ontario (and par
ticularly Toronto) generally outweigh the advantages of the shorter 
distances involved in migration to one of the Maritime provinces; 
for aU Newfoundland migrants Toronto was second in importance 
only to St. John's as a destination (see also factor 7, Table 2). Ex
cluding Ottawa, Ontario attracted 39.2 percent of the migrants who 
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SECOND-ORDER NODAL REGIONS 

(For eaeb reafOD a Domber IDdleatea the factor wlth "bleb the reafOD Il ..oda" "bile a letter IdenUflea the prlDdp" deadaaUoD. 
Ste Table 3.) 
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left Newfoundland compared to 26.4 percent for the three 
Maritime provinces. While it may be correct to conclude that New
foundland has a stronger link with Ontario than with the Maritime 
provinces, the strength of the latter association, together with the 
advantages of spatial contiguity, may warrant the definition of a 
second-order Atlantic region. 

The Northwest Territories, which formed a first-order region, 
had a dispersed orientation with respect to the second-order 
regions; all loadings were too low to indicate any clear pattern of 
association. The highest Ipadings were for Ottawa-Hull (0.28), 
Manitoba (0.25) and Saskatchewan (0.22), followed by Quebec 
(0.18), Alberta (0.14) and Ontario (0.10). Because of the exten
siveness of the Northwest Territories, a dispersed pattern of 
economic association is to be expected between the region and 
southern Canada. 

Tbird-Order Nodal Regions 

The principal component analysis of the 246 x 9 second-order 
factor-score matrix resulted in three third-order factors with eigen
values of at least 1.0; together these explained only 44.6 percent of 
the total variance. Table 4 indicates the loadings and com
munalities of the second-order factors for the third-order solution. 
Although the communalities are, as expected, rather low, the 
highest loadings are above 0.5 for all but one factor. Moreover, 
with the exception of Manitoba (factor 6), each second-order 
region has a high loading on only one third-order factor, indicating 
clear-cut allocations of second-order regions to the third-order 
regions. In the case of Manitoba its loading on the Western Canada 
factor is only slightly higher than that on the French Canada fac
tor, 0.44 against 0.38. 

The nine second-order regions combined into three third-order 
regions which may be broadly categorized as Western Canada, 
French Canada and English-speaking Eastern Canada. The four 
western provinces formed a distinct region with all of its major 
destinations (factor scores of at least 1.0) located west of Ontario; 
the region's seven metropolitan centres, Edmonton (factor score
7.9S), Calgary (7.02), Vancouver (4.91), Winnipeg (4.39), Regina 
(4.29), Saskatoon (3.37) and Victoria (2.35), were also the seven 
most important destinations. In eastern Canada two second-order 
regions, the Ottawa-Hull (or Eastern Ontario) and Quebec regions, 
formed what may be termed a Francophone region, while Ontario 
and the Atlantic provinces formed an English-speaking region. 
Although the third-order J'egionalization scheme is not at variance 
with the generally known supraprovincial associations, the regions 
themselves are clearly of limited use for regional planning pur
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poses. As a final note, there were no fourth-order regions; the three 
third-order factors yielded only one factor with an eigenvalue of at 
least 1.0. 

Table 3
 

FACtOR SCORF3 FOR THE THREE MOST IMPORTANT
 
DESTINATIONS OF UCR SECONO-ORDER FACtOR·
 

Factor Flnt	 secoad Tllird 

1 Toronto 13.37 
2 Montreal 12.98 Quebec 6.21 Sherbrooke 3.16 
3 Halifax 12.80 Sydney 4.34 Toronto 3.8S 
4 Vanc:ouver 13.2S Victoria 4.37 

S saskatoon 9.39 Regina 7.48 Edmonton 4.9S 
6 Winnipea 12.61 Brandon 6.93 

7 Moncton 9.6S Fredericton 6.74 Saint John 6.SS 
8 Edmonton 9.43 Calgary 7.67 Kamloops 3.11 
9 Ottawa 9.48 Kinpton 8.17 Belleville 4.24 

·Only factor scores of at least 3.0 are included. Destinations are named after the 
larsest urban centre within the CCIlIUS division. 

