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FORMALIZATION OF REGIONAL CHARACTERISTICS 39

graphy remains essentially two-dimensional. Man’s image of objects
situated above and below him is always projected into the surface of the
lithosphere or of the oceans on which man moves. All the horizontal
mathematical surfaces used in geodesy and cartography are close to that
surface and are related to it. Our orientation on the earth’s surface is
plane and projectional in character. No matter how high we may fly
or how deep we may descend into the earth or into the ocean, we will,
when asked about our location, always refer to a point on the surface
of the land or water, and only then add the height or depth at which
we find ourselves.

Fig. 1. Position of three-dimensional natural regions within the geographic envelope

(cross-section)
Boundaries: 1 — geographic envelope, 2 — regions, 3 — subregions, 4 — land surface,
A — atmosphere, L — lithosphere.

The anisotropic character of geospace and the projectional character
of the human view of the earth are reflected in the concept “territory”.
This term, which is not easy to define, evidently designates a certain
arbitrary two-dimensional space into which three-dimensional geospace
is transformed in the ordering of geographic information. In drawing the
boundaries of a region in a territory, we usually include all the tiers of
natural and man-made features without particular reference to the upper
and lower limits of the region. A territory is not measured in terms of
volume, but in terms of area. To simplify, we can thus regard macro-
georegions as two-dimensional.

By eliminating the vertical, we obtain an unused dimension, and we
can go back to the three-dimensionai model, in which the vertical com-
ponent will now no longer represent the actual relief of the earth’s
surface, but will characterize the territory in some other quantitative
terms. A well known example is the pressure surface relief of the atmos-
phere. Similarly we could show by isolines, carve out of plaster or cast
out of metal a relief of temperatures or of population densities.

A territory serves as the base for constructing a set of more arbitrary
geospaces. We can, for example, have an economic-geographic space,
which instead of actual distances is represented in terms of travel time
or travel cost. Just as the substitution of logarithmic or semilogarithmic
plotting for the usual rectangular coordinates simplifies the representa-
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FORM4LIZATION OF REGIONAL CHARACTERISTICS

Complex matrix model of the structure of geographic characterization
(ignoring history and external relationships)

( g ( ( . ( R ( K ( R
( ( ( ( » ( A ( R ( R
( ( ( ( ( | ( s ( R
R, R, ( R ( R ( R 'R R ' R
R R ( / ( ( R F R
R R C: R C; R ( R.—~R, R,~+R,

Conventional symbols:

A — agents or senders, P — patients or receivers,

C1,C; ... Cm — components, or sectors,

Ry,R; ... R,, — regions,

— — direction of the relationship,

I — symbol of intersection of sets,

* — characterization of intracomponent relationships or absence of a statement (main diagonal),
X — characterization of interregional relationships or absence of a statement (main diagonal).

russia”, then thehybridsubject (C;n R;)—(C;n R,) stands for‘“population
migration from the Ukraine to Belorussia”. To produce a statement, the
hybrid subject must be followed (in the text) or be replaced (in the table)
by the predicate. It may be verbal or numerical. In the latter case we
would have in the structural matrix: C;n R;=46 million.

We could decide, for example, that in a horizontal unfolding, each
passage from one cell of the table to the next, in a predetermined order,
would signify the beginning of a new paragraph, the passage from
quadrant to quadrant within a single horizontal row would signify the
beginning of a new section, the passage from one row to the next would
mean the beginning of a new chapter, etc. The process of building models
of the structure of geographic characterization involves repeated alter-
nation of two kinds of steps: (1) a logical multiplication of linear (two-
-dimensional) classifications and regionalization schemes; (2) the un-
folding of matrices obtained as a result of the multiplication (see the
diagram on p. 52).

THE PROCESS OF REGIONALIZATION AND OPERATIONS RESEARCH

Regionalization can be understood in two ways: statically, as a state
of information, and dynamically, as the process leading up to it. In our
previous work (Refs. 3 and 4), we called the formalized kinds of regio-
nalization-states “regionalization modes” and the stages of the process
“regionalization operations”. To define an operation means to name two

4*
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BORIS B. RODOMAN

The Process of Building Models of the Structure of Geographic Characterization

Set of
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1o second
power
Matrix of
Interregional
Relationships

modes and to state which was derived from the other. The process of
regionalization can be represented by a sequence of frames.

Figure 3 shows a number of simple regionalization techniques. The
square frames contain cartographic representations of. modes and their
names; the symbols next to the arrows designate operations, and the
rectangles within frames are regions. Numbers are used for regions
instead of names and characteristics of individuums; shadings and sym-
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N = IR
& 5
[
¥l el s
4
Mo envified e e B
regions o
.
Pa " Ner
|
§
Non identified - ndt fo
& I clossyf
NP © v P e P —

Fig. 3. The simplest techniques of single-level individual and typological regiona-
lization

bols designate different classes. In addition, modes are designated by
capital letters and operations by small letters.

These regionalization techniques are, of course, not exhaustive.
Soviet physical geographers, for example, often obtain IR (individual
regionalization) by combining small typological regions. On Fig. 3, this
operation would be represented by TP—IR;, with microregions substi-
tuted for the point symbols in mode TR.

Mode CR (classification of regions) is the simplest way of combining
IR (individual regionalization) and TR (typological regionalization) on the
same map. It can be regarded IR y TR if we think in terms of the set
of points that make up the lines of a drawing. If we print the maps on
transparent paper, we find that by superimposing IR on TR, we obtain
CR, and that by superimposing IR, TR or both modes on CR, we do not
change the external appearance of CR. The same applies to the point
modes: CP==IP y TP. As is evident from Fig. 3, a chorogenic CR may
contain adjoining regions of the same class, but a typological CR may
not.

The listing of operations can be ordered and simplified if we regard
them as consecutive or parallel combinations of such operations as the
disjointing of sets, the union of subsets, the combination of a place sym-
bol with a property symbol, the removal of symbols, etc.
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56 1 BORIS B. RODOMAN

operations would be indicated and, consequently, the critical path could
be selected.

6. The cartographic representation of regions is related to the classi-
cal unsolved problem of the theory of graphs concerning the four colors:
to demonstrate or to refute that any map can be coloured with no more
than four colours so that regions having a common boundary other than
a commnon point will carry different colours. This possibility has already
been demonstrated for five colours.

Fig. 4. Taxonomic regionalization graphs
Oblasts: I — Greater Caucasus oblast, 2 — Colchis Lowland oblast, 3 — Kura Lowland
oblast, 4 — Lesser Caucasus oblast. (Physical-geographic regionalization of the Crimea =
Caucasus Mountain Country after N. A. Gvozdetskiy and A. Ye Fedina)

7. As noted in Section 3, graphs can be used to represent forms of
correspondence between regions and statements (two-stage graph) and
ways of combining a cartographic representation of a region with its
textual characterization.

8. By representing relationships between landscape components by
a directed graph and expressing the force of mutual influence of the
components in some unit of measurement, we can find a rational order
of exposition of the charakterization of a region, proceeding predomi-
nantly from cause to effect. This can be done by arranging the compo-
nents in the order of the increasing sum of incoming (designated by plus)
and outgoing (designated by minus) influences as computed on a graph
or matrix; or by extending the network .of relationships along a path
of maximum influences, constructing a model of the resistance of ma-
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FACTOR ANALYSIS APPROACH TO SUB-REGIONAL DEFINITION 67

region does not contain a major urban center. Federal highways U.S.
11 and U.S. 20 skirt the region as do Interstate Routes 81 and 95. The
major roads serving the region are N.Y.S. 12 and 7 which traverse it
and N.Y.S. 17 which crosses the southern boundary on its way between
Binghamton and New York City.

The region occupies most of the eastern portion of the Plateau
Country of southern New York. The plateau is bounded on the south
by the Delaware Hills and the Catskill Mountains. The hills are almost

Fig. 1. Agricultural regions of central New York state
Source: H. E. Conklin and E. E. Hardy, Map of Agricultural Regions of New York State
(Ithaca, New York, New York State College of Agriculture at Cornell University, 1963)

entirely contained in the region and the Catskills border it penetrating
it slightly at a couple of places. To the north the plateau drops sharply
away in the Escarpment Country to the Mohawk River Valley. Figure 1
shows the agricultural regions of southern-central New York giving the
location of the three-county area.

The western portion of the region is characteristic of the relatively flat
but rolling highlands of the Plateau Country. Shallow valleys traverse it
providing accent to the countryside. As the plateau progresses eastward,
the hills rise higher and the valleys cut deeper and, in most cases, more
narrowly. At the northern edge of the region, the plateau falls off
sharply through the escarpment country to the Mohawk River Valley.
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70 BARCLAY G. JONES AND WILLIAM W. GOLDSMITH

port linkage across the Susquehanna watershed divide into Schoharie
County and the Hudson River system. The population dot map shown
in Fig. 3 gives some idea of the present pattern of human occupancy
of the region. It is interesting to compare it to the topography.

CHENANGO COUNTY

i
|
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£
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i
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.
afens

£
%
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..‘,

§

.

7

4

cel O
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‘e
LR T
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- . - -
\ " DELAWARE COUNTY
CRC R /’

Fig. 3. Population dot map, three-county region, 1960
Source: U. S. Bureau of the census, U. S. Census of Population, 1960

The topographic features of the region are pronounced enough to
have profoundly influenced the history of its development. In general
the region is not mountainous but upland being at the headland of the
plateau. Because it occupies a position at the very source of two major
river systems, the streams are narrow, non-navigable, and occupy re-
latively narrow valleys. In other words, the region has historically been
comparatively inaccessible. The greatest agricultural potential has always
been in the narrow valleys, and most of the intensive commercial farming
that remains in the region is found in them. These farm lands are readily
accessible to transport but, at the same time, agriculture must compete



{ACTOR ANALYSIS APPROACH TO SUB-REGIONAL DEFINITION 7l

lor them with transport uses themselves and other activities that are

dependent upon transport such as residence, commerce and industry.
The history of the region has been described in the companion volume

cited earlier 6. The historical pattern of development has largely fol-

| cr Chemango-Tiogs Lordstown.-Mardin-Volsio

HL Moneoye-Lime ﬁu'gaw:‘ Both-Mardin-Lordstown
Formington B Shollow Holedye m Volusia -Mardin

Longlord-~Erie Lordstown

Waoliton -Wellsbore

Oguoga

Fig. 4. Generalized Soil Association map, three-county region
Source: Martin G. Kline, Soils and Soil Associations of New York, Cornell Extension
Bulletin 930 (Ithaca, New York, New York State College of Agriculture at Cornell University,
1963)

lowed that of agriculture as it was introduced into the region. Agricul-
ture, in turn, was governed by topography and by the responsiveness of
the soils to cultivation. Much of the historical development of the region
can be explained by looking at the soils it contains. Many of the future

8 Jones and Lang, op. cit., pp. 9—13.
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Fig. 5. Relationships, four selected variables and factor I

heavily weighted; four more variables, not used in the illustration, con-
tribute substantially to the variation in the factor scores; the other 36
variables have weightings of approximately zero on Factor I. Had more
variables been graphed in Fig. 5A the correspondence would have in-
creased, but visual interpretation would quickly become more complex.

The summarization of the variables into the factor is accomplished
by deriving factor loadings and computing factor scores. That is, the
analysis arrives at a set of equations of the general form:

Fi= Y2 0
or, more specifically,

Fj=f1’Zj1+f2'Zj2+f3'Zj3+...+f"'Zj". (2)
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Here F; is the factor score for the ju unit of observation (minor civil
division). It indicates how high or low the unit is rated on that parti-
cular factor (illustrated by Figure 5B). The factor score is equal to the
sum of the products of the factor loadings, f, times the standardized
variables, Z. The factor loadings indicate the degree to which the parti-
cular factor is associated with each of the variables being used.

The mechanics of the analysis depend only upon one set of infor-
mation, the measure of association between pairs of variables, their
intercorrelations. No other information about the variables is used 13.
In Table 1 a correlation matrix with such information for four variables
is shown. In each cell is the simple correlation between a pair of var-
iables, and the six correlations shown account for all pairs.

Table 1
Correlation matrix, four illustrative variables
Variable
1 2 3 4
1 1.00
2 | .21 1.00
3 | -.12 -.28 | 1.00
4 | .06 a4 -.08 1.00

A single factor can be constructed to represent these four variables 4.
It is derived from the correlations and its equation is

F;=03Z;,+0.7Z;,—-04Z;;4+0.2Z;, <)
Loadings are conventionally listed in Table 2. The correlations are pro-
ducts of the factor loadings. For example, the correlation between vari-
ables one and two, 0.21, is the product of the loadings for variables one
and two (0.3X0.7=0.21). It can quickly be seen that all other correlations
in Table 1 can be reproduced similarly.

Diagramatically, the factor and the variables can be represented as
in Fig. 6. The circle represents the factor and the squares the variables.

13 Summarizing the data in a correlation matrix necessitates the assumption
that knowledge of the second order moments (variances and covariances) uniquely
determines all the information in the data, and this necessitiates the assumption
that there is a normal distribution for the variables. See H. Solomon, A Survey
of Mathematical Models in Factor Analysis, Part 3 in H. Solomon, Mathematical
Thinking in the Measurement of Behavior: Small Groups, Utility, Factor Analysis,
Free Press, Glencoe, I11., 1960.

4 For other, and more detailed examples along this line see Adcock, op. cit.,
and Walter Isard, Methods of Regional Analysis, The MIT Press, Cambridge, Mass.,
1960, pp. 293—305.
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The numbers connected to the cross-hatched areas are the factor loa-
dings. The square of each loading represents the percentage of the var-
iation that is explained by the factor 1. That is, 49 per cent of the
variation of variable two (0.7X0.7=0.49) is explained by the factor. Nine
per cent of the variation of variable one, 16 per cent of variable three’s,
and four per cent of variable four’s variation are explained by the factor.

Table 2
Variable | Factor loading
1 0.3
2 0.7
3 , —0.4
4 | 0.2

In actuality it is very unlikely that a factor can explain all the vari-
ation of the original variables. (The example above was constructed
specifically to allow complete explanation). Because complete explanation
is rare, a comparison is usually made between the sum of the products
of the loadings for the pairs of variables, and the correlations between

Fig. 6. Diagramatic factor loadings
Source Adapted from Walter Isard, Methods of Reglional Analysis Cambridge

the M.I.T. Press, 1960), p. 296

the same pairs. That is, a table constructed by the products fifs, fifss ...,
is compared with the actual intercorrelation table. The closer are the
values, the greater the percentage of explained variation. In addition,
it is very unlikely that one factor will be sufficient for explanation. In

15 The factor loading is, in fact, the correlation coefficient between the variable
and the factor.
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BARCLAY G. JONES AND WILLIAM W. GOLDSMITH

Table 3
Minor civil division identification scheme
Chenango County | Delaware County | Otsego County
No. Town No. | Town No.  Town
1 Afton 23 Andes 42 Burlington
2 Bainbridge 24 Bovina 43 Butternuts
3 Columbus 25 Colchester 44 Cherry Valley
4 Coventry 26 Davenport 45 Decatur
5 German 27 Delhi 46 Edmeston
6 Greene 28 Deposit 47 Exeter
7 Guilford 29 Franklin 48 Hartwick
8 Lincklaen 30 Hamden 49 Laurens
9 McDonough 31 Hancock 50 Maryland
10 New Berlin 32 Harpersfield 51 Middlefield
11 North Norwich 33 Kortright 52 Milford
12 Norwich City 34 Masonville 53 Morris
13 Norwich 35 Meredith 54 New Lisbon
14 Otselic 36 Middletown 55 Oneonta City
15 Oxford 37 Roxbury 56 Oneonta
16 Pharsalia 38 Sidney 57 Otego
17 Pitcher 39 Stamford 58 Otsego {
18 Plymouth 40 Tompkins 59 Pittsfield [
19 Preston 41 Walton 60 Plainfield
20 Sherburne 61 Richfield
21 Smithville 62 Roseboom
22 Smyrna 63 Springfield
64 Unadilla

65 Westford
66 Worcester

miles, while the largest, Hancock, in Delaware County is 161.1 square
miles 39, The towns are roughly similar in total population as well,
although again, the largest, Sidney, has 7110 residents, and the smallest,
German, has only 253 31,

The variables for the analysis were chosen with two criteria in mind:
they had to be readily available from published sources, and they had
to be useful indices of level or type of social or economic development.
The reason for the latter criterion is obvious. The former was stipulated
since one of the objectives of the study was to develop a standard metho-

30 The two cities, Norwich and Oneonta, are, of course, much smaller in total
area than any of the towns. Norwich City is 2.2 square miles and Oneonta City

is 3.8 square miles.
31 Here the two cities are not so unique. Norwich City has 9175 residents while

Oneonta City has 13,412.
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dology that could be used in comparable studies throughout a much
larger region. In other words, one of the questions we wanted to test
was whether or not useful sub-regional identification could be achieved
using the data that are readily available for Minor Civil Divisions.
Data satisfying these criteria were found in the censuses of popula-
tion and housing, and agriculture. A total of 44 variables were selected
that related to six major subjects: population, housing, employment sta-
tus, occupation, industry, and agriculture 32. The variables and characte-
ristics of their distribution are given in Table 4.
Table 4
Summary listing of variables

Standard Max-  Min-

No. Variable Average Rl erorr T
Population
1 % of Population less than 18 years old 374 5.4 55.6 24.4 |
Median school years completed 10.4 .8 11.9 8.7
3 % of persons 25 and over with less than 39.7 7.2 63.5 249 |
9 years school
4 % of persons 25 and over with 4 and more ‘
years college 5.6 3.0 12.0 .0 i
5 % of families with income less than $ 3000. 26.7 10.0 56.6 8.6 ‘
6 % of persons five years old and older in sa-
me home, 1955 and 1960 61.2 7.3 75.2 41.0
7 % of Population rural, non-fram 63.7 20.2 91.8 .0 |
8 % change in Population, 1950 — 1960 2.2 12.2 488 —23.5 |
9 Total Population 2101.9 2133.5 13412.0 253.0 |
10 Population Density, persons per square
mile 151.3 656.7 4170.5 8.8
11 Median income of families, dollars 4595.5 684.0 6299.0 2655.0 |
Housing |
12 % of housing units owner-occupied 63.5 11.1 82.7 31.7
13 % of housing units built prior to 1940 83.1 8.2 96.2 57.7
14 % of housing units sound 69.0 16.5 92.4 17.3
Employment Status
15 % males employed 771 6.8 91.3 47.2
16 % males unemployed 6.0 3.8 18.9 .0 |
17 % females employed 334 5.1 44.4 20.3 |
17 % females employed 334 5.1 44 .4 20.3
18 % females unemployed 5.9 5.1 21.4 .0 i
Occupation {
(All values are % of total Employed) |
19 Professional, Technical and kindred workers 8.4 4.8 17.8 .0 |
20 Farmers and Farm Managers 17.8 9.9 44.1 1

32 The data for variables 1 through 33, population, housing, employment status,
occupation, and industry are from U.S. Department of Commerce, Bureau of the
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Table 4 cont.
y Standard Max- Min-
No. Variable Average deviation imum imum
21 Managers, Officials and Proprietors, exclu-
ding Farms 59 2.8 11.8 .0
22 Clerical, Sales and kindred workers 12.0 5.5 27.3 .0
23 Craftsmen, Foremen, Operatives and kind-
dred workers 27.7 7.7 54.1 9.3
24 Private Household and Service workers 9.5 5.3 32.7 .0
25 Farm Laborers and Farm Foremen 10.2 7.3 37.3 4
26 Laborers, except farm and mine 4.4 2.3 10.7 .0
Industry
(All values are 9% of total Employed)
27 Agriculture and Mining 28.9 15.7 80.0 .6
28 Construction 6.8 3.3 18.6 .0
29 Manufacturing 22.3 11.1 55.6 4.0
30 All Transportation, Comunications, Public
utilities and San. Services 3.8 2.8 16.3 .0
31 All wholesale and retail trade 12.8 6.0 27.1 .0
32 All services 17.3 7.8 40.7 .0
33 Public Administration 2.7 2.1 13.1 .0
Agriculture
34 % of total area in farms 6.6 2.7 15.5 .0
35 Total number of farms 102.2 49.6 230.0 .0
36 Average number of acres per farm 205.6 49.8 299.0 .0
37 Total number of milk farms 83.4 39.3 182.0 .0
38 Total number of milk cows 2179.4 1107.3 4380.0 .0
39 Total farm acres 21141.6  9892.5 43987.0 .0
40 % change in total number of farms, 1950 —
1959 —24.1 11.0 5.0 —40.0
41 % change in total area in farms, 1950 —1959, —6.8 9.2 31.0 30.0
42 % change in average acres/farm, 1950—1959  24.0 12.4 50.0 .0
43 % change in number of milk cows,
1950 —1959 -9 15.9 57.0 —35.0
44 Total area of cropland harvested 61054 2767.4 12212.0 .0

The data were then analyzed and factor loadings and scores com-
puted 33. The factors were identified and names given them in relation

Census, Advance Table PH 1, and Special Tables PH 3, PH 4. and PH 8. Data
for variables 34 through 44, agriculture. are from C. A. Bratton, Census of Agri-
culture, 1959 Chenango, Delaware and Otsego Counties, Department of Agricultural
Economics, New York State College of Agriculture at Cornell University, Ithaca,
N. Y., September 1962. Where the agricultural data were reported for combinations
of towns they were allocated by tne ratio: number employed in agriculture in town/
/number employed in agriculture in combined towns.

8 Principle component analysis was used to define ten factors. The factors
were then rotated using the “varimax” criterion. A standard program was used
and computations were carried out on the Control Data Corporation 1604 computer
in the Cornell Computing Center.
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The Housing variables, 12, 13 and 14, do not have high or modera-
tely high correlations with each other or with other variables. (Neither
do these three variables contribute much to the analysis in later steps).
Interestingly, the Employment Status variables 15, 16, 17, and 18 are not
even moderately highly correlated with themselves or with any others
as might be expected. They do contribute to the analysis, but probably
not as much might be judged a priori.

As mentioned above, the variables listed under Occupation and In-
dustry have a great number of hight and moderately high intercorrela-
tions. To clarify interpretation, these correlations have been abstracted
to form Table 6. The most noticeable implication of the table is the
sharp areal demarcation between agricultural and non-agricultural acti-

Table 6
Correlations among occupation, industry, and selected other variables
5 Occupation Industry_" ‘ \
g 2 |
(5} L —
3 g 8| &
& 8| & g|=|2| £
= I - Sll 9|5
S Se et o5 Iies ] 4B FAS NG
clzloa|lg]|E|lElS8]l=]s 8
-l 2| | 8| 2 Bl 315 of 2
o ERIEN - R = - = S BB lE ] E
SRS S ] ORISR SR o SRR R RS
=B g &L= 8
No. | . Variable 19120 )21 22123 ) 25| 26|27 ] 29| 31 | 32
4 | College education +4+ — + — = 5|
9 Total population = — e
11 Median income — + — 4
19 | Prof., technical -+ + — du |
20 Farmers = Ly 1 O JL glatd
22 Managers + = du AL
22 | Clerical, sales + | — —— du e
23 Craftsmen, foremen, opera-
tives - = | Ly
24 Household and service
workes +
25 | Farm Workers - ++ —_ = ++ —l —
27 | Agriculture & Mining —|+4| - |—-—] = |++ s
28 | Construction ==
29 | Manufacturing ++
31 Trade D= de i
32 | Services =l =

Legend: + 4 high positive correlation (r=0.70),
+ moderately high positive correlation (0.50<r<0.70),
— — high negative correlation (r<—0.70),
— relatively high negative correlation (—0.50>r>= —0.70).
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Table 7
Factor Descriptions in rank order of correlations with top quartile variables
Vbl. No. | Loading Description
FACTOR I—HIGH INDEX URBAN
2 —.314 Median school years completed.
21 —.239 Managers, officials and proprietors, excluding farms.
30 —.211 All transportation, communications, public utilities and san.
‘ service.
4 ‘ —.179 % of persons 25 and over with four and more years of
| [ college.
5\ 19 —.149 Professional, technical and kindred workers.
| 24 —.131 Private household and service workers.
1 115 % of population less than 18 years old.
21 —.113 All services.
31 —.109 All wholesale and retail trade.
22 l —.105 Clerical, sales and kindred workers.
33 ‘ —.095 Public administration
26 .088 Laborers, except farm and mine.
FACTOR II—HIGH INDEX AGRICULTURE
2 .245 Median school years completed.
; 34 .241 % of total area in farms.
‘ 16 —.056 °/ males unemployed.
21 .048 Managers, officials and proprietors, excluding farms.
19 .042 Professional, Technical and kindred workers.
26 —.038 Laborers, except farm and mine.
15 .037 % males employed.
3 .034 %, of persons 25 and over with less than 9 years scholl.
33 —.033 Public administration,
6 .028 % of persons five years old and older in same home, 1955
and 1960.
18 —.027 % females unemployed.
FACTOR III-MIDDLE INDEX URBAN
23 119 Craftsmen, foremen, operatives and kindred workers.
25 —.081 Farm laborers and farm foremen.
29 .079 Manufacturing.
22 079 Clerical, sales and kindred workers.
6 —.067 9/ of persons five years old and older in some home, 1955
and 1960.
20 —.056 Farmers and farm managers.
4 .050 o/ of persons 25 and over with four and more years college.
17 .047 % females employed.
1 .045 % of population less than 18 years old.
12 .044 %, of housing units owner-occupied.

19 .043 Professional, technical and kindred workers.
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Table 7 cont.

FACTOR 1V—-LOW INDEX URBAN

2 —.272 Median school years completed.

33 .254 Public administration.

16 122 % males unemployed.

34 —.097 % of total area in farms.

41 —.074 % change in total area of farms, 1950 —1959.

4 — 060 % of persons 25 and over with four and more years college.
17 —.051 % females employed.

1 .049 % of population less than 18 years old.

21 .049 Managers, officials and proprietors, excluding farms.
28 .049 Construction.
43 —.045 % change in number of milk cows, 1950 —1959,

FACTOR V — LOW INDEX AGRICULTURE

2 —.219 Median school years completed.
30 —.109 All transportation, communications, public utilities and san.
services.

40 —.074 % change in total number of farms, 1950 —1959.
42 .066 % change in average acres/farm, 1950 —1959.

21 .064 Managers, officials and proprietors, excluding farms.

16 .048 % males unemployed.

34 .046 % of total area in farms.

17 .045 % females employed.

31 —.029 All wholesale and retail trade.
26 .028 Laborers, except farm and mine.

4 —.025 % of persons 25 and over with four and more years college.

tion of occupants are employed in public utilities, in service industries,
in wholesale and retail trade, and in public administration. Lastly, the
positive loading on Variable 1 suggests a relatively small proportion of
children. The combination of all these variables very strongly indicates
that Factor I is an index of urbanization, and an index of quite high-
-status urban living in addition.

Factor II, High Index Agriculture, appears, quite simply, to indicate
towns in which there is a high percentage of land in farms and in which
the population is relatively well educated. The loadings on wvariables
other than 2 and 34 are so low that the contributions of the former are
only slightly more than negligible. The factor, therefore, appears to be
an index of agricultural areas with well educated populations. Whether
those in the areas who are well educated are the farmers or others is
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Table 8

Per cent of variance explained by factors

Factor : 2 Comulative

No. Eigen value Explained o explained
1 ‘ 6.85 15.36 15.56
2 5.77 13.12 28.68
3 4.67 10.62 39.30
4 2.35 5.34 44.64
5 2.05 4.67 49.31
6 1.91 4.34 53.65
7 F 3.36 7.63 61.28
8 1.49 3.38 64.66
9 2.37 5.39 70.06
10 1.00 2.28 72.34

\

Further interesting information about the nature of the factors and
their meanings can be derived from looking at the relatinoships between
them. Particularly revealing are the correlations of the scores for all
paris of factors and the scatter diagrams which were plotted for each
pair of factor scores. The correlation matrix of the factor scores is pre-
sented in Table 9.

Table 9
The varimax factor scores correlation matrix
i 2 3 4 5
1 ! 1.00
2 e '1.00 | i
3 .64 02 .00 | = o
4 14 —.26 —24 | 1.00
SRl 5. 60D 01l =20 [P (=vaB Mha®. 320 Jf 1.00

Factor I, High Index Urban, is relatively highly correlated with Fac-
tors III and V and uncorrelated with Factors II and IV. If Factor I had
had either a high positive or negative correlation with Factor II, High
Index Agriculture, it would have indicated that areas that scored high
on both factors were either closely associated or mutually exclusive.
However, both conditions prevail simultaneously: a substantial number
of towns score high on both factors, others low on both factors and still
others high on one and low on the other. This indicates that geographical
areas identified by Factors I and II are in some cases distinct from each
other and in some cases distinct from each other and in other cases
coincident.

There is a relatively strong negative correlation between Factors I,
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giving us a set of results which exhausts all contingencies. Next we will
examine the extreme values on each factor. In each case we will make
inferences about the internal structure of the hree-county region and
compare them with other information about the area.

First we wished to group the minor civil divisions of the region into
mutually exclusive and cxhaustive sets by very crudely dividing them
into “high” and “low” on the basis of some dichotomization of the
scores for each factor. An arbitrary choice of method was required, for

Table 10
Summary listing of factor scores

No. Factor High Low Mean
1 High index urban (negative) 17.9 —21.6 0
| 11 High index agriculture 12.3 —13.7 0
| I Middle index urban 11.3 —14.9 0
1V Low index urban 9.1 —6.5 0
\Y Low index agriculture 4.8 —9.2 0

when the values of any one of the five factors are plotted there are dis-
tinct breaking points only near the ends; that is, except for a very few
minor civil divisions with extreme factor scores, there is a relatively
uniform continuum from the lower to the higher scores for each factor.
In the absence of any other information, dichotomization on the mean
value appears justified.

The results of dichotomization of the factor scores at the mean value
are shown in Fig. 7, the Factor Scores Tree Diagram. The towns and
cities are listed by their designations according to Table 4 in Chapter II.
For Factor I, a low score meaning the existence of High Index Urban
elements is indicated by the first right hand branch; for Factor II, high
scores meaning the existence of High Index Agricultural elements are
indicated by the second right hand branch, whether coming from the
right or left of the original split on Factor I. For Factor III high scores
on the right show the presence of Middle Index Urban elements. And
for Factors IV and V, high scores for these IL.ow Index Urban and
Agriculture factors are again on the right.

Let us take an example. Consider Minor Civil Division 7, Guilford
Town in Chenango County. Its scores on factors one through five are the
following, in order: 2.82, 5.90, 2.76, 0.22, and — 0.59 Because the mean
score for each factor is zero, the first four scores for Guilford Town are
“high” and the last, on Factor V, is “low”. Tracing these scores down
the tree diagram we do the following: For Factor I we go to the left for
the high score until we come to the next branch in the tree; we then

7 Geographia Polonica t. 15
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Factors I and II alone imply conflict between urban and agricultural
uses. High scores on both Factors II and III alco suggest an agricultural-
urban conflict, but of a different nature. Other combinations of scores
on the diagram have various implications. Clearly each end point or
branch of the tree denotes a slightly different situation. Of the 32 possible
branches there are 24 with towns or cities listed. This is too many for
a generalization of the situation in the region.

LR 5,27, 38 "»
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Fig. 8. The factor scores, Venn diagram

In effect what we have done has been to define 24 different sub-re-
gions of the study area. Because this number is too large to be easily
comprehended or dealt with, it is necessary to group these subregions
into major families. Figure 8 repeats the information contained in the
Tree Diagram of Figure 7 in such a way as to facilitate the grouping of
the 24 regions. Three major groupings have been identified: the first.
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includes all those regions with High Index Urban elements; the second
includes all those regions with High Index Agricultural elements except

those in the first grouping; and the third includes all those regions out-
side the first two groupings that have Low Index Agricultural elements.

-~ X o - sovma

. AT 3
- Thane n ey r
COVERTET B aanne. U
QO:T

T s wiot
T : o
[c::: ~ ances lmlwnv
L .
i |
‘Q 5 7

: e eecae: OLCwEETEn \\",/
%EE R SSIIEH 1 | DELAWARE COUNTY

I High Index Agricultural

Fig. 9. Regions with high index agricultural and high and middle index urban
elements

We will examine each of these groupings in detail. The discussion will
refer also to Figs 9 and 10, on which are mapped the presence and ab-

sence of Index elements.

Grouping I (all High Index Urban regions):

The High Index Urban regions can be divided into two groups, one
with High Index Agricultural elements and one without. The former
defines areas of conflict within the three-county study region.

Areas of conflict are discussed first:
1. The first category of conflict is identified by presence of both
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Eigh Index Urban and Agricultural elements (I and II) and no other
elements. Only one town falls into this category: Stamford, (39). A glance
at both Figs. 9 and 10 shows Stamford as the only town with these and
only these two elements. As indicated in Fig. 9, its agricultural elements

CHMENANGO COUNTY

= -3 —
T —f————
el s ey oy -

DELAWARF COUNTY

n I¥ Low Index Urban
% X Low Index Agriculturol

Absence of: I High Index Urbon
IOI Middle Index Urban
X High Index Agricultural

Fig. 10. Regions with absence of all high and middle index elements and presence
of low index urban and agricultural elements

are cor:tiguous with a suburban and rural non-farm area stretching from
Worcester to Delhi and Middletown. The absence of Low Index elements
in Stamford is indicated on Fig. 10.

2. The second category of conflict, the highest order conflict, is
identified by presence of both High and Middle Index Urban elements
and High Index Agricultural elements. Here are Balanced Urban areas
in conflict with agriculture. Three cases exist.
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OTSEGO COUNTY
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Fig. 11. Regions with extreme value factor scores, factors I, II, III and IV

munities of the three-county region. The two additional towns, Richfield
and Otsego, are special cases. Richfield is located on Route 22 and in
addition is close to Utica, to which large numbers of workers commute.
Otsego contains Cooperstown, a very special kind of urban place, and
has the largest resort activity in the three-county region. It is the county
seat and contains state and national institutions which give it a different
and more urban character.