Table 4 

TIIIRD-ORDER FACI'OR LOADINGS AND COMMUNALITIES 

Sec:oad-onler TlIIrd-order facton 
facton LoadIDp ColllDlaaalldcs 

Faetor 1 Flletor 2 Flletor 3 

1.	 Ontario· 0.06 O.SI 0.19 0.33 

2.	 Quebec -0.17 O.OS 0.69 O.SO 
3.	 Nova Sc:otia/ 

P.E.I. 0.06 0.81 -0.21 0.66 

4.	 British 
Columbia 0.S4 0.11 0.08 0.33 

S.	 saskatchewan 0.74 0.01 -0.06 0.S4 
6.	 Manitoba 0.44 -0.13 0.38 0.37 

7.	 New Bnmawick -0.06 0.68 0.10 0.50 

8.	 Alberta 0.61 -0.01 -0.14 0.37 

9. Ottawa-Kinpton 0.08 0.07 0.63 0.43 

·Newfoundland also loads bighest on tbis factor. 

Condusions 

This study of intercensal migration in Canada has served not only 
as a demonstration of the utility of higher-order factor analysis in 
the delineation of a hierarchy of nodal regions but also as a test of 
the validity of using provinces as regions for the conduct of 
regional economic policy. Generally speaking, the hierarchical
nodal structure of internal migration, as defined by factor analysis, 
appears to correspond weIl with the existing structure of the na
tional urban hierarchy. Moreover, the results of the nodal 
regionalizations strongly support the use of provinces for the im
plementation of federal regional policy. With the notable exception 
of the Ottawa-Hull region, every province has been defmed as a 
distinct nodal region prior to its amalgamation with other pro
vinces; in other words, every province is equivalent either to a first
order or a second-order nodal region. If the nodal region is the op
timal unit for a planning region, then at least for some purposes 
each province May be defined as a planning region. Variations in 
provincial size would, however, suggest that in order to implement 
the full range of regional planning programs subprovincial as weIl 
as supraprovincial planning regions would have to be designated. 
Ideally each province should contain both first-order and second
order nodal regions, but clearly a province May be either so small 
(e.g., Prince Edward Island) or so dominated by a single 
metropolitan centre (e.g., Newfoundland) that in terms of federal 
regional policy it May generally be treated as a single planning 
region. 

In addition to the validation of provinces as planning regions 
the study lends some support to the use of supraprovincial regions 
in the analysis and implementation of federal regional policy. A 
five-region delineation is perhaps the one Most commonly used in 
Canada: the Atlantic region, Quebec, Ontario, the Prairie region 
and British Columbia (or the Pacific region when the Yukon is in
cluded). Apart from the Ottawa-Hull region, Ontario and Quebec 
do emerge as distinct second-order nodal regions. The.emergence 
of a four-province Western Canada region at the third-order level 
underscores the "regionality" of this area of Canada but neither 
confinns nor refutes the division of this area into Pacific and 
Prairie regions. On the one hand, it May be noted that at the 
second-order level intraprovincial associations are in every case 
stronger than interprovincial associations. On the other hand, 
because a Pacific region had aIready emerged at the second-order 
level, this region's links with the rest of Western Canada might 
have prevented the emergence of a Prairie region; in other words, 
the Pacific region, from a statistical point of view, had to join one 
or more second-order regions in order to fonn a third-order region. 
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It could therefore be argued that each of the four western provinces 
forms a second-order region and that the Pacific and Prairie 
regions are third-order regions; in this case the Pacific region must 
be designated as both a second-order and a third-order region, a 
categorization which would not be inconsistent with concepts of a 
nodal hierarchy. 

While confirming the existence of a Maritime region, the 
migration patterns do, however, cast sorne doubt upon the validity 
of an Atlantic planning region. The factors representing Nova 
Scotia, New Brunswick and Prince Edward Island were indeed 
more strongly correlated with each other than with factors 
representing other provinces; clearly, each of these provinces had a 
stronger association with a Maritime region than with any other 
region. This was not, however, the case with Newfoundland, which 
had a stronger association with Ontario than with any of the 
Maritime provinces. The migration patterns would therefore sug
gest a division of the Atlantic region into Newfoundland and 
Maritime regions, a division which is in fact widely used at both 
federal and provincial levels. 
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