Factor II, High Index Agriculture, has extremely high values for five
towns: Greene, Bainbridge, Franklin, Walton, and Delhi. Portions of each
of these towns contain the excellent soils of the Chenango-Tioga Asso-
ciation (see Fig. 4). Also, each of them except Bainbridge is presently
far enough away from the major urban areas of Oneonta, Norwich, and
Sidney to remain in agricultural use. These towns have productive agri-
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Varble | =
b
var. No. |
CHENANGO
0IAFT 374
02BAI 337
03COL  41.0
04COV | 43.6
0SGER | 55.6
06GRE | 138.0
07GUI | 38.3 |
OSLIN | S1.5
09MC 436
10NEW = 370
1INOR | 37.2
12NOR | 34.2
13NOR | 40.7
140TS | 422
1SOXF | 350
16PHA | 429
17PIT | 445
ISPLY | 43.5
19PRE ss.z‘
20SHE | 38.1
21SMI 385
22SMY | 426
DELAWARE
23AND | 39.5
24BOV | 40.2
25COL | 342
26DVA | 38.5
27DEL | 309
28DEP | 38.3 |
29FRA | 37.0
0HAM  39.2|
JIHAN | 34.7‘
32HAR | 33.0

= -
2|8(S|8|
z - E | &
— | [—
S 8 T [
102 403 7.8 10.1
109] 344 4.5 s.s'
9.8 439 4.5 216
10.2| 39,1 52 108
92! 434 00 96
117/ 296 8.5 126
100 412 38 151
100 319 s.s[ 19.1
94 468 00 161
109 338 73 165
10.6| 344 28 108
11.5 32.1} 112 153
114 332] 92/ 155
1.0 345 109 243
11.4| 30.5| 84| 19.5
8.7/ 635! 00/ 414
10.1] 430 8.1 352
89| 533 35 432
8.7/ 564| 10 438
1.9 310 93 247
0.1|394 24 251
94! 459! 34177
1.1 376 | 39, 21.2)
10.9’ 357 | 5.8 357
89| 543 | 56| 326
9.8 447 | 8.0 282/
1.6 304 9.7 259
10.9\ 365 | 73| 134
104! 387 | 44 25.1
11.3) 351 23 323
101 433 52/ 268
10.5] 40.7 | 6.8 39.6
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APPENDIX

(-9 Z | U
| b & w 2 |
z ‘ g 2 |8 |& | & ‘ 5
5|12 |5|&8|2(2|8@e
-4 | © = 2 = e} - |
A 9 10 u'lz‘nlu.
800  9.7/2245| 476 5500 6941 79.8) 852
858 17.4:3177) 90.0 sszs‘ 72.5 15.0! 80.1
55.!’ 7.8| 706/ 18.5 3968| 71.9 839 585
57.9| 79| 859 17.3|5527| 80.8 856 683
425 33 253 88 4062 522  88.4) 329
792 24.6 4624 6l.0"$659\65.8 81.0 51.61
6921 37,2368 379 4989 724 842 797
398 67 364 13.6 3250 554 88.1| 79.6
75.5| —9.9| 639 4421 4421 525 900 794
79.0 11.6 2633| 53.2 4848 63.2) 88.0 924
67.5, 253 1096 37.8/4221 804 73.1 824
00 4.1 9175 4170.5 6200 574 914 843
838 488 2587 w.7|scss; sul 57.7 91.6
745 —4.7| 854 22.1/4464 68.2| 962  86.2
83.5 1.0 3457 566 S138) 639 819 59.8
66.5 7.3 515 130 4999 76.9‘ 92,6 61.7
60.0 22| 650 22.7 5000 77.1) 882 68.1
S82 17.0 1004 234 4086 73.1 81.2) 82.7
66.0 11.4 753 21,3 3430 60.4 787 73.1
829 9.6 3338 81.2 4797 63.3 81,0 794
62.9 s.4| 891 17.5/4624| 45.1 | 0.0  46.3
622 591044 246 5025 739 84.0| 57.5
64.4 —23.5 1274 11.4|4262| 48.2 65.8] 61.2
249 —165 594 13.8/3999 609 92.7 374
88.7 —17.9/1920' 13.5/4478! 50.5 74.1| 77.0|
66.8 2.3}126| 23.9/4633 62.6 88.1] 37.1
838 2.6/3398 51.6) 5031 61.7| 83.2| 87.0
85.7 —1.0/1560 353 5589 444 812 38.1
S84 —1.1 2133 263 4865 719 911 668/
485 —1.0 1108 186 4381 740 904 225
91.8 111 3907 24.1 4571 534 70.7 66.6
L 664| —PAtDFIrCIHIONG po.2| 81.1) 854

_ Observed values of variables for the three-county region by twon and city
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15 | 16
77.8| 3.1
786! 1.2
880 21
758 58
65.8 160
79.5| 28
77.1 1.6
840 00
827 164
78.71 69
91.3| 22
81.5, 4.7
830 30
746 90
822 48
4721 43
823 7.6
868 38
61.2| 8.5
779 32
722]| 34
78.7 44
nJ‘IZ
| 904 35
75.2 189
77.71 43
680 22
78.1 5.1
| 79.1 35
814 29
724 10.5
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Observed values of variables for the three-county region by twon and city

|

| | = 7 (8} |
- , =] 2 &

o E % ‘z €| 2| % 2l a ’E b & |3 5 -

Varble | = a | B0 = o | B (=) 2 | @ =
a3-1% | s |21 &l (% |8 Z |

J4|% |8 |a | |§|F|8|Z|O|S|@a|=|D |

vaNo. | T T2 3141516 7 8 |9 10| 2| B 1@ 151617
33KOR | 354 9.7/ 453 24 353 656 523 —134 1073 17.1 3830 $69 920 610 820 53| 27.1
34MAS | 420 99 416 08 40.5 637 S6.5 2.0 1030 193 4333 822 756 534 808 4.5 344
3SMER | 396 99 446 64 312 715 351 —1.9 1112 19.0 3828 67.5 947 59.6 80.0 3.5 34.6
3I6MID | 305 10.1 414 62 245 655 832 —114 3310 334 4474 573 81,0 750 79.3) 103 334
I7ROX | 316/ 105 39.9 73 336, 639 639 1.0 2238 248 4186 634 8211 739 790 39/ 360
ISID | 377 110 249 88 123 S18 237 66 7110 1367 6299 652 630 684 813 1.8| 37.5|
39STA | 30.7 n.7‘ 37.5| 80 350 590 782 1.0 2103 44.7 4175 547 913 721/ 756 39 351
40TOM | 432/ 9.0 02| 32| 347 643 655 —129 1463 —139 4314 49.6 82.5| 49.5 816/ 9.0 34.1
4IWAL | 369 10.7] 388 69 233 558 187 1.0 S734 588 5134 67.6 826 649 755 7.4/ 330

OTSEGO ~

42BUR | 384 104 369| 25| 261 712 44.0(—156 809 179 4370 740 650 71.3 839 4.5 365
43BUT | 409 114/ 31.5| 6.5| 340 568 660 28| 1352 246 3938 68.5 89.6/ 173 77.3 47| 237
44CHE | 30.1 103 410/ 5.1| 380/ 704 77.3 —13.1 1156 282 4350 528 888 89.7 77.7 142 439/
4SDEC | 244 109 500 00 364 700 348 —90| 254 119 4250 317  74.5| 64.4 759 63/ 28.1
| 46EDM | 408 10.8| 345 55 30.0| 65.6 69.1 101 1721 37.7/4294 57.00 911  79.1| 77.0| 48 412
4TEXE 36.0‘ 104/ 394 38 307 68.5 61.5 000 923 284 4077 584 812 784 755 6.0 388
48HAR | 322 10.1| 418 6.0 404 694 754 —49 1400 342 4232| $9.7 87.6 67.0 742 9.0 368
49LAU | 3851 102 428 47 326 590 704 35 1498 34.6 4500 70.7 857 79.4| 763 66 3.7
SOMAR | 352 98 436 39 354 664 773 —109 1386 268 4173 713 853 89.5 583 9.0 262
| SIMID | 27.2| 9.6/ 460/ 7.2 315 56.7 669 ~—7.1| 1376 215 4183 48.3| 829 70.8 694 638 327
| MIL | 374 107 368| 63 27.6 628 869 74/ 2055 434 4875 S0.5) 728 6431 730| 9.1 411
SIMOR | 30.3| 110 344 8.1 224 674 700 59| 1525 383 5213 792  87.5 720 752 3.0 275
SINEW | 383 100/ 398 4.7 379 752 600 -74 812 182/4000 74.7| 91.5 729 733 74 259
SSONE | 27.1| 11.4 338 120 190 49.0 000 —1.1 134123529.5 5442 54.0 943 852 705 44 336
SGONE | 338 108 333 6.6 198 507 914 160 4068 1200 5417 82.7 632 879 728 1.5 367
STOTE | 397/ 10.2) 410 68| 244 705 688 13.5 2008 44.2 5080 73.9| 829 795 757/ 4.8/ 32.5
S8OTS | 30.3| 111 356 111 197 610 31.6 —4.3 4121 738 5441 S35/ 88,1 854 743 56 410
SOPIT | 40.7| 9.3 4811 32300 69.3| 624| 3.5 880 23.5|3989) 660 827) 42.1| 74.8| 6.7| 39.6
60PLA | 454 114 258 52 215 678 636 48 764 261 4600 79.1| 9121 639 769 40 343
6IRIC | 333 110 350 92 196 619 883 138 2662 839 5048 $9.4| 84.1 822  81.0 4.0 362
62ROS 298/ 9.0 500 1.3 566 622 794 -9 SI8 156 2655 66.1 857 721 734 177 293
63SPR | 39.7 107 364 7.4 329 741 S84 —53 1121 266 3837 423/ 850 833 837 59 I8
64UNA | 39.8 11.5 320 68 220 S1.9 83.7 357 3649 768 5047 70.7) 70.7 724 813 28 369
6SWES | 357, 99 40.5 1.2 342 642 565 —12.6 526 153 4000 572 89.5 724 730 59 284
L6SWOR | 33.3| 9914521 97132216171 7461 —3idPder IeR (AP Hj6 11 8821 65.3| 723| sS4l 0.1
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Observed values of variables for the three-county region by town and city

1 3 woog viydvaioan g

Sl ! | 2 | & 9 o
[ o & |9 = < | ‘ b Z < |« X
Vnwézigééﬁézi‘i::!gé.agggls'g‘s
u&'u.3<02|-3'&:‘2<z|<2.21-uu|d'u|.-
Var.Nol 23 |28 |™25 1726 |27 |™2871 29 (30 ) 31 | 32 1 33| 34 [35/136|37/ 38 | 39 | 40 | 41 (42 43 | 44
CHENANGO
OIAFT | 32| 6.5 2.5 47| 140 7.8/ 308/ 64| 163 179 05| 6.7)131|155| 93| 2177 |20303) 17| -3 16 1| 6803
02BAI | 345| 7.8 42| 28| 12.1| 48| 453/ 40 135/ 130| L1/ 15.5/178/189|136 3324 |33634| -29 | —11 | 25| —6 9728
03COL | 30.1| 98| 176/ 47 438| 63| 19.1| 1.6 10.5| 160/ 00| 3.1| 37/205| 32| 969 | 7594 -25 -4 |28 | 13 2432
o4COV | 347| 34! 105| 82| 347| 43| 31.3|31] 82| 91| 37| 09| 15/190| 11| 281 | 2845| -29 | —11 | 25| -6 823
OSGER | 180 13.1| 18.0| 00.0| 49.2 00.0| 6.6/ 49| 6.6| 19.7) 13.1| 49| 35/258| 29| 745 | 9021| —37 | -20 | 26| —16 2426
06GRE | 290| 9.6/ 48| 40| 140 6.5|293| 4.7/ 16,1 202 32| 7.8/212|176| 152| 3802 37281 —15 | -7 9 2 11233
07GUI | 366 75! 79| 48| 258| 88| 309 25| 72| 1.4 2.5| 7.9/170]185|129| 3537 | 31517| =20 | -5 ’ 18| -7/ 9874
OSLIN | 17.1]| 00| 243 7.2/ 68.5| 3.6 |s.s|o.o 108 36| 00 82| 65/215| 57| 1471 |14000| —30 | —14 | 24 0 4135
oMC | 302] 17.5| 42| 16| 212| 28| 323! 48] 79| 185 42| 7.2| 83|225| 66| 1765 | 18662| ~28 | -9 |26 | ~—6 | 5282
JONEW | 28.1| 148| 44| 36| 166/ 509|251 32| 13.0| 208 44| 9.4|148/203|126| 3828 [29998| —25 | -4 |28 | 13| 9610
1INOR | 31.3| 9.8 161 68| 342/ 103/ 23.0 3.9 ;3.1 zg\s ;.9 15.3 1&3’ 2(2)3 g; 2533 mg -033 -4 g‘ zo 73&1’
12NOR | 324 11.6| 0.5 22| 11| 27| 39.5 64| 200/ 202| 29| 0. 00 ‘
13NOR | 31.4| 94| 45| 19| 130/ 43 2830 36! 221|137, 32| 65|101|176| 78| 1844 | 17797 -33 | -21 | 18 | =23 | 5682
1430Ts | 38.4| 49| 52| 39153 81388 1.3 39| 254] 32| 39| 42/229| 36/ 980 | 9603| ~37 | -6 48| 6| 3064
1SOXF | 31.5| 98| 52| 58| 156/ 80| 2s8| 39| 17.1| 23.7| 32| 7.7/149|199[123| 3435 | 29637| —22 | -7 10, 0 9622
I6PHA | 54.1| 00| 59| 89| 267 12.6 ss.sl 00/ 30 00| oo/ 1.8 21|/215| 19| 475 | 4523| -30 | -14 24 0 1336
17PIT | 368 00| 269| 38| 458 9.0 21.7/ 00 11.3| 42| 00| 6.7| 57/215| 50| 1286 | 12247| 30 | —14 24 0| 3617
18PLY | 318 9.1| 142 34| 406| 7.1|264| 11| S.4) 125| 34| 30| 36/225| 30| 885 | 8111} 34| -4 45/ 7255
19PRE | 25.7| 148 190! 38| 362/ 38| 186! 7.1| 90| 148 62| 33| 34/221| 26| 710 | 7512 —28 | -9 26 —6 2126
20SHE | 30.5| 120/ 39| 44| 126/ 50 320 42 178 224| 1.9 9.0)125/184| 96| 2750 | 22997 -27 2| 39’ 14 | 8128
215M1 | 33.4| 72| 152| 31| 286 7.6] 23.8] 24| 93| 100] 48| 37| 48|255| 40| 1012 | 12255| 37 | —20 | 26 | —16 | 329
22SMY | 315 92! 13.6/ 100/ 286! 54| 399! 1.0/ 7711021 31! 83| 991231 852330 |22838| -37| -6 48| 6| 7289
DELEWARE e
23AND | 1891 107 17.4| 8.4| 428, 8.8| 7.6| 6.1 8.2) 17.6| 3.9, 4.9]134[263|122] 3577 |35304| —29 | —19 | 14 | —15 | 8233
24BOV | 10.7] 9.2 280| 3.1/ 630 7.7 46 00 88| 119 00| 10.7) 98/299]| 84| 3351 ' 29310 -5 7| 7| -4 74%
2scoL | 306] 157 93| 79| 216/ 179| 57| 57| 12.3| 27.9| 48| 2.1| 72|/260| 60| 1120 | 18736 —35 | 30 | 8 35| 3074
26DAV | 352| 81| 74| 70| 248| 70| 251 46| 13.5] 180| 37| 7.3/106|233| 85| 2234 24744| -20| —1|24 5| 6128
27DEL | 268 13.3| 5.1 3.4/ 156! 107] 90| 7.1| 17.3] 28.5| 63| 8.9|177/201|131| 3655 | 35533 4 sl 2| =11 | 9206
33DEP | 317| 61| 87| 44| 18.4] 91| 264! 32| 20.1| 16.1| 46| 59| 73/224| 55| 1418 | 16372 18 | 10 | 10 | —16 | 4111
29FRA | 331 69| 34| 44 332| 78 281 25| 50| 17.1] 34| 8.4/230|189|177| 4332 | 43409| —10 | 1|11 =7 l12212
30HAM | 193] 37| 74| 41| 533 74| 169| 1.6 82| 60| 19| 29/127|236|115| 3416 | 29950| —23 | -9 | 17 3| 7940
IHAN | 322| 187| 19| 68| 133| 12.5] 165 1.7| 262| 23.4| 23| 59| 92{248| 67| 798 ' 22808| —40 | —14 | 44 | —33 | 3841
12HAR | 1871 7.3] 13.4] 25| 390! 73| 84| 67| 90| 21.8] 2.5| 80| 99|217] 75 zzeslzm_s_‘ -30| -8|32| 15| 7127

http://rcin.org.pl
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Source, U.S. Department of commerce, bareau of the census,

httﬂ,.(/r&n org I

C.A. Bratton. Department of agricultural economics, cornell university ceasus of Agriculture 1959,

Q
R 2 || & ! 2 o z < | < 5
B | > | =2 | 2 ) (o) % | O E =]
v |21 % (8812|212 (B|E(R(ZIE(EI5(5(8 (2|8 (2|88 |¢
C|8|&|S|<|o|2|F|z|d|x|<|Zz|<|2|([Z2 |+« |0 |0 [0O|0 |F
var.No | 23 | 28 |25 1 26 | 27 | 28 |29 | 30| 31 | 32 | 33 | 34 | 35|36 |37| 38 | 39 | 40 | 41 | 42| 43 | 44
]
33KOR | 237| 69! 14.4] 44 439 s3] 115 69] 125 11.3] 00| 87 140!251|120| 4296 | 35185| —14 | -3 | 13| —7 | 9461
34MAS | 231| 6.6 180| 23| 380 37| 259| 23| 63 77| 34| 721110 222| 83| 2119 24456 —18 | =10 | 10 | 16 | 6142
ISMER | 157| 38/223| 44| 588 53| 106 31| 97 73| 1.8| 87|143/228) 130/ 348 | 32560 —23 | —3 | 27| -1 |10088
36MID | 27.1| 131 36! 81| 144 72| 163) 79] 1901 27.1| 26 | 4.5/135 213 111 2748 | 28761 | —31  —21 | 15 | —24 | 6904
I7ROX | 193] 80| 100! 40/ 324| 62 148 26/ 193] 195 31| 6.7/134|287 111 3768 | 38454| —23 | —14 | 12 | —25 | 9754
assID | 372 75| 1] 10| 74| 23| sa7| 16| 122] 157] 13| 8.0|162 162]129) 2007 |26226 22 | -7 |18 | -1 | 7277
9STA | 23.0| 10.7) 100 39 259| 48 139 30| 19.4] 257 24| 81| 81(298| 70| 2764 (24175 —11 | -5 | 7| —4|6177
20TOM | 335! S5.1| 1230 79| 35.3| 1806| 257! 30| 48 7.5| 42| 47/135/233|107| 2333 | 31402 —34 | —22 [ 18 | —30 | 7123
SIWAL | 322 86! 52| 62 160! 7.5 296 30 155 202! 40| 7.4/220|200|182] 4380 143987 —21 | -6 |19 | —15 10607
OTSEGO
43BUR | 222] 69| 56| 64| 258] 89| 125 22| 85| 97| 00| 57[ 79209] 65 167 | 16508 =31 | =6 35 | 13164
43BUT | 281, 49| 97| 2.5 321| 55 321| 17| 99 122| 23| 67131 180/107| 2290 | 23578 —10 | —1 |10 -8 7421
44CHE | 203| 117} 109] 20| 274! 53| 16:5| 1.0/ 170| 264| 20| 55| 66/220) 61| 1618 | 14514| =23 | -3 |27 7| 5505
45DEC | 93| 00 37.3 107 800! 107/ 40 00 00| 00| 00| 51| 43206/ 31| 984 | 6996 —-30 -9 |30 57| 2213
46EDM | 21.6| 10.6| 80| 1.5 27.0| 1.8 208 0.6 155 221 2.5 | 9.3]125/216/ 117 3445 | 27012, -23 | 5 /37| 24| 8289
47EXE | 266 72| 7.5, 24 358 60| 212 24! 119 17.9] 1.2 | 102|101 | 211 | 84/ 2186 | 21267 —31 | —6 | 35 1| 6656
48HAR | 27.6| 150/ 72| 2.5 25.0| 82| 216 23 126 251 27| 64113/ 148| 85| 1702 | 16740 —25 | -6 25| 25540
49LAU |343] 97| 80/ 24/ 268 47 196 67 17.7 201 3.0 | 7.4]124|164| 04| 2157 |20391| —32 | -3 41| 14| 469
SOMAR | 263| 9.0/ 70| 9.4 254, 88 177 50 219 133| 09| 50 81/202| 63 1506 16343 —34 —17 25| —5|459%0
SIMID | 154 154| 7.4 1.7 309| 47 70 59 150 336 17| 6.6/ 112|246 104 2227 |27594| —40 | —19 | 36 | -2 | 7464
SIMIL | 341 112| 67| 29| 192| 81 180) B[ 139] 243| 22| 62| 94(204) 76| 1986 | 19134| —33 | —4 |44 | 06049
SIMOR | 327/ 80/ 80 29|21.3| 119 230 s1|123| 136] 22| 75| 93/206| 66/ 1495 |19183| —31 | —4 |38 | 55528
SANEW | 320 3.5 10.6| 3.5 428 94 188 59/ 88 120| 23| 7.2/ 128161 110 2136 |20599 —25 | 6|25 | 6| 6199
SSONE | 257 17.3, 04 30 06 32 163105 27.1 323/ 37| 00/ 00/ 00/ 00 00 00 00/ 00 00 00| 00
SGONE | 347| 117| 24| 47| 61 65157163227 230/ 27| 66/123 116 91| 1072 | 14235 4| S| 1| 0439
STOTE | 28.5| 82| 100 28 261 72 241 47| 148! 188| 43 | 83 154 157|122| 2774 | 24185 a 1 26882
S80TS | 210 208| 22| 41| 94| 631 85 635|185 407| 37 | 69 111|226( 87/ 2215 | 25091 —27 | 9|30 77750
SOPIT | 280 11.6| 12.7| 35| 364 23 272 0.0 19:4| 139] 00 | 72| 94[184| 71| 1871 17326 —14 | 8 24| 15| 5753
6OPLA | 230| 47\ 1L1| 29| 385| 29| 210| 29| 90 119) 00| 80 78192 73| 2013 | 14942 —27 | —10 | 24 | -6 | 4865
6IRIC | 17.7] 327] 45| 35! 138| 68 21.2| 4.5/ 2411 222| 1.7| 83| 78|215| 68| 2158 | 16732 —16 | 7|28 13| 6106
62ROS | 33.7| 11.4| 120| 66| 289| 7.8 27.7| 48| 00| 2L1| 7.2 | 43| 37/245| 34| 731 | 9051 —40 | —19 | 36 | —2 | 2448
63SPR lsn‘ 9.4( 219/ 20/ 49.1| 31| 99/ 31| 02 206| 4.1 | 89 119 245|108 2888 | 25914 —23 | -3 27| 7| 9830
64UNA | 380/ 85 37 48102/ 71 437) 30! 12| 188] 19| 781136/ 170 117 2656 (23091 | 5| 31|25 28 ) 7486 |
6SWES | 127 19.8] 203 7.5 448 38 151 19 57212 19| 63 69 201| 53| 1278 | 13866 —34 | —17 |25 —5 | 3894 |
66WOR | 268/ 62 108| 35| 27.5 67 20.5 23 13.7/22.5| L1 | 102]111/204]100| 3186 | 22649| -30 | —9 |30 | 57| 7166
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126 TERESA CZYZ

(hi—)*) Ii2 T13-«v Tim
on L e Sramesd an.
I3, T332 (hg—/l)---"am = (18)
"m1 Fin2 Fin3 oe- (hm— ~)

This is a characteristic equation, in which all roots are real.

By substituting one of the roots of the characteristic equation for i in
(17), we obtain a system of (m — 1) hemogeneous linear equations. This
system of equations has a number of solutions, all of which are propor-
tional to one particular solution. It follows from the analysis of the

maximization A; that the factor of proportionality 4,= ) a;;=A,. Hence
ji=1
A is equal to one of the characteristic roots of the equation, namely to

the largest root 4;. The largest root 1; of equation (18) is introduced into
(17) and a solution is obtained: o;; o, a,,. Next, in order to fulfil the
relationship (15), these values are divided by the square root of their

squares and multiplied by ./ 4. In this way, the following formula is
developed:

a;, %t \/.;Ll - j=1,2,...m (19)
Vi +a3; 4o,

H. Hotelling also introduced a simplified method of calculating factor
loadings in solving the main factor. He used an approximate determina-
tion of the characteristic roots by the iteration process method without
the previous development cf the characteristic determinant 2°.

The set of factor loadirgs obtained in effect of the extraction of fac-
tors by a a definite method is not the only possible, but it is a definite
set of these loadings determined by a definite position of the reference
system. Because the principal configuration of vectors is an invariable
element, the projections of this constant configuration upon differently
positioned systems of reference can be mutually transformed and, in this
sense, they are equivalent (provided, though, that the origin of the
system of co-ordinates is not dislocated, but that the reference system
undergoes a rotation around this point).

The problem of the rotation of reference vectors emerges when an
interpretation of the significance of the factors is attempted. It has been
stated that there is on definite position of the reference system which

20 Cf. K. J. Holzinger and H. H. Harman, op. cit., pp. 184—186, 363--366.
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142 JOHN D. NYSTUEN AND MICHAEL F. DACEY

MATRIX OF NUMBER OF MESSAGES BETWEEN CITY-PAIRS

T0 CITY
&4 -9 ‘@ d e t g8 b  § ) AR
- ro @ 15 20 28 2 3 2 1 20 1 ;\
b 69 0 &5 50 58 12 20 3 6 35 . 2 Largest flow circled
c NG 0 X2 407 0.6 1 %) 0o 1 Largest flow
d 19 62 14 0 30 pen L ey e § G} PR T | determined by the
FROM % 7 40 48 26 O 2 10 2 37 3 12 6 number of out-going
£ ) LT S L | 0 @) 1 e 20 0 messages.
CITY g* 2 16 3 3 13 3 0 3 18 8 3 1
h 0 - 0 1 3 3 6 0 12 - 0
1 2 28 3 6 43 6 16 12 0 13 |
L 7 &0 10 8 &0 S 17 3% 98 0 35 12
k 3 82 1 06 5 00 0 1S
1 3w S IR Y I Y T O e N 7
Column K\ /
Total 113 337 141 128 290 71 118 65 202 311 91 39
*Lergest fiow from these cities is to & "smaller” city wvhere
“size" 18 deterained by the column totals.
GRAPH OF THEZ NODAL STRUCTURE BETWEEN CITIES
Graph of a,b,..., 1 cities in Adjacency Matrix of Greph C
Region G.
(,ﬁ;f ~\ abcdefght jkl
a 1
graph G < 2
h 1
{ (S
B d d 1
Qe -e
v J £ 1
o ' -
s 8 N 2
N i L 1
i ) .
4 k 1
ce
G s %

Blank spaces represent zero elements.

*Terminal point. ™*Trivial terminal
point.

Fig. 1. Graph of a nodal structure in a region (hypothetical)

ticular case is called a terminal point and in terms of an urban structure,
this type of point is interpreted as a central city.

The following statements are useful deductions concerning the graph
of a nodal structure. Figure 1 illustrates the resulting concepts.

(1) The components of a nodal structure partition the set of cities.

Proof. Each city is represented by a point in a graph of a nodal struc-
ture. Each point is weakly connected to every point in its component
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GRAPH THEORY INTERPRETATION OF NODAL REGIONS 147

a different telephone company. Because each year the telephone com-
panies simultaneously take a one-week sample of intercity telephone calls,
comparable data exist but there was no attempt to obtain them. Finally,
all cities above a certain pupulation size were not included in order
to restrict the size of the study. Some small towns were chosen, how-
ever, in an effort to obtain samples of hierarchies with directed paths

B — SE——— T S
%y |
y |
¢ VL .- ______ e RSP -7 I
. / % Okanog |
e S s \ j 1
& ol ‘ !
- £ I 7\ . Park
__________________ SR\ 7 4 P b G {q a!
- y - sane
Py PSadile === —=' e
_____ '\x'%—————/ﬁ’_”_‘_’_‘fh N
————— Q,A o - Wit 1 .'1 N
=@l . " .~ y 1 |
5 ‘/'v' VA - . Eob i \
LSRR N WS NURIEREE - N PR e Pt bl & S
P e OCle { . i :

' 7 O o . . |
29 » M ke i \1
________ L \

_________ | ™ J pr— PRy —— ®
1~ ]
T ® o )
- 2 18 W p' /
----------------- AU © SN S oo SPY R
) ; -
"y - i

Fi¢ 2. Nodal structure based on :(']("_[)}’xr-zgz' data, state of Washington, 1958

of length 2 or more. The map in Fig. 2 identifies the cities in the study.
With the advantage of hind-sight, it might have been preferable to have
included more small towns in the study.

Certain channels of communication are omitted because they are not
recorded in the long distance data. Direct-line calls are an example.
Probably the only large volume, direct-line in the state links Seattle
with Olympia, the state capital. If these data were included, the maxi-
mum association of Olympia might shift from Tacoma to Seattle. Though
beyond the scope of this study, interesting results could be obtained if
all channels of communication were included. such as radio, telegraph,
mail and messenger service.

10*



148 JOHN D. NYSTUEN AND MICHAEL F.

DACEY

Table 1
A Portion of the 40 x40 Table of Number of Messages Between City-Pairs, for One Week

of June 1958

" To City
From City — — —
Code 01 02 03 04 08 13 26 27 | 40
i J
Aberdeen 01 — 24 | 50 0 246 3671 54 4 | 1005 |
Auburn 02 26 = 35 0 8 | 7654 42 0 163 |
Bellingham 03 55 27 — | 782 24 | 2494 101 3 356 ‘
Lynden 04 4 0 | 2250 — 4 357 9 0 110 |
Longview 08 329 15 32 0 — | 1911 87 4 | 4773
Seattle 13 3427 | 4579 | 3843 | 308 1268 — | 6168 269 (16781
Spokane 26 61 32 119 6 85 | 9991 — | 3842 3838
Couer d‘Alene 27 0 4 4 0 6 254 | 5104 | — 141
Portland, Ore. 40 802 210 304 22 4190 (22179 | 3310 98 =
Largest column total —Seattle 154, 192.
Table 2
A portion of the matrix B (direct and indirect association)
F i To City
Ot licoae |- ol 02k 08 |1oa€) 08 fians 26 27 | 40
Aberdeen 01 — |.248(4) .395(4) |.551(6) .166(3).245(2)* .479(4) .325(5) .726(3)
Auburn 02 .303(4) — .364(4) |.109(5) .108(4)|.508(2)* .500(4) |.107(5) .171(3)
Bellingham 03 1.402(4).232(4) — .513(3) .180(4) .165(2)*.739(4) |.247(5).254(3)
Lynden 04 .328(5).790(6) .148(2)* — 1.307(5).239(3) .716(5) |.689(7) .753(4)
Longview 08 1.221(3) .150(4) .252(4) .341(6) — .131(2) .699(4) .325(5) .316(2)*
Seattle** 13 1.227(2).303(2) .253(2) .204(3) .870(3)) — .409(2) |.188(3).111(1)
Spokane 26 |.568(4).421(4) .953(4) .536(5) .688(4) .649(2)* — .252(2).260(2)
Couer d‘Alene 27 |.650(6)|.332(5) .340(5) .560(7) .459(5).191(3) 1335.(2)*| — .103(3)
Portland,
Ore.** 40 |.563(3).185(3).237(3) .176(4) .278(2) .140(1) 1.224(2) |.725(4) —
Column Total .548(2)|.588(2) .613(2) .866(3) .585(2)|.102(0) {.229(1) .311(2) .563(1)
** Terminal point. * Nodal flow.
Remark: Figures are rounded to three significant digits. Data were processed to 8 significant figures. The value

einparentheses represents the number of zeros before the first significant digit.

Table 1 is an example of the raw data tabulations. Forty cities were
used in the study ® The entire Table is the adjacency matrix of the
almost completely connected graph of associations — there are a few
zero entries. The row totals are the total out-contacts while the column

& A copy of the entire matrix shown in Table 1 may be obtained from John D.
Nystuen, Department of Geography, University of Michigan.



GRAPH THEORY INTERPRETATION OF NODAL REGIONS 149

totals are the total in-contacts. The direction of the message flow is read
from the “row” city to the “column” city. The main diagonal entries are
zero by convention.

Table 2 is the adjacency matrix B which evaluates both the direct and
indirect associations between the cities ®. The nodal structure contained
in this matrix was determined by (1) identifying the nodal flow,
(2) ranking the cities by their total incoming associations, (columns

City tode NS S S8 S A8 =N X AR NS RA NN ARS8 R2S2.

- Seattle 1

Aberdeen oL]e

Auburn Qile

Bremerton oS |e

Centralia Cule

Everett 0l le

Shelton 101e

Cle Elun 17

Vancouver 8.C ]‘-E

Bellinghan 0

Lynden 0% .

Teacoma 0

Oly=pia s .

Puyailup 13 .

Port Angeles Iifje

Sequia 12 .

Wenatchee e

Okaragan 2 .

Yakina )&L!

Ellensburg 35 -

Coldendale 3 3] .

Toppenish 3 .

Spokane 10

Colfax 18 °

Colville 19 )

Ritzville 5 Y

Coeur d'Alene 27 ®

Deer Park 8 °

Wilbur 2 L

Coulee Dan 3 ®

Leviston lda. 38 [ ]

Valla valla 9 )

Dayton 0
— Moses Lake 3

Ephrats % .
— Panco

Richland PO .
— Portiand &0

Longviev 08 -

Vancouver, Wash.le¢ .

Arrovs indicate cities which are temminal points

Fig. 3. Matrix of the nodal structure

totals), (3) assigning an orientation from cities with smaller total asso-
ciations to one with a larger total association and (4) identifying the non-
-oriented cities as the center of its hierarchy. Figure 2 shows the re-
sults. Figure 3 is the adjacency matrix of the nodal structure derived
form the direct and indirect associations.

® The computations were made possible by a grant of computer time from
Western Data Processing, University of California at Los Angeles.
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REGIONALIZATION OF PENNSYLVANIA COUNTIES 163

of judgment and partly of data availability, although there was a relative
freedom of choice because of the mass of information made available by
the State.

As was expected, many of the variables were highly intercorrelated
as indicated by the intercorrelation matrix in the IBM printout attached to
this report. The factor analysis, also attached, was carried up to the point
at which ten factors were isolated. Beyond this point the explanatory

0o % 0
» MILES
) 82 Q
2
y /” L sz ”
a " B2
7/ o
Esigey = gk ot
4 n
n 10 11
o 0 3
] n o
/ ” "/ g
\\.7 8
%)
for" 3 [
- %

Fig. 1. Pennsylvania counties with code numbers

power of further factors would have been insignificant. At each level,
two-factor, three-factor, etc.,, an attempt was made to characterize the
factors on the basis of the scores of the original variables on them. This
is always a dangerous procedure but it does seem necessary when factors
must be selected for the regionalization procedure. And in any case, the
factors have little intuitive appeal unless they are interpreted.

The results of this procedure are presented in Table 2, Note that the
characterization of factors changes at each level of factorization. This
is quite typical of the procedure, particularly where rotated factors are
used to get the best fit. Also included in the table are the numbers of
the factors used in each regionalization and the number of the map on
which the corresponding regionalization appears. The factor selection for
the regionalization procedure was both a matter of judgment and an
attempt to produce a variety of alternative regionalizations based on
different criteria.

11*



| Adams

| Allegheny
Armstrong
Beaver
Bedford

Berks
Blair
Bradford
Bucks
Butler

Cambria
Cameron
Carbon
Centre
Chester

Clarion
Clearfield
Clinton
Columbia
Crawford

Cumberland
Dauphin
Delaware
Elk

Erie

Fayette
Forest
Franklin
Fulton
Greene

Huntington
Indiana
Jefferson
Juniata
Lackawanna

Data used in factor analysis of Pennsylvania counties

1 2 3 4 5 6
% Adults
with
% Popula- Persons/  Population Sale. Y more ' o Non-
tlon.urba- square mile| potential plete l'ql_lor than 4 | * Cpice
nized 1960 1960 per capita ye'ars 1960
1960 1962 high
school
1960
21.6 98.1 .58191 10.2 31.7 7
93.2 2230.9 .73735 339 42.3 8.3
23.2 121.2 .56436 15.6 32.2 1.1
70.9 469.3 .61832 23.7 37.7 5.4
8.7 41.8 .52547 12.3 31.2 4
64.3 318.8 .68201 20.2 31.7 1.8
68.3 258.5 .54048 16.3 37.0 9
30.5 47.9 .52030 11.3 41.1 1.2
553 500.1 .87401 20.5 46.9 1.9
29.3 144.4 .57978 14.9 41.0 5
60.6 292.5 .55073 18.7 339 1.8
44.8 19.0 49539 22.8 48.6 2
64.0 130.6 .65195 19.2 31.3 <l
41.2 70.5 .52401 13.6 50.0 1.0
43.8 277.1 .74642 279 48.1 8.4
13.3 62.5 .52531 13.9 374 .1
28.4 71.3 .51639 11.8 32.8 .3
40.0 41.7 .51906 11.7 39.9 .1
45.3 110.5 .58657 12.4 38.5 2
32.1 76.7 .51623 20.8 43.1 1.3
59.1 224.9 .57982 19.5 47.0 1.6
76.9 423.6 .61271 25.7 42.9 9.7
96.0 2990.0 .98201 33.2 50.1 7.1
52.0 46.3 .49922 17.3 38.4 1
77.1 308.7 .50570 27.3 43.3 2.8
30.1 213.3 .56251 18.2 30.2 4.8
— 10.8 .50245 — 36.6 —
36.5 116.9 .55141 11.7 33.7 2.0
— 24.4 .52823 08.3 26.1 .8
13.2 68.3 .54691 12.0 29.3 1.0
28.7 44.2 .53140- 11.6 35.8 2.5
23.8 91.4 .54794 10.9, ., 34.5 .6
40.9 71.8 51837 14.6 36.0 .1
— 41.0 .54857 06.3 30.6 .1
89.8 .62090 26.0 36.9 4

516.6

Table 1

Public
assist-

ance per

capita
1963

13.67
32.59
23.91
14.93
27.62

12.00
23.15
32.07

3.97
12.46

31.87
10.59
17.17
12.27

7.81

20.27
33.44
22.93
18.82
22.08

6.64
20.00
9.70
9.82
19.63

61.97
12.25

9.30
32.15
44.05

41.94
36.26
27.61
21.90
31.27 |




Lancaster
Lawrence
Lebanon
Lehigh
Luzerne

Lycoming
McKean
Mercer
Mifflin
Monroe

Montgomery
Montour

| Northampton

Northumberland|
Perry

Philadelphia
Pike

Potter
Schuylkill
Snyder

Somerset
Sullivan
Susquehanna
Tioga

Union

Venango
Warren
Washington
Wayne
Westmoreland

Wyoming
York

49.5
52.6
49.1
79.4
81.1

60.6
42.5
53.8
34.7
34.7

70.5
41.2
68.7
62.0

9.7

100.0

17.5
54.1
15.2

21.0
15.8
19.2
21.5

52.1
31.8
41.1
17.7
60.7

54.1

294.9
307.8
250.3
655.1
389.4

90.1
54.7
187.3
102.9
64.8

1052.3
128.7
538.5
229.4

48.3

15767.8
16.8
15.1

221.0
78.8

&

71.4
13.1
39.6
31.8
80.6

96.7
50.1
253.5
38.0
344.7

42.5
261.6

3

.65014
.58930
.62931
.73899
.62336

.53637
.48772
.56685
.53932
67819

92042
57751
.74802
.58503
.56831

1.38670
.65982
.48601
.62553
.55951

.53345
.54380
.54839
.50222
.55323

.52240
.49118
.61386
.59500
.61654

57242
.61901

13.4
16.8
12.7
24.7
333

17.0
21.0
17.6
09.8
41.9

38.3
11.8
23.6
15.1
08.3

44.1
28.0
13.5
18.1
07.5

13.2
20.3
14.2
10.8

15.1
17.6
19.8
20.3
19.7

12.2
13.8

33.9
37.8
349
37.4
35.3

40.5
42.7
43.6
32.9
39.1

51.6
34.7
33.8
33.9
33.9

30.7
38.7
39.5
31.3
30.2

31.1
321
39.2
41.5
40.2

38.5
41.4
34.4
36.1
39.1

40.1
33.0

Table 1 cont.

6

1.3
2.5
S5
5
3

1.2
2
4.0
)
1.6

3.8
4
1.2
2

- N S IR OO

iR D

7

9.04
21.82
7.83
6.66
27.61

22.51
36.36
19.58
30.24
14.66

5.16
18.38
11.85

24.29 |

20.56

30.17
11.99
36.16
27.28
20.30

36.92
24.52
27.11
33.84
18.75

22.51

9.94
30.17
18.22
18.75

32.16
12.23




Table 1 cont. — Page 2

) B 1 s 11 12 13 14 15
o/ Vote | 7o Yote A State +) Capital
Demo- De.mo- %  |Traditio- park Expendi- &L iabi-
cratic for cratic for Roman nal % visits tures | lities of
gover- state | catholic| Prote- Jewish per per‘ i
nor LEDICe 1962 stant 1962 capita pupil L34
1962 | sentative 1962 1962 1962 capita
1962 | 1962
Adims 87 | 497 | 241 | 261 = a2 475. | 1.6322
Allegheny 45.8 | 48.6 43.7 14.5 1.15 - 499. | 3.8131
Armstrong 40.3 46.9 22.6 299 = 5.6 436. 1.1281
Beaver 489 | 56.2 30.4 170 | o021 1.8 434. | 1.0407 |
Bedford 36.1 39.7 3.8 23.2 = 24.3 470. | 1.0389 |
|
Berks 44.9 51.0 15.6 41.7 0.69 2.8 470. | 1.8858 |
Blair 33.5 39.8 23.4 23.7 0.61 — 417. | 1.2139 |
Bradford 31.6 33.0 10.2 24.0 - 3 454, | 1.3415
Bucks 40.0 40.8 25.8 18.0 0.97 9 526. 7521
Butler 36.3 41.4 26.3 260 | 0.0 - 460. @ .2073
‘ {
Cambria 45.4 51.4 45.1 10.8 0.64 - 449, | 1.2802
Cameron 348 | 504 | 241 | 261 N 52 | as1. | 1.78% |
Carbon 45.5 54.4 32.0 41.6 m 6.4 397. | 1.1768i
Centre 32.6 38.5 8.5 23.3 = 6.4 478. | 1.2724 |
Chester 32.5 33.8 20.1 19.0 0.29 = 535. | 1.3889 }
|
Clarion 35.9 45.1 15.7 26.5 = — 438. 5457 |
Clearfield 41.8 47.3 17.9 229 = 2.4 388. | 1.1611 |
Clinton 40.7 | 40.1 13.4 23.9 0.54 4.2 391, | 1.3114 |
Columbia 39.9 | 427 14.3 31.4 0.14 =5 436. | 1.6056
Crawford 37.0 | 39.8 15.5 20.2 — — 481, | .5462
Cumberland 338 38.4 10.1 19.5 i 3.7 474, | 11253
Dauphin 34.2 22.7 16.4 20.9 1.52 .03 458. 2.2683
Delaware 37.2 | 381 39.2 16.5 0.10 — 532. 4913
Elk 42.0 53.4 52.1 10.8 = 2.7 449. | 1.5984 l
Erie 47.1 | 471 33.4 14.2 0.41 = 473. | 1.5580 |
Fayette 53.3 54.9 32.1 14.3 0.43 4 352. .8445
Forest 37.5 46.3 6.5 18.0 = 58.2 453, 4131
Franklin 38.3 38.3 4.2 18.6 0.11 6.1 433, | 1.5856
Fulton 42.7 48.8 4 26.7 = 54.9 488. .9363
Greene 53.4 63.9 13.7 19.4 — — 416. 1.9414 ‘
Huntington 34.5 39.2 4.9 42.4 0.19 10.9 483. 1.0620
Indiana 38.7 40.8 18.2 21.2 = = 447. .5560 |
Jefferson 36.8 43.7 16.4 23.6 = 5.1 427. 7057 |
Juniata 42.0 44.5 1 35.8 o3 7 414. | 1.4135 |
Lackawanna 50.4 54.5 55.9 14.3 0.98 2 380. | 1.4945 |
Lancaster 28.8 28.5 8.1 19.3 0.35 — 474. | 1.3537
Lawrence 43.7 45.4 29.6 29.6 0.48 .8 442, 1.2848




Table 1 cont. — Page 2

Lebanon
Lehigh
Luzerne

Lycoming
McKean
Mercer
Mefflin
Monroe

Montgomery
Montour
Northampton

Northumberland

Perry

Philadelphia
Pike

Potter
Schuylkill
Snyder

Somerset
Sullivan
Sesquehanna
Tioga

Union

Venango
Warren
Washington
Wyane
Westmoreland

Wyoming
York

31.3
41.5
49.2

36.1
35.0
42.2
36.2
39.5

33.6
40.6
49.4
40.6
35.2

56.8
32.1
34.6
433
25.8

38.5
423
34.9
30.9
23.8

333
35.0
51.1
29.3
48.9

28.3
42.8

9 10 11 12 13 14
33.1 12.6 20.5 0.54 = 423,
45.7 24.5 27.8 1.19 = 486.
56.0 52.5 17.4 1.08 1.7 433,
423 12.2 23.5 0.20 1.3 436.
41.2 23.6 9.6 0.59 = 455,
46.1 23.6 26.7 0.55 = 458.
50.4 3.8 42.1 = .9 418.
50.7 9.7 38.7 0.67 10.4 525.
34.2 ] 30.3 21.8 2.75 4 587.
39.9 | 125 29.8 = = 443,
61.0 | 26.8 34.7 0.92 -t 483.
49.6 | 295 24.1 0.15 2 448.
414 | 2.7 25.5 - 1.0 405.
58.4 37.4 8.9 | 258 3 488.
32.6 14.3 49 | — 52.6 456.
S 145 | — 18.7 439,
45.7 | 42,0 30.0 | 0.27 o 416.
273 | 39 4% Nl 1.1 417.
|
414 | 17.3 18.3 — 11.6 422,
42.0 24.1 20.1 = 34.4 450.
36.4 22.5 16.0 — = 473.
32.3 8.4 17.4 — 14.6 431.
29.1 2.8 24.5 — 10.2 421.
39.8 16.9 26.6 — 404.
42.1 14.9 18.9 = 5.5 446.
59.2 27.7 19.1 0.25 - 441,
30.2 22.0 27.4 0.27 L 438.
57.7 36.3 19.7 | 0.26 1.9 437,
|
311 | 14.2 RATSIl = 409,
47.1 | 9.3 26.2 0.45 3.3 458.




Table 1 cont. — Page 3

16 17 18 19 20 21 70
% % % Employ-
Value ad- . Employ- E ¢ o Employ- *° i
Farm cash| ded by (s ment in ployy ment in ok ".] all
X fac- Unemp- : ment other in-
recc1'pta] tm R loyment agricul- | o iher mam'xfac- dustry
capita 'urmg. per 1960 ture for- primary turing T
inhabitant est,fish. ~ g0 1960 oth
l 1960
Adams 9.4715 901.3 4.8 12.1 1.2 36.5 50.2
Allegheny .0044 975.7 6.5 4 ol/ 33.7 65.2
Armstrong .0654 1112.4 10.3 5.3 5.3 39.6 49.8
Bcaver .0180 2309.9 7.2 .8 4 53.8 45.0
Bedford 2532 178.9 7.6 12.8 2.3 20.5 64.4
Berks .1243 1538.4 3.9 3.6 4 45.9 50.1
‘Blair .0579 774.9 5.6 1.9 3 24.2 73.6
'Bradford .4340 964.0 4.8 16.7 3 334 49.6
Bucks .0852 1507.4 3.6 2.8 3 41.7 | 55.2
Butler .1296 1163.4 4.9 4.9 2.3 37.2 55.6
lCambria .0318 776.0 9.5 1.3 8.2 36.4 54.1
Cameron 0.190 1760.0 6.5 2 1.5 50.1 48.2
Carbon .0384 978.5 10.8 1.6 1.6 49,0 47.8
{Centre 1358 | 536.0 4.4 5.6 1.9 18.1 74.4
|Chester 2111 ‘ 158.5 2.8 6.6 4 36.3 56.7
|Clarion 1525 | 651.4 7.5 8.7 8.1 30.0 53.2
|Clearfield .0419 472.2 11.0 2.2 -10.7 - 29.8 57.3
|Clinton .0807 1336.3 5.3 3.7 1.1 45.3 49.9
|Columbia .2360 1286.8 6.0 7.8 1.3 46.3 44.6
|Crawford .2208 ‘ 998.8 7.2 7.8 .1 36.3 55.8
|Cumberland 1352 | 8289 3.3 4.2 2 23.7 71.9
Dauphin : .0517 1050.6 3.1 1.8 4 23.6 74.2
Delaware .0081 840.7 3.8 7 1 35.1 64.1
Elk .0237 | 2916.0 11.6 1.4 2.6 52.7 43.3
Erie .0824 ' 1574.8 8.5 3.1 .03 40.6 56.3
Fayette | .0319 J 362.8 13.8 2.6 12.9 25.1 59.4
Forest .1046 | 1313.4 7.3 3.9 2.4 43.6 50.1
Franklin 2818 | 848.1 5.0 8.9 S 29.9 60.7
Fulton 4130 | 207.4 6.4 20.2 3.1 15.7 61.0
Greene ‘ .0827 100.5 9.7 8.8 26.2 9.1 65.0
Hutington ‘ 1757 573.4 8.3 9.1 2.5 30.8 57.6
Indiana 4 .1334 525.3 10.0 8.6 13.7 22.6 55.1
Jefferson 1151 917.1 8.9 6.5 5.6 28.6 59.3
Juniata | 4572 326.9 5.6 16.4 B! 28.5 55.0
Lackawanna .0229 ‘ 795.6 8.2 1.2 3.5 36.6 58.7
|
Lancaster 3718 | 17674 2.9 8.6 4 40.2 50.8
Lawrence .0552 1041.8 7.3 29 1.4 40.6 55.1
Lebanon | 0210 | 11270 3.0 4.7 2.4 44.0 48.9




Table 1 cont. — Page 3

16 17 18 19 20 21 22

Lehigh .0670 1353.1 4.0 1.6 4 45.1 52.9
Luzerne .0230 837.3 10.4 1.2 4.9 35.8 58.1
Lycoming .0977 1452.2 6.5 3.7 2 429 53.2
McKean .0507 1441.0 71 1.8 8.9 38.0 51.3
Mercer .0874 1554.8 6.0 4.0 ol 44.3 51,0
Mifflin .1817 1175.1 5.0 7.5 1.2 41.5 49.8
Monroe .0979 897.8 4.8 3.2 2 31.0 65.6
Montgomery .0369 1694.3 2.5 1.6 3 38.5 59.6
Montour .0182 1018.3 5.9 7.2 4 39.5 52.9
Northampton .0646 1944.8 4.2 1.9 .5 54.1 43.5
Northumberland 1236 1271.1 8.4 3.9 5.7 36.5 53.9
Perry .3460 126.1 6.0 11.1 3 21.3 67.3
Philadelphia .0006 1330.1 6.5 7 — 33.2 66.6 '
Pike 1916 87.4 6.3 7.5 — 19.0 73.5
Potter .3841 372.9 7.0 12.1 2.4 32.8 52.7
Schuylkill 0667 | 720.9 12.4 2.6 8.6 38.4 50.4
Snyder .3231 401.1 7.7 12.0 .6 - 33.7 53.7 |
Somerset 2225 232.7 12.9 9.0 6.9 23.6 60.5
Sullivan .3069 444 .4 7.7 16.3 .5 38.2 45.0
Susquehanna .4490 396.2 7.0 18.3 28 31.2 48.3
Tioga .3781 707.1 | 4.7 15.6 1.1 36.5 46.8
Union .2618 472.8 7.5 * 8.8 2 30.7 60.3
Venango .0505 916.5 6.1 2.9 1.6 38.8 56.7 |
Warren .1262 1074.1 4.5 4.1 v/ 38.3 56.9
Washington .0525 744.5 7.9 3.1 6.8 36.5 53.6
Wayne 4778 405.4 7.0 2.0 .05 2.6 95.4 [
Westmoreland .0378 1187.9 9.3 2.3 1.9 44.1 51.7 |

‘ |
Wyoming .3507 224.6 6.7 18.5 .1 26.1 55.3

York 1521 16759 |!' 4.6 4.6 4 44.1 50.9
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23 24 25 26 27 28 29

% % | Median

% Familics Employ- Market

Employ- Employ-| income : Mediam °

Asadh ) i ekl T e with less FReemie ment. 19 value of real

steel in- | apparel [clated in- th?n $ 3000 families coal mining| estate fo.r

dustry |industry |dividuals income 1960 males ver 10/square mile

1960 1960 1960 1960 1930 1960

Adams .9 3.6 $ 889. 20.3 $ 4945, 242.02
Allegheny 13.8 2 1662. 13.7 6173. 13507. 8468.62
Armstrong 10.4 .3 969. 23.3 5033. 4155. 267.04
Beaver 34.9 .1 1465. 11.9 57717. 268. 1603.39
Bedford 1.3 4.1 918. 30.7 4265. 944, 87.92
Berks i 5.8 4.0 1338. 13.9 5799. 47. 962.31
Blair 2 1.3 1152, 21.1 S141. 324. 517.40
Bradford |45 29 1055. 23.9 4906. 31. 93.89
Bucks ; 5.3 2.9 1932. 8.3 6782. 5. 1890.24
Butler i 14.8 .6 939. 16.1 5815. 1748. 424.24
Cambria 22.2 4.5 986. 24.1 4753. 17876. 681.52
Cameron 1.9 — 2608. 11.8 6548. 17. 53.06
Carbon 14.8 16.6 1228. 21.3 4815. - 5259. 267.44
Centre 4.6 .8 745. 19.5 5202. 1333. 147.46
Chester 8.6 .9 1494, 11.8 6604, 13. 985.88
Clarion I R (B [ R 4804. 1605. 121.96
Clearfield ) 3.8 996. 26.7 4640. 6347. 140.33
Clinton .6 1.5 986. 17.6 5207, 72. 73.37
Columbia 2 8.4 896. 22.7 4855. 1656. 275,13
Crawford 5.5 1 920. 21.4 5110. 10. 195.04
Cumberland 2.1 3.1 1339, 12.5 | 6046. 23. 738.42
Dauphon 7.0 2.8 2187. 14.9 5796. 2393. 1359.15
Delaware 1.5 1.2 1857. 8.6 7289. 37. 10978.06
Elk 1.0 — 1502. 11.6 5641. 1155. 115.78
Erie 4.7 2 1247. 15.9 5736. 18. 918.30
Fayette 7.8 2.3 924. 32.2 4291. 22896. 379.01
Forest 2.5 3 oy 25.7 4641. 1. 33.80
Franklin .1 7.5 1310. 21.2 4882. 1. 272.88 }
Fulton .1 8.9 933. 36.4 3857. 49. 47.64 |
Greene 1.1 2.3 840. 31.0 | 4441 4174. 261.75
Huntington 4 6.1 906. 33.2 4138. 892. 77.64
Indiana 3.6 2.5 781. 26.5 4907. 7605. 195.73
Jefferson 3 1.9 1164. 27.0 4568. 3006. 126.89
Juniata 2.0 11.7 994. 32.3 4062. — 69.59

Lackawana o2 10.8 981. 21.7 |  4896. 36805. 1083.50




Lancaster
Lawrence
Lebanon
Lehigh
Luzerne

Lycoming
McKean
Mercer
Mifflin
Monroe

Montgomery
Montour
Northampton
Northumberland
Perry

Philadelphia
Pike

Potter
Schuylkill
Synder

Somerset
Sullivan
Susquehanna
Tioga

Union

Venango
Warren
Washington
iWayne
Westmoreland

Wyoming
York

23

1.6
11.2
10.1

8.6

3.6
16.8
9.0
2.2
3.5
16.1

1.6
2.6

'

3.7
1.8

5.3
2.0
1.9
2.2
3.7
6.7
17.7

16.0

1.0

24

4.9

7.9
8.1
12.3

5.1

4.9
4.1

2.6
4.2
11.8
12.4
5.3

4.7
3.2
16.7
9.2

25

1554.

991.
1547.
1528.
1012.

1417.
1559.

953.
1224.
1268.

1877.

838.
1240.
1118.
1045.

1863.
1169.
996.
1088.
824.

903.
1222.
884.
888.
775.

1307.
1635.
1178.

969.
1134.

953.
1653.

26

14.9
15.9
14.1
12.4
24.8

19.0
17.2
15.6
22.8
20.3

7.4
20.5
14.2
27.5
25.8

17.1
24.1
26.8
26.4
25.6

333
28.4
25.8
23.3
225

18.7
15.5
19.4
28.1
17.7

30.1
15.2

27

5810.
5617.
5512.
6064.
4722.

5235.
5299.
5872.
4860.
5093.

7632.
5134.
5709.
4544.
4725.

5782.
4872.
4547.
4605.
4648.

4055.
4322,
4815.
47175.
5032.

5307.
5756.
5386.
4444.
5597.

4247.
3676.
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28 29
3. 963.08
344, 897.75
103. 695,52
22. 2128.10
63770. 780.98
56. 230.45
3. 173.08
254. 591.99
2 223.32
11. 248.61
49. 4835.07 1
9. 237.73 |
23. 2055.29
12971. 414.45
17. 84.14

192. 45512.30

4, 113.71
3, 26.48
36060. 373.16
20. 124.66
9764. 140.75
506. 27.01
1127. 63.70
559, 55.70
2. 155.88
89. 213.34
5. 123.61
17832. 651.68
284, 95.78
17210. 1051.50
83. 97.13 |

222, 759.22 J




Adams
Allegheny
Armstrong
Beaver
Bedford

Berks
Blair
Bradford
Bucks
Butler

Cambria
Cameron
Carbon

| Centre

Chester

Clarion
Clearfield
Clinton
Columbia
Crawford

Cumberland
Dauphin
Delaware
Elk

Erie

Fayette
Forest
Franklin
Fulton
Greene

Huntington
Indiana
Jefferson
Juniata
Lackawanna

30 31
Net
Popula- | migra-
tion tion
1960 1950 —
—1960
Popula- Popula-
tion | tion
1950 1 1950
1.17 +.02
1.07 —.06
.98 —.15
1.18 +.01
1.04 —.10
1.08 +.01
.98 —.11
1.06 —.06
2.13 +.81
1.17 +.02
.97 —.17
1.08 —.10
.92 —.15
1.19 +.03
1.32 +.17
.98 —.15
.95 —.16
1.03 | —.09
1.00 | —.09
.99 i —.12
1.32 | +.16
1.11 —.01
1.34 +.15
1.08 —.08
1.14 | —.03
.89 —.21
91 —.16
1.16 +.01
1.02 —.11
.87 —-.23
.97 —.14
.98 —.14
.95 —.15
1.04 —.09
91 —.15

32

| Median |

farm
income
1960

Median
farm
income
1950

1.95
1.79
1.75
1.70
2.27

1.71
1.86
1.95
1.96
1.98

1.65
2.01
1.62
1.99
2.01

1.93
1.91
1.97
1.81
1.77

1.89
1.76
1.76
1.85
1.69

1.56
1.96
1.82
2.39
1.69

[ 177
| 1.96
‘ 1.87

1.96
1 1.74

33 34 35
Employ-
% Unem- ment % Urba-
ployment = manufac- nized
1960 turing 1960
1960
% Unem- i::tﬂ;);_ % prba-
ployment R nized
1950 ring 1950 1950
1.66 1.16 95
1.10 .96 1.03
1.51 97 .82
1.67 1.03 .97
1.15 1.25 1.01
1.44 .98 97
1.19 1.57 .95
91 1.42 .97
1.44 1.86 2.01
.74 1.43 .89
1.38 1.12 .99
1.71 .87 .86
1.35 1.24 .96
.79 1.33 1.01
.97 1.40 1.05
1.25 1.82 1.16
1.57 1.20 1.01
.95 1.13 97
71 1.24 98
1.13 1.07 91
1.57 1.34 1.02
1.11 1.05 .99
.75 1.25 1.07
3.63 .88 .96
2.07 .88 1.01
1.57 1.14 98
.96 1.17 —
1.43 1.22 .90
1.78 1.29 —
1.59 1.54 1.09
1.32 1.08 .98
1.28 1.84 95
1.25 1.04 1.03
1.81 1.12 —
1.21 1.14 .98

36

Expendi-
tures
pupil 1960

Expen-
ditures
pupil 1950
1.69
1.73
1.44
1.43
1.48

1.45
1.45
1.62
1.45
1.67

1.43
1.14
1.36
1.67
1.52

1.59
1.40
1.39
1.56
1.45

1.60
1.42
1.36
1.42
1.37

1.42
1.45
1.58
1.85
1.34

1.69
1.53
1.76
1.48
3.03




Lancaster
Lawrence
Lebanon
Lehigh
Luzerne

Lycoming
McKean
Mercer
Mifflin
Monroe

Montgomery

Montour

Northampton

Northumber-
land

Perry

Philadelphia
Pike

Potter
Schuylkill
Snyder

Somerset
Sullivan
Susquehanna
Tioga

Union

Venango
Warren
Washington
Wayne
Westmoreland

Wyoming
York

30

1.19
1.07
1.11
1.15

.88

1.08

.96
1.14
1.02
1.17

1.46
1.05
1.09

1.12
1.07

97
1.09
.98
.86
1.13

.95
.93
1.04
1.03
1.11

1.00
1.07

31

—.03
—.07
—.03
-+.04
—.18

—.05
SRS
—.02
=il
+.07

+.31
—.06
—.02

—.18
—.06

SZolld)
+.06
ol )
22
+.01

—.17
—.18
—.07

. —.09

+.01

—.12
—.04
—.08
—.07
—.01

32

1.70
1.70
1.74
1.78
1.65

1.85
1.69
1.75
1.76
1.84

1.94
2.18
1.70

1,75
1.89

1.74
1.98
2.02
1.71
2.07

1.72
1.84
1.92
1.93
2.08

1.92
2.02
1.78
1.89
1.86

1.96
1.87

33

1.38
1.22

o US
1.00
1.42

1.59
1.06
1.18
.81
.98

1.14
1.28
1.05

1.40
2.40

1.02
95
.88

1.78

1.79

2.08
1.33
1.11
1.24

.54

.85
.90
1.00
1.23
1.13

.89
1.84

34

1.16

.95
1.12
1.09
1.15

1.12
1.21
1.08
1.04
1.06

1.39
1.58
1.03

1.03
1.30

.90
1.11
1.20
1.24
1.10

1.62
1.04
1.71
1.18
1.14

1.07
1.18
1.16
1.06
1.12

1.55
1.07
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35

1.01
.91
.92

1.01
.98

.93
.94
.97
.90
.86

1.18
94
.96

.88
1.11

1.00

.92
.95
.99

1.01

.88
.99
.94

93
91
.92
.99
1.25

1.02

36

1.57
1.49
1.55
1.52
1.33

1.30
1.20
1.47
1.55
1.54

1.45
1.69
1.59

1.50
1.28

1.35
1.24
1.76
1.32
1.40

1.49
1.38
1.62
1.57
1.33

1.42
1.51
1.50
1.38
1.46

1.35
1.66
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Fig. 4. Homogeneous regionalization
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Fig. 6. Homogeneous regionalization
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Table 2
| No,of Characterization of factors Map Eagtors
Factors name used

| 2 1. Urban A 1, 2)
| 2. Rural
3 | 1. Manufacturing decline B {1, 2, 3)
; 2. Rural poverty —‘““Appalachian”
| 3, Urbanized stagnation
4 { 1. Surburbanism C a1, 2, 3, 9
2. Urban poverty —“Appalachian”
3. Urban stagnation
4. Urban-manufacturing decline
5 1. Heavy industrialization D a1, 3, 5
2. Urban poverty —“Appalachian”
3. Urban stagnation
4. Suburbanism
5. Rural poverty —‘Appalachian®
i 6 1. Urban manufacturing decline E (1, 3, 5, 6)
| 2. Rural poverty —*“Appalachian”
' 3. Urban stability
4. Relative growth
5. Heavy industrialization
6. Urban poverty —‘“Appalachian”
7 1. Suburbanism F (1, 2,35 7
2. Urban-manufacturing decline
3. Urban stability
4. Relative growth
5. Heavy industrialization
6. Urban poverty —‘“Appalachian”
7. Rural poverty —‘Appalachian”

The step-by-step regionalization procedure for each map is given in
the attached IBM printout with a code letter which keys to the map and
to Table 2. The resulting regionalization maps are relatively self-explana-
tory. Note that in every case excessively large regions have been avoided
by picking the step which seemed to give the best balance of size and
number of regions. The result has been, in every case, a number of one-
-county left-over regions. These are not colored on the maps, but in each
case an arrow is drawn indicating the region to which the county should
probably be attached. Notice also that there are a number of cases where
counties in the same region are coniguous only at their corners. This is
unfortunately unavoidable with the regionalization procedure used,
although it is not clear how much difference it really makes.

One small point is worth noting in passing. The recently formed “Nor-
thern Tier Regional Planning Commission”, which includes Tioga, Brad-
ford, Susquehanna, Wyoming, and Sullivan counties, shows up fairly well

12 Geographia Polonica t. 15
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in several of the regionalizations. In some cases Sullivan and/or Wyoming
appear as a group. It is interesting, however, that Potter usually appears
with them although it was not included in the Regional Planning Com-
mission.

NODAL REGIONALIZATION

As already suggested, handicraft methods were used for the nodal
regionalization of Pennsylvania counties, mainly because adequate lin-
kage data were unavailable. Attempts to obtain phone-call, travel. sales,
and other data proved unsuccessful. Therefore the regionalization had to
be based on a combination of newspaper circulation data, a gravity model
formulation to delimit market areas, and subjective judgment.

(o]

........ rvteii

M

\l‘

Y i1
O

0N %

MILES

Fig. 8. Nodal regionalization
Sources: Newspaper circulation from »Circulation 64, American Newspaper Markets, Inc.;
population from the U.S. Census of Population; distances from Rand McNally Road Atlas

The gravity model used is a simple form of the more general gravity
and potential concepts described in Carrothers (1956). The influence of
a node i on a point j is assumed to be:

I Fo 1
1;""13 ( )
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BENJAMIN H. STEVENS AND CAROLYN A. BRACKETT

Table 3
Newspaper circulation for Pennsylvania counties
% House- | County source of % House-
County County ‘source‘ of holds | 2nd largest circula- holds
largest circulation S o o
Adams | Adams 47 York 39
Allegheny | Allegheny 92 Allegheny 7
Armstrong | Armstrong 43 Westmoreland 20
Beaver Beaver 48 Beaver 31
Bedford Cambria 10 Huntington 7
Berks Berks 95 Lehigh 3
Blair Blair 77 Blair 7
Bradford Bradford 37 Bradford 32
Bucks Bucks 41 Philadelphia 31
Butler Butler 68 Allegheny 24
Cambria Cambria 74 Allegheny 4
Cameron McKean 33 Erie (New York) 14
Carbon Lehigh 53 Luzerne 11
Centre Philadelphia 11 Allegheny 5
Chester Philadelphia 29 Philadelphia 29
Clarion Venango 33 Allegheny 20
Clearfield Clearfield 25 Allegheny 9
Clinton Clinton 76 | Philadelphia 8
Columbia Columbia 28 Philadelphia 6
Crawford Crawford 62 Mahoning 20
Cumberland Dauphin 74 Cumberland 25
Dauphin Dauphin 98 Philadelphia 1
Delaware Philadelphia 51 Philadelphia 34
Elk Allegheny 11 Erie 7
Erie Erie 93 Crawford 1
Fayete Fayette 48 Fayette 17
Forest Venango 44 Allegheny 9
Franklin Allegheny (Maryland) 44 Franklin 29
Fulton Huntington 9 Franklin 6
Greene Washington 27 Allegheny 15
Huntingdon Huntingdon 75 Philadelphia 6
Indiana Indiana 57 Allegheny 15
Jefferson Allegheny 22 Clearfield 18
Juniata Mifflin 34 Dauphin 24
Lackawanna | Lackawanna 74 Lackawanna 41
Lancaster | Lancaster 95 Philadelphia 5
Lawrence Lawrence 67 Allegheny 16
Lebanon | Lebanon 83 Philadelphia 9
Lehigh Lehigh 97 Berks 49
Luzerne | Berks 90 Luzerne 70
Lycoming Lycoming 81 Philadelphia 3
McKean | McKean 58 Cattaraugus (N. Y.) 10
Mercer Mercer 56 Mercer 15
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Table 3, cont.

% House- | County source of % House-
County County .source- of holds | 2nd largest circula- holds
largest circulation covered | tion oy
Mifflin Mifflin 82 Philadelphia 7
Monroe Monroe 70 N. Y. C. 12
Montgomery Philadelphia 45 Philadelphia 36
Montour Northumberland 16 Philadelphia 12
Northampton Northampton 44 Northampton 33
Northumberland Northumberland 32 Northumberland 32 }
Perry Dauphin 63 Philadelphia 3|
Philadelphia Philadelphia 64 Philadelphia 44
Pike Orange (N. Y.) 31 N.Y.C. 22
Potter Cattarargus (N. Y.) 25 Chemong (N. Y.) 14
Schuykill Schuykill 52 Philadelphia ‘ 14
Snyder Northumberland 66 Mifflin i 6
Somerset Cambria 40 Somerset i‘ 23
Sullivan Sullivan 28 Lycoming 16
Susquehanna Broome ‘ 26 Susquehanna 14
Tioga Chemung (N. Y.) 57 Philadelphia 19 “
| Union Northumberland 63 Philadelphia 8 ‘
| Venango Venango 84 Allegheny 5 \
Warren Warren 65 Warren 45
Washington Allegheny 39 Washington 31
Wayne Lackawanna 34 Lackawanna 18
Westmoreland Allegheny ‘ 35 Westmoreland J 17
Wyoming Lackawanna 26 Luzerne 21
York York 1 49 | York 46 ,

Note: The percentages may add to more than 1009%;, because some households take more than one newspapes.
Source: ,,Circulation 64”, American Newspaper Markets, Inc., Northfield, Illinois.

circulation to the next biggest-is not very high, the difference might be
due merely to the relative qualities of the newspapers.”An equalization
of quality could then shift the dominance to what at first appears to be
the secondary node. Furthermore, there is obviously a difference in the
influence, as well as the content, of daily and weekly newspapers. Subjec-
tive judgments are still necessary and a firm knowledge of the areas
being regionalized can certainly help.

The results of the nodal regionalization are presented in Fig. 9. The
data on newspaper circulation appears in Table 3, but the gravity meas-
ures were omitted because they were so unsatisfactory. With more
extensive linkage data, the results could probably be improved. Never-
theless, this first attempt at nodal regionalization of Pennsylvania had
some intuitive appeal.

The most significant feature of the nodal regionalization is the dif-
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ference between the western and eastern portions of the state. In the
west, Pittsburgh’s area of dominance is very large. This is partly because
the counties which ring Allegheny are large. But even counties such as
Lawrence, Greene, and Fayette which are at substantial distances from
Pittsburgh appear dominated. Apparently this is because, for historical
reasons which are not investigated here, a circle of major viable satellite
centers never grew up around Pittsburgh. The most important centers
tend to be in the portions of the surrounding counties closest to Pitts-
burgh and therefore fall in its sphere of influence.

In the east, the suburban ring of counties around Philadelphia are
clearly tributary to it. In the next ring, however, both Lancaster and
Berks counties have developed cities which are far enough from Phila-
delphia and important enough economically to be viable as major central
places dominating the local markets within their counties. These result

00 50 100

Fig. 9. Growth pole regionalization

in singlecounty regions, however, since their nodes are still not large or
important enough to dominate surrounding counties.

Several countries in the Northern Tier appear to be tributary to cen-
tral places across the border in New York State. McKean and Potter are
in the market area of Olean, Tioga and Bradford are tributary to Elmira,
Susquehanna is dominated by Binghamton, and Pike is in the market
area of Port Jervis. These are not new discoveries; but they are evidence
of the differential development of southern New York and northern
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190 STANISLAW LEWINSKI

studied which belong to one type exhibit smaller average differences
within a succession of simultaneously considered features than the units
which belong to other types, Czekanowski calculated the sum of the dif-
ferences (d) between the particular features (k) of the particular units
(i, j) divided by the number of the features under consideration (n).

1 n
Al,]=;;dk

Next, after having the results obtained into a table of distances, which
is still being called the ‘“Czekanowski table’” in Polish literature, he
elaborated a diagram of distances. Within the diagram, the squares were
blackened in such a way that the intensity of the blackening decreased
in proportion to the distances between points.
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Fig. 1. Arangement of counties of Cracov voivodship in accordance to average dif-
ferences between counties not xeceeding 20 points of the adopted gradation scale.
Hatched fields — differences from 20 to 30 points. Crossed — from 30 to 40 points

In the concluding phase of the work, the succession of the points was
being shifted until the blackened squares were assembled as close as
possible to the principal diagonal. By this method a linear ordering of
multi-feature points was obtained, in which the narrowings in the prin-
cipal diagonal zone indicated the separation of types.

We have devoted some space to this method because its fundamental
principles were used in many later geographical and regional studies
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196 STANISLAW LEWINSKI

classical principle, but in more complex systems it obscures some simi-
larities between the points of a set. It seems that the Wroctaw dendrite
gives more possibilities in the optical analysis of the set and shows the
internal dependencies better.

As yet, it is difficult to say which of the two is the better method.
Each has its advantages. Probably it will be possible to join or exchange
some elements of both methods, i.e., to introduce elements of factor ana-
lysis for a preliminary elimination of features, and elements of the
Wroctaw dendrite for a presentation of the internal relationships within
the set.

APPENDIX 1

AN EXAMPLE OF DRAWING A WROCEAW DENDRITE (TABLE 1 AND FIG. 4a)

A set of 8 points 4, B, C, D, E, F, G, H and a matrix of distances between the
points (Table 1) are given. The columns of the matrix are read in succession, and
the shortest distances from each are selected. The respective numbers of the column
and of the row correspond to the numbers of two points. It is chacked if the
segment between the points does not close the system drawn previously. The seg-
ment is drawn. This procedure is continued until all points have been connected
into one set.

Table 1
Matrix of distances between points (theoretical data)
| A B C D E F G H
| |
} A 0 0,45 1.90 3.93 1.91 3.94 1.92 3.95 l
B 9.45 0 1.80 3.83 1.76 3.79 1.73 3.76 |
C 1.90 1.80 0 2.03 3.41 5.44 3.42 545 |
D 3.93 3.83 2.03 0 5.44 7.47 5.45 7.48
E 1.91 1.76 3.41 5.44 0 2.03 3.43 5.46
F 3.94 3.79 5.44 7.47 2.03 0 5.46 7.49
G 1.92 1.73 3.42 5.45 3.32 5.46 0 2.03
H 3.95 3.76 5.45 7.48 5.46 7.49 2.03 0

— Column A is read. The distance 0.45 B—A is selected. We draw the segment
B—A ... (1) (cf. Fig. 4)

— Column B is read. The shortest distance 0.45 B—A has already been se-
lected. The next distance is read. The distance 1.76 B—G is selected. We draw the
segment B—G ... (2)

— Column C is read. The distance 1.80 C—B is selected. We draw the segment

C—B ... (3
— Column D is read. The distance 2.03 is selected. We draw the segment
D—C... 4

— Column E is read. The distance 1.76 E—B is selected. We draw the segment
E—B ... (5)
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—- Column F is read. The distance 2.03 E—F is selected. We draw the segment
E—F ... (6)

— Column G is read. The distance 1.73 G—B has already been selected. The
distance 1.92 closes the circuit A—B—G. We select the distance 2.03 G—H. The
segment G—H is drawn ... (7). The set has been connected into one whole. Stop.

Notice: In case a computing machine is used, it is more convenient not to
read the columns successively but to sort anew all distances written in one half of
the matrix and, after arranging them in an increasing order, to read them suc-
cessively.

APPENDIX 2

A SIMPLIFIED EXAMPLE ILLUSTRATING THE DIFFERENCE BETWEEN THE WROCLAW
DENDRITE AND THE LINKAGE TREE

The difference between both types of pictures can be illustrated by a fairly
simplified example.

We are given a set of 8 points (e.g., areas) A, B, C, D, E, F, G, H. Each area
is characterized by 3 features which correspond to certain functions, e.g., those of
industry, services, and agriculture, The data are presented in Table 2. The indexes
of the first two areas A and B are on much the same level. The remaining 6 areas

S A

F ©\
@ /©
. @\ :

©
@

i
2
®)
®

/
\

Fig. 4. A simplified example illustrating the difference between the “Wroclaw den-
drite” (a) and the “linkage tree” (b).

can be divided into 3 groups with the function of industry predominant in C, D,
that of services predominant in E, F, and that of agriculture predominant on G, H.
Within each of these groups, two levels of intensity — the average (C, E, G) and
the high (D, F, H) — occur.

If we carry out the calculations and draw the dendrites by the two taxonomic
methods described, we shall obtain two different pictures (Figs. 4a, 4b).
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In the Wroclaw dendrite, the “average”, non-specialized areas are located in
the centre. Three different functions diverge radially from the centre. The farther
from the centre, the more specialized areas occur.

In the picture drawn by the linkage tree method, the average areas are loca-
ted on the very top of the iree. The remaining areas are divided into several
storeys. The less specialized areas are located on the higher storeys, whereas the
more specialized areas are placed on the lower ones.

Table 2

Values of standardized features (theoretical example)

Points Features

(areas) Industry Services Agriculture
A —=0.7.. —0.7.. —0.7..
B —-0.5.. —0.5.. —0.5..
@ 1.0.. —0.7.. —0.7..
D 3.0.. —0.7.. —0.7..
& -0.7.. 1.0.. —0.7..
F —0.7.. 3.0.. —0.7..
G —0.7.. —0.7.. 1.0..
H —-0.7.. —0.7.. 3.0..

If the linkage -tree suggests a side-view of a tree, the Wroclaw dendrite may
sometimes resemble a bird’s-eye view of it.

Our example is obviously very simplified; it is intended to present the prin-
ciple of division itself. Actually, the situation is more complex. We hawe to take
into account more features and these may overlap with one another. In effect, both
pictures are much more complex, though the principle of construction does not
change considerably.
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206 D. MICHAEL RAY

as the farm population density, which supports the basic urban functions,
decreases. Moreover, the central place systems for these agricultural re-
gions are grouped closely together, except for their regional capitals
which tend to have much higher ranges and which serve much larger

Fig. 1. Relationship of trade areas of central places to total population served and
to cross population densities

populations. The shopping centres for Chicago and suburban Chicago are
also separated from the central place systems in the agricultural regions.
It may be postulated that this separation is produced by the additional
functions, primarily manufacturing, but also transportation and special,
which the regional capitals and urban and suburban Chicago have
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Fig. 2. Market potential in Canada
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216 D. MICHAEL RAY

Table 1
Functional classification of canadian cities
Region Central Transport- | Manufactu- Other Total
place tation ring
Periphery 7 5 18 5 35
Heartland 1 — 43 1 45
| Total 8 5 61 6 | 80

Note: Maxwell uses the minimum requirement approach of Ullman and Dacey to measure functional structure
and to classify the cities. The study is for all urban areas with population over 10,000

Source: J. W. Maxwell, The Functional Structure of Canadian Cities: A Classification of Towns, Geographical
Bulletin, Vol. 7, No. 2, 1965, pp. 79-104.

Table 2

Census years in which Canada and the major regions had reached or surpassed selected levels
of urbanization

Levels of urbanization (*)

25% 35% 50% 65% 75%
. Canada
i Maritimes 1891 1902 1931 1961 =
Quebec 1901 1921 | 1961 -® -
Ontario 1881 1891 | 1911 1941 1961
Prairies 1911 1951 | 1961 = =
British Columbia 1891 1891 | 1911 1951 =

Note: (') The level of urbanization is measured by the percentage of population classified as urban.

(*) In this table, the symbol ,,—** indicates that the area in question had nou attained the pertinent level of urba-
nization as of 1961, according to the source data.

Source: Table released by Leroy Stone, Demographic Analysis and Research, Census Division, Donominion
Bureau of Statistics, from the census monograph on urban development in Canada.

dustry in Canada has continued to be concentrated in parts of Southern
Ontario, particularly the Toronto Metropolitan Area and Southwestern
Ontario. In Comparison, Eastern Ontario’s industrial growth has been
retarded.

The sharp contrast between the rates of growth for Southwestern
Ontario and Toronto Metropolitan Area, and for Eastern Ontario is not
confined to manufacturing. Factor analyses of socio-economic charac-
teristics reveal the interdependency of rates of economic growth, po-
pulation growth, age and sex stucture, cultural characteristics, and
housing conditions, and they indicate that the regional contrasts in rate
of economic development consitute the fundamental factor in the geo-
graphy of Ontario %2.

52 D, M. Ray and B. J. L. Berry, Socio-Economic Regionalization: A Pilot Study
in Central Canada, in Ostry and Rymes, op. cit., B. J. L. Berry, Identification of
Declining Regions: An Empirical Study of the Dimensions of Rural Poverty, in
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Kerr and Spelt-have shown that these contrasts cannot be explained
satisfactorily in terms of internal factors, such as market potential,
labour costs or labour stability and conclude that other factors must be
responsible for regional differences in rates of industrial location and
economic growth 3. A more recent study finds a high correlation between
manufacturing and market potential (»=0.87) but with systematic over-
predictions for Eastern Ontario, and underpredictions for Southwestern
Ontario and Toronto 4. These regional differences are related to “the
regional impact of United States capital and entrepreneurship operating
through an economic-shadow effect on Ontario manufacturing and
development 35, The failure of Eastern Ontario to achieve more rapid
economic development is to be understood largely in terms of the factors
affecting the location of branch plants of United States subsidiaries.

One-half of the manufacturing in Canada is owned and controlled
by United States nationals 5. American ownership of the automobile and
rubber industries is almost complete although, by contrast, American

Table 3
Residence of directors of 105 direct investment companies

Residence of Wholly-owned Partially-owned Total
Directors subsidiaries subsidiaries e
United States 219 155 374
United Kingdom 11 38 49
Canada 199 284 483
Total directors 429 477 906

Source: Canada, Royal Commission on Canada’s Economic Prospects (RCCEP), Canada—United States Econoniic
Relations, by Irving Brecher and S. S. Reisman, Quenn’s Printer, Ottawa, 1957, p. 134,

ownership of the beverage, textile, and steel industries is negligible.
The location of United States branch plants is related to their need
to maintain close contact with the parent company, particularly in the
early stages of their organization. Among larger. wholly-owned United
States subsidiaries in Canada, for instance, more directors live in the
United States than in Canada (see Table 3). American branch plants

Areas of Economic Stress in Canada, edited by W. D. Wood and R. S. Thoman, pp.
22—66; William H. Bell and Donald W. Stevenson, An Index of Economic Health for
Ontario Counties and Districts, Ontario Economic Review, Vol. 2 September 1964.

53 Donald Kerr and Jacob Spelt, Some Aspects of Industrial Location in Sou-
thern Ontario, Canadian Geographer, No. 15, 1960. pp. 12—25.

5¢ Ray, op. cit., pp. 76—88.

55 Ibid., p. 15.

56 Dominion Burau of Statistics (DBS), Canada’s International Investment Po-
sition 1926—1954, 1956, pp. 9—47: Harry G. Johnson, The Canadian Quandary,
McGraw-Hill, Toronto, 1963; U. S. Department of Commerce, U. S. Business Invest-
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of US. SUBSIDIARIES

Number of Subsidiories

i § —
ki 2 60"0',.,-.;, Erie :’ //: \\"\‘

Fig. 3. The Ontario location of United States subsidiaries

“tend, therefore, to be located in regions which are near the parent com-
pany and the main industrial centres of the northern United States from
which, in many cases, they draw complex parts, technical services or
management and supervisory advice, and are concentrated in Southern
Ontario, the closest and most accessible part of Canada to the United
States manufacturing belt 57.

Examine the relationship between the number of Ontario subsidiaries
and the number of manufacturing establishments in each Standard
Metropolitan Statistical Area (SMSA) and the distance of these SMSA’s

ment in Foreign Countries, Office of Business Economics, Washington, 1960; and
Raymond Mikesell (ed.) U. S. Private and Government Investment Abroad, Uni-
versity of Oregon, Eugene, 1962. An establishment is generally considered to be
foreign controlled where 50 per cent or more of the voting stock is held in any one
foreign country. Exception occur. See DBS, Canada 1956, loc. cit., p. 24.

57 Canada, RCCEP, Canadian Secondary Manufacturing Industry, by D. H.
Fullerton and H. A. Hampson, RCCEP, Ottawa, 1957, p. 46. Unfortunately, they do
not elaborate. A DBS survey of some 771 establishments of the larger United States
controlled firms in Canada showed that these larger firms alone provided nearly
-one-third of the manufacturing employment in Ontario, but less than a twentieh in
the Atlantic Provinces. DBS, Canada, 1956, op. cit., pp. 90—91.
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Fig. 4. The location of United States parent companies with Ontario subsidiaries

from Toronto in Table 4 58. In general, the number of Ontario subsidiaries
controlled from any United States city is directly proportional to the
number of establishments in that city and inversely proportional to its
distance from the province. These relationships, when written mathe-
matically as an interactance or gravity model, give accurate estimates
of the number of subsidiaries controlled from each United States city.

It follows that economic development within Ontario must closely
reflect the economic health of those United States regions contiguous
to the province. Compare the maps of the Ontario locations of United
States subsidiaries and the location of United States parent companies

58 The data used to test economic shadow concept are the addresses of
United States manufacturing parent companies and their Ontario subsidiaries. All
parent companies in United States Standard Metropolitan Statistical Areas (SMSA’s)
with 40,000 or more manufacturing employees have been cross-tabulated by their
Ontario address. This sample numbers a thousand parent companies, which is two-
-thirds of all United States parent companies with Ontario subsidiaries.
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Fig. 5. Industrial desire lines

(Figs. 3 and 4)%. The proximity of the American Midwest industrial
concentration to Southwestern Ontario compared with distance of the
New York region to Eastern Ontario is reflected as a contrast between
the number of subsidiaries in Southwestern and Eastern Ontario.

Two other factors are evident in the location of United States sub-
sidiaries in Ontario. Figure 5, which links by desire lines, the location
of a hundred Ontario subsidiaries, selected at random, to their parent
companies in the United States, reveals a pattern of geographic sectoral
affinity; subsidiaries tend to be located in the geographic sector, that links
the parent company to the primary Ontario market centre, Toronto. Of
210 Ontario subsidiaries with parent companies in the New York Metro-
politan Area, 179 are in Toronto or locations closer to New York. Toronto
provides the optimal market location for American subsidiaries and few

50 The square roots of the graticule co-ordinates have been used to draw this
map. The importance of any United States industrial centre to Toronto is directly
aroportional to its proximity on the map.
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subsidiaries locate beyond it. An Ontario city suffers economic shadow
whenever Toronto: consititute an intervening opportunity between it
and a United States city 6%. Toronto impedes Eastern Ontario’s interac-
tance with all United States industrial centres except those in New

Table 4
The location of united states subsidiaries in southern Ontario by sub-regions
United ‘ Total |
States A B 1 2 3 4a|4b| 5 |6a | 6b| 7 8 9 | Onta- |
SMSA ' | rio |
Akron | 698 | 336 9 2‘ 14 T 1 14 |
Boston 5,665 | 690 2. 8l 4 14 |
Buffalo 1,820 96 110!l 211714 1 3 34
Chicago | 13,508 | 702| 5| 7|98 (11| 3| 6| 5| 6| 4 2| 147
| Cincinnati 1,776 | 660 2 w2 2 i 1 18 |
Cleveland 3,898 306 1 1128 9 6 1 ] 14,2 1 | 50
Columbus | 835 506 M| 1 1] 6| 15 |
Detroit | 6468 340 4 260 61 1| 3137} 3] 9 89 |
| Los Angeles| 16,910 | 3,496 28 1 1 1 1 3 35
} Milwaukee 2,298 693 10 1 1 1 13
Minn.-St. | |
Paul 2,433 1,111, 2 | 13 1 LY (] IO
Newark | 4425 539 14 [l (1 2 2 20 |
New York | 39,396 557 7| 7145 12| 8 11 3 11| 3| 3]|210 |
Phila- ( ’
delphia 8124 | 534 1| 2|19 5| 1| 2 2| 1 33 |
Pittsburgh 2,479 363 19 4 5102 7 1| 38 |
Rochester 1,015 152 10 2 | 1 13 |
St. Louis 3,150 1,065 2| 1|13 2 1| 4 1 heis 29 |
Toledo 742 409 7 i 3| 2 1 15 |
Total 24 28 469 62 42 40 54 15 48 18 6 | 806

Source: Compiled from a list of parent company addresses supplied by the Ontario Department of Economics
and Development.

Note: A=Number of establishments 1958. 3 =Metropolitan Toronto 6a=Lake St. Clair: Border
B =Distance from Toronto by air (km.) 4a — Burlington 6b=Lake St. Clair: Lambton
1 =Eastern Ontario 4b=Niagara 7 =Upper Grand River
2=Lake Ontario 5 =Lake Erie 8 =Georgian Bay

9 =Northern Ontario
These regions are mapped in Fig. 12 which shows the distribution of subsidiaries by county.

England and adjacent states. Hence, sectoral affinity parallels the effect
of economic interactance, to augment the contrast between the number
of subsidiaries in Southwestern and Eastern Ontario.

A third element is apparent from a comparison of the Ontario loca-
tion of the 35 Los Angeles and the 34 Buffalo subsidiaries (see Table 4

80 S, A. Stouffer, Intervening Opportunities and Competing Migrants, Journal
of Regional Science, Vol. 2, Spring 1960, pp. 1—26.
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and Fig. 5). Buffalo has 10 subsidiaries in the Toronto Region compared
with 28 for Los Angeles. Seventeen of Buffalo’s subsidiaries are in the
adjacent Niagara region. A pattern of sectoral penetration occurs in
which the distance that a parent company penetrates into Ontario to
locate a branch plant is directly proportional to the distance of the
parent company from Ontario 8. The Detroit manufacturer can evade the
Canadian tariff barrier and prejudice against foreign products by locating
a branch plant across the St. Clair River. The marginal benefits of lo-
cating closer to the centre of the Canadian market may not compensate
for losing the convenience of operating the subsidiary close to the parent
company. The marginal effort required by the Los Angeles manufacturer
to locate in Toronto rather than near Windsor is negligible for land and
negative for air transport.

Table S

Ontario and Toronto subsidiaries controlled by United States parent companies
located within ten distance bands from Toronto

Total number of sub- Toronto Metro. Area
sidiaries controlled bv subsidiaries
parent companies loca

Distance Band: road
distance of parent com-

D e O e iV tance berly Luber BeaEent
0-200 47 20 43
201-300 165 68 41
301-400 76 41 54
401-500 467 312 6% |
501-750 67 35 s
751-1000 56 32 58 |
1001-1250 5 4 80
1251-1500 1 8 73
1501-2000 0 0 -
2001 + 49 38 85
Total sample 943 558 59

The corollary of sectoral penetration is that the more distant the
United States centre from Ontario, the greater the proportion of its
Ontario subsidiaries that are located in Toronto (see Table 5). United
States cities closer than 400 miles to Toronto have a relatively low con-
centration of subsidiaries in Toronto. There is a sharp increase in the
percentage of all subsidiaries in Toronto for cities located more than
1.000 miles from Toronto.

61 Roy I. Wolfe, Parameters of Recreation Travel Behaviour in Ontario: A Pro-
gress Report, Ontario Department of Highways, Toronto, 1966.
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Sectoral penetration augments the contrasts between Eastern and
Southwestern Ontario because of the greater proximity of the Midwest
industrials than the New York industrials to Ontario.

AREAS OF ECONOMIC SHADOW, INTERVENING OPPORTUNITY
AND COMPETING INDUSTRIES

The three elements, which together constitute the economic shadow
concept, may be reviewed by examining the maps of the location of the
Ontario subsidiaries controlled from six United States cities (Figs. 6
tc 11). Ellipses have been produced on these maps by drawing one arc,

Fig. 6. Los Angeles subsidiaries

with its centre at Toronto, through the United States city and the second
arc, with the United States city as centre, through Toronto. These el-
lipses are used to define areas of economic shadow, intervening oppor-
tunity and competing industries.



224 D. MICHAEL RAY

The area of economic shadow is the area in Ontario which lies beyond the
ellipse and hence beyond the area of sectoral affinity. This is termed the economic
shadow area because it appears unlikely that any Ontario subsidiary will be lo-
cated farther from the parent company than Toronto, or farther from Toronto than
the parent company.

The intervening opportunity area is the part of Ontario falling within the el-
lipse and, therefore, closer to the United States city than Toronto. It is the area
of sectoral affinity.

The competing industries area is the area in the United States part of the
ellipse; it is closer to Toronto than a particular United States city.

Compare Figs. 6, 10 and 9; the closer the United States city is to On-
tario, the smaller is the concentration of the subsidiaries in Toronto. The
more widely spaced the United States cities, the less satisfactory is any
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Fig. 7. Minneapolis-St. Paul subsidiaries and economic shadow

interchange of ellpses. The Minneapolis-St. Paul ellipse (Fig. 7) would
exclude most Syracuse subsidiaries (Fig. 11). The area of intervening
opportunity changes with each United States city. Only ellipses from
the Northeastern United States include Eastern Ontario (see Figs. 10 and
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11). No ellipses cover Eastern Ontario exclusively, although most of the
Niagara Peninsula is included in all ellipses. Many ellipses include only
Southwestern Ontario and exclude Northern and Eastern Ontario (see
Figs. 6, 7, 8 and 9).
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Fig. 8. Chicago subsidiaris and economic shadow

Compare these six Figures with Fig. 5 showing industrial desire lines
and note how few desire lines cross Eastern Ontario. The impact of eco-
nomic shadow on regional economic development in Eastern Ontario is
evident.

THE PATTERN OF ECONOMIC SHADOW IN SOUTHERN ONTARIO

The economic shadow values, based on distance decay and sectoral
penetration, have been computed and mapped in Fig. 12. The higher the
numerical rating, the greater the possible contacts with United States
industrial centres and the lower the economic shadow. The regional
contrast between Southwestern and Eastern Ontario is marked; high

15 Geographia Polonica t. 15
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Fig. 9. Detroit subsidiaries and economic shadow

numerical values, indicating low economic shadow, are restricted enti-
rely to Southwestern Ontario and Georgian Bay.

Compare this pattern of economic shadow with Fig. 4. The New York
concentration of large industrials reduces the economic shadow within
a peripheral belt including the Niagara Peninsula and the shore of the
Upper St. Lawrence. This area is the intervening opportunity area for
New York industrials (see Fig. 10). A narrow wedge of moderate eco-
nomic shadow extends northward from Kingston to Renfrew and reflects
the proximity and intervening opportunity for Syracuse and adjacent
industrial centres (see Fig. 11). Elsewhere in Eastern Ontario, economic
shadow remains high.

Economic shadow is generally low in Southwestern Ontario because
of its proximity to the concentration of Midwest industrials. The ellipses,
demarcating the area of intervening opportunity for the industrial centres
from Detroit (Fig. 9) to Minneapolis-St. Paul (Fig. 7), exclude increas-
ingly larger areas of the Niagara Peninsula which is the only area of
high economic shadow in Southwestern Ontario.
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o

o

Fig. 10. New York susidiaries and economic shadow

The failure of Eastern Ontario to attract manufacturing industry has
stunted the area’s urban growth and restricted, with a few notable excep-
tions, their economic base to central place functions. Only Ottawa, the
national capital, and Cornwall, a manufacturing centre on the St. La-
wrence Seaway, have grown substantially in population since 1900, and
in the Eastern Ontario counties of Russell, Prescott, Stormont, Glengarry
and Dundas, the population has remained stable in numbers, and with
the exception of Dundes, predominantly French Canadian. The final
section of this paper examines the central place hierarchy in part of
Eastern Ontario and the relationship of urban size to central functions
and functional region.

CENTRAL PLACE FUNCTIONS

In 1964, a spatially-stratified sample of householders were asked to
state their first and second choice preferences and their manner and
frequency of shopping for a list of consumer goods and services (see Fig..

13*
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Fig. 11. Syracuse subsidiaries and economic shadow

14). Mother tongue was recorded in order to determine cultural dif-
ferences in consumer travel behaviour 82, The first choice shopping pat-
terns for rural farm families have been mapped by drawing desire lines
from place of residence direct to the place providing each service. These
maps are ordered from hamlet-level to regional-capital level services to
stress the relationship between level of service and size of functional
region.

FOOD SERVICES: FIGURE 15

Food services are a hamlet-level function offered by all central
places. A symmetry in the desire line pattern emerges from consistent

62 Robert A. Murdie, Cultural Differences in Consumer Travel, Economic Geo-
graphy, Vol. 41, July 1965, pp. 211—233. Murdie finds significant differences in the
consumer travel behaviour between Old Order Mennonites and ,,modern” Cana-
dians in Waterloo and Wellington Counties of Southwestern Ontario for traditio-
nal goods (auto and harness repair, food, clothing, yard goods and shoes).
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Fig. 12. Fconomic shadow in southern Ontario

consumer travel to the closest centre. The few exceptional cases, where
consumers ignore an intervening opportunity, are explained by multi-
-purpose travel behaviour, or by cultural differences, with some French
Canadian farmers preferring a French Canadian central place to a closer
English centre. The perimeters of the desire lines delimit the functional
regions and their length reveals the range of the good. The range of the
good for food purchases is under three miles, and the maximum profit
area that can be commanded by a centre for this service is very small.
In a few cases, such as Limoges and Embrun, and St.-Rose-de-Prescott
and St.-Isidore-de-Prescott, a small functional regions forms an enclave
within a larger area. These smaller centres are candidates for early drop-
-out in the inter-urban competition to provide central functions.

AUTO REPAIR SERVICES: FIGURE 16

Note the similarity between pattern of functional regions for food and
auto repair services. This service is also considered hamlet-level, although
half the hamlets fail to offer it and have their entire region absorbed by
the closest larger central place. Such failures generally reflect proximity
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Fig. 13. Eastern Ontario: population distribution

to a larger centre. For example, Inkerman fails to offer auto repair ser-
vices and its region is absorbed by Winchester. The Limoges region is,
however, served by Lemieux for auto repair, the only service provided
by Lemieux. For all other services, it forms a part of the Embrun region.

In a few exceptional cases, services may survive in a central place
despite proximity to a competing centre. Winchester and Chesterville
both offer food and auto repair services even though their proximity
truncates their functional regions. This conflict between the two centres
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becomes more obvious for higher order services and provides an example
of “dispersedcity phenomenon’ 8,

BANKING SERVICES: FIGURE 17

Banking services are a village-level function and are offered in only
half of the centres providing food services. The two travel patterns ap-

EASTERN ONTARIO
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Fig. 14. Eastern Ontarnio: ethnic origin of interviewers

8 Tan Burton, A Restatement of the Dispersed- City Hypothesis, Annals of the
Association of American Geographers, Vol. 53, September 1963, pp. 285—289. Burton

http://rcin.org.pl
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Fig. 15. Eastern Ontario: food services

pear similar because the drop-outs form enclave regions at the hamlet-
-service level and do not cause re-alignments at the village level. The
hamlets of Winchester Springs, Dunbar and Elma, for example, are
served by Winchester, Chesterville and Williamsburg respectively. No

defines a dispersed city as a number of discrete urban centres in close proximity
to each other and functionally interrelated, although usually separated by tracts
of non-urban land. Dispersed cities replace a single regional capital by capturing
some of the functions of such a centre and surrendering the remainder to more
distant regional capitals.

http://rcin.org.pl
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EASTERN ONTARIO
AUTO REPAR SERVICES

Fig. 16. Eastern Ontario: auto repair services

cultural preferences are apparent. French Canadians living closer to
Russell than to Embrun use the Bank of Nova Scotia at Russell rather
than the Caisse Populaire at Embrun, for example.

MEDICAL AND LEGAL SERVICES: FIGURES 18 AND 19

Medical and legal services are town-level services; the village of
South Mountain and its region, for ‘example, are served by Winchester.
Higher order services are used less frequently than low order services

http://rcin.org.pl
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and consumer decisions are consciously weighted rather than random or
habitual, as is the case with lower-order centres. Quality of service can
outweigh proximity and, consequently, consumer desire lines cross each

TERN ONTARIO

¥
ERVICES

Fig. 17. Eastern Ontario: banking services

other to produce more complex patterns. Cultural differences too play
a more obvious role. The northern limit of Chesterville’s medical services
region follows the ethnic boundary (see Fig. 18). Crysler’s banking region
is bisected, and its medical cli tele exclusively French Canadian. Si-
milarly, the French doctor at Embrun serves French patients beyond



U'RBAN GROWTH AND THE CONCEPT OF FUNCTIONAL REGION 235

Vars, while English patients at Vars travel to the English doctor at
Russell.

The map of consumer travel for legal services also reveals important
ethnic differences (see Fig. 19). Legal services, provided by a ‘“notaire”
are lower order than medical services and restrict Ottawa’s penetration

EASTERN ONTARIO

MEDICAL SERWVICES "»/—-\"‘{.—-’; - 7
wl , 4 T

1

Fig. 18. Eastern Ontario: medica services

into the French Canadian area. Legal services are of higher order than
medical in the English Canadian area and Russell, Metcalfe, Osgoode,
Williamsburg, and Finch all have physicians but no lawyers.
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DENTAL SERVICES: FIGURE 20

Dental services are a city-level function. In the French Canadian
area, Casselman alone has dental services; this is provided in the public
school by the Hawkesbury dentist. Winchester and Chesterville both
have larger functional regions which extend into the French ethnic area.
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Fig. 19. Eastern Ontario: ega services

Casselman, Winchester and Chesterville are about equidistant from their
competing centres, Ottawa and Cornwall, and just beyond the range of
their effective competition.

http://rcin.org.pl
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OPTICAL SERVICES: FIGURE 21

The Ottawa and Cornwall functional regions meet for optical services
which are a regional-capital function. The functional regions of Cassel-
man, Winchester and Chesterville fall entirely within the Ottawa region.
The pattern of areal functional organization is fully nested such that the
region served by the regional-capital subdivides into city, town, village

and hamlet subregions in turn . This nesting agrees with other empi-
rical work.

EASTERN ONTARIC

LRviceLs

Fig. 20. Eastern Ontario: dental services

84 A, K. Philbrick, Principles of Areal Functional Organization in Regional
Human Geography, Economic Geography, Vol. 33, 1957, pp. 306—336.
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The increase in maximum ranges and thresholds for each level of the
Fastern Ontario central place system is shown in Figure 22. French and
English centres are randomly intermingled within the system and cul-

EASTERN ONTARIO
OPTICAL SERWICES P —

Fig. 21. Eastern Ontario: optical services

tural differences do not appear to affect the size and spacing o
central places. The increase in central place population that occurs wita
increase in number of central functions performed is indicated iz
Fig. 23.
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CONCLUSION

“Human activities are distributed over the national territory in cer-
tain rhythms and patterns which are neither arbitrary not the workings
of chance. They result rather from the interpendencies that give form
to economic space” 5. This paper has traced the interpendencies between
geographic location, urban functions, functional regions and urban
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growth, It shows that one area, Eastern Ontario, has been unable to at-
tract United States manufacturing subsidiaries because it is in the area
of high economic shadow cast by Toronto, even though its geographic
location, as measured by market potential, is otherwise favourable. The

85 Friedmann and Alonso, op. cit., p. 2.
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CENTRAL PLACE POPULATION
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Fig. 23 Increase in central place population in eastern Ontario with increan number

of central functions performed

central places in the Eastern Ontario study area generally have been
unable to supplement their basic central place functions with manufac-
turing and other national and sub-national market area activities. Their
growth has become stunted at the population levels that can be supported
by the equilibrium between population served and the functions acquired,
an equilibrium which assumes spatial expression in the size and the
spacing of the central places.
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